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EXECUTIVE SUMMARY 
 
Agnico Eagle Mines Limited �± Meadowbank Division (Agnico Eagle) is currently operating the 
Meadowbank Gold Project approximately 70 km north of the Hamlet of Baker Lake.  As part of the project, 
six 10 million litres fuel storage tanks for diesel and twenty (20) 100,000L fuel storage tank for Jet-A were 
constructed at the Baker Lake Marshalling Area to receive and store bulk shipments of fuel for the 
Meadowbank Project. It is currently proposed to add two (2) 10 million litres diesel fuel storage tanks 
similar to the existing ones.  
 
To adequately assess the environmental performance of the bulk fuel storage tank at Meadowbank this 
report provides: a summary of the design, installation, operation and maintenance that follows the CCME 
(2003) Environmental Code of Practice for Aboveground Storage Tank Systems Containing Petroleum and 
Allied Petroleum Products; a summary of the location and environmental setting; a summary of the NWB 
Type A water license requirements; and an environmental assessment to support the recommended 
environmental monitoring for the ongoing evaluation of the secondary containment. 
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IMPLEMENTATION SCHEDULE  
 

As required by Water License 2AM-MEA1526, Part B, Item 11, the proposed implementation schedule for 
this Plan is outlined below. 
 
This Plan will be immediately implemented (August 2018) subject to any modifications proposed by the 
NWB as a result of the review and approval process. 
 

DISTRIBUTION LIST 
 

Agnico Eagle �± General Mine Manager 
 
Agnico Eagle �± Environment Superintendent 
 
Agnico Eagle �± Environmental Coordinator 
 
Agnico Eagle �± Environmental Technician 
 
Agnico Eagle �± Energy and Infrastructures Superintendent 
 
Agnico Eagle �± Field Services Supervisor 
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DOCUMENT CONTROL 
 

Version  Date (YMD) Section  Page Revision  

1 09/12/22   Comprehensive plan for Baker Lake Bulk Fuel 
Storage Facility 

2 11/12/13   Update all items related to the Baker Lake Fuel 
Storage Installations: Final Report of Phase 3 (2010) 

3 30/06/2014   Add Jet-A Tank information and 2014 comprehensive 
review 

4 2018/08/16   Text updated to reflect proposal to add 2 diesel fuel 
tanks. 
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SECTION 1. INTRODUCTION 

Agnico Eagle Mines Ltd. (Agnico Eagle) is currently operating the Meadowbank Gold Project 
approximately 70 km north of the Hamlet of Baker Lake. As part of the project, six 10 million liters diesel 
fuel storage tanks and twenty (20) Jet-A bulk fuel storage tanks were constructed at the Baker Lake 
Marshalling Area to receive and store bulk shipments of fuel for the Meadowbank Project. In 2007-2008, 
four (4) 10 million diesel tank were constructed. Following the amendment No.1 - Marshalling Area Bulk 
Fuel Storage Facility Expansion Water Licence 2AM-MEA0815 Type A, 2 more ten million liters bulk fuel 
storage tank (#5 and #6) were constructed in 2010.  This amendment also permitted the construction of 
twenty (20) Jet A Fuel tanks installed in 2013 in a new containment area located northwest of Tanks 5 and 
6. Theses tank supply fuel for the aircrafts flying into the Meadowbank mine site. Agnico Eagle is currently 
proposing to add two (2) 10 million liters diesel fuel storage tanks. 

 
To adequately assess the environmental performance of the bulk fuel storage tank at Meadowbank this 
report provides: a summary of the design, installation, operation and maintenance that follows the CCME 
(2003) Environmental Code of Practice for Aboveground Storage Tank Systems Containing Petroleum and 
Allied Petroleum Products; a summary of the location and environmental setting; a summary of the NWB 
Type A water license requirements; and an environmental assessment to support the recommended 
environmental monitoring for the ongoing evaluation of the secondary containment. 
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SECTION 2. SITE LOCATION, CONSTRUCTION AND OPERATION 

2.1 SITE LOCATION 

The Baker Lake Bulk Fuel Storage Tank Facility is located east of the hamlet of Baker Lake, on the north 
shore of Baker Lake. There are six (6) above ground diesel storage tanks, each with a capacity of 10 
million liters, and twenty (20) above grounds Jet-A storage tanks, each with a capacity of 100,000 liters.  
The GPS coordinates of these facilities is NAD 83 15W E 356874 N 7134486.  A general site location is 
provided in Figure 2.1.  A site layout of the infrastructure and tanks is provided in Figure 2.2. Agnico Eagle 
is proposing to add two (2) 10 million liters diesel fuel tanks to the north of existing ones. The proposed 
tank location is shown on Figure 2.2  

2.2 DESIGN AND INSTALLATION SUMMARY  

Following regulatory approval, during the summer of 2007, Agnico Eagle built bulk fuel tanks #1 and #2.  
The construction of the secondary containment enclosure and installation of the HDPE liner in accordance 
with CCME (2003) specifications was also completed in 2007 (Agnico Eagle, 2009a). Bulk fuel storage 
tanks #3 and #4 were completed in October 2008; the secondary containment enclosure and installation of 
the HDPE liner was completed for these tanks in July 2009 (AEM, 2009b). Following amendment of the 
Water License Type A, Agnico Eagle built bulk fuel tank #5 and #6: the secondary containment enclosure 
and installation of the HDPE line was completed for these tanks in October 2010 (Agnico Eagle, 2010). In 
2013, the twenty (20) Jet-A tanks, the construction of the secondary containment enclosure and installation 
of the HDPE liner in accordance with CCME (2003) specifications was completed. 
 
All of the aboveground storage tanks were field erected. For the diesel tank, construction activity was 
supervised by Hatch Engineering and Stavibel Engineering and included qualified steel fabricators and 
installers. For the Jet-A tank, Stavibel Engineering provided the design, planning and construction 
oversight related to the installation of infrastructure of Agnico Eagle�¶�V���Q�H�Z���-�H�W���$���)�X�H�O���6�W�R�U�D�J�H���I�D�F�L�O�L�W�\���Z�K�L�F�K��
consists of 100,000 liters double walled tanks, associated piping and pumping systems and secondary 
requirement.  Stavibel had supervised the construction of the secondary containment and SM Construction 
had installed the new Jet-A tanks. 
 
Tanks #7 and #8 will be built upon regulatory approvals. 

2.3 OPERATION AND MAINTENANCE SUMMARY  

Inventory control of transfer and weekly volume inspections using manual or electronic dip reconciliation 
are conducted by Meadowbank mine operations staff.  Weekly inspections are logged and reported by the 
Environmental Department.  Weekly visual inspections and inventory reconciliation are used to evaluate 
and determine bulk fuel tank leakage. 
 
The bulk fuel storage facility is maintained in accordance with best management practices. 
 
The bulk fuel tanks are filled during barge season on an annual basis.  During the period of re-filling there 
is the greatest risk of over-filling.  Through regular visual inspections, inventory control and monitored fuel 
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transfer, the risk of over-filling is significantly reduced.  In the case of a spill, the spill contingency plan will 
be implemented (Agnico Eagle, 2013). 
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Figure 2-1: General Location of Baker Lake Bulk Fuel Storage Facilities  
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Figure 2-2: Baker Lake Bulk Fuel Storage Facility Site Lay out  and proposed location for Tank #7 and #8  
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SECTION 3. ENVIRONMENTAL SETTING 

3.1 TOPOGRAPHY 

The bulk fuel storage area is located east of the Hamlet of Baker Lake, approximately 350 m north of 
Baker Lake.  The storage facility sits on a low terrace parallel with the shoreline of the lake.  There is a 
gradual slope (5 to 10% grade) toward Baker Lake with an approximate elevation change of 35 m from the 
bulk fuel storage facility to the Baker Lake shoreline. 

 
The Baker Lake shoreline is gently sloping, well-drained and is lined with marine gravels, sands and 
boulders. 

3.2 GEOLOGY 

The regional surficial geology is characterized by sandy till, bedrock outcrops, felsenmeer (ice-shattered 
bedrock) and shallow lakes (Golder, 2007).  The most common soil type in this region is glacial till.  Marine 
beach deposits are found along the north shore of Baker Lake. 
 
The soil near the bulk fuel storage facility is comprised of silts, sands, gravels, cobble and boulders and 
frost-susceptible glacial till overlying weathered bedrock (Golder, 2007).  The soil thickness is typically less 
than 1.4 m with permafrost or bedrock encountered at less than 2 m.  Approximately 60% of the surface 
area surrounding the bulk fuel storage facility is comprised of bedrock outcrop. 

3.3 FLORA AND FAUNA  

There are no trees and few shrubs in the area surrounding the bulk fuel storage facility. The site is covered 
by low-lying vegetation; predominated by grassy hummocks, dwarf willow, sedge, green moss and lichen. 
 
Arctic ground squirrels, ptarmigan and songbirds are inhabitants in the area surrounding the bulk fuel 
storage facility. Lake cisco, lake trout, arctic char, lake whitefish, round whitefish, slimy sculpin and 
stickleback are predominant species found in Baker Lake. 

3.4 SUBSURFACE CONDITIONS 

Test pits excavated in 2005 near the bulk fuel storage facility and between the tanks and the shoreline 
indicate a saturated top layer (0.2 m) of organic material (primarily green moss) (Golder, 2005; 2007).  A 
layer of grey to black medium sand is present up to 0.7 m thickness throughout the area, below which a 
saturated, grey brown, sand and silt layer is found. 
 
Bedrock is exposed at shallow depths throughout the site in locations where topsoil or till soils are present 
(Golder, 2005).  Bedrock is encountered at a maximum depth of 1.4 m.  As predicted by the soil conditions, 
seepage flows in test pits indicate high site drainage. 
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3.5 WATER QUALITY  

Baker Lake water quality closely resembles distilled water as many conventional water chemistry 
parameters are at or below detection limits (BAER, 2005).  The water column is generally well mixed and 
the water chemistry homogenous.  During the open water season there is limited vertical stratification in 
temperature and dissolved oxygen, with observed higher salinity in the bottom strata. 
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SECTION 4. NWB TYPE A WATER LIC ENSE CONDITIONS 

The Nunavut Water Board (NWB) Type A Water License 2AM-MEA1526 requirements related to the bulk 
fuel storage facility in Baker Lake are provided below. Agnico Eagle is committed to achieving all of these 
requirements. 
 
Part F: Conditions Applying to Waste Disposal and Management 
 

8.The Discharge of Effluent to land from fuel containment facilities at the Baker Lake Bulk Fuel 
Storage Facility and Meadowbank Fuel Storage Facility (ST-37 through ST-40), shall not exceed 
the following Effluent quality limits:  
 

 
 
9. The Licensee shall, under Part F, Item 8, discharge Effluent in such a manner as to minimize 
surface erosion at a distance of at least thirty-one (31) metres above the ordinary High Water Mark 
of any Water body, where direct flow into a Water body is not possible and no additional impacts 
are created, or as otherwise approved by the Board in writing.  

 
11. The Licensee shall confirm compliance with Effluent quality limits in Part F, Items 3, 4 and 8 
prior to Discharge.  
 
12. The Licensee shall provide at least ten (10) �G�D�\�V�¶���Q�R�W�L�F�H to the Inspector prior to any planned 
Discharges from any facilities.  The notice shall include an estimated volume proposed for 
Discharge and the receiving location. 
 

Part H: Conditions Applying to Emergency Response and Contingency Planning 
 

2. The License shall prevent any chemicals, petroleum product or unauthorized Wastes associated 
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with the project from entering Water. 
 
3. The License shall provide secondary containment for fuel and chemical storage as required by 
applicable standards and acceptable industry practice 
 
4. The License shall perform weekly inspections of fuel containment facilities for leaks and 
settlement and shall keep a written log of inspections to be made to an Inspector upon request. 
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SECTION 5. ENVIRONMENTAL PERFORMANCE ASSESSMENT 

To adequately assess the environmental performance of the bulk fuel storage tanks and facilities, a desk-
top review of the design and installation reports (Agnico Eagle, 2009a, b) were completed.  In addition, a 
consultant performed a geotechnical inspection to annually evaluate the site drainage, secondary 
containment and performed an environmental assessment of the bulk fuel storage facility. The latest 
inspection was performed in 2017 by Golder Associates. 

5.1 DESK-TOP REPORT REVIEW 

The Baker Lake bulk fuel storage facility was commissioned in 2007 (for tanks #1 and #2,) July 2009 (for 
tanks #3 and #4), 2010 (for tanks #5 and #6) and 2013 for Jet-A Tank.  The installation reports (Agnico 
Eagle, 2009a, b; Agnico Eagle, 2010; and Agnico Eagle 2011 for diesel tank and Agnico Eagle, 2013 for 
Jet-A tanks; attached in Appendix A) indicated the use of best management practices during the 
installation of the aboveground fuel storage tanks.  Following the diesel tank construction, X-Ray testing of 
horizontal and vertical welds was completed. All of the welds met the specifications outlined in the API 
Standard 650 (Agnico Eagle, 2009a, b).  For the Jet-A tank, after construction all tanks were cleaned and 
washed inside and pressure tested was performed as per specifications. 
 
Under the supervision of Hatch Engineering, the construction of the secondary containment berms for 
tanks #1 and #2 was completed.  Enviroline Services Inc. was hired in October 2007 to install the HDPE 
membrane liner in accordance with CCME (2003) specifications; this liner was subsequently covered with 
a surface layer of crushed stone.  Under the supervision of Stavibel Engineering the secondary 
containment berms were constructed and the HDPE membrane liner was designed and installed for bulk 
fuel storage tanks #3, #4 under the supervision of Luc Croisetière and Agnico Eagle.  Under the 
supervision of Stavibel Engineering, the construction of the secondary containment berms for tanks #5 and 
#6 was completed.  Enviroline Services Inc. was hired in May 2010 to install the HDPE membrane liner 
(Agnico Eagle, 2010).  Under the supervision of Stavibel Engineering, the construction of the secondary 
containment berms for Jet-A Tank was completed. Texcel was hired in July 2013 to install the HDPE 
membrane liner (Agnico Eagle, 2013). 
 
A secondary containment volume calculation using Autocad Civil 3D was completed to provide verification 
on the liquid storage capacity of the storage tank system.  The CCME Environmental Code of Practice for 
Aboveground Storage Tanks (2003) states: 
 

a storage tank system that consists of more than one storage tank which should have a volumetric 
capacity of not less than the sum of the capacity of the largest storage tank located in the 
contained space and 10% of the capacity of the largest tank or the aggregate capacity of all other 
storage tanks located in the contained space. 

 
In accordance with the CCME (2003) code of practice, the Baker Lake bulk fuel storage tanks meet the 
volumetric requirements for a storage tank system (Agnico Eagle, 2009a,b; Agnico Eagle, 2010; and 
Agnico Eagle, 2011). 
 
Upon Tanks #7 and #8 construction completion, this environmental performance monitoring plan will be 
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revised to include construction details. 

5.2 SECONDARY CONTAINMENT VISUAL INSPECTION  

A consultant performs a geotechnical inspection annually and inspects the bulk fuel secondary 
containment structures, the report is sent to NWB annually.  The last inspection was performed in 2017 by 
Golder Associates (Golder Associates, 2018). 

5.3 ENVIRONMENTAL ASSESSMENT  

The management of site drainage, surface water collection and water/fuel removal within the secondary 
containment area is an important measure in the protection of the terrestrial environment, surface water 
and ground water from potential sources of contamination. The environmental protection objectives, 
strategy and an evaluation of the potential of leaks or seepage to contaminate the terrestrial environment, 
surface water and ground water are provided in the following sections.  Much of the environmental 
protection strategies focus on the control of contact water.  In this report contact water is defined as any 
water that may be physically or chemically affected by the nearby operational activities. 

5.3.1 Terrestrial Environment  

The primary objective of the terrestrial management plan is to minimize any adverse impacts to the 
terrestrial (soil, flora and fauna) environment.  To meet this objective, bulk fuel storage facility structures 
have been constructed to minimize the operational footprint and control contact run-off water within the 
secondary containment area.  Due to the site grading, all water that comes into contact with the bulk fuel 
storage facility is intercepted and directed into the impermeable HDPE lined secondary containment area. 
 
The ground beneath the secondary containment area has been adequately graded to ensure berm 
stability. 

5.3.2 Surface Water  

The objective of water management around the bulk fuel storage facility is to minimize impacts on the 
quantity and quality of surface water and groundwater.  To meet this objective, the bulk fuel storage facility 
structures have been constructed to intercept and direct contact run-off water to the impermeable HDPE 
lined secondary containment area.  As there is a high volume of fuel transfer and activity around the 
modular fuel dispenser, the pad below the modular fuel dispenser and refueling station is lined and sloped 
toward the secondary containment berm. 
 
Seepage flows in test pits indicate high site drainage due to the high soil porosity.  Therefore, should 
contact water reach the natural environment, the ultimate fate of the contaminants is likely to be in shallow 
groundwater or surface water (Golder, 2007). 

5.3.3 Groundwater  

It is not expected that groundwater would be impacted as there is no direct pathway for contaminated 
water to seep from the bulk fuel storage facility.  Due to the site grading, all contact water from the bulk fuel 
storage facility is directed inside the HDPE lined secondary containment area.  Should the integrity of the 
liner become compromised, there could be leakage into the below grade soil; this would likely present the 
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greatest source of hydrocarbon contamination to impact groundwater and receiving water. 
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SECTION 6. PERFORMANCE MONITORING PLAN 

The environmental performance monitoring plan is a tiered approach with an emphasis on visual and 
operational inspections; routine surface water sampling to control and monitor the quality of the contact 
water; and event monitoring (in the case of a spill emergency or occurrence).  Management of the bulk fuel 
storage facility will be guided by the monitoring results. 

6.1 VISUAL AND OPERATIONAL INSPECTIONS  

Visual and operational inspections are a central component of the environmental performance monitoring 
plan.  Visual inspections of the secondary containment structure are important because if the integrity of 
the berm walls or liner is compromised this presents the greatest potential for leaks or seepage into 
groundwater and ultimately the receiving environment. 
 
Weekly visual inspections are conducted by the environmental department and weekly manual or 
electronic dip tests are conducted for inventory reconciliation by the operation staff.  The environmental 
department inspect the facilities for: tank and piping condition, secondary containment berm structure and 
integrity, indicators of liner damage, precipitation/ run-off accumulation, evidence of tampering or misuse, 
any structural abnormalities and visible sheens on contact water pools and crush material inside the 
secondary containment. 
 
Environmental staff follow-up with operations staff and advise the supervisor if any non-conformity is 
observed.  A weekly written log is completed and available upon request. 

6.2 ROUTINE CONTACT WATER MONITORING 

Due to snow accumulation, melting and precipitation, contact water will unavoidably collect inside the 
secondary containment area.  Contact water from inside the secondary containment area will be sampled 
as described below prior to its release into the terrestrial environment.  During water discharge, piping will 
be directed onto the nearby tundra at least 30 m from the high tide mark, to allow for natural attenuation 
and drainage (i.e. surface water will never be pumped directly into Baker Lake). 
 
During visual inspections the quantity of contact water collected inside the secondary containment area will 
be evaluated.  If there is a visible sheen on the contact water or if water withdrawal is deemed necessary, 
water samples will be collected and analyzed for the following parameters: pH, Total Arsenic, Total 
Copper, Total Lead, Total Nickel, Total Zinc, Total Suspended Solids, Ammonia, Total Cyanide, Benzene, 
Toluene, Ethylbenzene, Lead, and Oil and Grease.  If the contact water exceeds the licensed limits, the 
portable oil-water separator will be used to treat the water.  Prior to withdrawal, samples will be analyzed at 
a certified laboratory. 
 
In addition, water samples from Baker Lake are collected as part of the Core Receiving Environment 
Management Program (CREMP, 2015). The results of these analyzes are included in the annual report.  
These samples are used to evaluate the performance of the overall water management plan for the Baker 
Lake Marshalling Area. 
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6.3 EVENT MONITORING 

 
In the event of a spill occurrence at the bulk fuel storage facility, the spill contingency plan will be followed 
(Agnico Eagle, 2016).  As a follow-up to the spill response, the environmental staff will conduct an 
environmental assessment to determine the extent of impacts of the spill occurrence on the nearby 
environment.  This will include the identification of the potential environmental pathways of concern that 
may result in impacts to surface water (i.e. Baker Lake near-shore surface water), soil or groundwater. 

6.3.1 Soil Sampling  

Following the unlikely event where a spill is not contained within the secondary containment area, soil 
sampling may be required to locate and prevent further impact to the terrestrial and aquatic receiving 
environment.  Depending on the quantity of the spill, the organic surface soils and silt-containing till below 
the surface are a likely sink for hydrocarbons, thus soil samples will be taken at selected locations to 
horizontally and vertically delineate the impacted areas.  Furthermore, the soil samples will provide 
valuable information used to determine the necessity of installing groundwater wells (see Section 6.3.3 
below). 

6.3.2 Water Sampling  

Following a spill event, an environmental assessment will be conducted.  Similar to routine contact water 
sampling (inside the secondary containment area), if there is a visible sheen on the contact water or if 
water withdrawal is deemed necessary, water samples will be collected and analyzed for the following 
parameters: pH, Total Arsenic, Total Copper, Total Lead, Total Nickel, Total Zinc, Total Suspended Solids, 
Ammonia, Total Cyanide, Benzene, Toluene, Ethylbenzene, Lead, and Oil and Grease.  If the contact 
water exceeds the licensed limits, the portable oil-water separator will be used to treat the water.  Prior to 
withdrawal, samples will be analyzed at a certified laboratory. 
 
As part of the CREMP (CREMP, 2015), receiving environment surface and at- depth water samples will be 
taken in Baker Lake and analyzed for the same parameters as listed above. 

6.3.3 Assessment of the Need for  Groundwater Well Installation  

Following a spill event, if soil sample results identify elevated concentrations of contaminants (i.e. 
exceeding the CCME Canada-Wide Standard (CWS) for Petroleum Hydrocarbons (PHC) in Soil, 2008) 
and/or if water samples identify elevated receiving environment water samples (i.e. exceeding licensed 
limits caused as a result of the spill event), an assessment of the need for groundwater wells will be 
conducted.  The assessment, and if required, design for installation, monitoring and maintenance of 
vertical ground water monitoring wells will be in accordance with CCME (2003) procedures. 
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EXECUTIVE SUMMARY 
 

 
Agnico-Eagle Mines Limited is currently in the process of building a gold mining 
project in the Kivalliq region of Nuna vut, about 70 km north of Baker Lake.  
 
The yearly operations of this mining operation requires the storage of a minimum 
of forty million (40 000 000) liters of diesel fuel, which represents four (4) bulk fuel 
storage tanks, each with a nominal capacity of ten million (10 000 000) liters. 
 
PHASE 1 
 
During the summer of 2007, Agnico-Eagle Mines Limited has built the first two (2) 
bulk fuel tanks, with a combined capacity twenty million (20 000 000) liters of 
diesel fuel. An impervious enclosure was built around it in order to provide 
secondary containment around the fuel tanks. These first two (2) bulk fuel tanks 
were then in condition to be filled. 
 
PHASE 2-A 
 
During the summer of 2008, Agnico-Eagle Mines Limited has built another two (2) 
bulk fuel tanks, for a total combined capacity of forty million (40 000 000) liters of 
diesel fuel. Only a portion of the enclosure was built around it, with the final 
purpose being to provide secondary containment around the fuel tanks. These 
other two (2) bulk fuel tanks were completed in late October 2008, and they 
remain empty as of April 2009. 
 
PHASE 2-B 
 
During 2009, Agnico-Eagle Mines Limited plans to complete the installation of an 
impermeable HDPE membrane, which will provide adequate secondary 
containment around the fuel tanks. This will allow to fill up all four (4) bulk fuel 
tanks in the summer of 2009, once the piping installation has been completed   
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DESCRIPTION OF THE MANDATE 
 
 

Agnico-Eagle Mines has given a mandate to the undersigned in order to verify 
the compliance with applicable regulations of its fuel storage installations in 
Baker Lake, Nunavut. 
 
 
According to the terms of reference, the mandate consists summarily in the 
following activities. 
 
 
A. Review and compilation of the available documentation ; 
 
 
B. Collection of any information that may be missing ; 

 
 

C. REVISION OF CONSTRUCTION DRAWINGS 
 

a.  Preparation of AS BUILT drawings of the construction of PHASE 1  ; 
  
b.  Preparation of AS BUILT drawings of the construction of PHASE 2-A  ; 

 
c.  Preparation of  IFC drawings for the construction of PHASE 2-B ;   

 
 

D. Verifications to the storage capacity within the existing containment berms of 
PHASE 1 and verifications for PHASE 2 in regards to the applicable regulations. 
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A. DOCUMENTATION READILY AVAILABLE 
 
GOLDER ASSOCIATES  -  Vancouver Office 
 

For the Baker Lake bulk fuel storage facilities, this firm has produced some 

construction specifications on 2006-04-28, which were given reference SP-GAL-03 

under their project number 06-1413-009. 

 

NISHI-KHON / SNC-LAVALIN LTD  -  Vancouver Office 
 

For the Baker Lake bulk fuel storage facilities, this firm has produced a set of 

drawings issued for construction  on 2007-08-03, under their project number 

017202.  Some specifications for fuel piping and valves were also issued. 

EARTHWORK DRAWINGS 017202-1000-41D1-0006 17202-1000-46ES-1001A 017202-8000-46DC-9150 

017202-1000-41D1-0001 FUEL PIPING DRAWINGS 17202-1000-46ES-1001B 017202-8000-46DC-9152 

017202-1000-41D1-0002 017202-1000-41D1-0007 ELECTRICAL DRAWINGS 017202-8000-46DC-9153 

017202-1000-41D1-0003 017202-1000-46D4-1004 017202-1000-46D6-1001 017202-8000-46DC-9156 

017202-1000-41D1-0004 017202-1000-46D4-1005 017202-1000-47D2-2001 017202-8000-46DC-9157 

017202-1000-41D1-0005 017202-1000-46D4-1006 017202-8000-47DA-9004 017202-8000-46DC-9166 

 

GEM STEEL EDMONTON LTD 
 

This vendor has submitted a set of drawings issued for review , which consist in 

four (4) structural drawings showing the details of a fuel tank of 10 million liters 

nominal capacity. The original design of this fuel tank is shown on revision A of 

drawings BL-2007-1, BL-2007-2, BL-2007-3, and BL-2007-4.   

 

CHAMCO INDUSTRIES LTD 
This vendor has submitted a set of preliminary drawings issued for approval under 

their project number 1014938ABS, consisting of the following drawings .These 

documents have all been reviewed by HATCH. 

DRAWING NUMBER H325174-M268-VD-0040 H325174-M268-VD-0041 H325174-M268-VD-0010 

H325174-M268-VD-0011 H325174-M268-VD-0012 H325174-M268-VD-0013 H325174-M268-VD-0014 

H325174-M268-VD-0015 H325174-M268-VD-0016 H325174-M268-VD-0017 H325174-M268-VD-0019 

H325174-M268-VD-0020 H325174-M268-VD-0021 H325174-M268-VD-0029 H325174-M268-VD-0030 

H325174-M268-VD-0031 H325174-M268-VD-0032 H325174-M268-VD-0033 H325174-M268-VD-0034 

H325174-M268-VD-0035 H325174-M268-VD-0036 H325174-M268-VD-0037 H325174-M268-VD-0039 
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B. ADDITIONAL COLLECTION OF INFORMATION 
 
HATCH  -  Vancouver Office 
 
 Role during construction phase  : Field Supervision during construction of PHASE 1 (2007). 
  

Mr. Marlon Coakley and Jim Bonia, which were HATCH employees at the time, 

have supervised the construction of the fuel containment area around tanks #1 

and #2, in phase 1 of this project. A specialized crew coming from Saskatoon 

(Enviroline Service inc.) was hired in October 2007 to install an HDPE membrane 

over the berms. This HDPE membrane has been covered with a layer of about 

150 mm thickness of crushed stone. During August 2008, some additional HDPE 

membrane was installed under the tanks #3 and #4, but the final installation of 

the impermeable enclosure for phase 2-B remains to be done in 2009. 

 
GEM STEEL EDMONTON LTD 
 

Role during construction phase  :   Fabrication and field assembly of 10 M liters fuel tanks 
 

Construction of phase 1 ( tanks #1 an d #2 ) took place from September to 

November 2007, with a crew of about 16 workers. During this time, a crew has 

welded a pipeline towards a booster pump and installed flanged connections 

and gate valves between fuel tank #1 and the fuel dispensing module 

manufactured by CHAMCO. The connection of the booster pump to the barge, 

using hoses, allowed for fuel tank #1 to be filled up in 2007. During August 2008, 

tanks #1 and #2 were also filled up with fuel by barge delivery.  

 

Construction of phase 2-A ( tanks #3 and #4 ) took place from August to 

October 2008. Following each phase of this field work, a crew from ACUREN has 

proceeded to X-RAY testing of horizontal and vertical welds according to 

specifications described in the latest edition of API Standard 650. According to 

the report made by ACUREN, no repairs of  defective welds were required, either 

on the tank shell or nozzles. 
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MOSHER ENGINEERING LTD 
 

Role during construction phase  :  Welding of pipelines and support brackets between 
the 10 M liters tanks and the sea hose connection. 

 
In September 2008, a crew of four (4) workers has extended a pipeline towards 

the barge landing and installed pipes with flanged connections and gate valves 

between fuel tank #2 and the fuel dispensing module manufactured by 

CHAMCO. They have also installed check valves on both the inlet and outlet 

nozzles of tank #2, as well as a pressure relief valve set at 75 psi to bypass the 

gate valve on the outlet of tank #2.  

 

This safety feature against thermal expansion of fuel inside the pipeline towards 

the fuel dispensing module remains to be installed on tank #1. The grade of 

material that was used for this pipeline was A333 cold temperature rated steel. 

 

CHAMCO INDUSTRIES LTD 
 

Role during construction phase  :  Manufacturing of the fuel dispensing module. 
 

This fuel dispensing module was manufactured in 2006 and sent to the 

Meadowbank site. A representative from CHAMCO was present during the 

commissioning. Possibly due to vibrations during transport, there were many 

flanged connections that needed tightening.  
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C. REVISION OF CONSTRUCTION DRAWINGS 
 

AEM has hired STAVIBEL Engineering Services, a firm based in Val-d’Or, in order to 
complete the drawings that were used in producing this report. Those twelve (12) 
drawings are enclosed in Appendix 1  of this report.  
 
Drawing VD2259-BKL-001 shows the general layout of fuel storage area. It has 
been compiled using surveying data collected by a crew from NUNA.  
 
Drawing VD2259-BKL-002 shows the fuel storage area and existing piping for 
PHASE 1. It has been compiled using surveying data collected by NUNA.  
 
Drawing VD2259-BKL-003 shows the fuel storage area and location of a sump for 
collection of surface water, to be built in PHASE 2-B. It shows the limits of the HDPE 
membrane that has been installed in 2008 under the fuel tanks.  
 
Drawings VD2259-BKL-004, 005, and 006 show cross-sections of the containment 
area in PHASE 2 (to be completed in 2009). These cross-sections are derived from 
surfaces that were generated using the Autocad Civil 3D  software, and are also 
based on information collected from existing land surveys. This drawing file was 
also used to verify containment volumes, as it is described further in section D. 
 
Drawing VD2259-BKL-007 is an as-built version of structural drawing BL2007-1, 
which was designed and issued by Gem Steel Edmonton Limited. This drawing 
has been updated to reflect nozzle orientations that were noted during a visit. 
No significant changes were noted, except those made to the nozzle schedule. 
 
Drawing VD2259-BKL-008 shows the proposed piping for PHASE 2. It contains a 
schedule of valves and fittings that remain to be installed.  
 
Drawing VD2259-BKL-009 shows the location of the existing pipeline and sea hose 
connection with the barge for fuel unloading. Also, a spill containment sump is 
proposed on this drawing. 
 
Drawing VD2259-BKL-010 is a process and instrumentation diagram. It shows the 
details of the existing and proposed piping, along with further details for the fuel 
dispensing module. 
 
Drawing VD2259-BKL-011 is a general layout that shows the location of existing 
grounding wire and proposed layout to extend this grounding into PHASE 2. 
 
Drawing VD2259-BKL-012 shows the details of the barge and laydown areas, 
along with the details of a ditch and culvert for diversion of surface water run-off.  
 
Also enclosed are two (2) vendor drawings from CHAMCO INDUSTRIES LTD, which 
shows the piping details inside the fuel dispensing module.  
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D. VERIFICATIONS TO STORAGE CAPACITY WITHIN BERMS 
 
 
STAVIBEL Engineering Services has completed verifications on the liquid storage 
capacity inside the containment berms, which create an impermeable 
enclosure around tank #1 and #2. 
 
The method used was a volume calculation using Autocad CIVIL 3D  software.  
 
The maximum storage capacity of fuel tank #1 is 10 515 000 litres of diesel fuel at 
a standard temperature of fifteen degrees Celcius ( 15 °C ). 
 
The maximum storage capacity of fuel tank #2 is 10 480 000 litres of diesel fuel at 
a standard temperature of fifteen degrees Celcius ( 15 °C ). 
 
 
It has been verified using the above so ftware that the impermeable enclosure 
built in PHASE 1 will effectively hold one hundred percent (100 %) of the 
maximum storage capacity of the biggest tank, plus ten percent (10 %) of the 
maximum storage capacity of the other tank. This calculation has been 
summarized in a worksheet that is shown on PAGE 8, hereunder. 
 
The containment volume for tanks #1 and #2 is 11 586 cubic meters, of which 367 
cubic meters were occupied by accumula tion of surface water as of 2008-10-31. 
 
Thus, the lowest point of the HDPE membrane that sits atop the containment 
area is sufficiently high ( at elevatio n 33.86 m ) to meet the above criteria. 
 
 
A worst case scenario has been simulated, and consists in either a rupture of the 
first course of side plates in the tank shel l, or a failure in the outlet piping, when 
either one of fuel tanks is 100% full.  
 
This simulation shows that, in such a worst case scenario, the hydraulic balancing 
level inside the containment area would not exceed the point with the lowest 
elevation on the surrounding berms, providing that there is no substantial 
accumulation of surface water inside.  There is a no additional safety margin. 
 
 
However, with the upcoming completion in phase 2-B ( summer 2009) of the 
impermeable enclosure around tanks #3 an d #4, a breach will be made into the 
berm dividing the two containment areas. This is also shown on a sketch, hereby. 
 
When phase 2-b is completed in summer of 2009, the containment volume for 
tanks #3 and #4 will be 10 855 cubic meters As a result, the new containment 
requirement of 130% of the biggest ta nk volume (or 13 647 cubic meters), 
expressed while considering all four (4) ta nks as a whole, will then be exceeded.   
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DESIGN REVIEW - FOR FUEL SPILL CONTAINMENT BERMS AT BAKER LAKE  
        

EQUIPMENT # 
diam 
(ft) 

rim el. 
(m) 

radius 
(m) 

surface 
(m2) 

top el. 
(m) 

height 
(m) volume (m3) 

740-TK-044 TANK # 1 110 32.99 16.764 882.89 44.90 11.910 10 515
740-TK-044 TANK # 2 110 33.03 16.764 882.89 44.90 11.870 10 480

 
Let's say berms are 5' 3" higher than the average tank floor ( so 1.60 m total height ) with variable slopes 
 and that the tanks are sitting on cones made of crushed stone of 20 m diameter x 1.0 m height. 
        
       Volume  
      Secondary Containment Requirement 11 563 m3
      according to ref. PN-1326, Section 3.9.1(1) 2-b-ii  110% 

 
DESIGN OF BERM DIMENSIONS 

elevation 
height 

(m) 
width 
(m) 

length 
(m) 

surface 
(m2)   

cumulative volume 
(m3)

32.00 0.00 64.0 104.0 6656.00 slope ratio N-S  0
32.66 0.66 69.3 107.6 7452.03 horizontal vertical 4656
32.76 0.76 70.1 108.1 7575.93 4.0 1 5407
32.86 0.86 70.9 108.6 7700.69   6171
32.96 0.96 71.7 109.2 7826.31 slope ratio E-W  6947
33.06 1.06 72.5 109.7 7952.80 horizontal vertical 7736
33.16 1.16 73.3 110.3 8080.15 2.7 1 8538
33.26 1.26 74.1 110.8 8208.36   9352
33.36 1.36 74.9 111.3 8337.44   10 180
33.46 1.46 75.7 111.9 8467.38   11 020
33.56 1.56 76.5 112.4 8598.19   11 873
33.66 1.66 77.3 113.0 8729.86   12 739
33.76 1.76 78.1 113.5 8862.39   13 619
33.86 1.86 78.9 114.0 8995.79 GROSS CONTAINMENT 14 512
34.00       CUBIC METERS 

 
containment volume to be substracted for the two ( 2 ) cones made of crushed stone 

 
perimeter 

(m) number 
radius 

(m) 
surface 

(m2) 
height 

(m)  
volume 

(m3) 
CONES 126.0 2 20.05 1262.93 1.01  -2680
RAMP  1   variable  -246

       
containment volume to be substracted for accumulation of surface water  

   elevation    
volume 

(m3) 

  
water level as of November 

2008 31.70    -367.0

    
    Volume  
  

NET CONTAINMENT 11 219 m3
    or  107% 



 

Our Reference : VD2259-1B   

Proposed 
location of 
breach in 
this berm 
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APPENDIX 1 
 

 
AS BUILT DRAWINGS for PHASE 2-A 
 
IFC DRAWINGS ( 10 ) for PHASE 2-B 
 
VD2259-BKL-001 VD2259-BKL-002 VD2259-BKL-003 VD2259-BKL-004 
VD2259-BKL-005 VD2259-BKL-006 VD2259-BKL-007 VD2259-BKL-008 
VD2259-BKL-009 VD2259-BKL-010 VD2259-BKL-011 VD2259-BKL-012 

 
Plus two (2) drawings from  
CHAMCO INDUSTRIES LTD  
Vendor ref. #   CUP1014938-22 
      CUP1014938-25 

 



 

  



 

   



 

  



 

  



 

   



 

   



 

   



 

   



 

   



 

   



 

   



 

  



 

  



 

   



 

  

APPENDIX 2 
 

SAFE FILL LEVELS FOR ALL FUEL TANKS 
 

 
 
  

 
MAXIMUM FUEL LEVEL 

 
to be read on the VAREC float level  

 

TEMPERATURE  
OF FUEL        

in the barge    
at discharge 

 
TANK #1 

 
TANK #2 

 
TANK #3 

 
TANK #4 

 
0°C 

 
11.68 m 

 
11.64 m 

 
11.70 m 

 
11.70 m 

 
+ 5°C 

 
11.73 m 

 
11.69 m 

 
11.75 m 

 
11.75 m 

 
+10°C 

 
11.79 m 

 
11.75 m 

 
11.81 m 

 
11.81 m 

 
+15°C 

 
11.84 m 

 
11.80 m 

 
11.86 m 

 
11.86 m 

 
NOTE : EACH TANK HAS A SLIGHTLY DIFFERENT ELEVATION, SO CARE MUST BE TAKEN 

DURING HYDRAULIC BALANCING OF TANKS, ESPECIALLY WHEN THOSE ARE FULL. 
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1.0 EXECUTIVE SUMMARY 
 
Agnico-Eagle Mines Limited has undertaken construction of a gold mining project in the Kivalliq 
region of Nunavut, about 70 km north of Baker Lake.  
 
The yearly operations of this mining operation requires the storage of a minimum of forty 
million (40 000 000) liters of diesel fuel, which represents four (4) bulk fuel storage tanks, each 
with a nominal capacity of ten million (10 000 000) liters. 
 
PHASE 1 ( 2007 ) 
 
During the summer of 2007, Agnico-Eagle Mines Limited has built the first two (2) bulk fuel 
tanks, with a combined capacity twenty million (20 000 000) liters of diesel fuel. An impervious 
enclosure was built around it in order to provide secondary containment around the fuel tanks. 
These first two (2) bulk fuel tanks were then in condition to be filled. 
 
PHASE 2-A ( 2008 ) 
 
During the summer of 2008, Agnico-Eagle Mines Limited has built another two (2) bulk fuel 
tanks, for a total combined capacity of forty million (40 000 000) liters of diesel fuel. Only a 
portion of the enclosure was built around it, with the final purpose being to provide secondary 
containment around the fuel tanks. These other two (2) bulk fuel tanks were completed in late 
October 2008, and they have remained empty during the winter of 2008-09. 
 
PHASE 2-B ( 2009 ) 
 
During 2009, Agnico-Eagle Mines Limited has completed the installation of an impermeable 
HDPE membrane, which provides adequate secondary containment around the fuel tanks. This 
has allowed to fill up all four (4) bulk fuel tanks in the summer of 2009, with the piping 
installation towards tanks 3 and 4 being completed. 
 
PHASE 3 
 
Consideration is currently being given to an expansion project for the fuel storage facilities in 
Baker Lake. The scale of the project has been defined in a set of drawings and technical 
specifications, which will be used for the permitting process. 
 
 



  

2.0 SECONDARY CONTAINMENT BERMS 
 

2.1 Final completion of berm enclosure 
 

During the construction of fuel tanks 3 and 4 there was a small part of the secondary 
containment enclosure built in 2008 had been left open to provide easy access. 

 
The granular material and rock fill that was used for civil works was taken from an 
approved quarry, which has been demonstrated not to produce Acid Rock Drainage and 
to be non-Metal Leaching. 
 
Given that theses fuel tanks were to be filled up in August 2009, the berm enclosure was 
fully completed in July 2009, exactly as shown on the construction drawings and at a 
minimal crest elevation of 34.20 m. 

 
2.2 Breach in middle berm  

 
Once the berm enclosure was fully completed, a breach was made in the middle berm 
between fuel tanks 2 and 3. At that moment, fuel tanks 1 and 2 had been fully drawn 
with truck tankers, and were totally empty. Meanwhile, the mine operations relied on 
the fuels tanks located at the Meadowbank site. 
 
The breach section in this midside berm was capped with an HDPE membrane at the 
33.00 m elevation mark, which is the same as the tank rim elevation. This HDPE 
membrane was welded to the existing ones on the berm crests, thus ensuring an 
impermeable transition from one side to the other of both secondary containment 
areas. An access ramp was built over this breach to provide vehicle access inside the 
secondary containment area around fuel tanks 3 and 4. 

 
3.0 HDPE MEMBRANE WELDING 
 

A specialized crew from Saskatchewan was mobilized to Baker Lake for the completion of the 
HDPE membrane installation. The contractor was Enviroline Services inc. 

 
During July 2008, or prior to the construction of fuel tanks 3 and 4, some HDPE panels were laid 
out under the fuel tanks. The edges of this HDPE membrane had been protected with plywood 
sheets and covered with a layer of screened sand. 
 
The work that took place in 2009 was to weld some HDPE membrane rolls to those existing 
panels, and extend all those HDPE membrane rolls right up to the berm crest. The membrane 
was anchored into a trench, as indicated on the construction drawings. 
 
Detailed reports of wedge welder seam logs and qualification tests, as well as logs for extrusion 
welder and qualification tests are enclosed herein, in Appendix 1. 
 



  

4.0 GEOTEXTILE INSTALLATION 
 

As indicated on the construction drawings, a geotextile was placed directly under and over the 
HDPE membrane, as a means to reduce the risk of puncturing this membrane. 

 
5.0 SCREENED SAND COVER 
 

As indicated on the construction drawings, a layer of screened sand was placed directly under 
and over the geotextile, as an additional means to reduce the risk of puncturing the HDPE 
membrane. This sand was screened at the Blueberry Hill pit and hauled to the worksite by local 
truckers. 

 
6.0 WELDING OF PIPELINE 
 

A crew from the ABF Mines contractor, composed of a qualified welder and a pipefitter, have 
completed the extension of the barge discharge pipeline towards tanks 3 and 4. 
 
Also, some additional piping was installed from the tank 3 and 4 towards the fuel dispensing 
module, thus allowing to draw fuel from these tanks, after barge delivery. 
 
Some pressure release valves were installed on each of these pipelines, with a discharge  
pressure set at 75 psi and piped back into the fuel tanks. This constitutes a protection feature 
against the effects of thermal expansion of fuel which was indicated on the construction 
drawings. 
 
Another feature of the modifications implemented in 2009 is the installation of some swing 
check valves at the N2 nipple outlets of all fuel tanks. This will most likely help the fuel 
dispensing pump keeps its prime when the fuel levels get low in the tanks. 
 
The only exception to the complete compliance of these installations with the piping drawings is 
that the containment sump for the fuel sea hose connection shown on section A of drawing 
017202-1000-46D4-1004 from SNC-Lavalin has not been installed. 
 
The flanges and gaskets that were use for mechanical joints are rated for 150 psi. 
 

 



  

7.0   PRESSURE TESTING OF PIPELINE 
 

7.1 Selection of test method and suitable air pressure for testing 
 

The purpose of the leak detection program  is to proof the fuel delivery system in a non-
destructive manner. Fuel pipelines were pressure tested with a non-inert gas, given that 
no petroleum product had ever entered the pipelines prior to testing. 

 
Section 6.2 of CCME PN_1326 states that the testing pressure must be greater than 350 
kPa (50.8 psi), but without exceeding the manufacturer specifications for flanges and 
gaskets of 1034 kPa (150 psi). For that purpose, an evaluation was made of the 
maximum operating pressure at the fuel sea hose connection of the barge discharge 
pipeline. The results are as follows : 

 
Expected discharge flow rate : 0.090 m3/s 

  
Maximum operating pressure = static pressure + velocity pressure  + friction loss  

 
Maximum operating pressure = 29.64 m + 1.24 m + 35.80 m = 94.7 psi 

 
Whereas static pressure = elevation of ( tank overflow - pump intake ) x 0.8396 

  static pressure = ( 44.90 m - 9.60 m ) x diesel fuel density @ 2°C 
 

Whereas  friction loss was evaluated to be : 

Pressure Loss (psi):  50.95 psi   Head Loss (ft):  139.83 ft of diesel fuel 

for the barge discharge pipeline  

Fluid:  diesel fuel  

Pipe/Tubing ID (in):   6" or 150 mm 

Flow Rate (USGPM):  1426.5 USGPM  or 0.090 m3/s 

Dynamic Viscosity of diesel fuel (cP):  5.0 cP 

Specific Gravity (water=1):  0.8396 at 35°F 

Temperature (F):  35°F  or 2°C 

Pipe Roughness (ft):  0.00015 

Fluid Velocity (ft/sec):  16.19 ft/s  or 4.93 m/s 

Friction Factor:  0.019 

Piping Length (ft):   900 

Pressure Loss (psi):  50.84 psi 

Head Loss (ft):  139.88 ft  or 42.64 m of diesel fuel @ 0.8396 
  



  

7.2 Results of air pressure testing of fuel piping 
 

The test pressure has been set at 690 kPa (100 psi), and the stabilization of pressure due 
to ambient temperature was noted after pressurization at 100 psi was achieved for 
testing. The piping system was not considered to be leaking due to a pressure variation 
occurrence of less than 2% within at least two (2) hours, after noted stabilization of air 
pressure. Detailed results are stated hereunder. 

 
TESTING DAY ONE 
 

Section of piping tested  100 mm pipe from TANK 3 to TANK 4 
DATE OF TESTING : 2009-07-24 Air temperature :  N/A 

TEST STARTED AT : 07:55 AM TEST WAS ENDED AT : 02:57 PM 
INITIAL PRESSURE  99 PSI FINAL PRESSURE READING 102 PSI 

 
Section of piping tested  150 mm pipe from TANK 3 to TANK 4 

DATE OF TESTING : 2009-07-24 Air temperature :  N/A 
TEST STARTED AT : 10:25 AM TEST WAS ENDED AT : 02:55 PM 
INITIAL PRESSURE  99 PSI FINAL PRESSURE READING 102 PSI 

 
TESTING DAY TWO 
 

Section of piping tested  100 mm pipe from TANK 2 to TANK 3 
DATE OF TESTING : 2009-07-25 Air temperature :  18°C 

TEST STARTED AT : 01:08 PM TEST WAS ENDED AT : VOID TEST 
INITIAL PRESSURE  100 PSI FINAL PRESSURE READING NIL 

 
The cause of air pressure drop was located (missing gasket) and testing resumed. 
 

Section of piping tested  100 mm pipe from TANK 2 to TANK 3 
DATE OF TESTING : 2009-07-25 Air temperature :  18°C 

TEST STARTED AT : 02:12 PM TEST WAS ENDED AT : 06:15 PM 
INITIAL PRESSURE  100 PSI FINAL PRESSURE READING 100 PSI 

 
TESTING DAY THREE 
 

Section of piping tested  150 mm pipe from TANK 2 to TANK 3 
DATE OF TESTING : 2009-07-26 Air temperature :  15°C 

TEST STARTED AT : 09:30 AM TEST WAS ENDED AT : VOID TEST 
INITIAL PRESSURE  100 PSI FINAL PRESSURE READING 80 PSI 

 
The cause of air pressure drop was located (tightening bolts) and testing resumed. 
 

Section of piping tested  100 mm pipe from TANK 2 to TANK 3 
DATE OF TESTING : 2009-07-26 Air temperature :  18°C 

TEST STARTED AT : 11:45 AM TEST WAS ENDED AT : 04:25 PM 
INITIAL PRESSURE  100 PSI FINAL PRESSURE READING 101 PSI 
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A. DESCRIPTION OF MANDATE 
 

Agnico -Eagle Mines has given a mandate to Stavibel, engineering services in 
order to verify the compliance with applicable regulations of its fuel storage 
installations in Baker Lake , Nunavut.  

 
Accord to the terms of reference, the mandate consists summarily in the 
following activities.  

 
A. Review and compilation of the available documentation;  

 
B. Collection of any information that may be missing;  

 
C. REVISION OF CONSTRUCTION DRAWINGS 

 
 Preparation of « AS BUILT » drawing of the construction tank #5 and #6, 

of phase 3.  
 

D. Verifications to the storage capacity within the existing containment 
berms of phase 3.  
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B. DOCUMENTATION READILY AVAILABLE 
 

GOLDER ASSOCIATES �² Vancouver office (phase 1, 2, 3)  
 

For the Baker Lake bulk fuel storage facilities, this firm has produced some 
construction specifications on 2006 -04-25, which were  given reference SP -GAL-03 
under their project number 06 -1413-009. 

 
NISHI-KHON/SNC LAVALIN LTD �² Vancouver office (phase 1, 2)  

 
For the Baker Lake bulk fuel facilities, this firm has produced a set of drawings 
issued for construction  on 2007 -08-03, under their project number 017202. Some 
specifications for fuel piping and valves were also issued.  
 
EARTHWORK DRAWINGS 017202-1000-41D1-0006 17202-1000-46ES-1001A 017202-8000-46DC-9150 
017202-1000-41D1-0001 FUEL PIPING DRAWINGS 17202-1000-46ES-1001B 017202-8000-46DC-9152 
017202-1000-41D1-0002 017202-1000-41D1-0007 ELECTRICAL DRAWINGS 017202-8000-46DC-9153 
017202-1000-41D1-0003 017202-1000-46D4-1004 017202-1000-46D6-1001 017202-8000-46DC-9156 
017202-1000-41D1-0004 017202-1000-46D4-1005 017202-1000-47D2-2001 017202-8000-46DC-9157 
017202-1000-41D1-0005 017202-1000-46D4-1006 017202-8000-47DA-9004 017202-8000-46DC-9166 
 
 
GEM STEEL EDMONTON LTD (phase 1, 2, 3)  
 
This vendor has submitted a set of « AS BUILT »drawings issued for the completion 
and permitting, which consist in four (4) structural drawings showing the details of 
a fuel tank of 10 million liters nominal capacity. These fuel tanks are shown on 
revision 1 of drawings BL -2010-1, BL210-2, BL-2010-3 and BL-2010-4. 
 
CHAMCO INDUSTRIES LTD (phase 1, 2) 
 
This vendor has submitted a set of drawings issued for construction  under their 
project number 1014938ABS, consisting of the following drawings. These 
documents have all been received by HATCH and approve d.  
 
DRAWING NUMBER H325174-M268-VD-0040 H325174-M268-VD-0041 H325174-M268-VD-0010 
H325174-M268-VD-0011 H325174-M268-VD-0012 H325174-M268-VD-0013 H325174-M268-VD-0014 
H325174-M268-VD-0015 H325174-M268-VD-0016 H325174-M268-VD-0017 H325174-M268-VD-0019 
H325174-M268-VD-0020 H325174-M268-VD-0021 H325174-M268-VD-0029 H325174-M268-VD-0030 
H325174-M268-VD-0031 H325174-M268-VD-0032 H325174-M268-VD-0033 H325174-M268-VD-0034 
H325174-M268-VD-0035 H325174-M268-VD-0036 H325174-M268-VD-0037 H325174-M268-VD-0039 
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C. STAVIBEL, ROUYN-NORANDA OFFICE (phase 3)  
 
This firm has produced a set of construction and has built drawings consisting of 
the following drawings.  
 
Fuel tanks of phase 3 are shown on these drawing as well as the earthwork, the 
piping and electrical grounding details . 
 
 
Earthwork drawings  
 

DRAWING NUMBER 
740-C-0123 
740-C-0124 
740-C-0125 

 

 
Fuel piping drawings  
 

DRAWING NUMBER 
740-M-0100 

 

 
Electrical drawings  
 

DRAWING NUMBER 
740-E-0120 
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D. ADDITIONAL COLLECTION OF INFORMATION 
 

TECHNIC EXPERT INC. 
Role during construction phase #3  : Field supervision during construction of 
phase 3 (2010)  
 
Mr. Luc Croisetière, which is a civil consultant at the time and Julie Bacon 
(AEM employee), have supervised the construction of the fuel containment 
a rea around tank #5 and #6, in phase 3 of this project. A specialized crew 
coming from Saskatoon (Enviroline Service inc.) was hired in May 2010 to 
install an HDPE membrane over the berms. This HDPE membrane has been 
covered with a minimum layer of about 15 0 mm thickness of crushed stone.  
 
The installation of the liners has been done and completed on October 5 th 
2010 before the blizzard and show arrival. Also, before any fuel fill in these 
new set of tank.  

 
QAMANITTUAP, SANA, GILBERT GOUP. 
Role during constr uction phase #3  
 
In early May 2010, and considering a short window of time for the 2010 tanks 
construction, (2) diamond drills and (1) crew of blasters were required 24 
hr/day considering an estimated ± 125  000 tons of rock to blast, excavate 
and haul to a  dump area. The bottom final floor was cutted at the elevation 
± 35.5 and completely on slip rock.  

 
GEM STEEL EDMONTON LTD 
Role during construction phase #3  : Fabrication and field assembly of 10 M lit ers 
fuel tanks  
 
Construction of phase 3 (tanks #5 and # 6) took place from July to September 
2010, with a crew of about 16 workers.  
 
Following phase 3 of this field word, a crew from ACUREN has proceeded to X -
RAY testing of horizontal and vertical welds according to specifications 
described in the latest editio n of API Standard 650. According to the report 
made by ACUREN, minor repairs of defective welds were required, either on the 
tank shell or nozzles.  

 
SM CONSTRUCTION INC. 
Role during construction phase #3   
 
As the connection and pipe w ere already built in 2009 for the phase 3 futur 
development a crew of 4 welders have installed pipeline from existing tank 
#4 to reach tank #5 and #6. This work  have been completed on September 
30th 2010. The tank fuel filling planned in mid -october 2010.  
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E. REVISION OF CONSTRUCTION DRAWINGS 
 
AEM has hired Stavibel Engineering Services, a firm based in Rouyn-Noranda , in 
order to complete the drawings that were used in producing this report. Those 
drawings are enclosed in Appendix 1 of this report.  
 
Drawing 740-C-0123 shows the general layout of fuel storage area. It has been 
compiled using surveying data by a crew from NUNA and Agnico Eagle.  
 
Drawing 740 -C-0124 shows the cross sections of the containment area of phase 
3. They are generated using AutoCad CIVI L 3D software and based on the 
informations collected by Agnico Eagle.  
 
Drawing 740 -C-0125 shows the details of the HDPE membrane, its limit s and the 
com ponents of the phase3.  
 
Drawing 740-M-0100 G shows the general of the piping layout and also the 
specification of the main equipment (valves, check valves, etc.)  
 
Drawing 740 -E-0120 shows the  layout and the  details of the electrical grounding  
�R�I���I�X�H�O���V�W�R�U�D�J�H���D�U�H�D�����,�W�·�V���E�D�V�H�G���R�Q���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q�V���F�R�O�O�H�F�W�H�G���E�\���$�J�Q�L�F�R���(�D�J�O�H�� 
 
Drawing BL2010 -01 shows the g eneral tank elevation of the fuel storage tank s. 
 
Drawing BL2010 -02 shows the roof and the nozzle plan of the fuel storage tank s. 
 
Drawing BL2010 -03 shows the details  of the assembly  of the fuel storage tanks.  
 
Drawing BL2010-04 shows also the details of the assembly of the fuel storage 
tanks.  
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F. VERIFICATION TO STORAGE CAPACITY WITHIN BERMS 
 
Stavibel Engineering Services has completed verifications on the liquid storage capacity 
inside the containment berms, which create an impermeable enclosure around 
tank #5 and #6.  
 
The method used was volume calculation using AutoCad CIVIL 3D software.  
 
The maximum storage capacity of fuel tanks #5 and #6 is 15 500 m3 of diesel fuel 
at a standard temperature of fifteen degrees Celcius (15  ��C).  
 
It has been verified u sing the above software that the impermeable enclosure 
built in phase 3 will effectively hold 100% of the maximum storage capacity of 
the biggest tank, plus 10% of the maximum storage of the other tank. This 
calculation has been summarized in a worksheet t hat is shown on page 7, here  
under.  
 
The containment volume for tanks #3 and #4 is 15 500 m3. 
 
Thus, the lowest point of the HDPE membrane that sits atop the containment 
area is sufficiently high (at elevation 39.3 m) to meet the above criteria.  
 
A worst c ase scenario has been simulated, and consists in either a rupture of the 
first course of side plates in the tank shell, or a failure in the outlet piping, when 
either one of fuel tank is 100% full.  
 
This simulation shows that, in such a worst case scenario , the hydraulic balancing 
level inside the containment area would not exceed the point with the lowest 
elevation (39.3 m) on the surrounding berms, which is located on the south -west 
side. On north -east side, the berm gives more elevation  at an elevation o f 
approximative ±45  m. 
 
The containment volume for tanks #5 and #6 is 15 500 m3 as a result, this new 
containment requirement of 110% of the biggest tank volume (or 11  843 m3), 
expressed while considering all two (2) tanks as a whole, will then be exceeded  
by 45%. 
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DESIGN REVIEW �² FOR FUEL SPILL CONTAINMENT BERMS AT BAKER 
LAKE 
 

ÉQUIPEMENTS DIAM 
(ft)  

RIM EL. 
(m)  

Radius 
(m)  

Surface 
(m 2) 

TOP EL. 
(m)  

Height 
(m)  

Volume 
(m 3) 

740-TK-044-TANK #5  110 *37.846 16.764 882.89 50.04 12.195 10.767 

740-TK-044-TANK #5  110 *37.831 16.764 882.89 50.03 12.195 10.767 

 

�/�H�W�·�V���V�D�\���E�H�U�P�V���D�U�H�����
���������K�L�J�K�H�U���W�K�D�Q���W�K�H���D�Y�H�U�D�J�H���W�D�Q�N���I�O�R�R�U�����V�R�������������P���W�R�W�D�O��
height) with variable slopes and that the tanks are sitting on cones made of 
crushed stone of 20 m diameter x 1.0 m height.  
 
*Average tank #5 = (37.839 + 37.846 + 37.848 + 37.852)/4 = 37.846  
*Average tank #6 = (37.835 + 37.825 + 37.830 + 37.833)/4 = 37.831  

 
 Volume  

Secondary Containment Requirement  �D������ 843 m3 

according to ref. PN -1326, Section  3.9.1 (1) 2-b -�L�L���D���������� 
 
Containment volume to be substracted for the two ( 2) cones made of crushed 
stone: already reducted from AutoCad 3D  
 
 
 
 
 

 
 

Volume  
NET CONTAINMENT 15 500 m3 

or 144% > 110% 
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APPENDIX 1 
 
AS BUILT DRAWINGS FOR PHASE 3 
 

DRAWINGS NUMBER 
Earthwork drawings  Fuel piping drawing  GEM Steel drawings  BL2010-4 
740-C-0123 740-M-0100 BL2010-1  
740-C-0124 Electrical drawings  BL2010-2  
740-C-0125 740-E-0120 BL2010-3  

 
IFC DRAWING FOR PHASE 3 
 

DRAWINGS NUMBER 
Earthwork drawings  Fuel piping drawing  GEM Steel drawings  BL2010-4 
740-C-0123 740-M-0100 BL2010-1  
740-C-0124 Electrical drawings  BL2010-2  
740-C-0125 740-E-0120 BL2010-3  

 

 
 

















 

 
 
 
 
 
 

APPENDIX 2 
 
SAFE FILL LEVELS FOR ALL FUEL TANKS 
 

TEMPERATUE  
OF FUEL  

in the barge at 
discharge  

MAXIMUM FUEL LEVEL 
To be read on the VAREC float level  

TANK # 5 TANK #6 

0 ��C 9,63 9,63 
+ 5 ��C 9,67 9,67 

+ 10 ��C 9,72 9,72 
+ 15 ��C 9,76 9,76 

 
 
NOTE: EACH TANK HAS A SLIGHTLY DIFFERENT ELEVATION, SO CARE MUST BE 

TAKEN DURING HYDRAULIC BALANCING OF TANKS, ESPECIALLY 
WHEN THOSE ARE FULL 
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Baker Lake Jet -A Fuel Storage Installations : As -built Report 
(Agnico Eagle  (2013) 
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��

1�r DESCRIPTION��OF��CONSTRUCTION��ACTIVITIES��

Agnico��Eagle��mines��has��contracted��Stavibel��Engineering��Services��to��design��the��Jet��A��fuel��storage��facilities��
located��in��Baker��Lake,��Nunavut,��complying��with��specifications��required��by��environmental��and��
governmental��regulations,��namely��Environment��Canada’s��Fuel��Tank��Storage��Regulations��and��the��CCME��
Environmental��Code��of��Practice��for��Aboveground��and��Underground��Storage��Tank��Systems��Containing��
Petroleum��and��Allied��Petroleum��Products.��

Stavibel��provided��the��design,��planning��and��construction��oversight��related��to��the��installation��of��
infrastructure��of��AEM’s��new��Jet��A��Fuel��Storage��facility��which��consists��of��20��–��100,000L��double��walled��
tanks,��associated��piping��and��pumping��systems��and��secondary��requirement.��AEM��prepared��a��site��survey��
to��ensure��proper��measurements��and��elevation��of��the��existing��area.����

��

The��main��activities��related��to��the��construction��were��scheduled��as��follow:��

I:���� AEM��sent��surveyed��data��of��the��existing��area��to��Stavibel��

II:�� Stavibel��sent��first��design��plans��for��comments��

III:�� AEM��moved��the��existing��tanks��and��prepared��the��field��for��the��construction��

IV:���� Construction��of��the��infrastructure��pad��

V:�� Assembling��of��all��the��installation��of��tanks��and��mechanical��infrastructure.��

��

��

������

��������

��

��

��

��

��

��

� � � � � � � � � � � � � � � � � � � � � � � �1.��
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2�r DESCRIPTION��OF��THE��FUEL��CONTAINEMENT��PAD��CONSTRUCTION��STEPS��

��

2.1�� EXCAVATION��OF��THE��EXISTING��AREA.� � � � July��14th��2013.��

Quality��control��and��quality��approval:� � � �Stavibel��

Construction��contractor:� � � �Quamanittuap�rSana��(��FGL)��

General��supervision��and��foreman:���� AEM��

Starting��with��test��pits,��the��presence��of��water��was��observed��in��the��excavation��area.��It��was��then��decided��
to��increase��the��elevation��of��the��pad��by��+300mm.��Presence��of��contaminated��soil��was��found��as��well;��it��
was��removed,��analyzed��by��environmental��department��and��sent��to��the��soil��landfarm��at��Meadowbank.��
The��total��amount��was��128m3.��All��non�rcontaminated��soil��and��rock��that��was��removed��and��was��placed��
aside��to��be��used��during��the��backfilling��of��the��pad.����(1)��365��CAT��excavator,��(1)��D6��CAT��dozer,��(1)��operator��
and��(1)��surveyor��were��necessary��for��the��initial��phase.��

��

2.2�� CONSTRUCTION��OF��THE��PAD��PHASE��1.� � � � July��15th��–��July��25th��2013.��

Quality��control��and��quality��approval:���� Stavibel��

Construction��contractor:���� Quamanittuap�rSana��(��FGL)��

Material��transportation:���� BLCS��

General��supervision��and��foreman:� � � �AEM��

During��this��phase��of��the��project,��a��(1)��365��CAT��excavator,��(1)��320��CAT��excavator,��(1)Komatsu��39PX��dozer,��
(1)��Hamm��3625��compactor��and��(1)��740��CAT��haul��truck��were��utilized.��In��addition,��staff��included��were��(1)��
operator��plus��(1)��surveyor.����The��first��step��was��to��backfill��the��pad��up��to��the��determined��level��with��0�r
200mm��NPAG��rock,��and��then��enlarge��the��road��south��of��the��pad.��Excess��water��(clean)��was��drained��in��
order��to��construct��the��containment��berms��around��the��pad��as��showed��in��appendix��1��B.��Once��the��rock��
pad��was��at��the��determined��elevation,��crushed��0�r20mm��NPAG��material��was��placed��on��top��of��the��berms.��
Correctives��measures��around��the��pad��were��undertaken��due��to��some��instability��in��the��area��where��the��
fuel��cabinet��would��be��installed.��Crushed��0�r20mm��NPAG��material��was��placed��on��the��top��of��the��pad,��
compacted��to��prepare��for��the��installation��of��the��bituminous��liner.��Excavation��in��the��surrounding��ditches��
was��completed��in��accordance��with��design��specifications.��A��total��amount��of��1217m3��of��NPAG��0�r200mm��
and��455m3��of��NPAG��0�r20mm��was��used��to��complete��this��phase��of��the��construction.��

��

� � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � ��� 2.��



��
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2.3���� INSTALATION��OF��THE��BITOUMINOUS��LINER.�� �� July��25th��–��July��27th��2013��

Quality��control��and��quality��approval:� � � �Stavibel��

Construction��contractor:���� Quamanittuap�rSana��(��FGL)��

Liner��crew:���� Texcel��

General��supervision��and��foreman:���� AEM��

Equipment��and��manpower��used��included��(1)��365��CAT��excavator��to��unroll��the��liner��and��we��had��(1)��
operator,��(1)��surveyor,��(2)��liner��installers��and��(3)��laborers��from��Baker��Lake.��The��liner��was��installed��over��a��
two��day��period.��After��installation,��any��holes��that��resulted��were��repaired��and��conformity��tests��were��
undertaken��(pressure��and��tension).��In��addition,��soft��geotextile��was��placed��under��and��over��the��liner��to��
prevent��puncturing��that��could��occur��while��walking��on��the��liner��or��during��placement��of��the��covering��
granular��material.��It��was��calculated��that��2400m2��of��bituminous��liner��and��2625m2��of��soft��geotextile��was��
placed.��

��

2.4������CONSTRUCTION��OF��THE��TANK��PAD��PHASE��2.� � � �July��27th�r��July��31st��2013��

Quality��control��and��quality��approval:���� Stavibel��

Construction��contractor:���� Quamanittuap�rSana��(��FGL)��

Material��transportation:���� BLCS��

General��supervision��and��foreman:� � � �AEM��

Phase��2��of��construction��of��the��pad��was��to��place��crushed��0�r20mm��NPAG��over��the��bituminous��liner��
(previously��covered��with��geotextile).��The��following��equipment��and��manpower��were��used,��(1)��365��CAT��
excavator,��(1)��307��Cat��excavator,��(1)��39��PX��Komatsu��bulldozer,��(1)��740��CAT��haul��truck,��(1)��Hamm��3625��
compactor,��(1)��operator��and��(1)��surveyor.��During��this��phase��the��contractor’s��(BLCS)��was��out��of��service��
due��to��mechanical��issues��so��the��0�r20mm��NPAG��layer��was��screened��to��maintain��quality.��Any��materials��
that��screened��larger��than��0�r20mm��were��removed��by��hand.��A��total��of��728m3��of��0�r20mm��NPAG��granular��
material��were��used��to��build��the��300mm��thick��layer��of��liner��protection.����A��slopped��trench��was��excavated��
(1000mm��up��to��ground��level)��to��place��an��8��inches��steel��conduit��for��electrical��cable��necessary��to��operate��
the��pump��house.������

��

�x FURTHER��INFORMATION,��PICTURES��AND��PLANS��FOR��THOSE��STEPS��CAN��BE��FOUND��IN��THE��
APPENDIX��1��AND��2��

��
3.��



��
��

3�r DESCRIPTION��OF��THE��FACILITIES��AND��MECHANICAL��PARTS��ASSEMBLING.��
��

3.1�� NEW��TANKS��PLACEMENT��AND��INSTALATION��OF��THE��PUMP��HOUSE.�� Aug��5th��–Aug��12th��2013��

Installation��crew:���� SM��Construction��

Field��supervisor:���� Quamanittuap�rSana��(��FGL)��

Crane��and��operator:���� J.M��Francoeur��

General��supervision��and��foreman:� � � �AEM��

��

20,��double��walled,��100,000L��fuel��storage��tanks��meeting��CCME��ULC��requirements��were��placed��on��the��pad��
described��in��Sec��2��above.��Equipment��and��manpower��used��during��this��phase��included��(1)��35tns��MCR��
crane,��(6)��technicians,��(1)��welder��and��(1)��electrician.��The��tanks��were��placed��according��to��the��design��
specifications,��ie��level.��Once��the��tanks��placement��was��completed,��foot��bridges��were��installed��as��well��as��
the��pump��house.��* ��See��figure��at��page��523��in��SM’S��manual,��appendix��3��

��

3.2���� PIPING��CONNECTION��AND��ELECTRICAL��ASSEMBLING��PHASE��1.��Aug��12th��–��Aug��19th��2013��

Installation��crew:���� SM��Construction��

Field��supervisor:���� Quamanittuap�rSana��(��FGL)��

General��supervision��and��foreman:� � � �AEM��

��

During��this��phase��(6)��technicians��and��(1)��welder��assembled��the��4��inch��pipe��and��connections��between��the��
tanks��and��pump��house.��Also��(1)��electrician��started��the��installation��of��electrical��cables��and��control��panels��
for��the��facility.��All��piping,��pumps,��electrical��connections,��etc.��conformed��to��all��applicable��codes,��
specifications��and��regulations.��* ��See��SM’S��manual��under��the��technical��data��section,��Pp.��3��to��512,��
APPENDIX��3.����

��

��

��

��
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3.3�� PIPING��CONNECTION��AND��ELECTRICAL��ASSEMBLING��PHASE��2.�������� Aug��29th��–��Sept��17th��

��Installation��crew:���� SM��Construction��

Field��supervisor:���� Quamanittuap�rSana��(��FGL)��

General��supervision��and��foreman:� � � �AEM��

��

For��the��final��phase��of��the��project,��(6)��technicians��and��(1)��welder��completed��assembling��and��installation��
of��the��pipe��connections��between��the��tanks��and��inside��the��pump��house.����An��(1)��electrician��connected��all��
of��the��main��cables,��the��panels��and��computers��inside��the��pump��hose.��Hi�rlevel��alarms��were��also��placed��on��
all��tanks��and��were��tested��as��per��specifications.��All��alarms��were��noted��to��be��functional.��After��installation,��
all��tanks��were��cleaned��and��washed��inside��and��pressure��tested��as��per��specifications.��During��the��pressure��
test,��one��tank��indicated��a��loss��of��pressure.��A��small��crack��was��found��between��the��inside��two��layers��of��the��
tank.��This��might��have��occurred��during��the��placement��of��this��tank.��It��was��decided��not��to��add��fuel��to��this��
tank��this��year.��Repairs��will��be��undertaken��prior��to��re�rfueling.��At��this��point��the��tanks��were��ready��to��use��
for��fuel��storage.��

��

�x FURTHER��INFORMATIONS,��PARTS��DESCRIPTIONS,��PHOTOGRAPH,��INSTALLATION��AND��
ELECTRICAL��PLANS��CAN��BE��FOUND��IN��APPENDIX��3.��

��

��

��

��

��

��

��

��

��

��

��
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APPENDIX��1.����

DRAWINGS.��

��

A. DESIGN��PLAN��FOR��COMMENTS:��

Drawing��number:� � � � 61�r740�r230�r211_A��

��

B. AS��BUILT��DRAWINGS:��

Drawing��number:� � � � BAKER��FF��1� � � � PLANIMETRICAL��VIEW��

� � � � � � � �BAKER��FF��2� � � � SECTION��VIEW��

� � � � � � � � � � � �

��

��

��

��
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APPENDIX��2.��

STAVIBEL’S��CONSTRUCTION��DAILY��REPORT.��

DESCRIPTION��OF��THE��FUEL��CONTAINEMENT��PAD��CONSTRUCTION��STEPS.��

��

��

��

� � � �
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RAPPORT DE VISITE DE 
CHANTIER 

  
�x Photo #1 – 3 test pits. Smell of Jet-A fuel and water arrival. 
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #2 – Excavation and stockpile of the contaminated material until the final level of the infra. 
 

 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #1 – Overview of the infra. Some water accumulations caused by the thaw of the material in 

place. A small ditch will be make to try to drain this water during night. 
 

 
 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #1 – Windening of the road on the south side of the pond 
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #2 – Drainage of the water on north side of the pad. The ground is more stable at the end of the 
day. 

 
 

 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #1 – Construction of the mini dikes around the pad. Stockpile of the 0-20mm on the pad. 
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #2 – Loading of the contaminated material. 
 

 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #1 – Placing the crushed stone 0-20mm on the mini dike. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Moving the contaminated stockpile to make the drainage ditch behind the north dike. 
 

 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #1 – Loading the truck with the non-contaminated material that contain organic soil for the 

construction  of the access road for the pump house. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Reparation of an instability on the North-East side of the pad. 
 

 
 
 

 
 

Par : ______________________    
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #1 – There is frost in the north ditch that prevent the excavation to the desired elevation. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – A bit of water on the pad because of the ditch that is to high. No instability. 
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #3 – Placing the 0-20mm crushed stone. 
 

 
 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #1 – Placing the 0-20mm crushed stone. All the 0-20mm is on the field at the end of the day. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Excavation of the north ditch at the good elevation to drain the pad infra. 
 

 
 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #1 – Excavation of the north ditch to the frost. There is a groundwater artery. 

 

 
 
 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #1 – Overview of the pond ready for the geotextile and the bituminous geomembrane. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Small key trench for the membrane. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #3 – Construction of the access road for the pump house. 

 
 

 
  

Position of the 
pump house 



  

2013-07-23             Page 5 sur 5 

RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #4 – Arrival of 11 tanks of 100 000L and 2 tanks of 50 000L on the barge. 

 

 
 

 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #1 – Compaction of the slopes with the vibratory plate to avoid rock punching in the 
membrane. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Placing the geotextile and the bituminous geomembrane. 

 

 
 
 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #1 – Placing the bituminous geomembrane with a geotextile under. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Reparation of hole in the bituminous geomembrane. 

 

 
 
 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

�x Survey of a load of 0-20 mm crushed stone. The result is 18.4 m3/load. Here are the corrected 
quantities according to this new volume: 

 
0�r3/4" �� Muck��quarry��1��

load volume��(m3)�� load volume��(m3)��

2013�r07�r15�� ���� ���� 24 441,6��
2013�r07�r16�� ���� 34 625,6��
2013�r07�r17�� 15�� 276�� 14 257,6��
2013�r07�r20�� 7�� 128,8� � � �� � � �� �
2013�r07�r21�� 3�� 55,2� � � �� � � �� �
2013�r07�r23�� 2�� 36,8� � � �� � � �� �
2013�r07�r27�� 3�� 55,2� � � �� � � �� �

Cumulative�� 30�� 552�� 72�� 1324,8��
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #1 – Installing the bituminous geomembrane with a geotextile under. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Sampling of Colétanche in place to test the welds resistance with the tensometer. The 

results are compliant according to the Texel membrane installers. 
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #3 – Inspection of the membrane. Small proeminent rocks (10mm and less) are detected at 
some place under the membrane. A second tickness of colétanche is added on these spots to make 
sure there will not be any punching. 

 
 

 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Summary of the volumes hauled by BLCS (18.4 m3/load)  : 

 
0�r3/4" �� Muck��quarry��1��

load volume��(m3)�� load volume��(m3)��

2013�r07�r15�� ���� ���� 24 441,6��
2013�r07�r16�� ���� 34 625,6��
2013�r07�r17�� 15�� 276�� 14 257,6��
2013�r07�r20�� 7�� 128,8� � � �� � � �� �
2013�r07�r21�� 3�� 55,2� � � �� � � �� �
2013�r07�r23�� 2�� 36,8� � � �� � � �� �
2013�r07�r27�� 3�� 55,2� � � �� � � �� �
2013�r07�r28�� 13�� 239,2� � � �� � � �� �

Cumulative�� 43�� 791,2�� 72�� 1324,8��
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #1 – Sreening of the 0-20mm and loading of the trucks at the Nuna Pad (BLCS). 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Placing the 0-20mm above the bituminous geomembrane. A geotextile is place before. 

 

 
 
 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
 

�x Summary of the volumes hauled by BLCS (18.4 m3/load) : 
 

0�r3/4" �� Muck��quarry��1��

load volume��(m3)�� load volume��(m3)��

2013�r07�r15�� ���� ���� 24 441,6��
2013�r07�r16�� ���� 34 625,6��
2013�r07�r17�� 15�� 276�� 14 257,6��
2013�r07�r20�� 7�� 128,8� � � �� � � �� �
2013�r07�r21�� 3�� 55,2� � � �� � � �� �
2013�r07�r23�� 2�� 36,8� � � �� � � �� �
2013�r07�r27�� 3�� 55,2� � � �� � � �� �
2013�r07�r28�� 13�� 239,2� � � �� � � �� �
2013�r07�r29�� 14�� 257,6� � � �� � � �� �

Cumulative�� 57�� 1048,8�� 72�� 1324,8��
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #1 – Lot of particules bigger than 20mm in the 0-20mm brought by BLCS. We advise BLCS to 
check the sreener. Indeed, there was a gap on the side of the sreen because of a missing inner bar. 
After the reparation of the screener, there is still presence of particules up to 100mm in the material 
from an unknow source. We remove them by hand on the field, but there is still a lot of rocks around 
1 1/2" big.  
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Placing the 0-20mm above the bituminous geomembrane. A geotextile is placed before. 

 

 
 
 
 
 

 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
 

�x Summary of the volumes hauled by BLCS (18.4 m3/load) : 
 

0�r3/4" �� Muck��quarry��1��

load volume��(m3)�� load volume��(m3)��

2013�r07�r15�� ���� ���� 24 441,6��
2013�r07�r16�� ���� 34 625,6��
2013�r07�r17�� 15�� 276�� 14 257,6��
2013�r07�r20�� 7�� 128,8� � � �� � � �� �
2013�r07�r21�� 3�� 55,2� � � �� � � �� �
2013�r07�r23�� 2�� 36,8� � � �� � � �� �
2013�r07�r27�� 3�� 55,2� � � �� � � �� �
2013�r07�r28�� 13�� 239,2� � � �� � � �� �
2013�r07�r29�� 14�� 257,6� � � �� � � �� �
2013�r07�r30�� 11�� 202,4� � � �� � � �� �

Cumulative�� 68�� 1251,2�� 72�� 1324,8��
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #1 – I mesured the mesh size of the BLCS screener. The opening of 30mm explain the presence 
of particules higher than 20 mm. BLCS affirmed that they don’t have a smaller screen on July 27th 
when they change the screen.  Also, there is still several rocks up to 100 mm in the 0-20 mm. We 
remove them by hand on the field.  
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Placing the 0-20mm above the bituminous geomembrane. A geotextile is placed before. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #3 – Compaction test with the roller compacter Hamm 3625 on low vibration directly on the 0-

20mm uncompacted and without any covering above. Not any hole nor any deformation are noticed 
on the bituminous geomembrane. The decision is taken to use the roller compactor for the compaction 
of the pad above the Colétanche membrane. 

 

 
 
 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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RAPPORT DE VISITE DE 
CHANTIER 

 
 

�x Survey of 42 loads of 0-20mm in place uncompacted. Here is the summary of the volumes haules by 
BLCS (estimate with an average of 16.9 m3/load) : 
 

 
0�r3/4" �� Muck��quarry��1��

load volume��(m3)�� load volume��(m3)��

2013�r07�r15�� ���� ���� 24 405,6��
2013�r07�r16�� ���� 34 574,6��
2013�r07�r17�� 15�� 253,5�� 14 236,6��
2013�r07�r20�� 7�� 118,3� � � �� � � �� �
2013�r07�r21�� 3�� 50,7� � � �� � � �� �
2013�r07�r23�� 2�� 33,8� � � �� � � �� �
2013�r07�r27�� 3�� 50,7� � � �� � � �� �
2013�r07�r28�� 13�� 219,7� � � �� � � �� �
2013�r07�r29�� 14�� 236,6� � � �� � � �� �
2013�r07�r30�� 11�� 185,9� � � �� � � �� �
2013�r07�r31�� 2�� 33,8� � � �� � � �� �

Cumulative�� 70�� 1183�� 72�� 1216,8��
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RAPPORT DE VISITE DE 
CHANTIER 

�x Photo #1 – Moistening and compaction of the 0-20mm. Compaction: 2 static passes, 1 vibratory pass 
in each direction and 2 last static passes. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #2 – Installation of a steel pipe with a rope inside in prevision of passing the electric wire to the 

pump house. 
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RAPPORT DE VISITE DE 
CHANTIER 

 
�x Photo #3 – Overview of the second containment system ready to take the Jet-A tanks. 

 

 
 
 
 
 
 

Par : ______________________   
Michaël Racine, tech. Richard Marcoux, ing. 
  No OIQ : 38724 
  Project manager 
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�6�(�&�7�,�2�1���������‡���� INTRODUCTION 
 

1.1 OBJECTIVE OF THE OMS MANUAL  

The objective of this manual is to define the technical aspects related to the operation, maintenance 
and surveillance (OMS) of the Dewatering Dikes at the Meadowbank Gold Project operated by 
Agnico Eagle Mines Limited (AEM), Meadowbank Division.  

This manual is intended as a practical document used by the personnel involved in with the 
Dewatering Dikes at the Meadowbank Gold Project. It incorporates operating, maintenance and 
�V�X�U�Y�H�L�O�O�D�Q�F�H�� �S�U�R�F�H�G�X�U�H�V�� �U�H�F�R�P�P�H�Q�G�H�G�� �E�\�� �W�K�H�� �&�D�Q�D�G�L�D�Q�� �'�D�P�� �$�V�V�R�F�L�D�W�L�R�Q�� ���&�'�$���� �³�'�D�P�� �6�D�I�H�W�\��
�*�X�L�G�H�O�L�Q�H�V�´�� ���&�'�$�� ���������� �	�� ������������ �D�Q�G�� �W�K�H�� �0�L�Q�L�Q�J�� �$�V�V�R�F�L�D�W�L�R�Q�� �R�I�� �&�D�Q�D�G�D�� ���0�$�&���� �³�'�H�Y�H�O�R�S�L�Q�J�� �D�Q��
Operation, Maintenance and �6�X�U�Y�H�L�O�O�D�Q�F�H�� �0�D�Q�X�D�O�� �I�R�U�� �7�D�L�O�L�Q�J�V�� �D�Q�G�� �:�D�W�H�U�� �0�D�Q�D�J�H�P�H�Q�W�� �)�D�F�L�O�L�W�L�H�V�´��
(MAC, 2018). This manual was written by the Meadowbank Engineering team with the support of 
SNC-Lavalin and the Nunavut Engineer of Record. 

The objectives of this OMS manual are to define and describe: 

�x Roles, responsibilities, and level of authority of personnel who perform activities related to the 
Dewatering Dikes at Meadowbank 

�x The Dewatering Dikes at Meadowbank covered in the scope of this OMS manual  

�x Plans, procedures and processes for : 

o The operation, maintenance and surveillance of the Dewatering Dikes at 
Meadowbank Gold Project to ensure that they function in accordance with their 
design, meet performance objectives and link to emergency response planning 

o Evaluating performance of the structures, and report performance results 

o Managing change 

This manual contains protocols and information that will assist AEM to operate, maintain, and monitor 
the Dewatering Dikes in a safe manner and identify early signs of malfunction.  

Elements related to design, construction and closure of the Dewatering Dikes, infrastructures related 
to management of underground water and to water treatment are out of scope of this manual.  
 
 

1.2 CONTROL OF DOCUMENTED INFORMATION 

This OMS manual is a controlled document. The latest version of this document is available in Intelex. 

The person responsible for the preparation, update and distribution of this manual is the Engineering 
Superintendent. Any change to this OMS manual must be submitted to and approved by the 
Engineering Superintendent who will be responsible to update the OMS manual in Intelex.  

It is each user�¶�V responsibility to ensure that they are using the latest version of this document. In 
case of issue with retrieving the electronic version of this document, the most up to date paper 
version of this document will always be kept in the Engineering Superintendent Office. 
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The Engineering Superintendent is responsible to communicate any change to this manual by e-mail 
to the distribution list in Table 1-1. The Engineering Superintendent is responsible for maintaining an 
up-to-date distribution list of this manual.   

Table 1-1 :OMS Manual Distribution List  

Position   Name 

General Mine Manager  Luc Chouinard 

General Superintendant Eric Côté / Jacques Proulx 

Environment Superintendent  Nancy Duquet-Harvey 

Mine Operations Superintendent  Yan Côté, Nicolas P. Deschamps (asst.) 

Engineering Superintendent  Pierre McMullen, Miles Legault (asst.) 

Maintenance Superintendant Christian Quirion 

Energy & Infrastructures 
Superintendent  Guillaume Gemme 

Engineer of Record, Meadowbank 
Division Thomas Lepine 

 

 

1.3 MANAGEMENT OF CHANGE  

This manual will be reviewed on an annual basis at the beginning of Q3 and revised as necessary to 
accommodate changes in the condition and operation of the facilities. The Engineering 
Superintendent will be responsible to coordinate this review process.  

In conducting the review and update of the OMS manual the following must be taken into account: 

�x Performance of the structure 

�x Current life cycle of the structure 

�x Change since the last review (site condition, critical control, risk profile, personnel, 
methodology and technology for OMS activities) 

In addition to the annually scheduled review, a review may be triggered by a significant event or may 
need to be updated in response to: 

�x Planned changes, such as change in surveillance instrumentation or methodologies, or 
introduction of new instrumentation methodology 

�x Changes in personnel or roles referred to in the OMS manual 

�x Other changes that may occur that need to be addressed prior to the next scheduled review 
of the OMS manual 

The update needs to be completed in a timely manner following the document control criteria 
specified in Section 1.2. 

As a good practice, the Engineering Superintendent should organise on a yearly basis a session to 
present the changes in the OMS manual to the persons in its distribution list. 
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1.4 REQUIRED LEVELS OF K NOWLEDGE 

To preserve the integrity of the operation of these structures, the personnel must have a good 
comprehension of the factors that can impact the performance of the Dewatering Dikes. It must also 
be known that any deviation can signify the emergence of a problem and change the role that each 
person must have in the operation, maintenance and surveillance of these infrastructures.  

It is the responsibility of each person in the distribution list of this manual to be familiar with it and 
understand its whole content. They also need to ensure that everyone under their �V�X�S�H�U�Y�L�V�L�R�Q���Z�K�R�¶�V 
duty involves tasks related to the operation, maintenance or surveillance of any component of the 
Dewatering Dikes have the appropriate level of knowledge and the resources to comply with the 
protocol presented in this document. 

 

1.5 LINKAGE WITH EMERGEN CY RESPONSE PLAN 

An emergency is a situation that poses an impending or immediate risk to health, life, property, or the 
environment and which requires urgent intervention to prevent or limit the expected outcome. 
 
This OMS manual addresses conditions related to operation under normal or upset conditions, as 
opposed to emergency situation. An Emergency Response Plan (ERP) describes measures the 
Owner and, in some cases, external parties will take to prepare for an emergency, and to respond if 
an emergency occurs. 
 
An OMS and ERP manual must be aligned. As a result, this OMS manual contains the following 
information (refer to Section 4 and 5): 

�x Performance, occurrences, or observations that would result in an emergency being declared 
�x Roles and responsibilities of key personnel in transition from normal or upset conditions to an 

emergency  
�x Actions to be taken to transition from normal or upset conditions to an emergency situation 

 
Once an emergency has been declared, reference must be made to the Emergency Response Plan 
(Reference included in Table 1-2). The most recent version of the ERP can be found on Intelex and in 
the Engineering Superintendent Office 
 

 

Table 1-2: Emergency Response Reference Documents  

Document  Current Revision  

Emergency Response Plan Updated by AEM. Version 12, 
January 2018. (Intelex) 
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�6�(�&�7�,�2�1���������‡���� ROLES AND RESPONSIBILITIES  

 

A functional chart for the Dewatering Dikes at the Meadowbank Project is shown in Figure 2-1.   

The roles and responsibilities of the key personnel involved in the Dewatering Dikes of the 
Meadowbank Project are shown in Table 2-1. Contact information for each position is indicated in 
Table 2-2. 

Personnel who have tasks directly related to the Dewatering Dikes need to receive a training  when 
they start in the position, to ensure they understand their roles and responsibilities related to this 
OMS manual. 
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Luc Chouinard
Mine General Manager

Pierre McMullen
Engineering Superintendant

Miles Legault
Eng. Asst. Superintendent

A. Lavallee/F. Bolduc
Geotechnical Coordinator

Yan Côté 
Mine Operations Superintendant

N. Plouffe-Deschamps
Mine Operations Asst. 

Superintendent

J.F. Beland/O. Jacques
Dike Supervisor

P. Gagnon/P.E. McDonald
Geotechnical Specialist/Eng.

Golder
Designer

T.Dahm/V.Duranleau
J. Collard/  B. Lessard

Geotechnical Technicians

R. Allard
Environment General Supervisor

M. Archambault/T. Thomson
Environment Coordinator

 Maintenance & Surveillance Environment

E. Haley/P. Poirier
Water & Tailings Engineer

Guillaume Gemme 
Energy & Infrastructures 

Superintendent

A. Arcand/S. Trembay
General Supervisor

Independent Review
MBK Dike Review Board

Michel Julien
Vice Presiden Environment

Thomas Lépine
Engineer of Record

Engineering and SurveillanceEngineering and Surveillance

Contractor
  (KCG)

Nancy Duquet Harvey
Environment Superintendent
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Maintenance Superintendent

S. Portelance
Asst. Maintenace 
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Figure 2-1 :Organizati onal structure
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Table 2-1 : Responsibilities related to Meadowbank Water Management  

Role  Responsibilities  

Vice-President 
Environment 

�x Be aware of key outcomes of water management risk assessment and of 
how these risks are being managed 

�x Has accountability and responsibility for putting in place appropriate 
management structure 

�x Assign responsibility and appropriate budgetary authority for water 
management and define the personnel duties, responsibility and 
reporting relationships, supported by job description and organisational 
charts to implement the water management system through all stages in 
the facility life cycles 

�x Provide assurance to AEM and its Community of Interest that the 
Dewatering Dikesare are managed responsibly 

General Mine Manager 

�x Identify the scope of work and budget requirement for all aspect of water 
management 

�x Approve budget for OMS related activity 

�x Establish an organisational structure with Roles and Responsibilities that 
meets the operational needs 

�x Delegate specific tasks and responsibilities for water management to 
qualified personnel 

�x Liaise with independent reviewer (MDRB) as required 

 

Engineer of Record (EoR) 

�x Input into the OMS activities in accordance with the design 

�x Receive and review the OMS manual on a regular basis 

�x Either confirm operation is compliant or identify deviations from 
performance objectives and advise the Owner with recommendations 

�x Advise on contemplated changes on the structure operation 

�x Maintain records related to design construction and operation 

�x Participate in inspections and independent reviews 

Independent Reviewer �± 
Meadowbank Dike Review 
Board (MDRB) 

�x Provide independent, objective, expert commentaries, advices and 
recommendations, to assist in identifying, understanding, and managing 
risks associated with the Dewatering Dikes 

Engineering 
Superintendent 

�x Revise and update the OMS Manual to reflect as-built conditions and any 
other changes 

�x Review and update the OMS manual into Intelex 

�x Maintain up to date distribution list of the OMS Manual 

�x Establish a formal relationship with the EOR to ensure operation is 
compliant with design intent 

�x Identify when/where contemplated operational changes are a potential 
deviation from the design intent and engage the EoR and Designer as 
part of process to manage changes 

�x Coordinate work force as required for monitoring and maintenance. 
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Role  Responsibilities  

Mine Operations 
Superintendent / Dike 
Supervisor 

�x Maintain access to the structure and seepage collection systems, 
including making road repairs, controlling dust and removing snow.  

�x Carry out field maintenance related to earthwork as required,  

�x Supervise Mine Contractor for aspect related to earthwork construction 
and maintenance 

Geotechnical Coordinator 
�x Supervise the work of the geotechnical engineer/specialist, geotechnical 

technician and water and tailings engineer 

 

Geotechnical Engineer 

�x Carry out inspections of the structures as required in the OMS Manual. 

�x Carry out instrument monitoring as required in the OMS Manual. 

�x Review and analyse surveillance data to evaluate dike performance with 
respect to design parameters 

�x Review and distribute surveillance reporting as required in the OMS 
Manual 

�x Analyse geotechnical instrumentation monitoring data to evaluate dike 
performance with respect to design parameters  

Geotechnical Technician 

�x Carry out inspections of the structures as required in the OMS Manual 

�x Monitor instrumentation as required in the OMS Manual 

�x Maintain instrumentation, readout units, data acquisition system and 
cabins 

�x Responsible for data acquisition as required in the OMS manual 

�x Prepare reports on instrumentation readings, dike performance, visual 
observations, etc., as required in the OMS Manual. 

Water & Tailings Engineer 

�x Carry out inspections of the structures as required in the OMS Manual 

�x Carry out instrument monitoring as required in the OMS Manual 

�x Coordinate equipment, labour, materials and maintenance activities 
required for pumps and pipelines associated with dewatering, seepage 
collection systems and any runoff diversions. 

�x Prepare reports on instrumentation readings, dike performance, visual 
observations, etc., as required in the OMS Manual 

Environment Department 
Superintendent / General 
Supervisor / Coordinator / 
Technician 

�x Ensure monitoring of water quality and total suspended solids as 
required in the water management plan 

�x Review environmental monitoring data for compliance with Water 
License and regulations and to determine dike performance with respect 
to design parameters 

�x Liaise with external stakeholders including NIRB, Nunavut Water Board, 
�1�*�2�¶�V�����J�R�Y�H�U�Q�P�H�Q�W���D�J�H�Q�F�L�H�V 
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Role  Responsibilities  

Energy & Infrastructures 
Superintendent / General 
Supervisor / Pump crew 
supervisor / electrical 
supervisor 

�x Installation and operation of pumps and pipeline (electrical, mechanical) 

�x Maintain and service pumps and pipelines 

�x Coordinate equipment, labour and materials for maintenance of electrical 
and mechanical equipment 

�x Carry out field operations, including pumping 

�x Carry out field maintenance on pumps and pipeline, including electrical 
and mechanical repairs 

Mine Contractor �x Rent equipment and manpower for construction and maintenance of the 
Dewatering Dikes 

Design Engineer 

 

�x Advise on contemplated changes to the structure design 

�x Advisor on structure performance as required 

�x Participate in inspection and independent review as required 

 

Maintenance 
Superintendent/ Pump 
mechanics 

�x Ensure preventive maintenance is carried out regularly on each pumping 
equipment 

�x Repair pumping equipment as required 

�x Update and maintain a list of operational pumping equipment 

�x Keep records of maintenance on pumping equipment 

 

Table 2-2 : OMS Manua l Contact for each position  

Role  Name Work Contact Info  

Vice-President Environment Michel Julien 

michel.julien@agnicoeagle.com 

416-947-1212 x3738 

514-244-5876 

General Mine Manager Luc Chouinard 819-759-3555 x4606896 

Engineer of Record (EoR) Thomas Lepine 

thomas.lepine@agnicoeagle.com 

416-947-1212 x3722 

418-473-8077 

Engineering Superintendent / 
Assistant 

Pierre McMullen 

Miles Legault 
819-759-3555 x4606721 

Mine Operations 
Superintendent / Assistant 

Yan Côté 

Nicolas Plouffe-Deschamps 
819-759-3555 x4606832 

Dike Supervisor 
Jean-François Béland 

Olivier jacques 
819-759-3555 x4606807 

Geotechnical Coordinator 
Frédérick L.Bolduc 

Alexandre Lavallée 
819-759-3555 x4606837 
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Role  Name Work Contact Info  

Geotechnical Engineer 
Patrice Gagnon 

Pier-Eric McDonald 
819-759-3555 x4606726 

Geotechnical Technician 

Vincent Duranleau 

Thomas Dahm 

Bruno Lessard 

Jerome Collard 

819-759-3555 x4606818 

 

819-759-3555 x4606851 

Water & Tailings Engineer 
Eric Haley 

Pascal Poirier 
819-759-3555 x4606752 

Environment Superintendent Nancy Duquette 819-759-3555 x4606980 x3175 

Environment General 
Supervisor Robin Allard 819-759-3555 x4606838 

Environment Coordinator 
Martin Archambault 

Tom Thomson 
819-759-3555 x4606744 

Energy & Infrastructures 
Superintendent Guillaume Gemme 819-759-3555 x4606632 

Maintenance Superintendent 
Pierre Laberge 

Sylvain Portelance 
819-759-3555 x4606722 

Energy & Infrastructure 
General Supervisor 

Alexandre Arcand 

Steven Tremblay 
819-759-3555 x4606822 

Pump crew supervisor 
Shawn Valiquette 

Gaetan Martel 
819-759-3555 x4606616 

Electrical Supervisor Alain Villeneuve 819-759-3555 x4606762 

Mine Contractor KCG 
819-759-3555 x4606963 

418-615-0559 

Designer �± Golder Yves Boulianne 
514 383 6196 x7434 

514 207-0264 

Independent Reviewer �± 
Meadowbank Dike Review 
Board (MDRB) 

�x Anthony Rattue 

�x Don Hayley 

anthony.rattue@bell.net 

don.hayley@icloud.com 
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�6�(�&�7�,�2�1���������‡���� DEWATERING DIKES DESCRIPTION 

The Meadowbank Gold Project site is located approximately 80 km north of Baker Lake, Nunavut.  
The Meadowbank property is located on Inuit Owned Land, in the Kivalliq region of Nunavut. A 
description of the physical conditions of the site, as well as a geological and geotechnical conditions 
can be found in the design document of each structure referred to in this section.  

The Meadowbank Project required the construction of a series of Dewatering Dikes as shown in 
Figure 3-1.  

 

Table 3-1 : Description of the Dewatering Dikes of the Meadowbank Project  

Infrastructure  Function  

East Dike Non-contact water retention and dewatering structure. ED isolates the 
Portage pit mining activities from Second Portage Lake and provides an 
area for the storage of tailings 

Bay-Goose Dike Non-contact water retention and dewatering structure. Isolates the Portage 
and Goose pit mining activities from Third Portage Lake 

South Camp Dike Non-contact water retention structure. Isolates the Portage and Goose pit 
mining activities from Third Portage Lake 

Vault Dike Non-contact water retention and dewatering structure. Isolates the Vault 
pit mining activities from Wally Lake  

West Channel Dikes 
(dismantled) 

Used to isolate the Portage pit mining from Second Portage Lake. 
Dismantled in 2012 as part of the Portage Pit mining operation. 
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Figure 3-1: Dewatering Dike Plan View  
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3.1 EAST DIKE 

The East Dike together isolate the northwest arm of Second Portage Lake. It isolates the Portage Pit 
and the tailings storage area from Second Portage Lake.  In closure, East Dike will separate Third 
Portage Lake from Second Portage Lake.  There are no spillways or water diversion works 
associated with the East Dike.  The East Dike was also used to serve as a haul road to connect the 
North Portage Pit to the ore stockpiles and to the crushing facility within the plant site.  The West 
Channel Dike is used to cover a narrow channel and prevent flow from Third Portage Lake to Second 
Portage Lake.  

 

3.1.1 East  Dike - Design and Construction  

References to key document for the design and construction of East Dike are presented in Table 3-2. 
Table 3-3 summarises the main design criteria of ED. 

Table 3-2 : Reference documents for East Dike  Design and Construction  

Dike 
Type of  
Information  Reference Document  Link to retrieve document  

East Dike 

Design Report 

East Dike Design Report (Golder, 
2008) 

07-1413-0074/2500/1000 Doc. No. 
572 Ver. 0 

..\..\..\..\99-Archive\References\Dike 
Designer Report GOLDER\East 
Dike\Doc 572 1031_08 RPT-East Dike 
Design Report-Meadowbank Ver 0.pdf 

Drawings 

Appendix VIII of East Dike Design 
Report  (Golder, 2008) 

07-1413-0074/2500/1000 Doc. No. 
572 Ver. 0 

..\..\..\..\99-Archive\References\Dike 
Designer Report GOLDER\East 
Dike\Doc 572 1031_08 RPT-East Dike 
Design Report-Meadowbank Ver 0.pdf 

Technical 
Specifications 

Appendix VII East Dike Design 
Report (Golder, 2008) 

07-1413-0074/2500/1000 Doc. No. 
572 Ver. 0 

..\..\..\..\99-Archive\References\Dike 
Designer Report GOLDER\East 
Dike\Doc 572 1031_08 RPT-East Dike 
Design Report-Meadowbank Ver 0.pdf 

As-built  

East Dike Construction As-Built 
Report (Golder, 2009) 

07-1413-0074; 09-1428-5007 Doc. 
No. 900 Ver. 0 

..\..\..\..\99-Archive\References\Dike 
Designer Report GOLDER\East 
Dike\Doc 900 1202_09 Rpt-East Dike 
Construction As-Built Report - 
Meadowbank Ver 0.pdf 
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Table 3-3 : Design criteria for East Dike  

Use Water type  Classification 
(CDA, 2007) 

Inflow Design 
Flood  

Water Level (m)  
Crest 

Elevation (m)  Normal  
Design 
Flood  

Water 
Retention / 
Dewatering 

Non-contact High 
1/3 between 

1000-year and 
PMF1 

133.1 135.1 137.1 

Note 1: PMF means Probable Maximum Flood 

 

The East Dike was constructed in the summer of 2008 and grouting of the foundation and bedrock 
occurred in 2008 and during the first quarter of 2009.  It is approximately 800 m in length, and was 
constructed within Second Portage Lake prior to dewatering.  The dike consists of a wide rockfill 
shell, with downstream filters and a soil-bentonite cutoff wall that extends to bedrock.  The cutoff wall 
extends up to 8 m below lake level. 

 

Dike construction occurred in the following general manner: 

Rockfill Embankment: 

�x A rockfill platform approximately 50 m wide was advanced from the south abutment to the north.  
The rockfill platform provided construction access and support for the core materials.  

�x The width of the rockfill platform (embankment) was subsequently increased by placement of 
additional rockfill on the downstream side, to provide an adequate road width to accommodate 
two-way haul traffic.    

Initial Trench Excavation: 

�x Rockfill and lakebed soils were excavated from the crest of the rockfill platform to expose bedrock 
along the cutoff centreline.  Loose blocks or slabs from the bedrock surface were removed, as 
practical.   

Backfilling of the Initial Trench: 

�x A coarse granular filter (150 mm minus) was placed using the bucket of the excavator on the 
downstream slope of excavation.   

�x Then the remaining portion of the excavation was backfilled with Core Backfill (19 mm minus) 
material in the central portion along the cutoff wall centreline and Coarse Filter (150 mm minus) 
material on the upstream and downstream sides of the Core Backfill.  Backfilling of the trench 
with the Core Backfill and Coarse Filter materials was a simultaneous activity and occurred 
progressively as the initial trench was the excavation front advanced. 

�x At the bedrock surface, a minimum of 5 m of Core Backfill material was to be placed. 

Compaction of Core Backfill: 

�x Core Backfill and Coarse Filter were placed to an elevation of 2 m above the water level to form a 
platform from which densification could occur. 
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�x The Core Backfill was densified using multiple passes of dynamic compaction.  Craters produced 
by the dropped weight were backfilled to level the working platform between passes. 

Cutoff: 

�x A 1 m wide trench was excavated through the Core Backfill material and extended to the bedrock 
surface along the cutoff wall centreline.  Bentonite slurry was used to support the trench.   

�x The trench was backfilled with soil-bentonite.   

Grouting: 

�x �*�U�R�X�W�L�Q�J���R�I���W�K�H���E�H�G�U�R�F�N���I�R�X�Q�G�D�W�L�R�Q���D�Q�G���³�F�R�Q�W�D�F�W���D�U�H�D�´���L�G�H�Q�W�L�I�L�H�G���D�V���W�K�H���]�R�Q�H���E�H�W�Z�H�H�Q���W�K�H���E�D�V�H���R�I��
the cutoff wall and bedrock surface was performed through the centerline of the cutoff wall.   

 

In July 2009, during dewatering, a sinkhole cavity (18 m3) was identified in the general vicinity of a 
leak identified at Sta.60+472. This was caused by erosion of the soil bentonite material in the cut-off 
wall. Additional grouting was performed to mitigate this occurrence. The dike has been performing 
adequately since then. 

 

3.2 BAY-GOOSE DIKE 

The Bay-Goose Dike together with the South Camp Dike isolates the Bay-Goose Basin from Third 
Portage Lake, which permits mining of the Goose Pit and the southern portion of Portage Pit.  No 
spillways or water diversion works are associated with the Bay-Goose Dike.   

  

3.2.1 Bay-Goose Dike  �± Design and Construction  

Reference to key document for the design and construction of Bay-Goose Dike are presented in 
Table 3-4. Table 3-5 summarises the main design criteria of Bay-Goose Dike. 
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Table 3-4 : Reference documents for Bay -Goose Dike Des ign and Construction  

Dike 
Type of  
Information  

Document  
Reference  Link to Retrieve Document  

Bay-Goose 
Dike 

Design Report 
Bay-Goose Dike and South Camp 
Dike Designs (Golder, 2009) 

08-1428-0028 Doc. No. 802 Ver. 0 

..\..\..\..\99-
Archive\References\Dike 
Designer Report GOLDER\Bay-
Goose Dike\Doc 802 0202_09-
Let-Bay Goose Dike South Camp 
Dike Designs-Ver 0.pdf 

Drawings 

Appendix A of Bay-Goose Dike 
and South Camp Dike Designs  
(Golder, 2009) 

08-1428-0028 Doc. No. 802 Ver. 0 

..\..\..\..\99-
Archive\References\Dike 
Designer Report GOLDER\Bay-
Goose Dike\Doc 802 0202_09-
Let-Bay Goose Dike South Camp 
Dike Designs-Ver 0.pdf 

Technical 
Specifications 

Appendix B of Bay-Goose Dike 
and South Camp Dike Designs 
(Golder, 2009) 

08-1428-0028 Doc. No. 802 Ver. 0 

..\..\..\..\99-
Archive\References\Dike 
Designer Report GOLDER\Bay-
Goose Dike\Doc 802 0202_09-
Let-Bay Goose Dike South Camp 
Dike Designs-Ver 0.pdf 

As-built  
Bay-Goose Dike Construction As-
Built Report (Golder, 2013) 

09-1428-5007 1328 Ver. 0 

..\..\..\..\04-DewateringDikes\Bay-
Goose Dike\As Built\From 
Golder\Bay Goose Final As-Built 
Report\Doc 1328-0914285007 
0419_13 Text & Figures - Ver. 
0.pdf 

 
 

Table 3-5 : Design Criteria for the Bay-Goose Dike  

Use Water Type  Classification 
(CDA, 2007) 

Inflow Design 
Flood  

Water Level (m)  Crest 
Elevation 

(m) Normal  
Design 
Flood  

Water 
Retention/Dewatering Non-contact High   134.1  137.1 

 

The Bay-�*�R�R�V�H�� �'�L�N�H�� �L�V�� �D�S�S�U�R�[�L�P�D�W�H�O�\�� ������������ �P�� �L�Q�� �O�H�Q�J�W�K�� �D�Q�G�� �Z�D�V�� �F�R�Q�V�W�U�X�F�W�H�G�� �³�L�Q�� �W�K�H�� �Z�H�W�´���� �S�U�L�R�U�� �W�R��
dewatering. The earthworks component of the Bay-Goose Dike construction occurred over two 
summer construction seasons.  The north portion of the Bay-Goose Dike was constructed in 2009 
and the south portion in 2010.  Grouting and jet grouting works commenced in 2010 and were 
completed by mid-July 2011. 

Dike construction occurred in the following general manner: 

Rockfill Platform / Embankment: 

�x A rockfill platform of varying width (approximately 60 to 90 m) was advanced from the north 
abutment to Goose Island, between July and September 2009 to an elevation of about 134 m. 
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�x A rockfill causeway about 25 m wide was advanced from Goose Island to the south abutment 
between February and June 2010 while ice cover existed on Third Portage Lake.  Ice was broken 
and removed, as practical, in front of the advancing rockfill platform. 

�x Following ice breakup from the lake in July 2010, additional rockfill was placed to widen the 
causeway to the full design width of the rockfill platform (approximately 55 to 100 m). 

�x The rockfill platforms surface elevation was about 134 m and was used to provide a working 
surface for the subsequent construction activities. The rockfill also provides lateral support for the 
granular core materials. 

Initial Trench Excavation: 

�x Rockfill and lakebed soils were excavated from the rockfill platform surface to bedrock or 
competent lakebed soils along the cutoff centreline.  As much as practical, loose blocks or slabs 
from the bedrock surface were removed. 

�x Ice rich soils beneath the cutoff wall were removed with the exception of at the south abutment 
where beyond Sta. 32+112 some ice-rich soils remain beneath the base of the initial trench 
excavation and cutoff wall.  

�x The required bottom width of the excavation varied based on its depth and varied between 8 and 
11 m. 

Backfilling of the Initial Trench: 

North Portion of Dike 

�x A layer of Core Backfill (19 mm minus) material was placed along the downstream slope of the 
excavation such that Core Backfill material would be in contact with the lakebed soils. 

�x Then the remaining portion of the excavation was backfilled with Core Backfill (19 mm minus) 
material in the central portion along the cutoff wall centerline, with Coarse Filter (150 mm minus) 
material simultaneously placed on either side of the Core Backfill. Backfilling of the excavated 
trench occurred progressively as the excavation front advanced. 

South Portion of Dike 

�x In very limited areas along the alignment, a layer of Core Backfill (19 mm minus) material was 
placed along the downstream slope of the excavation prior to the primary backfilling of the trench. 

�x The excavation was backfilled with Core Backfill (19 mm minus) material in the central portion 
along the cutoff wall centerline, with Coarse Filter (150 mm minus) material simultaneously 
placed on the downstream side of the �&�R�U�H�� �%�D�F�N�I�L�O�O���D�Q�G���D���³�)�L�Q�H���5�R�F�N�I�L�O�O�´�� �P�D�W�H�U�L�D�O�� �S�O�D�F�H�G�� �R�Q�� �W�K�H��
upstream side.  Backfilling of the excavated trench occurred progressively as the excavation front 
advanced. 

�x In areas to be compacted using the vibratory-densification method, the width of Core Backfill 
material was required to be 8 m.  Therefore, once the initial backfilling had been completed 
relatively small V-shaped excavations were made at the surface on either side of the initially 
placed Core Backfill.  These excavations were then refilled with Core Backfill material to provide 
the required 8 m width of Core Backfill.  

Compaction of Core Backfill: 
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�x For all of the North Portion of the dike and a majority of the South Portion of the dike, a 2 m layer 
of Core Backfill, Coarse Filter, and Rockfill was placed to increase the elevation of the platform to 
provide a working surface for the dynamic compaction.  

�x The Core Backfill was densified using multiple passes of dynamic compaction.  Craters produced 
by the dropped weight were backfilled to the level of the working platform between passes. 

�x For the South Portion of the dike, in zones where the initial excavation was not extended to 
�E�H�G�U�R�F�N���� �W�H�U�P�H�G�� �³�S�D�U�W�L�D�O�� �F�X�W�R�I�I�´�� �]�R�Q�H�V���� �F�R�P�S�D�F�W�L�R�Q�� �R�I�� �W�K�H�� �&�R�U�H�� �%�D�F�N�I�L�O�O�� �P�D�W�H�U�L�D�O�� �Z�D�V�� �G�R�Q�H�� �X�V�L�Q�J��
two methods: vibratory-densification and dynamic-compaction.  Vibratory-densification of the 
Core Backfill material was conducted from the initial rockfill platform working surface (134 m).  
Vibro-densification was utilized to treat the Core Backfill material at the base of the excavation up 
to an elevation of about.128 m (i.e. 6 m below the water level).  Then the 2 m of additional Core 
Backfill, Coarse Filter, and Rockfill materials were placed to increase the elevation of the platform 
to about 136 m creating the working surface for the dynamic compaction.  The upper portion of 
the Core Backfill material was then treated using multiple passes of dynamic compaction.  
Craters produced by the dropped weight were backfilled to the level of the working platform 
between passes. 

Cutoff: 

�x A 1 m wide trench was excavated through the Core Backfill material and extended to bedrock or 
competent till surface along the cutoff wall centreline.  Bentonite slurry was used to support the 
trench.   

�x The trench was backfilled with: 

�x Soil-bentonite (SB); 

�x Cement Soil-bentonite (CSB); or 

�x A combination of SB and CSB. 

�x Then a capping layer about 0.5 m thick of SB was placed above the trench to an approximate 
elevation of 136.5 m.   

Jet Grouted Wall  

�x Jet grouting has been used to extend the low permeability element (cutoff wall) of the dike to the 
bedrock surface.  A double jet system was used with a cement water ratio of 1:1 to construct the 
jet grouted columns.  Jet grouting was completed from a working platform elevation of 
approximately 137 m. 

�x Jet grouting ben�H�D�W�K�� �W�K�H�� �F�X�W�R�I�I�� �Z�D�O�O�� �W�R�� �W�K�H�� �E�H�G�U�R�F�N�� �V�X�U�I�D�F�H�� �Z�D�V�� �F�R�Q�G�X�F�W�H�G�� �L�Q�� �W�K�H�� �³�S�D�U�W�L�D�O�� �F�X�W�R�I�I�´��
areas where the cutoff wall was not excavated to bedrock.  This occurred in Channel 1 (Sta. 
32+007 to 32+110), Channel 2 (Sta. 31+820 to 31+928), and Channel 3 (Sta. 31+575 to 31+611).  
Jet grouted columns were constructed with a centre to centre spacing of 1.2 m with an overlap 
with the cutoff wall and extended into the bedrock surface.  Columns were constructed in two 
passes, primary columns at a spacing of 2.4 m with secondary columns subsequently constructed 
between the primary columns.  

�x Jet grouting was also conducted in two additional areas of the dike where significant silt 
accumulated at the base of the initial excavation and prevented the cutoff wall from being 
successfully constructed to bedrock.  These two areas the North Channel (Sta. 30+361 to 
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30+435) and between Channel 1 and Channel 2 (Sta. 31+928 to 32+007).  Jet grouted columns 
were constructed with a centre to centre spacing generally of 1.5 m, with the exception of the 
portion between Sta. 31+928 and Sta. 31+966.4 where a spacing of 1.2 m was utilized, following 
a primary and secondary sequence for installation. 

Grouting: 

�x The working platform along the cutoff wall centerline was raised with Coarse Filter material to an 
elevation of 137 m, from which grouting work was conducted.  

�x �*�U�R�X�W�L�Q�J���R�I���W�K�H���E�H�G�U�R�F�N���I�R�X�Q�G�D�W�L�R�Q���D�Q�G���³�F�R�Q�W�D�F�W���D�U�H�D�´���L�G�H�Q�W�L�I�L�H�G���D�V���W�K�H���]�R�Q�H���E�H�W�Z�H�H�Q���W�K�H���E�D�V�H���R�I��
the cutoff wall or jet grout columns and bedrock surface was performed through the centerline of 
the cutoff wall. 

 

3.3 SOUTH CAMP DIKE 

The South Camp Dike covers a narrow channel within Third Portage Lake and in conjunction with the 
Bay-Goose Dike isolate the Bay-Goose Basin from Third Portage Lake.  No spillways or water 
diversion works are associated with the South Camp Dike. It is located south of the plant site area 
and is used to connect the mainland to South Camp Island. It covers a narrow channel, approximately 
60 m in width, where water depths were between 0.5 and 1 m. 

 

3.3.1 South Camp Dike �± Design and Construction  

Reference to key document for the design and construction of South Camp Dike are presented in 
Table 3-6. Table 3-7 summarises the main design criteria of South Camp Dike. 
 



 
Dewatering Dikes �± OMS Manual 

Version 8, March 2019 
 

  20 
 

Table 3-6 : Reference documents for South Camp Dike Design and Construction  

Dike 
Type of  
Information  

Document  
Reference  Link to Retrieve Document  

South 
Camp 
Dike 

Design Report 
Bay-Goose Dike and South Camp 
Dike Designs (Golder, 2009) 

08-1428-0028 Doc. No. 802 Ver. 0 

..\..\..\..\99-Archive\References\Dike 
Designer Report GOLDER\Bay-Goose 
Dike\Doc 802 0202_09-Let-Bay Goose 
Dike South Camp Dike Designs-Ver 
0.pdf 

Drawings 

Appendix A of Bay-Goose Dike 
and South Camp Dike Designs  
(Golder, 2009) 

08-1428-0028 Doc. No. 802 Ver. 0 

..\..\..\..\99-Archive\References\Dike 
Designer Report GOLDER\Bay-Goose 
Dike\Doc 802 0202_09-Let-Bay Goose 
Dike South Camp Dike Designs-Ver 
0.pdf 

Technical 
Specifications 

Appendix B of Bay-Goose Dike 
and South Camp Dike Designs 
(Golder, 2009) 

08-1428-0028 Doc. No. 802 Ver. 0 

..\..\..\..\99-Archive\References\Dike 
Designer Report GOLDER\Bay-Goose 
Dike\Doc 802 0202_09-Let-Bay Goose 
Dike South Camp Dike Designs-Ver 
0.pdf 

As-built South Camp Dike Construction 
Summary Report (AEM, 2012) 

..\..\..\..\04-DewateringDikes\South Camp 
Dike\As-Built\As-Built report\South Camp 
Dike Construction Summary VER 
0_stamp.pdf 

 

 

Table 3-7 : Design Criteria for th e South Camp Dike  

Use Water Type  Classification 
(CDA, 2007) 

Inflow Design 
Flood  

Water Level (m)  Crest 
Elevation 

(m) Normal  Design 
Flood  

Water 
Retention Non-contact Significant  134.1  137.6 

 

The South Camp Dike was primarily constructed between April and June of 2009, prior to ice 
breakup.  During the winter of 2009-2010 additional thermal capping material and rockfill for the haul 
road was added to the dike.  The South Camp Dike has a broad rockfill shell with a bituminous 
geomembrane liner installed on the upstream side of the shell. The liner was founded on native 
frozen (permafrost) till material, in a trench approximately 3 to 5 m below the lakebed surface.  
Compacted granular material mixed with bentonite was placed above the toe of the liner.  The haul 
road is located on the downstream side of the dike. 

The dike design includes the following components: a rockfill shell, a bituminous geomembrane liner 
and granular material mixed with bentonite. 
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3.4 VAULT DIKE 

Vault Dike is located across a shallow creek which connects Wally Lake and Vault Lake, at the Vault 
Pit area approximately 8 km north of the main Meadowbank site.  Vault Dike is essential to allow the 
dewatering of Vault Lake and to isolate Vault Pit during mining activities from Wally Lake. 

 

3.4.1 Vault Dike�± Design and Construction  

References to key document for the design and construction of Vault Dike are presented in Table 3-8. 
Table 3-9 summarises the main design criteria of Vault Dike. 
 

Table 3-8 : Summary of key reference documents for Vault dike  

Dike 
Type of  
Information  Docum ent Reference  Link to Retrieve Document  

Vault 
Dike 

Design Report 610548-2020-4GER-0001_00 

"\\CAMBFS01\Groups\Engineering\05-
Geotechnic\04-DewateringDikes\Vault 
Dike\1 - Design Work\Documents from 
SNC\610548-2020-4GER-
0001_00.pdf" 

Drawings 
Appendix 1 of Construction of 
Vault Dike (SNC, 2013) 

610548-2020-4GEF-0001 

..\..\..\..\04-DewateringDikes\Vault Dike\1 - 
Design Work\Documents from 
SNC\610548-2020-4GEF-0001-00.pdf 

Technical 
Specifications 

Construction of Vault Dike (SNC, 
2013) 

610548-2020-4GEF-0001 

..\..\..\..\04-DewateringDikes\Vault Dike\1 - 
Design Work\Documents from 
SNC\610548-2020-4GEF-0001-00.pdf 

As-built Construction Summary Report 
Vaut  (AEM, 2013) 

..\..\..\..\04-DewateringDikes\Vault Dike\18- 
As-Built Report and Drawings\Vault Dike 
Construction Report Final with 
Appendices.pdf 

 

Table 3-9 : Design criteria for Vault Dike  

Use Water Type  Classification 
(CDA, 2007) 

Inflow Design 
Flood  

Water Level (m)  Crest 
Elevation 

(m) Normal  Design 
Flood  

Water 
Retention/Dewatering Non-contact Low 

1-100 year snow 
melt + 1-100 
year rainfall 

139.52 141  142.5 

 

The construction of the Vault Dike at Meadowbank was conducted from February 2013 to March 
2013. Vault Dike is designed and constructed as a zoned rockfill dam with filter zones, an impervious 
upstream liner consisting of a bituminous membrane, and an upstream key trench made of aggregate 
mixed with bentonite.  The filter zones minimize seepage and internal erosion and facilitate seepage 
collection.  Vault Dike includes a key trench at the base of the upstream side filled with a 0-25 mm fill 
amended with bentonite surrounding the liner.  Coarse and fine filter material was placed on the 
upstream slope as geomembrane bedding.  The bulk part of the dike consists of coarse rockfill 
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material.  The embankment crest is at El. 142.4 m and the upstream toe is at approximately El. 139.4 
m.  The downstream toe is at approximately El. 139.6 m and the bottom of the key trench ranges from 
El. 135.6m to El. 142.3m, with an average height of El. 137.0m.  The upstream and downstream fill 
slopes of the dam are 1.5H:1V. 
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3.5 INSTRUMENTATION 

The Dewatering Dikes are instrumented to continuously monitor performance. In-situ instrumentations 
are installed within the structure and their foundation (piezometers, thermistors, inclinometers).  
 
Water levels in the ponds are monitored by means of a visible staff gauge installed at a strategic 
location, piezometers and periodic water survey.  

Reference document for the instrumentation installed on the Dewatering Dikes is summarized in 
Table 3-12. The summary of the instrument installed is summarised in Table 3-13  

 

Table 3-10 : Reference documents for instrumentation  

Type of  
Information  Reference Document  Link to retrieve document  

Instrumentation campaign 
as-built 

As-built report for each 
dike 

ED: Refer to table 3.2 

BGD: Refer to table 3.4 

SCD: Refer to table 3.6 

VD: Refer to table 3.8 

Instruments database AEM 

ED & BGD : ..\..\..\..\11-
Instrumentation\Instruments\ALL 
Instruments Databases (GKM)\ED & BGD 
Instrument_database_rev2.xls 

 

Manufacturer data sheet GKM 
..\..\..\..\11-
Instrumentation\Instruments\Instruments 
SHEETS 

Instrument map and cross-
section  AEM 

ED : ..\..\..\..\04-DewateringDikes\East 
Dike\Instrument Monitoring\Cross 
Sections\East Dike-sections.pdf 

BGD : ..\..\..\..\04-DewateringDikes\Bay-
Goose Dike\Instrument Monitoring\Cross 
Sections\Bay Goose-Sections-30158-to-
30645.5-NORTH.pdf & ..\..\..\..\04-
DewateringDikes\Bay-Goose 
Dike\Instrument Monitoring\Cross 
Sections\Bay Goose-Sections-31165-to-
32105-SOUTH.pdf 
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Table 3-11 : Instrumentation summary on the water management infrastructure  
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�6�(�&�7�,�2�1���������‡���� DEWATERING 

The Dewatering Dikes isolate the open pit mining activities from the Second Portage Lake, Third 
Portage Lake, and Wally Lake.  The northwest arm of Second Portage Lake was dewatered upon 
completion of the East Dike and West Channel Dike in 2009. A total of 6.7 Mm³ were pumped from 
the Second Portage Arm. 

The Bay-Goose Dike together with the South Camp Dike isolates the Bay-Goose Basin from Third 
Portage Lake.  Dewatering of the Bay-Goose Basin commenced on July 25, 2011 and was completed 
on November 14 2011.  As the operational stage of Goose Pit has started, both dikes are no longer 
under dewatering conditions. The approximate pool volume dewatered is in the order of 3 Mm3.  This 
is referring to the amount of water removed to expose the majority of the downstream toe of the Bay-
Goose Dike. 

Vault Dike isolates Vault Pit from Wally Lake.  Dewatering of Vault Lake started on June 27th, 2013 
and was completed during the summer of 2014.  The approximate pool volume to be dewatered was 
in the order of 2 Mm3. 

All of the dewatering dikes are now in the operation phase as dewatering is complete. The following 
outlines the key criteria and constraints that will need to be observed and followed in accordance with 
the design objectives, concepts, and assumptions for the Dewatering Dikes. 

 

4.1 PERFORMED DEWATERING 

 

4.1.1 East Dike - Dewatering  

During dewatering of the northwest arm of Second Portage Lake, an apparent leak through the East 
Dike of up to 0.5 m3/s occurred over several days near Sta. 60+490.  The leak then appeared to self-
heal following drilling works for the additional grouting carried out in this sector.  A sinkhole cavity of 
about 18 m3 in the general vicinity of the leak (Sta. 60+472) also appeared in July 2009.  The sinkhole 
was located immediately upstream of the cutoff wall and extended at least partially through the cutoff 
wall.  �$�� �7�H�F�K�Q�L�F�D�O�� �0�H�P�R�U�D�Q�G�X�P�� �H�Q�W�L�W�O�H�G�� �³�0�H�D�G�R�Z�E�D�Q�N�� �(�D�V�W�� �'�L�N�H�� �*�U�R�X�W�L�Q�J�� �5�H�V�S�R�Q�V�H�� �3�O�D�Q���± 
�&�R�P�S�O�H�W�H�G�� �:�R�U�N�V�´�� ���*�R�O�G�H�U�� ���������E���� �S�U�R�Y�L�G�H�V�� �D�G�G�L�W�L�R�Q�D�O�� �L�Q�I�R�U�P�D�W�L�R�Q�� �U�H�J�D�U�G�L�Q�J�� �W�K�H�� �U�H�P�H�G�L�D�O�� �J�U�R�X�W�L�Q�J��
work and Golder �'�R�F�����1�R���������������*�R�O�G�H�U�������������G�����³�(�D�V�W���'�L�N�H���6�L�Q�N�K�R�O�H���6�X�P�P�D�U�\���5�H�S�R�U�W�´ provides more 
details about the sinkhole.   

Following the appearance of the sinkhole, a cone penetration test (CPT) investigation was conducted, 
and three diamond drill holes and a surface geophysical survey were advanced in the area to obtain 
additional information.  Based on the CPT results, there appeared to be a zone of coarser grained 
material (area with lower fines content) in the apparent leak area.  The drilling investigation indicated 
that there may be soil between the base of the cut-off wall and underlying bedrock that was not 
completely excavated and/or grouted.  An additional investigation of the sinkhole and apparent 
leakage area consisting of the temporary installation of thermistor strings and monitoring of the 
thermal condition was initially conducted in 2010 and repeated in 2011.  Based on the thermal results, 
it appeared that a pervious zone existed within the cut-off wall and shallow bedrock between 
approximately Sta. 60+440 and 60+504.  In the past, AEM considered potential mitigation options to 
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reduce seepage through the dike and to provide contingency protection for the Portage Pit.  Based on 
the stability of the dike and the seepage rate, remediation or implementation of contingency control 
measures is not considered necessary.  The condition of the dike will continually be monitored and if 
the condition of the dike is judged to be deteriorating then remediation would be reassessed.  Details 
regarding these investigations are provided in East Dike CPT Investigation Report (Golder, 2010b) 
and East Dike Sinkhole Investigation Program October-November 2009 (Golder 2010a).  

The seepage is currently controlled by a seepage collection system and is not impacting the mining 
operation. The seepage is regularly monitored and appears to have stabilized and does not have a 
negative effect on the dike stability. 

 

4.1.2 Vault Dike �± Dewatering  

The dewatering of Vault Lake started on June 27th, 2013 and was completed in the summer of 2014.  
The approximate pool volume to be dewatered was 2 Mm3.  The downstream water levels and the 
upstream water levels needed to be closely monitored during dewatering to preserve the integrity of 
the dike. During dewatering, water from the Vault Basin was pumped and directly discharged to Wally 
Lake through a diffuser or processed through the Water Treatment Plant (WTP) to reduce Total 
Suspended Solids (TSS). 
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�6�(�&�7�,�2�1���������‡���� OPERATIONS 

The following section outlines the key operational procedures that need to be observed and followed 
during operation of the Dewatering Dikes at Meadowbank in accordance with the performance 
objective. 

5.1 REFERENCES 

References to key documents for the operation of the Dewatering Dikes are presented in Table 5-1. 

 

Table 5-1 : Key reference documents for Operation of the Dewatering Dikes at Meadowbank  

Type of information  Reference  Link to Retrieve Document  
Meadowbank Water 
Management Plan  

V7 AEM 2018 ..\..\..\..\..\12- Annual Report\2019\Water 
management plan 

Meadowbank Annual 
Water Balance  

2019 ..\..\..\..\05-WaterManagement\2019\Water 
Balance 

 

5.2 SUMMARY OF PERFORMANCE OBJECTIVE AND OPE RATION CONTROL 

The performance objective and the operational criteria for the Dewatering Dikes at Meadowbank 
during operation are summarized in Table 5-2. 
 

Table 5-2 : Performance objectives and operational criteria of the Dewatering Dikes at Meadowbank  

Water Management  
�x Operational freeboard of each water retention structure must be respected during operation (refer to 

section 5.2.1) 
�x Water movement must respect the water balance for intake and discharge location (refer to water 

balance) 
�x Water movement must be tracked and recorded on a monthly basis (volume, origin, destination) 
�x The water management system (pump, pipes) must be operated and maintained as per the defined 

operating procedure 
�x Any seepage must be captured by sump and pumped back to allowed location (or naturally report to 

an approved location) 
Water Quality  

�x All water discharged in the environment must be through an approved diffuser 
�x Water quality at discharge met the approved criteria (refer to water management plan) 
�x Water quality forecast data is used to make informed water management strategy decision 
�x Water quality and quantity of seepage water is monitored 

Surveillance  
�x Proper surveillance (inspection and data review) of the Dewatering Dikes performance occur and is 

documented during dewatering (refer to section 7) 
�x The performance of the Dewatering Dikes during dewatering is reviewed against the threshold for 

performance criteria and trigger pre-defined actions (refer to Table 5-4 to 5-8) 
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5.2.1 Freeboard  

The design criteria for minimum freeboard for the Dewatering Dikes are presented in Table 5-3.  The 
freeboard may change due to fluctuations in lake levels or due to settlement of the dikes.  
Maintenance may be required to restore loss of freeboard due to settlement. 

Table 5-3 : Freeboard  

Structure  

Freeboard  

To the Dike Crest (m)  To the Dike Cut -off Wall  or Liner  
(m) 

East Dike  3.0 1.0 

Bay-Goose Dike  4.0 1.0 

South Camp Dike  3.0 1.0 

Vault Dike  3.0 1.5 

 
 

5.3 SEEPAGE MANAGEMENT  

If seepage is observed through a Dewatering Dike, a system of collection ditch and sump will be 
constructed at the downstream toe of the structure to capture the seepage into a contact water 
retention pond. The water quality will be monitored and it will be directed to an approved discharge 
point. 

The quantity and quality of each seepage from a Dewatering Dike has to be monitored as per the 
requirement of section 7. 

 

5.3.1 East Dike - Seepage Collection System  

The purpose of the seepage collection system is to: 

�x Collect and convey seepage and runoff away from the downstream toe area; and 

�x Allow measurement of seepage through the dike.  

The downstream toe of the East Dike was mostly exposed by July 2009 and then entirely by July 
2010.  Three seepage zones have been identified along the toe of the East Dike at approximately 
Sta. 60+480, Sta. 60+225 and Sta. 60+550.  A temporary rectangular weir was installed in 2009 to 
monitor the seepage observed at approximately Sta. 60+480.  Monitoring of the seepage from this 
location has occurred during the open water season (approximately mid-July through early October) 
in 2009 and 2010.  During 2010, a temporary v-notch weir was installed to measure a second zone of 
seepage exposed near Sta. 60+225 following dewatering.  This portion of the dike was not exposed 
for visual inspection in 2009 due to the downstream water elevation.  No monitoring system has been 
installed in the area around Sta. 60+550.  Seepage flows have been measured to be between 7 L/s 
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and 11 L/s at Sta. 60+480 and around 4 L/s at Sta. 60+225 and estimated to be about 1 L/s at Sta. 
60+550.  

The installation of a seepage collection system downstream of East Dike to capture and pump the 
seepage water started in September 2011 and was completed in 2012.  After the system installation, 
3 zones of seepage were identified near the downstream toe.  The zones at about Sta. 60+247 and 
Sta. 60+498 each had a collection sump with pump connected to a year round pumping and piping 
system. 

In 2011, the downstream seepage at Sta. 60+498 had been stable at a rate of about 864 m3/day (10 
L/s) with no visual signs of turbidity, which was consistent with rates recorded during previous years. 
In 2011, the seepage downstream at Sta.60+247 appeared stable at around 345.6 m3/day (4L/s) with 
no visual signs of turbidity noted, which was consistent with previous rates.  Since the installation of 
the seepage collection system, all seepage is being captured within the sumps and no sign of 
additional seepage on the ground surface or downstream in the Portage Pit was observed.  No active 
monitoring of the seepage rate at these locations occurred in 2012 but AEM has been visually 
inspecting the flow in the sumps and no turbidity was noted.  AEM performed a pump test after the 
installation of the sumps, it was noted that the measured flow were consistent with 2010 and 2011 
data.  Flow meters have been installed in 2013 at the exit of each pump. Since then, the observed 
flow average 474 m3/day in 2018 with a maximum flow of 615 m3/day in May and minimum flow of 
354 m3/day in December 2018. 

 

5.3.2 Bay-Goose Dike - Seepage Collection System  

In 2012, four small seepage areas were identified with a total of 9 seepage channels along the dike. 
The number of active seepage channels decreases each year, as some channels stop flowing.  No 
turbidity has been observed in the seepage.  The total flow coming from these seepages each year 
has been decreasing. The flow of the seepages is directed toward Goose Pit as part of natural 
reflooding.  The overall seepage is less than anticipated and is not a concern for now.  The area will 
continue to be monitored to follow the evolution of the seepage in these areas. 

Refer to the 2018 Annual Geotechnical Inspection (Golder Associates) for detailed field observations 
made on the dike.  No mitigation measure has been implemented on the dike other than additional 
geotechnical instrumentation installation and field investigation in certain areas.  No seepage 
collection has been implemented so far as the seepage is not affecting the mine operation or the 
integrity of the dike. The condition of the dike will continually be monitored and if the condition of the 
dike is judged to be deteriorating then remediation would be reassessed. 

 

5.3.3 Vault Dike  - Seepage Colle ction System  

As of summer 2018 no seepage through the Vault Dike has been observed. Seepage through the 
dike will be visually monitored if discovered.  Seepage and runoff from the Vault Dike will be collected 
in ditches along the downstream toe and directed to topographic lows if required based on the visual 
monitoring. 
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5.4 OPERATING PROCEDURE DURING OPERATION OF THE DEWATERING DIKES AT 
MEADOWBA NK 

Table 5-4 to 5-8 below present performance indicators for each of the Dewatering Dike at 
Meadowbank and the Triger Action Response Plan (TARP) if the associated performance criteria 
deviate from defined range. 
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Table 5-4 : Threshold Criteria  and pre -defined action during operation of East Dike  
  Threshold Criteria During Operation  

Green 
Acceptable Situation  

Yellow  
Areas of concern  

Orange  
High Risk Situation  

Red 
Emergency Situation  

C
rit

er
ia

 

Downstream toe displacement, sloughing or 
bulging 

None visible Visible displacement or bulging 

Toe displacement related to a sloughing slide 
from near downstream crest to 5 m from 

centreline 
Bulging > 1 m in height 

Toe displacement related to a  sloughing slide 
reaching 5 m from centreline 

Bulging greater than 4m in height 

Tension crack along downstream rockfill 
embankment (more than 3 m from centreline) 

Within 7 m of the downstream crest edge 
and < 0.1 m deep 

and 
< 3 m length along the dike 

Within 10 m of the downstream crest edge 
and 

> 0.1 m and < 1.0 m deep 
> 1.0 m deep > 1.0 m deep 

Tension crack along upstream rockfill 
embankment (more than 3 m from centreline) 

< 0.1 m deep 
and 

< 3 m length along the dike 
> 0.1 m and < 1.0 m deep > 1.0 m deep > 1.0 m deep 

Tension crack within 3 m each side of the 
cutoff wall at crest 

(upstream or downstream) 
None visible 

< 0.1 m deep 
or < 0.1 m wide 

> 0.1 m deep 
or > 0.1 m wide 

> 0.1 m deep 
or > 0.1 m wide 

Sinkhole on crest Not visible > 5 m outside from centreline Within 5 m from centreline Within 5 m from centreline 
Cut-off wall lateral cumulative deformation 

(based on survey monument) None <0.05 m > 0.05 and 0.10 m > 0.10 m 

Cut-off wall lateral cumulative deformation 
(based on inclinometer) None < 0.05 m > 0.05 m and < 0.10 m > 0.10 m 

Lake elevation < 134.1 masl > 134.1 and < 134.8 masl > 134.8 and < 135.6 masl > 135.6 masl 

Pore water pressure (based on piezometers) 
Pore water pressure measurements stable or 

decreasing. 
Increasing trend in pore water pressure 

downstream of cut-off wall. 
Anomalous trends (sharp increase) in pore 
water pressure downstream of cut-off wall. 

Anomalous trends (sharp increase) in pore 
water pressure downstream of cut-off wall. 

Temperature variation along centreline  
(based on thermistors and piezometers) 

Temperature measurement stable and similar 
variation at surface from previous years. 

Increasing trend in temperature below the active 
layer 

Continuous increasing trend in temperature 
below the active layer 

Continuous increasing trend in temperature 
below the active layer 

Seepage through dike 
(excluding Freshet water) < 3,000 m3/day 

>3,000 m3/day and 
<6,000 m3/day 

and / or 
turbidity in the water 

> 6,000 m3/day and 
< 20,000 m3/day 

and / or 
turbidity in the water 

>  20,000 m3/day 
Condition where the seepage inflow is rapidly 

increasing and projected to soon exceed 
pumping capacity 
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�x Instrumentation monitoring and visual 
inspection according to frequency set out in 
OMS manual. 

�x Possibility of a mitigation plan to be 
evaluated by Engineering Department. 

�x Increased instrumentation monitoring 
frequency, particularly in area of concern. 

�x Document location, photograph, survey, 
and increase inspection and monitoring in 
area of concern. 

�x Identify potential cause 
�x Implement engineering review. 

 

�x Suspend activities on dike crest at area of 
concern 

�x Increased instrumentation monitoring 
frequency, particularly in area of concern. 

�x Document location, photograph, survey, 
and increase inspection and monitoring in 
area of concern. 

�x Plan and take appropriate mitigation 
measures with engineering review. (Use as 
reference contingency measures for 
different scenarios proposed by AEM (See 
Table 12-9)). 

�x Reassess thresholds and conditions for red 
category (emergency situation) taking into 
account the changing conditions presently 
observed and interactions of various items. 

�x Temporary evacuation of personnel and 
equipment from pit and suspension of 
activities. 

�x Update planning and take appropriate 
mitigation with engineering review. 

 

P
er

so
nn

el
 N

ot
ifi

ed
 

 

Geotechnical Engineer/Specialists, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC, if required). 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor (if required), 
Environment Superintendent, 

Mine Manager, 
Discuss at MDRB Meeting. 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor, 
Environment Superintendent, 

Mine Manager, 
Dike Review Board, 

Mine Inspector, 
Health and Safety, 

ERT (Emergency Personnel, if required). 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor, 
Environment Superintendent, 

Mine Manager, 
Dike Review Board, 

Mine Inspector, 
Health and Safety, 

ERT (Emergency Personnel). 
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Table 5-5 : Threshold Criteria  and pre -defined action during operation of Bay -Goose Dike  
  Threshold Criteria Duri ng Operation  

Green 
Acceptable Situation  

Yellow  
Areas of concern  

Orange  
High Risk Situation  

Red 
Emergency Situation  

C
rit

er
ia

 

Downstream toe displacement, sloughing or 
bulging None visible Visible displacement or bulging 

Toe displacement related to a sloughing slide 
from near downstream crest to 5 m from 

centreline and bulging > 1 m in height 

Toe displacement related to a  sloughing slide 
reaching 5 m from centreline 

Bulging greater than 4m in height 

Tension crack along downstream rockfill 
embankment (more than 3 m from centreline) 

Within 7 m of the downstream crest edge 
and < 0.1 m deep and 

< 3 m length along the dike 

Within 10 m of the downstream crest edge 
and 

> 0.1 m and < 1.0 m deep 
> 1.0 m deep > 1.0 m deep 

Tension crack along upstream rockfill 
embankment (more than 3 m from centreline) 

< 0.1 m deep and 
< 3 m length along the dike 

> 0.1 m and < 1.0 m deep > 1.0 m deep > 1.0 m deep 

Tension crack within 3 m of either side of the 
cutoff wall at crest None visible < 0.1 m deep or < 0.1 m wide > 0.1 m deep or > 0.1 m wide > 0.1 m deep or > 0.1 m wide 

Sinkhole on crest Not visible > 5 m outside from centreline Within 5 m from centreline Within 5 m from centreline 
Cut-off wall lateral cumulative deformation 

(based on survey monument) None <0.05 m > 0.05 and 0.10 m > 0.10 m 

Cut-off wall lateral cumulative deformation 
(based on inclinometer) 

None < 0.05 m > 0.05 m and < 0.10 m > 0.10 m 

Lake elevation < 135.1 masl > 135.1 and < 135.8 masl > 135.8 and < 136.1 masl > 136.1 masl 

Pore water pressure (based on piezometers) Pore water pressure measurements stable or 
decreasing. 

Increasing trend in pore water pressure 
downstream of cut-off wall. 

Anomalous trends (sharp increase) in pore 
water pressure downstream of cut-off wall. 

Anomalous trends (sharp increase) in pore 
water pressure downstream of cut-off wall. 

Temperature variation along centreline  
(based on thermistors and piezometers) 

Temperature measurement stable and similar 
variation at surface from previous years. 

Increasing trend in temperature below the active 
layer 

Continuous increasing trend in temperature 
below the active layer 

Continuous increasing trend in temperature 
below the active layer 

Seepage through dike at toe 
(excluding Freshet water) < 300 m3/day 

>300 m3/day and <1,000 m3/day 
and / or 

turbidity in the water 

> 1,000 m3/day and < 2,000 m3/day 
and / or 

turbidity in the water 

>  2,000 m3/day 
Seepage inflow is rapidly increasing and 

projected to soon exceed pumping capacity 

Seepage through dike in North Channel area < 150 m3/day 
>150 m3/day and <500 m3/day 

and / or 
turbidity in the water 

> 500 m3/day and < 1,000 m3/day 
and / or 

turbidity in the water 

>  1,000 m3/day 
Seepage inflow is rapidly increasing and 

projected to soon exceed pumping capacity 

Seepage through dike in pit 
(excluding Freshet water, estimated visually) 

Slow trickle of water along pit walls, easily 
handled by regular pit sumps 

Steady stream of water along pit walls, easily 
handled by regular pit sumps 

Large quantity of water flowing down the pit 
walls, cannot be easily handled by regular pit 

sumps, mining activities are impacted 

Water flowing down the walls cannot be handled 
by regular pit sumps and has markedly 

increased in flow rate and quantity, mining 
activities are disrupted. 
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�x Instrumentation monitoring and visual 
inspection according to frequency set out in 
OMS manual. 

�x Possibility of a mitigation plan to be 
evaluated by Engineering Department. 

�x Increased instrumentation monitoring 
frequency, particularly in area of concern. 

�x Document location, photograph, survey, 
and increase inspection and monitoring in 
area of concern. 

�x Identify potential cause 
�x Implement engineering review. 

 

�x Suspend activities on dike crest at area of 
concern 

�x Increased instrumentation monitoring 
frequency, particularly in area of concern. 

�x Document location, photograph, survey, 
and increase inspection and monitoring in 
area of concern. 

�x Plan and take appropriate mitigation 
measures with engineering review. (Use as 
reference contingency measures for 
different scenarios proposed by AEM (See 
Table 12-9)). 

�x Reassess thresholds and conditions for red 
category (emergency situation) taking into 
account the changing conditions presently 
observed and interactions of various items. 

�x Temporary evacuation of personnel and 
equipment from pit and suspension of 
activities. 

�x Update planning and take appropriate 
mitigation with engineering review. 
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Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC, if required). 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor (if required), 
Environment Superintendent, 

Mine Manager, 
Discuss at MDRB Meeting. 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor, 
Environment Superintendent, 

Mine Manager, 
Dike Review Board, 

Mine Inspector, 
Health and Safety, 

ERT (Emergency Personnel, if required). 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor, 
Environment Superintendent, 

Mine Manager, 
Dike Review Board, 

Mine Inspector, 
Health and Safety, 

ERT (Emergency Personnel). 
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Table 5-6 : Threshold Criteria  and pre -defined action during operation of South Camp Dike  
  Threshold Criteria D uring Operation  

Green 
Acceptable Situation  

Yellow  
Areas of concern  

Orange  
High Risk Situation  

Red 
Emergency Situation  

C
rit

er
ia

 

Downstream toe displacement, sloughing or 
bulging 

None visible Visible displacement or bulging 

Toe displacement related to a sloughing slide 
from near downstream crest to 5 m from 

centreline 
Bulging > 1 m in height 

Toe displacement related to a  sloughing slide 
reaching 5 m from centreline 

Bulging greater than 4m in height 

Tension crack along downstream rockfill 
embankment (more than 3 m from centreline) 

Within 7 m of the downstream crest edge 
and < 0.1 m deep 

and 
< 3 m length along the dike 

Within 10 m of the downstream crest edge 
and 

> 0.1 m and < 1.0 m deep 
> 1.0 m deep > 1.0 m deep 

Tension crack along upstream rockfill 
embankment (more than 3 m from centreline) 

< 0.1 m deep 
and 

< 3 m length along the dike 
> 0.1 m and < 1.0 m deep > 1.0 m deep > 1.0 m deep 

Sinkhole on crest Not visible > 5 m outside from centreline Within 5 m from centreline Within 5 m from centreline 
Lake elevation < 135.6 masl > 135.6 and < 136.3 masl > 136.3 and < 136.6 masl > 136.6 masl 

Temperature variation within foundation  
(based on thermistors) 

Temperature measurement stable and similar 
variation at surface from previous years. 

Increasing trend in temperature below the active 
layer 

Continuous increasing trend in temperature 
below the active layer 

Continuous increasing trend in temperature 
below the active layer 

Seepage through dike 
(excluding Freshet water) < 300 m3/day 

>300 m3/day and 
<1,000 m3/day 

and / or 
turbidity in the water 

> 1,000 m3/day and 
< 2,000 m3/day 

and / or 
turbidity in the water 

>  2,000 m3/day 
Condition where the seepage inflow is rapidly 

increasing and projected to soon exceed 
pumping capacity 
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�x Instrumentation monitoring and visual 
inspection according to frequency set out in 
OMS manual. 

�x Possibility of a mitigation plan to be 
evaluated by Engineering Department. 

�x Increased instrumentation monitoring 
frequency, particularly in area of concern. 

�x Document location, photograph, survey, 
and increase inspection and monitoring in 
area of concern. 

�x Identify potential cause 
�x Implement engineering review. 

 

�x Suspend activities on dike crest at area of 
concern 

�x Increased instrumentation monitoring 
frequency, particularly in area of concern. 

�x Document location, photograph, survey, 
and increase inspection and monitoring in 
area of concern. 

�x Plan and take appropriate mitigation 
measures with engineering review. 

�x Reassess thresholds and conditions for red 
category (emergency situation) taking into 
account the changing conditions presently 
observed and interactions of various items. 

�x Temporary evacuation of personnel and 
equipment from pit and suspension of 
activities. 

�x Update planning and take appropriate 
mitigation with engineering review. 
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Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC, if required). 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor (if required), 
Environment Superintendent, 

Mine Manager, 
Discuss at MDRB Meeting. 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor, 
Environment Superintendent, 

Mine Manager, 
Dike Review Board, 

Mine Inspector, 
Health and Safety, 

ERT (Emergency Personnel, if required). 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor, 
Environment Superintendent, 

Mine Manager, 
Dike Review Board, 

Mine Inspector, 
Health and Safety, 

ERT (Emergency Personnel). 
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Table 5-7 : Threshold Criteria  and pre -defined action during operation of Vault Dike  
  Threshold Criteria During Operation  

Green 
Acceptable Situation  

Yellow  
Areas of concern  

Orange  
High Risk Situation  

Red 
Emergency Situation  

C
rit

er
ia

 

Downstream toe displacement, sloughing or 
bulging 

None visible Visible displacement or bulging 

Toe displacement related to a sloughing slide 
from near downstream crest to 5 m from 

centreline 
Bulging > 1 m in height 

Toe displacement related to a  sloughing slide 
reaching 5 m from centreline 

Bulging greater than 4m in height 

Tension crack along downstream rockfill 
embankment (more than 3 m from centreline) 

Within 7 m of the downstream crest edge 
and < 0.1 m deep 

and 
< 3 m length along the dike 

Within 10 m of the downstream crest edge 
and 

> 0.1 m and < 1.0 m deep 
> 1.0 m deep > 1.0 m deep 

Tension crack along upstream rockfill 
embankment (more than 3 m from centreline) 

< 0.1 m deep 
and 

< 3 m length along the dike 
> 0.1 m and < 1.0 m deep > 1.0 m deep > 1.0 m deep 

Sinkhole on crest Not visible > 5 m outside from centreline Within 5 m from centreline Within 5 m from centreline 
Lake elevation < 141.5 masl > 141.5 and < 142.2 masl > 142.2 and < 142.5 masl > 142.5 masl 

Temperature variation within foundation  
(based on thermistors) 

Temperature measurement stable and similar 
variation at surface from previous years. 

Increasing trend in temperature below the active 
layer 

Continuous increasing trend in temperature 
below the active layer 

Continuous increasing trend in temperature 
below the active layer 

Seepage through dike 
(excluding Freshet water) < 300 m3/day 

>300 m3/day and 
<1,000 m3/day 

and / or 
turbidity in the water 

> 1,000 m3/day and 
< 2,000 m3/day 

and / or 
turbidity in the water 

>  2,000 m3/day 
Condition where the seepage inflow is rapidly 

increasing and projected to soon exceed 
pumping capacity 

A
ct

io
n 

R
eq

ui
re

d
 

 

�x Instrumentation monitoring and visual 
inspection according to frequency set out in 
OMS manual. 

�x Possibility of a mitigation plan to be 
evaluated by Engineering Department. 

�x Increased instrumentation monitoring 
frequency, particularly in area of concern. 

�x Document location, photograph, survey, 
and increase inspection and monitoring in 
area of concern. 

�x Identify potential cause 
�x Implement engineering review. 

 

�x Suspend activities on dike crest at area of 
concern 

�x Increased instrumentation monitoring 
frequency, particularly in area of concern. 

�x Document location, photograph, survey, 
and increase inspection and monitoring in 
area of concern. 

�x Plan and take appropriate mitigation 
measures with engineering review. 

�x Reassess thresholds and conditions for red 
category (emergency situation) taking into 
account the changing conditions presently 
observed and interactions of various items. 

�x Temporary evacuation of personnel and 
equipment from pit and suspension of 
activities. 

�x Update planning and take appropriate 
mitigation with engineering review. 
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Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC, if required). 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor (if required), 
Environment Superintendent, 

Mine Manager, 
Discuss at MDRB Meeting. 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor, 
Environment Superintendent, 

Mine Manager, 
Dike Review Board, 

Mine Inspector, 
Health and Safety, 

ERT (Emergency Personnel, if required). 

Geotechnical Engineer/Specialist, Geotechnical 
Coordinator, 

Engineering Superintendent, 
Engineering Assistant Superintendent, 

Corporate Environment Director, 
Designer (Golder or SNC), 

Specialized Contractor, 
Environment Superintendent, 

Mine Manager, 
Dike Review Board, 

Mine Inspector, 
Health and Safety, 

ERT (Emergency Personnel). 
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5.5 COMMUNICATION AND DECISION MAKING 

 
Figure 5-1 indicates the communication and decision processes when the threshold criteria are met 
and when pre-defined action need to be implemented. 
 

Performance Objectives

Define OMS Activities and Performance Indicators

Green : As per R&R of Ch. 2

Operations

MaintenanceSurveillance

Are performance indicators 
being met ?

YES NO

Yellow Orange

Red

Notify :
�x�� Eng. Coord.
�x�� Eng. Superintendant
�x�� EOR
�x�� Mine manager
�x�� Env. Superintendant

Notify :
�x�� Eng. Coord.
�x�� Eng. Superintendant
�x�� EOR
�x�� Mine manager
�x�� Designer 
�x�� MDRB
�x�� Env. Superintendant

Implement Emergency 
Response Plan

Is there a predefined 
action to be taken?

YES NO

Determine course of action based on: 
avaible information, existing plans, 

procedures and processes

Take action

Review: 
Identify deficiencies or 

opportunities for 
continual improvement

 
 

Figure 5-1 : Communication and Decision Process for W ater Management Infrastructure TARP  
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�6�(�&�7�,�2�1���������‡���� MAINTENANCE  

This section identifies all infrastructures within the scope of this manual that have maintenance 
requirements and identifies all preventative, predictive and corrective maintenance activities. 

 

6.1 PREVENTATIVE, PREDICTIVE AND CORRECTIVE MAINTENANCE 

Maintenance is divided into preventative (planned), predictive and corrective.  

Preventative maintenances are planned, recurring maintenance activities conducted at a fixed or 
approximate frequency and not typically arising from results of surveillance activities. Example of 
such maintenance includes calibration and maintenance of surveillance equipment or regularly 
�F�K�D�Q�J�L�Q�J���R�L�O���R�Q���D���S�X�P�S���D�V���S�H�U���P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���U�H�T�X�L�U�H�P�H�Q�W���� 

Predictive maintenances are pre-defined maintenances conducted in response to results of 
surveillance activities that measure the condition of a specific component against performance 
criteria. 

Corrective maintenance of a component of the water management system is to prevent further 
deterioration and ensure their performance in conformance with performance objectives. The need for 
corrective maintenances is based on surveillance activities, with surveillance results identifying the 
need and urgency of maintenance. 

 

6.2 REFERENCES 

References to key documents for the maintenance of the Dewatering Dikes at Meadowbank are 
presented in Table 6-1. 
 

Table 6-1 : Reference documents for Maintenance of Dewatering Dikes at Meadowbank  

Type of information  Link to Retrieve Information  
Maintenance log of water 

management infrastructure  
In progress 

Maintenance log of pumping 
equipment 

I:\MAINTENANCE\G dore\PWA-COM-LGT hrs 
reading.xlsx 

Maintenance log of geotechnical 
instrumentation 

In progress 

Pump allocation tool In progress  
Geotechnical instrument & 

Datalogger inventory 
In progress 

 

6.3 COMPONENT OF THE DEWATERING DIKES REQUIRING MAINTENANCE 

Table 6-2 indicates all the component of the Meadowbank water management infrastructure that 
requires maintenance. 
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Table 6-2 : Component of the Dewatering Dikes requiring mainten ance  
Water Management Infrastructure   

�x Dike embankment (i.e repair erosion)  
�x Dike crest (i.e fill inactive tension cracks) 
�x Seepage collection sump (i.e, reprofile slope, increase sump volume) 
�x Ditches and diversions (i.e snow removal, repair erosion) 

Surveillance  
�x Geotechnical instruments (thermistors, piezometers, inclinometers, survey monument)  
�x Data acquisition system  
�x Flowmeter  

Other  
�x Dike crest access road  
�x Access to sump 

 

6.3.1 Maintenance component s that are outside the scope of this OMS manual  

The following component maintenance activities are outside of the scope of this OMS manual. For 
more information, the superintendent of the department responsible for these maintenance can be 
contacted  

o Electrical systems and supply �± E&I 
o Maintenance of heavy equipment and light vehicles �± Maintenance 
o Communication infrastructures - IT 
o Road used to access the infrastructures �± Mine 

 

6.4 DESCRIPTION OF MAINTENANCE ACTIVITIES 

Table 6-3 summarizes the description of maintenance activities for each component of the 
Meadowbank water management infrastructure. Each component has activities as well as a trigger 
for that maintenance and a person responsible for this activity. It is the duty of the person responsible 
for the maintenance activity to ensure that the person doing the maintenance has the qualifications 
and competencies required to conduct the maintenance and is following the proper safety procedure. 
The responsible person must also ensure that the proper documentation and reporting requirement 
are followed.  



 
OMS Manual �± Dewatering Dikes 

Version 8; February 2019 
 

  38 
 

Table 6-3 : Description of maintenance activities for components of water management infrastructure  
 

Component  
Type of maintenance  Nature of the activity  Frequency of maintenance 

(preventative)  
OR 

Trigger of maintenance (predictive 
and corrective)  

Responsible for the activity  Documentation Required  Reporting Requirement  

Water Management Infrastructure  
Dike embankment -  repair erosion 
 

Corrective Gullies and depression to be filled 
with rockfill and re-sloped 

Following a demand from engineering 
superintendant following a visual 
inspection showing erosion 

Mine Superintendent (can use a 
contractor alternatively) 

Photo of remediation work Engineering to update the 
maintenance log of the structure 

Dike crest �± fill inactive tension cracks Corrective Inactive tension cracks to be filled with 
bentonite to prevent widening due to 
water infiltration 

Following a demand from engineering 
superintendant following a visual 
inspection showing inactive tension 
cracks 

Geotechnical technician Photo of remediation work Engineering to update the 
maintenance log of the structure 

Dike crest - compensate settlement Corrective Add rockfill to increase the height of 
the dike following observation of 
settlement 

Following a demand from engineering 
superintendant following a visual 
inspection showing settlement that need 
to be compensated (i.e loss of 
freeboard) 

Mine Superintendent (can use a 
contractor alternatively) 

Photo of remediation work 
Surveying of remediation work  

Engineering to update the 
maintenance log of the structure 
and provide surveying 

Seepage collection sump�± increase volume Predictive Excavate an additional sump or 
increase the capacity of an existing 
sump  

Following a demand from engineering 
superintendant following a re-
assessment of the sump capacity 

Mine Superintendent (can use a 
contractor alternatively) 

Photo of remediation work 
Surveying of remediation work 

Engineering to update the 
maintenance log of the structure 
and provide surveying 

Seepage collection sump �± reprofile sump Corrective Excavate flatter slope for the sump or 
add material against the slope to 
reprofile them 

Following a demand from engineering 
superintendant following a visual 
inspection showing instable sump slope 

Mine Superintendent (can use a 
contractor alternatively) 

Photo of remediation work 
 

Engineering to update the 
maintenance log of the structure 
and provide surveying 

Ditches �± snow removal Predictive Use an excavator to remove snow in 
the ditch  

Every year prior to freshet to ensure that 
ditch is clear of snow obstruction. 
Demand will be formulated by the 
Engineering Superintendent 

Energy & Infrastructure 
Superintendant 

Photo of remediation work 
 

Engineering to update the 
maintenance log of the structure 

Ditches �± clean debris and sediment 
accumulation 

Corrective Remove any debris and accumulation 
of sediment that can hinder flow 

Following a demand from engineering 
superintendant following a visual 
inspection showing accumulation of 
debris and sediment 

Energy & Infrastructure 
Superintendant 

Photo of remediation work 
 

Engineering to update the 
maintenance log of the structure 

Ditches �± repair erosion of granular layer Corrective Add granular material to repair 
erosion of the ditches  

Following a demand from engineering 
superintendant following a visual 
inspection showing erosion of the 
ditches 

Energy & Infrastructure 
Superintendant 

Photo of remediation work 
 

Engineering to update the 
maintenance log of the structure 

Ditches �± release of TSS from the ditches Corrective Corrective action to mitigate release 
of TSS from ditches. Can include 
placement of sill curtain or temporary 
by-passing the ditches using pump 

Following a demand from the 
environment superintendant following 
sampling of a high turbidity event from 
the diches 

Environment Superintendant Water sample results 
Photo of remediation work 

Engineering to update the 
maintenance log of the structure 

Surveillance  
Geotechnical Instrument �± loss of reading Corrective Investigate the status of an instrument 

who no longer gave data 
When an instrument no longer gave 
data for an unknown reason 

Geotechnical technician Update status in instrument database Update of the geotechnical 
instrument database by the 

geotechnical technician 
Geotechnical instrument �± unusual reading Corrective Investigate the status of an instrument 

who gave unusual data 
When an instrument gave an unusual 
data 

Geotechnical technician Update status in instrument database Update of the geotechnical 
instrument database by the 

geotechnical technician 
Geotechnical instrument �± replacement Corrective Replace an instrument that no longer 

work 
When the engineering superintendant 
as for a geotechnical instrument to be 
replaced 

Geotechnical technician Instrument installation as-built report 
Update spare inventory 

Calibration sheet 
Initial instrument rading 

Update of the geotechnical 
instrument database by the 

geotechnical technician 

Geotechnical instrument �±calibration of total 
station 

Preventative Send the total station to be calibrated yearly Geotechnical technician Calibration sheet Update of the geotechnical 
instrument database by the 

geotechnical technician 
Geotechnical instrument �±calibration of 
inclinometer probe 

Preventative Send the inclinometer probe to be 
calibrated 

yearly Geotechnical technician Calibration sheet Update of the geotechnical 
instrument database by the 

geotechnical technician 
Datalogger �± maintenance Preventative Do maintenance of datalogger as per 

manufacturer specification 
yearly Geotechnical technician Maintenance report Update of the geotechnical 

instrument maintenance log by 
the geotechnical technician 
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Component  

Type of maintenance  Nature of the activity  Frequency of maintenance 
(preventative)  

OR 
Trigger of maintenance (predictive 

and corrective)  

Responsible for the activity  Documentation Required  Reporting Requirement  

Datalogger �± battery change Predictive Change battery when the battery level 
alarm get triggered 

When the battery alarm is trigered in 
VDV 

Geotechnical technician Maintenance report Update of the geotechnical 
instrument maintenance log by 

the geotechnical technician 
Datalogger �± troubleshooting Corrective Repair of a dataloger deficiency When a dataloger is suspected of being 

deficient 
Geotechnical technician Update status in instrument database Update of the geotechnical 

instrument maintenance log by 
the geotechnical technician 

Flowmeter �± calibration Preventative Send the flowmeter to be calibrated yearly Energy & Infrastructure 
Superintendant 

Calibration sheet Update of the geotechnical 
instrument maintenance log by 

the geotechnical technician 
Flowmeter �± deficient reading Corrective Repair of a flowmeter deficiency When the Engineering Superintendant 

ask that a flowmeter be troubleshoot 
based on irregular data 

Energy & Infrastructure 
Superintendant 

Update status in instrument database Update of the geotechnical 
instrument database by the 

geotechnical technician 
Other  

Dike crest access Predictive Snow clearing, maintaining roadway, 
grading access 

As required to maintain access Mine Superintendent - - 

Access to sump  Predictive Snow clearing, maintaining roadway, 
grading access 

As required to maintain access Mine Superintendent - - 
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�6�(�&�7�,�2�1���������‡���� SURVEILLANCE  
 

Surveillance involves the inspection and monitoring (i.e collection of qualitative and quantitative 
observation and data) of the Dewatering Dikes. Surveillance also includes the timely documentation, 
analysis and communication of surveillance results, to inform decision making and verify whether 
performance objectives including critical controls are being met. 

There are two type of surveillances activities which are further discussed in this chapter: 

�x Site observation and inspection 

�x Instrument monitoring 

 

7.1 REFERENCE 

References to key documents for site observation & inspection of the Dewatering Dikes at 
Meadowbank are presented in Table 7-1. References to key documents for instrument monitoring are 
presented in Table 7-2. 
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Table 7-1 : Key reference documents for Inspection of the Dewatering Dikes at Meadowbank  

Type of information  Document #  Document Title and link  
Simplified inspection 

form Template 
- OMS manual - Appendix A 

Detailled visual 
inspection form 

template 

- OMS manual �± Appendix A 

East Dike Dewatering 
inspection report 

ED-VIR ..\..\..\..\04-DewateringDikes\East 
Dike\Inspection  

Bay-Goose Dike 
inspection report 

BG-VIR ..\..\..\..\04-DewateringDikes\Bay-Goose 
Dike\Inspection  

South Camp Dike 
inspection report 

SCD-VIR ..\..\..\..\04-DewateringDikes\South Camp 
Dike\Inspection .........................................................................................................................................  

Vault Dike inspection 
report 

VD-VIR ..\..\..\..\04-DewateringDikes\Vault Dike\19 - 
Inspection ..................................................................................................................................................  

Annual dike safety 
inspection (annual 

geotechnical 
inspection) 

- ..\..\..\10- Audit & External Inspection\2- 
Annual Geotech Inspection..\..\..\04- Water 

Management\6- Inspection 

 

 

Table 7-2 : Reference documents for Instrument monitoring of the Dewatering Dikes at 

Meadowbank  

Type of information  Link to Retrieve Information  

Geotechnical Instruments map  ..\..\..\..\11-Instrumentation\Instruments\MAP & DWG 

Access to instrument data VDV 

Instrumentation Report ..\..\7 - Instrumentation Report 

Blast vibration log " \\CAMBFS01\Groups \Engineering \05-Geotechnic \99-

Archive \Blast Monitoring \Events \k_factor( to 

update).xls"  
 

7.2 SITE OBSERVATIONS AN D INSPECTIONS 

The purpose of site observations and inspections is to identify warning signs of the development of 
potentially adverse conditions that could lead to a failure or some other form of loss of control. Site 
observations and inspections include the direct observations by personnel on or adjacent to the 
Dewatering Dikes and may also include observations from helicopter or photos taken from unmanned 
airborne vehicle (UAV, satellites). 

Site observations and inspections are used to identify and track visible changes in the condition of the 
Dewatering Dikes. Changes that may be observed throughout site observations and inspections are 
included in Table 7-3 
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Table 7-3 : Changes that may be observed through site observation and inspection of the 

Dewatering Dikes at Meadowbank  

 
Changes related to physical risk of dike, road, ramp   

�x Change in freeboard 
�x Deformation or change in condition at the crest, slopes and toes (i.e bulge, cracks, 

sinkhole, sloughing, settlement) 
�x Newly form or expanding areas of erosion 
�x Evidence of piping or unexpected water movement through water containment structures 
�x Changes in the seepage quantity (pumping rate) and quality (turbidity) 

Changes related to physical risk of ditch  
�x Newly form or expanding areas of erosion 
�x Newly form of obstruction to flow (i.e boulder, sediments, snow) 
�x Newly form of slope instability 

Changes related to water storage and transport  
�x Change in sump level 
�x Verify using the staff gauge that the pond is operated within its normal operating condition 
�x Changes in the seepage quantity (pumping rate) and quality (turbidity) 
�x Condition of pipe for water transport 
�x Sign of leaks from water line 
�x Condition of pumps 

Change related to surveillance instrumentation   
�x Condition of surveillance instruments and associate protection around instruments (i.e 

cover, barriers to prevent vehicle damage) 
�x Condition of power supplies for instruments (i.e solar panel) 
�x Condition of communication infrastructures associated with instruments (i.e antenna, 

datalogger) 

 

7.2.1 Site observation  

Site observation is conducted by personnel working on or adjacent to the Dewatering Dikes as part of 
their daily activities, maintaining awareness of the facility in the course of carrying their duties. 
Trained personnel such as geotechnical technician should be on the lookout for sign of changing 
condition as indicated in Table 7-3 as adverse condition can develop rapidly between inspections. A 
simplified visual observation form can be used to document such observations but they do not need 
to be documented unless a new condition has been observed. Any new observation should be 
documented by photograph and reported to the geotechnical personnel or Engineering 
Superintendent.  
 

7.2.2 Inspection program  

Inspections are conducted by the engineering department or other personnel with appropriate training 
and competency and are more rigorous than site observations.  
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The inspection program consists of several types of inspections such as routine and special visual 
inspection, dike safety inspection and dam safety review. The following sub-section describe in more 
details the scope, frequency and responsible for each type of inspection. 

 

7.2.3 Routine Visual Inspection  

Routine visual inspections are conducted on a pre-defined schedule and may target specific activities. 
Their objective is to identify any conditions that might indicate change in the Dewatering Dikes 
performance and therefore require follow-up. The inspections need to cover the aspect described in 
Table 7-2. Of particular significance are new occurrences or noted changed in seepage, erosion, 
sinkholes, boils, slope slumping, settlement, displacement, or cracking of structure components. 
These inspections are held during dewatering and operation. 

There are two approved inspection form for inspection; a simplified one and a detailed one. The 
detailed form should be used for monthly inspection while the simplified one can be used when 
inspection are required at an increased frequency. All areas of the form must be filled. 

The person responsible for the inspection must: 

�x Do the inspection as per the required frequency 

�x Fill all information on the proper inspection form 

�x Take pictures to supplement the inspection.  As much as possible, these are to be taken from 
the same vantage points during each inspection so that changes in conditions can be readily 
identified.  Photos should be annotated or captioned and should include a date stamp. 

�x Store electronically all photo and inspection form 

�x Update the surveillance log 

�x Ensure that the reviewer is aware that the document is ready to be reviewed 

During the review process, the reviewer must: 

�x Ensure that all required information is present 

�x Ensure that the observation does not trigger a change in alert level 

�x Sign the inspection form as a reviewer 

�x Update the surveillance log 

�x Distribute the inspection results  

The frequency for inspection of a structure will vary based on its TARP level and need to be updated 
in the surveillance log. 

Table 7-4 summarises the Routine & Special visual inspection R&R, suggested frequency and scope 
in function of the alert level of the structure 
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Table 7-4 : Summary  of routine inspection requirements  

 

 

 Structure  TARP Level  Inspection Responsible  Scope of inspection  Inspection Frequency  Report ing  Inspection Reviewer  Distribution List  

 

 

 

 

 

 

 

East Dike, Bay-Goose 
Dike, South Camp 
Dike, Vault Dike - 
Operation 

Green  

Geotechnical Technician  

Physical risk and surveillance Monthly Detailled inspection form Geotechnical Engineer  Engineering Geotechnical Team, 
EOR 

Weekly during period of flow (from May to 
October) 

Simplified inspection form - 

Yellow  

Geotechnical Technician 

Physical risk and surveillance Monthly Detailled inspection form + presentation 
and analysis of instrumentation data 

 

Geotechnical Engineer 

Engineering Geotechnical Team, 
EOR 

Weekly Simplified inspection form 

Orange Geotechnical Technician All of Table 7-2 Weekly Report on summary of surveillance activity 
+ status of mitigation action 

Geotechnical Engineer Engineering Geotechnical Team, 
EOR, designer, Management 

Monthly Detailled inspection form + presentation 
and analysis of instrumentation data 

Geotechnical Engineer Engineering Geotechnical Team, 
EOR 

Geotechnical Engineer 

 

 

Daily Simplified inspection form Geotechnical Coordinator Engineering Geotechnical Team, 
EOR 
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7.2.3.1 Special Visual Inspection  

Special inspections are conducted during and after unusual or extreme events that may impact the 
facility. Special inspections are conducted by the Geotechnical Engineer/Specialist or Engineer of 
Record using the detailed inspection form and using the same procedure for review and 
documentation. Special visual inspections must be done on each structure after each of these events: 

�x At the end of dewatering once downstream toe is exposed 

�x Following a blast that exceeds the vibration limits of the structure 

�x After an earthquake 

�x After a high intensity rainfall event (higher than a 1:2 years recurrence) 

�x Immediately after a site observation notices a change in condition 

�x Prior or immediately after increasing or decreasing the TARP level of a structure 

 

7.2.3.2 Dike Safety Inspection (annual geotechnical inspection)  

A dike safety review is a more comprehensive technical inspection, integrating inspections and 
results of monitoring instrument. This type of inspection is conducted by an external geotechnical 
engineer and supported by the Engineer of Record to have a more complete understanding of the 
facility performance and identify deficiencies in performance or opportunity for improvement. This will 
provide information to be used to revise the OMS manual. 

For the Dewatering Dikes at Meadowbank, such inspection needs to occur on an annual basis 
between the month of July and September. The following components need to be inspected during 
this review: 

�x East Dike, Bay-Goose Dike, South Camp Dike and Vault Dike 

�x Ditches and channel 

In addition to field inspection done as part of the safety review the following point should be 
addressed during the review: 

�x Review of all inspections report performed since the last review 

�x Review of monitoring instruments data; 

�x Identify deficiencies in performance or opportunity for improvement 

�x Review OMS performance and operational criteria and confirm that these meet the 
performance objective of the design  

�x Review and provide recommendations regarding OMS for the following year. 

After each safety inspection, a report must be submitted to the Engineering Superintendent which 
includes the results of the inspection done and addressing all points above. These reports will be 
stored electronically. 
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7.2.3.3 Independent Dam Safety Review  

Independent dam safety reviews are carried out by an independent third party to review all aspects of 
�W�K�H�� �G�H�V�L�J�Q���� �F�R�Q�V�W�U�X�F�W�L�R�Q���� �R�S�H�U�D�W�L�R�Q���� �P�D�L�Q�W�H�Q�D�Q�F�H���� �S�U�R�F�H�V�V�H�V�� �D�Q�G�� �R�W�K�H�U�� �V�\�V�W�H�P�V�� �D�I�I�H�F�W�L�Q�J�� �W�K�H�� �G�D�P�¶�V��
safety, including the dam safety management system.  The review defines and encompasses all 
�F�R�P�S�R�Q�H�Q�W�V�� �R�I�� �W�K�H�� �³�G�D�P�� �V�\�V�W�H�P�´�� �X�Q�G�H�U�� �H�Y�D�O�X�D�W�Lon including the dams, foundations, abutments, 
instrumentation and seepage collection works. The independent third party for the Dewatering Dikes 
is the Meadowbank Dike Review Board (MDRB). 

Modification to the MDRB composition can only be made by the Engineer of Record.  

The Meadowbank Dike Review Board (MDRB) is comprised of the following member.  

�x Anthony Rattue 

�x Don Haley 

An annual MDRB meeting will be held every year at the Meadowbank site. Other events that could 
trigger a MDRB meeting are: 

�x Major modifications to the design or design criteria; 

�x Discovery of unusual conditions that can compromise the integrity of the Dewatering Dikes; 

�x After extreme hydrological or seismic events; and 

�x Decommissioning. 

During the annual MDRB meeting, a dam safety review will be carried out according to the 
recommendations laid out in the Dam Safety Guidelines (CDA, 2013). 

This review will include, but is not limited to: 

�x Review of the dikes classification; 

�x Site inspection; 

�x Review of design and construction records; 

�x Review of monitoring practices and the instrumentation records  

�x Assessment of the operation of the facilities; 

�x Provide recommendation on operation, maintenance and surveillance based on the results of 
the instrumentation readings, construction records and site observations; 

 

7.3 INSTRUMENT MONITORING PROGRAM �± DATA ACQUISTION  

Instrument monitoring provides information on parameters or characteristics that cannot be detected 
through site observation or inspections, cannot be observed with sufficient precision and accuracy or 
need to be monitored at high frequency or continuously. 

The objective of instrument monitoring is to collect data to be used to assess the performance of the 
infrastructures against the performance objectives and indicators and the critical controls (refer to 
table 4-2 and 5-2). Instrument monitoring and inspections work together as a comprehensive data set 
to enable assessment of the Dewatering Dikes performance and provide a basis for informed 
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decision. All are essential, and none of these forms of surveillance can be neglected if performance 
objectives are to be met and risks are to be managed. 

More information on the type of in-situ instruments installed on each structure, how they were 
installed and their location can be found in Section 3-6 of this OMS manual.  

Table 7-5 indicates the type of information collected through instruments monitoring and how it is 
collected. Table 7-6 summarizes the data acquisition program related to instrument monitoring. 

 

Table 7-5 : Information collected using instrument monitoring  

Direct collection of inf ormation  
�x In-situ thermistors to measure temperature profile within the structure and its foundation 
�x In-situ piezometer to measure pore-water pressure providing information about flow of 

water through the structure and foundation stability 
�x In-situ shape array inclinometer (SAA) to provide information on deformation within the cut-

off wall 
�x Survey monument to provide information on settlement and deformation 
�x Staff gauge to inform about water level of a pond versus its operating level 
�x Blast monitor to inform on potential impact of blasting vibration on the structure 
�x Flow meters and seepage monitoring station to inform on volume of water movement 
�x Surveys conducted to measure ice cover, water level, update height and slope of 

containment structure 
 

Collection o f information from remote sensing  
�x Data acquired from airborne survey to generate detailed topographic map 

Collection of information based on laboratory analyses  
�x Water quality analysis of seepage and surface runoff 
�x Water quality analysis of water discharged through diffuser to inform on Environmental 

compliance 
�x Water quality analysis of water stored in the various pond on site to inform on water 

movement decision 
Collection of information related to the conduct of OMS activities  

�x Automatic data collection and transmission system for in-situ instruments (datalogger, 
solar panel, antenna, battery) 
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Table 7-6 : Summaries  of data acquisition program related to instrument monitorin g of the Dewatering Dikes at Meadowbank  

 
(1)Refer to section 7-5 for more information on reporting methodology and the frequency of reporting 
(2) Refer to section 7-6 on how to present instrumentation data from VDV in a report 
(3) Exact location of each instrument can be found in the instrumentation database 
(4) Location of water quality sampling point can be found in water management plan

Instrument monitoring  Location of monitoring (3) Parameter measured  Acquisition Methodology  Standard Acquistion frequency  Acquisition Responsible  Documentation  methodology  Documentation Responsible  

Thermistors East Dike, Bay-Goose Dike, 
South Camp Dike, Vault Dike 

Temperature (C0) point for each 
bead on the chain  

In-situ instrument connected to 
automatic data acquisition and 

transmission system 

New data are acquired and 
transmitted to VDV every 3 hrs 

Geotechnical Technician Data are exported from VDV into 
instrumentation report emited at a 

predetermined frequency (1)(2) 

Geotechnical Engineer 

Piezometer East Dike, Bay-Goose Dike Pressure (kpa) point for each 
instrument 

In-situ instrument connected to 
automatic data acquisition and 

transmission system 

New data are acquired and 
transmitted to VDV every 3 hrs 

Geotechnical Technician Data are exported from VDV into 
instrumentation report emited at a 

predetermined frequency (1)(2) 

Geotechnical Engineer 

Shape array 
accelerometer (SAA) 

- Displacement in mm In-situ instrument connected to 
automatic data acquisition and 

transmission system 

New data are acquired and 
transmitted to VDV every 3 hrs 

Geotechnical Technician Data are exported from VDV into 
instrumentation report emited at a 

predetermined frequency (1)(2) 

Geotechnical Engineer 

Survey monument  - Elevation of monument which is 
then converted into mm of 

displacement (minimum precision 
of 3 mm required) 

Data are acquired using a total 
station 

Monthly in winter and bi-weekly 
from May to September 

Geotechnical Technician Data are exported into geoexplorer. 
Instrumentation report are emited at 

predetermined frequency (1)(2) 

Geotechnical Technician 

Staff Gauge - Water level in pond Take picture of the gauge During each inspection Inspection officer Within inspection report Inspection officer 

Blast Monitor Bay-Goose Dike Peak particle velocity (PPV) 
measured by the blast monitor 

(mm/s) 

Placement of blast monitor at a 
predetermined area on the dike 

Before each blast in the vicinity of 
the dike 

Geotechnical Technician Update the blast vibration log. 
Discussion on recorded vibration in 

instrumentation report 

Geotechnical Technician 

Flow meter - Volume of water pump (m3) Pumpman operator will inscribe 
flowmeter value ona pumping sheet 

Daily when pump is operating E&I Pump crew supervisor Data will be integrated in the water 
balance 

Water & Tailings engineer 

Seepage monitoring 
station (manual reading 

with a V notch) 

East Dike, Bay-Goose Dike Seepage flow (m3/s) Using a bucket and a stopwatch Weekly during period of flow Geotechnical Technician Documented within instrumentation Geotechnical Engineer 

Survey shot East Dike, Bay-Goose Dike Elevation of the water level 
(minimum precision of 3 mm 

required) 

Surveyor will take a water/ice level 
at a predetermined area  

Once per week Surveyor Leader Integrated in the water movement log Water & Tailings engineer 

Airborne survey All water management 
infrastructure 

Topographic aerial survey made 
using drone 

Surveyor will take a drone survey Once per year after freshet Surveyor Leader Within survey database Surveyor Leader 

Water quality(4) East Dike Parameter indicated within water 
management plan 

Water quality sample taken and sent 
for laboratory analyses 

Acquisition frequency within water 
management plan 

Environment General 
Supervisor 

Within Env water quality database Environment General Supervisor 
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7.4 ADDING INSTRUMENT TO THE MONITORING PROGRAM 

Any addition to the monitoring program must be validated by the Engineering Superintendent or by 
the Environment Superintendent for aspect relating to water quality. In-situ instrument installation 
must be recorded in an as-built report and added to the instrumentation database and map. After 
each installation of instrumentation the following must be done: 

�x Document the calibration sheet and initial data reading 
�x Document instrument specification (manufacturer sheet) 
�x Document Information to which datalogger the instrument is connected 
�x Survey instrument coordinates (x,y,z) 
�x If the instrument is drilled, a schematic view of the depth of the instrument versus the 

stratigraphy must be produced 
�x Photo of installation must be documented 

 

7.5 ANALYSIS OF SURVEILLAN CE RESULTS 

For the effective use of surveillance results and decision making, results must be collated, examined, 
analysed and reported in a timely and effective manner. 
 
For visual inspections, the process of analyzing the data and communicating the results is described 
in section 7-4 and happens while the inspection is done and the report is sent. The information gained 
from the analysis of these results is then compared during the inspection and review to the TARP 
criteria which will then indicate the action to take if performance indicators are not met. 
 
For the instrumentation monitoring to be effective, the data must be reviewed, analysed and reported 
at the proper frequency. Table 7-6 summarises the requirements for review, analyses and reporting of 
instrumentation data. 
 
The person responsible for instrumentation data review needs to update the surveillance log each 
time an instrument result has been reviewed and analysed. The person responsible for review of 
reporting and distribution needs to update the surveillance log once the report has been reviewed and 
distributed.  
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Table 7-7 : Requirements for review, analyses and reporting of instrument data  

 

 
 
 

 
 
 
 
 
 
 
 
 

 TARP Level  Expected range of 
observ ation  

Responsible for review & 
analyse  

Frequency of review  Responsible for reporting  Reporting frequency  Responsible for review and 
distribution  

Distribution List  

 

 

 

 

 

Piezometer, thermistor, 
inclinomter, survey 

monument 

(Operation ) 

Green  Define in TARP of 
each structure 

Geotechnical  Engineer Bi-Weekly Geotechnical Technician Quaterly instrumentation report Geotechnical Engineer Engineering geotechnical team, designer, 
EOR 

Geotechnical technician Weekly 

Yellow Define in TARP of 
each structure 

Geotechnical  Engineer Weekly Geotechnical Technician Instrumentation reporting included within 
monthly inspection report 

Geotechnical Engineer Engineering geotechnical team, designer, 
EOR 

Geotechnical technician Every 3 days 

Orange Define in TARP of 
each structure 

Geotechnical Engineer Daily Geotechnical Engineer Instrumentation reporting included within 
weekly update report 

Geotechnical Coordinator Engineering Geotechnical Team, EOR, 
designer, Management 

Geotechnical technician Daily 

Staff Gauge /  

Survey shot 

(freeboard) 

Green Define in TARP of 
each structure 

Water & Tailings Engineer Weekly Water & Tailings Engineer Within the monthly attenuation pond and 
pumping infrastructure inspection report 

Geotechnical Coordinator Engineering geotechnical team, designer, 
EOR 

Yellow Define in TARP of 
each structure 

Water & Tailings Engineer Daily Water & Tailings Engineer Within the monthly attenuation pond and 
pumping infrastructure inspection report 

Geotechnical Coordinator Engineering geotechnical team, designer, 
EOR 

Orange Define in TARP of 
each structure 

Water & Tailings Engineer Twice a day Water & Tailings Engineer Included within weekly update report Geotechnical Coordinator Engineering Geotechnical Team, EOR, 
designer, Management 

Blast Monitor - PPV> 50 mm/s Geotechnical Technician After retrieving a blast monitor on 
a water management structure 

Geotechnical Technician In Quaterly instrumentation report Geotechnical Engineer Engineering geotechnical team, designer, 
EOR 

Flow meter / Seepage 
monitoring 

Green Define in TARP of 
each structure 

Water & Tailings Engineer Weekly Water & Tailings Engineer During the monthly update of the water 
balance 

Geotechnical Coordinator Engineering geotechnical team, designer, 
EOR 

Yellow Define in TARP of 
each structure 

Water & Tailings Engineer Daily Water & Tailings Engineer During the monthly update of the water 
balance 

Geotechnical Coordinator Engineering geotechnical team, designer, 
EOR 

Orange Define in TARP of 
each structure 

Water & Tailings Engineer Twice a day Water & Tailings Engineer Included within weekly update report Geotechnical Coordinator Engineering Geotechnical Team, EOR, 
designer, Management 

Water quality Green Define in TARP of 
each structure 

Environment General 
Supervisor 

As per water management plan Environment General Supervisor As per water management plan Environment Superintendant Engineering geotechnical team 

Yellow Define in TARP of 
each structure 

Environment General 
Supervisor 

As per water management plan Environment General Supervisor As per water management plan Environment Superintendant Engineering geotechnical team 

Orange Define in TARP of 
each structure 

Environment General 
Supervisor 

As per water management plan Environment General Supervisor As per water management plan Environment Superintendant Engineering geotechnical team 



 
                 OMS Manual �± Dewatering Dikes   

Version 8; February 2019   
 

  53 
 

7.5.1 Procedure in case of  data exceeding expected range of observation  

If data exceeding the expected range of observation or anomalous data readings are observed, the 
following actions need to be taken: 

�x Re-read to check the reading (if the reading is from VDV, take a manual reading in the field); 

�x Check readout equipment to verify that it is functioning correctly; 

�x Verify calibration; 

�x If instrument has stopped functioning, notify the Engineering Superintendent immediately.  If 
considered critical, a replacement instrument should be installed; 

�x If an anomalous reading is confirmed, a detailed review of the effects of the reading should 
be carried out and design or remedial actions should be implemented if determined 
necessary by the Engineering Superintendent. Any malfunctioning instrument or frozen 
piezometer must be documented; 

�x In the case of valid data that would exceed the TARP level do a special inspection if possible  

Before modifying the TARP level due to in-situ instrumentation or reading that cannot be confirmed by 
other visual observation, the EOR must be consulted for further guidance. 
 

7.5.1.1 Blast Monitor  

If a reading exceeding the PPV limit for a water management structure (50 mm/s) is observed, this 
event must be communicated to the drill and blast engineer who will need to ensure that the blasting 
pattern is modified to avoid re-occurrence of this event. Afterward a special inspection will need to be 
done on the structure to look for changing condition. 
 
If more than one occurrence of blast vibration exceeding the limit is observed within a 2 weeks period, 
the Engineering Superintendent needs to be notified of the situation. 
 
 

7.5.2 Anomalous Instrum entation Data  

Anomalous instrumentation data are presented in Table 7-8. These anomalies could happen without 
triggering a TARP level change and need to be investigated and recorded: 
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Table 7-8 : Example of anomalous data and some common causes  

Thermistors  

�x Increase or decrease in measurements (over two or more readings) that cannot be 
explained by seasonal temperature variations; 

�x Progressive loss of data (starting from the bottom and progressing). This is usually a sign 
of water infiltration 

�x Observation of a spike in temperature in one bead. This is usually due to a capacitive 
effect 

�x Loss of data (could be a transmission error, faulty hardware or a sheared cable) 

Piezometer  

�x Increase or decrease in pore water pressure measurements that cannot be explained by 
seasonal lake level variations (verify that the instrument has not been installed in a casing); 

�x Sharp increase in reading (verify that the instrument is not frozen) 
�x Loss of data (could be a transmission error, faulty hardware or a sheared cable) 

Inclinom eter  

�x Cumulative increases in displacement (greater than 3 cm); 

�x Erratic movement. This is usually a sign of water infiltration 

Survey Monument  

�x Accelerating displacement rate of the survey monuments (x, y, z directions) (over two or 
more readings) (could be due to a prism shooting error or problem with the total station) 

Blast Monitor  
�x Vibrations during a blast are not observed (the blast was cancelled, the blast monitor was 

not properly installed or vibrations were too weak to be recorded) 
Flowmeter, survey shot and staff gauge  

�x Sudden change in staff gauge reading. Or reading that seems not to reflect the probable 
water elevation. This could be due to a settlement or displacement of the staff gauge. 

�x Increase or decrease of a flowmeter reading that are inconsistent with pumping rate or 
rainfall or observed water level. 

�x Survey elevation that has a sharp fluctuation from last reading. This can be caused by the 
reading not being taken at the good location, wave actions or daily variances in GPS signal 
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7.6 SURVEILLANCE DOCUMEN TATION & REPORTING 

One visual inspection report per structure needs to be completed, reviewed and distributed per the 
frequency shown in Table 7-4. 

An instrumentation report needs to be prepared at predetermined frequency to present all 
instrumentation monitoring data as described in Table 7-7.  
Table 7-9 describes how instrumentation data should be reported. 
 
Instrumentation report needs to include the following informations: 

�x Table presenting all the instruments installed on each structure, their status and pertinent 
installation information 

�x Graph of all instruments for all structure covered by the report. The graph needs to present 
data for a minimum period of 1 year. Higher recurrence should be presented if clarity of the 
presented information allows it. The graph needs to be presented in a way that allows for 
data interpretation without referring to other document 

�x Analyses of all instruments data presented highlighting specific trend 
�x Discussion on anomalous trend 

 
For the structure that have a yellow Tarp level, the instrumentation data relevant to the cause of the 
alert needs to be included with each visual inspection report. 
 
For the structure that have an orange Tarp level, the instrumentation data relevant to the alert level 
needs to be included with each inspection report. In addition the weekly update report needs to be 
written with the following information: 

�x Context on why the structure is at the orange level 
�x Change in condition since the last weekly report 
�x What is the mitigation plan and what action have been taken since the last update report 
�x Discussion on the results of the instrumentation data 
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Table 7-9 : How data should be presented in report for instru mentation monitoring  

Thermist or  
�x Temperature vs. depth plots over time.  
�x The plot should indicate the thermistor string reference number and date of each 

measurements presented 
�x The plot need to indicate relevant stratigraphy and their depth 
�x Plot need to be presented with a cross-section of the installation (if on a structure) as well 

as a plan view showing the instrument location 
Piezometer  

�x Plots of total head as elevation versus time; and 
�x Plot need to be presented with a cross-section of the installation showing lithology with 

depth as well as a plan view showing the instrument location 
�x The plot need to indicate the instrument number, the dates of each measurement and a 

mention if the temperature read by the instrument is less than 0 degree 
Inclino meter  

�x Cumulative displacement plots (to view total displacement); 
�x Incremental displacement plots (to present increasing or accelerating movements between 

readings); 
�x Cumulative displacement at crest versus time; and 
�x Time plots at zones of identified displacement.   
�x The plot need to indicate the SAA number, what is considered positive and negative 

displacement and the dates of each measurement 

�x Both elevations and depths should be presented together with the lithology. 

�x A plan view needs to be included showing the instruments locations 

Survey Monument  
�x Total net movement plots (to present total displacement); 
�x Vertical displacement plots; and 
�x Lateral displacement plots parallel and perpendicular to the dike axis 
�x The plot need to indicate the survey monument number, what is considered positive and 

negative displacement and the dates of each measurement 
�x A plan view needs to be included showing the instruments locations 

 

7.7 DATA MANAGEMENT  

An electronic library or database, which is easily accessible, shall be set up to catalogue and store 
inspection documents, maintenance reports and instrumentation measurements. The following will be 
stored in the hard copy and/or electronic format. Section 7.1 indicates where each of these items can 
be found electronically: 

�x Instrumentation report  

�x Visual inspection report 

�x Weekly report for structure in orange Tarp level 
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�x Dike safety inspection (annual geotechnical inspection) 

�x Dam Safety Review report;  

�x Surveillance log 

�x Instruments database and map  

�x Maintenance log of geotechnical instrument 

�x Maintenance log of water management infrastructure 

�x Pump maintenance record 
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Appendix A  

Simplified Inspection Form  

Detailed  Inspection Form  Template  
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Detailed Inspection Form Template  
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Appendix B  

Potential Mitigation for Upset Condition  
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 Potential Mitigation Plan for Upset Condition on Water Management Infrastructures  

Upset Condition  Area / Cause Comments/Monitoring  Contingency or Corrective Actio n 

Overtopping and 
Subsidence 

1a Water level rise / storm event 

Lake levels and crest elevations is monitored as part the water management 
infrastructure surveillance program 

Outflow channels are inspected during thaw, open water season and during 
ice break-up. 

Add additional pumping unit  

If rise is caused by a channel obstruction, remove the obstruction 

1b Dam crest settlement 

This scenario requires extensive loss of support in the foundation since the 
rockfill of the dikes is essentially not settlement prone itself after construction 
and dewatering.  For foundation settlement of this magnitude to occur, a piping 
event must develop or there is unexpected layer of compressible soil in the 
foundation. 

The situation would develop slowly with crest settlement evident at least 
several weeks before a run-away event develops.  Easily observed cracks 
should be evident.   

Monitoring of the crest settlement is conducted routinely.   

The crest is wide and comprises of coarse rockfill.  Significant damage to 
the dike is not credible, based on performance of other rockfill structures 
subjected to overtopping or flow through events  

Rockfill from the mining operations can be placed to raise the dike crest 
and compensate settlement. 

Mining operations may need to be suspended, but there will be 
considerable warning time given the slow development of the scenario. 

1c Wave action Large freeboard and wide crest zone makes this a low concern rip-rap can be added and/or dam crest can be raised. 

Internal Erosion 

2a 

Dike section: Cut-off wall/geomembrane 
is defective, allowing high water flow.  
This defect occurs at a location where the 
core allows high flows and where the 
fills/geomembrane are defective; the 
combination allows erosion of the cut-off 
and/or the Core Backfill. 

The cut-off wall/geomembrane and/or core backfill will develop a progressively 
increasing void ratio, thereby increasing the rate of water flow through the 
dike.  This is not a catastrophic failure mode but could lead to an inability to 
manage water on site 

Monitor seepage from downstream face for rate of seepage and for 
presence of sediment in seepage.   

Identify zone of seepage and establish a seepage capture and monitoring 
station with sufficient pumping capacity 

Re-evaluate the impact of this water inflow on the site wide water balance 

 

2b Dike section: geomembrane is defective. 
Results in increasing the rate of water flow through the dike.  This is not a 
catastrophic failure mode as the rockfill will be stable and at its worst would 
lead to temporary suspension of mining. 

Monitor seepage from downstream face for rate of seepage and for 
presence of sediment in seepage.   

Identify zone of seepage and establish a seepage capture and monitoring 
station with sufficient pumping capacity 

Re-evaluate the impact of this water inflow on the site wide water balance 

2c 

Foundation till is possibly non-uniform 
with more transmissive zones and not 
self-filtering.  It is possible that one of 
these zones may align with defective 
construction of the cut-off wall allowing 
high flows.  Seepage would lead to 
erosion of the cut-off into the downstream 
rockfill.  Seepage could also erode the 
foundation tills at the downstream toe or 
into the downstream rockfill because of 
the lack of filtering. 

Limited seepage at the toe or into the rockfill would accelerate in to a large 
inflow, and could lead to the undermining of the dike if no action was taken.  
This is a credible catastrophic mode if increased seepage is not detected in 
time. 

 
No particular instrumentation is needed as this failure mode will show itself as 
localized and increasing seepage.  It could be detected by walk-over 
inspection by an experienced engineer or technician.   

Remedial action could comprise a reverse filter and rockfill buttress 
depending on location of the flow and configuration of the foundation, 
freezing or grouting, if identified in time.  In the worst case, the pit may be 
deliberately flooded in a controlled manner, the cut-off repaired and the pit 
dewatered.  Build additional dike downstream increasing pumping. 
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Upset Condition  Area / Cause Comments/Monitoring  Contingency or Corrective Actio n 

Seepage  

3a Within the Embankment 
Seepage on its own is not a credible failure scenario.  The downstream rockfill 
shell has extremely high flow through capacity.  The rockfill zone is both large 
and pervious, so that seepage will not daylight and lead to instability.  

Monitor seepage from downstream face for rate of seepage and for 
presence of sediment in seepage.   

Identify zone of seepage and establish a seepage capture and monitoring 
station with sufficient pumping capacity 

Re-evaluate the impact of this water inflow on the site wide water balance 

3b Within the Foundation 

Defective construction of cut-off leading to transfer of unexpectedly high 
fraction of the reservoir head into the downstream part of the dike foundation, 
or leading to a piping event as described in internal erosion (2c).  

If this mechanism arises it should show itself during initial dewatering or very 
shortly thereafter. 

Monitor seepage from downstream face for rate of seepage and for 
presence of sediment in seepage.   

Identify zone of seepage and establish a seepage capture and monitoring 
station with sufficient pumping capacity 

Re-evaluate the impact of this water inflow on the site wide water balance 

Re-assess stability (numerical modelling) and construct a stabilising berm 

Structural - Slope 
Instability 

4a Normal Operation: Slope Failure 

The rockfill shoulders of the dike are wide and have high shear strength  

Slope failure requires failure in the foundation and which would extend into the 
overlying dike.   

Sliding failure is considered unlikely given the low horizontal forces generated 
by the water and ice relative to the normal frictional force due to the weight of 
the dikes and the frictional angles of foundational materials. 

This mechanism should develop during construction or dewatering, due to the 
increase in load and associated pore water pressure development.   

Initial stages of failure should be observable as tension cracks in the dike 
crest.  Walk-over inspection of the dike by trained inspector is an appropriate 
monitoring strategy in addition the instrumentation.  Survey of crest face and 
toe is conducted.  

Re-assess stability (numerical modelling) and construct a stabilising berm if 
required 

Fill inactive tension cracks with bentonite 

 

4b Earthquake Induced: Slope Failure  
Site is located in a low seismic zone.  Dam consisting of massive rock zone 
has a low sensitivity to seismic motion. 

Do an inspection and repair damage 

4c Erosion; washout, ice scour Crest �± minimum 50 m section, Downstream �± large quarry rock face.  Repair erosion by placing additional rockfill and material 

Structural �± 
Lateral 
Movement 

5a Failure of Cut-off Wall 

Differential horizontal movement of the dike due to dewatering, water or ice 
loading or pit wall failure may create a breach in the cut-off wall.  

Ice and water forces are not credible due to the ratio of frictional forces 
generated by the self weight of the dike versus ice loads and water pressure.   

Large inflows through the breach may occur as a consequence if the cut-off 
wall breached.  Pit would flood requiring suspension of mining activities.  
Potential for loss of life of workers inside dikes.   

Inclinometer, settlement prism and monument monitoring is done routinely.   

Repair the cutoff wall 

Subsidence 6 Foundation Soils 

Unexpected foundation soils consolidated during dike construction or 
dewatering.   

A significant quantity of clay would be required to generate settlement 
resulting in a water release event.   

Prism and monument monitoring is done routinely.   

A 1 m core settlement would be required to allow water to flow through the 
rockfill and over the settled cut-off.  This flow would not cause failure of the 
rockfill shells.  It would also be readily repaired by excavating rockfill above 
the cut-off wall and placing more till.  Soil conditions will be observed during 
dewatering to accommodate actual conditions. 

Premature 
Closure 

7 
Corporate Bankruptcy or Early Resource 
Depletion 

Bond is provided for this eventuality. Design of rehabilitation is the same as 
rehabilitation at closure of project. 

This would trigger the closure plan 

Pump and 
Pipeline Failure 

8 Pumping infrastructures 
Freezing protection is provided by heat tracing and insulation. Pipelines 
monitored pump pressures at plant and frequent site inspection. 

Replace defect in pipeline 

Repair the pump and use another pump in the meantime 
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Table 1: Bay Goose  Instruments List  (TH+PZ) 
 

 

Station  Instrument ID  Type  Status  Readings  For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not  

operational 
(�2)/Frozen 

(F) 

Manual/  

Elevation 
(m) 

  
Number of 
operational 

beads  

Elevation 
interval in m 
(top/bottom)  

Automatic  Stratigraphic 
unit  

    

30+134 T1 TH �3 Automatic 
(DL1) 

- - 16 135/115 

30+158 Pz01P1A PZ �2(F) - - - - - 

30+158 Pz01P1B PZ �2(F) - - - - - 

30+158 Pz01P1C PZ �2(F) - - - - - 

30+158 Pz01P2A PZ �3 Automatic 
(DL1) 

117.05 10m below 
bedrock 

- - 

30+158 Pz01P2B PZ �3 Automatic 
(DL1) 

122.05 5m below 
bedrock 

- - 

30+158 Pz01P2C PZ �2(F) Automatic 
(DL1) 

128.05 1m above 
bedrock 

- - 

30+158 Pz01P3A PZ �2 Automatic 
(DL1) 117.13 

10m below 
bedrock - - 

30+158 Pz01P3B PZ �2 Automatic 
(DL1) 122.13 

5m below 
bedrock - - 

30+167 Pz06P2 PZ �2 Automatic 
(DL1) 127.57 

1m above 
bedrock - - 

30+185 T2 TH �3 Automatic 
(DL1) - - 16 135/115 

30+249.5 Pz07P2 PZ �2(F) Automatic 
(DL1) 129.85 1m above 

bedrock - - 

30+260 T3 TH �3 Automatic 
(DL1) - - 16 130/125.5 

30+272 T4 TH �3 Automatic 
(DL1) - - 16 130/125.5 

30+276.5 Pz02P1A PZ �2(F) Automatic 
(DL1) 119.25 10m below 

bedrock - - 

30+276.5 Pz02P1B PZ �2(F) Automatic 
(DL1) 

124.25 5m below 
bedrock 

- - 

30+276.5 Pz02P1C PZ �2 Automatic 
(DL1) 

130.25 1m above 
bedrock 

- - 

30+276.5 Pz02P2A PZ �3 Automatic 
(DL1) 

119.1 10m below 
bedrock 

- - 

30+276.5 Pz02P2-B PZ �3 Automatic 
(DL1) 

124.1 5m below 
bedrock 

- - 

30+276.5 Pz02P2-C PZ �2 Automatic 
(DL1) 130.1 

1m above 
bedrock - - 

30+276.5 Pz02P3-A PZ �3 Automatic 
(DL1) 

119.7 10m below 
bedrock 

- - 
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Station  Instrument ID  Type  Status  Readings  For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not 

operational 
(�2)/ Frozen 

(F) 

Manual/  

Elevati on 
(m) 

  
Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

Automatic  
Stratigraphic 

unit  

    

30+276.5 Pz02P3-B PZ �3 Automatic 
(DL1) 124.7 

5m below 
bedrock - - 

30+288.5 T5 TH �3 Automatic 
(DL1) 

- - 16 130/125.5 

30+306.5 Pz08P2 PZ �2(F) Automatic 
(DL1) 

129.65 1m above 
bedrock 

- - 

30+330.5 T6 TH �3 Automatic 
(DL1) 

- - 16 135/115 

30+378.5 Pz03P1A PZ �3 Automatic 
(DL2) 

113.12 10m below 
bedrock 

- - 

30+378.5 Pz03P1B PZ �3 Automatic 
(DL2) 

118.12 5m below 
bedrock 

- - 

30+378.5 Pz03P1C PZ �3 Automatic 
(DL2) 

124.12 1m above 
bedrock 

- - 

30+378.5 Pz03P2A PZ �3 Automatic 
(DL2) 113.1 

10m below 
bedrock - - 

30+378.5 Pz03P2B PZ �3 Automatic 
(DL2) 118.1 

5m below 
bedrock - - 

30+378.5 Pz03P2C PZ �3 Automatic 
(DL2) 124.1 

1m above 
bedrock - - 

30+378.5 Pz03P3A PZ �3 Automatic 
(DL2) 113.58 

10m below 
bedrock - - 

30+378.5 Pz03P3B PZ �3�� Automatic 
(DL2) 118.58 5m below 

bedrock - - 

30+386 T7 TH �3�� Automatic 
(DL2) - - 16 135/115 

30+417.5 T8 TH �3�� Automatic 
(DL2) 

- - 16 135/115 

30+440 Pz09P2 PZ �3�� Automatic 
(DL2) 126.73 1m above 

bedrock - - 

30+453.5 Pz04P1A PZ �3�� Automatic 
(DL2) 116.61 

10m below 
bedrock - - 

30+453.5 Pz04P1B PZ �3 Automatic 
(DL2) 

118.61 5m below 
bedrock 

- - 

30+453.5 Pz04P1C PZ �2(F) Automatic 
(DL2) 

124.61 1m above 
bedrock 

- - 

30+453.5 Pz04P2A PZ �3 Automatic 
(DL2) 

115.13 10m below 
bedrock 

- - 

30+453.5 Pz04P2B PZ �3�� Automatic 
(DL2) 

120.13 5m below 
bedrock 

- - 

30+453.5 Pz04P2C PZ �3�� Automatic 
(DL2) 

126.13 1m above 
bedrock 

- - 

30+453.5 Pz04P3A PZ �3�� Automatic 
(DL2) 

115.25 10m below 
bedrock 

- - 

30+453.5 Pz04P3B PZ �3�� Automatic 
(DL2) 120.25 5m below 

bedrock - - 
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Station  Instrument ID  Type  Status  Readings  For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not 

operational 
(�2)/ Frozen 

(F) 

Manual/  

Elevation 
(m) 

  
Number of 
operational 

beads  

Elevation 
interva l in 

meters 
(top/bottom)  

Automatic  
Stratigraphic 

unit  

    

30+489.5 T9 TH �3�� Automatic 
(DL2) - - 16 135/115 

30+516.5 Pz010P2 PZ �2(F)�� Automatic 
(DL2) 130.26 1m above 

bedrock - - 

30+553.25 T10 TH �3�� Automatic 
(DL2) 

- - 16 135/115 

30+621.5 T11 TH �3�� Automatic 
(DL3) 

- - 16 135/115 

30+645.5 Pz05P1A PZ �2(F)�� Automatic 
(DL3) 

118 10m below 
bedrock 

- - 

30+645.5 Pz05P1B PZ �2(F)�� Automatic 
(DL3) 

123 5m below 
bedrock 

- - 

30+645.5 Pz05P1C PZ �2(F)��
Automatic 

(DL3) 129 
1m above 
bedrock - - 

30+645.5 Pz05P2A PZ �3�� Automatic 
(DL3) 117.85 

10m below 
bedrock - - 

30+645.5 Pz05P2B PZ �3�� Automatic 
(DL3) 122.85 

5m below 
bedrock - - 

30+645.5 Pz05P2C PZ �2(F)��
Automatic 

(DL3) 128.85 
1m above 
bedrock - - 

30+645.5 Pz05P3A PZ �3�� Automatic 
(DL3) 115.15 10m below 

bedrock - - 

30+645.5 Pz05P3B PZ �3�� Automatic 
(DL3) 122.6 5m below 

bedrock - - 

30+650 TH12 TH �3�� Automatic 
(DL3) - - 16 135/115 

30+684.5 Pz11P2 PZ �2(F)�� Automatic 
(DL3) 130.65 1m above 

bedrock - - 

30+713 TH13 TH �3�� Automatic 
(DL3) 

- - 16 135/115 

30+770 Pz12P2 PZ �2(F)�� Automatic 
(DL3) 

132.16 1m above 
bedrock 

- - 

30+804.5 Pz13P2 PZ �2(F)�� Automatic 
(DL3) 

132.05 1m above 
bedrock 

- - 

30+827 TH14 TH �3�� Automatic 
(DL3) 

- - 16 135/115 

31+052 Pz14P2 PZ �2(F)�� Automatic 
(DL4) 

131.06 1m above 
bedrock 

- - 

31+080 TH15 TH �3�� Automatic 
(DL4) 

- - 16 135/115 

31+134.5 TH16 TH �3�� Automatic 
(DL4) 

- - 16 135.08/115.08 
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Station Instrument ID Type Status Readings For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not 

operational 
(�2)/ Frozen 

(F) 

Manual/  

Elevatio
n (m) 

  
Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

Automatic  Stratigraphic 
unit  

    

31+165 Pz23P1A PZ �2(F) 
Automatic 

(DL4) 118.49 
10m below 

bedrock - - 

31+165 Pz23P1B PZ �2(F) 
Automatic 

(DL4) 123.49 
5m below 
bedrock - - 

31+165 Pz23P1C PZ �2(F) 
Automatic 

(DL4) 127.49 
1m above 
bedrock - - 

31+165 Pz23P2A PZ �3 Automatic 
(DL4) 116.91 10m below 

bedrock - - 

31+165 Pz23P2B PZ �3 Automatic 
(DL4) 121.91 5m below 

bedrock - - 

31+165 Pz23P2C PZ �2(F) Automatic 
(DL4) 127.91 1m above 

bedrock - - 

31+165 Pz23P3A PZ �3 Automatic 
(DL4) 116.96 10m below 

bedrock - - 

31+165 Pz23P3B PZ �3�� Automatic 
(DL4) 

121.96 5m below 
bedrock 

- - 

31+170 TH17 TH �3�� Automatic 
(DL4) 

- - 16 135/115 

31+220 Pz15P2 PZ �2(F)�� Automatic 
(DL4) 

130.73 1m above 
bedrock 

- - 

31+352 TH18 TH �3�� Automatic 
(DL4) 

- - 16 135/115 

31+565 Pz16P2 PZ �2(F)��
Automatic 

(DL5) 131.28 
1m above 
bedrock - - 

31+595 TH19 TH �3�� Automatic 
(DL5) - - 16 135/108 

31+600 Pz24P1A1 PZ �3�� Automatic 
(DL5) 111.3 

11m below 
bedrock - - 

31+600 Pz24P1A2 PZ �2(F) Automatic 
(DL5) 116.3 

4m below 
bedrock - - 

31+600 Pz24P1B1 PZ �2(F) Automatic 
(DL5) 121.8 1m above 

bedrock - - 

31+600 Pz24P1B2 PZ �2(F) Automatic 
(DL5) 124.3 4m above 

bedrock - - 

31+600 Pz24P2A1 PZ �3�� Automatic 
(DL5) 110.15 10m below 

bedrock - - 

31+600 Pz24P2A2 PZ �3�� Automatic 
(DL5) 116.15 4m below 

bedrock - - 

31+600 Pz24P2B1 PZ �3�� Automatic 
(DL5) 

120.65 10m above 
bedrock 

- - 

31+600 Pz24P2B2 PZ �3�� Automatic 
(DL5) 

123.15 3m above 
bedrock 

- - 
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Station  Instrument ID  Type  Status  Readings  For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not 

operational 
(�2)/ Frozen 

(F) 

Manual/  

Elevation 
(m) 

  
Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

Automatic  
Stratigraphic 

unit  

    

31+600 Pz24P2C PZ �3�� Automatic 
(DL5) 124.65 4m above 

bedrock - - 

31+600 Pz24P3A1 PZ �3�� Automatic 
(DL5) 110.64 10m below 

bedrock - - 

31+600 Pz24P3A2 PZ �3�� Automatic 
(DL5) 115.64 5m below 

bedrock - - 

31+600 Pz24P3B1 PZ �3�� Automatic 
(DL5) 

121.16 11m above 
bedrock 

- - 

31+600 Pz24P3B2 PZ �2(F)�� Automatic 
(DL5) 

123.00 13m above 
bedrock 

- - 

31+605 TH20 TH �3�� Automatic 
(DL5) 

- - 16 135/115 

31+615 Pz17P2 PZ �2(F)�� Automatic 
(DL5) 

129.4 1m above 
bedrock 

- - 

31+700 Pz18P2 PZ �2(F)��
Automatic 

(DL5) 130.53 
1m above 
bedrock - - 

31+752.5 TH21 TH �3�� Automatic 
(DL6) - - 16 135/115 

31+815 Pz25P1A1 PZ �3�� Automatic 
(DL6) 117.02 

7m below 
bedrock - - 

31+815 Pz25P1A2 PZ �3�� Automatic 
(DL6) 122.02 

2m below 
bedrock - - 

31+815 Pz25P1B1 PZ �2(F) Automatic 
(DL6) 127.52 3m above 

bedrock - - 

31+815 Pz25P1B2 PZ �2(F) Automatic 
(DL6) 129.52 5m above 

bedrock - - 

31+815 Pz25P2A1 PZ �3�� Automatic 
(DL6) 113.82 11m below 

bedrock - - 

31+815 Pz25P2A2 PZ �3�� Automatic 
(DL6) 118.82 6m below 

bedrock - - 

31+815 Pz25P2B1 PZ �3�� Automatic 
(DL6) 

124.32 bedrock - - 

31+815 Pz25P2B2 PZ �3�� Automatic 
(DL6) 

126.32 2m above 
bedrock 

- - 

31+815 Pz25P2C PZ �3�� Automatic 
(DL6) 

127.32 3m above 
bedrock 

- - 

31+815 Pz25P3A1 PZ �3�� Automatic 
(DL6) 

115.1 9m below 
bedrock 

- - 

31+815 Pz25P3A2 PZ �3�� Automatic 
(DL6) 120.1 

4m below 
bedrock - - 

31+815 Pz25P3B1 PZ �3�� Automatic 
(DL6) 123.1 

12m below 
bedrock - - 

31+815 Pz25P3B2 PZ �3�� Automatic 
(DL6) 

125.1 1m above 
bedrock 

- - 
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Station  
Instrument 

ID Type  Status  Readings  For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not 

operational 
(�2)/ Frozen 

(F) 

Manual/  

Elevation 
(m) 

  
Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

Automatic  Stratigraphic 
unit  

    

31+820 TH22 TH �3�� Automatic 
(DL6) - - 16 135/115 

31+842 Pz22P2 PZ �3�� Automatic 
(DL6) 116.8 

2m above 
bedrock - - 

31+850 TH23 TH �3�� Automatic 
(DL6) - - 16 135/108 

31+880 TH24 TH �3�� Automatic 
(DL6) - - 16 135/108 

31+885 Pz26P1A1 PZ �3�� Automatic 
(DL6) 104.44 10m below 

bedrock - - 

31+885 Pz26P1A2 PZ �3�� Automatic 
(DL6) 109.44 5m below 

bedrock - - 

31+885 Pz26P1B1 PZ �3�� Automatic 
(DL6) 114.94 bedrock - - 

31+885 Pz26P1B2 PZ �3�� Automatic 
(DL6) 117.94 3m above 

bedrock - - 

31+885 Pz26P2A1 PZ �3�� Automatic 
(DL6) 

106.77 8m below 
bedrock 

- - 

31+885 Pz26P2A2 PZ �3�� Automatic 
(DL6) 

111.77 3m below 
bedrock 

- - 

31+885 Pz26P2B1 PZ �3�� Automatic 
(DL6) 

117.27 2m above 
bedrock 

- - 

31+885 Pz26P2B2 PZ �3�� Automatic 
(DL6) 

120.27 5m above 
bedrock 

- - 

31+885 Pz26P2C PZ �3�� Automatic 
(DL6) 123.27 

8m above 
bedrock - - 

31+885 Pz26P3A1 PZ �3�� Automatic 
(DL6) 104.74  10m below 

bedrock - - 

31+885 Pz26P3A2 PZ �3�� Automatic 
(DL6) 109.69  5m below 

bedrock - - 

31+885 Pz26P3B1 PZ �3�� Automatic 
(DL6) 

117.46 2m above 
bedrock 

- - 

31+885 Pz26P3B2 PZ �2(F)�� Automatic 
(DL6) 

120.46 5m above 
bedrock  

- - 

31+928 Pz19P2 PZ �3�� Automatic 
(DL7) 

123.22 1m above 
bedrock 

- - 

31+960 TH25 TH �3�� Automatic 
(DL7) 

- - 16 135/115 

31+990 Pz20P2 PZ �3�� Automatic 
(DL7) 

122.44 1m above 
bedrock 

- - 

31+995 TH26 TH �3�� Automatic 
(DL7) 

- - 16 135/115 
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Station  Instrument ID  Type  Status  Readings  For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not 

operational 
(�2)/ Frozen 

(F)  

Manual/  

Elevation 
(m) 

  
Number of 
operational 

beads  

Elevatio n 
interval in 

meters 
(top/bottom)  

Automatic  Stratigraphic 
unit  

    

32+000 Pz27P1A1 PZ �3�� Automatic 
(DL7) 113.25 

8m below 
bedrock - - 

32+000 Pz27P1A2 PZ �3�� Automatic 
(DL7) 118.25 

3m below 
bedrock - - 

32+000 Pz27P1B1 PZ �3�� Automatic 
(DL7) 

123.75 2m above 
bedrock 

- - 

32+000 Pz27P1B2 PZ �3�� Automatic 
(DL7) 

125.75 4m above 
bedrock 

- - 

32+000 Pz27P2A1 PZ �3�� Automatic 
(DL7) 

112.61 9m below 
bedrock 

- - 

32+002 Pz27P2A2 PZ �3�� Automatic 
(DL7) 

117.61 4m below 
bedrock 

- - 

32+000 Pz27P2B1 PZ �2(F)�� Automatic 
(DL7) 

123.11 2m above 
bedrock 

- - 

32+000 Pz27P2B2 PZ �2(F)��
Automatic 

(DL7) 125.11 
4m above 
bedrock - - 

32+000 Pz27P2C PZ �3�� Automatic 
(DL7) 126.61 

5m above 
bedrock - - 

32+000 Pz27P3A1 PZ �3�� Automatic 
(DL7) 111.72 

10m below 
bedrock - - 

32+000 Pz27P3A2 PZ �3�� Automatic 
(DL7) 116.72 

5m below 
bedrock - - 

32+000 Pz27P3B1 PZ �3�� Automatic 
(DL7) 122.22 

1m above 
bedrock - - 

32+000 Pz27P3B2 PZ �2(F)�� Automatic 
(DL7) 

123.22 2m above 
bedrock 

- - 

32+020 Pz21P2 PZ �3�� Automatic 
(DL7) 

121.13 1m above 
bedrock 

- - 

32+030 TH27 TH �3�� Automatic 
(DL7) 

- - 16 135/108 

32+060 TH28 TH �3�� Automatic 
(DL7) - - 16 135/108 

32+065 Pz28P1A1 PZ �3�� Automatic 
(DL7) 102.99 12m below 

bedrock - - 

32+065 Pz28P1B1 PZ �3�� Automatic 
(DL7) 107.99 7m below 

bedrock - - 

32+065 Pz28P1B2 PZ �3�� Automatic 
(DL7) 112.99 2m below 

bedrock - - 

32+065 Pz28P1B3 PZ �3�� Automatic 
(DL7) 115.99 

1m above 
bedrock - - 

32+065 Pz28P2A1 PZ �3�� Automatic 
(DL7) 105.02 

10m below 
bedrock - - 
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Station  Instrument ID  Type  Status  Readings  For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not  

operational 
(�2)/ Frozen 

(F) 

Manual/  

Elevation 
(m) 

  
Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

Automatic  
Stratigraphic 

unit  

    

32+065 Pz28P2B1 PZ �3�� Automatic 
(DL7) 110.02 

5m below 
bedrock - - 

32+065 Pz28P2B2 PZ �3�� Automatic 
(DL7) 

115.02 bedrock - - 

32+065 Pz28P2B3 PZ �3�� Automatic 
(DL7) 118.02 3m above 

bedrock - - 

32+065 Pz28P2C PZ �3�� Automatic 
(DL7) 124.02 

9m above 
bedrock - - 

32+065 Pz28P3A1 PZ �3�� Automatic 
(DL7) 

105.91 10m below 
bedrock 

- - 

32+065 Pz28P3B1 PZ �3�� Automatic 
(DL7) 110.91 5m below 

bedrock - - 

32+065 Pz28P3B2 PZ �3�� Automatic 
(DL7) 115.91 1m above 

bedrock - - 

32+065 Pz28P3B3 PZ �2(F)��
Automatic 

(DL7) 118.91 
4m above 
bedrock - - 

32+100 TH29 TH �3�� Automatic 
(DL7) 

- - 16 135/115 

32+105 Pz29P1A1 PZ �3�� Automatic 
(DL7) 

115.32 10m below 
bedrock 

- - 

32+105 Pz29P1B1 PZ �3�� Automatic 
(DL7) 

120.32 5m below 
bedrock 

- - 

32+105 Pz29P1B2 PZ �2(F)�� Automatic 
(DL7) 

125.32 bedrock - - 

32+105 Pz29P1B3 PZ �2(F)�� Automatic 
(DL7) 127.32 2m above 

bedrock - - 

32+105 Pz29P2A1 PZ �3�� Automatic 
(DL7) 114.99 10m below 

bedrock - - 

32+105 Pz29P2B1 PZ �3�� Automatic 
(DL7) 119.99 5m below 

bedrock - - 

32+105 Pz29P2B2 PZ �3�� Automatic 
(DL7) 124.99 bedrock - - 

32+105 Pz29P2B3 PZ �2(F)�� Automatic 
(DL7) 126.99 2m above 

bedrock - - 

32+105 Pz29P2C PZ �2(F)�� Automatic 
(DL7) 129.99 5m above 

bedrock - - 

32+105 Pz29P3A1 PZ �3�� Automatic 
(DL7) 115.91 9m below 

bedrock - - 

32+105 Pz29P3B1 PZ �3�� Automatic 
(DL7) 120.91 

4m below 
bedrock - - 

32+105 Pz29P3B2 PZ �3�� Automatic 
(DL7) 

125.91 1m above 
bedrock 

- - 

32+105 Pz29P3B3 PZ �2(F)��
Automatic 

(DL7) 127.91 
3m above 
bedrock - - 

32+140 TH30 TH �3�� Automatic 
(DL7) - - 16 135/115 
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Table 2:  Bay Goose (TDR)  
 

Location of 
hole 

DL # Instrument ID Inclination (°) Length (m) 
Casing 

elevation (m) 
Crimps 

31+255 9 TDR-11 60 70 134.4 Every 25 m 
31+153 9 TDR-12 60 180 133.5 Every 25 m 
31+105 9 TDR-14 60 200 133.6 Every 25 m 
31+058 9 TDR-15 60 180 134.3 Every 25 m 
31+035 9 TDR-17 60 206.35 134.9 Every 25 m 
30+937 9 TDR-18 60 180 135.6 Every 25 m 
30+960 9 TDR-20 60 200 136.5 Every 25 m 

 
Table 3: Bay Goose (Inclinometers)  

 

Location Instrument ID 
Operational 

(�3)/Not 
operational (�2) 

Manual/Automatic 
Elevation interval 

in meters 
(top/bottom) 

30+282 BG-IN-30+282 �3 Manual 139.3/124.8 
30+390 BG-IN-30+390 �3 Manual 140.0/119.0 
30+640 BG-IN-30+640 �3 Manual 138.8/124.3 
31+180 BG-IN-31+180 �3 Manual 139.0/124.5 
31+590 BG-IN-31+590 �3 Manual 139.5/115.0 
31+815 BG-IN-31+815 �3 Manual 139.2/119.7 
31+885 BG-IN-31+885 �3 Manual 138.8/113.3 
32+065 BG-IN-32+065 �3 Manual 139.1/116.6 

 
   

Table 4: East Dike (Inclinometers)  

 

  

Location Instrument ID 
Operational 

(�3)/Not 
operational (�2) 

Manual/Automatic 
Elevation interval 

in meters 
(top/bottom) 

60+195 ED-IN-195 �2(Damaged) - - 
60+495 ED-IN-495 �3 Manual 136.6/124.1 
60+705 ED-IN-705 �3 Manual 137.1/126.1 
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Table 5: East Dike  Instruments List  (TH+PZ) 

Station Instrument ID Type Status Readings For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not 

operational 
(�2) /Frozen 

(F) 

 

Elevation 
(m) 

  

Number of 
operational 

beads 

Elevation 
interval in 

meters 
(top/bottom) 

Manual/ 
Automatic 

Stratigraphic 
unit 

    

60+092 TH92 TH �3�� Automatic 
(DL8-SH1) - - 16 136/119 

60+150 Pz150C PZ �2(F)��
Automatic 
(DL8-SH1) 127.35 Interface - - 

60+185 TH185 TH �3�� Automatic 
(DL8-SH1) - - 16 136/119 

60+190 Pz190P1A PZ �3�� Automatic 
(DL8-SH1) 

116.7 Bedrock - - 

60+190 Pz190P1B PZ �3�� Automatic 
(DL8-SH1) 

121.7 Bedrock - - 

60+190 Pz190P1C PZ �3�� Automatic 
(DL8-SH1) 126.7 Interface - - 

60+190 Pz190P2A PZ �3�� Automatic 
(DL8-SH1) 116.34 Bedrock - - 

60+190 Pz190P2B PZ �3�� Automatic 
(DL8-SH1) 121.34 Bedrock - - 

60+190 Pz190P2C PZ �2(F)�� Automatic 
(DL8-SH1) 126.34 Bedrock   

60+190 Pz190P3A PZ �3�� Automatic 
(DL8-SH1) 

116.63 Bedrock - - 

60+190 Pz190P3B PZ �3�� Automatic 
(DL8-SH1) 

121.63 Bedrock - - 

60+200 Pz200C PZ �3�� Automatic 
(DL8-SH1) 127.71 Interface - - 

60+240 Pz240C PZ �3�� Automatic 
(DL8-SH1) 128.71 Interface - - 

60+400 Pz400C PZ �3�� Automatic 
(DL8-SH2) 126.76 Interface - - 

60+420 Pz420C PZ �3�� Automatic 
(DL8-SH2) 125.32 Interface - - 

60+440 Pz440C PZ �3�� Automatic 
(DL8-SH2) 

124.66 Interface - - 

60+450 Pz450C PZ �3�� Automatic 
(DL8-SH2) 

127 Interface - - 

60+460 Pz460C PZ �3�� Automatic 
(DL8-SH2) 125.15 Interface - - 

60+470 Pz470C PZ �2(F)�� Automatic 
(DL8-SH2) 

124.76 Interface - - 
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Station Instrument ID Type Status Readings For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not 

operational 
(�2) 

Manual/ 

Elevation 
(m) 

  
Number of 
operational 

beads 

Elevation 
interval in 

meters 
(top/bottom) 

Automatic Stratigraphic 
unit 

    

60+472 Pz472C PZ �3��
Automatic 

(DL8-
SH2) 

126.87 Interface+1M - - 

60+480 Pz480C PZ �3��
Automatic 

(DL8-
SH2) 

125.44 Interface - - 

60+485 TH485 TH �3��
Automatic 

(DL8-
SH2) 

- - 16 136/119 

60+490 Pz490P1A PZ �3��
Automatic 

(DL8-
SH2) 

114.12 Bedrock - - 

60+490 Pz490P1B PZ �3��
Automatic 

(DL8-
SH2) 

119.12 Bedrock - - 

60+490 Pz490P1C PZ �3��
Automatic 

(DL8-
SH2) 

125.81 Interface - - 

60+490 Pz490P2A PZ �3��
Automatic 

(DL8-
SH2) 

115.07 Bedrock - - 

60+490 Pz490P2B PZ �3��
Automatic 

(DL8-
SH2) 

120.07 Bedrock - - 

60+490 Pz490P2C PZ �3��
Automatic 

(DL8-
SH2) 

126.76 Interface - - 

60+490 Pz490P3A PZ �3��
Automatic 

(DL8-
SH2) 

114.62 Bedrock - - 

60+490 Pz490P3B PZ �3��
Automatic 

(DL8-
SH2) 

119.62 Bedrock - - 

60+500 Pz500C PZ �3��
Automatic 

(DL8-
SH2) 

125.78 Interface - - 

60+510 Pz 510C PZ �3��
Automatic 

(DL8-
SH2) 

126.06 Interface - - 

60+550 Pz 550C PZ �2(F) 
Automatic 

(DL8-
SH2) 

129.85 Interface - - 

60+600 Pz 600C PZ �3��
Automatic 

(DL8-
SH3) 

128.6 Interface - - 

60+650 Pz 650C PZ �2��
Automatic 

(DL8-
SH3) 

128.48 Interface - - 

60+695 TH695 TH �3��
Automatic 

(DL8-
SH3) 

- - 16 136/119 
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Table 6: So uth Camp Dike (TH)  

 

 
Table 7: Vault Dike (TH)  

 
Hole ID Type Status Readings For PZ For TH 

# ID PZ/TH 
Operational 

(�3)/Not 
operational (�2) 

Manual/ 
Automatic 

Elevation 
(m) 

 
Stratigraphic 

unit 
 

Number of 
operational 

beads 

Elevation 
interval in 

meters 
(top/bottom) 

71-2 VD-TH5 TH �3 Manual - - 16 142.50/136.10 
94-2 VD-TH6 TH �3 Manual - - 16 140.50/121.50 
96-1 VD-TH8 TH �3 Manual - - 16 140.50/119.50 
96-2 VD-TH7 TH �3 Manual - - 16 140.50/119.50 

 
Note that some of the marked Not Operational, still work and give temperature readings but 
cannot be used for collecting any good data and could also be frozen.  

 

Station Instrument ID Type Status Readings For PZ For TH  

# ID PZ/TH 

Operational 
(�3)/Not 

operational 
(�2) 

Manual/ 

Elevation 
(m) 

  
Number of 
operational 

beads 

Elevation 
interval in 

meters 
(top/bottom) 

Automatic 
Stratigraphic 

unit 

    

60+700 Pz700P2A PZ �3��
Automatic 

(DL8-
SH3) 

118.08 Bedrock - - 

60+700 Pz700P2B PZ �3��
Automatic 

(DL8-
SH3) 

123.08 Bedrock - - 

60+700 Pz700P2C PZ �3��
Automatic 

(DL8-
SH3) 

129.77 Interface - - 

60+700 Pz700P3A PZ �3��
Automatic 

(DL8-
SH3) 

117.93 Bedrock - - 

60+700 Pz700P3B PZ �3��
Automatic 

(DL8-
SH3) 

122.93 Bedrock - - 

60+750 Pz750C PZ �2(F)��
Automatic 

(DL8-
SH3) 

128.16 Interface - - 

60+842 TH842 TH �3��
Automatic 

(DL8-
SH3) 

- - 16 136/119 

Hole ID Type Status Readings For PZ For TH 

# ID PZ/TH 
Operational 

(�3)/Not 
operational (�2) 

Manual/ 
Automatic 

Elevation 
(m) 

 
Stratigraphic 

unit 
 

Number of 
operational 

beads 

Elevation 
interval in 

meters 
(top/bottom) 

38-3 SC-09-A TH �3 Manual - - 16 133.03/110.03 
38-5 SC-10 TH �3 Manual - - 16 132.40/109.40 
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II 

EXECUTIVE SUMMARY 

This Incinerator Waste Management Plan (IWMP) describes the performance limits, waste management 
protocols, operation, monitoring and record keeping requirements for the incinerator and waste oil burning 
furnaces as well as the operations and management requirements of the composter. This updated IWMP is 
a component of the Meadowbank Environmental Management System. This IWMP will be maintained by 
Agnico Eagle to reflect the current operations at the Meadowbank Gold Project, permit requirements and 
regulatory setting. The IWMP will be reviewed on a regular basis and revised by Agnico Eagle when 
necessary to ensure that the project staff, operators and regulatory bodies are kept aware of any changes 
to project operations. Any changes in operation/procedures are communicated to all applicable 
Meadowbank Departments. 

The main objective of waste management relating to the primary incinerator, waste oil furnaces, and 
composter is to minimize the amount of solid waste to be incinerated by implementing an effective waste 
segregation, composting, and reuse (in the case of waste oil) program to ensure that only appropriate types 
of waste are incinerated. The primary objective of incineration is to reduce the volume of burnable waste to 
manage the day to day waste generated on-site. The composting of organic waste generated at the 
Meadowbank camp provides an alternative to incineration that is expected to reduce overall emissions. 
On-site composting reduces greenhouse gas emissions and atmospheric pollutants related to the 
incineration of wastes. The primary incinerator is a dual chamber, high-temperature incinerator and is used 
to dispose of solid waste from the accommodation camp, kitchen, shops, and offices that cannot be 
composted or landfilled.  The materials to be incinerated will be limited to wood and food packaging. 
In addition, a number of small waste oil burning furnaces will be utilized to recycle used petroleum products 
such as heavy lubricants and engine oil.  Ash produced from the incineration process will be disposed of in 
the on-site landfills provided it meets criteria as stated in Industrial Waste Discharges into Municipal Solid 
Waste and Sewage Treatment Facilities (GN, 2011). A protocol is implemented for testing incinerator ash 
and contingent measures for alternate disposal of ash if quality is unsuitable for landfilling. 

The incinerator at Meadowbank is manufactured by Eco Waste Solutions. The incinerator is designed to 
ensure the emissions meet Canadian Council of Ministers of the Environment (CCME) Canada-wide 
Standards for Dioxin and Furans (CCME, 2000a) and the CCME Canada-wide Standards for Mercury 
Emissions (CCME, 2000b). In addition to the incinerator technology, the implementation of a waste 
management and segregation plan will further limit emissions of dioxins and furans from the incinerator.  
Compliance with the performance limits is confirmed by stack testing conducted once every two years 
(providing that the waste stream has not changed). Should an exceedance of the CCME Standards occur, 
Agnico Eagle will change the frequency of stack testing to once per year for five years then return to biannual 
testing following ECCC approval.  An investigation related to the cause of the exceedance (thoroughly check 
the waste stream). 

To demonstrate compliance with performance limits, an annual incineration management report will be 
prepared and submitted to the NWB (as part of the water license annual report), Government of Nunavut 
(GN), Environment and Climate Change Canada (ECCC), and NIRB.  The quantity of materials incinerated 
on site during operations and a record of performance temperatures together with results from stack testing 
and ash monitoring, will be included within the annual report.  Quantity and performance information for the 
composter will also be included in the annual report.  
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III 

IMPLEMENTATION SCHEDULE  

As required by Water License 2AM-MEA1526, Part B, Item 11, the proposed implementation schedule for 
this Plan is outlined below. 
 
This Plan will be implemented immediately (October 2018) subject to any modifications proposed by the 
NWB as a result of the review and approval process.  This document will supersede the Incinerator Waste 
Management Plan Version 7 �± 2017. 
 

DISTRIBUTION LIST 
 

Agnico Eagle �± General Mine Manager 

 
Agnico Eagle �± Environment Superintendent 

 
Agnico Eagle �± Environmental Coordinator 
 
Agnico Eagle �± Environmental Technician 
 
Agnico Eagle �± Site Services Superintendent 
 
Agnico Eagle �± Field Services Supervisor 
 
Agnico Eagle �± Incinerator Operator 
 
Agnico Eagle �± Composter Operator 
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DOCUMENT CONTROL 
 

Version  Date (YMD) Section  Page Revision  

1 08/10/08 

3 & 6 5 & 13 Revised to consider best management practices for ash 

App 1 
 

Technical specifications for primary incinerator included 

2 09/05/12 1; 3.3; 4.1 1; 7; 8 Revised to include regulatory comments 

3 12/11/16   2012 Comprehensive Review 

4 12/11/16 

ES; 3.1, 6.1 II, 5, 13 Stack testing will be completed biennially 

5.5 12 Adjusted quantities for mass reduction 

APP III  Include Procedure for Loading Incinerator 

5 14/07/21 All All 2014 Comprehensive Review 

6 16/03/31 All All 2016 Comprehensive Review 

7 17/03/31 3.1 5 
Add details regarding the stack testing frequency following an 
exceedance 

8 18/10/2 

1.1 
1.2 
2 

5.1 
5.2 

5.4.1 
Figure 5-1 

APP III 

1 
2 
3 
9 
9 
11 
12 

Added composter activities 
Added composter location 
Referred to Appendix III for regulatory framework for composter 
Updated section to reflect changes due to addition of composter 
Updated section to reflect changes due to addition of composter 
Adjusted to reflect changes due to addition of composter 
Adjusted to reflect changes due to addition of composter 
Composter Management Plan added. 

 

 

 

Approved by:  

 Nancy Duquet Harvey 

 Superintendent - Environment 
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SECTION 1. INTRODUCTION 

1.1 PROJECT OVERVIEW 

This Incinerator Waste Management Plan (IWMP) describes the performance limits, waste management 
plans, operation, monitoring and record keeping requirements for the primary incinerator, on-site waste oil 
burning furnaces, and composter. The body of this IWMP focuses on the operations and requirements of 
the Incinerator; information specific to the operations and management of the composter has been provided 
in Appendix III.  
 
This update to the 2017 Incinerator Waste Management Plan (Version 7) is a component of the Meadowbank 
Environmental Management System.  The objectives of this Plan are summarized as follows: 

 
1. To define the operating procedures to be used in the incineration of appropriate non-hazardous solid 

waste generated at the Meadowbank Mine; 
2. To define acceptable/non-acceptable types of solid waste to be placed in the Meadowbank 

incinerator; and 
3. To define operating and monitoring requirements for the incinerator and waste oil burning furnaces. 

 
Agnico Eagle will be responsible for managing and implementing this IWMP. 

 
The primary incinerator is required for the disposal of solid waste from the accommodation camp, kitchen, 
shops, and offices that cannot be landfilled at the Meadowbank Gold Project Site and for the disposal of 
material that cannot be composted. The incineration and composting of waste will function such that no 
waste that could attract wildlife and/or create leachate (putrescible materials) is disposed of at the on-site 
landfill. The materials to be incinerated will be limited to wood and food packaging but may include 
compostable materials should issues with the composter arise due to maintenance or processing issues. 
The materials to be composted include putrescible waste, such as organic matter, including food, paper, 
and cardboard. A number of small waste oil burning furnaces, to provide space heating, will be utilized in 
order to recycle used petroleum products such as heavy lubricants and engine oil.  The waste oil burning 
furnaces have been included within this IWMP. 
 

Ash produced from the incineration process is disposed of within the on-site landfill according to the GN 
Environmental Guideline for Industrial Waste Discharges (GN, 2011). The incinerator ash will be tested to 
confirm its suitability for landfill disposal (Section 3.3 and 6.3). If monitoring indicates the ash is not suitable 
for landfilling, it will be buried within the Tailings Storage Facility (TSF).  Materials buried within the TSF are 
expected to freeze over a period of time, resulting in permafrost encapsulation (Golder, 2014). 

 

The product from the composter will initially be disposed in the on-site landfill, and in future its suitability for 
beneficial re-use may be considered. 

 
The camp is currently accommodating ~520 persons on any given day during operations, and the expected 
life of operation of the incinerator is until 2020 (Golder, 2014). 
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1.2 LOCATION 

The primary incinerator is located away from the plant site and accommodations complex, adjacent to the 
fuel storage facility. The composter is located in the same building as the incinerator. Thirteen waste oil 
burning furnaces were installed on site at the cat dome, SS coverall and, blue coverall to provide space 
heating (see Figure 1-1). One waste oil burner is also located in the incinerator. 
 
Figure 1-1 Incinerator , Waste Oil Furnaces , and Composter Lo cation  
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SECTION 2. REGULATORY CONTEXT 

The following section outlines the regulatory context related to solid waste incinerators and waste oil 
furnaces and discusses how the regulations apply to the incinerator and waste oil furnaces at the 
Meadowbank site. Information pertaining to the composter is provided in Appendix III.  

 
Performance parameters for the incinerator at Meadowbank will be in accordance with the emission 
guidelines set out by the Canadian Council of Ministers of the Environment (CCME) Canada-wide Standards 
for Dioxins and Furans (CCME, 2000a) and the CCME Canada-wide Standards for Mercury Emissions 
(CCME, 2000b).  

 
Best management practices regarding the management of used oil and waste fuel are provided in the 
Environmental Guideline for Used Oil and Waste Fuel (GN, 2012). Agnico Eagle will ensure used oil is 
managed and controlled according to these guidelines.  
 
Ash produced from the incineration and waste oil burning process will be disposed of according to the 
Nunavut Environmental Guideline for Industrial Waste Discharges (GN, 2011). 

2.1 BACKGRO UND INFORMATION 

2.1.1 Dioxins and Furans  

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs), commonly known 
as dioxins and furans, are toxic, persistent, bioaccumulative, and result predominantly from human activity.  
Due to the extraordinary environmental persistence and capacity to accumulate in biological tissues, dioxins 
and furans are slated for virtual elimination under the CEPA, the federal Toxic Substances Management 
Policy (TSMP) and the CCME Policy for the Management of Toxic Substances (CCME, 2000a). 

2.1.2 Mercury  

Mercury is a naturally occurring substance, which is transformed through biological processes to methyl 
mercury, a persistent substance which bioaccumulates in the food chain and is particularly toxic to humans 
and wildlife. Mercury levels originate from a combination of naturally-occurring mercury and 
anthropogenically emitted mercury. Under a variety of regional, national, bi-national and internal programs, 
treaties and agreements, mercury is being targeted for emissions reductions consistent with the CCME 
Policy for the Management of Toxic Substances, which identifies that mercury shall be managed through its 
lifecycle to minimize release (CCME, 2000b). 

2.1.3 Used Oil and Waste Fuel  

According to GN Environmental Guideline for Used Oil and Waste Fuel (GN, 2011�����µ�X�V�H�G���R�L�O�¶���P�H�D�Q�V��engine, 
turbine and gear lubricating oil, hydraulic and transmission fluid and insulating coolant (i.e. transformer fluid) 
that is unsuitable for its intended purpose due to the presence of impurities or the loss of original properties, 
but does not include waste oil derived from animal or vegetable fat or a petroleum product spilled on land or 
water. �µ�:�D�V�W�H�� �I�X�H�O�¶�� �P�H�D�Q�V�� �D�� �I�O�D�P�P�D�E�O�H�� �R�U�� �F�R�P�E�X�V�W�L�E�O�H�� �S�H�W�U�R�O�H�X�P�� �K�\�G�U�R�F�D�U�E�R�Q���� �W�K�D�W�� �L�V�� �X�Q�V�X�L�W�D�E�O�H�� �I�R�U�� �L�W�V��
intended purpose due to the presence of impurities or the loss of original properties, and includes gasoline, 
diesel and fuel oil, aviation fuel, kerosene, naphtha, but does not include paint, solvent or propane. 
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SECTION 3. PERFORMANCE LIMITS  

3.1 PRIMARY INCINERATOR 

Agnico Eagle selected a Primary Camp Waste Incinerator (model no, ECO 1.75TN 1P MS 60L) from 
Eco Waste Solutions, which is designed to comply with the regulations in Table 3-1, where the maximum 
emissions are expressed as a concentration in the exhaust gas exiting the stack of the facility. 
The specifications of the incinerator are available in Appendix I. In addition to incinerator technology, the 
implementation of the waste management plan is designed to limit emissions of dioxins and furans from the 
incinerator. 
 
Table 3-1 Emission Standards  for  Solid Waste Incinerator s 

Emissions  Sector  Units  Guideline  
Maximum  

Reference guideline  

Dioxins and Furans Municipal Waste pg I-TEQ/m3 80 CCME, CWS 2000a 

Dioxins and Furans Sewage Sludge Incineration pg I-TEQ/m3 80 CCME, CWS, 2000a 

Mercury Municipal Waste µg/R m3 20 CCME, CWS, 2000b 

Mercury Sewage Sludge Incineration µg/R m3 70 CCME, CWS, 2000b 

Notes: Stack concentrations are corrected for 11% oxygen 

 
At Meadowbank, the primary incinerator may be subject to either Municipal or Sewage Sludge standards 
based upon the total amount of waste type incinerated (>50% as one type) or upon the territorial designation 
�R�I���I�D�F�L�O�L�W�\���W�\�S�H�������$�F�F�R�U�G�L�Q�J���W�R���W�K�H���&�D�Q�D�G�D���:�L�G�H���6�W�D�Q�G�D�U�G�V���³�P�X�Q�L�F�L�S�D�O���V�R�O�L�G���Z�D�V�W�H�¶���L�Q�F�O�X�G�H�V���D�Q�\���Z�D�V�W�H���W�K�D�W��
might be disposed of in a non-secure landfill site if not incinerated (i.e., non-hazardous wastes regardless of 
�R�U�L�J�L�Q�������E�X�W���G�R�H�V���Q�R�W���L�Q�F�O�X�G�H���³�F�O�H�D�Q�´���Z�R�R�G���Z�D�V�W�H�� 

 
Compliance to these performance limits will be confirmed by stack testing performed by an external 
contractor once every two years. Should the performance limits above be exceeded then an investigation 
will be undertaken to determine the cause of the exceedance. In most cases exceedances will be related to 
improper waste being fed into the incinerator. Following the exceedance, Agnico Eagle will conduct annual 
stack testing until five has been accumulated with all results reported below the Level of Quantification 
(emission standard), then stack testing frequency may be revised to a biennial.  The return to biennial testing 
will be done following approval from ECCC. 

3.2 USED OIL 

Agnico Eagle manages used oil and waste fuel according to the GN Environmental Guideline for Used Oil 
and Waste Fuel (GN, 2012). 

 
Table 3-2 summarizes some main points of the guideline that pertain to waste oil generated on site, as per 
the Environmental Guideline for Used Oil and Waste Fuel (GN, 2012). 
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Table 3-2: Summary of  Used Oil and Waste  Fuel Guideline  

�$�V���S�H�U���µ�8�V�H�G���2�L�O���D�Q�G���:�D�V�W�H���)�X�H�O���0�D�Q�D�J�H�P�H�Q�W���5�H�J�X�O�D�W�L�R�Q�V�¶ 

Disposal  Waste oil/Waste fuel will not be disposed of directly into the environment 

Storage  

Storage is not acceptable for the long-term management of these wastes except under 
extraordinary circumstances and should be considered as a temporary measure only.  

Store used oil and waste fuel in its original container or another container certified by the 
Canadian Standards Association for this purpose.  
 
Containers should be located so as to enable their physical inspection for damage or leakage 
and should be protected from the sun, weather and physical damage. 
 
Waste oil/Waste fuel will be stored as per the Hazardous Materials Management Plan  
(Version 3, October 2013) 

Sampling and  Analy sis  

Waste oil will be tested for: 
 
Flash point  
 
Existence and amount of each impurity Listed in Table 3 -3 

Burning  

Open burning used oil and waste fuel should be avoided. 

 

Used oil and waste fuel appliances should not be operated on property that is zoned 
residential. 
 
Waste Oil that exceeds guidelines will not be burned. 

Records  

The following is recorded in association with the incineration of used oil: 

Volume of Used oil generated  

Volume of used oil incinerated/consumed  
 
Name and Address of person in cha rge, management or control of the used oil  
 
A summary of maintenance performed on incinerator or processing equipment  
 
The destination of the used oil products shipped from the facility  (if any)  

 

Table 3-3 summarizes the maximum level of contaminants in used oil that can be used as fuel for the 
incinerator or consumed by the waste oil burning furnaces as stipulated within the GN Environmental 
Guideline for Used Oil and Waste Fuel (GN, 2012).  Under the regulations blending of used oil that exceeds 
one of more of the criteria listed in Table 3-3 is not allowed. 
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Table 3-3: Used Oil Impurity Limit  

Impurity  Units  Maximum Level Allowed  
in  Used Oil  

Cadmium ppm 2 

Chromium ppm 10 

Lead ppm 100 

Total Organic Halogens (as chlorine) ppm 1000 

Polychlorinated biphenyls ppm 2 

3.3 INCINERATOR ASH 

Ash resulting from the incineration of solid waste is disposed of in the landfill and tested for metals according 
to the GN Environmental Guideline for Industrial Waste Discharges (GN, 2011).  Ash that does not meet 
these guidelines will be buried within the Tailings Storage Facility (TSF).  Table 3-4 summarizes the 
guidelines for metals parameters based on leachate test results. 

 
Table 3-4: Guidelines for  Solid Waste/Process Residuals Suitable for Landfill  

Parameter  Concentration maximum (mg/L)  

Arsenic 2.5 

Barium 100 

Cadmium 0.5 

Chromium 5 

Lead 5 

Mercury 0.1 

Selenium 1 

Silver 5 

Zinc 500 

NOTE: Standards based on leachate test results 
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SECTION 4. INCINERATOR OPERATION 

4.1 PRIMARY INCINERATION 

The controlled-air batch (dual chamber) incinerator used at Meadowbank is based on the principals of 
pyrolysis (starved-air burning condition) and complete oxidation (high temperature, excess oxygen and 
sufficient time).  The incineration system is a two-stage process.  In the first stage, waste is converted to 
gas in the primary chamber at approximately 650 to 850oC.  At this temperature any potentially infectious 
material is destroyed.  This process is self-fueling until the volume is reduced by 90%.  Gases from the 
primary chamber enter the secondary chamber of oxygen rich and turbulent conditions, which is typically at 
a higher temperature �± around 1000oC.  Combustion is complete after a minimum retention time.  A used oil 
burner is used in the secondary chamber to reduce the quantity of fuel needed for the operation of the 
incinerator. 

 
Critical process parameters and process control data as per the incinerator operation specifications such as 
temperature, combustion air flow and burner output are computer controlled to maintain optimal combustion 
conditions. These parameters are recorded daily, and the records are kept for at least 2 years. 

 
For an incinerator capacity suitable for the predicted volumes of waste to be generated at the Meadowbank 
site the total particulate matter (PM) generated is extremely low (confirmed through stack testing).  
Therefore, dust collection technologies such as bag house filters are not being employed, and no fly ash is 
generated.  Ash residual from the incinerator is generated and is removed daily. 

4.1.1 Emissions  

The Eco Waste Solutions Incinerator used by Agnico Eagle is designed to meet performance limits described 
in Section 3.1. The Primary incinerator has been designed by Eco Waste Solutions using good engineering 
practice to ensure required dispersion of gases to meet applicable air quality standards/objectives. 

 
The incinerator stack design incorporates appropriate sampling ports (with caps where necessary) at 
appropriate locations to allow for stack testing to be undertaken during incinerator operation. 

4.1.2 Dust/ Odour  Control Measures  

Modern incinerators are commonly designed such that the non-turbulent atmosphere in the primary burn 
chamber reduces the formation of particulate matter.  Therefore, the need for additional dust and /or odour 
control measures is not required. 

4.1.3 Staffing and Equipment  

The computerized incinerator requires one person to operate and monitor the equipment for approximately 
1 to 1.5 hours per day (for ash removal, loading and start-up).  Operators are not required to be in attendance 
during the rest of the operation, as it is a fully automated process.  This incinerator is designed so that the 
operators are not exposed to high temperatures during loading or ash removal due to complete cool down 
after the burn cycle.  Also, the waste is not allowed to combust until the chamber is sealed thus isolating the 
worker from smoke and high temperatures.  The operating procedure for the incinerator loading can be 
found in Appendix II. 
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4.1.4 Operator Training  

Operator training was initially provided by an experienced technician from the incinerator supplier/manufacturer 
(Eco Waste Solutions).  Training for operation of the incinerator is now given by the supervisor in charge of 
the incinerator. 

4.2 USED OIL INCINERATOR AND FURNACES 

Used oil is used as auxiliary fuel at the secondary chamber at the incinerator.  This used oil burner at the 
incinerator has the capacity to handle approximately 200,000 litres of used oil per year.  This used oil burner 
will reduce the amount of fuel used in the incinerator. 

 
Thirteen (13) waste oil furnaces were installed in the existing blue coverall, cat dome and site services 
coverall to provide space heating. One waste oil burner is also located at the incinerator. These waste oil 
furnaces/burners have an aggregate capacity to handle approximately 410,000 litres of waste oil per year, 
however more may be put in service to expand the waste reduction program and minimize the shipment of 
this material south each year. The source of the waste oil will be from oil changes on the mining equipment 
and light vehicles as well as oil changes on mechanical gearboxes within the mill. The waste oil is filtered 
on-site prior to use as a fuel source.   
 
In accordance with the Interim Closure and Reclamation Plan (Golder, 2014), salvageable buildings and 
surface structures, including the primary incinerator and used oil furnace, will be dismantled and demobilized 
from the site.  No structural material will be incinerated during the closure phase of the mine. 
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SECTION 5. WASTE MANAGEMENT  

The amount of waste will be reduced through purchasing policies that focus on reduced packaging and 
on-site diversion and segregation programs.  At Meadowbank the main objective of the waste management 
plan relating to incineration is to minimize the amount of solid waste to be incinerated by following an 
effective waste segregation and reduction program to ensure that only appropriate types of waste are 
incinerated. 

 
Figure 2 provides a schematic diagram for the management of solid waste and used oil produced on site. 

5.1 APPROACH 

A waste segregation and reduction program is implemented at the site (i.e., the separation of food and 
non-food waste items suitable for storage and subsequent transport and disposal, composting, or recycling).  
This will allow materials that are unsuitable for incineration to be either landfilled on site or hauled offsite to 
a licensed disposal/recycling facility.  The waste segregation program will also document the quantities and 
types of materials that are incinerated.  In addition, Agnico Eagle is now incorporating a waste reduction 
strategy for materials that originally were being incinerated.  For example, styrofoam coffee cups and plastic 
lids were eliminated from general site use in 2012 and replaced with stainless steel mugs and re-washable 
plastic cups. Other materials will be considered during the life of mine for elimination from the incinerator 
waste stream. 

5.2 ACCEPTABLE WASTE FOR INCINERATION /WASTE OIL FURNACES  

Acceptable wastes for incineration, in the primary incinerator as per the operational instructions, include the 
following: 

 
�x Wood;  

�x Food containers and wrappings including plastics that are contaminated by food; 

�x Food waste (divert to composter); 

�x Paper and cardboard (divert to composter); and 

�x Dead animals - small size only (divert to composter); 

 
Acceptable wastes for incineration in the used oil furnaces include the following: 

 
�x Waste oils; and 

�x Flammable or combustible petroleum hydrocarbons unsuitable for its purpose due to the presence 
or contaminants or loss of original properties (such as gasoline, diesel fuel, aviation fuel, kerosene, 
naphtha or fuel oil). 

  



10 

 Incinerator Waste Management Plan 
Version 8, October 2018 

 

 

5.3 UNACCEPTABLE WASTE FOR INCINERATION  

Materials that are not listed above are unacceptable for incineration.  These materials include, but are not 
limited to: 

 

�x Uncontaminated plastics, including chlorinated plastics; 

�x Inert materials such as concrete, bricks, ceramics, ash; 

�x Bulky materials such as machinery parts or large metal goods such as appliances (shipped south 
and recycled in an accredited facility); 

�x Radioactive materials such as smoke detectors; 

�x Potentially explosive materials such as propane tanks, other pressurized vessels, unused or 
ineffective explosives; 

�x Other hazardous materials such as organic chemicals (PCBs, pesticides), other toxics (arsenic, 
cyanide); 

�x Electronics (shipped south and recycled in an accredited facility); 

�x Batteries (shipped south and recycled in an accredited facility); 

�x Asbestos; 

�x Dry wall; 

�x Vehicles and machinery (shipped south and recycled in an accredited facility); 

�x Fluorescent light bulbs; 

�x Whole tires; and 

�x Any materials containing mercury. 

 
Unacceptable wastes for incineration in the used oil furnace include the following: 

 
�x Used oil that exceeds the Maximum Impurity Limits for parameters listed in Table 3.3; 

�x Waste oil with a flash point of less than 37.7 deg C; 

�x Paint; 

�x Solvents; and 

�x Propane. 
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5.4 WASTE VOLUMES 

5.4.1 Solid Waste  

The quantity of waste being incinerated is averaging 1,750 kg per day during operations with a camp size of 
~520 persons during operations. This amount will decrease following the use of the composter. 

5.4.2 Used Oil  

The quantity of used oil generated from the servicing of machinery and generators is estimated at 
approximately 400,000 litres per year (Meadowbank Gold Project �± 2015 Annual report). 

5.4.3 Incineration Ash  

The quantity of ash from the incinerator is approximately 240 tonnes/year, assuming that the incineration 
process results in a 63% reduction in mass. Assuming the ash has a total density of 1.2 tonnes /m3, then a 
volume of approximately 200 m3 /year of ash will require disposal. Incinerator ash will be disposed of in the 
on-site approved landfill.   

5.5 WASTE INCINERATION RATE  

The incinerator has an approximate incineration capacity of 1,750 kg / h based on a 10 hour burn cycle.  
If this cannot be achieved the primary chamber can be used as storage. According to the Eco Waste 
Solution, the type of waste that is used will never exceed the weight limit.  To ensure maximum efficiency, 3 
quarters of the chamber has to be filled to ensure that the gas outlet of the primary chamber is never blocked. 

The system has a sizable front door for easy access to manually load feed waste into the unit with a front-
end loader.  Dry waste (wood) and wet waste (food containers) will be layered to ensure proper combustion 
and maximum efficiency according to the incinerator operational instructions. 

The batch cycle for the Primary Chamber typically lasts approximately 10 hours for the burn cycle and is 
followed by a cool down of approximately 6 hours.  The Secondary Chamber operates with a retention time 
of approximately 2 seconds. 
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Figure 5-1: Process Flow Chart for Waste Incineration  and Compost  
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SECTION 6. MONITORING AND TESTING 

The following presents the monitoring and testing plan for the incinerator. 

6.1 INCINERATOR EMISSIONS TESTING 

The incinerator stack incorporates appropriate sampling ports at appropriate locations, in right angle 
configuration, to allow for stack testing to be undertaken during incinerator operation.  Table 6-1 summarizes 
the frequency of testing that is completed. 

 
Table 6-1: Summary of  Incinerator Emissions Testing  

 Frequency  Number of Test s Required  Relevant Guideline  

Furans and Dioxins Biennial 3 CCME, CWS 2000a 

Mercury Biennial 3 CCME, CWS 2000b 

6.2 WASTE OIL TESTING 

No sampling frequency for waste oil is specified in the GN Environmental Guideline for Used Oil and Waste 
Fuel (2012). To ensure compliance with the Guideline parameters, Agnico Eagle will sample the waste oil 
feedstock twice a year. Waste oil that does not meet the regulation impurity limits is drummed and shipped 
off site as hazmat to a re-refining facility or licensed disposal facility.  Agnico Eagle may increase the testing 
frequency of the waste oil if any exceedance to GN Environmental Guideline for Used Oil and Waste Fuel 
(GN, 2012). (Section 3.2 above) 

6.3 ASH TESTING 

The purpose of sampling ash is to determine its acceptability for disposal in the landfill, pursuant to the GN 
Environmental Guidelines for Industrial Discharge (2011). No sampling frequency is specified in this 
guideline. To ensure compliance with the Guideline parameters, ash will be sampled twice a year by Agnico 
Eagle. Should an exceedance be measured, an investigation will be undertaken to identify the cause and 
eliminate the source for this exceedance.  Agnico Eagle may increase the testing frequency of the ash 
following an exceedance.  Ash with metals concentrations exceeding the GN Guidelines will be buried within 
the Tailings Storage Facility (TSF); materials buried within the TSF are expected to freeze over a period of 
time, resulting in permafrost encapsulation (Golder, 2014). If deemed necessary, the ash will be packaged 
in drums and sent to a licensed hazardous waste disposal facility in the south. 
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SECTION 7. MAINTENANCE 

Maintenance of the incinerator is scheduled annually. This maintenance is performed to evaluate the 
insulation and structural integrality of the incinerator.  This is done to ensure the incinerator is functioning at 
its optimal standard. 

When maintenance is performed, four small single chambered incinerators are used to incinerate the waste 
that would normally be disposed in the Eco Waste main unit, to prevent a back log of putrescible waste 
which would attract wildlife. 
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SECTION 8. REPORTING  

In order to demonstrate compliance with performance limits, an annual incineration management report will 
be submitted as an Appendix in the Meadowbank Gold Projects Annual Report to the NWB, Government of 
Nunavut (GN), Environment and Climate Change Canada (ECCC), and NIRB.  The quantity and type of 
materials incinerated on site during operations, together with results from stack emission testing, waste oil 
testing and ash monitoring, are to be included within the annual report. 

8.1 NATIONAL POLLUTANT RELEASE INVENTORY  

The National Pollutant Release Inventory (NPRI) is a Canadian database containing information on the 
annual on-site release of specific substances to the air, water and land from industrial and institutional 
sources (EC, 2007).  The NPRI provides a list of tracked substances and requirements for reporting 
incinerator emissions.  Table 8-1 lists the substances under the NPRI that Meadowbank is required to report 
annually.  In addition, there are certain substances as indicated in Table 8-1 that may require reporting 
depending on the quantity of incinerator emissions.  Whether or not reporting is necessary will depend on 
results of the periodic stack emission testing data and the quantity of annual emissions calculated with 
emission factors. 
 
Table 8-1: NPRI Incineration Reportable Substance List  

Substance Name  Notes  

Hexachlorobenzene 
Required to Report 

Dioxins and Furans 

Carbon Monoxide 

Required to Report if released to air from facility in a quantity of 
20 tonnes or more per annum 

Oxides of nitrogen 

Sulphur dioxide 

Total Particulate matter with diameter <100 microns 

Particulate matter with diameter less than or equal to 
10 microns (PM10) 

Required to Report if released to air from facility in a quantity of 
0.5 tonnes or more per annum 

Particulate matter with diameter less than or equal to 
2.5 microns (PM2.5) 

Required to Report if released to air from facility in a quantity of 
0.3 tonnes or more per annum 

8.2 GREENHOUSE GAS EMISSIONS  

Agnico Eagle �L�V���F�R�P�P�L�W�W�H�G���W�R���U�H�S�R�U�W�L�Q�J���J�U�H�H�Q�K�R�X�V�H���J�D�V���H�P�L�V�V�L�R�Q�V�����*�+�*�����L�Q���V�X�S�S�R�U�W���R�I���&�D�Q�D�G�D�¶�V���9�R�O�X�Q�W�D�U�\��
Challenge Registry; currently termed the Canadian GHG Challenge Registry.  Agnico Eagle has developed 
a baseline and monitoring system for GHG to evaluate and report on progress in improving efficiency and 
reductions in GHG. 
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SECTION 9. PLAN REVIEW AND CONTINUAL IMPROVEMENT  

This IWMP will be maintained by Agnico Eagle to reflect the current operations at the Meadowbank Gold 
Project, permit requirements and regulatory setting.  The plan will be reviewed on a regular basis and revised 
when necessary to ensure that the project staff, operators and regulatory bodies are kept aware of any 
changes to operational procedures. 

The latest IWMP will be made available at all times by Agnico Eagle for review by the NWB, Government of 
Nunavut, and Environment Canada. 
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 Burner Efficiency: High 

Internal Volume of Primary Chamber: 2.43(l) x 2.43(w) x 2.29(h) m 

Internal Volume of Secondary Chamber: 1.83 (dia) x 5.49(l) m 

Destruction efficiency 95% DRE 

Tested Emission results (rates) - See Section 1 (Emissions) 

Stack internal diameter (mm) 965mm 

Height of Stack (m) 7.62m 

Stack materials of construction Refractory Lined - Mild Steel (44W HSLA) 

Spark Arrester length (mm) 1092mm 

Spark Arrester open area (m2) 0.425m2
 

Burner System Primary Burner - Riello RL28/2 

 Secondary Burner - Qty(2) Riello RL100/M 

 Liquid Waste Burner - Eco Waste Solution Liquid Waste Oxidizer 

Valve Train N/A - Integrated in Burners 

Charging System N/A - Batch System 

Charging opening size 1.78m (w) x 1.43m(h) 

Charging Chute size N/A - no chute 

Ash Removal System N/A - Manual 

Expected ash production per cycle (kg) 

Maximum Capacity of ash removal system 

200kg (estimated) 

N/A 

2. Materials  of  Construction  
 External Casing Mild Steel (44W HSLA) 

 Spark Arrester Stainless  Steel (SS 304) 

 Insulation in Primary Chamber Walls - Ceramic Fibre Blocks (152mm (6") Thick) 

  Floor, Door Sills & Breech entrance - Castble (101 - 152mm (4-6") Thick) 

 Insulation in Secondary Chamber Walls - Ceramic Fibre Blocks (152mm (6") Thick) 

  Breech exit & Stack Entrance - Castable - (76 -152mm (3-6") Thick) 

 Insulation in Stack (materials and thickness) Insulating Castable (76mm (3") Thick) 

 Charging Chute N/A 

 Paint System Used Carboline - Silicon Zinc Primer, Silicon Finish 

 Dry Film Thickness of Paint Primer - 2 mils (50 micron) 

  Final Coat - 2 mils (50 micron) 

 Primary Chamber Burner Rating (663 - 1266)x103 KJ/hr 

 Secondary Chamber Burner Rating (1582 - 6119)x103 KJ/hr 

3. BLOWERS  
 Blower Manufacturer New York Blower 

 Primary Chamber Blower Capacity (m 3/hr) 2696 

 Primary Blower Pressure (kPag) 0.25 

 HP/ RPM 1.15 hp @ 2200rpm 

 Secondary Chamber Blow Capacity (m 3/hr) 4247 

 Secondary Blower Pressure (kPag) 0.5 

 HP/ RPM 1.9hp @ 4900 RPM 

4. CONTROL SYSTEM  
 Please list all instrumentation and details including - Please See Appendix A (Attached) 

 CSA approval and labelling:  
 

 
Fuel mixing ratio with waste oil (if applicable) N/A 

Capability to burn waste oil with loading rate (kg/h) 60.6 kg/h (8 hour liquid burn) 

Applicable auxiliary burner. N/A 
Incinerator to bear CSA label? All electrical components CSA or UL approved. Approval of complete 

incinerator package at additional cost.. 

Temperature: Primary chamber ( °C): 705°C 

Temperature: Secondary chamber  (°C):  1000°C 
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5. INCINERATOR BUILDING (if  applicable)   
 Overall Length (mm) 12 192mm 

 Overall Width (mm) 12 192mm 

 Overall Height (mm) 6420 mm 

 Shipping Dimensions (mm) 6660 x 3050 x 914 mm 

6. DIMENSIONS  
 Overall Length (mm) 6 858 mm 

 Overall Width (mm) 7 188 mm 

 Overall Height (mm) 11 049 mm 

 Shipping Dimensions (mm) Largest  Pieces  (L x W x H) mm 

  Primary Chamber - 3403 x 3225 x 2895 

  Secondary Chamber - 6172 x 2413 x 2794 

  Shipping Container - 12 000 x 2438 x 2591 

7.  WEIGHTS (KG) 
 

Incinerator 20 275 kg 
 

Stack 4082 kg 
 

Blowers & Burners 400 kg (Blowers) 580 kg (Burners) 

Total Weight  25 337kg 
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Appendix  2 
Annual  Report  for  

Incinerated Waste Management  

 

 

 

Contact  Information   
Company  Name:   
Contact  Name:   Position   
Contact  Email:   
 

Address  
 
 
 

City/Town:   Province:   
Postal  Code:   
Telephone:   Fax:   

 

Incinerator  Data and Information  
 

Name of Emission Unit 
 

Type of Process 
 
 
 
 

Description of Process 
 
 

Description of Material Produced 
from incineration 

 
Manufacturer  of Emission Unit 

 
Model No. 

 
Dates of  Commencing:  Date 
Construction  
Operation  
Modification  

 
Operating  Information  Hour/day  Days/week  Weeks/year  
Maximum Operating hours    
Average Operating hours    

 
Annual Throughput Dec-Feb (%) Mar-May (%) Jun-Aug (%) Sep-Nov (%) 

     
 

Incinerator Charging Rate Maximum (kg/day) Average (kg/day) Annual (tonnes/year 
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Annual  Report  for  

Incinerated Waste Management  

 

 

 
Waste Description  Maximum Rates Average Rates 
Type of Waste Material kg/day tonnes/year kg/day tonnes/hour 

     
     
     
     
     
     

 
Fuel  Usage Data Maximum Typical 
Firing rate   

 

Fuel Type 
 

Sector  Determination:  Check Applicable Box 
Municipal Waste Incineration  
Sewage Sludge Incineration  

 

Stack Emissions  Tests For Compliance  (must  be corrected  for  11% oxygen)  

 Date Test 1 Test 2 Test 3 Average Compliance  (check)  
Furans  and Dioxins        
Mercury        

 
Provide  Test  method details:  
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Used Oil Impurity  Limits  
 

Contact  Information   
Company  Name:   
Contact  Name:   Position   
Contact  Email:   
 

Address  
 
 
 

City/Town:   Province:   
Postal  Code:   
Telephone:   Fax:   

 
Volume  of Used Oil Generated: 

Volume  of Used Oil incinerated/Cons 

Sample  Analysis:  

Flash  Point:  
 
 

Impurity  
 

Units  
Maximum  

Level  Allowed  
Sample  # 

    
Cadmium ppm 2     
Chromium ppm 10     

Lead ppm 100     
Total Organic Halogens (as chlorine) ppm 1000     

Polychlorinated biphenyls ppm 2     
Ash content % -     

 
Volume  of Products  Produced  from  Used Oil  Use:  

 
 
 
 
 
 
 

Maintenance Performed  on Incinerator:  
 

 
 
 
 
 
 
 

Destination  of Used Oil not Incinerated:  
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Guidelines  for  Ash  Testing  
Environmental  Guidelines  for  Industrial  Waste  Discharges  

 
 
 

Parameter  
Concentration  

maximum  (mg/L)  
Sample Number 

   
Ammonia Sulphide 100    
Benzidine 100    
Benzyl Chloride 100    
Enthalamine 100    
Ethylenediamine 100    
Maleic Anhydride 100    
Potassium Permanganate 100    
Quinoline 100    
Strychnine 100    
Tetrachloroethanes 100    
Arsenic 2.5    
barium 100    
Cadmium 0.5    
Carbon tetrachloride 0.5    
Chromium 0.5    
Cyanide (free) 20    
DDT 3    
Endrin 0.02    
Heptachlor + Heptachlor epoxide 0.3    
Lead 5    
Lindane 0.4    
Mercury 0.1    
Methoxychlor 10    
Methyl ethyl Ketone 200    
Metolachlor 5    
PCBs 50*    
Selenium 1    
Silver 5    
Tetrachloroethylene 3    
Toxaphene 0.5    
Trialomethanes 10    
2, 4, 5-TP (Silvex) 1    
Zinc 500    

 
* based on concentration by mass
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MBK-SIT-0011 �± INCINERATOR LOADING  
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Incinerator Loading  

 
  

Procedure  Risks/  Impacts 

1. There are 2 BLUE ash bins, one of which has an ORANGE spray on 
it. There is a sign on the yard which indicates a cold and hot side. 
The one with the cold side could be dumped into the roll off. 24 
hours after ash deposition  

 Prevent incident 
and /or accident 

2. After the dumping of the ash bin, inspect the roll off bin to ensure 
there is no red hot ash that will start a fire 
 

  

3. If there is smoke or red ash seen, ask the team leader to arrange for 
the small water truck located in the incinerator to give it a good spray 
of water to avoid a fire 

 

4. Bring empty ash bin into the incinerator building for the new batch  

5. Go outside of the incinerator and move the ash bin from the hot side 
to the cold side 

 

6. Close the breaker switch to the OFF position for the primary 
chamber and lock it using Ensure a “Zero State of Energy” and 
follow lock-out- Tag out Standard MBK- HSS-0010 

 

7. Turn on the primary chamber exhaust vacuum system  

8. Open the door and make sure the burn is good; 
If not: call the supervisor or team leader 

 

9. Tie the door in the open position for safety  
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Incinerator Loading  

 
  

10. Empty the chamber and remove all ashes using large shovels into 
the ash bin 

 

11. When taking out the fresh ash bin, make sure to put on the hot side 
of the sign 

 

12. Once the chamber is completely cleaned, load the bottom row with 
medium wet bags 

 

13. Put two layers of contaminated cardboards and contaminated rags  

14. Put one row of dry garbage bags  

15. Put two more layers of cardboard and rags  

16. Put one row of dry to wet bags  

17. Continue the same way and finish with the wet bags on top and no 
cardboards (this will help keep the flames from coming up and also 
prolong the life of the chamber since the flames are not in direct 
contact with the top wall of the chamber, it will also cut down on 
having to reset the burner which is caused by the flame being high at 
the top) 

 

18. Close the door and make sure all the locking latches are in proper 
position 
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Incinerator Loading  

 
  

19. Turn off the primary chamber exhaust vacuum system  

20. Unlock the primary chamber breaker and turn it to the ON position  

21. Start the burning cycle 
- Never open the door after the start 
- If the burner does not start, call team leader or supervisor 

 

22. Do not store any flammable products around the primary and 
secondary chambers within the marked area 
- Never add any accelerant into the chamber to help the start 
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SECTION 1. INTRODUCTION 

1.1 PROJECT OVERVIEW 

This Composter Management Plan (CMP) describes the requirements and guidelines for the safe and 
efficient operation of the in-vessel composter at the Meadowbank Mine. Composting is a waste treatment 
process that decomposes waste organic materials under controlled conditions, prior to disposal of the end-
product in a landfill.  Agnico Eagle has decided to include composting in the on-site operations for the 
purpose of reducing the amount of waste going to the incinerator and thus reduce emissions fuel 
consumption at the Meadowbank Mine site.  
 
This CMP (Version 1) is an appendix to the Incinerator Waste Management Plan (IWMP) and is a component 
of the Meadowbank Environmental Management System. The objectives of this CMP are summarized as 
follows: 

 
1. To define the operating procedures to be used in the composting of appropriate non-hazardous solid 

waste generated at the Meadowbank Mine; 
2. To define acceptable/non-acceptable types of solid waste to be placed in the Meadowbank 

composter; and 
3. To define operating and monitoring requirements for the composter. 

 
Agnico Eagle will be responsible for managing and implementing this CMP. Agnico Eagle will introduce one 
in-vessel composter in the fall of 2018, with the intention of adding an additional composter should this 
project be successful. The first in-vessel composter is scheduled to be commissioned at the end of October 
2018.  
  
Prior to the introduction of the in-vessel composter, organic material at the Meadowbank facility was being 
sent to the on-site incinerator. The incineration process utilizes fuel for its operation. Diverting organic 
material to the composting operation instead will result in a potential reduction in fuel consumption for the 
incinerator of approximately 1,500 litres of fuel per day and has the potential of reducing greenhouse gas 
emissions and atmospheric pollutants associated with incineration.  
 
Composting is an efficient means of reducing the mass and volume of organic waste generated. During the 
composting process, various microorganisms break down organic matter. Composting in general can be 
undertaken either in the presence of oxygen (aerobic conditions) with appropriate moisture and in specific 
temperature conditions, or in the absence of oxygen (anaerobic conditions) with appropriate moisture and 
temperature control. The aerobic process naturally occurs in the environment. In-vessel composting 
provides an opportunity to break down organic matter in an enclosed environment with accurate temperature 
control and monitoring. It also provides the benefit of mechanical assistance to reduce the organics in size 
and to turn over the compost materials to speed up and improve the composting process. The composter 
that is planned for the Meadowbank Mine will utilize an aerobic composting process. Agnico Eagle will use 
experience with composting acquired from another northern Canada mine site (Ekati Diamond Mine) that 
started composting a few years ago using the same composter equipment supplier.  
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1.2 COMPOSTER LOCATION 

The in-vessel composter will be located in the same building as the incinerator away from the plant site and 
accommodations complex, adjacent to the fuel storage facility (see Figure 1-1).   
 
Figure 1-1 Composter  Location  
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SECTION 2. REGULATORY CONTEXT 

The following section outlines the regulatory context related to composters, and discusses how the 
regulations apply to the composter at the Meadowbank site. 

There are several standard-setting organizations across Canada that are mandated to regulate compost 
quality and provide standards concerning compost. These include federal, provincial and territorial 
governments.  

Within the federal government, the Canadian Food Inspection Agency (CFIA) regulates compost when it is 
sold either as a soil amendment or as a product with plant nutrient claims under the Fertilizers Act. The 
provinces and territories regulate the disposal and beneficial use of wastes on land, and therefore, the 
production and use of compost.  

In Nunavut, there is currently no organics waste strategy.  However, guidelines developed for Nunavut focus 
on diverting materials from disposal and proper safe management. According to the Government of Nunavut, 
in an effort for planning for effective solid waste management, there are plans to focus its resources on a 
number of targeted initiatives. The plans include the development of a Nunavut-wide Solid Waste 
Management Strategy, whose purpose is to evaluate all aspects of waste management with a focus on 
available land, fencing, environmental concerns, recycling, re-use, segregation, sequestration, composting 
and various other options. The Nunavut Environmental Protection Act (Nunavut, 2010) prescribes the 
requirements for activities relating to the environment.  

A guideline from Environment and �&�O�L�P�D�W�H�� �&�K�D�Q�J�H�� �&�D�Q�D�G�D���� �G�D�W�H�G�� ���������� �D�Q�G�� �H�Q�W�L�W�O�H�G���� �³�6�R�O�L�G�� �:�D�V�W�H��
�0�D�Q�D�J�H�P�H�Q�W�� �I�R�U�� �1�R�U�W�K�H�U�Q�� �D�Q�G�� �5�H�P�R�W�H�� �&�R�P�P�X�Q�L�W�L�H�V���� �3�O�D�Q�Q�L�Q�J�� �D�Q�G�� �7�H�F�K�Q�L�F�D�O�� �*�X�L�G�D�Q�F�H�� �'�R�F�X�P�H�Q�W���´��
provides guidance on the complex waste management issues faced by northern and remote communities 
and provides planning and technical guidance and best practices relevant to the northern communities. 
Composting is included in the solid waste management diversion strategies in this guideline and states that 
diverting organic waste from landfills through composting reduces greenhouse gas emissions. According to 
the guidance document, compost output is considered residual waste if it is sent to landfill for disposal, and 
composting represents an opportunity for northern and remote communities to reduce leachate quantity and 
improve leachate quality, reduce greenhouse gas emissions, preserve landfill capacity and produce a 
compost product that can be used for other purposes.  

Agnico Eagle initially plans to place the final compost product from the composting process into the on-site 
landfill but may explore other potential uses of the compost product in the future. In Nunavut, there are no 
regulations or guidelines specific to the quality or uses of compost product, however, guidelines for compost 
quality and categorization exist in other provinces and at the federal level. Should Agnico Eagle wish to 
employ compost for other potential uses, this management plan will be updated to incorporate the above-
mentioned guidelines.  
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SECTION 3. COMPOSTER OPERATION 

3.1 Compost Waste Stream  

The Meadowbank Mine generates organics as part of its waste stream.  On-site composting has the potential 
to reduce greenhouse gas emissions and atmospheric pollutants related to the incineration of wastes. 
Diverting the organic waste to the composting operation will provide an opportunity to reduce the volume of 
waste that will eventually go to the landfill by turning it into compost and avoid fuel consumption and 
emissions typically associated with burning the organic material in an incinerator.  

3.1.1 Acceptable W astes for  Composting : 

�x Organic matter including food (e.g., coffee grounds and tea bags, eggs and egg shells, fruit and 
vegetable peelings, meat, chicken and fish including bones, nut shells, pasta, rice, sauces and 
gravy, solid dairy products, table scraps and plate scraping etc. as well as leaf and yard organic 
material including brush and tree trimmings); 

�x Paper and cardboard; and, 
�x Dead animals (small size only). 

During daily composter operation, waste materials will be segregated at the source to ensure non-
compostable waste streams do not enter the composter.  

3.1.2 Unacceptable Wastes for Composting:  

Materials that are not listed above are unacceptable for composting. These materials include, but are not 
limited to: 
 

�x Food containers and wrappings including plastics that are contaminated by food; 
�x Uncontaminated plastics, including chlorinated plastics; 
�x Inert materials such as concrete, bricks, ceramics, ash; 
�x Bulky materials such as machinery parts or large metal goods such as appliances (shipped south 

and recycled in an accredited facility); 
�x Radioactive materials such as smoke detectors; 
�x Potentially explosive materials such as propane tanks, other pressurized vessels, unused or 

ineffective explosives; 
�x Other hazardous materials such as organic chemicals (PCBs, pesticides), other toxics (arsenic, 

cyanide); 
�x Electronics (shipped south and recycled in an accredited facility); 
�x Batteries (shipped south and recycled in an accredited facility); 
�x Asbestos; 
�x Drywall board; 
�x Vehicles and machinery (shipped south and recycled in an accredited facility); 
�x Fluorescent light bulbs; 
�x Whole tires;  

�x Waste oils; 
�x Flammable or combustible petroleum hydrocarbons unsuitable for its purpose due to the presence 

or contaminants or loss of original properties (such as gasoline, diesel fuel, aviation fuel, 
kerosene, naphtha or fuel oil);  
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�x Any materials containing mercury; 
�x Used oil that exceeds the Maximum Impurity Limits for parameters listed in Table 3.3; 
�x Waste oil with a flash point of less than 37.7 deg C; 
�x Paint; and, 
�x Solvents. 

3.2 Waste volumes  

It is expected that approximately 7000 kg of waste will enter the composter weekly.  

3.3 Composter Description and Installation  

Agnico Eagle will select an appropriate in-vessel composter from the Brome series and commissioning of 
the composter is planned for the fall of 2018.  A composter operating manual has been provided in Appendix 
III-I for the Brome series of composters.  The composter will be one of the composters described in this 
manual. This manual must be referred to for all installation, operational and maintenance requirements.  
 
Precautions must be followed for the indoor installation of this composting equipment as per the composter 
operating manual and include the following:  

�x Plan a ventilation shaft or a sanitary drain that exits the building for the elimination of composting 
gas and odours; 

�x Do not place the air exit near an air intake, a door or a window; 
�x Take care to place the system in a separate room to avoid any contact with human food 

preparation or food storage areas to minimize contamination risks; 
�x �0�D�N�H���V�X�U�H���W�K�H���E�X�L�O�G�L�Q�J�¶�V���I�R�X�Q�G�D�W�L�R�Q���F�D�Q���V�X�S�S�R�U�W���W�K�H���Z�H�L�J�K�W���R�I���W�K�H���F�R�P�S�R�V�W�H�U���Z�K�H�Q���L�W�¶�V���E�R�W�K���H�P�S�W�\��

and full; and 
�x Allow sufficient space around the composter to provide ease of movement related to composting 

operations (addition of matter, collecting compost at the exit, etc.). 
 
The composter will be located in the same building as the incinerator, as described in Section 1.2 above. 
The building where the composter will be located allows personnel to operate and repair the composter and 
incinerators in a temperature controlled environment. In the event that unplanned maintenance is required 
for the composter, the incinerator provides an alternate temporary means for handling compostable waste. 
For additional information regarding the incinerator, refer to the Incinerator Waste Management Plan, to 
which the CMP is as an Appendix.  
 
During daily composter operation, waste should be segregated at the source to ensure non-compostable 
waste streams do not enter the composter. Collected compostable waste will be stored in dedicated waste 
containers, located throughout the Meadowbank Mine site where organic material may be produced. 
 
Prior to loading the waste into the composter, the waste will be visually inspected by the composter operator 
on sorting tables to ensure it does not contain inappropriate types of waste materials. Materials that do not 
meet the criteria for composting will be incinerated, recycled, or disposed of as hazardous material. 
 
Personnel operating or performing maintenance on the composter will be trained by a Brome Composter 
representative. The training will include a composting theory portion and a practical, hands-on portion. A 
more detailed discussion of individual components, features and functions of the composter can be found in 
the Brome Composter Operating and Maintenance Manual (available on site) and referenced in Appendix 
III-I of this CMP.  
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3.4 How the Composter Works  

The Brome series in-vessel composter will consist of an insulated cylinder that rotates according to pre-set 
timed intervals. The rotation of the cylinder allows the material inside of the chamber to mix while providing 
aeration. Aeration is important to provide oxygen for the microorganisms that are digesting organic material 
to make the compost. Heat will be produced during the composting process from the breakdown of organic 
material by the microorganisms. The cylinder will be insulated to preserve the heat generated inside the 
cylinder during the winter months, thereby avoiding the need for additional heating and consumption of extra 
energy for the process.  

The composter will operate in a continuous-feed manner. As more material is added and the cylinder rotates, 
�W�K�H���G�L�J�H�V�W�L�Q�J���P�D�W�H�U�L�D�O���L�V���P�R�Y�H�G���D�O�R�Q�J���W�K�H���Y�H�V�V�H�O���D�Q�G���L�V���W�K�H�Q���G�L�V�F�K�D�U�J�H�G���D�W���W�K�H���F�\�O�L�Q�G�H�U�¶�V���H�[�W�U�H�P�L�W�\���W�K�U�R�X�J�K��
an opening that also serves as an air inlet for oxygen. The amount of finished compost depends on the 
rotation intervals and the amount of organic material added to the vessel.  

This composter is designed to work year-round, indoors or outdoors. The selected composter and installation 
process will consider the conditions in the context of the climate at the Meadowbank Mine. Key performance 
indicators such as temperature and humidity will be developed with the composted supplier during 
commissioning, based on the model of composter selected and the site conditions.  

3.5 Chemical Process  

The composter uses an aerobic, biological process involving the succession of various microorganisms 
decomposing organic materials and converting them into a biologically stable product.  The predominant 
types of microorganisms present during composting are bacteria, fungi and actinomycetes. Composting is 
different than the decay process that occurs in nature, as composting is monitored and controlled, aerobic 
conditions are maintained and includes a high-temperature phase for a specified amount of time (e.g., above 
55 �Û�&) that reduces or eliminates pathogens and weed seeds.  

Almost any organic material is suitable for composting, as described in Section 3.1.1. The composter 
requires a certain ratio of carbon-�U�L�F�K�� �P�D�W�H�U�L�D�O�V���� �R�U�� �³�E�U�R�Z�Q�V���´�� �D�Q�G�� �Q�L�W�U�R�J�H�Q-�U�L�F�K�� �P�D�W�H�U�L�D�O�V���� �R�U�� �³�J�U�H�H�Q�V���´��
Examples of brown carbon-containing materials are dried leaves, paper and cardboard. Nitrogen-containing 
materials are fresh or green, such as grass clippings and kitchen scraps. Food scraps provide nitrogen to 
the system whereas paper and cardboard provide high carbon values. A specific strategy is used to achieve 
the required balance of nitrogen-rich and carbon-rich materials fed into the composting system such that 
optimum conditions are provided for the bacteria in the composter. The carbon to nitrogen ratio required will 
be confirmed by the supplier for the specific model of composter selected by Agnico Eagle prior to 
commissioning. 

3.6 Process Duration  

An agricultural mixer will be used to break down and mix the material, which is then transferred to the 
composter. The breakdown of materials increases the surface area to volume ratio and allows for increased 
aeration and biological activity within the composter. 

The compostable material will spend a minimum of nine days in the composter. This duration will be 
assessed during commissioning and reviewed if needed. During the composting process the operators will 
review the temperature of the compost within the composting chamber to ensure proper targets are being 
�U�H�D�F�K�H�G�����P�L�Q�L�P�X�P���R�I�������Û�& unless otherwise specified by the supplier). The operators will visually inspect 
the compost for foreign matter and check that the texture and consistency of the compost appears normal. 
Depending on the amount of material composted, the material may have a residency time of between  
9-20 days in the composter, during which time the cylinder completes one full revolution at regular intervals 
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throughout the day. Rotating the material causes an aerobic environment to be maintained for maximum 
bacterial growth. The bacteria generate heat, water, and gases such as carbon dioxide during aerobic 
respiration. The insulated composting chamber traps heat and produces favorable temperatures for aerobic 
respiration. Gases produced during the composting (e.g. carbon dioxide) process will be ventilated from the 
building using a hood vent at the output of the composting unit. The compost will be discharged once the 
material has reached the end of the composting cylinder. Compost will only be discharged during the cylinder 
revolutions, and thus the amount of product being discharged can be manipulated based on the time 
intervals between revolutions and the amount of product added to the composter.  

3.7 Output  

As the compost is discharged, it will run across a screen/sifter that will remove any large material that may 
have been accidently introduced into the composter. The material discharged from the composter will be 
typically equal to roughly half of the tonnage fed into the composter (i.e. 3500 kg per week). Most of the 
weight loss will be due to the dehydration of the material as it breaks down. The solid decomposed material 
is discharged and stored in a bin.  The full bin of compost will be then transported to the landfill for disposal.  

Composting the material will provide a significant environmental benefit by reducing the amount of material 
being incinerated. The type of material that will be diverted from the incinerator to the composter 
coincidentally also has higher water content and takes longer to incinerate which will help to further reduce 
greenhouse gas emissions at the Meadowbank Mine.  

3.7.1 Disposing of Residual Materials  

The residual material that will be discharged from the composter will mainly consist of materials that are too 
large to fit through the sizing screen/sifter. The residual materials will be sorted into incinerator waste, 
recyclable material, landfill material, or hazardous goods that will be shipped off site. Larger organic material 
may be reintroduced into the mixer to begin the composting process again. If the composting process does 
not break down the material effectively after the second cycle, or if the composter is temporarily out of service 
for any reason, the material will then be sent to the incinerator.  

3.8 Odour and Dust Control  

Since the composter will be in an enclosed area, a ventilation shaft or a sanitary drain that exits the building 
for the elimination of composting gas and odours will be included in the building design. Odours during the 
operation of the equipment will be mitigated by sweeping the floor, cleaning up any organic matter debris on 
or around the composter, and removing any material that has fallen on the floor. Waste will also be cleaned 
up in the loading and unloading areas. Loads of organic matter arriving at the composting building will be 
promptly mixed and added to the composter.  

For the operation of the incinerator, waste is stored prior to incineration.  With the diversion of the organic 
waste to the composter, the waste will no longer need to be stored and instead will be introduced promptly 
into the composting process. This will help to reduce potential odours associated with the material 
management prior to processing.  

Careful monitoring of the composting process using appropriate carbon to nitrogen ratios as discussed with 
the supplier as well as using regular log book entries and adherence to the procedures and recipes will aid 
in avoiding the generation of odours. The monitoring of humidity is an important factor in controlling odours 
from the composting process. Composting often proceeds well at a moisture content of 40-60% by weight. 
At lower moisture levels, microbial activity is limited. At higher levels, the process is likely to become 
anaerobic and foul-smelling. 
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The site staff will monitor the landfill where possible to ensure that wildlife does not become attracted to the 
compost material being added to the waste. 

3.9 Introduction of Invasive Species  

Composting will be monitored and controlled. Aerobic conditions will be maintained and includes a high-
temperature phase for a specified amount of time (e.g. above 55 �Û�&) that reduces or eliminates pathogens 
and weed seeds. Adherence to the composting instructions will avoid concerns over introduction of invasive 
species to the landfill.  
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SECTION 4. TRAINING, INSPECTIONS, MAINTENANCE AND MONITORING 

4.1 Staffing and Training  

The computerized composter requires at least one dedicated person to operate and monitor the equipment 
at a given time.  Personnel operating or performing maintenance on the composter will be trained by a Brome 
Composter representative. The training will include a composting theory portion and a practical, hands-on 
portion.  

4.2 Inspections  

Inspection criteria and work instruction checklists will be developed with assistance from the composter 
supplier to ensure proper operation of the equipment. Routine inspections of the composter and associated 
facilities will be conducted by a competent, trained operator prior to every use. Work Instruction checklists 
are to be used so that each operator diligently operates and inspects the composter consistently. These 
checklists are also a source of information when trouble shooting or maintenance is required for the unit and 
include pre-operational checks and operational checks. The inspection could include the following 
depending on the equipment model type chosen for the operation:  

�x Feed transfer conveyor;  
�x Patz grinder;  
�x Grinder transfer conveyer;  
�x Brome In-Vessel Composter components;  
�x Discharge sifter/screen;  
�x Discharge conveyor;  
�x Air discharge fans;  
�x Collection bins;  
�x Curing pad where applicable;  
�x Waste feedstock;  
�x Composter internal temperatures;  
�x Compost in vessel; and  
�x Mature compost piles where applicable.  

4.3 Monitoring and Testing  

The compost output will be visually inspected each time it exits the sieve as described in Section 3.6. Should 
Agnico Eagle decide to explore other options for potential uses of compost, further analytical testing will be 
undertaken as detailed in relevant compost quality guidelines.  
 

4.4 Maintenance  

Maintenance of the composter will be scheduled annually or as specified by the Brome supplier/manufacturer. 
This maintenance will be performed to evaluate the insulation and structural integrality of the cylinder.  
This will be undertaken so that the composter is functioning at its optimal standard. 
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SECTION 5. REPORTING 

To demonstrate compliance with site requirements, annual reporting on the performance of the composter 
will be submitted as part of the Meadowbank Gold Project Annual Report to the Nunavut Water Board 
(NWB), Government of Nunavut (GN), Environment and Climate Change Canada (ECCC), and Nunavut 
Impact Review Board (NIRB).The quantity and type of materials composted as well as the quantity of 
compost produced and sent to landfill on-site during operations will be included within the annual report. 

 

The Meadowbank Mine will maintain detailed records for the operation of the composter including site 
specific operational and maintenance checklists. Records will be kept on file for each day composting 
occurs. Out-of-�V�S�H�F�L�I�L�F�D�W�L�R�Q�� �V�L�W�X�D�W�L�R�Q�V�� �V�X�F�K�� �D�V�� �W�H�P�S�H�U�D�W�X�U�H�� �U�H�D�G�L�Q�J�V�� �E�H�O�R�Z�� �W�K�H�� �P�L�Q�L�P�X�P�� �R�I�� �����Û�&�� �R�U��
maintenance issues with the composter will be reported to the Energy and Infrastructures Superintendent 
immediately. The composter will not be used until maintenance or remedial measures have been applied.  
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SECTION 6. PLAN REVIEW AND CONTINUAL IMPROVEMENT  

This CMP will be maintained by Agnico Eagle to reflect the current operations at the Meadowbank Mine, 
permit requirements and regulatory setting.  The plan will be reviewed on a regular basis and revised when 
necessary to ensure that the project staff, operators and regulatory bodies are kept aware of any changes 
to operational procedures. 

The latest CMP will be made available at all times by Agnico Eagle for review by the NWB, NIRB, GN, and 
ECCC. 

Should Agnico Eagle determine the need to add additional composters to the on-site operation, the CMP 
will be reviewed and updated to reflect this change to the operation. Should Agnico Eagle wish to employ 
compost for other potential uses, this management plan will be updated to incorporate the above mentioned 
guidelines.  
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�,�1�7�5�2�'�8�&�7�,�2�1����
 �&�R�P�S�R�V�W�L�Q�J�� �L�V�� �W�K�H�� �L�G�H�D�O�� �V�R�O�X�W�L�R�Q�� �I�R�U�� �W�K�H�� �G�L�V�S�R�V�D�O�� �R�I�� �R�U�J�D�Q�L�F�� �Z�D�V�W�H���� �H�V�S�H�F�L�D�O�O�\�� �Z�K�H�Q��

�W�K�H�� �D�O�W�H�U�Q�D�W�L�Y�H�� �L�V�� �V�H�Q�G�L�Q�J�� �L�W�� �W�R�� �O�D�Q�G�I�L�O�O�� �V�L�W�H�V���� �&�R�P�S�R�V�W�L�Q�J�� �R�Q���V�L�W�H�� �J�U�H�D�W�O�\�� �U�H�G�X�F�H�V��

�J�U�H�H�Q�K�R�X�V�H���J�D�V���H�P�L�V�V�L�R�Q�V���D�Q�G���D�W�P�R�V�S�K�H�U�L�F���S�R�O�O�X�W�D�Q�W�V���U�H�O�D�W�H�G���W�R���W�K�H���W�U�D�Q�V�S�R�U�W���R�I���R�U�J�D�Q�L�F��

�U�H�V�L�G�X�D�O���P�D�W�W�H�U���W�R���O�D�Q�G�I�L�O�O�V���R�U���W�R���L�Q�G�X�V�W�U�L�D�O���F�R�P�S�R�V�W�L�Q�J���V�L�W�H�V������

�� �%�U�R�P�H�� �&�R�P�S�R�V�W�H�U�V�� �D�U�H�� �H�D�V�\�� �W�R�� �L�Q�V�W�D�O�O�� �D�Q�G�� �X�V�H���� �7�K�H�\�� �K�D�Y�H�� �O�R�Z�� �R�S�H�U�D�W�L�Q�J�� �F�R�V�W�V�� �D�Q�G��

�O�R�Z���P�D�L�Q�W�H�Q�D�Q�F�H���U�H�T�X�L�U�H�P�H�Q�W�V�����P�D�N�L�Q�J���R�Q���V�L�W�H���F�R�P�S�R�V�W�L�Q�J���D�F�F�H�V�V�L�E�O�H���W�R���P�D�Q�\���W�\�S�H�V���R�I��

�L�Q�G�X�V�W�U�L�H�V���� �F�R�P�P�H�U�F�L�D�O�� �E�X�V�L�Q�H�V�V�� �D�Q�G�� �L�Q�V�W�L�W�X�W�L�R�Q�V�� ���,�&�,������ �D�V�� �Z�H�O�O�� �D�V�� �I�D�U�P�V�� �D�Q�G��

�P�X�Q�L�F�L�S�D�O�L�W�L�H�V����

�� �%�U�R�P�H�� �&�R�P�S�R�V�W�H�U�V�� �D�U�H�� �G�H�V�L�J�Q�H�G�� �W�R�� �F�R�Q�Y�H�U�W�� �P�D�Q�\�� �W�\�S�H�V�� �R�I�� �R�U�J�D�Q�L�F�� �Z�D�V�W�H�� �L�Q�F�O�X�G�L�Q�J��

�I�R�R�G�� �V�F�U�D�S�V���� �D�Q�L�P�D�O�� �S�U�R�G�X�F�W�V���� �J�U�H�H�Q�� �Z�D�V�W�H���� �D�Q�L�P�D�O�� �F�D�U�F�D�V�V�H�V���� �V�F�H�S�W�L�F�� �P�X�G���� �H�W�F������ �L�Q�W�R��

�K�L�J�K���T�X�D�O�L�W�\���F�R�P�S�R�V�W���L�Q���D���V�K�R�U�W���S�H�U�L�R�G���R�I���W�L�P�H���D�Q�G���Z�L�W�K���O�L�W�W�O�H���K�D�Q�G�O�L�Q�J�����%�U�R�P�H���&�R�P�S�R�V�W�H�U�V��

�D�U�H���D�Y�D�L�O�D�E�O�H���L�Q���D���Y�D�U�L�H�W�\���R�I���G�L�I�I�H�U�H�Q�W���P�R�G�H�O�V�����Z�K�L�F�K���F�D�Q���H�D�V�L�O�\���E�H���D�G�D�S�W�H�G���W�R���W�K�H���X�V�H�U�¶�V��

�Q�H�H�G�V����

�0�R�G�H�O�V��������
Composter��400��Series�� Brome��406��

Brome��410��
Brome��416��
Brome��424��
Brome��430��

Composter��500��Series�� Brome��506��
Brome��510��
Brome��516��
Brome��524��
Brome��530��

Composter��600��Series�� Brome��608��
Brome��616��
Brome��624��
Brome��630��

 
Model: (capacities can vary depending on the type of material, the required residency 
time, and whether the input is pre-treated). 



��

�� 3��

 
�7�K�H���F�R�P�S�R�V�W�H�U���L�V���D�Q���L�Q�V�X�O�D�W�H�G���F�\�O�L�Q�G�H�U���W�K�D�W���V�H�O�I���U�R�W�D�W�H�V���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���X�V�H�U�¶�V���S�U�H���V�H�W��

�W�L�P�H�� �L�Q�W�H�U�Y�D�O�V���� �7�K�H�V�H�� �U�R�W�D�W�L�R�Q�V�� �P�L�[�� �W�K�H�� �F�R�Q�W�H�Q�W�V�� �Z�K�L�O�H�� �D�W�� �W�K�H�� �V�D�P�H�� �W�L�P�H�� �S�U�R�Y�L�G�L�Q�J��
�D�H�U�D�W�L�R�Q�����D�O�O�R�Z�L�Q�J���W�K�H���E�D�F�W�H�U�L�D���W�R���E�U�H�D�W�K�H���D�Q�G���E�U�H�D�N���G�R�Z�Q���W�K�H���R�U�J�D�Q�L�F���Z�D�V�W�H�����2���:�������L�Q�W�R��
�F�R�P�S�R�V�W�� �P�R�U�H�� �U�D�S�L�G�O�\�� �W�K�D�Q�� �R�W�K�H�U�� �F�R�P�S�R�V�W�L�Q�J�� �P�H�W�K�R�G�V���� �7�K�H�� �G�H�F�R�P�S�R�V�L�W�L�R�Q�� �S�U�R�F�H�V�V��
�S�U�R�G�X�F�H�V�� �K�H�D�W���� �7�K�H�� �F�\�O�L�Q�G�H�U�� �L�V�� �L�Q�V�X�O�D�W�H�G�� �Z�L�W�K�� �D�� ���ò���� �L�Q�V�X�O�D�W�L�Q�J���P�D�W�H�U�L�D�O�� ���5�� ���������� �W�R��
�S�U�H�V�H�U�Y�H���K�H�D�W���L�Q�V�L�G�H���W�K�H���F�\�O�L�Q�G�H�U���G�X�U�L�Q�J���W�K�H���Z�L�Q�W�H�U���P�R�Q�W�K�V�����7�K�H���F�R�P�S�R�V�W���L�V���G�L�V�F�K�D�U�J�H�G���D�W��
�W�K�H���F�\�O�L�Q�G�H�U�¶�V���H�[�W�U�H�P�L�W�\���W�K�U�R�X�J�K���D�Q���R�S�H�Q�L�Q�J���W�K�D�W���D�O�V�R���V�H�U�Y�H�V���D�V���D�Q���D�L�U���L�Q�O�H�W�������7�K�H���U�R�W�D�W�L�R�Q��
�L�Q�W�H�U�Y�D�O�V���D�Q�G���W�K�H���D�P�R�X�Q�W���R�I���P�D�W�W�H�U���D�G�G�H�G���U�H�J�X�O�D�W�H���W�K�H���D�P�R�X�Q�W���R�I���I�L�Q�L�V�K�H�G���F�R�P�S�R�V�W���E�H�L�Q�J��
�G�L�V�F�K�D�U�J�H�G������

�7�K�L�V�� �F�R�P�S�R�V�W�H�U�� �L�V�� �G�H�V�L�J�Q�H�G�� �W�R�� �Z�R�U�N�� �\�H�D�U���U�R�X�Q�G���� �L�Q�G�R�R�U�V�� �R�U�� �R�X�W�G�R�R�U�V���� �D�Q�G�� �F�D�Q��

�F�R�P�S�R�V�W�� �D�� �Z�L�G�H�� �Y�D�U�L�H�W�\�� �R�I�� �2���:���� �,�Q�� �F�H�U�W�D�L�Q�� �H�[�W�U�H�P�H�� �F�R�Q�G�L�W�L�R�Q�V���� �D�G�D�S�W�D�W�L�R�Q�� �P�D�\�� �E�H��

�U�H�T�X�L�U�H�G���G�X�U�L�Q�J���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���S�U�R�F�H�V�V����

 

������������������������������������������������������������������������������������������������������������������������
1����Composters��are��pre�rperforated��to��accommodate��an��optional��ventilation��system.��Valves��can��also��be��installed��as��an��

option��(passive��ventilation).��
��

Figure��1���r�r��Interior��view��of��the��cylinder��
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�6�D�I�H�W�\��

��

�%�H�I�R�U�H���R�S�H�U�D�W�L�Q�J���W�K�L�V���H�T�X�L�S�P�H�Q�W�����P�D�N�H���V�X�U�H���W�K�D�W���H�D�F�K���H�P�S�O�R�\�H�H��

�X�Q�G�H�U�V�W�D�Q�G�V���D�Q�G���I�R�O�O�R�Z�V���W�K�H���V�D�I�H�W�\�����R�S�H�U�D�W�L�R�Q���D�Q�G���P�D�L�Q�W�H�Q�D�Q�F�H���U�X�O�H�V��

�G�H�V�F�U�L�E�H�G���L�Q���W�K�L�V���G�R�F�X�P�H�Q�W����

�1�R���P�R�G�L�I�L�F�D�W�L�R�Q�V���V�K�R�X�O�G���E�H���P�D�G�H���W�R���W�K�L�V���H�T�X�L�S�P�H�Q�W���Z�L�W�K�R�X�W���D�X�W�K�R�U�L�]�D�W�L�R�Q��

�I�U�R�P���%�U�R�P�H���&�R�P�S�R�V�W�����(�T�X�L�S�P�H�Q�W���P�R�G�L�I�L�F�D�W�L�R�Q���Z�L�O�O���D�X�W�R�P�D�W�L�F�D�O�O�\���L�Q�Y�D�O�L�G�D�W�H��

�W�K�H���Z�D�U�U�D�Q�W�\���R�I�I�H�U�H�G���E�\���W�K�H���P�D�Q�X�I�D�F�W�X�U�H�U���D�Q�G���F�R�X�O�G���F�D�X�V�H���V�H�U�L�R�X�V���L�Q�M�X�U�L�H�V������
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�6�H�F�W�L�R�Q�����������6�D�I�H�W�\��
 

���������6�D�I�H�W�\���L�Q�V�W�U�X�F�W�L�R�Q�V��

�x�� �1�H�Y�H�U���J�R���L�Q�W�R���W�K�H���F�\�O�L�Q�G�H�U���X�Q�O�H�V�V���\�R�X���D�U�H���W�U�D�L�Q�H�G���W�R���Z�R�U�N���L�Q���F�R�Q�I�L�Q�H�G���V�S�D�F�H�V���D�Q�G��
�K�D�Y�H�� �D�X�W�K�R�U�L�]�D�W�L�R�Q�� �I�U�R�P�� �\�R�X�U�� �L�P�P�H�G�L�D�W�H�� �V�X�S�H�U�L�R�U���� �D�O�Z�D�\�V�� �I�R�O�O�R�Z���W�K�H�� �D�S�S�U�R�S�U�L�D�W�H��
�O�R�F�N�R�X�W���S�U�R�F�H�G�X�U�H������

�x�� �0�D�N�H���V�X�U�H���D�O�O���W�K�H���Z�D�U�Q�L�Q�J���O�D�E�H�O�V���D�U�H���L�Q���S�O�D�F�H���D�Q�G���Y�L�V�L�E�O�H����

�x�� �5�H�S�D�L�U�V�� �D�Q�G�� �P�D�L�Q�W�H�Q�D�Q�F�H�� �R�Q�� �W�K�H�� �H�T�X�L�S�P�H�Q�W�� �P�X�V�W�� �E�H�� �P�D�G�H�� �E�\�� �T�X�D�O�L�I�L�H�G��
�S�H�U�V�R�Q�Q�H�O���R�Q�O�\������

�x�� �5�H�V�S�H�F�W�� �D�O�O�� �H�V�W�D�E�O�L�V�K�H�G�� �V�D�I�H�W�\�� �V�W�D�Q�G�D�U�G�V�� �Z�K�L�O�H�� �S�H�U�I�R�U�P�L�Q�J�� �P�D�L�Q�W�H�Q�D�Q�F�H�� �R�Q�� �W�K�H��
�H�T�X�L�S�P�H�Q�W������

�x�� �0�D�N�H���D���Y�L�V�X�D�O���L�Q�V�S�H�F�W�L�R�Q���R�I���W�K�H���H�T�X�L�S�P�H�Q�W���D�V���R�I�W�H�Q���D�V���S�R�V�V�L�E�O�H����

�x�� �,�W���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�R���X�V�H���U�H�S�O�D�F�H�P�H�Q�W���S�D�U�W�V���I�U�R�P���W�K�H���P�D�Q�X�I�D�F�W�X�U�H�U��

�x�� �,�W�� �L�V�� �U�H�F�R�P�P�H�Q�G�H�G�� �W�R�� �U�H�V�W�U�L�F�W�� �D�F�F�H�V�V�� �W�R�� �W�K�H�� �H�T�X�L�S�P�H�Q�W�� �E�\�� �L�Q�V�W�D�O�O�L�Q�J�� �D�� �I�H�Q�F�H�� �R�U��
�R�W�K�H�U���E�D�U�U�L�H�U��

�x�� �:�H�� �U�H�F�R�P�P�H�Q�G�� �W�K�D�W�� �W�K�H�� �G�R�R�U�V�� �E�H�� �O�R�F�N�H�G�� �Z�K�H�Q�� �W�K�H�U�H�� �L�V�� �Q�R�� �V�X�U�Y�H�L�O�O�D�Q�F�H�� �R�U��
�R�S�H�U�D�W�R�U���S�U�H�V�H�Q�W��
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1.2  Operating the Equipment Safely  

��

�%�H�I�R�U�H���R�S�H�U�D�W�L�Q�J���W�K�H���F�R�P�S�R�V�W�H�U�����S�O�H�D�V�H���Q�R�W�H���W�K�D�W���D���V�X�S�S�R�U�W���V�H�U�Y�L�F�H���L�V���R�I�I�H�U�H�G���I�R�U���W�K�H��

�L�Q�V�W�D�O�O�D�W�L�R�Q���� �W�K�H�� �L�Q�L�W�L�D�O�� �V�W�D�U�W���X�S���� �D�Q�G�� �W�K�H�� �W�U�D�L�Q�L�Q�J�� �R�I�� �S�H�U�V�R�Q�Q�H�O�� �G�H�V�L�J�Q�D�W�H�G�� �I�R�U�� �W�K�H��

�H�T�X�L�S�P�H�Q�W�¶�V���R�S�H�U�D�W�L�R�Q���D�Q�G���P�D�L�Q�W�H�Q�D�Q�F�H����

��

�6�W�D�U�W���X�S���V�X�S�S�R�U�W���L�V���D�Y�D�L�O�D�E�O�H���R�Q�F�H���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���L�V���F�R�P�S�O�H�W�H�G�����$���U�H�P�R�W�H���P�R�Q�L�W�R�U�L�Q�J��

�V�H�U�Y�L�F�H���� �D�V�� �Z�H�O�O�� �D�V�� �D�Q�� �L�Q�W�H�U�D�F�W�L�Y�H�� �G�D�W�D�� �W�U�D�F�N�L�Q�J�� �V�\�V�W�H�P�� �D�U�H�� �D�Y�D�L�O�D�E�O�H�� �X�S�R�Q�� �U�H�T�X�H�V�W����

�3�O�H�D�V�H���F�R�Q�W�D�F�W���%�U�R�P�H���&�R�P�S�R�V�W���I�R�U���P�R�U�H���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���W�K�L�V���V�X�E�M�H�F�W����

��

1.3  Performing Maintenance Safely ��

�x�� �$�O�Z�D�\�V�� �H�Q�V�X�U�H�� �W�K�D�W�� �W�K�H�� �H�O�H�F�W�U�L�F�D�O�� �F�X�U�U�H�Q�W�� �L�V�� �V�Z�L�W�F�K�H�G�� �R�I�I�� �D�Q�G���W�K�D�W�� �W�K�H�� �O�R�F�N�R�X�W��

�S�U�R�F�H�G�X�U�H���L�V���G�R�Q�H���S�U�R�S�H�U�O�\���Z�K�H�Q���S�H�U�I�R�U�P�L�Q�J���P�D�L�Q�W�H�Q�D�Q�F�H���R�Q���W�K�H���F�R�P�S�R�V�W�H�U����

�,�I���\�R�X���P�X�V�W���J�R���L�Q�V�L�G�H���W�K�H���F�R�P�S�R�V�W�H�U�����E�H���V�X�U�H���W�R���K�D�Y�H���D�G�H�T�X�D�W�H���Y�H�Q�W�L�O�D�W�L�R�Q���D�Q�G��

�W�R���U�H�V�S�H�F�W���W�K�H���U�H�J�X�O�D�W�L�R�Q�V���J�R�Y�H�U�Q�L�Q�J���Z�R�U�N���L�Q���H�Q�F�O�R�V�H�G���V�S�D�F�H�V����

�x�� �,�I�� �\�R�X�� �Q�H�H�G�� �W�R�� �U�R�W�D�W�H�� �W�K�H�� �F�\�O�L�Q�G�H�U�� �G�X�U�L�Q�J�� �P�D�L�Q�W�H�Q�D�Q�F�H���� �S�O�H�D�V�H���U�H�P�R�Y�H��

�W�R�R�O�E�R�[�H�V�����V�W�H�S�S�L�Q�J���V�W�R�R�O�V�����O�D�G�G�H�U�V�����H�W�F�����D�Q�G���H�Q�V�X�U�H���W�K�D�W���W�K�H�U�H���D�U�H���D�E�V�R�O�X�W�H�O�\��

�1�2���2�%�6�7�$�&�/�(�6���Z�L�W�K�L�Q���W�K�H���U�R�W�D�W�L�R�Q�D�O���D�[�L�V���L�Q���I�U�R�Q�W�����L�Q���E�D�F�N�����D�Q�G���R�Q���H�D�F�K���V�L�G�H��

�R�I���W�K�H���F�R�P�S�R�V�W�H�U����

��

1.4 Precautions Against the Risk of Electrocution and Physical 

Damage 

�x�� �$�O�Z�D�\�V���F�X�W���W�K�H���H�O�H�F�W�U�L�F�D�O���F�X�U�U�H�Q�W���L�I���\�R�X���Q�H�H�G���W�R���R�S�H�Q���W�K�H���F�R�Q�W�U�R�O���S�D�Q�H�O��

�x�� �1�H�Y�H�U���J�R���E�H�Q�H�D�W�K���W�K�H���F�R�P�S�R�V�W�H�U��

�x�� �$�O�Z�D�\�V���H�Q�V�X�U�H���W�K�H���G�R�R�U�V���D�U�H���F�O�R�V�H�G���D�Q�G���O�R�F�N�H�G���E�H�I�R�U�H���R�S�H�U�D�W�L�Q�J���W�K�H��

�F�R�P�S�R�V�W�H�U��

�x�� �3�D�\���F�O�R�V�H���D�W�W�H�Q�W�L�R�Q���W�R���W�K�H���W�X�U�Q�L�Q�J���R�I���W�K�H���Z�K�H�H�O�V��

�x�� �1�H�Y�H�U���F�O�L�P�E���R�Q���W�K�H���F�R�P�S�R�V�W�H�U��

�x�� Screw option : never clear or clean matter without first cutting the 

electrical current and locking the composter. 
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�)�H�H�G�H�U���0�H�F�K�D�Q�L�V�P�������)�H�H�G�L�Q�J���6�F�U�H�Z����

Never place hands or tools inside the composter’s feed shaft without first cutting 
the electrical current and always respect the recommended lockout and safety 
procedures. 

If the screw mechanism becomes jammed, you should under no circumstances try 
to remove matter with your hands or with a tool without first having followed the 
safety lockout procedure. 

������ �2�S�H�U�D�W�H���W�K�H���V�F�U�H�Z���I�R�U���R�Q�O�\���D���I�H�Z���V�H�F�R�Q�G�V���L�Q���U�H�Y�H�U�V�H���W�R���X�Q�E�O�R�F�N���L�W�����6�W�R�S���W�K�H���V�F�U�H�Z��
�D�Q�G���V�W�D�U�W���L�W���D�J�D�L�Q���L�Q���W�K�H���U�L�J�K�W���G�L�U�H�F�W�L�R�Q��

������ �,�I���W�K�L�V���G�R�H�V���Q�R�W���Z�R�U�N�����I�R�O�O�R�Z���W�K�H���O�R�F�N�R�X�W���S�U�R�F�H�G�X�U�H����

������ �5�H�P�R�Y�H�� �W�K�H�� �V�F�U�H�Z�� �R�U�� �W�K�H�� �O�R�F�N�� �I�U�R�P�� �W�K�H�� �D�F�F�H�V�V�� �G�R�R�U�� �D�Q�G�� �U�H�P�R�Y�H� � � W� K� H� � � E� O� R� F� N� H� G� �
�P�D�W�W�H�U���F�D�U�H�I�X�O�O�\���Z�L�W�K���D�Q���D�S�S�U�R�S�U�L�D�W�H���W�R�R�O���L�Q���R�U�G�H�U���W�R���D�Y�R�L�G���L�Q�M�X�U�L�H�V����

������ �2�Q�F�H���W�K�H���P�D�W�W�H�U���L�V���U�H�P�R�Y�H�G�����F�O�R�V�H���W�K�H���D�F�F�H�V�V���G�R�R�U�����S�X�W���W�K�H���V�F�U�H�Z���R�U���O�R�F�N���E�D�F�N���L�Q��
�L�W�V�� �S�U�R�S�H�U�� �S�R�V�L�W�L�R�Q�� �D�Q�G�� �U�H�V�W�D�U�W�� �W�K�H�� �F�R�P�S�R�V�W�H�U�� �D�Q�G�� �W�K�H�� �V�F�U�H�Z�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H��
�S�U�R�S�H�U���S�U�R�F�H�G�X�U�H����

��
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�6�H�F�W�L�R�Q�������±���,�P�S�R�U�W�D�Q�W���,�Q�I�R�U�P�D�W�L�R�Q���I�R�U���'�H�O�L�Y�H�U�\����

�&�R�P�S�R�V�W�H�U���0�R�G�H�O�� �:�H�L�J�K�W�����H�P�S�W�\�������.�J���� �:�H�L�J�K�W�����L�Q���R�S�H�U�D�W�L�R�Q����
���N�J����

�:�R�U�N�L�Q�J���9�R�O�X�P�H�����P������

�%�U�R�P�H���������� �������� ���������� ��������

�%�U�R�P�H���������� ���������� ���������� ��������

�%�U�R�P�H���������� ���������� ���������� ��������

�%�U�R�P�H���������� ���������� ���������� ��������

�%�U�R�P�H���������� ���������� ���������� ��������

�%�U�R�P�H���������� ���������� ���������� ��������

�%�U�R�P�H���������� ���������� ���������� ��������

�%�U�R�P�H���������� ���������� ���������� ��������

�%�U�R�P�H���������� ���������� ���������� ��������

�%�U�R�P�H���������� ���������� ���������� ��������

�%�U�R�P�H���������� �������� ���������� ��������

�%�U�R�P�H���������� ���������� ���������� ��������

�%�U�R�P�H���������� ���������� ������������ ����������

�%�U�R�P�H���������� ���������� ������������ ����������
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�������� �7�U�D�Q�V�S�R�U�W���D�Q�G���8�Q�O�R�D�G�L�Q�J��
�x�� �7�U�D�Q�V�S�R�U�W�� �R�I�� �W�K�H�� �F�R�P�S�R�V�W�H�U�� �I�U�R�P�� �W�K�H�� �P�D�Q�X�I�D�F�W�X�U�H�U�� �W�R�� �W�K�H�� �L�Q�V�W�D�O�O�D�W�L�R�Q�� �V�L�W�H�� �L�V�� �W�K�H��

�U�H�V�S�R�Q�V�L�E�L�O�L�W�\���R�I���W�K�H���F�O�L�H�Q�W������

�x�� �7�K�H�� �X�Q�O�R�D�G�L�Q�J���� �R�Q���V�L�W�H�� �W�U�D�Q�V�S�R�U�W�� �D�Q�G�� �L�Q�V�W�D�O�O�D�W�L�R�Q�� �R�I�� �W�K�H�� �F�R�P�S�R� V� W� H� U� � � D� U� H� � � W� K� H� �
�U�H�V�S�R�Q�V�L�E�L�O�L�W�\�� �R�I�� �W�K�H�� �F�O�L�H�Q�W���� �7�K�H�� �F�O�L�H�Q�W�� �L�V�� �U�H�V�S�R�Q�V�L�E�O�H�� �I�R�U�� �S�U�R�Y�L�G�L�Q�J�� �W�K�H�� �P�D�F�K�L�Q�H�U�\��
�Q�H�H�G�H�G���W�R���X�Q�O�R�D�G���W�K�H���F�R�P�S�R�V�W�H�U���D�Q�G���D���I�R�X�Q�G�D�W�L�R�Q���R�Q���Z�K�L�F�K���W�R���S�O�D�F�H���L�W���D�F�F�R�U�G�L�Q�J���W�R��
�W�K�H���W�H�F�K�Q�L�F�D�O���G�D�W�D���V�K�H�H�W���S�U�R�Y�L�G�H�G���E�\��Brome Compost������

�� ��

�3�O�D�F�H���W�K�H���V�W�U�D�S���I�L�U�P�O�\���D�U�R�X�Q�G���W�K�H���J�U�R�R�Y�H�V���E�\���S�D�V�V�L�Q�J���W�K�U�R�X�J�K���W�K�H���F�R�P�S�R�V�W�H�U�¶�V���V�X�S�S�R�U�W���E�H�D�P�V��

� � � �

�/�L�I�W���W�K�H���F�R�P�S�R�V�W�H�U���Z�L�W�K���W�K�H���D�S�S�U�R�S�U�L�D�W�H���O�L�I�W�L�Q�J���H�T�X�L�S�P�H�Q�W�����H�Q�V�X�U�H���W�K�D�W���W�K�H���F�R�P�S�R�V�W�H�U���L�V���H�P�S�W�\���I�L�U�V�W������
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�6�H�F�W�L�R�Q�������������,�Q�V�W�D�O�O�D�W�L�R�Q��

���������6�L�W�H���V�H�O�H�F�W�L�R�Q���D�Q�G���S�U�H�S�D�U�D�W�L�R�Q��
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�W�K�L�V�� �R�S�W�L�R�Q���� �3�X�O�O�� �W�K�H�� �K�D�Q�G�O�H�� �V�O�L�J�K�W�O�\�� �X�S�� �D�Q�G�� �W�K�H�Q��
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�W�K�H���F�R�Q�W�U�R�O���S�D�Q�H�O���Z�L�O�O���L�Q�G�L�F�D�W�H���W�K�D�W���W�K�H���F�R�P�S�R�V�W�H�U���L�V���L�Q���R�S�H�U�D�W�L�R�Q������

�&�K�H�F�N���W�K�H���2�U�J�D�Q�L�F���0�D�W�W�H�U���%�H�I�R�U�H���$�G�G�L�Q�J���,�W���,�Q�W�R���W�K�H���&�R�P�S�R�V�W�H�U����

�%�H�I�R�U�H���D�G�G�L�Q�J���R�U�J�D�Q�L�F���P�D�W�W�H�U���W�R���W�K�H���F�R�P�S�R�V�W�H�U�����F�K�H�F�N���W�K�H���F�R�Q�W�H�Q�W�V���W�R���E�H���V�X�U�H���W�K�H�U�H���L�V���Q�R��
�I�R�U�H�L�J�Q�� �R�U�� �F�R�Q�W�D�P�L�Q�D�W�L�Q�J�� �P�D�W�W�H�U�� ���L���H���� �S�O�D�V�W�L�F���� �P�H�W�D�O���� �J�O�D�V�V���� �H�W�F�������� �,�I�� �\�R�X�� �V�H�H�� �I�R�U�H�L�J�Q��
�P�D�W�H�U�L�D�O���� �W�D�N�H�� �R�X�W�� �D�V�� �P�X�F�K�� �R�I�� �L�W�� �D�V�� �\�R�X�� �F�D�Q�� �E�H�I�R�U�H�� �\�R�X�� �D�G�G�� �W�K�H���E�L�Q�� �F�R�Q�W�H�Q�W�V�� �L�Q�W�R�� �W�K�H��
�F�R�P�S�R�V�W�H�U����

�������,�I���\�R�X���Q�R�W�L�F�H���W�K�D�W���P�R�V�W���R�I���W�K�H���F�R�Q�W�H�Q�W�V���R�I���W�K�H���E�L�Q���K�D�Y�H���D���E�D�G���V�P�H�O�O�����W�K�U�R�Z���L�W���R�X�W����
����
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�����������0�R�Q�L�W�R�U�L�Q�J���W�K�H���7�H�P�S�H�U�D�W�X�U�H���L�Q���W�K�H���&�R�P�S�R�V�W�H�U��
�7�H�P�S�H�U�D�W�X�U�H���L�V���W�K�H���E�H�V�W���L�Q�G�L�F�D�W�R�U���R�I���W�K�H���F�R�P�S�R�V�W�L�Q�J���S�U�R�F�H�V�V���D�Q�G���L�W���L�V���F�U�X�F�L�D�O���W�R���P�R�Q�L�W�R�U���L�W��
�G�D�L�O�\�����7�K�H���E�H�V�W���W�H�P�S�H�U�D�W�X�U�H���U�D�Q�J�H���I�R�U���D�H�U�R�E�L�F���F�R�P�S�R�V�W�L�Q�J���L�V���E�H�W�Z�H�H�Q�������ƒ�&���D�Q�G�������ƒ�&��������

�‡���7�R���U�H�D�G���W�K�H���W�H�P�S�H�U�D�W�X�U�H�����F�K�H�F�N���W�K�H���W�K�H�U�P�R�P�H�W�H�U���V�����R�Q��
�W�K�H���F�\�O�L�Q�G�H�U������

�8�V�L�Q�J���D���S�R�U�W�D�E�O�H���W�K�H�U�P�R�P�H�W�H�U���L�V���U�H�F�R�P�P�H�Q�G�H�G���I�R�U���W�D�N�L�Q�J��
�W�H�P�S�H�U�D�W�X�U�H���U�H�D�G�L�Q�J�V���D�W���Y�D�U�L�R�X�V���O�R�F�D�W�L�R�Q�V���W�K�U�R�X�J�K���W�K�H��
�G�R�R�U���R�S�H�Q�L�Q�J�����H�V�S�H�F�L�D�O�O�\���G�X�U�L�Q�J���W�K�H���L�Q�L�W�L�D�O���V�W�D�U�W���X�S���S�K�D�V�H����

��

���������2�G�R�X�U�V��
�2�G�R�X�U���F�R�Q�W�U�R�O���L�V���L�P�S�R�U�W�D�Q�W���W�R���P�D�L�Q�W�D�L�Q�L�Q�J���D���J�R�R�G���L�P�D�J�H���R�I��

�\�R�X�U���F�R�P�S�R�V�W�L�Q�J���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���W�R���D�Y�R�L�G���G�L�V�D�J�U�H�H�P�H�Q�W�V���Z�L�W�K���\�R�X�U���Q�H�L�J�K�E�R�X�U�V�����%�\��

�I�R�O�O�R�Z�L�Q�J���J�R�R�G���P�D�L�Q�W�H�Q�D�Q�F�H���K�D�E�L�W�V�����\�R�X���Z�L�O�O���S�U�H�Y�H�Q�W���R�G�R�X�U���S�U�R�E�O�H�P�V����

�$���J�R�R�G���P�D�L�Q�W�H�Q�D�Q�F�H���S�O�D�Q���F�R�Q�V�L�V�W�V���R�I������

������ �6�Z�H�H�S�L�Q�J���W�K�H���I�O�R�R�U���D�Q�G���F�O�H�D�Q�L�Q�J���X�S���V�S�O�R�W�F�K�H�V���R�I���2���:�����R�Q���D�Q�G���D�U�R�X�Q�G���W�K�H��

�F�R�P�S�R�V�W�H�U������

������ �5�H�P�R�Y�L�Q�J���D�Q�\���Z�D�V�W�H���W�K�D�W���K�D�V���I�D�O�O�H�Q���R�Q���W�K�H���I�O�R�R�U������

������ �&�D�U�H�I�X�O�O�\���P�R�Q�L�W�R�U�L�Q�J���W�K�H���F�R�P�S�R�V�W�L�Q�J���S�U�R�F�H�V�V�����P�D�N�H���U�H�J�X�O�D�U���O�R�J�E�R�R�N���H�Q�W�U�L�H�V����

�U�H�V�S�H�F�W���W�K�H���S�U�R�F�H�G�X�U�H�V���D�Q�G���U�H�F�L�S�H�V�����H�W�F����������

������ �,�Q�V�W�D�O�O���D�Q���R�G�R�X�U���G�L�V�S�H�U�V�L�R�Q���R�U���W�U�H�D�W�P�H�Q�W���V�\�V�W�H�P���L�I���W�K�H�U�H���L�V���D���S�R�V�V�L�E�L�O�L�W�\���W�K�D�W���R�G�R�X�U�V��

�P�D�\���H�Y�H�Q�W�X�D�O�O�\���E�R�W�K�H�U���Q�H�L�J�K�E�R�X�U�V���L�Q���F�O�R�V�H���S�U�R�[�L�P�L�W�\���W�R���\�R�X�U���L�Q�V�W�D�O�O�D�W�L�R�Q�����D�Y�D�L�O�D�E�O�H��

�D�V���D�Q���R�S�W�L�R�Q������

������������������������������������������������������������������������������������������������������������������������
2��Check��the��standards��in��effect.��
3��An��online��calculator��for��composting��recipes��and��monitoring��is��available��as��an��option.��

Figure��3���r�r��Composter��Thermometer��
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���������+�R�Z���W�R���6�H�W���5�R�W�D�W�L�R�Q���,�Q�W�H�U�Y�D�O�V��
��

�7�K�H���%�U�R�P�H���F�R�P�S�R�V�W�H�U���F�D�Q���E�H���V�H�W���W�R���U�R�W�D�W�H���D�W���G�L�I�I�H�U�H�Q�W���L�Q�W�H�U�Y�D�O�V���E�\���D�G�M�X�V�W�L�Q�J���W�K�H��
�S�U�R�J�U�D�P�P�D�E�O�H���W�L�P�H�U���O�R�F�D�W�H�G���L�Q���W�K�H���F�R�Q�W�U�R�O���S�D�Q�H�O������

�������/�R�F�D�W�H���W�K�H���W�L�P�H�U���R�Q���W�K�H���F�R�Q�W�U�R�O���S�D�Q�H�O������

�æ�� �7�K�H���F�O�R�F�N���F�D�Q���E�H���V�H�W���I�R�U���G�L�I�I�H�U�H�Q�W���X�Q�L�W�V���R�I���W�L�P�H�����K�R�X�U�V����

�V�H�F�R�Q�G�V���D�Q�G���P�L�Q�X�W�H�V�����W�R���P�H�H�W���W�K�H���Q�H�H�G�V���R�I���W�K�H���X�V�H�U����

�æ�� �7�X�U�Q���W�K�H���V�F�U�H�Z���O�R�F�D�W�H�G���D�W���W�K�H���O�R�Z�H�U���O�H�I�W���R�Q���W�K�H���F�O�R�F�N�����V�H�H��

�U�H�G���F�L�U�F�O�H���R�Q���W�K�H���S�K�R�W�R�����W�R���F�K�D�Q�J�H���W�K�H���W�L�P�H���L�Q�W�H�U�Y�D�O�V����

�æ�� �7�X�U�Q���W�K�H���V�F�U�H�Z���O�R�F�D�W�H�G���D�W���W�K�H���W�R�S���U�L�J�K�W���R�Q���W�K�H���F�O�R�F�N�����V�H�H��

�W�K�H���U�H�G���F�L�U�F�O�H���R�Q���W�K�H���S�K�R�W�R�����W�R���F�K�D�Q�J�H���W�K�H���W�L�P�H���X�Q�L�W�V��

���K�R�X�U�V�����P�L�Q�X�W�H�V������

 

�������7�X�U�Q���W�K�H���S�O�D�V�W�L�F���Z�K�H�H�O���W�R���F�K�D�Q�J�H���W�K�H���K�D�Q�G���S�R�V�L�W�L�R�Q������

�'�X�U�L�Q�J���Q�R�U�P�D�O���X�V�H�����W�K�H���F�R�P�S�R�V�W�H�U�¶�V���U�R�W�D�W�L�R�Q���L�Q�W�H�U�Y�D�O�V���V�K�R�X�O�G���E�H���D�U�R�X�Q�G���D�Q���K�R�X�U����
�'�X�U�L�Q�J���V�S�H�F�L�D�O���R�S�H�U�D�W�L�R�Q�V�����L�W���F�D�Q���E�H���S�U�R�J�U�D�P�P�H�G���G�L�I�I�H�U�H�Q�W�O�\����

�������:�K�H�Q���\�R�X���D�U�H���I�L�Q�L�V�K�H�G���V�H�W�W�L�Q�J���W�K�H���D�G�M�X�V�W�P�H�Q�W�V�����F�O�R�V�H���W�K�H���S�D�Q�H�O����

 

Figure��4�r�r��Rotation��Programmed��Every��Hour��
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���������+�R�Z���W�R���6�H�W���W�K�H���'�R�R�U���3�R�V�L�W�L�R�Q����
  

�7�K�H���U�R�W�D�W�L�R�Q�V���F�D�Q���E�H���V�W�R�S�S�H�G���D�W���D���V�S�H�F�L�I�L�F���V�S�R�W���V�R���W�K�D�W���W�K�H���G�R�R�U�¶�V���S�R�V�L�W�L�R�Q���L�V���D�O�Z�D�\�V���W�K�H��
�V�D�P�H������

������ �3�U�H�V�V���W�K�H���U�H�G���H�P�H�U�J�H�Q�F�\���V�W�R�S���E�X�W�W�R�Q���R�Q���W�K�H��
���F�R�P�S�R�V�W�H�U���E�H�I�R�U�H���\�R�X���Z�R�U�N���R�Q���R�U���Q�H�D�U���L�W����

��

������ �8�Q�V�F�U�H�Z�� �W�K�H�� �S�D�Q�H�O�� �O�R�F�D�W�H�G�� �W�R�� �W�K�H�� �V�L�G�H�� �R�I�� �W�K�H��
�F�R�Q�W�U�R�O���E�R�[����
��

��

��

��

������ �:�K�H�Q�� �\�R�X�� �O�R�R�N�� �L�Q�V�L�G�H�� �W�K�H�� �F�R�P�S�R�V�W�H�U���� �R�Q�� �W�K�H��
�U�L�J�K�W���K�D�Q�G���V�L�G�H�����\�R�X���Z�L�O�O���V�H�H���D���U�H�G���P�D�J�Q�H�W�����7�K�H��
�P�D�J�Q�H�W���V�W�R�S�V���W�K�H���F�R�P�S�R�V�W�H�U���D�I�W�H�U���D���I�X�O�O���U�R�W�D�W�L�R�Q��
�Z�K�H�Q�� �L�W�� �S�D�V�V�H�V�� �L�Q�� �I�U�R�Q�W�� �R�I�� �W�K�H�� �V�H�Q�V�R�U���� �5�H�P�R�Y�H��
�W�K�H���P�D�J�Q�H�W���D�Q�G���S�X�W���L�W���D�V�L�G�H����

��

��

������ �3�X�O�O�� �W�K�H�� �H�P�H�U�J�H�Q�F�\�� �V�W�R�S�� �E�X�W�W�R�Q�� �D�Q�G�� �V�H�W�� �W�K�H�� �F�R�P�S�R�V�W�H�U�� �R�Q�� �P�D�Q�X�D�O�� �P�R�G�H���� �7�X�U�Q�� �W�K�H��
�F�R�P�S�R�V�W�H�U���W�R���V�H�W���W�K�H���G�R�R�U���D�W���W�K�H���G�H�V�L�U�H�G���S�R�V�L�W�L�R�Q�����3�X�V�K���W�K�H���H�P�H�U�J�H�Q�F�\���V�W�R�S���E�X�W�W�R�Q����

������ �3�X�W�� �W�K�H�� �P�D�J�Q�H�W�� �L�Q�� �I�U�R�Q�W�� �R�I�� �W�K�H�� �V�H�Q�V�R�U���� �3�X�O�O�� �W�K�H��
�H�P�H�U�J�H�Q�F�\�� �V�W�R�S�� �E�X�W�W�R�Q�� �D�Q�G�� �D�O�O�R�Z�� �R�Q�H�� �U�R�W�D�W�L�R�Q�� �R�Q��
�D�X�W�R�P�D�W�L�F�� �P�R�G�H�� �W�R�� �W�H�V�W�� �W�K�H�� �G�R�R�U�� �V�W�R�S�� �S�R�V�L�W�L�R�Q�� ���V�H�W��
�W�K�H�� �F�O�R�F�N�� �D�W�� ���� �W�R�� �P�D�N�H�� �D�� �U�R�W�D�W�L�R�Q�� �R�Q�� �D�X�W�R�P�D�W�L�F��
�P�R�G�H������

 

 

�������$�I�W�H�U���R�Q�H���U�R�W�D�W�L�R�Q�����W�K�H���G�R�R�U���V�K�R�X�O�G���V�W�R�S���D�W���W�K�H���V�D�P�H���S�R�V�L�W�L�R�Q���I�U�R�P���Z�K�L�F�K���L�W���V�W�D�U�W�H�G�����L�I���\�R�X��
�V�W�L�O�O�� �K�H�D�U�� �W�K�H�� �D�O�D�U�P���� �S�X�W�� �W�K�H�� �F�R�P�S�R�V�W�H�U�� �E�D�F�N�� �R�Q�� �P�D�Q�X�D�O�� �P�R�G�H�� �W�R���S�U�H�Y�H�Q�W�� �D�� �V�H�F�R�Q�G��
�U�R�W�D�W�L�R�Q��������

������ �,�I�� �W�K�H�� �S�R�V�L�W�L�R�Q�� �L�V�� �F�R�U�U�H�F�W���� �\�R�X�� �F�D�Q�� �V�F�U�H�Z�� �W�K�H�� �S�D�Q�H�O�� �E�D�F�N�� �R�Q���� �V�H�W�� �W�K�H�� �F�O�R�F�N�� �E�D�F�N�� �W�R�� �L�W�V��
�R�U�L�J�L�Q�D�O���S�R�V�L�W�L�R�Q���D�Q�G���U�H�W�X�U�Q���W�K�H���F�R�P�S�R�V�W�H�U���W�R���D�X�W�R�P�D�W�L�F���P�R�G�H������
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�6�H�F�W�L�R�Q�������������0�D�L�Q�W�H�Q�D�Q�F�H��
��

���������3�H�U�I�R�U�P�L�Q�J���0�D�L�Q�W�H�Q�D�Q�F�H���6�D�I�H�O�\�����L�Q���(�Q�F�O�R�V�H�G���6�S�D�F�H�V����

��

�:�R�U�N���3�U�R�F�H�G�X�U�H�V���I�R�U���(�Q�F�O�R�V�H�G���6�S�D�F�H�V��
��

�1�H�Y�H�U���H�Q�W�H�U���W�K�H���F�\�O�L�Q�G�H�U���Z�L�W�K�R�X�W���K�D�Y�L�Q�J���W�K�H���S�U�R�S�H�U���W�U�D�L�Q�L�Q�J���I�R�U���Z�R�U�N���L�Q���F�O�R�V�H�G���V�S�D�F�H�V���D�Q�G��

�Z�L�W�K�R�X�W���\�R�X�U���R�U�J�D�Q�L�V�D�W�L�R�Q�¶�V���D�X�W�K�R�U�L�V�D�W�L�R�Q�����$�O�Z�D�\�V���X�V�H���W�K�H���D�S�S�U�R�S�U�L�D�W�H���O�R�F�N�R�X�W���S�U�R�F�H�G�X�U�H����

��

�*�H�Q�H�U�D�O�O�\�� �V�S�H�D�N�L�Q�J���� �D�Q�� �H�Q�F�O�R�V�H�G�� �V�S�D�F�H�� �U�H�I�H�U�V�� �W�R�� �D�� �S�D�U�W�L�D�O�O�\�� �R�U���F�R�P�S�O�H�W�H�O�\�� �F�O�R�V�H�G�� �V�L�W�H��

�W�K�D�W����

�x�� �,�V���Q�R�W���D�G�D�S�W�H�G���Q�R�U���G�H�V�W�L�Q�H�G���I�R�U���S�U�R�O�R�Q�J�H�G���K�X�P�D�Q���R�F�F�X�S�D�W�L�R�Q��

�x�� �+�D�V�� �O�L�P�L�W�H�G�� �R�U�� �U�H�V�W�U�L�F�W�H�G�� �D�F�F�H�V�V�� �D�Q�G�� �H�[�L�W�� �U�R�X�W�H�V���� �R�U�� �K�D�V�� �D�� �F�R�Q�I�L�J�X�U�D�W�L�R�Q�� �W�K�D�W��

�F�R�P�S�O�L�F�D�W�H�V�� �I�L�U�V�W�� �D�L�G���� �U�H�V�F�X�H�� �D�Q�G�� �H�Y�D�F�X�D�W�L�R�Q�� �S�U�R�F�H�G�X�U�H�V���� �D�V�� �Z�H�O�O�� �D�V�� �R�W�K�H�U��

�H�P�H�U�J�H�Q�F�\���L�Q�W�H�U�Y�H�Q�W�L�R�Q���S�U�D�F�W�L�F�H�V��

�x�� �3�U�H�V�H�Q�W�V���D���S�R�W�H�Q�W�L�D�O���U�L�V�N���W�R���W�K�H���K�H�D�O�W�K���D�Q�G���V�H�F�X�U�L�W�\���R�I���S�H�U�V�R�Q�V���H�Q�W�H�U�L�Q�J���W�K�H���V�S�D�F�H����

�G�X�H���W�R���R�Q�H���R�U���P�R�U�H���R�I���W�K�H���I�R�O�O�R�Z�L�Q�J���I�D�F�W�R�U�V����

o�� �,�W�V���F�R�Q�F�H�S�W�L�R�Q�����L�W�V���F�R�Q�V�W�U�X�F�W�L�R�Q�����L�W�V���O�R�F�D�W�L�R�Q���D�Q�G���L�W�V���D�W�P�R�V�S�K�H�U�H��

o�� �7�K�H���P�D�W�W�H�U���R�U���V�X�E�V�W�D�Q�F�H�V���W�K�D�W���L�W���F�R�Q�W�D�L�Q�V��

o�� �7�K�H���Q�D�W�X�U�H���R�I���W�K�H���Z�R�U�N���W�R���E�H���G�R�Q�H��

o�� �5�L�V�N�V�� �U�H�O�D�W�H�G�� �W�R�� �W�K�H�� �P�H�F�K�D�Q�L�V�P�V�� �D�Q�G�� �S�U�R�F�H�G�X�U�H�V�� �X�V�H�G���� �D�V�� �Z�H�O�O�� �D�V��

�G�D�Q�J�H�U�V���W�R���S�H�U�V�R�Q�D�O���V�H�F�X�U�L�W�\��

��

�3�O�H�D�V�H�� �Y�L�V�L�W�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J�� �*�R�Y�H�U�Q�P�H�Q�W�� �R�I�� �&�D�Q�D�G�D�� �Z�H�E�V�L�W�H�� �I�R�U�� �P�R�U�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�Q��

�H�Q�F�O�R�V�H�G���V�S�D�F�H�V������

�K�W�W�S�V�������Z�Z�Z���F�F�K�V�W���F�D���R�V�K�D�Q�V�Z�H�U�V���K�V�S�U�R�J�U�D�P�V���F�R�Q�I�L�Q�H�G�V�S�D�F�H�B�L�Q�W�U�R���K�W�P�O��
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�6�H�F�X�U�L�Q�J���W�K�H���&�R�P�S�R�V�W�H�U���D�Q�G���R�U���W�K�H���6�F�U�H�Z���)�H�H�G�H�U�����'�L�V�S�H�Q�V�H�U����
��

�)�R�U�� �\�R�X�U�� �V�D�I�H�W�\���� �L�W�� �L�V�� �Y�L�W�D�O�� �W�R�� �O�R�F�N�� �W�K�H�� �F�R�P�S�R�V�W�H�U�� �L�Q�� �S�R�V�L�W�L�R�Q���G�X�U�L�Q�J�� �D�O�O�� �P�D�L�Q�W�H�Q�D�Q�F�H��
�S�U�R�F�H�G�X�U�H�V�����Z�K�H�W�K�H�U���L�W���E�H���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���H�V�W�D�E�O�L�V�K�H�G���V�F�K�H�G�X�O�H���R�U���Z�K�H�Q���D���P�D�O�I�X�Q�F�W�L�R�Q��
�R�F�F�X�U�V����

�&�R�P�S�R�V�W�H�U����

�,�W�� �L�V�� �L�P�S�R�U�W�D�Q�W�� �W�R�� �F�X�W�� �F�R�Q�W�D�F�W�� �D�Q�G�� �O�R�F�N�� �W�K�H�� �F�R�Q�W�U�R�O�� �S�D�Q�H�O�� �Z�K�L�O�H�� �S�H�U�I�R�U�P�L�Q�J�� �\�R�X�U��
�P�D�L�Q�W�H�Q�D�Q�F�H�� �U�R�X�W�L�Q�H�� �L�Q�� �R�U�G�H�U�� �W�R�� �S�U�H�Y�H�Q�W�� �V�R�P�H�R�Q�H�� �H�O�V�H�� �I�U�R�P�� �D�F�F�L�G�H�Q�W�D�O�O�\�� �V�W�D�U�W�L�Q�J�� �R�U��
�W�X�U�Q�L�Q�J���W�K�H���F�R�P�S�R�V�W�H�U�����,�I���\�R�X���D�U�H���L�Q�V�L�G�H���W�K�H���F�R�P�S�R�V�W�H�U�����P�D�N�H���V�X�U�H���W�K�D�W���D�Q�R�W�K�H�U���S�H�U�V�R�Q���L�V��
�W�K�H�U�H���W�R���P�R�Q�L�W�R�U���\�R�X���R�U���P�D�N�H���V�X�U�H���W�K�D�W���\�R�X���F�O�H�D�U�O�\���L�Q�G�L�F�D�W�H���\�R�X�U���S�U�H�V�H�Q�F�H����

�)�H�H�G�L�Q�J���6�F�U�H�Z�����'�L�V�S�H�Q�V�H�U������

�1�H�Y�H�U���D�W�W�H�P�S�W���W�R���F�O�H�D�Q�����X�Q�E�O�R�F�N���R�U���S�H�U�I�R�U�P���P�D�L�Q�W�H�Q�D�Q�F�H���R�Q���W�K�H���I�H�H�G�L�Q�J���V�F�U�H�Z���Z�L�W�K���\�R�X�U��
�K�D�Q�G�V���X�Q�O�H�V�V���W�K�H���S�R�Z�H�U���L�V���F�X�W���D�Q�G���W�K�H���V�F�U�H�Z���L�V���O�R�F�N�H�G���L�Q���S�R�V�L�W�L�R�Q�����6�H�U�L�R�X�V���L�Q�M�X�U�L�H�V���F�R�X�O�G��
�U�H�V�X�O�W���� �,�Q�� �D�G�G�L�W�L�R�Q���� �W�K�H�� �O�D�W�H�U�D�O�� �S�D�Q�H�O�� �V�K�R�X�O�G�� �D�O�Z�D�\�V�� �E�H�� �E�O�R�F�N�H�G�� �V�R�� �W�K�D�W�� �L�W�� �F�D�Q�Q�R�W�� �R�S�H�Q��
�Z�K�H�Q���L�Q���R�S�H�U�D�W�L�R�Q����

��

���������&�K�H�F�N�L�Q�J���W�K�H���&�R�Q�G�L�W�L�R�Q���R�I���W�K�H���&�R�P�S�R�V�W�H�U��
�7�K�H�� �%�U�R�P�H�� �&�R�P�S�R�V�W�H�U�� �L�V�� �G�H�V�L�J�Q�H�G�� �W�R�� �I�X�Q�F�W�L�R�Q�� �Z�L�W�K�� �R�Q�O�\�� �P�L�Q�L�P�D�O�� �P�D�L�Q�W�H�Q�D�Q�F�H���� �7�R��

�H�Q�V�X�U�H���W�K�H���F�R�P�S�R�V�W�H�U�¶�V���R�S�W�L�P�D�O���R�S�H�U�D�W�L�R�Q�����\�R�X���P�X�V�W������

�x�� �5�H�J�X�O�D�U�O�\�� �L�Q�V�S�H�F�W�� �W�K�H�� �L�Q�V�L�G�H�� �R�I�� �W�K�H�� �F�\�O�L�Q�G�H�U�� �W�R�� �L�G�H�Q�W�L�I�\�� �D�Q�\�� �G�D�P�D�J�H�� �W�K�D�W�� �F�R�X�O�G��

�F�D�X�V�H���S�U�H�P�D�W�X�U�H���G�H�W�H�U�L�R�U�D�W�L�R�Q�����5�H�P�R�Y�H���W�K�H���R�X�W�S�X�W���H�Q�G���F�D�S���R�F�F�D�V�L�R�Q�D�O�O�\���W�R���D�O�O�R�Z��

�D�Q���X�Q�R�E�V�W�U�X�F�W�H�G���L�Q�V�S�H�F�W�L�R�Q���R�I���W�K�H���L�Q�W�H�U�L�R�U���V�X�U�I�D�F�H�V���R�I���W�K�H���F�\�O�L�Q�G�H�U������

�x�� �,�Q�V�S�H�F�W�� �D�Q�G�� �F�O�H�D�Q�� �W�K�H�� �D�U�H�D�� �V�X�U�U�R�X�Q�G�L�Q�J�� �W�K�H�� �F�\�O�L�Q�G�H�U���� �,�I�� �P�D�W�H�U�L�D�O�� �D�F�F�X�P�X�O�D�W�H�V��

�D�U�R�X�Q�G���W�K�H���H�[�W�H�U�L�R�U�����L�W���F�D�Q���K�L�Q�G�H�U���W�K�H���F�\�O�L�Q�G�H�U�¶�V���U�R�W�D�W�L�R�Q�D�O���P�R�Y�H�P�H�Q�W�V�����F�R�Q�W�U�L�E�X�W�H��

�W�R���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���I�O�\���O�D�U�Y�D�H�����D�W�W�U�D�F�W���D�Q�L�P�D�O�V���D�Q�G���F�U�H�D�W�H���R�G�R�X�U�V������

�x�� �5�H�J�X�O�D�U�O�\�� �L�Q�V�S�H�F�W�� �W�K�H�� �R�S�H�Q�L�Q�J�� �W�K�U�R�X�J�K�� �Z�K�L�F�K�� �W�K�H�� �I�L�Q�L�V�K�H�G�� �F�R�P�S�R� V� W� � � H� [� L� W� V� � � W� K� H� �

�F�\�O�L�Q�G�H�U�����H�[�L�W���R�X�W�O�H�W�����D�Q�G���F�O�H�D�Q���L�W�����L�I���Q�H�F�H�V�V�D�U�\����

�x�� �'�R�� �Q�R�W�� �R�S�H�U�D�W�H�� �W�K�H�� �F�R�P�S�R�V�W�H�U�� �G�X�U�L�Q�J�� �S�U�R�O�R�Q�J�H�G�� �S�H�U�L�R�G�V�� �R�I�� �L�Q�D�F�W�L�Y�L�W�\�� �G�X�U�L�Q�J�� �W�K�H��

�Z�L�Q�W�H�U�W�L�P�H�����L�Q���I�U�H�H�]�L�Q�J���F�R�Q�G�L�W�L�R�Q�V�������D�Q�G���Z�K�H�Q���L�I���W�K�H���P�D�W�H�U�L�D�O���L�Q�V�L�G�H���L�V���I�U�R�]�H�Q�����7�K�L�V��

�F�R�X�O�G���G�D�P�D�J�H���W�K�H���H�T�X�L�S�P�H�Q�W������
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5.3 Maintenance Schedule 

��

�� �&�R�P�S�R�Q�H�Q�W�� �&�K�H�F�N�� �)�U�H�T�X�H�Q�F�\��

���� �'�R�R�U�� �5�X�E�E�H�U���6�H�D�O�� �:�H�H�N�O�\��

�� �'�R�R�U�� �(�D�V�\���W�R���R�S�H�Q�� �(�D�F�K���X�V�H��

���� �&�R�P�S�R�V�W���H�[�L�W���R�X�W�O�H�W�� �&�R�P�S�R�V�W���K�H�L�J�K�W�� �(�D�F�K���X�V�H��

���� �9�H�Q�W�L�O�D�W�L�R�Q�� �:�R�U�N�L�Q�J���Z�H�O�O�� �:�H�H�N�O�\��

���� �&�R�P�S�R�V�W�H�U���O�H�Y�H�O�� �.�H�H�S���L�W���O�H�Y�H�O�H�G�� �7�Z�L�F�H���D���\�H�D�U��

���� �&�R�Q�W�U�R�O���S�D�Q�H�O�� �¾�� �:�D�W�H�U�S�U�R�R�I��

�¾�� �%�U�R�N�H�Q���E�X�W�W�R�Q�V��

�0�R�Q�W�K�O�\��

���� �6�L�I�W�H�U�� �+�R�O�H�V���D�U�H���I�U�H�H���R�I���Z�D�V�W�H�� �:�H�H�N�O�\��

���� �,�Q�W�H�U�L�R�U���R�I���F�R�P�S�R�V�W�H�U�� �9�L�V�X�D�O���L�Q�V�S�H�F�W�L�R�Q�� �$�Q�Q�X�D�O�O�\��

����
�0�H�F�K�D�Q�L�F�D�O���F�R�P�S�R�Q�H�Q�W�V�����P�R�W�R�U�����J�H�D�U��

�E�R�[�����S�D�Q�H�O����

�6�H�H���P�D�Q�X�I�D�F�W�X�U�H�U��

�U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V��

�$�V���U�H�F�R�P�P�H�Q�G�H�G��

������ �:�K�H�H�O�����5�R�W�D�W�L�Q�J���D�Q�G���J�X�L�G�H���Z�K�H�H�O�V����

�¾�� �9�L�V�X�D�O���L�Q�V�S�H�F�W�L�R�Q��

�¾�� �5�R�O�O�L�Q�J���V�P�R�R�W�K�\��

�¾�� �&�K�H�F�N���E�H�D�U�L�Q�J�V��

�(�D�F�K���X�V�H��

��
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�6�H�F�W�L�R�Q�������±���%�U�R�P�H���&�R�P�S�R�V�W�H�U���'�L�P�H�Q�V�L�R�Q�V��
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7  Equipment options / accessories  

Brome Compost�� �R�I�I�H�U�V�� �D�� �Z�L�G�H�� �U�D�Q�J�H�� �R�I�� �D�F�F�H�V�V�R�U�L�H�V�� �W�R�� �I�D�F�L�O�L�W�D�W�H�� �R�Q���V�L�W�H�� �F�R�P�S�R�V�W�L�Q�J����
�&�R�Q�W�D�F�W���X�V���I�R�U���P�R�U�H���L�Q�I�R�U�P�D�W�L�R�Q���R�U���L�I���\�R�X���K�D�Y�H���T�X�H�V�W�L�R�Q�V���U�H�J�D�U�G�L�Q�J���W�K�H���G�L�I�I�H�U�H�Q�W���R�S�W�L�R�Q�V��
�Z�H���R�I�I�H�U����

 

 

Loading Ramp 

 

 

Dumping Bin 

 

 

Ventilation option (With full air 
extraction) 

  

Valve for passive ventilation 

 

 

Universal Bin Lifter 
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Protected safety cage 

 

 

Extension 

 

Sifter 

 

 

Out-swinging doors 

 

 

Sliding door 

 

 

Stainless steel finish 

��
For��more��information,��contact:��Brome��Compost��
450��574�r2000��
Always��inform��your��immediate��superior��of��any��incidents��and/or��damage��to��the��equipment.�� 
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�6�H�F�W�L�R�Q�������±���3�U�R�E�O�H�P���6�R�O�Y�L�Q�J��

 

8.1 Broken Chain 

��

�x�� �$�U�H���W�K�H���I�R�X�U���Z�K�H�H�O�V���L�Q���J�R�R�G���Z�R�U�N�L�Q�J���F�R�Q�G�L�W�L�R�Q�"���3�H�U�I�R�U�P���D���Y�L�V�X�D�O���L�Q�V�S�H�F�W�L�R�Q���R�I���W�K�H��
�U�R�W�D�W�L�Q�J���D�Q�G���J�X�L�G�H���Z�K�H�H�O�V�����D�Q�G���W�K�H�L�U���E�H�D�U�L�Q�J�V�����$���Y�L�V�X�D�O���L�Q�V�S�H�F�W�L�R�Q���V�K�R�X�O�G���V�X�I�I�L�F�H����
��

�x�� �$�U�H���W�K�H���W�Z�R���J�X�L�G�H���Z�K�H�H�O�V���O�R�F�D�W�H�G���X�Q�G�H�U���W�K�H���I�U�R�Q�W���S�D�U�W���R�I���W�K�H���F�R�P�S�R�V�W�H�U���L�Q���J�R�R�G��
�F�R�Q�G�L�W�L�R�Q�"���$�U�H���W�K�H�\���P�L�V�D�O�L�J�Q�H�G���R�U���U�X�E�E�L�Q�J���D�J�D�L�Q�V�W���W�K�H���J�U�R�R�Y�H���W�K�U�H�D�G�"��
��

�x�� �,�V���W�K�H���F�R�P�S�R�V�W�H�U���U�R�W�D�W�L�Q�J���Z�H�O�O���R�Q���D�O�O���I�R�X�U���Z�K�H�H�O�V���Z�K�H�Q���L�Q���R�S�H�U�D�W�L�R�Q�"��
��

�x�� �,�V���W�K�H���F�R�P�S�R�V�W�H�U���O�H�Y�H�O�"�������������������������������R�U���P�R�U�H�"��
��

�x�� �,�V���W�K�H���F�K�D�L�Q���W�H�Q�V�L�R�Q�H�U���L�Q���J�R�R�G���Z�R�U�N�L�Q�J���F�R�Q�G�L�W�L�R�Q�"�����7�K�L�V���S�U�H�Y�H�Q�W�V���W�K�H���F�K�D�L�Q���I�U�R�P��
�M�X�P�S�L�Q�J���R�I�I���W�K�H���V�S�U�R�F�N�H�W����
��

�x�� �$�U�H���W�K�H���W�Z�R���J�U�R�R�Y�H���W�K�U�H�D�G�V���D�O�O�R�Z�L�Q�J���W�K�H���I�R�X�U���Z�K�H�H�O�V���W�R���W�X�U�Q���F�R�U�U�H�F�W�O�\���R�U���D�U�H���W�K�H�\��
�S�U�R�E�O�H�P�D�W�L�F�"��
��
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�� �7�K�H�� �H�T�X�L�S�P�H�Q�W�� �L�V�� �X�Q�G�H�U�� �J�X�D�U�D�Q�W�H�H�� �I�R�U�� �Q�R�U�P�D�O�� �X�V�H���� �$�� �P�H�F�K�D�Q�L�F�D�O���E�U�H�D�N�G�R�Z�Q�� �R�U��
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EXECUTIVE SUMMARY 

 
This Landfill Design and Management Plan outline the design of the current operational and a 
conceptual closure industrial waste landfill as part of Agnico Eagle Mines Limited (Agnico Eagle) 
Meadowbank Mine in Nunavut.  
 
The current landfill (Landfill #1) is required for the disposal of non-salvageable, non-hazardous solid 
wastes from mining activities that cannot be incinerated; as well as for disposal of compost from the 
composting operation. It is located on the Portage Rock Storage Facility and will consist of several sub 
landfills that evolve with the placement of waste rock.  All of the sub-landfills will be identified and 
mapped. 
 
The leachate from the landfill is very weak (diluted) or simply no existent due to the controls on materials 
placed in the landfill, and therefore specific leachate management is not considered. Any leachate is 
naturally drained into the Tailing Storage Facility. 
 
At the end of mine life, the landfill waste will be covered by 0.3 to 1 m thickness of rock fill, with an 
additional 4 m of coarse NPAG waste rock material.  The final landfill slopes will be up to 50%.  Drainage 
water will be managed under the current Water Management plan. 
 
To meet NWB guidelines, an environmental overview effects assessment was conducted to characterize 
environmental resources and determine the anticipated environmental effects of the landfills. The 
primary potential environmental effects from landfill activities included leachate generation, windblown 
debris and habitat (vegetation) loss. Operation of the landfill has not shown any such environmental 
effects. 
 
A conceptual closure industrial waste landfill will be located near the top of the Portage RSF and would 
serve the mine for the last two years of the mine closure.  Demolition waste from the plant site removal 
/ reclamation will be disposed of in Landfill #2. 
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IMPLEMENTATION SCHEDULE 

 
This plan will be immediately implemented (October 2018) and is subject to any modifications proposed 
by the NWB as a result of the review and approval process. 
 

DISTRIBUTION LIST 
 
Agnico Eagle �± General Mine Manager 

 
Agnico Eagle �± Environment Superintendent 

 
Agnico Eagle �± Environmental Senior Coordinator 
 
Agnico Eagle �± Engineering Superintendent 
 
Agnico Eagle �± Mine Superintendent 
 
Agnico Eagle �± Energy and Infrastructure Superintendent 
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DOCUMENT CONTROL 
 

Version  Date (YMD) Section  Page Revision  

1 08/10/08 

  

Amalgamation of original report and supplementary 
documents (Golder Associates, Doc 562 �± Landfill Design and 
Management Supplementary Information and AEM document 
�± Meadowbank Type A Water License �± Response to Pre-
Hearing Commitments, Appendix I) 

4 11 
Addition of testing protocol and incinerator criteria; 
Incorporation of Government of Nunavut Environmental 
Guidelines 

5 14 
Addition of protocols for material placement in the landfills; 
Confirmation that there are no planned design changes as of 
October 2008 to Landfill #1 or Landfill #2 

2 12/12/18 ALL ALL Comprehensive update of entire plan 

3 17/03/31 ALL ALL Comprehensive update of entire plan 

4 18/10/02 
1.1 
3.1 

3.2.1 
3.3 

 

 

 

1 
4 
5 
6 

Addition of composting waste stream to site operations, where 
applicable. Composter output will be sent to landfill.  

     

     

     

 

 
 

Approved by:  
 Nancy Duquet Harvey 
 Superintendent - Environment
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1 INTRODUCTION 

 PROJECT OVERVIEW 

This Landfill Design and Management Plan (Plan) outlines the design, operation and closure for two solid 
waste landfills as part of the Agnico Eagle Mines Limited (Agnico Eagle) Meadowbank Mine. 

The objectives of this Plan are summarized as follows: 
 

1. To define the location, design and operating procedures to be used in the landfill disposal of non-
hazardous solid waste generated at the Meadowbank Mine; 

2. To define acceptable/non-acceptable types of solid waste to be placed in the Meadowbank 
landfill; and 

3. To define operating and monitoring requirements for the landfill. 
 
This updated version of the Landfill Design and Management Plan was developed in March 2017 in 
concordance with the water license requirement and updated in October 2018 to include composting 
operations.  This document will supersede all previous Landfill Design and Management Plans created by 
Agnico Eagle.  

The landfills are required for the disposal of non-salvageable, non-hazardous industrial wastes from 
standard mining activities that cannot be incinerated. 

Hazardous wastes will not be placed in the landfills.  Management procedures for hazardous wastes are 
provided under a separate management plan �± Hazardous Materials Management Plan (Ver.3, 
October 2013). All other materials considered unsuitable for landfill deposition are packaged for shipment 
and disposal off site at a licensed facility. 

To meet NWB guidelines, an environmental overview effects assessment was conducted to characterize 
environmental resources and determine the anticipated environmental effects of the landfills. Other 
applicable regulatory guidelines and criteria were also incorporated into this Plan, as discussed in Section 2. 

The overall Meadowbank Mine description, landfill siting options and descriptions, and corresponding 
environmental overview approach are described in the sections below. The Meadowbank Mine Site facility 
layout is shown in Figure 1. 

At the Meadowbank site and Baker Lake Marshalling Area, hazardous waste materials are stored in secure 
facilities until they can be backhauled for off-site recycling or disposal in an approved facility. 

 LANDFILL SITING 

The landfills were positioned considering the following criteria: 

�x Drainage �± sites that drain into areas where water will be collected and monitored as part of the 
overall mine plan are preferred. 

�x Avoid Ice Rich Soil Excavation �± sites where bedrock is at relatively shallow depth are preferred. 

�x Disturbed Areas �± sites that will be within or near areas that will be disturbed as part of the 
overall mine plan are preferred. 

�x Access �± sites that are located close to existing access roads are preferred. 
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The first three criteria are recommendations from the Mine Site Reclamation Guidelines for the Northwest 
Territories (INAC, 2006). 

Based on the above criteria, a landfill is planned at each of the two following locations: 

�x Landfill #1 is developed in the Portage RSF (Figure 2). This landfill consists of multiple sub landfills 
that are built and buried according to the evolution of the RSF.  As the RSF evolves, the elevation 
and location of the sub landfills change; and 

�x Landfill #2 will be developed at the top of the Portage RSF during Meadowbank closure. 

While the preferred landfill location is the top of the Portage RSF (minimizing the disturbed area), such a 
landfill would hinder waste rock placement during mining activities. Thus Landfill #1 will be developed first 
and serve as the non-hazardous waste disposal site for the life of operation.  For the closure of the mine, 
Landfill #2 will serve as the non-hazardous waste disposal site. 
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2 RE GULATORY SETTING  

Waste management in Nunavut is regulated under the Nunavut Public Health Act, the Nunavut 
Environmental Protection Act and the federal Environmental Protection Act. In addition to mandatory 
requirements, a number of waste management guidelines are commonly used in the NWT and Nunavut. 
The most recent of these was developed for municipal solid waste, and is titled �³Guidelines for the 
Planning, Design, Operations and Maintenance of Modified Solid Waste Sites in the NWT� ́ (Ferguson 
Simek Clark, April 2003, on behalf of the Department of Municipal and Community Affairs, Government 
of Northwest Territories). While not all of the recommendations provided in this guideline are appropriate 
for the management of industrial waste such as those generated at a gold mine, those principles that are 
considered applicable have been adopted in the Plan. 

 
In addition, the NWB guidelines Mine Site Reclamation Guidelines for the Northwest Territories 
(INAC 2006) were followed in this current document regarding specific landfill design and mitigation for 
impacts pertaining to waste.  The recommendations from Implications of Global Warming and the 
Precautionary Principle in Northern Mine Design and Closure (BGC 2003) were also incorporated into this 
document, where appropriate. 
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3 PLAN FOR THE ON-SITE DISPOSAL OF SOLID WASTE 

 APPROACH 

The strategy for the disposal of solid waste is to first identify and segregate acceptable disposal items from 
non-acceptable items.  Acceptable items that can be disposed of at the on-site facility are those that are 
non-hazardous, non-organic, with a low leachate and heat generation potential.  All other materials are 
either incinerated, composted prior to landfilling, or hauled off site.  This strategy for limiting the materials 
that can be placed in the landfills greatly reduces the potential for leachate. 

 
All solid wastes that may contain food waste or other organic waste that could attract wildlife are composted 
in the on-site composter (see the Meadowbank Incinerator Waste Management Plan - Ver.8, October 2018 
for more details). This includes all organic waste from the camp, camp kitchen, site lunchrooms and offices. 
The compost output is then sent to the on-site landfill. Wood and food packaging waste that could attract 
wildlife are incinerated in the on-site incinerator (see the Meadowbank Incinerator Waste Management 
Plan - Ver.8, October 2018 for more details). This includes all food packaging waste from the camp, camp 
kitchen, site lunchrooms and offices.  
 
The ash from the incinerator is placed in a container and disposed of at the landfill. Incinerator ash samples 
are collected and tested for metals according to the Government of Nunavut Environmental Guideline for 
Industrial Waste Discharges (D of SD, 2002). Ash that does not meet these guidelines will be buried within 
the TSF. 

 
The second part of the strategy is to concentrate disposal of solid waste at two landfills, Landfill #1 and 
Landfill #2.  Landfill #1 is located in the Portage RSF.  It consists of multiple sub landfills that are built and 
buried according to the evolution of the RSF.  As the RSF evolves, the elevation and location of the sub 
landfills change.  It will serve the mine for the life of operation.  Landfill #2 will be located near the top 
of the Portage RSF, on the last rockfill lift, and would serve the mine for mine closure.  Demolition waste 
from the plant site removal / reclamation will be disposed of in Landfill #2. 

 
The development of the two landfills minimizes the area disturbed and the re-handling of waste. Landfills 
at the selected locations allow any leachate that may be generated to be collected, monitored and managed 
with seepage and runoff water from the Portage RSF. The leachate from the landfills is very weak or 
simply absent due to the controls on materials placed in the landfill and thus site specific landfill leachate 
management is not considered to be required.  Any leachate that may become present would runoff into 
the Tailings Storage Facility which will be capped at the end of mine life. 

 
Based on the above strategy, a liner is not required for the landfills, nor is any special monitoring being 
completed or foreseen to be recommended in the future.  However, the landfills conform to the Type A 
Water License requirements and closure plan for each landfill site for orderly landfill development and to 
reduce the potential for windblown debris. 
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The Type A Water License requires the following landfill related monitoring: 

 
�‡ Part I, Item 8 stipulates that the monthly runoff/seepage flow from both Landfill #1 and 

#2 in cubic meters must be measured, recorded and reported to the Water Board; 

 
�‡ Part I, Item 10 stipulates that the annual geotechnical inspection to be carried out by a 

geotechnical engineer between the months of July and September should include all 
earth works including the two landfill sites with the results being included in the report to 
the Water Board; 

 
�‡ Part I, Item 13 stipulates that seepage and runoff from the landfills is to be observed at a 

minimum of once per quarter; and 
 

�‡ Part I, Item 14 stipulates that the results and interpretation of the Seepage monitoring 
required in Part I, Item 13 in the Annual Report required under Part B, Item 2. 

 

 ACCEPTABLE WASTE FOR LANDFILLING 

3.2.1 Acceptable waste  

The following materials are acceptable for disposal at the landfills: 
 

�‡ Plastic (except expanded polystyrene); 
�‡ Steel, copper, aluminum, iron (most of this metal is recycled); 
�‡ Wood; 
�‡ Fiberglass insulation; 
�‡ Fiberglass; 
�‡ Roofing; 
�‡ Cardboard 
�‡ Concrete; 
�‡ Carpet; 
�‡ Bricks; 
�‡ Ceramics; 
�‡ Rubber; 
�‡ Empty caulking tubes; 
�‡ Hardened caulk; 
�‡ Clothing; 
�‡ Glass;  
�‡ Wire; 
�‡ Small appliances (with batteries removed); 
�‡ Gyproc; 
�‡ Ash (provided it has cooled to 60ºC or less and follows procedures laid out in the Incinerator 

Management Plan);  
�‡ Composter output; and 
�‡ Vehicles and machinery (provided all liquids, grease, batteries, and electronics have been 

removed, see Section 3.3.2 for more details on ozone depleting substances). 
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3.2.2 Asbestos  

Asbestos being present naturally in rock formations, asbestos related waste will be generated within the 
milling and production processes.  As such, this type of waste will be disposed according to the MBK-HSS-
IH-PRO Asbestos Waste Management procedure (Appendix A).  Once ready for disposal, asbestos waste 
will be capped quickly to minimize exposure, using mini-landfill type of disposal within the existing Landfills.  
 

 UNACCEPTABLE WASTE FOR LANDFILLING 

Materials that are not listed above are unacceptable for placement at the landfills, unless approved in writing 
by the Meadowbank Environment Superintendent or General Supervisor Environment. These materials 
include: 
 

�x Organic matter including food, septic tank pumping or sludge from waste water treatment, dead 
animals, paper; 

�x Food containers and wrappings, unless cleaned; 
�x Whole tires; 
�x Hazardous waste including mercury, medical waste, batteries, solvents, glues, ethylene glycol 

antifreeze, adhesives (except empty caulking tubes); 
�x Electronics; 
�x Light bulbs or Fluorescent Lamp Tube; 
�x Petroleum products, including materials contaminated with petroleum products; and 
�x Expanded polystyrene. 

 
In particular, organic matter is not accepted in the landfill, thus eliminating the attraction to carnivores and/or 
raptors. This is accomplished by requiring all personnel to dispose domestic waste in designated 
receptacles and by sending all collected domestic waste (e.g., from kitchens and living quarters) to the site 
incinerator and/or the composter. 

3.3.1 Fluores cent  Lamp Tubes 

Fluorescent tubes contain mercury phosphor powder and traces of lead and cadmium, which are 
considered environmental contaminants under the Nunavut Environmental Protection Act (EPA). The only 
disposal method for fluorescent tubes is through an approved hazardous waste recycling or disposal facility 
(Government of Nunavut, Environmental Protection Service, 2003) and as per the Disposal Guidelines for 
Fluorescent Lamp Tubes. 

3.3.2 Ozone Depleting Substances 

Ozone depleting substances (ODS) include chlorofluorocarbons (CFCs) or halons; common sources 
include refrigeration equipment, air conditioning equipment, motor vehicle air conditioners and fire 
extinguishing equipment (Government of Nunavut, Environmental Protection Service, 2002b). These 
materials are hazardous in nature; consequently, all disposal of ODS take place at an approved facility. 
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 TOTAL VOLUME OF WASTE 

An estimate of waste volume is required to estimate the approximate size of the landfills; however, an exact 
waste volume is not a critical parameter in the design because of the flexibility of design to accommodate 
extensions (larger to accept more waste) or contractions (smaller to accept less waste) of the landfill. 
 
In 2016, the recorded amount of waste that went to the Landfill for disposal was 9,576 m3.  It is expected 
with latest life of mine assessment to have sufficient space within the existing planned landfills. 

 

 INCINERATOR ASH TESTING PROTOCOL 

Please see the Meadowbank Incinerator Waste Management Plan - Ver.8, October 2018 for all information 
regarding the disposal of ash at the landfill.  
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4 LANDFILL LOCATION AND CONSTRUCTION  

 LANDFILL #1 

The location of Landfill #1 is shown on Figure 2 in the northwest side of the Portage RSF.  This landfill will 
serve as the solid waste disposal facility for the first 9 years of mine life.  The design of Landfill #1 does not 
require imported materials or exacting survey data or measurement. This is due to the restriction on 
materials that can be landfilled and the location of the landfill within the catchment of the Portage RSF. 
These factors reduce the need for leachate collection or control or mitigation measures against vectors 
such as carnivores or raptors.  Thus, the main environmental mitigation measure required is a wind screen 
to reduce windblown debris.  As of March 2017, the Landfill #1 has evolved in sub landfills that are built 
and buried according to the evolution of the RSF.  As the RSF evolves, the elevation and location of the 
sub landfills change. 
 
The area to receive waste is bounded by a rock fill berm.  The purpose of the rockfill berm is to act as a 
wind shield for the waste.  The sub landfills have a rectangular shape with the length perpendicular to the 
prevailing wind direction so that much of the waste could be protected from wind by the rockfill berm. 
 
Provided the materials that go into the incinerator are controlled to exclude all hazardous materials 
(i.e., even small quantities of hazardous waste such as batteries are not disposed in the landfill), then the 
incinerator ash should be non-hazardous.  As discussed in Section 3.5, an ash testing protocol has been 
implemented to ensure that the incinerator ash is suitable for disposal in the landfills. 

4.1.1 Landfill #1 Protocol for  Placement of Material  

Waste is disposed of directly on the ground and compacted with heavy equipment against the berm or 
existing row.  When the sub landfill is either full of compacted waste or the RSF evolution causes the sub 
landfill to be moved, the waste is compacted and then covered with waste rock.  A new sub landfill is then 
built including rock fill berm to act as a wind shield. 

 LANDFILL #2 

Prior to the closure and covering of Landfill #1 by waste rock, Landfill #2 will be developed on top of the 
Portage RSF.  Landfill #2 is currently estimated to be a 4 m deep depression in the top of the waste rock 
pile at the Portage RSF. The depression will be constructed by the waste rock trucks discharging their loads 
in a controlled manner such that the dimensions of the depression will be approximately as shown on 
Figure 3 and 4. The area to receive waste will be bounded on the northwest side by a 2 m high rockfill 
berm.  The rockfill berm will act as a wind shield to reduce the amount of wind-blown debris, while providing 
material for intermediate cover of the landfill. Details and the exact location of Landfill #2 on top of the rock 
storage facility and the final landfill design will be provided with the Final Reclamation and Closure Plan.  
At that time, the required size of Landfill #2 will be calculated based on the actual rate of filling of Landfill 
#1 and the estimated amount of demolition material and decommissioned equipment that will need to be 
landfilled at the end of the mine life.  
 
Waste will be placed to a maximum thickness of 4 m, after which it will be covered with a minimum 
of 0.3 m thickness of rock fill. A final cover of 4.0m of NPAG waste rock will then be placed over the waste.  
This landfill should be provided with a capacity sufficient to allocate for general waste during the active 
closure, plus an allowance for waste from the demolition of the mine infrastructures and building. The final 
landfill design will be provided with the Final Reclamation and Closure Plan. 
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4.2.1 Landfill #2 Protocol for Placement of Material  

Materials destined for burial in the demolition landfill will be dismantled as safely and efficiently as possible, 
stacked in a stockpile and will then be cut by flame, hydraulic shears or saw, into manageable sizes 
for safe transport and placement in the demolition landfill. The demolition debris will be placed in 
compacted layers and then buried. Once compacted, waste rock will be placed on the debris to infill voids. 
Once a continuous layer of waste rock has covered the compacted debris then a final cover of a minimum 
of 4 m of NPAG rock will be placed over the entire landfill area. 
 

 LEACHATE MANAGEMENT 

The leachate from the landfills has a very low strength (dilute) or is simply absent due to controls on 
materials placed in the landfills, and thus site-specific landfill leachate management is not required.  Any 
leachate generated by the landfill will naturally be directed to the Tailing Storage Facility.  Due to the fact 
that the Portage RSF will cover Landfill #1 and #2, it is not proposed to have a separate water quality 
monitoring point for leachate. 

 

 LANDFILL ENCAPSULATION WITHIN THE PORTAGE RSF 

The Portage Rock Storage Facility contains surplus quantities of waste rock from the Portage and Goose 
Island pits. A classification system is used to identify the use and storage for all mine rock1. Specifically, 
this system identifies potentially acid generating (PAG) or non-acid generating (NPAG) rock types, as well 
as those with the potential to leach metals. 

 
The Portage RSF is constructed as a cell, or series of cells, such that the interior of each cell is composed 
of PAG and/or ML waste rock, and the exterior of each cell is composed of NPAG waste rock. Thus, PAG 
and/or ML waste rock within the RSF is encapsulated within NPAG waste rock, thereby limiting its exposure 
to oxidizing agents such as air and water; and providing a buffer for any drainage from the interiors of the 
cells. The material within the Portage RSF freezes, which limits internal drainage as infiltrating water 
becomes frozen.  As a further ARD control measure, the Portage RSF will be capped with a minimum 4 
m thick layer of coarse acid-buffering ultramafic rock at closure. 
 
Owing to their placement within the Portage RSF, the landfills are/will also become encapsulated within 
waste rock. Specifically, the slopes of the sub landfills are covered with an advancing waste rock layer 
during operations such that the sub landfills are covered by a minimum 0.3 to 1 m thickness of waste rock 
by the end of each sub landfill operations. Agnico Eagle plans to use NPAG waste rock to surround and 
cover the landfills wherever practical. As noted above, a minimum 4 m thick layer of coarse acid-buffering 
ultramafic rock would also be placed over the landfill cover as part of planned closure activities for the 
Portage RSF. 
 

                                                           
1 See Operational ARD/ML Testing and Sampling Plan 
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5 L ANDFILL OPERATION  

 CONCEPTUAL OPERATIONS PLAN 

The following is a conceptual plan for operating the landfills: 

 
a) Materials Acceptable for Disposal 

 
See Section 3.2. 

 
b) Materials Not Acceptable for Disposal 

 
See Section 3.3. 

 
c) Site Development and Landfilling Method 

 
The sub landfills are filled progressively in an orderly manner.  Specifically, waste is placed at 
one end of the sub landfill at full height and then the active waste area progressively advances.  
Areas where the waste has been placed to full height and leveled are progressively covered 
by placement of a minimum 0.3 m thickness of rock fill on top of the waste. 

 
d) Staffing and Equipment 

 
The landfills do not require a full-time attendant.  Roll off trucks haul waste to the landfills and a 
dozer is used to spread, compact and level the waste. 

 
e) Leachate Management 

 
The leachate from the landfills is very weak (dilute) or simply absent due to the controls on 
materials placed in the landfills. Therefore, specific leachate management is not required. 

 
f) Surface Water and Erosion Control 

 
The slopes of the landfills are covered with rockfill, thus protecting them from erosion. Any water 
that may runoff from the RSF will flow to the TSF. 

 
g) Inspections 

 
The environmental department is conducting periodic inspections to ensure compliance with the 
permit and operation plan. 
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 CONCEPTUAL CLOSURE PLAN 

The following is a conceptual plan for closing the landfills: 

 
a) Estimate of Total Waste Volumes, Tonnage and Life of Landfills 

 
Upon closure, it is estimated that the landfills will have the volumes as described in Sections 4.2. 

 

b) Final Cover Design 
�‡ The waste in the landfills will be covered by 0.3 to 1 m thickness of rockfill, covered with an 

additional 4 m thickness of coarse acid-buffering ultramafic waste rock material; 
 

�‡ The final landfill slopes will be up to 50%; and 
 

�‡ Drainage water, if present will be naturally directed to the Tailing Storage Facility. 
 

c) End use of Landfill After Closure  
 

There is no planned end use of the landfills post-closure. They will become part of the waste 
rock storage facility. 

 
d) Water Management 

 
Contact water from the landfills in closure will continue to be managed under the current Water 
Management Plan. 
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6 POTENTIAL ENVIRONMENTAL EFFECTS  

The landfills are designed and built as part of the Portage RSF.  The access road to the Rock Storage 
Facility is used to access the sub landfills considered as Landfill #1. Access to Landfill #2 will also be by 
the access road to the Portage RSF. 
 
Landfill activities that were identified to have potential effects on VECs include site preparation and 
construction, operations and closure. 
 
Potential effects from the landfills on VECs were assessed as follows: 
 

�‡ Degradation of permafrost; 
 

�‡ Change in surface water and groundwater drainage patterns due to proposed landfill footprint 
(altered landscape); 

 
�‡ Change in groundwater and surface water quality from leachate percolation, leading to 

degradation of aquatic habitat; 
 

�‡ Change in air quality from dust and windblown debris; 
 

�‡ Loss of vegetation cover and terrestrial mammal habitat due to proposed landfill footprint; 
 

�‡ Attraction of predatory and small mammals to waste; and 
 

�‡ Loss of sites of heritage significance or traditional ways of life. 
 
A number of mitigation measures, including management and monitoring plans were implemented as part 
of the overall Meadowbank Mine and are also incorporated into landfill construction, operations and 
closure.  The plans that set out detailed site-specific protection measures and procedures that serve 
to protect the VECs include: 
 

�‡ Water Management Plan; 
 

�‡ Air Quality and Dustfall Monitoring Plan; 
 

�‡ Terrestrial Ecosystem Management Plan; 
 

�‡ Hazardous Materials Management Plan; 
 

�‡ Interim Closure and Reclamation Plan; and 
 

�‡ Water Quality and Flow Monitoring Plan. 
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 EFFECTS SUMMARY 

The primary potential environmental effects from landfill activities included leachate generation, windblown 
debris and habitat (vegetation) loss. Given the effective implementation of mitigation plans, no 
residual environmental effects to VECs from construction, operation or closure of the landfills are 
anticipated. See summary below: 
 

�‡ The leachate that will be generated by the landfills is of very low strength (dilute) or simply absent 
due to restrictions on the materials that is placed in the landfills.  Water drainage from the landfill 
area would naturally be directed to the Tailing Storage Facility and would be managed under the 
Water Management Plan during operations and closure. 

 
�‡ Rockfill berm acts as a wind shield to reduce amount of windblown debris. 

 
�‡ Habitat loss is minimized because the landfills is designed and built within the footprint of the 

Portage RSF. With the implementation of terrestrial habitat reclamation strategies, the final 
surfaces of the landfills are graded to blend into the existing topography and enhance conditions 
for wildlife. Terrestrial habitat reclamation strategies will be incorporated as part of the Final Closure 
and Reclamation Plan. 
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7 PLAN REVIEW AND CONTINUAL IMPROVEMENT 

The Landfill Design and Management Plan will be reviewed regularly by the Meadowbank Environmental 
Department in consultation with the engineering department and updated if necessary. Improvements 
suggested through these reviews would be implemented in consultation with the Nunavut Water Board. 
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Figure 1: Meadowbank Mine Site Facility Layout  

 

 

LANDFILL 
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Figure 2: Landfill #1 Location  
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Figure 3: Approximate location of the Landfill #2 on top of Portage RSF  
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Figure 4: Landfill #2 Conceptual Cross Section  
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MBK-HSS-IH-PRO ASBESTOS WASTE MANAGEMENT PROCEDURE  
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Asbestos  
Waste Management  

                                                            
   
    Health & Safety Process/Quality                 Costs     Environment   

   
   
   

 

Procedure  Risks/  Impacts 

 

Background  

With the recent safety and protective measures put in place on site to 

protect the worker’s health and overall exposure to asbestos, several 

additional waste streams have been identified  that require special care 

when being disposed of.  Therefore some new procedures have been 

developed for implementation.  These procedures are designed to 

minimize workers from exposure to asbestos and also to prevent 

uncontrolled discharge to the surrounding environment. 

 

Avoid personal 
injury.  Follow 
established procedures for 
proper disposal of 
asbestos containing 
materials. 

 

 

 

  

 

Disposal Procedures  

1) All used HEPA vacuum filters, HVAC filters, Tyvek coveralls and 

respirator cartridges/filters are to be place in a designated refuse bin 

near the HEPA vacuum cleaning stations.  These materials will be 

treated as asbestos waste. Any Asbestos Containing Dust or 

materials suspected of being contaminated with asbestos that 

 

 

Dispose of asbesos 
containing materials as 
per established 
procedures. 
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cannot be thoroughly cleaned and that do not have any substantial 

value, should be placed in the designated garbage bins as well. 

2) The designated bins will be labeled with the proper workplace label 

for asbestos (See below).  The bin will contain double layered, 6 mil 

polyethylene (plastic) bags.  After placing any asbestos containing 

materials into the bags, workers are requested to tighten the inner 

bag by hand twisting it and folding it over.  The refuse bin lid should 

then be closed.  The bin lid does not have to be air tight as long as 

the bags are tightened.  When the inside bag is full, trained workers 

(wearing PPE) shall replace the full bags with new double layered 

(one inside the other) bag. 

3) The full bags are to be placed in a labeled sea can by the waste 

generator. The used filters from the Process Plant HVAC system 

will be put into cardboard boxes, and placed into the labeled sea 

can by the Site service department. 

4) When the sea cans (4) are full (every 2 to 3 weeks), Field Service 

Supervisor/Lead Hand is to make arrangement with Mine 

Operations Supervisor or Auxiliary Supervisor 24 hours in advance 

to arrange for the cover of asbestos waste. Once a time is 

determined Field Services will haul the material to a location that is 

determined by the Mine Production Engineer.  The chosen location 

for asbestos waste disposal must be in the Portage Rock Storage 

Facility. The asbestos waste should be dumped in the Pag dump 

ONLY since the N-Pag might be re-used for closure purposes. The 

Mine Production Engineer will arrange to have this location 

surveyed.  Once the Asbestos Wastes is dumped, a Haul Truck with 

waste rocks is going to bury the Asbestos Wastes and a dozer will 
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ensure it is well covered. Persons handling Asbestos Waste shall be 

trained in the safe handling and shipping for waste asbestos, have 

access to material safety data sheets and be provided with 

appropriate PPE.  Only trained asbestos personnel should have 

access to the designated AW storage area. 

 

 

Asbestos Work Place Label – to be used on all containers, refuse bins, 

garbage cans containing possible asbestos. 

 

 

 

 

Ensure proper 
asbestos workplace labels 
are used on all containers 
containing or may contain 
asbestos.  
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Map of the Asbestos Waste Sea-Cans (4)  
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Notice to Reader 
This document contains the expression of the professional opinion of SNC-Lavalin Inc. (“SNC-Lavalin”) as 
to the matters set out herein, using its professional judgment and reasonable care.  It is to be read in the 
context of the agreement dated March 20th, 2018 (the “Agreement”) between SNC-Lavalin and Agnico 
Eagle Mines Limited (the “Client”) and the methodology, procedures and techniques used, SNC-Lavalin’s 
assumptions, and the circumstances and constraints under which its mandate was performed.  This 
document is written solely for the purpose stated in the Agreement, and for the sole and exclusive benefit 
of the Client, whose remedies are limited to those set out in the Agreement.  This document is meant to 
be read as a whole, and sections or parts thereof should thus not be read or relied upon out of context. 

SNC-Lavalin has, in preparing estimates, as the case may be, followed accepted methodology and 
procedures, and exercised due care consistent with the intended level of accuracy, using its professional 
judgment and reasonable care, and is thus of the opinion that there is a high probability that actual values 
will be consistent with the estimate(s). Unless expressly stated otherwise, assumptions, data and 
information supplied by, or gathered from other sources (including the Client, other consultants, testing 
laboratories and equipment suppliers, etc.) upon which SNC-Lavalin’s opinion as set out herein are based 
have not been verified by SNC-Lavalin; SNC-Lavalin makes no representation as to its accuracy and 
disclaims all liability with respect thereto. 

To the extent permitted by law, SNC-Lavalin disclaims any liability to the Client and to third parties in 
respect of the publication, reference, quoting, or distribution of this report or any of its contents to and 
reliance thereon by any third party. 
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1.0 Plain Language Summary 

1.1 Statutory Context 
This document presents the Interim Closure and Reclamation Plan (ICRP) for the Project. A first closure 
and reclamation plan (Agnico Eagle Mines Limited, 2008) was developed before the start of mining 
operation. An ICRP, produced by Golder Associates in January 2014 (Golder, 2014), was an update of the 
2008 closure and reclamation plan.  

Agnico Eagle Mines Limited (Agnico Eagle) was granted a Type A Water Licence 2AMMEA1525 in July 
2015 (NWB, 2015). This Licence authorizes Agnico Eagle to use water and dispose of waste associated 
with the mining and milling undertakings at the Project mine site. The development of a closure and 
reclamation plan is also a requirement of the Nunavut Impact Review Board (NIRB) Project Certificate 004 
(NIRB, 2016). The closure goal, as described in the Guidelines for the Closure and Reclamation of 
Advanced Mineral Exploration and Mine Sites in the Northwest Territories issued by the Mackenzie Valley 
Land and Water Board (MVLWB) and Aboriginal Affairs and Northern Development Canada (AANDC) 
(AANDC/MVLWB, 2013), is to return the mine site and affected areas to viable and, wherever practicable, 
self- sustaining ecosystems that are compatible with a healthy environment and with human activities. 
Planning for mine closure and reclamation is an iterative process where ICRPs are prepared and updated 
on a regular basis, when there is a significant change to the mine plan, or according to key milestones in 
the mine life (AANDC/MVLWB, 2013). 

1.2 Description of the Project 
The Meadowbank Mine site (Meadowbank or the Project) is located in the Kivalliq region, Nunavut, 
approximately 70 km north of the Hamlet of Baker Lake, as shown on Figure 1-1. Mineral tenure covers 
28,888 hectares and includes ten grandfathered Federal mining leases and three exploration concessions 
acquired from Nunavut Tunngavik Incorporated. The mine site is accessed by plane via the private 
Meadowbank Aerodrome (TC LID: CMB2), which is located 1 nautical mile (1.9 km; 1.2 mi) northeast of 
Meadowbank Gold Mine, Nunavut, Canada (latitude 65° 1�• 7�Ž N, longitude 96° 4�• 26�Ž W).  

The Project components consist of the mine site, the Baker Lake Site Facilities and the All Weather Access 
Road (AWAR) linking Baker Lake to the mine site. Meadowbank Mine relies on marine transportation (to 
Baker Lake) for most of its supplies including fuel, construction and operation equipment, materials and 
consumables, including dangerous goods, food, household goods and other non-perishable supplies. 
Construction of the AWAR was initiated in 2007 and completed in 2008. The development of the Project 
has required periodic construction activities since the exploration phase (i.e., South and North Camps and 
airstrip). Construction activities at the mine site and the Baker Lake Site Facilities, for the purpose of 
mining operations, began in 2008. Mining was initiated in 2009; operation at the mine process plant started 
in early 2010, and thus, is entering its ninth year of operations.  

Agnico Eagle is now proposing to develop the Whale Tail Pit, a satellite deposit located on the Amaruq 
property, to continue operations and milling at Meadowbank Mine, pending the receipt of required permits. 
The proposed open pit mine, mined by truck-and-shovel operation, will produce 8.3 million tonnes of ore 
that will be hauled and processed at the Meadowbank Mill. The tailings will be deposited in the approved 
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TSF facilities, under Agnico Eagle existing Type A water Licence 2AM-MEA1525. The operations (mining 
and ore processing) will continue approximately 3 years with the Whale Tail Pit, from 2019 to 2022. As the 
Whale Tail project is going through the permitting process to obtain its specific Type A Water Licence, it is 
understood that all operations components of Whale Tail Pit and Amaruq Exploration/Hauling Road are 
included specifically in the Whale Tail Interim Closure and Reclamation Plan (Golder, 2016a). Only the 
activities covered under the Meadowbank Type A Water Licence 2AMMEA1525 will be included in this 
updated Meadowbank ICRP. 

1.2.1 Geology and ore process 

Gold deposits are found along two main structural features that cross the property – the Meadowbank 
Trend and the Pipedream Lake (Northeast) Trend. The Meadowbank Trend hosts the Goose, Portage and 
Vault deposits, which are the sites of mining. These shallow deposits lie within 7 km of each other. In all 
deposits, gold mineralization is commonly associated with intense quartz flooding, and the presence of 
sulphide minerals (pyrite and/or pyrrhotite). The Goose and Portage deposits are hosted by magnetite-rich 
iron formation, while intermediate volcanic rocks host most of the mineralization at the Vault deposit farther 
north. Both the rock units and the gold deposits are tightly folded and structurally complex. Until now, 
Meadowbank has conducted surface mining from a series of three pits all within 7 km of the processing 
plant. Water retention dikes have been built to allow for mining beneath shallow lakes, using a unique in-
water dike construction method. The mine works year-round, using conventional drilling, blasting, truck and 
shovel methods. Waste rock is used for construction, or dumped in waste storage facilities or previously 
mined-out areas. To minimize acid generation, the sulphide-bearing waste rock is encapsulated in 
permafrost and capped with an insulating layer of neutralizing rock. 

The 11,000-tonne/day gold processing plant uses conventional technology adjusted to the Arctic climate. 
Any “free gold” is removed by a gravity circuit. The remainder is leached using cyanide, with the gold 
captured using carbon-in-pulp technology and electrowinning cells. Gold-plated cathodes and gravity 
concentrate are smelted in an induction furnace and poured as doré bars. The plant includes both a 
cyanide recycling thickener and an air-sulphur dioxide cyanide destruction circuit to ensure that no cyanide 
escapes to the environment. All water from the tailings pond is pumped back to the plant for reuse, making 
this a zero-discharge system. The plant will require minor modifications to treat the Whale Tail Pit ore, 
specifically the addition of a continuous gravity and regrind circuit, and is expected to operate at 9,000 
tonnes/day. 
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Figure 1-1 : Meadowbank Mine Site Location 
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1.3 Closure and Reclamation Activities 

1.3.1 Baker Lake Site Facilities 

Baker Lake Facilities are located approximately 2 km east of the Hamlet of Baker Lake. This is the transfer 
point and temporary storage for all dry shipment and fuel materials arriving by barge prior to overland 
shipment to the mine site via the AWAR. Baker Lake Facilities are listed below: 

�² Barge Landing; 

�² Bulk Fuel Storage Facilities (6 diesel fuel storage tanks); 

�² Dry Freight Storage Facility; 

�² Access Road. 

At closure, it is planned to offer the infrastructures of the Baker Lake Site Facilities to local interests. If 
there is no local interest, the facilities and equipment will be decommissioned, dismantled and removed as 
appropriate. 

As mentioned in the previous Interim Closure and Reclamation Plan (Golder, 2014), Agnico Eagle will 
return, if possible, the Baker Lake site to pre-development conditions. The site may also be left in a semi-
industrial condition if consistent with a different end land use agreed upon with regulators, the Hamlet of 
Baker Lake, and other local interest. 

All remaining bulk fuel on site will first be cleaned and then removed and offered to local interests. 
Buildings or infrastructure, including office trailers and barge landing, will be emptied and also offered for 
local use and/or relocation. In the case that there is no local interest for the tanks or remaining 
infrastructures, the infrastructures will be dismantled, decontaminate and demolition waste will be either 
transported to the mine site landfill disposal, barged out of Baker Lake to a southern waste disposal or 
recycling facility or sale  for scrap metal.  

At closure, scarification of all disturbed areas, including gravel pads and roadways, is planned to loosen 
the compacted material. To promote surface drainage, areas will be profiled, and culverts will be removed 
from the roadways to re-establish natural drainage patterns. 

It is important to note that any contaminated soils from the facilities will be removed and placed in sealed 
drums. These will then be transported to the mine site landfarm for biological treatment, or barged out of 
Baker Lake to a southern destination for treatment and disposal. 

The main uncertainty is related to the local interest for the Baker Lake facilities or equipment. 

1.3.2 All-Weather Access Road (AWAR) 

The AWAR was constructed to connect the Hamlet of Baker Lake to the mine site. This 108 km long road 
was constructed above grade, using quarried material from non-acid generating rock. 

Agnico Eagle is committed to manage the road as a private road with limited public access during the mine 
life and to fully decommission the road after closure. Agnico Eagle will consider the option of leaving the 
AWAR intact if it is deemed in the public interest based on guidance and approval from local communities 
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and regulatory agencies. If agreed upon, road operation and maintenance responsibility would then be 
transferred to another party (Golder, 2014). 

In the case that Agnico Eagle stays the owner of the AWAR, natural drainage courses will be restored by 
removing culverts and bridges, road fill material and removing in-stream works down to the original 
channel bed. Where affected watercourses are fish-bearing, channel beds will be re-constructed similar to 
baseline conditions. Work at these sites will consider appropriate timing for in-stream works and will be 
completed in accordance with Department of Fisheries and Oceans (DFO) operational statements (Golder, 
2014). 

The AWAR will be decommissioned by ripping the road bed to make it as impassable as possible to 
motorized vehicles, provide favorable conditions for natural drainage, vegetation re-colonization and 
stabilize the locally steep slopes. The road embankments will also be profiled to better blend with the 
existing topography to allow safe wildlife passage. All the communication towers will also be 
decommissioned. 

At post-closure, the road will be reclaimed and the natural drainage and terrain will be restored as much as 
possible. Upon local interest and regulatory approval, the AWAR could be transferred to the local 
community.  

1.3.3 Dikes and Saddle Dams 

The dikes and dams are required to isolate mining activities from surrounding lakes (i.e., East, South 
Camp and Bay-Goose Dikes) or to contain tailings (i.e., Stormwater and Central Dikes, and Saddle Dams 
1 to 5). 

All dikes and dams were designed for long term stability. Once the Portage and Goose pits, as well as 
Vault and Phaser pits, will be completely flooded at closure and monitoring has determined that pit lake 
water meets water quality criteria established by the Meadowbank Water Licence, South Camp Dike, Bay-
Goose Dike and Vault Dike will be opened to reconnect the pit lakes to the adjacent lakes. The controlling 
condition will occur during late winter, when thick ice conditions are expected to coincide with annual 
minimum lake levels. 

As the runoff water from the TSF cover system will convey towards the Reclaim Pond located in the South 
Cell upstream of Saddle Dam 3, it is planned to open Saddle Dam 3 once the runoff water will demonstrate 
suitable water quality as per the Meadowbank Water Licence. Central Dike, Saddle Dams 1, 2, 4 and 5 will 
remain intact, to contain the stored tailings in the TSF. 

It should be noted that site water will be kept into a close circuit, meaning that the dikes and dams will not 
be opened, until the water quality meets criteria of the Meadowbank Water Licence (CCME limits or site 
specific closure criteria to be defined). 

1.3.4 Open Pits 

The ore was extracted from the following deposits during the operational lifespan of the mine of the 
Project: 

�² Portage deposits (Pit A, B, C, D and E); 
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�² Goose deposit; and 

�² Vault deposit, including Phaser/BB Phaser. 

Open pit development is staged over the course of mining operations. Pit walls have been designed for 
long-term slope stability during operations and closure; therefore Agnico Eagle does not intend to establish 
long-term stable slopes by allowing gradual failure of rock masses. 

The open pits will be flooded once mining activities in each open pit are complete. Flooding will occur by 
allowing the natural accumulation of seepage and groundwater into the pits and surface water drainage 
reporting to the pit to remain in place. In addition, transfer of water at controlled rates from the surrounding 
lakes using high-capacity mechanical pump systems or siphons will contribute to the majority of the 
flooding. Goose Pit began natural flooding in 2015, with natural inflows such as groundwater, seepage and 
runoff water. The flooding of Goose will be completed by pumping 3,182,704 m3 of water from the Third 
Portage Lake in summer 2019. The Portage Pit will be flooded with a transfer of 531,266 m3 of reclaim 
water from the South Cell TSF following the end of operations in summer 2022, and with the pumping of 
31,179,343 m3 of water from Third Portage Lake, from 2020 to 2026. Both pits are predicted to reach the 
same water level as Third Portage Lake (133.6 masl) by 2029 (Agnico Eagle Water Balance, 2018a).  

Likewise, Vault Pit will be flooded by pumping water from Wally Lake once mining is completed. The 
pumping of 28,051,096 m3 from Wally Lake is expected to commence in 2019 and to be completed in 
2025. The natural inflow will then allow Vault pit to reach 139.9 masl (natural Wally Lake water level) 
(Agnico Eagle Water Balance, 2018a). Unlike Vault Pit, Phaser Pit and lake are planned to be flooded 
exclusively from their watershed run off inflows until the target elevation of Wally is reached, expected in 
summer 2027. From there, those same inflows will be used conjointly with the Vault Attenuation Pond 
inflows to flood to the same target elevation at 139.9 masl (Wally Lake level).   

To minimize impacts to aquatic habitat in the surrounding lakes, it is anticipated that transfers from Third 
Portage and Wally lakes will be done during periods of higher water in the spring and summer months. 
Maximum yearly pumping rates will respect the limits specified in the Meadowbank Water Licence to avoid 
draw down levels in each source lake. Throughout the pit flooding phase, the dikes will remain in place, 
acting as barriers for water migration between the pit lake and the surrounding lakes and environment. 

Water quality monitoring will continue during operations to expand the available water quality database. 
Water quality forecast for pit lake water will be performed annually to predict the water quality at closure. 
Treatment options will be examined and will be assessed in greater detail if required during the preparation 
of the Final Closure and Reclamation Plan. 

The water balance and water management will also be reviewed on an annual basis and in closure to 
estimate the lake water transfer volume required for flooding, as well as the natural inflows, to ensure 
adequate water level are maintain into the pits until dikes opening.  
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1.3.5 Rock Storage Facilities 

At Meadowbank some of the waste rock generated from the open pit mining is considered potentially acid-
generating (PAG) and some non-potentially acid-generating (NPAG). Due to the distance between the 
Portage mining area and the Vault mining area, two main separate rock storage facilities are required. 
Waste rock from the Portage and Goose Pits is stored in a storage facility located near to these pits 
(Portage RSF or mined out areas of Portage and Goose Pits), while waste rock from the Vault, Phaser and 
BBPhaser Pits is stored in a separate rock storage facility adjacent to the Vault Pit (Vault RSF). 

Some NPAG material is also stored at the Bay Goose RSF. Suitable waste rock material NPAG is used for 
construction purposes associated with dikes and roads and will also be used for closure activities. 

Much of the closure and reclamation of the Portage RSF has been completed progressively during 
operations with the placement of the 4.0 m NPAG cover over the RSF PAG slopes. Approximately 84% of 
the NPAG cover has been placed over the PAG Portage RSF area from 2011 to 2017. The remaining 
closure and remediation requirements of the RSF will be completed after operations cease.  

Most of the waste rock from the Vault deposit is NPAG; geochemical and water quality monitoring 
concluded that the Vault RSF is not expected to require NPAG capping in closure. As a precautionary 
measure, any PAG material encountered at Vault is and will be placed in the middle of the pile to be 
capped with NPAG waste rock as placement proceeds. 

As mention in the previous Interim Closure and Reclamation Plan (Golder, 2014), the main uncertainty 
related to the Portage RSF closure is the cover thickness required to ensure adequate aggradation of 
permafrost, insulation from thaw, and effective long term encapsulation of waste rock. 

Thermistors have been installed to monitor temperature and permafrost aggradation within the Portage 
RSF to monitor the temperature as freezing progresses. Latest results of temperature monitoring indicate 
that freezeback is occurring in the Portage RSF structures (Updated Waste Rock and Tailings 
Management Plan, 2018b). 

1.3.6 Tailings Storage Facilities 

At Meadowbank, all tailings are deposited within the Tailings Storage Facilities (TSF) until the end of mine 
operations. The TSF is divided into the North and South Cells, both of which employ subaerial or 
subaqueous tailings disposal within a dewatered lake basin. The North Cell is contained by Stormwater 
Dike, Saddle Dam 1, Saddle Dam 2, and rockfill road perimeter structures RF-1 and RF-2. All these 
structures are constructed to elevation 150 masl. Tailings were stored in the North Cell from 2010 to 2015. 
The South Cell is delineated by Stormwater Dike, Saddle Dam 3, Saddle Dam 4, Saddle Dam 5, and 
Central Dike. All these structures will be constructed to elevation 150 masl. The South Cell has been in use 
since November 2014 and will be used until tailings reach elevation 149.5 masl. The general operational 
management strategy for the TSF involved discharging tailings into the North Cell of the TSF to a 
maximum elevation of 149.5m. The operational freeboard required is 2.0m. The North Cell is filled up to its 
final capacity as the final tailings deposition was completed in October 2015. The reclaim system was put 
in place in the South Cell in October 2014. While the South Cell is in operation, progressive reclamation 
and NPAG capping was initiated in the North Cell in winter 2015. 
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Whale Tail Pit will produce an addition of approximately 8.3 million tons (Mt) of tailings to the Meadowbank 
TSF for a total of 35.4 Mt, including Meadowbank and Whale Tail. Total Meadowbank tailings production is 
approximately 27.1 Mt (18.2 Mt in North Cell at elevation 149.5 m and 8.9 Mt in South Cell at elevation 
142.5 m). To store the additional volume of tailings from Whale Tail Pit, deposition of approximately 5.3 Mt 
will occur in the TSF South Cell at an elevation of 149.5 m. The proposed construction of internal dike 
structures placed on the frozen beach tailings in the North Cell will provide the additional tailings storage 
capacity of 3.0 Mt within the current footprint of the North Cell TSF (upon regulatory approval). Internal 
structures will be built along the North Cell perimeter road, which will form a perimeter for most of the North 
Cell TSF with the exception of above the Stormwater Dike (SWD). The disposal of tailings from Whale Tail 
using the existing Meadowbank Mine facilities will reduce potential impacts to the environment by reducing 
the project footprint and needs for reclamation of additional facilities. 

Preliminary design work was completed for the TSF cover in 2015 and 2016. The tailings cover will consist 
of non-acid generating granular material (NPAG) and ensures that the active layer remains within the 
NPAG layer. The objective for the cover system is to keep the tailings under 0°C in most conditions and to 
maintain saturation above 85%. Progressive reclamation of the North Cell has started in 2015 and 
continued to 2017 with the NPAG cover placement. The progressive cover is expected to continue in 2018 
and 2019. The TSF North Cell is instrumented for thermal monitoring with thermistors installed in the 
tailings or the NPAG cover.  

As mention in the previous Interim Closure and Reclamation Plan (Golder, 2014), the main uncertainty 
related to the TSF closure is permafrost encapsulation and the cover thickness required to ensure 
adequate aggradation of permafrost, insulation from thaw, and effective encapsulation of tailings. 

Thermistors have been installed to monitor temperature and permafrost aggradation within the TSF and 
into the 2.0 m of closure capping. Latest results of temperature monitoring in each geotechnical structures 
along the perimeter of the North Cell TSF present frozen conditions of their foundation. 

There is also an incertitude that surface runoff from the TSF covered areas may not be of sufficient quality 
for release to the environment. This could delay decommissioning of the Reclaim Pond, and/or require 
additional mitigation such as treatment (Golder, 2014). 

1.3.7 Water Management Facilities 

The water management facilities were designed to support the construction and operations activities of the 
mine development. Permanent closure activities for these facilities will involve removal of structural 
components (i.e., pumps, pipelines and active treatment systems) and establishment of natural drainage 
conditions. The water management facilities are listed below: 

�² Dewatering systems; 

�² Portage and Vault Attenuation Pond; 

�² Reclaim Pond; 

�² Tailings Pipelines; 

�² Pit sump and pumping systems; 

�² Seepage and runoff collection systems; 
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�² Culverts; 

�² Water Diversion Ditch; 

�² Freshwater intake, potable water treatment system and wastewater treatment system; 

�² Stormwater Management Pond (Tear Drop Lake); and 

�² Flooding systems. 
 

Water management infrastructures will be decommissioned at various times in the overall closure and 
post-closure phases depending on their function and location, and natural drainage will be restored as 
much as possible. 

Water quality and treatment requirements of the Reclaim Pond water, prior to discharge to the pit lakes as 
part of flooding, represent an area of uncertainty. Treatment of the Reclaim Pond water before transfer 
may be required. Updates to the water balance model, and water quality predictions, will be completed 
prior to mine closure to determine the need and the type of water treatment, if required, and presented in 
the Final Closure and Reclamation Plan. 

1.3.8 Infrastructures at Mill and Camp Areas 

During the life of mine, surface infrastructures were required at different period in time for the mining, 
accommodation, water treatment, etc. Most of the infrastructures are located near the Portage and Goose 
pits and the Tailings Storage Facilities. Additional infrastructures were built near the Vault Pit. 

The permanent closure activities for Infrastructures at the Mill and Main Camp removal are listed below 
(Golder, 2014):  

�² Equipment used for closure activities and long-term maintenance (e.g., trucks, backhoes, etc.) will 
be removed from the site once they are no longer required. Most of the mobile equipment will be 
removed once the closure stage is complete. A small subset of equipment will be retained on-site 
for a portion of the post-closure stage; 

�² Remaining bulk fuel and empty portable fuel storage tanks will be transported back to the Baker 
Lake Site Facilities and offered to community interests. The tanks will be emptied, cleaned, and 
dismantled for disposal in the site landfill or shipped south. Any contaminated soil will be excavated 
and taken to the landfarm for treatment; 

�² All buildings and structures will be decontaminated, decommissioned and dismantled at closure. If 
required, the process plant may be temporarily converted to treat water in the Reclaim Pond. 
Demolition waste that cannot be reused, recycled or provided to local interests will be disposed of 
in the on-site landfill. Salvageable material will be removed off site; 

�² Hazardous wastes will be removed for disposal by a Licenced handler; 

�² Any above grade concrete structures will be demolished and the rubble will be disposed of in the 
landfill. Any slabs on grade will be punctured and then left in place and covered with soil or non-
potentially acid generating/non-metal leaching waste rock. Any subgrade foundations will be left in 
place; 
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�² All disturbed site areas will be re-graded to suit the surrounding topography. In areas where the 
original ground surface was lowered for site grading or structural requirements, the slopes will be 
stabilized and contoured. Cover materials may be required for erosion and dust control.  

If not properly reclaimed, wildlife maybe injured by entering reclaimed areas with depressions and if 
subsidence occurs. Environmental design features and mitigation, as well as current wildlife management 
practices used in other mining projects will be implemented at the Project to limit wildlife injury such as re-
contouring reclaimed areas to reduce hazards to wildlife. Buildings and equipment not required for post-
closure activities will be removed from the site. Proper reclamation is also required to leave the site in 
appropriate conditions that do not present safety risks for humans. This is considered the most appropriate 
closure plan based on the Meadowbank Mine experience. 

No major uncertainties are related to the closure of the Meadowbank infrastructures. The pre-disturbance 
terrain was covered by discontinuous vegetation interspersed with few bedrock outcroppings. The 
reclamation plan will be designed to encourage a natural succession of indigenous plant species within 
disturbed site areas. Grading and contouring would be done, where appropriate, to control soil erosion and 
to promote natural drainage. 

1.3.9 Landfills, Incinerator and Landfarm 

The waste management facilities include the landfill, landfarm, incinerator and hazardous waste 
management area.   

The waste management facilities will be reclaimed following best practices put in place during operation 
and in order to minimize long term disturbance. 

During the closure phase of the Project, demolition and non-hazardous waste from the Meadowbank site 
will be deposited in the demolition Landfill (Landfill #2), located on top of the Portage RSF. The demolition 
landfill will be located in an estimated 4.0 m deep depression on the top of the Portage RSF. The 
demolition landfill will ultimately be encapsulated within the waste rock. It will be covered with a 4.0 m layer 
of coarse NPAG rock as part of the closure plan for the RSF.  

The incinerator receives food, domestic and organic waste from Meadowbank and eventually from Whale 
Tail Pit Project. At the end of the active closure phase, the incinerator will be decommissioned, barged out 
of the Baker Lake Site Facilities to a southern destination for re-use or sale, or dismantled and disposed at 
the on-site landfill. 

Hazardous materials will be managed in operations such that minimal quantities remain on site at closure. 
Any remaining hazardous materials that cannot be used during closure activities will be transported to 
licensed disposal facilities in the south, as is currently being done, in accordance with the Hazardous 
Material Management Plan (Agnico Eagle, 2013e).  

A landfarm will be required during the closure period for petroleum-contaminated soil. The Landfarm 2, 
constructed in 2016 and located on the North East side of the TSF South Cell, is now in use until the end 
of operations and also for the closure period. The Landfarm 2 receives contaminated soil from 
Meadowbank and will eventually receive contaminated soil from Whale Tail. The landfarm is located within 
the South Cell TSF and following removal of all remediated soil, will be capped with 4.0m of NPAG waste 
rock material to ensure freeze-back encapsulation. 
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1.4 Cost Estimate 
A permanent closure and reclamation financial security cost estimate has been prepared with the present 
Project layout and infrastructure. The cost estimate covers the closure and reclamation of all Project 
facilities as described in this report and was prepared using RECLAIM Version 7.0, March 2014, for 
permanent closure of the Project. 

Agnico Eagle is required to submit a detailed financial security cost estimate for the Meadowbank ICRP - 
Update 2018 to Indigenous and Northern Affairs Canada (INAC) and to the Kivallik Inuit Association (KIA) 
to support land use and water licensing requirements. RECLAIM Version 7.0 workbook has been used for 
this estimate, as per the Guidelines for Closure and Reclamation Cost Estimates for Mines, issued by 
Indigenous and Northern Affairs Canada, Mackenzie Valley Land and Water Board and the Government of 
the Northwest Territories (INAC, MVLWB, GNWT, 2017). 

For the purpose of this financial security cost estimate, only progressive rehabilitation measures which 
have already been completed to date are considered in the calculations. 

The updated 2018 estimated closure and reclamation costs for the Meadowbank Project represent a total 
of $ 83,569,898. This total includes $ 57,883,238 of direct costs and $ 25,686,660 of indirect costs.  
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2.0 Introduction 

2.1 Purpose and Scope of the Interim Closure and Reclamation Plan 

2.1.1 General description of the Project 

The Meadowbank gold open pit mine (Meadowbank or the Project) achieved commercial production in 
March 2010, and produced its two millionth ounce of gold in 2015. It has 345,000 ounces of gold in proven 
and probable reserves (5 million tonnes at 2.28 g/t) as of December 31, 2017. Meadowbank mine is 
expected to produce 220,000 ounces of gold in 2018, which is anticipated to be the last year of the mine 
production for Meadowbank. 

The mine plan expected start of operations at Amaruq in Q3 2019, with the start of mining of Whale Tail Pit 
(Whale Tail). Agnico Eagle has approved the Amaruq satellite deposit at Meadowbank for development 
pending the receipt of the required permits, which are currently expected to be received in Q2 2018. Whale 
Tail ore will be hauled by truck to the plant at the Meadowbank site for processing and tailings deposition in 
the approved facilities. Mining at Whale Tail is expected to end in Q4 2021. Ore from stockpiles will be 
processed in January 2022. Figure 2-1 presents the general site layout of Meadowbank with the different 
infrastructures.  

The present updated Meadowbank Interim Closure and Reclamation Plan (ICRP) is based on the current 
Life of Mine (LOM) of Meadowbank, (refer to Section 4.4.1 for quantities and detailed LOM) including the 
mining activities planned at the Meadowbank site, as well as the activities related to Whale Tail ore 
processing and tailings deposition. As the Whale Tail project is going through the permitting process, it is 
understood that all operations components of Whale Tail Pit and Amaruq Exploration/Hauling Road are 
included specifically in the Whale Tail Interim Closure and Reclamation Plan (Golder, 2016a). Only the 
activities covered under the Meadowbank Type A Water Licence 2AM-MEA1525 are included in this 
updated Meadowbank ICRP. 
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2.1.2 Purpose of the ICRP 

The general purpose of this ICRP is to update the preceding according to the current mine operating plan, 
ongoing engagement, reclamation research results and progressive reclamation. This ICRP provides 
increasing levels of detail on the closure and reclamation of individual project components and details for 
components that have been progressively reclaimed during mine operation, and operational details for 
components which are to be progressively reclaimed earlier in the mine life. This document presents an 
update to the ICRP for the development phase of the Meadowbank Gold Project prepared by Golder 
Associates in 2014 (Golder, 2014). The ICRP produced in January 2014 was an update of the closure and 
reclamation plan produced for the development phase of the Project (Agnico Eagle, 2008).  

Further steps will be undertaken in order to complete the detailed engineering for the mine closure. The 
ICRP document is the main reference to be used throughout the closure engineering process for the 
development of the Final Closure and Reclamation Plan. This document does not include detailed 
engineering closure designs, or specific post-closure monitoring programs as these will be developed in 
the future. However, a view of the current closure concepts for each area of the mine site and the plans to 
advance these designs are provided. 

The focus of this ICRP for the Project is to: 

�² Provide closure objectives for the Project components; 

�² Describe closure options for temporary and permanent closure; 

�² Identify uncertainties related to the proposed closure objectives, options, or criteria; 

�² Identify post-closure monitoring requirements and responsibilities for the selected closure activities; 

�² Predict the likelihood of potential post-reclamation risks to the environment and human and wildlife 
health; and 

�² Estimate the closure and reclamation costs. 

This ICRP does not include details on fisheries offsetting compensation activities. Independent closure 
plans and cost estimates for these activities are provided in the following documents: 

�² Agnico Eagle Mines Meadowbank Division No-Net-Loss Plan, October 2012 (Agnico Eagle, 
2012a); 

�² Agnico Eagle Meadowbank Mine No-Net-Loss Plan, Implementation Cost Estimate and 
Construction Schedule, November 2013 (Agnico Eagle, 2013f). 
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2.1.3 Description of the proponent 

The proponent of the Project is : Agnico Eagle Mines Limited (Agnico Eagle) 
 
 

 

The address for the proponent is: 10200, Route de Preissac 
Rouyn-Noranda, Quebec J0Y 1C0 (Canada) 
 
 

 

The Project site is located at: : latitude 65° 1�• 7�Ž N, longitude 96° 4�• 26�Ž W 
Territory of Nunavut, Canada 
 
 

 

Acting on behalf of the proponent : SNC-Lavalin Inc. (SLI) 
Mines et métallurgie 
5500 des Galeries Blvd., Suite 200 
Quebec (Qc) Canada G2K 2E2                                            

 

  
  
The contact person for the Project is: Nancy Duquet-Harvey 

Baker Lake, Nunavut, Canada, X0C 0A0 
Ph.: 819.759.3555 x6980 

 

  Email: nancy.harvey@agnicoeagle.com 

2.2 Goal of the Closure and Reclamation Plan 
Permanent closure is defined as the final closure of the mine site after mining has ceased. Permanent 
closure is typically a planned event, the timing of which is dependent on the life of mine of the project. The 
closure approach for the project, as well as specific closure activities at each project facility, is guided by 
the intended end land use of the area. Based on stakeholder and local community consultation to date, the 
intended end land use for project-affected areas is a return to the “natural” state. As such, closure activities 
are focused on decommissioning mine components so that they blend into the existing landscape to the 
extent possible. 

Agnico Eagle is committed to responsible mining practices for the protection of human, wildlife and aquatic 
life health, and for minimizing impacts on the environment. Agnico Eagle intends to leave behind a positive 
community and environmental legacy. The closure goal as described in the Guidelines for the Closure and 
Reclamation of Advanced Mineral Exploration and Mine Sites in the Northwest (AANDC/MVLWB, 2013), is 
to return the mine site and affected areas to viable and, wherever practicable, self-sustaining ecosystems 
that are compatible with a healthy environment and with human activities. The four closure principles of 
physical stability, chemical stability, no long-term active care requirements, and future use (including 
aesthetics and values) support the closure goal: 

�² Physical stability: The components of the reclaimed site should be built or modified at closure so 
that they do not erode, subside or move under extreme design events, and therefore do not pose a 
threat to humans, wildlife, or environmental health and safety; 
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�² Chemical stability: The components of the reclaimed site should be chemically stable so as to 
prevent adverse soil, water and air quality effects that might pose a risk to humans, wildlife or 
environmental health and safety; and 

�² Future use and aesthetics: The reclaimed site should be compatible with the surrounding lands at 
the completion of the reclamation activities. 

These broad objectives were used to support the identification of closure objectives that are specific to the 
Project. These specific objectives are: 

�² Physically and chemically stable lands and waters at the reclaimed Meadowbank site that are safe 
for human, wildlife and aquatic life; 

�² Lands and waters at the reclaimed Meadowbank site that allow for traditional uses; 

�² Final landscape guided by pre-development conditions and traditional knowledge; 

�² Post closure conditions that, where appropriate, do not require a continuous presence of project 
staff until a walk-away condition is achieved. 

2.3 Closure and Reclamation Planning Team 
The strategy used by Agnico Eagle is an integrated approach consisting of a consortium between all the 
Meadowbank departments and Engineering consultant firms. This multidisciplinary team will form the 
Reclamation Planning Team, which will be responsible for coordinating activities and projects related to 
closure. The Reclamation Planning Team will be in charge of reviewing the ICRP, developing the Final 
Closure and Reclamation Plan and communicate its content to all departments of the Project. The 
communication effort is intended to provide a sufficient level of awareness among operations staff as to the 
importance of closure and reclamation activities on Project development. The proposed team members are 
comprised of Engineering and Environment Department staff members for now. External support for the 
development of the plan is currently provided by SNC Lavalin Inc. (SLI) for the development of the 
Meadowbank ICRP - Update 2018, although other consultants and contractors may be involved in the 
preparation of the subsequent ICRP and/or the final plan. 

The Reclamation Planning Team will ensure to: 

�² Take leadership of the Closure Project and develop a work environment characterized by open 
communication, commitment, dedication to safety and continuous improvement; 

�² Liaise with Engineering Consultant and manage inter-company relationships; 

�² Take responsibility for the staffing and organization of the studies required for the interim and final 
closure and reclamation plans; 

�² Respect the schedule and permitting requirements; 

�² Identify closure risks and opportunities; 

�² Manage documentation; and 

�² Provide services in an ethical manner that is consistent with the Agnico Eagle corporate policies 
and its professional reputation. 
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Furthermore, Agnico Eagle has developed a Responsible Mining Management System (RMMS) Standard. 
The RMMS supports the application of Agnico Eagle’s Sustainable Development policy. All Agnico Eagle 
Divisions must implement the RMMS outlined in the current standard at all of their sites. Sites include 
operations, exploration, projects, offices, and closed sites. The application of RMMS does not take 
precedence over site-specific statutory and permitting requirements. The primary focus of this system is to 
provide an integrated framework for the management of health, safety, environmental and social 
acceptability performance. This standard applies to all phases of mining projects including closure and 
post-closure phases. 

2.4 Engagement 
Since the last ICRP in 2014 (Golder, 2014), Agnico Eagle continued its efforts in community development 
agreements in Nunavut. In February 2017, the Meadowbank IIBA was renewed and, Agnico Eagle 
continued its support of the Kivalliq Mine Training Society and for the unique upward mobility training 
program for Inuit employees developed at Meadowbank. This program provides training and career path 
opportunities for Inuit with limited education and work experience in the area of heavy equipment 
operations, mill operations and site services. Skills acquired through the program are easily transferable to 
other sectors of the Nunavut economy (Agnico Eagle, 2017a). Since operation of the mine began, Agnico 
Eagle has continued public consultation on a regular basis by meeting with communities, local 
stakeholders, regulatory agencies, and local employees. Effective consultation has provided Agnico Eagle 
with a better general understanding of the rights, interests, values, aspirations, and concerns of the 
potentially affected stakeholders and in particular the local population. Through this continued consultation 
Agnico Eagle has developed an operational culture that recognizes and respects these relevant interests in 
the planning and executing processes at the Meadowbank Mine (Golder, 2016a). 

Agnico Eagle is committed to the sustainable development of the Kivalliq region and will strive to maximize 
the benefits of the Project for all parties involved while minimizing or eliminating any negative impacts or 
long-term influences on the environment and local community. Agnico Eagle has made it a priority to keep 
the community informed of the Project advancements or setbacks, and to create constructive dialogue 
between all parties. Consequently, numerous mine elements have been planned based on community 
input. This practice of information sharing will continue through all phases of mine development, including 
the development of the closure and reclamation plan, and will provide a framework for addressing future 
opportunities and concerns (Golder, 2014).  Agnico Eagle recognizes the importance of initiating permitting 
process and discussion with the Regulators and Community during the preparation of the Final Closure 
and Reclamation Plan. 

Agnico Eagle is committed to the following: 

�² Supporting the local community for procuring resources and personnel wherever possible; 

�² Maintaining open lines of communication between all parties involved. Extensive traditional 
knowledge has been gained and community input has been solicited through meetings, personal 
interviews, site visits, discussions with local heritage associations, and traditional knowledge-based 
land use maps; 

�² Understanding and integrating the Project within a context of ecosystem integrity, social health, 
and economic stability. Agnico Eagle’s objective is to minimize disturbance to the local 



 

Meadowbank Interim Closure and Reclamation Plan – Update 2018 Original -V. 00 

2018/06/29 654769-5000-4EER-0001 Technical Report 

18 

environment during operations, and leave the site in as natural a state as possible after closure. 
Post-closure monitoring will be a key component in ensuring this objective is realized. 

2.5 Regulatory Instruments for Closure and Reclamation 

2.5.1 Applicable regulatory guidelines 

The ICRP follows applicable regulatory guidelines, the principles of which are described in: 

�² Guidelines for the Closure and Reclamation of Advanced Mineral Exploration and Mine Sites in the 
Northwest Territories (AANDC/ MVLWB, 2013); 

�² Mine Site Reclamation Guidelines for the Northwest Territories (AANDC, 2007);  

�² Abandonment and Reclamation Policy for Inuit Owned Lands;  

�² Mine Site Reclamation Policy for Nunavut (AANDC, 2002); 

�² Environment Canada, Environmental Code of Practice for Metal Mines (Environment Canada, 
2009). 
 

The Project is located within the Nunavut Territory and is thus subject to the regulatory processes 
established under the applicable laws and regulations of Canada and of Nunavut. The Project is subject to 
the Federal and Territorial Acts and Regulations listed below: 

�² Arctic Waters Pollution Prevention Act and Regulations; 

�² Canadian Environmental Act and Regulations; 

�² Fisheries Act and Regulations; 

�² Navigable Waters Protection Act and Regulations; 

�² Nunavut Land Claims Agreement and Regulations; 

�² Nunavut Waters and Nunavut Surface Rights Tribunal Act and Regulations; 

�² Territorial Lands Act and Regulations; 

�² Nunavut Environmental Protection Act and Regulations; 

�² Nunavut Transportation of Dangerous Goods Act and Regulations; and 

�² Nunavut Mine Health and Safety Act and Regulations. 

The Nunavut Water Board (NWB) Water Licence and the Nunavut Impact Review Board (NIRB) Project 
Certificate for Meadowbank details are found in Table 2-1. A list of the known Federal and Territorial Acts 
and Regulations applicable to the ICRP and a list of all Authorizations for the Project are found in Tables 
H-1 and H-2 of Appendix H, respectively.  
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Table 2-1 : NWB Water Licence and NIRB Project Certificate for Meadowbank  

Authorization Issuing Authority Note 

Type A Water Licence (2AM-MEA1525), 
expires July 22, 2025 

Nunavut Water Board 
(NWB) 

 

Project Certificate NIRB-004  

Amendment 2, August 2016 
Nunavut Impact Review 
Board (NIRB) 

Amendment of Project Certificate to reflect 
development of Vault Pit Expansion Project 

 

2.5.2 Concordance between the Water Licence Requirements and the ICRP 

Agnico Eagle was granted a Type A Water Licence 2AM-MEA1525 in July 2015 (NWB, 2015). This licence 
authorizes Agnico Eagle to use water and dispose of waste associated with the mining and milling 
undertakings at the Project mine site. The Licence sets out several conditions with respect to Agnico 
Eagle’s right to alter divert or otherwise use water for the purpose of mining. Specifically, in Part J, the 
Licence stipulates the conditions applying to abandonment, reclamation and closure. A summary of the 
specific requirements listed within the water Licence for the ICRP are provided in Table 2-2. The 
development of a closure and reclamation plan is also a requirement of the NIRB Project Certificate 004. 
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Table 2-2 : Concordance between the Water Licence Requirements and the ICRP Sections 

Part/Condition Water Licence Requirements Corresponding Sections in the ICRP 

Part C-2 

An amount that the Kivalliq Inuit Association 
confirms is sufficient to secure the mine closure 
and reclamation costs (including cumulative and 
legacy liabilities) estimated to be required for the 
portion of the Project located on Inuit-owned 
lands 

Section 10 (Financial Security)  

Part J-1 
The Licensee shall notify the Board in writing, at 
least sixty (60) days prior to any intent to 
achieve Recognized Closed Mine status. 

Section 4.4.1 (Project Mine Plan) 

Section 8 (Integrated Schedule of Activities)  

Part J-2 

The Licensee shall complete all progressive 
reclamation work in accordance with the Interim 
Closure and Reclamation Plan (2014) referred to 
in this Part as approved by the Board. 

Section 6 (Progressive Reclamation) 

Section 8 (Integrated Schedule of Activities) 

 

Part J-3 

The Licensee shall submit to the Board for 
approval at least twelve (12) months prior to the 
expected end of planned mining, a Final Closure 
and Reclamation Plan. The Final Plan shall 
incorporate revisions, which reflect the pending 
closed status of the mine, and include: 

a. Soil Quality Remediation Objectives along 
with Canadian Council of Ministers of the 
Environment (CCME) Guidelines and the 
Government of Nunavut Environmental 
Guideline for Site Remediation; 

b. Environmental Site Assessment plans in 
accordance Canadian Standards Association 
(CSA) criteria; and 

c. An evaluation of the Human Health and 
Ecological Risk associated with closure options. 

Section 5 (Permanent Closure and 
Reclamation Plan)  

Section 3 (Project Environment)  

 

Part J-4 

The Licensee shall notify the Board in writing, at 
least sixty (60) days prior to, or as soon as 
practically possible, any intent to enter into a 
Care and Maintenance Phase. 

Section 7 (Temporary Closure) 

Section 8 (Integrated Schedule of Activities) 

Part J-5 

The Licensee shall provide the Board, within 
thirty (30) days of the Licensee providing notice 
of intent to enter into Care and Maintenance 
under Part J, Item 4, a Care and Maintenance 
Plan that details the Licensee’s plans for 
maintaining compliance with the Terms and 
Conditions of the Licence. 

Section 5 (Permanent Closure and 
Reclamation Plan)  

Section 8 (Integrated Schedule of Activities) 

 

Part J-6 
The Licensee shall implement progressive 
reclamation, including progressive covering of 
the tailings and if practicable re-vegetation. 

Section 6 (Progressive Reclamation)  

Section 8 (Integrated Schedule of Activities) 
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Part/Condition Water Licence Requirements Corresponding Sections in the ICRP 

Schedule B-17 

A summary of any progressive closure and 
reclamation work undertaken including 
photographic records of site conditions before 
and after completion of operations, and an 
outline of any work anticipated for the next year, 
including any changes to implementation and 
scheduling. 

Section 6 (Progressive Reclamation) 

Section 8 (Integrated Schedule of Activities) 

Schedule B-18 

A summary of on-going field trials to determine 
effective capping thickness for the Tailings 
Storage Facility and Rock Storage Facilities for 
the purpose of long term environmental 
protection. 

Section 5 (Permanent Closure and 
Reclamation Plan)  

 

Schedule B-19 

An updated estimate of the current restoration 
liability based on Project development 
monitoring, results of restoration research and 
any changes or modifications to the Appurtenant 
Undertaking. 

Appendix  E (Reclamation Research Plan) 
Section 10 (Financial Security) 

Schedule I Monitoring programs according to Table 2 Section 9 (Post Closure Site Assessment) 
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3.0 Project Environment 

The Project Environment details presented herein were extracted from the main documents listed below:  

�² Final Environmental Impact Statement (Cumberland 2005a), including; 

�² Baseline Physical Ecosystem (Cumberland 2005b); 

�² Air Quality Impact Assessment (Cumberland 2005c); 

�² Baseline Kinetic Test Report (Cumberland 2005d); 

�² Baseline Terrestrial Ecosystem (Cumberland 2005e); 

�² Baseline Aquatic Ecosystem (Cumberland 2005f); 

�² Baseline Traditional Knowledge (Cumberland, 2005g);  

�² Baseline Archaeology Report (Cumberland, 2005h); 

�² Meadowbank Gold Project Interim Closure and Reclamation Plan (Golder, 2014); 

�² Meadowbank Water Management Report and Plan (Agnico Eagle, 2018a); 

�² Meadowbank Updated Mine Waste Rock and Tailings Management Plan (Agnico Eagle, 2018b). 

Regional information has also been updated with information contained in the Whale Tail FEIS (Agnico 
Eagle, 2016a). This section provides a detailed description of the pre-disturbance conditions and the 
current development status of the Project. 

3.1 Atmospheric Environment 

3.1.1 Climatic Conditions 

The Meadowbank site is located at the southern limit of the Northern Arctic terrestrial ecozone, with a Low 
Arctic ecoclimate. This ecoregion is classified as a polar desert and is characterized by long cold winters 
and short cool summers. Winds are predominately from the northwest and exceed 20 kilometers per hour 
(km/hr) more than 25% of the time  

Climate data has been collected at the Environment Canada meteorological station at Baker Lake, near 
the Baker Lake Marshaling Facilities, and located approximately 107 km southeast of the Project was 
selected to represent conditions at the Project site. Long-term (1981 to 2010) meteorological records from 
the Baker Lake A meteorology station record average daily air temperature in June to September of 
approximately 7 degree Celsius (°C) with October to May average daily air temperatures of -20.6 °C. The 
mean annual air temperature at the Project site is approximately -11.3 degrees Celsius (°C). The monthly 
average temperature ranges from -31.3°C in January to +11.6°C in July, with above-freezing averages for 
only four months of the year i.e., June to September. 

Total annual precipitation at Baker Lake station is low, averaging just 249 millimeters (mm) per year, with 
59% of precipitation falling as rain, and 41% falling as snow. Table 3-1 summarizes estimated monthly 
climate characteristics at the Project site. Average annual evaporation for small waterbodies in the Project 
area is estimated to be 248 mm between June and September. The average annual loss of snowpack to 
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sublimation and snow redistribution is estimated 29% of the total precipitation for the winter period and 
occurs between October and May. 

Table 3-1 : Estimated Mine Site Monthly Climate Characteristics (Agnico Eagle, 2018b)  

Month 
Max. Air  
Temp.  

(°C) 

Min. Air  
Temp.  

(°C) 

Rainfall 
(mm) 

Snowfall 
(mm) 

Total 
Precip. 
(mm) 

Lake 
Evap. 
(mm) 

Min. 
Relative 
Humidity 

(%) 

Max. 
Relative  
Humidity  

(%) 

Wind 
Speed  
(km/h) 

Soil 
Temp.  

(°C) 

January -29.1 -35.5 0 11.2 11.2 0 67.1 75.9 16.3 -25.5 

February -27.8 -35.2 0 10.5 10.5 0 66.6 76.5 16.0 -28.1 

March -22.3 -30.5 0.1 14.6 14.6 0 68.4 81.4 16.9 -24.9 

April -13.3 -22.5 2.3 16.7 19.0 0 71.3 90.1 17.3 -18.1 

May -3.1 -9.9 9.8 11.3 21.1 0 75.7 97.2 18.9 -8.0 

June 7.6 0.0 14.5 3.9 18.4 8.8 62.6 97.2 16.4 2.0 

July 16.8 7.2 36.7 0.0 36.7 99.2 47.5 94.3 15.1 10.5 

August 13.3 6.4 45.5 0.9 46.4 100.4 59.2 97.7 18.4 9.3 

September 5.7 0.9 30.1 8.8 38.9 39.5 70.8 98.6 19.3 3.6 

October -5.0 -10.6 3.5 30.3 33.8 0.1 83.1 97.4 21.4 -2.8 

November -14.8 -22.0 0 23.6 23.6 0 80.6 91.1 17.9 -11.7 

December -23.3 -29.9 0 15.0 15.0 0 73.3 82.7 17.7 -19.9 

Note: Some numbers may not add due to rounding. 

Data from Baker Lake A station is available from 1946 to 2011. During this period, the data quality is good, with the exception of 
years 1946 to 1949, and 1993 which were removed from the compilation. 

Source: Meadowbank Updated Mine Waste Rock and Tailings Management Plan (Agnico Eagle, 2018b). 

 

Short-duration rainfall, representative of the Project are presented in Table 3-2, based on Intensity 
duration-frequency (IDF) curves available from the Baker Lake A meteorological station (1987-2006) 
operated by Environment Canada.  
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Table 3-2 : Estimated Mine Site Extreme 24-hour Rainfall Events (Agnico Eagle, 2018a)  

Return Period (years) Precipitation (mm) 

2 246 

5 295 

10 322 

20 345 

100 391 

*Source: Meadowbank Water Management Report and Plan (Agnico Eagle, 
2018a), from SNC-Lavalin 2012 Water Management Plan (SNC, 2013) 

3.1.2 Climate Change 

Closure and reclamation planning must consider the potential impact of climate change on site conditions 
(Golder, 2014). BGC (2003) suggests that global average temperature may increase by about 2°C by 2100 
due to climate change. However, this increase may be for sites located at 50°N. The climate in the Arctic is 
changing faster than at mid-latitudes (IPCC, 2014). The most recent set of climate model projections 
(CMIP5) predict an Arctic-wide year 2100 multi-model mean temperature increase of +13oC in late fall and 
+5oC in late spring under the IPCC’s “business as usual scenario”. IPCC climate change mitigation 
scenario results in a year 2100 multi-model Arctic wide prediction of +7oC in late fall and +3oC in late spring 
(Overland et al., 2013). The effects of changes of this magnitude to terrestrial, aquatic and marine 
ecosystems, social and economic systems of the Arctic are an active area of research (Agnico Eagle, 
2016a).  

Permafrost is sensitive to climate change and an increase in air temperature will likely cause natural 
permafrost degradation. By the middle of the 21st century, the effect of temperature change is predicted to 
reduce near-surface permafrost by 12% to 15% once equilibrium conditions become established under the 
new temperatures. The predicted increase of 15% to 30% in active layer thickness will reach equilibrium 
relatively much faster. Studies have indicated that the boundaries of discontinuous and continuous 
permafrost are expected to move northward due to climate change (Woo et al. 1992). The sensitivity of 
permafrost to climate change in Canada has been assessed by Smith and Burgess (1998, 2004) by 
categorizing the response of ground thermal conditions to climate and the effects of permafrost thaw on 
terrain stability. The impacts of the warming and thaw of permafrost will be most important in areas of ice-
rich permafrost. The Project is within the continuous permafrost zone, and the ground ice content is 
reported to be between 0 and 10% (Heginbottom et al. 1995). Within the Project area, permafrost is 
regionally predicted to be moderately thermally sensitive to climate change, with a low to moderate 
physical response resulting from thaw (Smith and Burgess 2004). Appendix I shows the permafrost map of 
Canada. Predictions based on a warming of 4°C to 5°C over the next 50 years (NRC, 2010), which 
approximately double the rate described above from BGC (2003) and IPCC (2014), suggest that the 
Project areas would remain within the zone of continuous permafrost under this scenario. The active layer 
thickness would be expected to increase, while the total thickness of permafrost may slowly reduce in time. 
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However, these changes are not anticipated to compromise the planned permafrost encapsulation 
strategies for the rock storage and tailings storage facilities. 

3.1.3 Air Quality 

3.1.3.1 Air Quality and Dustfall Monitoring Plan 

The primary sources for air quality emissions for the Project are (Golder, 2014): 

�² Diesel fuel combustion emissions from the power plant and vehicles; and 

�² Fugitive dust emissions from tailings and waste rock disposal, process operations (including ore 
hauling), and road travel. 

Other potential sources of emissions are the milling and materials handling operations, although no 
Particulate Matter (PM) is anticipated from these wet streams. Potential dry PM emission sources include 
the truck dump bin vent, primary crushing, ore stockpile, pebble crushing plant, and furnace. Plant design 
includes the installation of dust control equipment that will control emissions of PM to the ambient air for all 
these sources. 

Fugitive dust emissions from the tailings storage facilities and rock storage facilities is caused by three 
distinct activities: equipment traffic in the storage areas, waste aggregate unloading (handling), and wind 
erosion of pile surfaces and ground areas around open rubble piles. Fugitive dust from the coarse ore 
stockpile will comprise emissions from the conveyor ore drop at the top of the pile and wind erosion. 
However, road travel is anticipated to be the largest contributor of dust emissions at the mine site, caused 
by entrainment in vehicle wheels and the wake created by moving vehicles. 

Yearly, the monitoring program at Meadowbank is conducted according to the Air Quality and Dustfall 
Monitoring Plan - Version 2 (Agnico Eagle, November, 2013d). The objective of the program is to measure 
dustfall, NO2, and/or suspended particulates (TSP, PM10, PM2.5) at the four monitoring locations around 
the Meadowbank site. Locations were established in 2011 in consultation with Environment Canada. No 
other gaseous pollutants were monitored because of low concentrations predicted in pre-construction 
dispersion modelling (Cumberland 2005c). 

In 2016 and 2017, results obtained for the measured parameters were compared to Government of 
Nunavut (GN) Environmental Guidelines for Ambient Air Quality (October, 2011) for TSP, PM2.5 and NO2; 
BC Air Quality Objectives (August, 2013) for PM10; and Alberta Ambient Air Quality Guidelines (August, 
2013) for dustfall. The Canadian Ambient Air Quality Standards for PM2.5 (2015) are also referenced. 

No TSP samples exceeded the relevant 24-h GN standard of 120 ��g/m3, nor did annual average TSP 
values exceed the GN guideline of 60 ��g/m3. For PM10, no samples exceeded the BC Air Quality 
Objective of 50 ��g/m3 for the 24-h average. For PM2.5, no samples exceeded the GN guideline of 30 
��g/m3 or the Canadian Ambient Air Quality Standard of 28 ��g/m3 for the 24-h average (2016 and 2017 
Annual Reports, Agnico Eagle 2017a and 2018b). 

The Alberta recreational area guideline for dustfall was exceeded in one out of 47 samples. While the 
applicability of these guidelines is not well defined, there are no recreational or residential users within the 
vicinity of the mine site and exceedance of one sample is not expected to result in significant aesthetic or 
nuisance concerns. The industrial area guideline was not exceeded in any sample. 
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The GN annual average standard for NO2 of 32 ppb was not exceeded, with a maximum monthly average 
of 2.4 ppb. 

Estimated greenhouse gas emissions for the Meadowbank site as reported to Environment Canada’s 
Greenhouse Gas Emissions Reporting Program in 2017 were 197,678 tonnes CO2 equivalent, which is 
similar to the value obtained in 2015 and 2016 (187,280 and 184, 223 tonnes CO2 equivalent). 

Incinerator stack testing has also been completed in 2015, 2016 and 2017. A summary of incinerator stack 
testing results is provided on an annual basis in the Meadowbank Annual Report. 

Overall, there are no apparent trends towards increasing air quality concerns at the Meadowbank site.  

In response to community concerns of dust generation, Agnico Eagle has conducted studies of dustfall 
along the Meadowbank All Weather Access Roads (AWAR) since 2012. These studies characterize dust 
deposition rates and compare to those predicted in the Final Environmental Impact Statement (FEIS). 

Based on results, it is unlikely that impacts to VECs (Valued Ecosystem Components, vegetation 
community productivity and wildlife) due to dust are occurring beyond FEIS assumptions.  

Results of the visual assessment and dust sampling program indicated that Tetra Flake is the optimal 
product for use in this program, to reduce dust along the AWAR. In 2017, Agnico Eagle applied Tetra Flake 
to the three areas of concern along the AWAR identified by the HTO, as well as to the locations treated 
annually in the hamlet of Baker Lake and near the Meadowbank site. Wildlife monitoring to date has 
indicated no significant road-related effects, dust monitoring has indicated no trend towards increasing 
rates of dustfall, and risk assessment has indicated no incremental risk for wildlife from chemical 
contaminants near the AWAR. Therefore, impacts of Meadowbank AWAR road dust do not appear to be 
exceeding predictions made in the FEIS. 

3.2 Physical (Terrestrial) Environment 

3.2.1 Topography and drainage basin 

The landscape in the region and immediate vicinity of the Project consists of rolling hills and relief with low 
growing vegetative cover and poor soil development. Numerous lakes are interspersed among boulder 
fields, eskers and bedrock outcrops, forming complex drainages. The Project mine site is located close to 
the surface water divide between the Back River basin, which flows north to northeast towards the Arctic 
Ocean, and the Quoich River basin, which flows east to southeast into Chesterfield Inlet. The terrain along 
the All Weather Access Road (AWAR) has low relief, and is generally gently-to moderately-sloping with 
short, steep slopes occurring locally on some bedrock surfaces. Elevation ranges from approximately 130 
m above mean sea level at lakeshores up to 200 m on ridge crests (Golder, 2014). 

3.2.2 Surficial Geology 

Laterally extensive deposits of glacial till cover the Project mine site. Block fields of weathered parent 
material interspersed with thin veneers of till or organics are common. However, the predominant surficial 
material is locally derived glacial till. Till thickness at site was determined from core and reverse circulation 
overburden drill holes and ranges up to 12.5 m with an average of less than 3 m. Appendix J shows the 
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regional geology of the Meadowbank area and contours that indicate the approximate thickness of 
overburden (till) (Golder, 2014). 

In general, the till can be described as unsorted, medium brown, silty sand/gravel till, with between 20% 
and 40% fines (silt and clay) of locally derived volcanic, sedimentary, and lesser granitic clasts. Clast sizes 
range from granule to boulder with a high proportion in the granule to pebble range. In most of the 
channels between the lakes and ponds, coarse-grained soils are common. In some, the finer organic 
material and sediments have been removed by flow between lakes, leaving a stony pavement. In others, 
solifluction has brought coarse grained material into the low-lying areas from adjacent slopes (Golder, 
2014). 

Small deposits of deltaic sand and fine gravel flank some streams along Third Portage Lake. Glaciofluvial 
deposits are volumetrically insignificant. The site was above the last glacial marine transgression; 
consequently, no glaciomarine deposits are known in the area. Material recovered from beneath the 
Project lakes during geotechnical drilling along the proposed dike alignments can be generally described 
as cobbles and gravel with traces of sand, silt, and clay. Samples of sand and clay were obtained locally. 
Further details on the rock types comprising the Portage, Goose, and Vault deposits and their relative 
proportions within the footprint of the deposits can be found in the Baseline Physical Ecosystem Report 
(Cumberland, 2005b). 

Two main faults have been encountered in the geotechnical drilling completed to date: the Second Portage 
Lake fault, and the Bay Zone fault. The Second Portage Lake fault trends in a northwest-southeast 
direction along Second Portage Lake, while the Bay Zone Fault trends in a north-south direction. 
Stratigraphic contacts are also pervasive structures. No sites of palaeontological or palaeobotonical 
significance have been found (Golder, 2014). 

The terrain along the AWAR is dominated by undulating and irregular bedrock surfaces, veneers and 
blankets of till and/or weathered (frost-shattered) bedrock (felsenmeer), and discontinuous organic 
veneers. Occasional marine (beach) deposits and very small glaciofluvial deposits are present locally. 
Shallow, hand-dug soil pits excavated in late July 2005 indicate thaw to depths of 1 m or less on 
imperfectly- to poorly-drained upland till surfaces at this time of year (Cumberland 2005b). 

3.2.3 Bedrock Geology 

The Project mine site is underlain by a sequence of Archaean greenstone (ultramafic and mafic flow 
sequences) and metasedimentary rocks that have undergone polyphase deformation resulting in the 
superposition of at least two major structural events. Enclosed within the greenstone are volcaniclastic 
sediments, felsic-to-intermediate flows and tuffs, sediments (greywackes), and oxide iron formations. The 
sequence also contains sericite schists, which are believed to be altered felsic flows or dikes. The 
ultramafic rocks are variably altered, containing serpentinite, chlorite, actinolite, and talc. The ore in the 
Vault deposit is hosted in intermediate volcanic rocks. The ore in the Portage deposit is hosted in iron 
formation rocks (Golder, 2014). 

3.2.4 Geological Hazards and Seismicity 

The mine site is located in an area of relatively low seismic risk. The peak ground acceleration (PGA) for 
the area was estimated using seismic hazard calculator from the 2010 National Building Code of Canada-
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Natural Resources Canada (NRC) website (NRC 2010). The estimated PGA is 0.019 g for a 5% in 50-year 
probability of exceedance (0.001 per annum or 1 in 1,000 year return) and 0.036 g for a 2% in 50-year 
probability of exceedance (0.000404 per annum or 1 in 2,475 year return) for the area (see Appendix J for 
the seismic zoning map). 

3.2.5 Permafrost 

The Project site is located within a region of continuous permafrost (see Appendix I). Permafrost is defined 
as ground that remains at or below 0°C for at least two years. Permafrost does not necessarily contain ice; 
rather, its definition is based solely on the temperature of the mineral or organic parent material. 
Permafrost in the Project area is considered stable and has temperatures colder than -5°C (Cumberland 
2005a). In this region, the layer of permanently frozen subsoil and rock is generally deep and overlain by 
an active layer that thaws during summer. The depth of the active layer is estimated to range between 1 
and 3 m. Permafrost thickness (defined by the depth of zero degree isotherm in the baseline study area is 
expected to be approximately 425 m below ground surface). Permafrost depths are estimated to be 
between 450 and 550 m, depending on proximity to lakes, slope, aspect, and other site-specific conditions. 
The measured active layer depth in the project area currently ranges from about 1.3 m in areas of shallow 
overburden and away from the influence of lakes, up to 4.0 m adjacent to lakes, and up to 6.5 m beneath 
the streams connecting Third Portage and Second Portage lakes. Below Whale Tail Lake, a talik is 
expected to form a continuous channel that is closed in the northern portion of Whale Tail Lake below the 
open pit and becomes open towards the south and central portion of the lake. Circular lakes with a radius 
greater than 300 m, or elongated lakes with a half-width of at least 150 m, are assumed to be connected to 
the deep groundwater flow regime through open taliks. 

Late-winter ice thickness on freshwater lakes is approximately 2.0 m. Ice covers usually appear by the end 
of October and are completely formed in early November. The spring ice melt typically begins in mid-June 
and is complete by early July, depending on site specific conditions of water depth and exposure. Where 
water depth is greater than about 2.0 to 2.5 m, taliks are expected. Round lakes that do not freeze to the 
bottom in winter and have a diameter in the order of 570 m or greater, or elongated lakes that do not 
freeze to the bottom and have a width in the order of 320 m or greater, are expected to have a talik that 
extends through permafrost. The taliks beneath Second and Third Portage lakes likely extend through 
permafrost. The talik beneath Vault Lake likely does not penetrate through permafrost. 

The ground ice content of permafrost soil and rock in the Meadowbank area is expected to be between 0% 
and 10% (dry permafrost) based on regional scale compilation data. Locally on land, ice lenses and ice 
wedges are present, as indicated by ground conductivity, and by permafrost features such as frost 
mounds. These areas of local ground ice are generally associated with low-lying areas of poor drainage. 

Rock and soil-related terrain instability is a minor concern in the Meadowbank project area. Although 
permafrost will degrade in certain areas, for the most part the permafrost is “dry,” and has low ground ice 
content. The exception is the wetlands occupying lowlands adjacent to lakes and ponds where excess 
ground ice is present and thaw instability is foreseeable. These impacts can be mitigated using currently 
accepted permafrost engineering practices as part of dike construction, drawdown and re-watering of 
lakes, pit development, and waste rock facilities and Tailings Storage Facilities construction and closure. 
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3.2.6 Hydrogeology 

In areas of continuous permafrost, there are two groundwater flow regimes: a deep regime beneath the 
permafrost and a shallow regime in the active layer near the ground surface (see Appendix J). The deep 
groundwater regime is connected to taliks located beneath large lakes. The water level elevations in lakes 
that have these deep taliks provide the driving force, or hydraulic head, for the deep groundwater flow. The 
presence of the thick and low permeability permafrost beneath land located between large lakes results in 
negligible recharge to the deep groundwater flow. Smaller lakes, which have taliks that probably do not 
extend down to the deep groundwater regime, do not influence the groundwater flow in the deep regime. 
Consequently, recharge to the deep groundwater flow regime is predominantly limited to areas of talik 
beneath large surface water bodies (Golder, 2014). 

From late spring to late summer when temperatures are above 0°C, the active layer becomes thawed. 
Within the active layer, the water table is expected to be a subdued replica of the topographic surface. 
Groundwater gradients, or the slope of the groundwater level, are assumed to be similar to topographic 
gradients. Locally, groundwater in the active layer would flow to local depressions and ponds that drain to 
Second Portage and Third Portage lakes, or would flow directly to these two water bodies (Golder, 2014). 

There does not appear to be a detectable difference in the hydraulic conductivity of the various rock types. 
Ultramafic rocks, at a given depth, have similar hydraulic conductivity to those of the Intermediate 
Volcanics at the same depth. The hydraulic conductivity of the shallow exfoliated and weathered bedrock 
and faults, regardless of rock type, is generally higher than the deeper, less fractured rock (Golder, 2014). 

Groundwater sources from either the active layer or from the deep groundwater regime below the 
permafrost are not presently utilized for drinking water at the Project site, due to the presence of deep 
permafrost, the seasonal nature of the active layer, and the availability of good quality surface drinking 
water sources in the vicinity of the Project site (Golder, 2014). 

3.2.7 Surface Water Hydrology 

Hydrology in the Project area is highly influenced by geographic location, the headwater nature of the 
Project watersheds, and by the seasons. The Project area streams are relatively short, small- to medium-
width ephemeral channels with boulders. They connect all Project area lakes in a cascading network 
(Golder, 2014). 

Snowmelt runoff in the region begins in the period from late May to mid-June, and the snowmelt peak is 
often the peak flow for the year. Secondary peaks due to rainfall events can occur during the summer and 
can sometimes exceed snowmelt peaks. Flows typically decline through the late summer and fall, with 
freeze-up occurring in late September for the smallest streams and in late November for the medium 
channels. All channels are anticipated to freeze to the bottom with zero flows over the winter period 
(Golder, 2014).  

Third Portage Lake currently drains into Second Portage Lake via two small, ephemeral channels that are 
impassable by fish. The width of these channels is between 50 to 150 m. The construction of the West 
Channel Dike in 2009 blocked a third outlet channel with similar characteristics. The elevation difference is 
1 m between these two lakes (Golder, 2014). 
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Discharge from Second Portage Lake flows south into Tehek Lake via a wide connecting channel and 
small chute about 50m long. Vault, Wally, and Drill Trail lakes are connected in succession. Water from 
these lakes is directed to Second Portage Lake, just north of its outlet to Tehek Lake. Average runoff 
depths for the four monitored basins (2PL, 3PL, Drill Trail Lake, Turn Lake) over 2002 to 2004 ranged from 
112 mm for Third Portage Lake to 176 mm for Drill Trail Lake. The variation in runoff correlates roughly 
with the relative percentage of lake surface area in each basin. Site runoff data were combined with 
analysis of available regional stream flow data to estimate long-term average and extreme discharge 
characteristics for the Project area. Table 3-3 summarizes the mean monthly runoff from May through 
October, as a proportion of total annual runoff.  

Table 3-3 : Estimated Mean Monthl y Runoff Depth as Proportion of Annual Depth – Project Basin 

Month 
Percent of Mean Annual 

Runoff 

May 0% 

June 30% 

July 40% 

August 20% 

September 9% 

October 1% 

Year 100% 

*Source:  Cumberland 2005b 

 

Table 3-4 summarizes the results of frequency analyses of annual runoff for Project area basins. Analysis 
of the available data from the four regional stream flow stations was carried out to develop estimates of 
flood flows and low flows for the outlets of Turn, Drill Trail, Third Portage, and Second Portage lakes 
(Golder, 2014). 
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Table 3-4 : Estimated Annual Runoff Depths – Project Basin 

Return 
Period 
(Years) 

Condition 
Estimated Basin Runoff Depth (mm) 

Drill Trail & Turn Third Portage Second Portage 

100 WET 378 238 284 

50 WET 345 217 259 

20 WET 300 189 225 

10 WET 266 168 200 

5 WET 230 145 173 

2 MEDIAN 175 110 131 

5 DRY 135 85.1 101 

10 DRY 118 74.3 88.5 

20 DRY 105 66.2 78.8 

50 DRY 92.6 58.4 69.5 

100 DRY 84.8 53.4 63.6 

* Source : Cumberland 2005b 

 

3.2.8 Lake and Littoral Zone Characteristics 

Several bathymetric surveys were conducted for the lakes in the Project mine site area (Golder 2002, 
2003, 2006, 2008a and b, Dougan 2011). The surface area, volume and average depth of these lakes are 
summarized in Table 3-5. 

Table 3-5 : Characteristics of Lakes at Mine Site Area 

Lake Surface Area (10 3  m2) Water Volume (10 6 m3) Average Depth (m) 

Second Portage 3,851 29.72 7.72 

Third Portage 33,065 446.23 13.50 

Vault 980 2.2 10 (maximum) 

Wally 7,671 27.90 3.64 

Turn 3,235 26.47 8.18 

Drill Tail 2,149 11.67 5.43 

Source : Golder 2006 
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These water bodies are headwater lakes, and the surface area for each constitutes an appreciable portion 
of their respective basin drainage area. Small channels connect the lakes in the Project mine site area, 
although there is little flow between lakes during most of the year. The ice-free season is very short, with 
ice breakup occurring in late-June to mid-July and ice freeze-up beginning in late September or early 
October, with complete ice cover by late October. No flow is anticipated between lakes during the ice cover 
period. Maximum ice thickness is at least 2 m by March/April (Golder, 2014). 

Lake shorelines are covered predominantly with a complex mixture of boulders and large cobble with some 
gravel to a depth of between 4 to 6 m below the surface. These substrates are very stable and not subject 
to erosion except by ice scouring and ice rafting. Below a depth of about 6 m, there is a transition to fines, 
with the bottom consisting predominantly of silt/clay. The organic carbon content of the fine sediment 
provides a food source for burrowing invertebrate worms and chironomid larvae. The majority of the lakes 
are relatively shallow, with average depths between 3.6 and 13.5 m maximum depth. In larger lakes, such 
as Second and Third Portage lakes, maximum depth in certain areas can exceed 40 m (Golder, 2014). 

Appendix J shows the bathymetry data for Second and Third Portage, Vault, Wally, Turn and Drill Tail 
lakes. 

3.3 Chemical Environment 

3.3.1 Soil Chemistry 

All samples of overburden (till) other than Third Portage trench spoil piles have no potential to generate 
Acid Rock Drainage (ARD). The ARD potential of trench spoil piles is due to the higher sulphide content of 
soil directly above the ore deposit. Rock samples collected along the AWAR are indicated to be non-acid 
generating (Cumberland 2005b). 

3.3.2 Sediment Quality 

Sediment can be an important source or sink for contaminants such as metals. Contaminants entering 
aquatic systems (via tributary streams or directly from local sources) are usually associated with 
suspended particulate material in the water column that eventually settle in depositional areas as 
sediment, especially in deeper areas of lakes. Sediment provides a long-term, temporal record of 
deposition, integrating concentrations over time (Golder, 2014). 

Lakebed substrate in the project area is a key habitat attribute that dictates the species composition and 
abundance of benthic invertebrates and its importance as feeding habitat by fish. Water depth is the 
strongest determinant of physical features of the lake substrate, especially grain size. Between the surface 
and about 4 m depth, substrate consists of a heterogeneous mixture of boulder, rock, and cobble. At 
depths of less than 2 m, the lakebed substrate is ice scoured and subject to erosion by wave-driven 
currents. Below 4 m depth, sediment grain size diminishes with sand, silt, and clay becoming more 
abundant. At depths of 6 to 8 m and greater, bottom sediment consists of a uniform silt/clay mixture that 
dominates aerial substrate distribution in Second Portage Lake (70%) and Third Portage Lake (81%) 
(Golder, 2014). 

Sediment samples at depths of 8 m or greater collected from numerous locations throughout the Project 
mine site area and reference lakes revealed a great similarity in grain size, organic carbon (2.5% to 5%) 
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and metals concentration. Total metals concentration in sediment was similar among project and reference 
lakes and over years, suggesting that the erosional and geochemical processes within lakes in the 
Meadowbank region are similar (Golder, 2014). 

At Meadowbank, all sediment metals concentrations observed can be regarded as background because of 
the near absence of anthropogenic activities. Metals concentrations are generally similar across the area, 
including reference lakes, and reflect the natural, mineralized nature of the sediments and low rate of 
deposition. Adverse impacts to the benthic community were not observed and fish tissue metals 
concentrations are low and similar to concentrations in fish found in other pristine lakes (Golder, 2014). 

3.3.3 Surface Water Quality 

3.3.3.1 Baseline Surface Water Quality 

The lakes in the Project mine site are ultra-oligotrophic, soft water, nutrient poor and isothermal, with 
neutral pH and high oxygen concentrations year round. Limnological conditions tend to be very stable. The 
vertical distribution of temperature, oxygen and nutrients is typically uniform during summer and winter, 
with minor temporary stratification. Water clarity is high, with Secchi depths of 10 m or more. The dissolved 
and suspended solids concentrations are very low. The headwater nature of the Project lakes means that 
there are no large streams entering or leaving the watershed. As a result, external sources of nutrients or 
sediment to potentially contribute to nutrient enrichment or productivity of the system are limited 
(Cumberland, 2005a). 

Due to the site’s northern latitude and climate, lakes naturally experience long periods of cold temperatures 
and low light levels during the winter months. Ice covers the lakes for extended periods of time each year 
and low water temperature exists year round. As a result of the ice cover, gas exchange with the 
atmosphere is limited most of the year. However, oxygen concentrations remain high under the ice 
because of the low rates of biological activity and decomposition of organic material (Golder, 2014). 

Turbidity and suspended and total dissolved solids in surface waters are low, typically below laboratory 
detection (<1.1 NTU, <1 mg/L and <10 mg/L, respectively). Hardness (4.4 to 9.5 mg/L), and dissolved 
anions (chloride, fluoride, sulphate) were also very low and near detection limits (<0.05 to 0.06 mg/L). 
Surface water has circumneutral pH (6.6 to 7.7) and low conductivity (5 to 77 ��S/cm). Nutrient 
concentrations (nitrogen, carbon, phosphorus) in the project lakes do not differ significantly within or 
between lakes and seasons and are typical of ultra-oligotrophic lakes. Nitrogen nutrients (nitrate, nitrite, 
ammonia, dissolved phosphate) seldom exceed 0.001 mg/L, while dissolved phosphate ranges from 
<0.001 to 0.003 mg/L. Dissolved organic carbon (DOC) concentrations range from 1.4 to 2.3 mg/L (Golder, 
2014). 

Total and dissolved metals concentrations are remarkably similar within and between lakes between 1997 
and 2002. Total antimony, arsenic, chromium, copper, mercury, and nickel concentrations from lakes in the 
Project mine site are all below laboratory detection limits and well below water quality guidelines for the 
protection of aquatic life (CCME, 2007). In addition to common salts (sodium, magnesium), the only metals 
to exceed detection limits are aluminum (0.006 to 0.014 mg/L), lead (up to 0.0012 mg/L), and zinc (0.001 
to 0.019 mg/L). Only lead marginally exceeded surface water quality guidelines at a few sampling stations. 
Dissolved metals concentrations comprise the vast majority of total metals concentrations where results 
exceeded detection limits, indicating that nearly all metals are dissolved and not associated with 
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particulates, which is consistent with the low suspended solids concentrations observed (Cumberland, 
2005a). Results from the average baseline water quality in Third Portage, Second Portage and Wally are 
provided in Appendix M. 

Spring freshet water is moderately acidic and has very low sulphate, dissolved metals, and total dissolved 
solids. The quality of water infers limited interaction of surface drainage water with the underlying bedrock 
(Cumberland, 2005a). 

3.3.3.2 Surface Water Quality Monitoring Program 

There are many monitoring programs conducted to evaluate water quality at Meadowbank. These are 
mainly a requirement of the Meadowbank Type A Water Licence. They are designed to provide immediate 
feedback such that mitigation or adaptive management can be implemented. The site map with the 
different surface water sampling locations is presented in Appendix G.  

As outlined in the FEIS, the Core Receiving Environment Monitoring Program (CREMP) is intended to 
monitor large-scale (e.g. basin-wide) changes in physical and biological variables to evaluate potential 
impacts from all mine related sources in the receiving environment. It therefore serves as the most 
important monitoring program for evaluating short term and long term potential impacts to the aquatic 
environment. In 2016, Agnico Eagle implemented an updated CREMP plan in accordance with the terms of 
their renewed NWB water Licence (2AM-MEA1525) for the Meadowbank site. Each year, information from 
the CREMP and other targeted programs is evaluated in an integrated manner and reported as the Aquatic 
Effects Management Program (AEMP) to determine any required changes to mitigation practices. The 
AEMP for the Meadowbank site was developed in 2005 as part of the project’s Final Environmental Impact 
Statement (FEIS), and has been formally implemented since 2006. The AEMP summarizes the results of 
each of the underlying monitoring programs, including the CREMP, reviews the inter-linkages among the 
monitoring programs; integrates the results, and recommends management actions. 

Aspects of the mine that were identified in the FEIS as potentially leading to significant impacts during 
operations are summarized Table 3-6, along with results of the monitoring programs aimed at assessing 
these impacts. Note that this assessment focuses on comparing current measured effects with predictions 
made in the Physical Environment Impact Assessment Report (Cumberland, 2005b); it does not attempt to 
compare effects of all aquatic environment monitoring programs with respective threshold or trigger values 
developed for AEMP programs or to regulatory criteria imposed. In 2017, monitoring was conducted for the 
constructed spawning pad, located at stream crossing R02 along the all-weather access road (AWAR) to 
Baker Lake, as well as for several onsite habitat compensation features (East Dike, Bay-Goose Dike, 
Dogleg Ponds).  

Onsite, interstitial water quality within the dike faces met Canadian Council of Ministers of the Environment 
(CCME) Guidelines for aquatic life with the exception of TSS in one sample, and healthy periphyton 
community growth with increasing biomass was observed.  
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Table 3-6 : Predicted and Measured impacts to Water Quality (Agnico Eagle, 2018a) 

Potential 
Impact 

Potential 
Cause(s) 

Proposed 
Monitoring 

Monitoring 
Conducted 

(2017) 

Predicted 

Impact 

Measured 

Impact (2017) 

Impaired Wally 
Lake water quality 

Vault attenuation 
pond effluent 
discharge, dike 
leaching 

Effluent and 
receiving 
environment 
monitoring 

Receiving 
environment: 
CREMP 

Effluent: MMER, 
Water Licence 

Receiving 
environment: 
CREMP results 
�”CWQG except 
arsenic and 
cadmium 

Effluent: �”MMER 

Receiving 
environment: 
CREMP results 
all �”CWQG 

Effluent: �”MMER 
and Water 
Licence Criteria 

Impaired Second 
Portage Lake 
water quality 

Portage 
attenuation pond 
effluent 
discharge, dike 
leaching; (East 
Dike seepage) 

Effluent and 
receiving 
environment 
monitoring 

Receiving 
environment: 
CREMP 

Effluent: MMER, 
Water Licence 

Receiving 
environment: 
CREMP results 
�”CWQG except 
cadmium 

Effluent: �”MMER, 
Water Licence 

Receiving 
environment: 
CREMP results 
all �”CWQG 

Effluent: �”MMER 
and Water 
Licence Criteria 
except 2 TSS 
samples 

Impaired Third 
Portage Lake 
water quality 

Portage 
attenuation pond 
effluent, dike 
leaching 

Effluent and 
receiving 
environment 
monitoring 

Receiving 
environment: 
CREMP 

(MMER effluent 
monitoring not 
required) 

CREMP results 
�”CWQG except 
cadmium 

Receiving 
environment: 
CREMP results 
all �”CWQG 

 

Overall, the FEIS predicted a low impact on the receiving environment water quality, designated by <1x 
change in CCME Water Quality Guidelines, and no exceedances of MMER/NWB Water Licence criteria. 
As described in Table 3-6, with the exception of 2 TSS samples for effluent discharged to Second Portage 
Lake, these predictions were not exceeded in 2017. On average, the TSS exceedances did not exceed 
10% of the Licence limit of 30 mg/L, and discharge to the receiving environment ceased immediately upon 
receipt of results (2 days after sample collection). These exceedances are therefore not expected to have 
a significant impact on receiving environment water quality. Furthermore, no exceedances of TSS triggers 
were observed in Second Portage Lake through CREMP sampling (2017 Annual Report, Agnico Eagle 
2018c).  

3.3.4 Groundwater Quality 

3.3.4.1 Baseline Groundwater Quality  

Groundwater baseline data were collected from four monitoring wells located within the three main rock 
types in the area of the Goose and Portage deposits and from the talik underlying the proposed tailings 
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facility area at Second Portage arm. Wells were not installed in the Vault deposit as it lies within continuous 
permafrost. 

No samples reported Canadian Metal Mining Effluent Regulations (MMER, EC, 2009) exceedances, 
although some samples reported exceedances of Canadian Environmental Quality Guidelines (CCME 
2007). Concentrations of total metals generally exceeded those of dissolved metals for all wells. The 
chemical signature of groundwater (from major ion chemistry) is distinct between each lithology and differs 
from that of lake water. Groundwater quality is generally consistent with rock leachate characteristics, with 
the majority of constituents present in rock leachate also present in the groundwater of the corresponding 
lithology (Golder, 2014). 

The groundwater is brackish to saline with high total dissolved solids and chloride concentrations. Based 
on data from other sites in the Canadian Shield, it is expected that the salinity of the groundwater will 
increase with depth. Water samples collected from monitoring wells installed in the talik beneath Second 
and Third Portage lakes to depths of 175 m have chloride concentrations of up to 626 mg/L and total 
dissolved solids values up to 800 mg/L. This represents a salinity of 1.1, where salinity is equal to 
approximately 1.8 times the chloride concentration (in parts per thousand). Water samples collected from a 
number of large lakes in the area have chloride concentrations of less than 1 mg/L. By comparison, sea 
water has chloride concentrations of approximately 19,000 mg/L (Golder, 2014). 

3.3.4.2 Groundwater Monitoring Program 

As required by NIRB Project Certificate No.004 (Condition 8), in 2017, semi-annual groundwater sampling 
has been undertaken through the groundwater monitoring program at Meadowbank. It was conducted in 
accordance with the Groundwater Monitoring Plan (Agnico Eagle, 2018c). The objective of this program is 
to document any effects of mining on groundwater quality, particularly with respect to tailings deposition. 
This is done by monitoring the salinity of shallow and deep groundwater. The recorded data is also used to 
update water quality predictions at the site. In 2017, efforts were made to collect data to enable 
comparison of groundwater samples collected to other site water to ensure full comprehension of results 
and patterns. Therefore, an extensive groundwater sampling program took place. The program aimed at 
better characterizing natural groundwater chemistry, potential sources of contaminants at the mine site, 
and potential link between surface and groundwater. In 2017, a total of seventeen (17) groundwater 
samples were collected. Those sampling stations name and type, general location, sampling period, and 
concentrations of all parameters measured in groundwater related samples in 2017 are provided in the 
2017 Factual report (Agnico Eagle, 2018c). 

For the 2017 groundwater campaign, emphasis was put on understanding groundwater water quality and 
to establish comparatives within onsite water management. With the understanding that each groundwater 
sample has a distinctive signature defined by its dissolved concentrations of chemical constituents, the 
interpretation of groundwater chemistry data contributes to a better understanding of groundwater flow. 
Thus contaminants migration and transformation processes along pathways as water composition varies. 
This strategy can also help identifying zones where surface water and groundwater interact and defining if 
the interaction is continuous or only during permafrost thawing. 

The 2017 groundwater program was the focus of a detailed and consistent approach that will need 
consistency (same station need to be sample through time) moving forward. Future groundwater 
monitoring program will be adapted at Meadowbank. Moreover, methods to obtain representative 
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groundwater samples and improve well designs under arctic climate continue to be investigated. The 
groundwater monitoring program will be updated as the project progresses. New information from the 
hydrogeological numerical model and from hydrogeological field data will be integrated throughout. 
Moreover, methods to obtain representative groundwater samples and improve well designs under artic 
climate continue to be investigated. 

3.3.5 Acid Rock Drainage and Metal Leaching Potential 

3.3.5.1 Baseline Geochemical Data 

A material geochemical program was developed to characterize the Project geologic materials and define 
the nature and magnitude of impacts that may result from the interaction between these materials and the 
environment during all phases of project development, including post-closure. This program involved 
characterizing (Golder, 2014): 

�² Geochemistry of bedrock in the area of the proposed open pits and planned mine infrastructure 
away from the ore deposits through static testing; 

�² Tailings material and overburden through static testing; and 

�² Long-term weathering behaviour of selected pit rock and tailings samples with respect to acid rock 
drainage (ARD) potential and constituent leaching rates through kinetic testing. 

Metal concentrations in leachate generated by static and kinetic tests were compared to the Canadian 
Council of Ministers of the Environment’s (CCME) Quality Guidelines (CCME, 2007) for the protection of 
freshwater aquatic life, and to the Canadian Metal Mining Effluent Regulations (EC, 2009). Pit rock 
samples were obtained from exploration drill core specifically for ARD and metal leaching testing to 
determine the spatial and compositional variability of each rock unit to be disturbed, including targeted 
testing of starter pit rock that was used for construction of mine site roads and dikes. Analysis of weathered 
drill cores that had been exposed to climatic conditions on site for 11 to 12 years was conducted to 
document the effects of weathering on the chemical characteristics of pit rock. Tailing solids and decant 
water samples were obtained from the metallurgical program, which focused on the processing 
characteristics of representative ore samples from each deposit (Golder, 2014). 

The rock types and their relative proportions within the footprint of Portage, Goose, and Vault deposits are 
discussed in Cumberland (2005d). The results of kinetic testing relating the measured potential of rock to 
generate ARD and to leach metals are summarized in Table 3-7. The sulphide content of pit rock from 
each lithology is generally low, with median total sulphur contents of less than 1%. The bulk of the Iron 
Formation (IF) and quartzite rock is potentially acid generating (PAG). The ARD potential was realized 
under accelerated laboratory weathering tests but not under field conditions, after over two years of 
exposure. Ultramafic (UM) rock is non-potentially acid generating (NPAG) and has the highest median 
buffering capacity of all rock types. The bulk of the Intermediate Volcanics (IV) rock type is NPAG (Golder, 
2014). 
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Table 3-7 : Summary of Kinetic Testwork for Pit Rock (Cumberland, 2005d)  

Area 

Lithology 

Portage Vault 

IV UM IF IV 

Proportion of Pit Rock 
Waste 

36% 37%a  28%  13.50 

ARD Potentialb 

2% PAG 

2% Uncertain 

96% NPAG 

67% PAG 

13% Uncertain 

20% NPAG 

20% PAG 

14% Uncertain 

66% NPAG 

14% PAG 

11% Uncertain 

75% NPAG 

Laboratory Test Leachate 
MMER Exceedances 

As pH, Zn  n.e.c  n.e.c 

Field Barrel Test Leachate 
MMER Exceedances 

n.e. n.e.  n.e.  n.e. 

a) IF rock proportions include 2% of quartzite rock 
b) Based on static testing database  
c) Result from the 100-kg composite sample 
n.e.: no exceedances 

 

The relative potentials of the rock types to generate ARD or leach metals under neutral drainage conditions 
and the implications for potential use as construction rock are presented in Table 3-8. This is based on a 
classification system used to identify the appropriate use and storage for all mine rock. This system 
identifies PAG or NPAG rock types and those with the potential for metal leaching (ML) (Golder, 2014). 
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Table 3-8 : Rock Types and Potential for ARD (Cumberland, 2005a) 

Open Pit Material Type 
Potential for 

ARD 
Potential for ML 

Restrictions for Storage or use in 
Construction 

All Pits 

Overburden None Low None 

Tailings High High Requires measures to control ARD 

Lake Sediment 
Variable (none 

to high) 
High 

May require collection and treatment of 
drainage 

Portage and 
Goose 

Ultramafic and Mafic 
Volcanic 

None Low 
May require collection and treatment of 

drainage 

Intermediate 
Volcanics 

Variable (none 
to moderate) 

Moderate Requires measures to control ARD 

Iron formation High 

High under ARD 
conditions / Low 

under neutral 
conditions 

Requires measures to control ARD 

Quartzite High Low 
Co-disposal with ultramafic/mafic 

volcanic or cap/water cover 

Vault 
Intermediate 

Volcanics 
Low 

Variable (low to 
moderate) 

May require collection and treatment of 
drainage 

 

Waste rock represents all rock materials, except ore and tailings, that are produced as a result of mining 
operations and have no current economic value. 

PAG mine waste rock from Portage and Goose Pits are stored in the Rock Storage Facilities (mostly the 
Portage facility and backfill in the Portage Pit), which are designed for long-term stability with minimal 
environmental and aesthetic impact. The surface storage area will be constructed to minimize the 
disturbed area. The Portage Rock Storage Facility will be capped with a layer of NPAG waste rock to 
constrain the active layer within non-acid generating rock. The waste rock below the capping layer will 
freeze, minimizing ARD generation in the long term.  

All of the waste rock from the Vault and Phaser/BB Phaser Pits can be stored in the Vault Rock Storage 
Facility northwest of the pit. Geochemical predictions indicate it will not be necessary to place capping over 
the Vault Rock Storage Facility 

The tailings chemistry will be dependent on the origin of the processed ore. It is estimated in the 
Meadowbank FEIS that 53% of the ore processed will originate from the Portage deposit, 8% from Goose 
deposit, and 39% from the Vault deposit. A summary of the tailings chemistry is provided in Table 3-9. The 
Tailings Storage Facilities will be capped with a layer of NPAG waste to constrain the active layer within 
non-acid generating rock. The tailings below the capping will freeze, minimizing ARD. 
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Table 3-9 : Summary of Tailings Chemistry (Cumberland, 2005c) 

Deposit Portage Goose Vault 

Proportion of Total Tailings 53%  8%  39% 

ARD Potential of Tailings PAG  PAG  PAG 

Flotation Circuit Tailings MMER 
Exceedances 

pH, Cu, Ni, Zn pH, Cu, Ni, Zn n.e. 

Whole Ore Circuit Tailing Composite 
Samplea MMER Exceedances 

n.e. n.e. n.e. 

a) Sample consisting of 54% Portage, 8% Goose, and 39% Vault whole ore tailings. 
n.e.: no exceedances 

 

3.3.5.2 Geochemical Monitoring 

During the operations, Agnico Eagle sampled approximately 25% of blast holes and analyzed the 
percentages of sulphur and carbon. The results from these analyses are used to differentiate NPAG from 
PAG materials. Refer to Table 3-10 for a summary of Acid Rock Drainage (ARD) Guidelines used to 
classify Meadowbank waste rock. The operational acid/base accounting used for waste rock designation 
(PAG and NPAG rock) is described as well as the frequency of sampling in the Operational ARD/ML 
Testing and Sampling Plan (Agnico Eagle, 2013c). Once characterized by the geology team, the waste 
rock material is segregated and placed in appropriate location. 

Table 3-10 : Summary of Tailings Chemistry 

Initial Screening Criteria ARD Potential 

NPR < 1 Likely Acid Generating (PAG) 

1 < NPR < 2 Uncertain 

2 < NPR 
Acid Consuming 

Non Potentially Acid Generating (NPAG) 

 

The mine geology staff uses the derived NPR to characterize the rock in the blast pattern. Mine surveyors 
use this information to delineate the dig limits within the blasted rock to guide the shovel and loader 
operators in directing where the rock is to be taken.  

Segregation of ore, waste rock as PAG or NPAG material based on operational testing during mining 
activity to differentiate waste rock type is part of the Meadowbank Waste Rock Management Plan. 
Sampling and testing of waste materials for acid rock drainage (ARD) is conducted during mine operation 
in order to segregate PAG waste from NPAG waste rock material, so that waste material can be assigned 
to specific locations or use. This practice has been ongoing since the beginning of the mining operations at 
Meadowbank, and will continue during the remaining operation period. The geochemical properties of all 
Meadowbank mining wastes have been confirmed with duplicates samples sent to certified laboratory, 
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through both static and kinetic testing on numerous representative samples, by various test methods and 
through multiple project development stages. 

In the FEIS, it was determined that for Vault, 14% of the rock will be PAG, 11% uncertain and 75% NPAG. 
Analysis from Agnico’s internal determination shows that in 2017, for Vault material, 8.8 % are PAG, 15.3 
% are uncertain and 75.9 % are NPAG. Ultimately, there is a slightly higher ratio of NPAG versus what was 
initially predicted. Similar results were obtained in 2014, 2015 and 2016. As a mitigative measure any PAG 
or uncertain waste rock material is placed in the middle of the Vault Rock Storage Facility while NPAG 
material is placed on the perimeter to encapsulate the PAG material (Agnico Eagle, 2018c). 

Agnico Eagle takes throughout the year quarterly samples of tailings that are sent to an accredited 
laboratory to analyze for ARD potential and metal leaching. Table 3-11 below presents the results of 2017. 
The results indicate that the tailings are PAG but have low metal leaching potential. These sample results 
are also integrated in the Water Quality Forecast updated yearly. Tailings samples analyses were also 
integrated in the design of the TSF cover for closure. 

Table 3-11 : 2017 Tailings Monitoring (2017 Annual Report, Agnico Eagle, 2018c) 

Analysis Units 14 jan-2017 3 Apr-2017 4 Jul-2017 6 Nov-2017 

NP t CaCO3/1000t 33 64 94 69 

AP t CaCO3/1000t 76,6 58,4 72,5 50,6 

Net NP t CaCO3/1000t -43,4 6,06 21 18,1 

NP/AP ratio 0,43 1,1 1,29 1,36 

Sulphur % 2,67 1,94 2,46 1,92 

Acid Leachable SO4-S % 0,22 0,07 0,17 0,3 

Sulphide % 2,45 1,87 2,29 1,62 

C % 0,436 0,87 0,884 0,862 

CO3 % 1,02 2,04 2,16 2,74 

Final pH units 1,78 1,73 1,83 1,55 

As mg/L 0,0220 0,094 0,053 0,035 

Cu mg/L 0,053 0,054 0,047 0,064 

Ni mg/L 0,073 0,066 0,037 0,092 

Zn mg/L 0,088 0,013 0,092 0,079 
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3.4 Biological Environment 
Baseline studies on vegetation, and terrestrial wildlife in and around the Project area were conducted for 3 
study areas (Cumberland, 2005e): 

�² A regional study area (RSA) centered on the Project area, and encompassing the mine site, the 
AWAR and the Baker Lake Marshaling Area; 

�² A local study areas (LSA) centered on two sites, the Portage and Goose deposit area and Vault 
deposit; and 

�² The AWAR LSA composed of a 3 km wide corridor centered on the AWAR. 

A map illustrating the three baseline study areas is provided in Appendix L. Baseline surveys were 
conducted for the terrestrial components described below. 

3.4.1 Overall Ecosystem 

The Project Area is characterized by a continuous vegetation cover interspersed with bedrock 
outcroppings and continuously aggrading surfaces. Vegetative cover is composed of lichens, mosses, 
ericaceous shrubs and heaths, herbs, grasses, and sedges (Golder, 2014). 

3.4.2 Vegetation Habitat 

Baseline vegetation studies were conducted in 1999 and 2002 for the mine LSA and in 2005 for the AWAR 
road (Cumberland, 2005e). An inventory of the flora plant communities was performed and showed that 
vegetation at the mine site is typical of upland tundra. No sensitive, rare, regionally unique or endangered 
species or communities were identified within the Project area or AWAR LSA (Cumberland, 2005a). The 
baseline studies provided field data and set the framework for the Ecological Land Classification (ELC) 
units. In addition, a land classification initiative undertaken by the Nunavut Department of Sustainable 
Development provided additional ground data and the mapping methodology used to generate to the ELC 
mapping (Cumberland, 2005e). 

The thirty-one ELC units identified to describe the vegetation characteristics of the mine site RSA are 
shown in Appendix L. Further details are found in the baseline terrestrial report (Cumberland 2005e). The 
ELC units for the Project area are defined in Appendix L.  

Water is the most common ELC unit within the mine site LSA, covering about 31% of the land surface. The 
most common vegetated unit within the mine site LSA is Sedge, covering approximately 20%. Other 
common ELC units are Rock & Boulder and Lichen-Rock. Heath Tundra is the most common ELC unit 
within the access road LSA, covering approximately 29%. Other common ELC units are Lichen and Birch 
& Riparian Shrub. Similarly, Heath Tundra is the most common ELC unit within the RSA, covering about 
23%, followed by Water (19%), Lichen (14%), and Birch & Riparian Shrub (13%) (Golder, 2014). 

Vegetation surveys at Meadowbank identified 121 vascular plant species (including hybrids and 
intergrades) from 26 families in the project area during the 1999, 2002 and 2005 baseline surveys. An 
additional 56 vascular plant species are likely to occur near the proposed mine development, but were not 
observed during field surveys. In addition, 53 non-vascular plants, primarily lichens, were identified during 



 

Meadowbank Interim Closure and Reclamation Plan – Update 2018 Original -V. 00 

2018/06/29 654769-5000-4EER-0001 Technical Report 

43 

the same surveys; however, many of the non-vascular plants collected during those surveys remain 
unidentified (Cumberland 2005e). 

No rare vascular plants or plant communities were found in the Project area. Although it is possible that 
some rare non-vascular species (e.g., lichens) may be present, very little is known of non-vascular plant 
distribution in the Arctic and most species are difficult to identify (Golder, 2014). 

Seven vascular plant species of restricted range are known or expected to occur in the area, but none are 
considered to be rare or of special concern. These species include greyleaf willow, Bell’s crazyweed, 
mountain heather, diapensia, alpine pussytoes, marsh marigold, and Rocky Mountain cinquefoil. Of these, 
the first five species were all recorded in the Project area (Golder, 2014).  

3.4.3 Aquatic Biota and Habitat 

Studies targeting the ecological characteristics of the aquatic environment in the Project mine site area 
have been conducted since 1991 and were compiled in the baseline aquatic ecosystem report 
(Cumberland, 2005f). Results indicate that the Project lakes are ultra-oligotrophic/oligotrophic (i.e., nutrient 
poor and unproductive) lakes. Although biological productivity of the lakes is limited by nutrient availability, 
cold water and a short growing season, they support healthy communities of plankton, benthos and fish 
that are typical of oligotrophic Arctic lakes (Cumberland, 2005f). 

The headwater nature of the lakes in the Project area, their great distance from marine waters of Hudson 
Bay, the paucity of stream habitat, and impassable falls (i.e., Quoich River Falls) also determine why 
certain fish species are found in great abundance and why others are absent. For example, the high 
latitude, cold climate, and near absence of stream habitat explains the lack of Arctic grayling (Thymallus 
arcticus). Grayling require stream habitat for spawning during spring as well as for feeding. Their absence 
from the project area is due in great part to the lack of suitable habitat, but also because the project lakes 
are situated near the maximum northern range of their distribution (McPhail and Lindsay 1970). The lack of 
snow cover and brief freshet in spring does not provide sufficient water flow and adequate water 
temperature for successful incubation of eggs by grayling (Golder, 2014). 

Lake cisco are also absent from the mine site lakes and are not known to occur in this watershed 
(Lawrence and Davies 1977, MacDonald and Stewart 1980). Arctic cisco are relatively abundant in lakes 
near Hudson Bay, where they have easier access to the ocean. Cisco, like Arctic char, often travel back 
and forth between the lake and marine environment, where they spend the short summer months foraging 
near shore in the brackish water, returning to lakes to overwinter (Golder, 2014). 

Lake trout and round whitefish dominate in the mine site lakes and are typically the two most common 
species in Arctic headwater lakes in Nunavut and the Northwest Territories (Scott and Crossman 1979). 
Lake whitefish are also known to be present in other watersheds in this region, but are absent from the 
Quoich River system (Lawrence et al. 1977, MacDonald and Stewart 1980). This species is near the edge 
of its northerly distribution, which may also explain its absence in the mine site area lakes (Golder, 2014). 

Landlocked (i.e., non-anadromous) Arctic char are present in all of the mine site lakes, although relative 
abundance differs among lakes. Char generally tend to be relatively more abundant in downstream lakes 
than upstream lakes. South of Tehek Lake, anadromous char are known to migrate up the Prince River to 
Whitehills Lake, which is used by Arctic char to overwinter (MacDonald and Stewart 1980). 
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Other fish species that comprise a very minor abundance (<1% combined) include burbot (Lota lota), 
ninespine stickleback (Pungitius pungitius) and slimy sculpin (Cottus cognatus). Burbot typically occur in 
deep water portions of lakes, and, given the lack of stream habitat are limited to lake basins. Unlike other 
species, they spawn during mid-winter under the ice over sand, gravel, and rubble substrates in shallow 
depths (Scott and Crossman 1979, Richardson et al. 2001). Juveniles and adults inhabit rocky shorelines 
at margins of deeper areas of lakes, as well as in deeper areas away from shorelines and shoals. Sculpin 
are spring spawners and spawn over sand, gravel and rock substrates in shallow water. Seasonal 
movements within lakes are restricted and this species is often favored as a sentinel species. Ninespine 
sticklebacks are widespread in lakes and streams and inhabit shallow bays, ponds, and stream channels. 
Although stickleback prefer areas with macrophytes and vegetation, given the absence of aquatic plants in 
the mine site lakes, stickleback were associated with coarse substrates with good shelter nearshore 
associated with rocky, cobble shorelines (Golder, 2014). 

3.4.4 Wildlife 

3.4.4.1 Baseline Wildlife Data 

Due to the extreme northern climate and low structural heterogeneity, relatively few terrestrial vertebrates 
are found in the Project area. During the baseline wildlife surveys, 61 terrestrial wildlife species were 
recorded: 12 mammals; 49 birds; and no amphibians or reptiles (Cumberland, 2005e). 

Barren-ground caribou is a key mammal as the Baker Lake Inuit population heavily depends on it for food. 
Caribou are listed as secure in Nunavut (GN, 2001), and as a species of Special Concern federally 
(COSEWIC, 2010). They are currently not under any of the schedules of the Species At Risk Act (SARPR, 
2010). Seasonal and yearly differences of the various population parameters are difficult to determine as 
little scientific information is available on local caribou population parameters, distribution, abundance, and 
migration corridors. 

However, Inuit traditional knowledge of caribou is extensive as they are of very high value to the people in 
Baker Lake and other communities. Based on traditional and scientific knowledge of the area, caribou are 
present in the RSA in considerable numbers during the fall, winter, and spring, but are very sparsely 
distributed in summer. Caribou wintering in the RSA appear to originate from a number of different herds in 
the region, including the Beverly, Qamanirjuaq, Lorillard, Wager Bay, Boothia Peninsula, and Ahiak herds. 
In February 2004, an estimated 21,000 caribou were recorded in the area (Cumberland, 2005e).  Agnico 
Eagle has participated with the Government of Nunavut Department of Environment Caribou satellite 
collaring program since 2008. The joint satellite-collaring program was developed to provide information on 
the distribution of caribou occurring within the Meadowbank RSA and contribute data to other ongoing 
satellite collaring programs for the Beverly and Qamanirjuaq herds. Based on the results of this monitoring 
program, collared caribou were primarily present in the Meadowbank RSA and LSA during the early winter 
period, although some presence during spring migration also occurred. Calving or post calving has not 
been documented within the Meadowbank study area to date (NEC, 2013). 

Barren-ground caribou was the most common mammal species recorded during baseline surveys. Other 
common mammal species recorded in the Meadowbank area included muskox (Ovibos moschatus), Arctic 
wolf (Canis lupus arctos), Arctic hare (Lepus arcticus), Arctic ground squirrel (Spermophilus parryi) and 
Arctic fox (Alopex lagopus). Grizzly bears (Ursus arctos horribilis) and wolverines (Gulo gulo) are 
occasionally seen in the Meadowbank area. Relevant existing traditional and scientific knowledge on key 
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wildlife species was documented and supplemented with wildlife surveys during the terrestrial baseline 
study (MMC, 2007). 

The bird species observed in greater numbers than any other species during the surveys were snow goose 
(Chen caerulescens), Canada goose (Branta canadensis), Lapland longspur (Calcarius lapponicus), and 
horned lark (Eremophila alpestris). Other commonly observed breeding bird species were savannah 
sparrow (Passerculus sandwichensis), semipalmated sandpiper (Calidris pusilla), sandhill crane (Grus 
canadensis), and rock ptarmigan (Lagopus mutus). Sandhill crane, Canada goose, and snow goose were 
most common during the migratory period. Raptors, as well as all three species of jaegers, were recorded 
occasionally during baseline surveys (Golder, 2014). 

3.4.4.2 Wildlife monitoring 

As a requirement of the NIRB Project Certificate, the 2017 Wildlife Monitoring Summary Report represents 
the 12th of a series of annual Wildlife Monitoring Summary Reports for the Meadowbank Mine. Baseline 
and monitoring programs were first initiated in 1999 and will continue throughout the life of the mine. The 
complete report presenting the whole program and complete analysis of the result is presented in 
Appendix G13 of the 2017 Annual Report (Agnico Eagle, 2018c).  

The GN Caribou (Rangifer tarandus) collaring program, ongoing for the past 10 years in the Baker Lake 
area, continued in 2017 with monitoring of existing collared animals.  

Wildlife protection at Meadowbank is ensured by various protocols implemented during operations and 
presented in the Terrestrial Ecosystem Monitoring Plan (TEMP, a component of the FEIS). Road closures 
were implemented at specific times of the year under certain conditions to ensure safe passage of 
migrating Caribou herds. Waste management has also been implemented to limit wildlife attractant. In 
general, improved food-handling practices and employee awareness programs at the mine site have 
helped prevent mine-related fatalities. 

The raptor nest survey monitoring program has been designed to confirm that mine-related activities do not 
result in inadvertent negative effects on nesting raptors. To construct the AWAR in 2007/2008, excavated 
and blasted rock materials were used from numerous quarries along the alignment, resulting in the 
creation of some moderate and high suitability raptor nesting habitat areas characterized by steep rock 
walls. Established nests within some of these quarries are monitored on an annual basis to evaluate 
occupancy.  

3.5 Social Environment 
The Project area is located in the Kivalliq Region, one of three administrative regions in Nunavut. The 2001 
population estimates indicate that over 7,500 people spread among seven communities live in the Kivalliq 
region (Cumberland, 2005g). Baker Lake, with an estimated population of over 1,500 in 2001, is the only 
inland community in the region. The regional economy is mixed, combining the formal wage economy with 
traditional ways of life. Participation in traditional ways of life is high, at about 50% both in Nunavut as a 
whole and in Baker Lake (Golder, 2014). 
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3.5.1 Recent and Traditional Land Use 

Based on information from the Elders of Baker Lake, the area between Baker Lake and the Meadowbank 
site was most commonly used as part of a transportation corridor between Baker Lake and the Back River, 
their traditional winter hunting and fishing area. The traditional winter transportation route passed directly 
through Third Portage Lake. While hunting and fishing activities were, and still are, conducted near the 
mine property, these activities seem to be of an opportunistic nature while enroute to Back River and 
beyond. The Inuit also stop to camp at various lake sites—including the Portage Lakes—but these sites 
are not annually used. More permanent camp sites utilized by both current residents and their ancestors 
are further north (Golder, 2014). 

Traditionally, Tehek and the Portage Lakes were used extensively for fishing, fox trapping, caribou hunting, 
and food caching (Cumberland 2005g). This area is also reported by the Elders to be very spiritual, and 
grave sites exist along the shore of Second Portage Lake. There are also other grave sites located 
randomly throughout the area between Baker Lake and the Project site. No permanent outpost camps or 
commercial tourist facilities exist in the vicinity of the Project site, and no known traditional use areas were 
identified within the footprint of the Project area (Golder, 2014). 

In 2016/2017, the third report on the Meadowbank Gold Mine Socio-Economic Monitoring Program 
(SEMP) was developed in consultation with the Kivalliq Socio-Economic Monitoring Committee (SEMC).  

The socio-economic monitoring report is updated yearly and submitted with the annual report.  

Monitoring results were provided on the following valued socio-economic components (VSECs) (Agnico 
Eagle, 2018c):  

�² Employment;  

�² Income; 

�² Contracting and Business Opportunities; 

�² Education and Training;  

�² Culture and Traditional Lifestyle;  

�² Migration;  

�² Individual and Community Wellness;  

�² Worker Health and Safety;  

�² Community Infrastructure and Services;  

�² Nunavut Economy. 

In the Meadowbank IIBA, Agnico has also committed to prepare an annual Baker Lake Wellness Report & 
Implementation Plan. The KIA has agreed that the report and plan will be community-based and driven. 
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3.5.2 Archaeological and Cultural Site 

Archaeological surveys were conducted in 1999, 2003 and 2005. The surveys covered the following main 
areas (Golder, 2014): 

�² Mine site and vicinity; 

�² The winter road alignment during the exploration phase, which is near the AWAR alignment; 

�² Selected sites outside the development area; and 

�² The Baker Lake Site Facilities. 

Approximately 70 sites of interest have been identified and detailed information on these sites are found in 
the Baseline Archaeology Report (Cumberland, 2005h). Additionally, archaeological surveys were 
conducted by FMA Heritage Resources Consultants Inc. in 2007 and 2010 to supplement previous studies 
(Golder, 2014). 

The area between Baker Lake and the Project site is considered primarily a transit route to the traditional 
winter hunting and fishing area of Back River, as evidenced by the many campsites and other heritage 
features along the corridor. Most of the sites encountered in the study area were temporary campsites and 
were occupied recently, probably within the last 50 years. No Pre-Dorset or Dorset sites were encountered 
in the study area, and only one Thule or early historic site was visited (Cumberland 2005h). Additionally, 
Baker Lake residents continue to hunt here and construct stone features in the traditional manner, 
particularly caches and tent rings (Golder, 2014). 

Consequently, there is a continuous temporal range which presents considerable difficulty in differentiating 
recent use from past use that would be considered archaeological (defined as more than 50 years old). 
The AWAR was designed to avoid any potential archaeological sites. The sites surveyed were typically 
small scale with one or two features of interest. The types of features encountered at the various sites 
included tent rings, semi-subterranean houses, autumn houses, hearths, shelters, inuksuit, markers, 
blinds, caches, storage features, kayak stands, fox traps, graves, campsites, killsites, and unidentified 
features (Golder, 2014). Further details can be found in the Baseline Archaeology Report (Cumberland 
2005h) and the supplemental study reports (FMA 2007, 2010). 
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4.0 Project Description 

4.1 Location and Access 
The mine site of the Project is located in the Kivalliq region, Nunavut, approximately 70 km north of the 
Hamlet of Baker Lake, as shown in Figure 1-1. Mineral tenure covers 28,888 hectares and includes ten 
grandfathered Federal mining leases and three exploration concessions acquired from Nunavut Tunngavik 
Incorporated. The mine site is accessed by plane via the private Meadowbank Aerodrome (TC LID: 
CMB2), which is located 1 nautical mile (1.9 km; 1.2 mi) northeast of Meadowbank Gold Mine, Nunavut, 
Canada (latitude 65° 1�• 7�Ž N, longitude 96° 4�• 26�Ž W). Meadowbank Mine relies on marine transportation (to 
Baker Lake) for most of its supplies including fuel, construction and operation equipment, materials and 
consumables, including dangerous goods, food, household goods and other non-perishable supplies. 

4.2 Site History 
The exploration phase of the Project began in 1995, after Cumberland Resources Ltd. (Cumberland) 
purchased a 60% interest in the Project from Asamera Minerals and formed a joint venture with Comaplex 
Minerals. Cumberland acquired the 40% interest held by Comaplex Minerals in 1997 and hence became 
the sole owner of the Project. Cumberland later formed a subsidiary: Meadowbank Mining Corporation 
(MMC). Agnico Eagle acquired its ownership in Meadowbank in 2007 when it acquired Cumberland 
Resources. First gold pour was completed in February 2010. Pre-feasibility engineering and environmental 
baseline studies, as well as community consultations, have paralleled the exploration programs. The 
Project was advanced to the feasibility phase in 2003, and the final environmental impact assessment was 
submitted to NIRB in 2005. A certificate for the development of the Project was granted by NIRB in 2006. 
As part of the implementation of the Project, permits and Licences were also obtained from the Nunavut 
Water Board (NWB), the Kivalliq Inuit Association (KIA), the Government of Nunavut (GN), Aboriginal 
Affairs and Northern Development Canada (AANDC; formerly INAC) and Fisheries and Oceans Canada 
(DFO). An Inuit Impact and Benefit Agreement for the Meadowbank mine (the ‘‘Meadowbank IIBA’’) was 
signed with the Kivalliq Inuit Association to ensure that local employment, training and business 
opportunities arising from all phases of the project are accessible to Inuit Beneficiaries living in the Kivalliq 
region and was renewed in 2017. 

The Project components consist of the mine site (Figure 2-1) presented in Section 2.1, the Baker Lake Site 
Facilities (Figure 4-1) and the All Weather Access Road (AWAR, Figure 4-2) linking Baker Lake to the 
mine site. Construction of the AWAR was initiated in 2007 and completed in 2008. The development of the 
Project has required periodic construction activities since the exploration phase (i.e., South and North 
Camps and airstrip). The original water retention dikes, which allow for mining beneath shallow lakes, were 
the East Dike in Second Portage Lake and the small West Channel Dike. They closed off the North 
Portage pit area, so that approximately 16 million liters of water could be pumped out before mining could 
begin at Meadowbank. 

Construction activities at the mine site and the Baker Lake Site Facilities, for the purpose of mining 
operations, began in 2008. Mining was initiated in 2009; operations at the mine process plant started in 
early 2010, and thus the Project is entering its ninth year of operations. In addition to routine activities 
throughout the 2018 season, a number of secondary construction/modification projects will be undertaken. 
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Construction of the Central Dike Phase 7, planned North Cell Internal Structure (depending on regulatory 
approval) and Saddle Dam 3 Phase 4 will be completed in 2018. In addition, evaluation of future tailings 
deposition options will be considered in 2018. The mining operations at the Meadowbank site are 
scheduled to be completed in September 2018 (refer to Section 4.4.1, Tables 4-1 to 4-4 for detailed LOM 
and schedule). 

Environmental monitoring (wildlife, aquatic effects, groundwater, noise and air) will continue yearly in 
support of all operational undertakings at the Meadowbank site as required by the NWB Type A Water 
Licence 2AM-MEA1525, NIRB Project Certificate No.004, DFO authorizations, and MMER regulations.  

A first closure and reclamation plan (Agnico Eagle, 2008) was developed before the start of mining 
operations and represented an updated compilation of the following components: 

�² Meadowbank Gold Project, Reclamation Cost Estimate (Brodie 2008); 

�² Abandonment and Restoration Plan, Agnico-Eagle Meadowbank Project, Baker Lake Facilities, 
Licence 8BC-MEA0709, October 24, 2007 (Agnico Eagle, 2007a); 

�² INAC Lease 66A/8-71-2 & 66A/8-72-2, Updated Closure and Reclamation Plan for the Tehek Lake 
All Weather Private Access Road, Baker Lake – Meadowbank, December 17, 2007 (Agnico Eagle, 
2007b); and 

�² Meadowbank Gold Project, Preliminary Closure and Reclamation Plan, August, 2007 (MMC, 
2007). 

An ICRP, produced by Golder Associates in January 2014, was an update of the 2008 closure and 
reclamation plan.  

Following an internal technical study, in February 2017, the Whale Tail satellite deposit at Amaruq was 
approved for development, pending the receipt of required permits.  Agnico Eagle is proposing to develop 
the Whale Tail Pit, a satellite deposit located on the Amaruq property, to continue operations and milling at 
Meadowbank Mine. The proposed open pit mine, mined by truck-and-shovel operation, will produce 8.3 
million tonnes of ore that will be hauled and processed at the Meadowbank Mill. The tailings will be 
deposited in the approved TSF facilities, under Agnico Eagle existing Type A water Licence 2AM-
MEA1525. The operations (mining and ore processing) will continue approximately 3 years with the Whale 
Tail Pit, from Q3 2019 to early 2022. 

As the Whale Tail project is going through the permitting process to obtain its specific Type A Water 
Licence, it is understood that all operations components of Whale Tail Pit and Amaruq Exploration/Hauling 
Road are included specifically in the Whale Tail Interim Closure and Reclamation Plan (Golder, 2016a). 
Only the activities covered under the Meadowbank Type A Water Licence 2AM-MEA1525 will be included 
in this updated Meadowbank ICRP. 
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Figure 4-1 : Baker Lake Site Facilities 

 

 

(Source : Agnico Eagle, Oil Pollution Emergency Plan, Version 7, May 2016; Meadowbank Annual Report 
2016 (2017a)) 
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4.3 Site Geology and Ore Processing 
Gold deposits are found along two main structural features that cross the property – the Meadowbank 
Trend and the Pipedream Lake (Northeast) Trend (refer to Appendix J). The Meadowbank Trend hosts the 
Goose, Portage and Vault deposits, which are the sites of mining. These shallow deposits lie within 7 km of 
each other. In all deposits, gold mineralization is commonly associated with intense quartz flooding, and 
the presence of sulphide minerals (pyrite and/or pyrrhotite). The Goose and Portage deposits are hosted 
by magnetite-rich iron formation, while intermediate volcanic rocks host most of the mineralization at the 
Vault deposit farther north. Both the rock units and the gold deposits are tightly folded and structurally 
complex, sandwiched between granite plutons (Agnico Eagle website, consulted May 2018). 

Since this updated Meadowbank ICRP includes the activities related to ore processing and tailings 
deposition from the additional ore from Whale Tail Pit, the Amaruq property geology is presented herein. 
The Amaruq property is underlain by Archean supra crustal rocks of the metamorphosed Woodburn Lake 
Group; the same sequence as at the Meadowbank Mine. These rocks are believed to have been deposited 
in a continental rift setting. They are comprised of mafic to ultramafic volcanic and volcaniclastic rocks 
interlayered with clastic sedimentary units that include greywacke, siltstone, mudstone, chert and banded 
iron formation. This rock sequence has been intruded by granitoid rocks and lamprophyres, and underwent 
multiple deformation events and metamorphism to the upper greenschists facies. There are four Paleo-
Proterozoic aged events of deformation recognized, two of which have significant effects on the geometry 
of the deposit. There are four Paleo-Proterozoic aged events of deformation, two of which have significant 
effects on the geometry of the deposit. The main lithological units associated with the Whale Tail deposit 
include: ultramafic komatiites, clastic sedimentary rocks, mafic volcanic rocks and felsic to intermediate 
intrusive rocks (Golder, 2016a).  

Until now, Meadowbank has conducted surface mining from a series of three pits all within 7 km of the 
processing plant. Water retention dikes have been built to allow for mining beneath shallow lakes, using a 
unique in-water dike construction method. The mine works year-round, using conventional drilling, blasting, 
truck and shovel methods. Waste rock is used for construction, or dumped in waste storage facilities or 
previously mined-out areas. To minimize acid generation, the sulphide-bearing waste rock is encapsulated 
in permafrost and capped with an insulating layer of neutralizing rock. 

The 11,000-tonne/day gold processing plant uses conventional technology adjusted to the Arctic climate. 
Any “free gold” is removed by a gravity circuit. The remainder is leached using cyanide, with the gold 
captured using carbon-in-pulp technology and electrowinning cells. Gold-plated cathodes and gravity 
concentrate are smelted in an induction furnace and poured as doré bars. The plant includes both a 
cyanide recycling thickener and an air-sulphur dioxide cyanide destruction circuit to ensure that no cyanide 
escapes to the environment. All water from the tailings pond is pumped back to the plant for reuse, making 
this a zero-discharge system. The plant will require minor modifications to treat the Whale Tail Pit ore, 
specifically the addition of a continuous gravity and regrind circuit, and is expected to operate at 9,000 
tonnes/day. 
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4.4 Project Summary 
The Meadowbank Gold Mine consists of several gold-bearing deposits within reasonably close proximity to 
one another. The three main deposits are: Vault (including Phaser and BB Phaser), Portage (South, 
Center and North Portage deposits), and Goose, as presented on Figure 2-1. 

The South Portage deposit is located on a peninsula, and extends northward under Second Portage Lake 
(2PL) and southward under Third Portage Lake (3PL). The North Portage deposit is located on the 
northern shore of 2PL. The South, Center and North Portage deposits are mined as a single pit, termed the 
Portage Pit, which extends approximately 2 km in a north-south direction. The Goose deposit lies 
approximately 1 km to the south of the Portage deposit, and beneath a portion of 3PL. The Vault deposit is 
located adjacent to the former Vault Lake, approximately 6 km north of the Portage deposits. Phaser and 
BB Phaser Pits are located west of the Vault Pit, in the former Phase Lake. A series of dewatering dikes 
(East, West Channel, Bay-Goose, South Camp and Vault dikes) were required for dewatering to isolate the 
mining activities from the lakes. Additional dikes (the Central Dike, Stormwater Dike and Saddle Dams) are 
required to manage tailings within the dewatered 2PL Arm.  

4.4.1 Project Mine Plan 

In 2018, Agnico Eagle mining plan (Agnico Eagle, 2018b) is to operate Portage and Vault pits at the 
Meadowbank mine site. The waste rock management plan for 2018 is to maximize waste storage facility 
utilization and minimize haulage cycle times which will, in turn, minimize the greenhouse gas emissions 
and impact on the environment. Environmental monitoring (wildlife, aquatic effects, groundwater, noise and 
air) will continue through 2018 in support of all operational undertakings at the Meadowbank site as 
required by the NWB Type A Water Licence 2AM-MEA1525, NIRB Project Certificate No.004, DFO 
authorizations, and MMER regulations. Tables 4-1 to 4-4 present the detailed Life of Mine (LOM). 

Table 4-1 presents the projected mill throughput with the expected quantities of ore to be processed from 
2018 to 2022, as well as the ore origin. The end of ore processing from Meadowbank is expected in 
September 2018, following by a transition period of 9 months. The processing will then restart with ore 
from Whale tail Pit, from July 2019 to 2022. 

The mined tonnages at Meadowbank for ore and waste rock realized for 2017 is presented in Table 4-2. 
The projected mined tonnages for 2018 are presented in Table 4-3. The NPAG waste rock projected 
closure requirements for 2018 and 2019 at Meadowbank are presented in Table 4-4, including the various 
closure construction works.  

The waste rock tonnage for Whale Tail Pit is not presented herein as the waste rock management for 
Whale Tail is included in the Whale Tail Interim Closure Plan (Golder, 2016a).  
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Table 4-1 : Projected Ore Processed at Meadowbank 

Year/Month 

Projected Ore 
Processed  

(Mill Throughput) 
(tonnes) 

Origin 

January-18 279 000 

Meadowbank 
(Portage, Vault and 
Phaser/BB Phaser) 

February-18 252 000 

March-18 279 000 

April-18 270 000 

May-18 279 000 

June-18 270 000 

July-18 249 065 

August-18 249 065 

September-18 241 031 

October-18 0 

November-18 0 

December-18 0 

TOTAL 2018 2 368 161 

January-19 0 

Whale Tail 

February-19 0 

March-19 0 

April-19 0 

May-19 0 

June-19 0 

July-19 276 726 

August-19 276 726 

September-19 267 799 

October-19 276 726 

November-19 267 799 

December-19 276 726 

TOTAL 2019 1 642 500 

January-20 279 766 

February-20 261 717 

March-20 279 766 

April-20 270 742 

May-20 279 766 

June-20 270 742 

July-20 276 726 



 

Meadowbank Interim Closure and Reclamation Plan – Update 2018 Original -V. 00 

2018/06/29 654769-5000-4EER-0001 Technical Report 

55 

Year/Month 

Projected Ore 
Processed  

(Mill Throughput) 
(tonnes) 

Origin 

August-20 276 726 

Whale Tail 

September-20 267 799 

October-20 276 726 

November-20 267 799 

December-20 276 726 

TOTAL 2020 3 285 000 

January-21 279 000 

February-21 252 000 

March-21 279 000 

April-21 270 000 

May-21 279 000 

June-21 270 000 

July-21 279 000 

August-21 279 000 

September-21 270 000 

October-21 279 000 

November-21 270 000 

December-21 279 000 

TOTAL 2021 3 285 000 

January-22 66 644 

TOTAL 2022 66 644 

Source: Water Balance, Agnico Eagle, 2018d 
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Table 4-2 : Meadowbank Mined Tonnages for 2017 

 

1. Waste Rock disposed at the waste rock facilities includes overburden stripped for exploitation of Portage Pit & Vault Pit 

Source: Modified from Updated Mine Waste Rock and Tailings Management Report and Plan, 2017 (Agnico Eagle, 2018b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dikes Roads Crushers
Waste Rock 

Facilities 1 Stockpiles Other Total

January 386,298 45,991 0 12,301 1,498,959 14,815 6 1,572,073 331,889

February 374,894 6,084 22,937 23,998 1,251,365 404,648 2,977 1,712,008 314,269

March 376,855 167 8,508 12,614 919,668 483,332 583 1,424,872 279,684

April 355,410  0 10,674 17,671 1,002,425 655,770 10 1,686,550 328,391

May 437,319  0 135,889 84,180 933,559 434,648 27,889 1,616,165 344,961

June 401,035 12,537 14,316 88,241 977,125 522,816 2,588 1,617,623 322,939

July 334,363 183,868 66,559 6,647 1,016,081 523,311 0 1,796,466 336,222

August 391,414 485,008 12,182 2,361 1,271,636 97,549 19,925 1,888,662 326,409

September 343,504 13,148 107,454 14,945 1,246,694 509,366 189 1,891,796 275,754

October 364,663 259,074 57,565 528 1,169,063 255,796 1,991 1,744,017 328,028

November 321,403 21,676 653 5,395 1,406,720 69,651 1,362 1,505,456 330,465

December 352,291  0 401 571 1,781,334 7 1,782,313 334,023

TOTAL 4,439,449 1,027,553 437,137 269,453 14,474,629 3,971,701 57,528 20,238,001 3,853,034

Month
Ore Processed 
in Mill (tonnes)

Waste Rock (PAG/NPAG) (tonnes)

DestinationOre

Portage Pit & Vault Pit
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Table 4-3 : Projected Meadowbank Mined Tonnages (2018) 

2018 

Portage Pit 

Total Waste Rock (tonnes)  169,392 

NAG (~ %) 27% 

PAG (~ %) 73% 

Till (tonnes) 0 

Ore (tonnes) 98,622 

Vault Pit  

Total Waste Rock (tonnes)  1,464,113 

NAG (~ %) 100% 

PAG (~ %) <1% 

Till (tonnes) 0 

Ore (tonnes) 983,366 

Phaser Pit  

Total Waste Rock (tonnes)  941,121 

NAG (~ %) 100% 

PAG (~ %) <1% 

Till (tonnes) 0 

Ore (tonnes) 167,817 

1. Difference between pit mill feed and total mill feed is due to stockpiled material to be processed 
Source: Updated Mine Waste Rock and Tailings Management Report and Plan, 2017 (Agnico Eagle, 2018b) 
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Table 4-4 : NAG Stockpile for mine closure requirement, Destinations & Tonnages (2018 – 2019) 

Year/Mine Closure Items 2018 2019 TOTAL 

Capping Portage Rock Storage Facility 
(PAG Dump) with NAG 

1,157,318 0 1,157,318 

12% 0% 8% 

Capping TSF (North Cell) 
3,893,819 2,973,625 6,867,444 

39% 56% 45% 

Capping TSF (South Cell) 
0 0 5245187 

0% 0% 0% 

Central Dike 
0 0 0 

0% 0% 0% 

Saddle Dams 
0 0 0 

0% 0% 0% 

Primary Crusher NAG capping 
465,234 0 465,234 

5% 0% 3% 

Goose Rock Garden/Finger Dikes (fish 
habitat compensation) 

256,945 0 256,945 

3% 0% 2% 

Stormwater Dike Capping 
350,064 0 350,064 

3% 0% 2% 

Capping Marginal Dump 
642,600 0 642,600 

6% 0% 4% 

NAG Stockpiles 
3,256,830 2,364,450 5,621,280 

32% 44% 37% 

All Portage NAG to be Stockpiled 
10,022,810 5,338,075 15,360,885 

100% 100% 100% 

Source: Updated Mine Waste Rock and Tailings Management Report and Plan, 2017 (Agnico Eagle, 
2018b) 
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4.4.2 Project Facilities 

4.4.2.1 Baker Lake Site Facilities 

The Baker Lake Site Facilities are located about 2 km east of the Hamlet of Baker Lake, as shown in 
Figures 4-1 and 4-2. The Baker Lake facilities act as a transfer point and temporary storage for all dry 
freight and fuel materials arriving by barge prior to overland shipment to the mine site via the AWAR.  

The infrastructures present on Baker Lake Site includes (modified from Golder, 2014): 

�² Barge Landing: All construction and operating supplies for the Project are transported on ocean 
freight systems to Baker Lake. A barge unloading facility and a container handler receive all 
shipments prior to redirecting them to the mine site; 

�² Bulk Fuel Storage Facility: The above ground Bulk Fuel Storage Facility includes six (6) 10 million 
liters (10,000 m3) diesel fuel storage tanks to receive bulk shipment of diesel fuel and to provide 
sufficient above-ground fuel storage capacity to operate the Project for a year. The Bulk Fuel 
Storage Facility is located on the northeast corner of the Baker Lake Site Facility, approximately 
300 m from the shore of Baker Lake. Fuel is shipped by barge to the facility, pumped from the 
barges to the storage tanks through a 200 mm hose, and distributed to highway vehicles or tanker 
trucks at a dispensing station located on the North side of the facility. The Bulk Fuel Storage 
Facility is used throughout the year. The tanks are located within a lined and bermed containment 
area capable of storing at least 110 % of the volume of one 10,000 m3 storage tank. In addition, 
eighteen (18) - 100,000 L fuel tanks are located within a lined and bermed containment pad at the 
fuel storage area to provide jet fuel storage capacity. The dispensing station for the Jet A Facility is 
setup within an arctic container installed on a lined and compacted gravel pad. This lined area is 
capable of containing 110% of the volume of one 100,000L storage tank. A collection sump is also 
located within the lined pad to collect accidental spills or leakage. A secondary containment area 
lined with a low permeable geomembrane provides additional fuel confinement at the fuel tank 
farm; 

�² Dry Freight Storage Area: The general lay-down area of the dry freight storage area includes a 
terraced gravel based pad for stacking sea containers and other equipment. The area covers 
approximately 65,000 m2. The roads and unloading platform of main traffic zones are covered with 
1 m of compacted granular fill. The storage platforms are covered with 0.6 m of compacted 
granular fill to provide stable support; 

�² Access Roads: An all-season road links the Baker Lake Site Facilities to the AWAR leading to the 
mine site. Roads have a gradient of 8% or less and are typically covered with compacted granular 
fill; 

�² Water and Power Management: The general strategy for water management is to minimize 
sediment and pollutant mobilization by implementing best management practices during operation 
of the facilities. Water that has accumulated within the berms surrounding the Bulk Fuel Storage 
Facility is released to the environment once it is confirmed to meet all regulatory water quality 
criteria and approval has been granted from the government inspector; 

�² Power for the facilities: The facilities include the office trailer supplied by portable generators and 
yard lighting is provided by portable, diesel powered light towers. 
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4.4.2.2  All-Weather Access Road 

The All-Weather Access Road (AWAR) is 108 km long and links the Hamlet of Baker Lake to the mine site, 
as shown in Figure 4-2. The AWAR was constructed above grade, using quarried material from non-acid 
generating rock. Its alignment is contained almost exclusively within the Prince River drainage to avoid 
stream crossings wherever possible. A total of 24 streams are crossed by the AWAR, using thirty eight (38) 
culverts and nine (9) bridges.   

Additional culverts have been installed in low lying areas to accommodate surface drainage patterns. Only 
six crossings occur on streams used by Arctic grayling as a migration route and/or for spawning. These 
streams are crossed using bridges to mitigate potential impacts to the migratory fish populations. Most of 
the remaining streams have little or no fisheries habitat value as they are mostly small in size and do not 
connect fish-bearing lakes upstream or downstream of the proposed crossing (Golder, 2014). 

Graded aggregate from quarries along the AWAR provided general road embankment fill. A total of 22 
quarries were used, with rock that was determined to be not potentially acid generating (Cumberland, 
2005i). Finer graded road surfacing fill was obtained from further processing of the coarse aggregate. Two 
structural fill types were used to construct the AWAR (Golder, 2014): 

�² Type 1 Fill: Minus 75 mm, well graded crushed “Granular Base”; and 

�² Type 2 Fill: Minus 300 mm well graded general “Rockfill”. 

Additional Facilities along the AWAR consist of 3 communication towers. Typical communication towers 
include the following: 

�² Antenna; 

�² Receiver/transmitter unit; 

�² Foundation mounts; and 

�² Portable generator. 
 

4.4.2.3 Dikes and Saddle Dams 

Non-acid generating overburden and waste rock materials produced during initial mining on the Portage 
Peninsula and from the pits are used for dikes and dams adjacent to the receiving environment, with the 
exception of a portion of the Central Dike. Based on material balance estimations, sufficient quantities of 
suitable rockfill and till borrow materials are available for the remaining construction activities for the 
Central Dike and Saddle Dams 3 and 4. 

The dikes are required to isolate mining activities from surrounding lakes (i.e., East, West Channel, South 
Camp and Bay-Goose Dikes) or to contain tailings (i.e., Stormwater and Central Dikes, and Saddle Dams 
1 to 5). All dikes and saddle dams are shown in Figure 2-1 and listed below: 

�² East Dike: Construction was started in 2008 and completed in 2009. The East Dike isolates the 
Tailings Storage Facilities and Portage Pit from Second Portage Lake and allowed the dewatering 
of the Second Portage Lake North Arm; 
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�² West Channel Dike: The West Channel Dike was also constructed in 2008. The dike functioned to 
block the western outlet channel from Third Portage to Second Portage Lakes, upstream of the 
East Dike. Following completion of the South Camp and Bay-Goose Dikes, and dewatering of the 
Third Portage Lake area enclosed by these two dikes, the West Channel Dike was no longer 
required, and removed as part of the development of Portage Pit; 

�² South Camp Dike: The South Camp Dike was built in 2009 to assist in isolating the Portage and 
Goose Pits from Third Portage Lake;  

�² Bay-Goose Dike: The Bay-Goose Dike was built over a 3-year period, from 2009 to 2011. The Bay-
Goose Dike, together with the South Camp Dike, isolates the Portage and Goose Pits from Third 
Portage Lake and allowed dewatering; 

�² Vault Dike: The Vault Dike was constructed in 2013 and isolates Vault Lake from Wally Lake, to 
allow mining of the Vault Pit following dewatering of Vault Lake. Dewatering of Vault Lake 
commenced in 2013 and was completed in 2014; 

�² Central Dike: The Central Dike retains tailings and limit seepage from the South Cell TSF towards 
the Portage Pit. The dike crest is used to support tailings pipelines. The Central Dike is founded on 
competent soils, with an engineered key trench extending to either bedrock or a dense till. The dike 
is constructed primarily of rockfill, with an upstream low-density polyethylene geomembrane. The 
Central Dike was constructed in stages, starting in 2012 and is planned to be completed in 2018 at 
an elevation of 150 masl; 

�² Stormwater Dike: The Stormwater Dike provides the separation between the North and South Cells 
of the TSF. The dike crest is used to support tailings pipelines and spigots. The dike is constructed 
with potentially acid generating rockfill and has a low hydraulic conductivity bituminous 
geomembrane liner on the upstream face that is keyed into the foundation soils. The first stage of 
the Stormwater Dike was built in 2009 to elevation 140 masl, the second stage of the Stormwater 
Dike was constructed in 2010 to elevation 148 masl, and in 2013 the third stage of the Stormwater 
Dike was completed to elevation 150 masl; 

�² Saddle Dams 1 to 5: The purpose of the Saddle Dams is to retain the tailings within the TSF and 
limit seepage to the downstream environment. The dams also support the tailings pipelines. 
Saddle Dams 1 and 2 contain the tailings in the North Cell of the TSF, while Saddle Dams 3, 4 and 
5 will contain the tailings in the South Cell. The first stage of Saddle Dam 1 was constructed in 
2009 to an elevation of 141 masl and in 2010 was raised to its Stage 2 crest at elevation of 150 
masl. Construction of the first stage of Saddle Dam 2 commenced in 2010; it was completed in 
2011 (Stage 2) at elevation 150 masl, in addition to the connection between Saddle Dam 2 and 
Stormwater Dike, to an elevation of 150 masl. The construction of Saddle Dams 3, 4 and 5 started 
in 2015 and is planned to be completed in 2018 at elevation 150 masl. 

 

As built information and drawings of the different dikes and dams are available in the following documents: 

�² Meadowbank East Dike Construction As-Built Report (Golder, 2009); 

�² Bay-Goose Dike Construction As-Built Report, Meadowbank Gold Mine (Golder, 2013); 
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�² South Camp Dike Construction Summary Report, Meadowbank Gold Project (Agnico Eagle, 
2012b); 

�² Construction Summary Report, Vault Dike (Agnico Eagle, 2013b); 

�² Construction Report, Tailings Storage Facilities, Meadowbank Gold Project. (Agnico Eagle, 
2012b); 

�² 2016 Construction Season As- Built Report (Golder, 2016b). 

4.4.2.4 Open Pits  

The deposits are mined as truck-and-shovel open pit operations. The ore was extracted from the following 
deposits during the operational lifespan of the mine (refer to Figure 2-1): 

�² Portage deposits (Pit sector A, B, C, D and E); 

�² Goose deposit; and 

�² Vault deposit, including Phaser/BB Phaser. 

The Portage and Goose deposits are located in a centralized mining and milling area. The Portage 
deposits are mined as a single pit (Portage pit) that is approximately 2 km long running north-south, across 
Second and Third Portage lakes. The Goose deposit is approximately 1 km south of the Portage deposit, 
under Third Portage Lake. The Vault deposit is approximately 8 km to the north of the Portage deposit, on 
the shores of Vault Lake. Phaser and BB Phaser Pits are adjacent to Vault Pit on the South East side.  
Mining activities in Goose Pit occurred from 2011 to 2015, started in Portage Pit 2010 and are planned 
until 2018. Vault Pit mining activities started in 2014 and are planned until 2018, and from 2017 to 2018 in 
Phaser/BBPhaser. 

4.4.2.5 Rock Storage Facilities 

Waste rock is stored at the Portage and Vault Rock Storage Facilities (RSF) (Figure 2-1). Deposition 
tonnages at the Portage RSF is separated into potentially (PAG) and non-potentially (NPAG) acid 
generating, to be used at closure. The Vault RSF includes mainly NPAG waste rock, with some PAG waste 
rock placed in the center of the pile. Some waste rock is also placed in the mined areas of the Portage and 
Goose pits as pit backfill. The material stored at beside Goose Pit only includes NPAG to be used for 
closure construction. Smaller storage areas also include NPAG material that will be reclaimed at closure. 
The rock storage facilities volumes are presented in Table 4-5. The total quantity of waste rock generated 
by Portage and Vault pits in 2017 and the projected quantity in 2018 are presented in section 4.4.1.  

Table 4-6 below summarizes the overall (final) physical dimensions and aspects of the Portage and Vault 
RSFs. 
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Table 4-5 : Meadowbank Rock Storage Facility Volume 

Rock Storage Facilitity Volume (m 3) Type of Waste Rock

Vault RSF 35,859,759 PAG/NPAG 

Portage RSF - NPAG Area 6,500,000 NPAG 

Portage RSF - PAG Area 30,355,469 PAG/NPAG 

Portage NPAG -  Primary crusher 1,472,517 NPAG 

Goose NPAG  2,863,107 NPAG 

Central - NPAG SP 425 NPAG 

1. Estimated volume to date (February 2018) 

2. Vault RSF includes mainly NPAG material and PAG material placed in the center of the facility 

3. Portage RSF - PAG Area includes 2,700,000 m3 of NPAG cover 
4. Waste rock material is also placed in the mined sectors of Goose Pit and Portage Pit as 

backfill 

Source: Data provided by Agnico Eagle, 2018 

 

Table 4-6: Details of Rock Storage Facilities 

Descriptors 
Portage Rock Storage 

Facility 
Vault Rock Storage 

Facility 

Approximate storage volume 39.3 Mm3 29.1 Mm3 

Approximate final crest elevation 254 m 246 m 

Approximate final height 100 m 80 m 

Maximum elevation of adjacent topography 192 m 190 m 

Approximate footprint area 80.8 ha 61.0 ha 

Source: Updated Mine Waste Rock and Tailings Management Report and Plan, 2017 (Agnico Eagle, 2018b) 

 

4.4.2.6 Tailings Storage Facilities 

All tailings will be deposited within the Tailings Storage Facilities (TSF) until the end of mine operations. 
The facility includes two cells, the North Cell, where tailings were deposited until 2015, and South Cell, 
where tailings are deposited since 2014 to the end of the mine life (Figure 2-1). In 2017, a total of 
4,042,652 m3 of tailings slurry was deposited in the tailings storage facilities. From 2010 to 2017, a total of 
22,250,000m3 of tailings slurry from the mill had been deposited in the TSF’s (Agnico Eagle, 2018b). The 
remaining portion of the tailings generated by ore processing from Meadowbank is planned to  be stored in 
the South Cell. 

Tailings from Whale Tail Pit will be stored within the approved Meadowbank TSF footprint. According to the 
approved Meadowbank TSF design, it remains a capacity of 5.3 Mt in the South Cell after the completion 
of mining Goose Pit, Portage Pit, Vault Pit, BB Phaser, and Phaser Pit. To provide the additional 3 Mt of 
capacity required to store Whale Tail Pit tailings, Agnico Eagle is proposing to construct an internal 
structure raise over the outside perimeter of the existing and frozen North Cell. This concept will increase 
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the tailings beach elevation to a maximum of 153.5 masl in the North Cell. The internal structure design is 
available in Appendix N. Construction of the internal structure will be completed upon regulatory approval. 
The management operation and monitoring of the TSF is regulated under Agnico Eagle existing Type A 
Water Licence 2AM-MEA1525. 

Table 4-1 in Section 4.4.1 presents the projected ore process (mill throughput) quantities for the Project, 
from 2018 until 2022. 

4.4.2.7 Water Management Facilities 

At Meadowbank, five major sources of inflow water are considered in the site water management system: 
freshwater pumped from Third Portage Lake, natural run off, natural pit groundwater inflow, seepage inflow 
from the East Dike and freshet water. This water is either utilized or removed from the inflow by the 
following means: water treatment plant effluent (if treatment necessary to meet discharge criteria), water 
trapped in the capillary voids of the tailings fraction (including ice entrapment for winter months) at the 
TSF, East Dike seepage discharge into Second Portage Lake, water trapped within the in-pit rock storage 
facilities area voids and natural pit flooding.   

A detailed water balance is reviewed yearly and is provided in the annual Water Management Report and 
Plan (provided with the Meadowbank Annual Report). The Appendix K of this ICRP presents the Water 
Balance considered (Agnico Eagle, 2018d).  

The water management facilities include the components listed below: 

�² Dewatering systems: Consisting of pumps in parallel connected to a surface pipeline that conveyed 
water to a treatment facility for the removal of suspended solids prior to discharge; 

�² Flooding systems: Following completion of mining, the pit areas will be flooded. Flooding will be 
carried out through a combination of: 

o Precipitation; 
o Surface runoff; 
o Seepage from the East dike (Portage and Goose pits only); 
o Transfers of water from the Reclaim Pond located in the South Cell to Portage Pit in 2022 

(this water may require treatment prior to transfer); and 
o Pumping from Third Portage and Wally lakes; 

�² Rock storage runoff collection systems: The topography on the Southwest side of the Portage 
Rock Storage Facility naturally conveys surface water runoff to the Tailings Storage Facilities North 
Cell. To date, this runoff is minimal, generally at spring freshet only. No seeps have been identified 
on the Southwest side of the Portage RSF. Two (2) sumps, WEP1 and WP2, located on the North 
side of the Portage RSF NPAG area, collect contact water from the RSF during freshet to be 
transferred to the North Cell TSF. The topography surrounding the Vault Rock Storage Facility is 
anticipated to convey runoff into the Vault Pit and Vault Attenuation Pond (SNC 2013); 

�² Water Diversion Ditch Systems: Two water diversion systems (East and West diversion ditches) 
were constructed in 2012 to divert surface water from undisturbed areas on the northern perimeter 
of the mine site away from the Portage Waste Rock Facility and Tailings Storage Facilities; 
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�² Pit sumps and pumping systems: Sumps will be in place for collecting water draining from pit 
areas. Water from the Portage and Goose pit sumps are pumped to the Reclaim Pond (former 
Portage Attenuation Pond). Water from Vault Pit sumps will be pumped as needed to the Vault 
Attenuation Pond; 

�² Seepage and runoff collection systems: Water collected by any seepage and runoff collection 
system is monitored during the operations as per the Meadowbank Water Licence requirements. 
The main seepage collection systems on site are the Central Dike seepage collection system, the 
East Dike seepage collection system, the Mill seepage collection system and the RSF Seepage 
(ST-16) collection system; 

�² Tailings pipelines: Tailings will be carried as slurry through a pipeline to the TSF. Tailings slurry 
water that does not get trapped within the tailings mass as ice ultimately drains to the Reclaim 
Pond. The location of the pipelines along the perimeter will be determined by the deposition plan 
and operational consideration for the development of tailings beaches; 

�² Vault Attenuation Pond: The pond is collecting runoff from the surrounding drainage basin as well 
as water drained from the Vault Rock Storage Facility and from the Vault, Phaser/BB Phaser Pits. 
Collected water is discharged, as needed, after treatment if required for removal of suspended 
solids, to Wally Lake through the effluent outfall diffuser; 

�² Reclaim Ponds: The Reclaim Pond is the water body located within the active cell of the Tailings 
Storage Facilities (i.e., the cell, North or South, where tailings deposition occurs). The current 
Reclaim Pond is located in the TSF South Cell since 2014. The Reclaim Pond collects runoff water 
from the Portage RSF, precipitation and tailings slurry water. A pumping system is used to pump 
water from the Reclaim Pond to the Mill for ore processing; 

�² Portage Attenuation Pond: The Portage Attenuation Pond became the Reclaim Pond once the 
South Cell was used for tailings deposition since 2014. The Portage Attenuation Pond collected 
water from Goose and Portage Pits, and runoff from the surrounding drainage basin. Water from 
the former Portage Attenuation Pond was discharged after treatment for removal of suspended 
solids to Third Portage Lake, through the effluent outfall diffuser; 

�² Stormwater Management Pond (Tear Drop Lake): This water body receives drainage from the Mill 
and service area (i.e., treated waste water, runoff from part of the airstrip, accommodation facilities, 
Mill, power plant, stockpiles and contractor areas). Water from the pond is transferred to the 
Reclaim Pond as necessary during summer. Water will be directed to the Reclaim Pond and then 
to the pits, once mining at these locations is completed and flooding starts; 

�² Freshwater intake and treatment system: This system pumps water from Third Portage Lake for 
human consumption and for providing fresh make-up water to the Mill for ore processing. Water 
used for human consumption is treated with chlorination and UV light at the accommodation 
facilities; 

�² Waste water treatment system: This system treats domestic sewage from the site. The treated 
water is then directed to the Stormwater Management Pond. This wastewater treatment plant is a 
tertiary treatment plant designed to remove organic material and nutrients. It is comprised of a 
primary clarifier, 3 Rotary Biological Contactors and a final clarifier. The dewatered sludge is 
disposed of in the Tailings Storage Facilities. 
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4.4.2.8 Infrastructure at Mill and Service Areas 

This section describes the buildings and other infrastructures at the mine site used to provide living 
quarters to the working population and to support mining processes. These infrastructures are located near 
the Portage and Goose pits and the Tailings Storage Facilities (Figure 2-1). Additional infrastructures are 
present near the Vault Pit. 

Components of this infrastructure are listed below (modified from Golder, 2014): 

�² Accommodations: The accommodation facilities include 12 dormitory wings (termed the Main 
Camp), the construction office, the dry change room, the dispatch office, the drinking water 
treatment facility, housekeeping and building maintenance facilities, and kitchen (with cafeteria), all 
connected to each other by arctic corridors that are also linked to the Mill and Service Building. The 
facilities are constructed of ATCO-style rigid wall modules. The dormitory wings consist of single-
occupancy rooms with shared or single washrooms and showers. A twelfth dormitory wing is 
present, but not linked to the complex by an arctic corridor. A gymnasium coverall was also built as 
part of the accommodation facilities. Additional structures include Nova Camp (additional year-
round living quarters) and the Geology tents; 

�² Ore processing/Mill: The mining processes involved for the extraction of gold from the raw ore 
material include crushing, grinding, gravity concentration, thickening, leaching, carbon-in-pulp, 
carbon stripping and gold recovery. Cyanide destruction, tailings deposition and carbon 
regeneration processes are also undertaken to support the extraction processes. The crushing 
process consists of reduction of the raw ore material into coarse ore by using a gyratory crusher 
(also called the primary crusher), a cone crusher (secondary crusher) and a tertiary cone crusher 
(pebble crusher). The crushed material is stored in the Ore Dome until conveyed to the mill 
complex to pass through the extraction processes. A total of four conveyor belts are used to carry 
the ore from the primary crusher to the Mill. The Mill building is a pre-engineered steel structure 
supported by concrete foundations and is located beside the accommodation facilities. The ten 
leach tanks are within bermed secondary containment located outside, on the south side of the 
mill. The assay lab and SO2 Plant, located besides the mill building, provide support to the mining 
processes; 

�² Power, electric grid and fuel: The Power Plant is a diesel-fired infrastructure with six (6) generator 
sets (i.e., generally with some active and some on standby/service mode) for electrical load 
bearing flexibility and efficiency, with a capacity for providing the 15.5 MW of energy required for 
the operation of the mine. The plant is a pre-engineered structure, and both the building and 
generator assembly are mounted on concrete foundations. A local electrical network is in place to 
supply buildings and other infrastructure near the power plant (i.e., accommodation facilities, Mill, 
Service Building, contractor area, fuel tank area, and airstrip). In addition, a network of 5KV cable 
is installed to reach more remote infrastructure, that is, the freshwater intake pumping station, the 
Reclaim Pond barge pumping station and the Emulsion Plant. The fuel storage and dispensing 
area is located beside the contractor area, south of the accommodation facilities and Mill. The 
primary storage consists of a 5.6 Ml steel tank located within a lined bermed containment structure. 
A fuel unloading and distribution pump and pipeline module feed a network system throughout the 
Mill area, supplying fuel to the exterior day tanks at the power plant. A fuel dispensing station for 
supplying light and heavy vehicles is located adjacent to the storage facility; 
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�² Services: Service infrastructure consists of buildings and structures for activities supporting mining 
activities, the Mill and the accommodation facilities. The Service Building is the largest service 
infrastructure and is a pre-engineered steel structure supported on concrete foundations. This 
building provides offices, a warehouse, medical and emergency service area, and serves as the 
facility for maintenance of large mobile equipment. A coverall, near the Ore Dome and Mill, is used 
as a warehouse. The contractor area, located between the fuel storage area and Mill, hosts 
infrastructure supporting activities by contractors hired for the Project. Infrastructure components in 
these areas include trailers, coveralls, and temporary structures providing garages, tool shops and 
storage space; 

�² Roads: The road network at the mine site consists of a series of service and haulage roads. The 
total length of these roads is approximately 22 km. Service and haulage roads to and around the 
Vault deposit are approximately 12 km in length. The Vault haul road is approximately 8 km long 
and was constructed between the mine site and the Vault pit in 2012. Culverts were installed at 
stream crossings. The roads are constructed above grade using NPAG rock from the pits or the 
Airstrip Quarry. Road width varies from 10 to 20 m for service roads, and up to 40 m for haulage 
roads; 

�² Airstrip: The mine site is accessible via overland travel on the AWAR and via chartered aircraft to 
the airstrip. The airstrip was commissioned for use in January 2009, transporting personnel and 
freight, such as food and cargo, to the mine site. The airstrip is entirely overland and is located 
immediately north of the supporting infrastructure on the peninsula that separates the Second and 
Third Portage Lakes. Agnico Eagle completed the extension of the airstrip in 2013 from 1,495m x 
45m to 1,752m x 45m, to accommodate a Boeing 737; 

�² Airstrip Quarry (Q23): This quarry is located north of the airstrip and provided material for the 
rockfill foundation of the building infrastructure at the mine site and for the construction of the 
dikes. It is now used for storage of drill core and associated equipment; 

�² Emulsion Plant area: This area is approximately 5 km north of the accommodation facilities and 
includes the Emulsion Plant and two warehouses installed on a rockfill pad for the storage of 
ammonium-nitrate. Four (4) explosive magazine storages on rockfill pads are also located along 
the access road between the AWAR and Emulsion Plant. A freshwater intake at the nearby lake is 
in place to supply water to the Emulsion Plant; 

�² Vault area infrastructures: A separate mobile power plant was installed in 2013 to service a small 
maintenance shop, office, and emergency accommodation facilities in the vicinity of the Vault Pit. 

4.4.2.9 Waste Management Facilities 

This section describes the facilities at the mine site used to store and dispose of hazardous and non-
hazardous wastes. The facilities include the components listed below (modified from Golder, 2014): 

�² Landfill: Landfill #1 is currently being used for the disposal of non-hazardous, non-putrescible, non-
salvageable solid waste material from Meadowbank that cannot be incinerated. This landfill is 
operated as multiple ‘sub-landfills’ that have been, or will be, built and buried within the footprint of 
Portage RSF. The elevation and location of these sub-landfills change as the RSF evolves 
throughout the operations phase of the Project. The sub-landfill area is bounded by a rock fill berm, 
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to act as a wind shield. These sub-landfills are progressively closed and encapsulated in the 
Portage RSF. A second landfill (closure landfill) will be developed in a 4 m deep depression at the 
top of the Portage RSF and will serve as the non-hazardous waste disposal site for the closure 
phase of the Meadowbank Project. It is expected that demolition waste from infrastructures 
removal/reclamation will be disposed of in Landfill #2. Whale Tail will have a landfill located in the 
Whale Tail RSF; 

�² Incinerator: The incinerator is located inside a building adjacent to the fuel storage facility. The unit 
is a dual chamber high temperature incinerator. The primary objective of the incinerator is to 
dispose of onsite putrescible materials (such as paper, cardboard, food waste and other organic 
type materials), thus diverting materials from the landfill that could create odours, attracting wildlife 
to the mine site. The incinerator receives waste from Meadowbank and eventually from Whale Tail 
Pit. The mine site has implemented a waste disposal segregation program to ensure wastes are 
disposed of in the appropriate manner; 

�² Hazardous material storage area: An area adjacent to the primary incinerator has been set up for 
the storage of hazardous wastes and other liquid waste and solid materials, including used waste 
oil, batteries, and tires. Materials are segregated and stored in drums inside closed secured 
seacans. Hazardous waste from Whale Tail will eventually be managed before shipping in this 
area. Annually, materials are transported to the Baker Lake Site Facilities and barged to a southern 
location for disposal or recycling at a Licenced facility; 

�² Landfarm: Meadowbank’s first landfarm (Landfarm 1) was located on the north-west side of the 
South Tailings Cell. The South Tailings Cell is currently active; tailings are deposited and water is 
reclaimed from the cell. The tailings and water level in the South Tailings Cell are increasing in 
elevation over time and the Landfarm 1 area was flooded with reclaim water and tailings. For this 
reason, the Landfarm 2, constructed in 2016 and located on the North East side of the TSF South 
Cell is now in use until the end of operations and also for closure. The Landfarm 2 receives 
contaminated soil from Meadowbank and will eventually receive contaminated soil from Whale Tail.
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5.0 Permanent Closure and Reclamation 

5.1 Definition of Permanent Closure and Reclamation 
Permanent closure is defined as the final closure of a mine site with no foreseeable intent by the existing 
proponent to return to either active exploration or mining. Permanent closure indicates that the proponent 
intends to have no further activity on the site aside from post-closure monitoring and potential contingency 
actions. Permanent closure does not, however, preclude the proponent or another party from pursuing 
opportunities at the existing site or in the area at a time beyond the foreseeable future (AANDC/ MVLWB, 
2013). 

5.2 Permanent Closure and Reclamation Requirements 
This section provides the permanent closure and reclamation requirements for each individual component 
of the Project. The components are categorized in sub-sections for clarity. The specified closure objectives 
may be revised with subsequent updates to the Interim Closure and Reclamation Plan, but are considered 
reasonable at this time to guide the advancement of closure planning. 

5.2.1 Baker Lake Site Facilities 

Baker Lake Facilities are located approximately 2 km east of the Hamlet of Baker Lake. This is the transfer 
point and temporary storage for all dry shipment and fuel materials arriving by barge prior to overland 
shipment to the mine site via the AWAR. Baker Lake Facilities are listed below (Golder, 2014): 

�² Barge Landing; 

�² Bulk Fuel Storage Facilities: six (6) diesel fuel storage tanks. Fuel is pumped from the barges to 
the storage tank; 

�² Dry Freight Storage Facility: terraced gravel base pad to stack sea containers and other 
equipment; 

�² Access Road: all-season road that link Baker Lake Site Facilities to the AWAR; 

�² Water and Power Management: Water accumulation within the berms surrounding the Bulk Fuel 
Storage Facilities has to be managed as it is release to the environment. Power for facilities is 
supplied by portable generators and yard lighting is provided by portable diesel powered light 
towers. 

5.2.1.1 Pre-Disturbance, Existing, and Final Site Conditions 

Pre-disturbance conditions are based on baseline data collection programs presented in the Meadowbank 
FEIS (Cumberland, 2005a). The pre-disturbance site conditions are also summarized in Section 3.0 of this 
plan. 

The Baker Lake facilities are currently in use and will be until closure or post-closure. 

The facilities will be dismantled and reclaimed following best practices put in place during operation and in 
order to minimize long term disturbance. The facilities could also be transferred to the local community 
upon interest. 
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5.2.1.2 Closure Objectives and Criteria 

The closure relevant objectives and closure criteria for the Baker Lake Site facilities are listed in Table 5-1, 
along with the specific actions and monitoring associated (modified from AANDC/ MVLWB 2013).  

Table 5-1: Closure Objectives and Criteria – Infrastructures at Mill and Camp Areas 

Closure Objectives Closure Criteria Action / Measurements 

Return area to its original state or to 
a condition compatible with the end 
land-use targets 

Remove all facilities and restore 
natural/compatible terrain as much 
as possible 

Dismantle and reclaim all 
infrastructure, fuel reservoirs, 
chemicals and industrial wastes 

Buildings and equipment will not be a 
source of contamination to the 
environment or a safety hazard to 
humans and wildlife 

Limit access during closure 

Remove all facilities and restore 
natural/compatible terrain as much 
as possible 

Remove all hazardous material 

Place signs to limit access 

Dismantle and reclaim all 
infrastructure, fuel reservoirs and 
hazardous wastes 

Remaining areas will be scarified and 
remaining concrete foundations and 
slabs will be cut in the pieces and 
buried 

Soil and water monitoring 

Physical inspection 

Restore natural drainage patterns 
where surface infrastructure has 
been removed 

Restore natural/compatible terrain as 
much as possible 

Surface will be regraded to promote 
natural drainage 

Restore the area for natural use by 
wildlife or traditional use by the 
community 

Restore natural/compatible terrain as 
much as possible 

Surface will be regraded to promote 
the use for wildlife and safe access 
for traditional activities 

 

5.2.1.3 Consideration of Closure Options and Selection of Closure Activities 

Considerations for Baker Lake facilities closure are provided by the AANDC/ MVLWB (AANDC/ MVLWB, 
2013). Closure activities were selected in consideration of the closure aspects listed below, related to mine 
design stage, closure and post-closure periods.  

�² Recycling or reusing building materials and equipment where possible to reduce waste; 

�² Dismantle all buildings that are not necessary to achieve the future land use target; 

�² Cover foundations with materials conducive to vegetation growth;  

�² Where approved, break or perforate concrete floor slabs and walls to create a free draining 
condition in order that vegetation can be established; 

�² Bury materials in the unsaturated zone or below the active layer; 

�² Cut, shred, crush, or break demolition debris to minimize the void volume during disposal; 

�² Decontaminate equipment (free of any batteries, fuels, oils, or other deleterious substances) and 
reuse or sell it to local community interests; 
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�² Remove all hazardous materials and chemicals prior to demolition to national approved hazardous 
material treatment facilities, or recycle, reuse, or dispose of in an appropriate manner upon 
approval from the regulatory authorities. 

All the options listed above will be required to address closure and reclamation of the Baker Lake facilities. 
Details on the implementation of those considerations are provided as applicable in the following section. 

5.2.1.4 Engineering Work Associated with Selected Closure Activity 

At closure, it is planned to offer the infrastructures of the Baker Lake Site Facilities to local interests. If 
there is no local interest, the facilities and equipment will be decommissioned, dismantled and removed as 
appropriate. 

As mentioned in the previous Interim Closure and Reclamation Plan (Golder, 2014), Agnico Eagle will 
return, if possible, the Baker Lake site to pre-development conditions. The site may also be left in a semi-
industrial condition if consistent with a different end land use agreed upon with regulators, the Hamlet of 
Baker Lake, and other local interest. 

All remaining bulk fuel on site will first be cleaned and then removed and offered to local interests. 
Buildings or infrastructure, including office trailers and barge landing, will be emptied and also offered for 
local use and/or relocation. In the case that there is no local interest for the tanks or remaining 
infrastructures, the infrastructures will be dismantled, decontaminate and demolition waste will be either 
transported to the mine site landfill disposal, barged out of Baker Lake to a southern waste disposal or 
recycling facility or sale for scrap metal.  

At closure, scarification of all disturbed areas, including gravel pads and roadways, is planned to loosen 
the compacted material. To promote surface drainage, areas will be profiled, and culverts will be removed 
from the roadways to re-establish natural drainage patterns. 

It is important to note that any contaminated soils from the facilities will be removed and placed in sealed 
drums. These will then be transported to the mine site landfarm for biological treatment, or barged out of 
Baker Lake to a southern destination for treatment and disposal. 

5.2.1.5 Predicted Residual Effects 

No significant residual effects have been identified for after closure of the supporting buildings but changes 
to terrain caused by the construction and subsequent reclamation of the facilities could result in some 
alteration of the natural terrain. 

5.2.1.6 Uncertainties 

The main uncertainty is related to the local interest for the Baker Lake facilities or equipment.  

5.2.1.7 Post-Closure Monitoring, Maintenance, and Reporting 

The overall post-closure monitoring, maintenance program and reporting for the Meadowbank Project are 
discussed in Section 9.0 along with the general reporting requirements. The following presents the relevant 
post-closure monitoring following the closure of the Baker Lake facilities and maintenance strategies as 
presented by AANDC/ MVLWB (2013): 

�² Periodic inspections will be performed to visually assess the reclaimed areas; and  
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�² All buildings and equipment left on-site during closure will be maintained until no longer required, at 
which time they will be removed from the site or demolished and disposed to the mine site landfill 
disposal or barged out of Baker Lake to a southern waste disposal or recycling facility or for sale or 
sold as scrap metal. 

5.2.1.8 Contingencies 

There are no activities proposed as contingencies for the closure of the buildings and equipment in Baker 
Lake. 

5.2.2 All-Weather Access Road 

The All-Weather Access Road (AWAR) was constructed to connect the Hamlet of Baker Lake to the mine 
site. This 108 km long road was constructed above grade, using quarried material from non-acid 
generating rock. 

5.2.2.1 Pre-Disturbance, Existing, and Final Site Conditions 

Pre-disturbance conditions are based on baseline data collection programs presented in the Meadowbank 
FEIS (Cumberland, 2005a). The pre-disturbance site conditions are also summarized in Section 3.0 of this 
plan. 

A total of thirty four (38) culverts, and nine (9) bridges are necessary to cross the  steams all along the 
AWAR.  

At post-closure, the road will be reclaimed and the natural drainage and terrain will be restored as much as 
possible. Upon local interest and regulatory approval, the AWAR could be transferred to the local 
community.  

5.2.2.2 Closure Objectives and Criteria 

The closure relevant objectives and closure criteria for the AWAR are listed in Table 5-2, along with the 
specific actions and monitoring associated (modified from AANDC/ MVLWB 2013).  
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Table 5-2: Closure Objectives and Criteria – All Weather Access Road 

Closure Objectives Closure Criteria Action / Measurements 

Preserve the main access road to the 
site in a sufficient condition to allow 
post-closure access for monitoring, 
inspection and maintenance activities 

 

Reclaim the AWAR once post-
closure monitoring and site 
maintenance can be completed with 
helicopter access 

At closure, reclaim road to its original 
state or to a condition compatible 
with the end land-use targets 

Restore natural/compatible terrain as 
much as possible 

Remove bridges, culverts and pipes; 
restoring natural stream flow and 
drainage patterns; stabilizing stream 
banks by using rip-rap 

Scarify surfaces  

Remove other infrastructures along 
the road, including communication 
towers 

Restore natural drainage patterns  
Restore natural/compatible terrain as 
much as possible 

Road embankment will be regraded 
to promote natural drainage 

Remove bridges, culverts and pipes; 
restoring natural stream flow and 
drainage patterns 

Reclaim quarries and borrow area by 
providing safe long term conditions 

Promote natural drainage and ensure 
wall stability 

Quarry walls will be drilled and 
blasted to ensure long term stability 
and safety of the quarry walls for 
wildlife 

Road embankment will be regraded 
to promote natural drainage 

 

Other recommendations are presented in the Code of Practice for Metal Mines as follows (adapted from 
EC, 2009): 

�² Reclaim roads that will not be preserved for post-closure use (R519) by returning area to its 
original state or to state compatible with the desired and use. 

5.2.2.3 Consideration of Closure Options and Selection of Closure Activities 

Considerations for the AWAR closure are provided by the MVLWB/AANDC (MVLWB/AANDC, 2013). 
Closure activities were selected in consideration of the closure aspects listed below, related to mine design 
stage, closure and post-closure periods.  

�² Remove structures including bridges and culverts; 

�² Reclaim areas to the original topography and drainage or to a new topography or drainage 
compatible with end land use targets; 

�² Scarify road surfaces to promote re-vegetation of indigenous species; 

�² Allow gradual slope failure of quarries involving rock masses or slope pit walls; 



 

Meadowbank Interim Closure and Reclamation Plan – Update 2018 Original -V. 00 

2018/06/29 654769-5000-4EER-0001 Technical Report 

74 

�² Block quarry access routes with boulder fences, berms and/or inukshuks (guidance from local 
communities and elders would be sought); and 

�² Flatten berms and slopes at the side of roads to facilitate wildlife passage. 

All the options listed above will be required to address closure and reclamation of the AWAR. Details on 
the implementation of those considerations are provided as applicable in the following section. 

5.2.2.4 Engineering Work Associated with Selected Closure Activity 

Agnico Eagle is committed to manage the road as a private road with limited public access during the mine 
life and to fully decommission the road after closure. Agnico Eagle will consider the option of leaving the 
AWAR intact if it is deemed in the public interest based on guidance and approval from local communities 
and regulatory agencies. If agreed upon, road operation and maintenance responsibility would then be 
transferred to another party (Golder, 2014). 

In the case that Agnico Eagle stays the owner of the AWAR, natural drainage courses will be restored by 
removing culverts and bridges, road fill material and removing in-stream works down to the original 
channel bed. Where affected watercourses are fish-bearing, channel beds will be re-constructed similar to 
baseline conditions. Work at these sites will consider appropriate timing for in-stream works and will be 
completed in accordance with Department of Fisheries and Oceans (DFO) operational statements (Golder, 
2014). 

The AWAR will also be decommissioned by ripping the road bed to make it as impassable as possible to 
motorized vehicles, provide favorable conditions for natural drainage, vegetation re-colonization and 
stabilize the locally steep slopes. The road embankments will also be profiled to better blend with the 
existing topography to allow safe wildlife passage. All the communication towers will also be 
decommissioned. Removed equipment will be transported to Baker Lake Site Facilities for shipping or will 
be disposed in the Meadowbank landfill. The rockfill foundations will be scarified and areas will be grading 
to blend with the surrounding topography. 

The decommissioning details of the 22 quarries are provided in the previous Interim Closure and 
Reclamation Plan (Golder, 2014): 

�² All equipment (e.g. crushers) will be decommissioned and removed from the quarries; 

�² All garbage and other debris will be removed from the quarries and transported either to the 
Meadowbank Project site or to the Baker Lake Site Facilities for appropriate disposal; 

�² Remaining quarried rock material will either be used for reclamation purposes elsewhere (e.g., 
erosion protection at decommissioned stream crossings) or spread over the base of the respective 
quarry site; 

�² The quarry high walls will be laid back to a 1H:1V side slope to promote long-term stability; 

�² The base of the quarries will be graded to provide unrestricted drainage of runoff to the 
surrounding tundra, and to prevent the ponding or collection of water on the sites; 

�² If acid generating bedrock is exposed in a rock cut or quarry, these areas will be covered with a 
minimum 2 m thick layer of non-acid generating cover, graded to direct water away from the 
bedrock exposure; 
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�² The quarry access roads will be decommissioned by removing any culverts, back-grading the 
watercourse banks, and ripping the road surface; and 

�² Access into each quarry area will be blocked by placing a rock pile across the entryway to prevent 
easy access by wheeled vehicles. 

The AWAR will be preserve as the main access road to the site in a sufficient condition to allow post-
closure access for monitoring, inspection and maintenance activities. The road will be decommissioned 
once post-closure monitoring and site maintenance can be completed with helicopter access. 

5.2.2.5 Predicted Residual Effects 

No significant residual effects have been identified for after closure of the AWAR but changes to terrain 
caused by the construction and subsequent reclamation of the facilities could result in some alteration of 
the terrain and or loss of plant populations and plant communities. 

5.2.2.6 Uncertainties 

The pre-disturbance terrain is covered by discontinuous vegetation interspersed with few bedrock 
outcroppings. The reclamation plan will be designed to encourage a natural succession of indigenous plant 
species within disturbed site areas. Grading and contouring would be done, where appropriate, to control 
soil erosion and to promote re-vegetation by natural colonization. 

There are also some uncertainties regarding the transfer of ownership of the road to the local community. If 
it is deemed in the public interest based on guidance and approval from local communities and regulatory 
agencies, the AWAR will be left intact. Road operation and maintenance responsibility would then be 
transferred to another party (Golder, 2014). 

5.2.2.7 Post-Closure Monitoring, Maintenance, and Reporting 

The overall post-closure monitoring, maintenance program and reporting for the Meadowbank Project are 
discussed in Section 9.0 along with the general reporting requirements. The following presents the relevant 
post-closure monitoring following the closure of the All-Weather Access Road and maintenance strategies 
as presented by AANDC/ MVLWB (2013): 

�² Periodic inspections will be performed to visually assess the reclaimed areas; and  

�² All roads to be used during closure will be maintained until they are no longer required. 

5.2.2.8 Contingencies 

There are no activities proposed as contingencies for the closure of the AWAR. 
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5.2.3 Dikes and Saddle Dams 

The dikes and dams are required to isolate mining activities from surrounding lakes (i.e., East, South 
Camp and Bay-Goose Dikes) or to contain tailings (i.e., Stormwater and Central Dikes, and Saddle Dams 
1 to 5). 

5.2.3.1 Pre-Disturbance, Existing, and Final Site Conditions 

Pre-disturbance conditions are based on baseline data collection programs presented in the Meadowbank 
FEIS (Cumberland, 2005a). The pre-disturbance site conditions are also summarized in Section 3.0 of this 
plan. 

The dewatering dikes were constructed from non-acid generating (NPAG) waste rock materials produced 
during mining. Once the water quality will meet the defined regulatory guidelines in the pit lakes, it is 
planned to open some of the dewatering dikes. 

The North Cell is contained by Stormwater Dike, Saddle Dam 1, Saddle Dam 2, and rockfill road perimeter 
structures RF-1 and RF-2. The South Cell is contained by Stormwater Dike, Saddle Dam 3, Saddle Dam 4, 
Saddle Dam 5, and Central Dike. Those retaining structures will be kept for closure, as they contain the 
mine tailings, except Saddle Dam 3, which is planned to be opened to conduct the TSF runoff water to the 
Third Portage Lake, located downstream of the dike, once runoff water quality meets the required 
discharge criteria. 

5.2.3.2 Closure Objectives and Criteria 

The closure relevant objectives and closure criteria for the dikes and dams are listed in Table 5-3, along 
with the specific actions and monitoring associated (modified from AANDC/ MVLWB 2013).  
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Table 5-3: Closure Objectives and Criteria – Dikes and Saddle Dams 

Closure Objectives Closure Criteria Action / Measurements 

Ensure physical stability of residual 
earth structures for environmental, 
human, and wildlife safety 

Stabilize slopes to minimize erosion 
and slumping 

Ensure long-term stability 

Conduct a comprehensive risk 
assessment to evaluate long-term 
risks associated with possible failure 
modes for dewatering dikes, and 
associated impacts, parameters, and 
management strategies. 

Routine monitoring and sampling 

Physical and geotechnical inspection 

Meet water quality objectives for the 
completely flooded open pits 

Water licence criteria for direct 
discharge to the receiving 
environment 

Prior to opening the dikes and 
reconnecting the lakes, the water 
quality will be profiled to confirm it is 
suitable for release  

Water treatment will be established if 
required 

Routine monitoring as per the Water 
Licence requirements 

Controlled flooding rate of the open 
pits 

Ensure safe water level during 
flooding to avoid uncontrolled 
discharge 

Integrate water management plan 
and water balance to control flooding 
rate and water level 

Routine monitoring and inspection 

Dismantle and remove as much of 
water management systems as 
possible and restore natural or 
establish new drainage patterns 

Re-establish natural grade and 
drainage where possible 

Dismantle all water management 
systems 

Surface will be regraded to promote 
natural drainage. 

Routine monitoring and sampling 

Discourage wildlife from entering the 
facilities 

Wildlife will be discouraged from 
entering the facilities until water 
quality is acceptable 

Limit access to facilities with berms 

Routine monitoring and sampling 

Remove facilities when water 
treatment is no longer required 

Water licence criteria for direct 
discharge to the receiving 
environment  

Dismantle all water treatment system 
when possible 

Water to be kept into a close circuit 
until the water quality meets criteria 
from the water Licence 

Routine monitoring and sampling 

 

5.2.3.3 Consideration of Closure Options and Selection of Closure Activities 

Considerations for the dikes and dams closure are provided by the AANDC/ MVLWB (AANDC/ MVLWB, 
2013). Closure activities were selected in consideration of the closure aspects listed below, related to mine 
design stage, closure and post-closure periods.  
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�² Stabilize embankments by removing weak or unstable materials from slopes and foundations 
and/or construct toe berms to flatten overall slope; 

�² Open water retention dams and drain impoundments, avoid post closure impoundment of water 
when possible; and 

�² Conduct reclamation risk assessments for design criteria of dams, spillways, and covers. 

All the options listed above will be required to address closure and reclamation of the dewatering dikes and 
permanent structures. Details on the implementation of those considerations are provided as applicable in 
the following section. 

5.2.3.4 Engineering Work Associated with Selected Closure Activity 

All dikes and dams were designed for long term stability. Once the Portage and Goose pits, as well as 
Vault and Phaser pits, will be completely flooded and monitoring has determined that pit lake water meets 
water quality criteria, South Camp Dike, Bay-Goose Dike and Vault Dike will be opened to reconnect the 
pit lakes with the adjacent lakes. East Dike will remain intact, preserving the 1 meter difference in elevation 
between Third Portage Lake and Second Portage Lake.  

This opening or partial excavation of the dikes, named ``dike reconnection``, to reconnect the pit lakes with 
the adjacent lakes, will be designed to ensure long term stability of the structures and protection of the 
aquatic environment. The controlling condition will occur during late winter, when thick ice conditions are 
expected to coincide with annual minimum lake levels. The dike reconnection is also discussed in Section 
5.2.4 – Open Pits of this report for the permanent closure of the open pits. 

As the runoff water from the TSF cover system will convey towards the Reclaim Pond located in the South 
Cell upstream of Saddle Dam 3, it is planned to open SD3. Central Dike, Saddle Dams 1, 2, 4 and 5 will 
remain intact, to contain the stored tailings in the TSF. 

An update study was performed in 2016 for the design of the dewatering dike opening to reconnect the pit 
lakes to the adjacent lakes. Table 5-4 presents the general description to each component to be 
decommissioned.  
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Table 5-4: General Description of Decommissioning Components – Dike Reconnection 

Component General Description of the reconnection 

Bay-Goose Dike 
Reconnection 

Open dike to 3 m below design minimum water level to allow year-round 
fish passage, facilitate water exchange, and facilitate water movement 
within the former impoundment; 

Reconnection at two locations, with an alternate third location to access 
Portage Pit Lake; 

Reconnection width of 10 m with 3:1 sideslopes; 

Erosion protection on exposed shoreline and appropriately sized 
substrate in reconnection base to satisfy fish habitat requirements for this 
structure. 

South Camp Dike 
Reconnection 

Open dike 1 m below design minimum water level to allow for seasonal 
fish passage; 

Reconnection width of 10 m with 3:1 sideslopes; 

Erosion protection on exposed shoreline and appropriately sized 
substrate in reconnection base to satisfy fish habitat requirements for this 
structure. 

Vault Dike 
Reconnection 

Reconnection width of 10 m through dike, channel width of 5 m, with 3:1 
sideslopes; 

Erosion protection on exposed shoreline and appropriately sized 
substrate in reconnection base to satisfy fish habitat requirements for this 
structure. 

Saddle Dam 3 Dike to be opened. Design of opening to be confirmed. 

Reference:  (Tetra Tech, 2016) 

 

The final dike reconnection design for the structures will be presented in the Final Closure and 
Reclamation Plan. 

It should be noted that site water will be kept into a close circuit, meaning that the dikes and dams will not 
be opened, until the water quality meets criteria of the Meadowbank Water Licence (CCME limits or site 
specific closure criteria to be defined). 

5.2.3.5 Predicted Residual Effects 

Site water will enter and mix in Third Portage Lake and Phaser Lake. It is predicted that concentrations in 
post-closure will meet discharge criteria. 

5.2.3.6 Uncertainties 

There are no major uncertainties related to dikes closure. Uncertainties related to water quality within the 
pit lakes, prior to dike opening, are addressed in Section 5.2.4.4. 

5.2.3.7 Post-Closure Monitoring, Maintenance, and Reporting 

The overall post-closure monitoring, maintenance program and reporting for the Meadowbank Project are 
discussed in Section 9.0 along with the general reporting requirements. The following presents the relevant 
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post-closure monitoring following the closure of the dikes and dams, and maintenance strategies as 
presented by AANDC/ MVLWB (2013): 

�² Periodic inspections will be performed by a geotechnical engineer to visually assess stability and 
performance of the structures; 

�² Instrumentation reading and data interpretation to ensure they are performing as designed. 

Regular field inspections of the TSF structures are planned to ensure their adequate performance in 
closure and post-closure. More details are presented in Section 5.2.6 – Tailings Storage Facilities. The 
geotechnical monitoring of the dikes and dams in closure and post-closure will be defined in the Final 
Closure and Reclamation Plan. 

More details on the contact water management system in closure are presented in Section 5.2.7. 

5.2.3.8 Contingencies 

There are no stability issue anticipated for the dewatering dikes, as after closure and dikes opening, the 
water differential across dewatered dikes surrounding the open pits will be inexistent or minimal. The TSF 
and the peripheral dams are expected to freeze over time, therefore no stability issues are expected. 
Regular field inspections of the TSF structures are planned to ensure they are performing adequately in 
closure and post-closure. 

5.2.4 Open Pits 

The ore was extracted from the following deposits during the operational lifespan of the mine of the 
Project: 

�² Portage deposits (Pit A, B, C, D and E); 

�² Goose deposit; and 

�² Vault deposit, including Phaser/BB Phaser. 

Open pit development is staged over the course of mining operations.  

5.2.4.1 Pre-Disturbance, Existing, and Final Site Conditions 

Pre-disturbance conditions are based on baseline data collection programs presented in the Meadowbank 
FEIS (Cumberland, 2005a). The pre-disturbance site conditions are also summarized in Section 3.0 of this 
plan. 

Portage, Goose, Vault, Phaser and BB Phaser Pits are all located in former lake areas that have been 
dewatered to allow mining activities. For the development of Portage Pit, the North-East Arm of Second 
Portage Lake, isolated by East Dike, was dewatered from 2008 to 2011. A portion of Third Portage Lake 
was dewatered in 2011 following the construction of the Goose Dike, to allow the development of the 
Goose Pit and the Portage Pit south pushback. The dewatering of Vault Lake was completed in 2013 and 
2014 following the construction of the Vault Dike, to develop the Vault Pit. The dewatering of Phaser Lake 
in 2016 was completed to develop Phaser and BB Phaser Pits. 

The Portage and Goose pits were mined first, starting respectively in 2010 and 2011. Mining of Vault pit 
started early 2014 and Phaser and BB Phaser started in 2017. Mining activities in Goose Pit have been 
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completed since April 2015. Portage, Vault and Phaser/BB Phase Pit are expected to be mined until the 
third quarter of 2018. At the end of operations, all the pits will be flooded over a period of several years, 
with an estimated completion by 2025 and 2026. 

The open pits are designed to have stable slopes during the mine life and post-closure. The slopes are 
monitored as part of mine operations and will be progressively modified as required to maintain stability. At 
the end of active mining operations, rock berms will be placed around exposed perimeters of the pits to 
restrict access and minimize hazards to people and wildlife.  

5.2.4.2 Closure Objectives and Criteria 

The closure relevant objectives and closure criteria for the Meadowbank open pits are listed in Table 5-5, 
along with the specific actions and monitoring associated (modified from AANDC/ MVLWB 2013).  

Table 5-5: Closure Objectives and Criteria – Open Pits 

Closure Objective Closure Criteria Actions/Monitoring 

Access to the pits are limited, for 
the safety of humans and wildlife 

Install physical barriers to limit 
access 

Maintain or construct waste rock berm 
until pit area is flooded  

Inspection of berms during flooding 
period 

Allow emergency access and exit 
during flooding stage 

Safe access and route will be 
established during flooding for 
inspection and emergency 

A plan will be developed to allow for 
reasonable exit should inadvertent 
access occur 

The open pit mine walls, slopes 
and pit shorelines are physically 
and geotechnically stable or 
minimize access to unstable areas 

Ensure walls and slopes are stable 
prior to flooding 

Install physical barriers to limit 
access 

Inspection of berms, walls, slopes and 
shorelines before and during flooding 
period 

Maintain or construct waste rock berm 
until pit area is flooded 

Dust levels are safe for people, 
vegetation, aquatic life, and 
wildlife 

Control dust emissions during active 
reclamation period  

Implement best practices and conduct 
air quality monitoring during active 
reclamation period 

Meet water quality objectives for 
any discharge from pits 

Water quality in flooded pits is 
safe for humans, aquatic life, and 
wildlife 

Prior to dike reconnection, the water 
quality will meet the Water Licence 
requirements 

Prior to open the dikes, the water 
quality will be profiled to confirm it is 
suitable for release  

Water treatment will be established if 
required 

Routine monitoring as per the Water 
Licence requirements 

Migration and discharge of 
contaminated drainage has been 
minimized and controlled 

Prior to dike reconnection, the water 
quality will meet the Water Licence 
requirements  

Ensure safe water level during 
flooding to avoid uncontrolled 
discharge 

Minimize erosion during flooding.  

Prior to open the dikes, the water 
quality will be profiled to confirm it is 
suitable for release  

Integrate water management plan and 
water balance to control flooding rate 
and water level 

Routine monitoring and inspection 
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Closure Objective Closure Criteria Actions/Monitoring 

Original or desired new surface 
drainage patterns have been 
established 

Dike reconnection are designed to 
ensure proper flow 

Design and construct dike 
reconnection with adequate 
dimensions at proper locations to 
maintain required water levels and flow 

Pit fill rate and 
opening/reconnection of 
dewatering dikes do not cause 
adverse effects on fish, fish 
habitat, wildlife safety, or water 
levels in nearby water 
bodies/watercourses 

Respect fresh water consumption 
limits for pits flooding as per Water 
Licence 

Dike reconnection designed as per 
the NNLP* 

Integrate water management plan and 
water balance to control flooding rate 
and water level 

Design and construct dike 
reconnection with adequate 
dimensions at proper locations to 
maintain required water levels and 
flow, and as per NNLP* requirements 

For flooded pits, establish in-pit 
aquatic habitat where practical 
and feasible 

Fish habitat compensation features 
planned as per the NNLP* 

Construct fish habitat compensation 
features 

Biology monitoring programs 

Consider community land use 
expectations and traditional 
knowledge in the closure planning 

Community engagement and 
traditional knowledge will continue 
to be implemented in closure 
planning 

Community engagement during 
closure planning 

*NNLP - Agnico Eagle Mines Meadowbank Division No-Net-Loss Plan, October 2012 

 

Other recommendations are presented in the Code of Practice for Metal Mines as follows (adapted from 
EC, 2009): 

�² If it is technically and economically feasible to do so, infrastructure (e.g., crushers, metal structures 
and air pipes) and equipment (e.g., pumps) should be removed from the site. Any equipment to be 
left in the pit should be inspected and remediated as appropriate to ensure that there is no risk of 
leakage of any contaminants (R506); 

�² During decommissioning, any contamination associated with vehicle and equipment operations 
and maintenance should be identified and remediated, as appropriate (R507); 

�² Open pits should be backfilled or flooded to the extent practicable to prevent unauthorized access 
and to protect public safety. In cases where backfilling or flooding is not practically feasible, fencing 
should be installed to protect the public. In all cases, signs should be posted warning the public of 
potential dangers associated with the site (R510); 

�² The potential for mine water discharges should be assessed. For open pit mines, this may be done 
using water balance calculations and, in some cases, hydrogeological assessment. Where mine 
water discharge is predicted, the flow rate should be estimated (R511); 

�² Where there is the potential of mine water discharge after mine closure, the quality of the 
discharge should be predicted. Mine water quality should be assessed once closure has been 
completed to verify the accuracy of the predictions (R512); 
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�² Where there is the potential of mine water discharge of poor quality, measures should be 
implemented to prevent or control that discharge and to collect the mine water for treatment. 
Prevention methods may include capping of mine openings to prevent mine water discharge 
(R513). 

5.2.4.3 Consideration of Closure Options and Selection of Closure Activities 

Considerations for open pit closure are provided by the AANDC/MVLWB (AANDC/MVLWB, 2013). Closure 
activities for the pit were selected in consideration of the closure aspects listed below, related to mine 
design stage, closure and post-closure periods.  

�² Excavate rock and soil slopes will remain stable during closure and post-closure;  

�² Open pit backfill with waste rock as operations proceed; 

�² Flood the pit, with natural and pumped inflows; 

�² Block open pit access routes and control access; 

�² Establish in-pit aquatic habitat.  

All the options listed above will be required to address closure and reclamation of the open pits. Details on 
the implementation of those considerations are provided as applicable in the following section. 

5.2.4.4 Engineering Work Associated with Selected Closure Activity 

Pit walls have been designed for long-term slope stability during operations and closure; therefore Agnico 
Eagle does not intend to establish long-term stable slopes by allowing gradual failure of rock masses. In 
addition, the option for covering slopes with rip rap will not be applied as the priority is for pit flooding given 
the end land use target of recreating open water areas. 

The mined-out sectors of central Portage Pit have been used for the final placement and permanent 
storage of waste rock since 2015. Waste rock has also been placed in the Goose Pit following the end of 
the mining activities in 2015. The effects of waste rock disposal in pits water quality have been considered 
in operational and post-closure water quality forecast assessment, the results of which are presented 
annually in the Meadowbank Annual Report (Agnico, 2018c), and more specifically in the Meadowbank 
Water Management Plan and Report (Agnico, 2018a).  

At the end of mining, all pit equipment will be removed from the pits and closure activities will proceed. 
After demobilization and disposal of the equipment, pit access ramps will be blocked using rock barricades 
and safety berms. A plan will be developed to allow for reasonable exit should inadvertent access occur 
and emergency egress routes will be provided. At the pit crest, exposed areas will be stabilized and 
surrounding area contoured so that runoff is directed into the pits, minimizing erosion. 

The open pits will be flooded once mining activities in each open pit are complete. Flooding will occur by 
allowing the natural accumulation of seepage and groundwater into the pits and surface water drainage 
reporting to the pit to remain in place. In addition, transfer of water at controlled rates from the surrounding 
lakes using high-capacity mechanical pump systems or siphons will contribute to the majority of the 
flooding. Goose Pit began natural flooding in 2015, with natural inflows such as groundwater, seepage and 
runoff water. The flooding of Goose will be completed by pumping 3,182,704 m3 of water from the Third 
Portage Lake in summer 2019. The Portage Pit will be flooded with a transfer of 531,266 m3 of reclaim 
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water from the South Cell TSF following the end of operations in summer 2022, and with the pumping of 
31,179,343 m3 of water from Third Portage Lake, from 2020 to 2026. Both pits are predicted to reach the 
same water level as Third Portage Lake (133.6 masl) by 2029 (Agnico Eagle Water Balance, 2018d).  

Likewise, Vault Pit will be flooded by pumping water from Wally Lake once mining is completed. The 
pumping of 28,051,096 m3 from Wally Lake is expected to commence in 2019 and to be completed in 
2025. The natural inflow will then allow Vault pit to reach 139.9 masl (natural Wally Lake water level) 
(Agnico Eagle Water Balance, 2018). Unlike Vault Pit, Phaser Pit and lake are planned to be flooded 
exclusively from their watershed run off inflows until the target elevation of Wally is reached, expected in 
summer 2027. From there, those same inflows will be used conjointly with the Vault Attenuation Pond 
inflows to flood to the same target elevation at 139.9 masl (Wally Lake level).   

To minimize impacts to aquatic habitat in the surrounding lakes, it is anticipated that transfers from Third 
Portage and Wally lakes will be done during periods of higher water in the spring and summer months. 
Maximum yearly pumping rates will respect the limits specified in the Meadowbank Water Licence to avoid 
draw down levels in each source lake. Throughout the pit flooding phase, the dikes will remain in place, 
acting as barriers for water migration between the pit lake and the surrounding lakes and environment. 

At closure, the walls of the mined-out open pits will have been exposed for several years during mine 
operation, and some oxidation will have occurred. This has also been considered in operational and post-
closure water quality forecast assessment. 

Once the pit flooding completed, the Bay Goose Dike, South Camp Dike and Vault Dike will be opened 
provided the water quality in the pits meets the Meadowbank Water Licence requirements, e.i. the 
Canadian Council of Ministers of the Environment (CCME) criteria and/or site specific criteria for 
parameters not included in the CCME Guidelines. This opening or partial excavation of the dikes, named 
``dike reconnection``, to reconnect the pit lakes with the adjacent lakes, will be designed to ensure long 
term stability of the structures and protection of the aquatic environment.  

Water quality forecast modeling is completed yearly, considering the pit flooding, the reclaim water transfer 
and the natural inflows. The forecast is presented in the Meadowbank Annual Report, and more 
specifically in the Meadowbank Water Management Plan and Report. The purpose of the water quality 
forecast is to identify through a mass balance approach the contaminants of concern during the pit flooding 
process and determine if water treatment will be required on site for closure activities when comparing the 
final contaminant levels to the CCME guidelines and/or site specific criteria for parameters that are not 
included in the CCME guidelines. Each yearly update builds on the previous year as new monitoring data 
is added from the site. Forecasted model values of the prior years are compared with the actual sample 
results from the following years for model calibration purposes. 

A preliminary assessment of the water quality forecast in Goose and Portage pits at closure was 
conducted taking into account the additional tailings from Whale Tail Pit that will be deposited in the North 
and South Cells TSF. Based on this preliminary assessment, dissolved copper, dissolved chromium and 
dissolved selenium were found to be potential parameters of concerns (SNC, 2016). In the latest water 
quality forecast performed in 2018 (SNC, 2018) and presented in the 2017 Meadowbank Annual Report, 
total metal concentrations were considered in the model in order to account for both particulate and 
dissolved forms of these parameters. Considering the processing of Meadowbank ore only, with a LOM 
finishing in 2018, nine (9) contaminants have been identified as potential parameters of concern that may 
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require treatment, namely total concentrations for aluminium, arsenic, cadmium, chromium, copper, iron, 
nickel, selenium and fluoride. 

As the aforementioned parameters may be of concern prior to dike opening, treatment options for their 
removal during the pit flooding process will need to be examined and will be assessed in greater detail 
during the preparation of the Final Closure and Reclamation Plan. These contaminants originate from the 
TSF reclaim water when transferred to the pit, therefore treatment option for the TSF reclaim water would 
be considered prior to transfer in the Portage Pit. 

The closure phase will also include a number of years following filling where water quality will be monitored 
prior to opening the dikes. Water quality forecast will be performed during the flooding period. Surface 
water quality monitoring (parameters to be sampled and frequency) and sampling locations will comply 
with the Meadowbank Water Licence monitoring requirements.  

Fish habitat will be constructed prior to flooding as described in the NNLP (Agnico Eagle, 2012a). 

5.2.4.5 Predicted Residual Effects 

No discharges will occur to receiving environment during operations and flooding period of the pits since all 
contact waters will be diverted to the TSF South Cell or the open pits. The Goose, South Camp Dike and 
Vault dike will only be opened when the level of the flooded pits reaches the same elevation as the 
adjacent lakes, and pit water quality meets CCME/site specific criteria concentrations as per the 
Meadowbank Water Licence condition. The dike reconnection will maintain required water levels and flow, 
and will respect the NNLP (Agnico, 2012a) requirements. No residual effect on Third Portage or Wally 
Lakes water quality and water level are expected during closure and post-closure.  

5.2.4.6 Uncertainties 

The following uncertainties have been identified with respect to closure planning of the open pits: 

�² Water quality of the final pit lakes prior to opening of the dewatering dikes and free mixing with 
adjacent water bodies;  

�² Flooding rate for filling the open pits at closure, including natural inflows and lake water transfers, 
and length of time to achieve target water levels. 

Water quality monitoring will continue during operations to expand the available water quality database. 
Water quality forecast for pit lake water will be performed annually to predict the water quality at closure. 
Treatment options will be examined and will be assessed in greater detail if required during the preparation 
of the Final Closure and Reclamation Plan. 

The water balance and water management will also be reviewed on an annual basis and in closure to 
estimate the lake water transfer volume required for flooding, as well as the natural inflows, to ensure 
adequate water level are maintain into the pits until dike reconnections. 

5.2.4.7 Post-Closure Monitoring, Maintenance, and Reporting 

The overall post-closure monitoring, maintenance program and reporting for the Meadowbank Project are 
discussed in Section 9.0 along with the general reporting requirements. The following presents the relevant 
post-closure monitoring following flooding and dike reconnection and maintenance strategies for the open 
pits as presented by AANDC/MVLWB/ (2013): 
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�² Monitor water level in pit to confirm closure objectives regarding fish, fish habitat, and wildlife 
safety are being achieved; 

�² Sample water quality and quantity at controlled pit lake discharge points; 

�² Inspect aquatic habitat in flooded pits where applicable. 

Following opening of the dikes (expected in 2029, or when pit water quality meets the Meadowbank  Water 
Licence requirements), post-closure monitoring and reporting will be conducted for an additional five years, 
to ensure ongoing compliance and that the pit lakes and dike reconnection are functioning as expected. If 
water quality continues to be acceptable at that point, then application will be made to regulators to modify 
or terminate the monitoring program. It is also anticipated that after several years in the post-closure 
period, monitoring would no longer be required.  

In addition to water quality, closure monitoring of the open pits will include a stability and safety 
component. Visual inspections will be carried out to check for signs of instability, rockfall, changes to 
groundwater inflows and overall integrity. Safety berms and signage above water level will also be 
inspected and maintained as required.  

Post-closure monitoring program will be defined in details in the Final Closure and Reclamation Plan. 

5.2.4.8 Contingencies 

The closure plan currently incorporates a water treatment plant as a contingency measure should water in 
the pit lakes not be suitable for release to the environment. In this case, water would only need to be 
treated for a short period in order to treat the reclaim water from the TSF until pit water meets closure 
criteria. The need for water treatment will be determined based on water quality forecast and water quality 
monitoring before dikes are to be opened.  

5.2.5 Rock Storage Facilities 

At Meadowbank some of the waste rock generated from the open pit mining is considered potentially acid-
generating (PAG) and some non-potentially acid-generating (NPAG). Due to the distance between the 
Portage mining area and the Vault mining area, two (2) main separate rock storage facilities are required. 
Waste rock from the Portage and Goose Pits is stored in a storage facility located near to these pits 
(Portage RSF or mined out areas of Portage and Goose Pits), while waste rock from the Vault, Phaser and 
BBPhaser Pits is stored in a separate storage facility adjacent to the Vault Pit (Vault RSF). 

Some NPAG material is also stored in various smaller RSFs. Suitable waste rock material NPAG is used 
for construction purposes associated with dikes and roads and will also be used for closure activities.  

5.2.5.1 Pre-Disturbance, Existing, and Final Site Conditions 

Pre-disturbance conditions are based on baseline data collection programs presented in the Meadowbank 
FEIS (Cumberland, 2005a). The pre-disturbance site conditions are also summarized in Section 3.0 of this 
plan. 

The rock storage facilities on site are currently in operation. The Portage RSF PAG area is being 
progressively covered with NPAG material to construct the cover required for closure. At the end of 
operations, the PAG material in the RSF will be entirely encapsulated in NPAG material, and it is expected 
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that the stored NPAG material will be used for closure construction purposes. The Vault RSF includes 
NPAG material in majority and is not expected to require a cover. 

5.2.5.2 Closure Objectives and Criteria 

The closure relevant objectives and closure criteria related to the closure of the rock storage facilities are 
taken from the Interim Closure and Reclamation Plan (Golder, 2014) and AANDC/MVLWB (2013) along 
with the specific actions and monitoring associated are listed in Table 5-6.  

Table 5-6: Closure Objectives and Criteria – Rock Storage Facilities 

Closure Objectives Closure Criteria Action / Measurements 

The pile is physically and 
geotechnically stable for human and 
wildlife safety in the long-term: 
minimize erosion, thaw settlement, 
slope failure, collapse, or the release 
of contaminants or sediments 

The RSF is designed for closure and 
will account for seismic and 
permafrost conditions 

A thermal cover to limit acid 
generating reactions and migration of 
contaminants 

Place a thermal cover of NPAG 
rockfill on the RSF surface during 
progressive reclamation 

Ensure stable slopes 

Physical and geotechnical inspection 
by a qualified engineer 

Thermal monitoring 

Build to blend in with current 
topography, be compatible with 
wildlife use, and/or meet future land 
use targets 

Limit RSF elevation to blend into 
local topography 

RSF at post-closure will not 
compromise wildlife safety and safe 
land use as the RSF will be covered 
and stable 

Place a thermal cover of NPAG 
rockfill on the RSF surface during 
progressive reclamation 

Ensure stable slopes 

Physical and geotechnical inspection 
by a qualified engineer 

Generation of poor water quality has 
been minimized, including ARD/ML 

Surface runoff and seepage water 
quality is safe for humans and wildlife 

Runoff and seepage will meet 
acceptable discharge criteria to be 
released to the receiving 
environment 

Freezeback of the RSF  

The runoff and seepage from the 
RSF will continue to be collected as 
needed and monitored for transfer to 
TSF as per operational practices, 
and until monitoring results 
demonstrate that water quality is 
acceptable for direct discharge 

Place a thermal cover of NPAG 
rockfill on the RSF and ensure 
freezeback 

Physical inspection, thermal 
monitoring 
Routine water quality monitoring and 
sampling 

Dust levels are safe for people, 
vegetation, aquatic life, and wildlife in 
the long-term 

Best management practices for 
controlling dust  during active 
reclamation 

Implement best management 
practices as during operation 

Routine air quality monitoring 

 

Other recommendations are presented in the Code of Practice for Metal Mines as follows (adapted from 
EC, 2009): 
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�² Carry out detailed inspections and assessments of waste rock piles. The objective of these 
inspections and assessments is to evaluate the actual performance against design projections 
related to anticipate post-closure conditions. (R524); 

�² Conduct a comprehensive risk assessment for mine closure to evaluate the long-term risks 
associated with possible failure modes for waste rock piles. Identify possible impacts and critical 
parameters, and develop control strategies. If warranted, implement a long-term monitoring plan. 
(R525/526); 

�² Re-evaluate, and revise as necessary, plans for the management of waste rock to prevent, control 
and treat metal leaching and acidic drainage to ensure that they are consistent with the objectives 
and plans for mine closure and post closure. If warranted, implement a long-term site-specific 
monitoring program (R527/538). 

5.2.5.3 Consideration of Closure Options and Selection of Closure Activities 

Considerations for rock storage facilities closure are provided by the AANDC/MVLWB (AANDC/MVLWB, 
2013). Closure activities for the RSF were selected in consideration of the closure aspects listed below, 
related to mine design stage, closure and post-closure periods.  

�² Controlled disposal by characterization and segregation PAG materials. Place PAG material within 
the center of the Vault RFS so permafrost can encapsulate; 

�² Construct the RSF in lifts with slopes with individual lifts ca be set back to provide long-term 
stability; 

�² Controlled runoff water by having sediment collection ponds where required for use during 
operation and possibly for the initial portion of the closure phase until seepage water quality is 
proven to be acceptable and stable; 

�² Minimize contact of clean water with contaminated materials; 

�² Use TSF as a collection point for impacted runoff from RSF; 

�² Design and operate the RSF during operation to promote permafrost aggradation. 

All the options listed above will be required to address closure and reclamation of the RSF. Details on the 
implementation of those considerations are provided as applicable in the following section.��

Construction/development of RSF with long-term stable slopes and placing thermal cover in a progressive 
manner is considered the most appropriate closure plan for Meadowbank. Table 5-7 presents various 
proposed acid mine drainage control strategies for waste rock. 
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Table 5-7: Acid Mine Drainage Control St rategies of the Arctic for Waste Rock 

Strategy Advantage/Disadvantage 

Freeze Controlled 

Requires considerable volumes of 
non-acid waste rock for insulation 
protection. 
Better understanding of air and 
water transport through waste rock 
required for reliable design. 

Climate Controlled 

Requires control of convective air 
flow through waste rock, infiltration 
control with modest measures and 
temperature controls. 
Better understanding of waste 
rock air, water, and heat transport 
for reliable design. 

Engineered Cover  

Subaqueous Disposal 
Very difficult to dispose of waste 
rock beneath winter ice. 

Collection and 
Treatment 

 

Segregation and 
Blending 

May be very effective. 
Research and development on-
going. 

Reference:  (MEND 1.61.2, 1996) 

 

5.2.5.4 Engineering Work Associated with Selected Closure Activity 

Much of the closure and reclamation of the Portage RSF has been completed progressively during 
operations with the placement of the NPAG cover over the RSF PAG slopes. Approximately 84% of the 
NPAG cover has been placed over the PAG Portage RSF area from 2011 to 2017. The remaining closure 
and remediation requirements of the RSF will be completed after operations cease.  

Most of the waste rock from the Vault deposit is NPAG; geochemical and water quality monitoring 
concluded that the Vault RSF is not expected to require NPAG capping in closure. As a precautionary 
measure, any PAG material encountered at Vault is and will be placed in the middle of the pile and be 
capped with NPAG waste rock as placement proceeds. The total quantity of waste rock for the Phaser and 
BB/Phaser Pits will be contained within the Vault RSF. The waste rock from these small pits is similar to 
Vault Pit waste rock, which is primarily NPAG. 

Some of the Portage and Goose Pits waste rock has been placed as backfill into the completed portion of 
Portage Pit and Goose Pit. As the pits will be flooded at closure, PAG material will become submerged 
(subaqueous disposal) by a minimum of 4.0 m of water, and the water cover will limit the potential for ARD. 
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This is also considered as fish habitat compensation in accordance with Agnico Eagle’s Meadowbank No 
Net Loss Plan (Agnico Eagle, 2012a). 

It is expected that the NPAG waste rock stockpiled within the different RSFs will be reclaimed for closure 
construction. 

As noted in the previous Interim Closure and Reclamation Plan (Golder, 2014), the RSFs have been 
designed and constructed to ensure long-term stability in terms of rock lifts, bench heights, and overall 
slope. At closure, the RSF are consistent with the end-land use of natural conditions and are therefore 
being left as-is. The ultimate slopes and crest elevations are comparable to the hills of surrounding areas. 
Although all rock placed in the Portage and Vault RSFs is expected to freeze, the design in terms of 
permanent physical stability is not dependent on freezing. No additional earthworks at the crest or base of 
the embankments or re-vegetation of the slopes are required to ensure long-term stability or to meet land 
use objectives. 

The Portage RSF is instrumented for thermal monitoring with thermistors installed in the PAG area and the 
NPAG cover. Numerical modelling was initiated to estimate the depth of the active layer (layer of materials 
undergoing freeze-thaw cycles from atmospheric forcing) within the Portage RSF and to confirm that the 
PAG waste rock will remain frozen, and oxidation rates greatly decreased, for the next 150 years under 
agreed upon climate change scenarios. Geochemical stability will be maintained by covering PAG 
materials with suitable NPAG waste rock. The Portage RSF is covered by a 4.0 m layer of NPAG rock to 
ensure geochemical stability by insulating PAG materials and keeping the waste rock frozen. The cover 
also controls reactions and the migration of runoff to PAG materials. Thermal data analysis and modelling 
will continue during operations; the results of the thermal modelling and overall performance of the NPAG 
cover will be presented in the Final Closure and Reclamation Plan.  

The contact water management system for the RSFs will be maintained during the closure period where 
required. The water collected from the RSFs will be collected and monitored until water quality 
demonstrates that water flowing from the facilities is acceptable for direct release to the environment. 

5.2.5.5 Predicted Residual Effects 

The following residual effects are predicted at the RSFs after reclamation: 

�² The RSFs will be permanent features on the landscape. The vegetation communities which 
formerly occupied the areas will be permanently lost but it is expected that some of the native 
community will re-vegetate the RSFs cover surface over time; 

�² No significant adverse impact on the continued opportunity for traditional and non-traditional use of 
wildlife in the region is anticipated with the closure of the RSFs; 

�² Runoff from the RSFs will eventually be discharged in the receiving environment, once water 
quality demonstrates that water flowing from the facilities is acceptable for direct release. It is 
predicted that concentrations in post-closure will meet discharge criteria. 
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5.2.5.6 Uncertainties 

As mentioned in the previous Interim Closure and Reclamation Plan (Golder, 2014), the main uncertainty 
related to the Portage RSF closure is the cover thickness required to ensure adequate aggradation of 
permafrost, insulation from thaw, and effective long term encapsulation of waste rock. 

Thermistors have been installed to monitor temperature and permafrost aggradation within the Portage 
RSF to monitor the temperature as freezing progresses. Latest results of temperature monitoring indicate 
that freezeback is occurring in the Portage RSF structures (Updated Waste Rock and Tailings 
Management Plan, Agnico Eagle 2018b). 

5.2.5.7 Post-Closure Monitoring, Maintenance, and Reporting 

The overall post-closure monitoring, maintenance program and reporting for the Meadowbank Project are 
discussed in Section 9.0 along with the general reporting requirements. The following presents the relevant 
post-closure monitoring following the closure of the rock storage facilities and maintenance strategies as 
presented by AANDC/MVLWB (2013): 

�² Periodic inspections will be performed by a geotechnical engineer to visually assess stability and 
performance of the RSFs; 

�² Ground conditions in the RSFs will be monitored to confirm permafrost conditions are being 
established as predicted; 

�² Thermistor data will be monitored where required to determine thermal conditions within the RSFs 
to confirm predicted permafrost aggradation/encapsulation and to verify that the thickness of the 
active zone is less than the design thickness of the cover; 

�² Water quality from controlled discharge points around the RSFs will be monitored to confirm that 
drainage is performing as predicted and is not adversely affecting the environment; and 

�² Any seepage areas from the toe of the RSFs will be identified and monitored. 

More details on the contact water management system in closure are presented in Section 5.2.7. 

5.2.5.8 Contingencies 

From thermal monitoring and modelling, NPAG cover design over the Portage RSF could be adjusted if 
required. On-going monitoring and containment of seepage from the Portage RSF will be the primary 
contingency until water quality meets criteria for direct discharge to the environment. 

5.2.6 Tailings Storage Facilities 

At Meadowbank, all tailings are deposited within the Tailings Storage Facilities (TSF) until the end of mine 
operations. The TSF is divided into the North and South Cells, both of which employ subaerial or 
subaqueous tailings disposal within a dewatered lake basin. The North Cell is contained by Stormwater 
Dike, Saddle Dam 1, Saddle Dam 2, and rockfill road perimeter structures RF-1 and RF-2. All these 
structures are constructed to elevation 150 masl. Tailings were stored in the North Cell from 2010 to 2015. 
The South Cell is delineated by Stormwater Dike, Saddle Dam 3, Saddle Dam 4, Saddle Dam 5, and 
Central Dike. All these structures will be constructed to elevation 150 masl. The South Cell has been in use 
since November 2014 and will be used until tailings reach elevation 149.5 masl.  
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The general operational management strategy for the TSF involved discharging tailings to a maximum 
elevation of 149.5m. The operational freeboard required is 2.0m. The North Cell is filled up to its final 
capacity as the final tailings deposition was completed in October 2015. The reclaim system was put in 
place in the South Cell in October 2014. While the South Cell is in operation, progressive reclamation and 
NPAG capping over the tailings was initiated in winter 2015 over the North Cell. 

Whale Tail Pit will produce an addition of approximately 8.3 million tons (Mt) of tailings to the Meadowbank 
TSF for a total of 35.4 Mt, including Meadowbank and Whale Tail. The total Meadowbank tailings 
production is approximately 27.1 Mt (18.2 Mt in North Cell at elevation 149.5 m and 8.9 Mt in South Cell at 
elevation 142.5 m). To store the additional volume of tailings from Whale Tail Pit, deposition of 
approximately 5.3 Mt will occur in the TSF South Cell at an elevation of 149.5 m. The proposed 
construction of internal dike structures placed on the frozen beach tailings in the North Cell will provide the 
additional tailings storage capacity of 3.0 Mt within the current footprint of the North Cell TSF (upon 
regulatory approval). Internal structures will be built along the North Cell perimeter road, which will form a 
perimeter for most of the North Cell TSF with the exception of above the Stormwater Dike (SWD). Typical 
section of the internal structure is presented in Appendix N. The internal structures will be placed as an 
offset on the tailings beach, which beach is expected to be frozen. It is intended to build the structures 
during the winter months over the frozen tailings and the previously placed 2015 capping in areas where 
this structure is present (OKC, 2016). 

5.2.6.1 Pre-Disturbance, Existing, and Final Site Conditions 

Pre-disturbance conditions are based on baseline data collection programs presented in the Meadowbank 
FEIS (Cumberland, 2005a). The pre-disturbance site conditions are also summarized in Section 3.0 of this 
plan. 

The tailings storage facilities are currently in use and will be until the end of operations. The construction of 
the South Cell peripheral structures are expected to be completed in summer 2018, along with the 
construction of the North Cell internal structure (upon regulatory approval).  

The disposal of tailings from Whale Tail using the existing Meadowbank Mine facilities will reduce potential 
impacts to the environment by reducing the project footprint and needs for reclamation of additional 
facilities  

Progressive reclamation of the TSF was initiated in 2015 with the NPAG cover placement over the North 
Cell tailings. Ultimately, both TSF cells will be capped with NPAG material, forming a thermal cover 
including landforms to support adequate long term water management over the reclaimed TSF. 

5.2.6.2 Closure Objectives and Criteria 

The closure relevant objectives and closure criteria related to the closure of the TSF taken from the 
previous Interim Closure and Reclamation Plan (Golder, 2014) and AANDC/MVLWB (2013), along with the 
specific actions and monitoring associated are listed in Table 5-8.  
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Table 5-8: Closure Objectives and Criteria – Tailings Storage Facilities 

Closure Objectives Closure Criteria Action / Measurements 

Remnant embankments and 
surfaces of tailings containment 
areas are physically and 
geotechnically stable in the long-term 

The TSF is designed for closure and 
will account for seismic and 
permafrost conditions 

A thermal cover to limit acid 
generating reactions and migration of 
contaminants 

Place a thermal cover of NPAG 
rockfill on the TSF surface during 
progressive reclamation 

Physical /geotechnical inspection by 
a qualified engineer 

Monitoring 

Build to blend in with current 
topography, be compatible with 
wildlife use, and/or meet future land 
use targets 

TSF at post-closure will not 
compromise wildlife safety  

TSF will be covered 

Cover landform of NPAG rockfill on 
the TSF surface to be adapted to 
promote drainage and to blend with 
the topography 

Physical inspection 

Generation of poor water quality has 
been minimized, including ARD/ML 

Surface runoff and seepage water 
quality is safe for humans and wildlife 

Runoff and seepage will meet 
acceptable discharge criteria to be 
released to the receiving 
environment 

Freezeback of the TSF  

The runoff and seepage from the 
TSF will continue to be collected as 
needed and monitored as per 
operational practices, and until 
monitoring results demonstrate that 
water quality is acceptable for direct 
discharge 

Place a thermal cover of NPAG 
rockfill on the TSF and ensure 
freezeback 

Physical inspection, thermal 
monitoring 

Routine water quality monitoring and 
sampling 

Dust levels are safe for people, 
vegetation, aquatic life, and wildlife in 
the long-term 

Best management practices for 
controlling dust during active 
reclamation 

Implement best management 
practices 

Routine air quality monitoring 

Other recommendations are presented in the Code of Practice for Metal Mines as follows (adapted from 
EC, 2009): 

�² Carry out detailed inspections and assessments of Tailings Storage Facilities. The objective of 
these inspections and assessments is to evaluate the actual performance against design 
projections related to anticipate post-closure conditions (R524); 

�² Conduct a comprehensive risk assessment for mine closure to evaluate the long-term risks 
associated with possible failure modes for Tailings Storage Facilities. Identify possible impacts and 
critical parameters, and develop control strategies (R525). If warranted, implement a long-term 
monitoring plan (R526); 

�² Re-evaluate and revise as necessary plans for management of tailings to prevent; and control and 
treat metal leaching and acidic drainage to ensure that they are consistent with the objectives and 
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plans for mine closure and post closure (R527). If warranted, implement a long-term site-specific 
monitoring program (R538). 

5.2.6.3 Consideration of Closure Options and Selection of Closure Activities 

Considerations for the Tailings Storage Facilities closure are provided by the AANDC/MVLWB 
(AANDC/MVLWB, 2013). Closure activities for the TSF were selected in consideration of the closure 
aspects listed below, related to mine design stage, closure and post-closure periods.  

�² Cover tailings with a cover system to control ARD/ML processes and migration of contaminants; 

�² Construct a cover system to prevent surface erosion and create a stable landform in the long-term;  

�² Promote freezing of tailings mass into permafrost; 

�² Collect water that does not meet the discharge criteria for treatment. 

All the options listed above will be required to address closure and reclamation of the TFS. Details on the 
implementation of those considerations are provided as applicable in the following section.��

Table 5-9 presents also various acid mine drainage control strategies for tailings. The freeze and climate 
control are considered the most suitable strategies for tailings reclamation at the Meadowbank site. 

Table 5-9: Acid Mine Drainage Control Strategies of the Arctic for Tailings 

Strategy Advantage/Disadvantage 

Freeze Controlled 

Total or perimeter freezing options 
can be considered. 
Can freeze up to 15 m annually if 
freezing in thin layers. Freezing rate 
decreased proportionately with 
depth. 
Process chemicals could cause high 
unfrozen water content. 

Climate Controlled 
May not be a reliable strategy for 
saturated tailings. 

Engineered Cover 

Special consideration for freeze-
thaw effects. 
Availability and cost of cover 
materials are major impediments. 

Subaqueous Disposal 
Special considerations for winter ice 
conditions and pipeline freeze-up. 

Collection and 
Treatment 

Costly to maintain at remote 
locations 
Long term maintenance cost. 

Segregation and 
Blending 

Tailings are normally geochemically 
homogeneous. 

Reference:  (MEND 1.61.2, 1996) 
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5.2.6.4 Engineering Work Associated with Selected Closure Activity 

The overall tailings management approach for long term stability and control of Acid Rock Drainage (ARD) 
involves encapsulation of the tailings in permafrost. A closure NPAG cover will be placed to insulate the 
frozen tailings and to protect against erosion (Golder, 2014). 

As the Meadowbank Gold Mine is located within the zone of continuous permafrost, freeze control and 
climate control strategies have been adopted for the reclamation of the TSF. The overall tailings 
management approach for control of ARD and for long term stability involves encapsulation of the tailings 
in permafrost. Oxygen diffusion and water infiltration into the tailings, seepage from the tailings, and the 
generation of acid mine drainage are then limited. The option selected to ensure that the active layer 
(material going through freeze-thaw cycles, overlying permafrost) remains within the inert material is the 
construction of a cover system consisting of non-acid generating granular material (NPAG) over the tailings 
material. Permanent diversions infrastructures, as ditches and spillways, will be constructed where 
necessary to direct non-contact water to the natural environment. These diversions, as well as the TSF 
containment dikes, will be designed for long-term physical stability. 

Preliminary design work was completed for the TSF cover in 2015 and 2016. The tailings cover will consist 
of non-acid generating material (NPAG) and ensures that the active layer remains within the cover layer. 
The objective for the cover system is to keep the tailings under 0°C in most conditions and to maintain 
saturation above 85%. The TSF North Cell is instrumented for thermal monitoring with thermistors installed 
in the tailings or the NPAG cover. The South Cell TSF will also be instrumented. 

The proposed design for the engineered cover system is a layer of compacted NPAG waste rock with a 
minimum thickness of 2.0 m. The nominal cover thickness over most of the landform is well over the 
minimum, as a thickness variation is required to obtain the designed landform and promote the water 
management.  

The surface water management plan for the reclaimed TSF is to minimize erosion, thus reducing 
suspended sediment loading to the receiving environment, and to safely convey runoff water in the event 
of a storm event coupled with spring snowmelt. To achieve this, the surface water management system will 
be constructed using riprap-lined drainage channels and riprap-lined aprons at the outlet of each 
catchment. It should be noted that runoff water will be kept into a close circuit until the water quality meets 
criteria from the Meadowbank Water Licence for discharge to the environment (CCME limits or site specific 
closure criteria to be defined).  

The cover landform promotes water shedding and consists of two watersheds for North Cell and one 
watershed for South Cell. The cover will have a minimum slope of 1% and be graded toward permanent 
drainage channels with a minimum slope of 0.5%. These drainage channels will be constructed on the 
cover to direct non-contact water to the environment. The surface water management plan minimizes 
erosion by using riprap-lined drainage channels and aprons at the outlet of each catchment. In the 
preliminary design, two (2) outlets located in the south and north-west portions of the North TSF, and the 
final outlet is located near to Saddle Dam 3. The runoff water from the cover system will convey towards a 
reclaim pond located upstream Saddle Dam 3. The water will then be release into Third Portage Lake once 
the runoff water quality meets discharge criteria established by the Meadowbank Water Licence.  

A detailed design and construction plan for the closure of the North and South Cells will be provided with 
the Final Closure and Reclamation Plan. 



 

Meadowbank Interim Closure and Reclamation Plan – Update 2018 Original -V. 00 

2018/06/29 654769-5000-4EER-0001 Technical Report 

96 

5.2.6.5 Predicted Residual Effects 

The following residual effects are predicted at the TSF after reclamation: 

�² The TSF will be a permanent feature on the landscape. The vegetation communities which 
formerly occupied the areas will be permanently lost but it is expected that some of the native 
community will re-vegetate the TSF cover surface over time; 

�² No significant adverse impact on the continued opportunity for traditional and non-traditional use of 
wildlife in the region is anticipated with the closure of the TSF; 

�² Runoff from the TSF will enter and mix in Third Portage Lake. It is predicted that concentrations in 
post-closure will meet discharge criteria. 

5.2.6.6 Uncertainties 

As mention in the previous Interim Closure and Reclamation Plan (Golder, 2014), the main uncertainty 
related to the TSF closure is permafrost encapsulation and the cover thickness required to ensure 
adequate aggradation of permafrost, insulation from thaw, and effective encapsulation of tailings. 

Thermistors have been installed to monitor temperature and permafrost aggradation within the TSF and 
into the 2.0 m of closure capping placed to date. Latest results of temperature monitoring in each 
geotechnical structures along the perimeter of the North Cell TSF present frozen conditions of their 
foundation. 

Experimental cells were also built with coarse and fine non-potentially acid generating (NPAG) ultramafic 
waste rock (soapstone) and are instrumented in order to follow their thermal and hydrogeological 
behaviors; cells of a 2.0 m and a 4.0 m thick insulation cover as well as a 2.0 m thick cover with capillary 
barrier effects. The results of the experimental cells have been used so far in the work for the cover design 
of the TSF North and South Cells. Data collection is still ongoing and results will be used in future studies 
as needed. 

There is also an uncertainty that surface runoff from the TSF covered areas may not be of sufficient quality 
for release to the environment. This could delay decommissioning of the Reclaim Pond, and/or require 
additional mitigation such as treatment (Golder, 2014). 

5.2.6.7 Post-Closure Monitoring, Maintenance, and Reporting 

The overall post-closure monitoring, maintenance program and reporting for the Meadowbank Project are 
discussed in Section 9.0 along with the general reporting requirements. The following presents the relevant 
post-closure monitoring and maintenance strategies for the tailings storage facilities as presented by 
AANDC/MVLWB (2013): 

�² Periodic inspections will be performed by a geotechnical engineer to visually assess stability and 
performance of the TSF; 

�² Ground conditions in the TSF will be monitored to confirm permafrost conditions are being 
established as predicted; 
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�² Thermistor data will be monitored to determine thermal conditions within the TSF to confirm 
predicted permafrost aggradation/encapsulation and to verify that the thickness of the active zone 
is less than the design thickness of the cover; 

�² Water quality from controlled discharge points around the TSF will be monitored to confirm that 
drainage is performing as predicted and is not adversely affecting the environment; and 

�² Any seepage areas from the toe of the TSF will be identified and monitored. 

Water quality will also be monitored to determine the time that the reclaim pond can be decommissioned to 
allow the discharge into Third Portage Lake. More detail on the contact water management system in 
closure is presented in Section 5.2.7. 

5.2.6.8 Contingencies 

From the thermal monitoring and modelling, NPAG cover design over the TSF could be adjusted if 
required. 

On-going monitoring and treatment of seepage from the TSF will be the primary contingency until water 
quality meets criteria to direct discharge to the environment. 

5.2.7 Water Management Facilities 

The water management facilities, which are described in Section 4.4.2.7, were designed to support the 
construction and operations activities of the mine development. Permanent closure activities for these 
facilities will involve removal of structural components (i.e., pumps, pipelines and active treatment systems) 
and establishment of natural drainage conditions. 

5.2.7.1 Pre-Disturbance, Existing, and Final Site Conditions 

Pre-disturbance conditions are based on baseline data collection programs presented in the Meadowbank 
FEIS (Cumberland, 2005a, 2005f). The pre-disturbance site conditions are summarized in Section 3.0 of 
this plan. 

The water management strategy, the dewatering and waterbodies impacted by the pit mining activities are 
presented in the Meadowbank Gold Project Mine Waste and Water Management (Meadowbank Mining 
Corporation, 2007b). All mining components have been located to avoid or minimize impact on the local 
environment to the extent possible. 

All water management facilities will be decommissioned at different stages of closure, and natural drainage 
will be restored as much as possible. 

5.2.7.2 Closure Objectives and Criteria 

The closure relevant objectives and closure criteria for the Meadowbank water management facilities are 
listed in Table 5-10, along with the specific actions and monitoring associated (modified from 
AANDC/MVLWB 2013). 
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Table 5-10: Closure Objectives and Cr iteria – Water Management Facilities 

Closure Objective Closure Criteria Actions/Monitoring 

The systems are dismantled and 
removed/disposed of (i.e. pipelines, 
culverts, pump systems, WTP) 

Systems have been stabilized and 
protected from erosion and failure for 
the long-term 

Remove all hazardous wastes 

Remove all components above 
ground or buried 

Components or materials will be 
cleaned up and salvageable 
materials removed, shipped or 
disposed at the landfill 

Concrete slabs on grade will be 
perforated and covered or removed 
and the area re-graded to avoid 
erosion and promote natural 
drainage 

Hazardous wastes will be removed 
for disposal by Licenced handler as 
per operation practices 

Physical inspection to confirm 
removal 

To the extent possible, natural 
drainage patterns have been re-
established 

Re-establish natural grade where 
possible 

Disturbed surfaces will be re-graded 
to promote natural drainage 

Physical inspection  

Stable release of water discharge to 
the environment is maintained at 
designated discharge points 

Maintain controlled release from dike 
opening, ditches and all points of 
water discharge to the environment 

Long term water management 
structures are properly designed for 
long term stability 

Design and construct dike 
reconnection, diversion structures 
and TSF long term water 
management structures with 
adequate dimensions at proper 
locations 

Routine monitoring and inspection 

Post-closure water quality objectives 
in receiving water bodies are met 

Prior to dike reconnection the water 
quality will meet the Water Licence 
requirements 

Minimize erosion 

Routine water quality monitoring and 
inspection 

Systems are physically and 
geotechnically stable for the safety of 
humans and wildlife 

Limit access until water quality is 
acceptable 

Place berms and signs to limit 
access 

Physical inspection 

 

As recommended by EC (2009), at the end of the mine operations phase, water management plans should 
be evaluated and revised as necessary to ensure that they are consistent with the objectives and plans for 
mine closure and post closure (R351). This final plan will determine the infrastructure components that will 
be removed, those that will be left in place, and those that will be modified, as well as the monitoring 
requirements to measure compliance with the closure and reclamation objectives (Golder, 2014). 
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5.2.7.3 Consideration of Closure Options and Selection of Closure Activities 

Considerations for open pit closure are provided by the AANDC/MVLWB (AANDC/MVLWB, 2013). Closure 
activities for the water management facilities were selected in consideration of the closure aspects listed 
below, related to mine design stage, closure and post-closure periods.  

�² For any water management structures that may be required post-closure, select design parameters 
to reflect the need to maintain stability in the long term; 

�² Design water management systems to minimize the migration of potential contaminants; 

�² Treat non-compliant water in storage and subsequently release upon achievement of discharge 
criteria; 

�² Open and level/contour of embankments, dikes and culverts not required for long-term use and 
restore the pre-disturbance drainage network to the extent possible; 

�² Locate permanent spillways in competent rock or material; 

�² Drain and backfill all sumps and collection trenches; 

�² Drain, dismantle, and remove tanks and pipelines from the site; 

�² Ensure any remnant embankments or other water management structures have appropriate 
erosion control measures in place to maintain stability post-closure. 

All the options listed above will be required to address closure and reclamation of Project water 
management infrastructure. Details on the implementation of those considerations are provided as 
applicable to each infrastructure component in the following section.��

5.2.7.4 Engineering Work Associated with Selected Closure Activity 

Dewatering systems 

The Second Portage Lake and Goose dewatering system was used to pump water from the North-East 
arm of Second Portage Lake and the Goose impoundment area into Third Portage Lake to permit 
operations at the Portage Pit, Tailings Storage Facilities and Goose Pit respectively. The system included 
pumps connected to surface high-density polyethylene (HDPE) pipelines that conveyed water to the 
Portage Water Treatment Plant (WTP) for the removal of suspended solids prior to discharge to Third 
Portage Lake. The dewatering system for Portage and Goose was then used for the Portage Attenuation 
Pond but is no longer in operation. The pumps, WTP and some pipelines have been dismantled and re-
purposed and the remaining will be removed and disposed in the on-site landfill at closure. The diffuser 
located into Third Portage Lake will be removed at closure. 

A similar dewatering system was implemented in Vault Lake in September 2013 to pump water from Vault 
Lake to Wally Lake to permit operations in the Vault Pit. The system includes HDPE pipelines, pumps and 
a WTP. Following the dewatering of Vault, the system has been used to manage the water from the Vault 
Attenuation Pond. The system was also used to complete the dewatering of Phaser Lake in 2016. The 
pipelines used for the Vault dewatering system will be decommissioned at closure, once mining operations 
are completed and the Vault Attenuation Pond is no longer active. The Vault WTP has been partially 
dismantled and will be used for Whale Tail Pit. The rest of the system will be dismantled at closure. 
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Portage and Vault Attenuation Pond 

The Portage Attenuation Pond was active in the TSF South Cell while tailings were deposited in the North 
Cell. Once tailings deposition was initiated in the South Cell, the Portage Attenuation becomes the Reclaim 
Pond. The Portage Attenuation Pond was in used from 2011 to 2014, to manage contact water on site. The 
contact water was treated in the Portage WTP and discharged in Third Portage Lake though the diffuser. 
Following the conversion of the Portage Attenuation Pond into the TSF South Cell Reclaim Pond in 2014, 
some of the dewatering equipment was used for water management in the pits or in the Reclaim Pond. No 
water is discharged from the Reclaim Pond to the environment.  

The Vault Attenuation pond occupies a portion of the former Vault Lake and is used to manage the contact 
water from Vault pit since 2014. Once dewatering was completed, the pumps and the WTP have been re-
purposed to discharge water from the Attenuation Pond to Wally Lake through the diffuser. Once mining 
operations will be complete and the Attenuation Pond is no longer active, all of the dewatering equipment 
will be dismantled and either shipped from the mine site or disposed of in the on-site landfill. The diffuser 
located into Wally Lake will be removed at closure. 

Reclaim Pond 

The Reclaim Pond was initially located in the TSF North Cell, during tailings deposition. Once tailings 
deposition shifted from the North Cell to the South Cell in November 2014, the Portage Attenuation Pond 
became the Reclaim Pond as mentioned above. The water in the Reclaim Pond consists of processed 
water and is reclaimed for use at the mill during operations. During operations, the water in excess in the 
TSF North Cell is transferred to the Reclaim Pond during summer months. Following completion of tailings 
deposition in the South Cell at closure, the process water from the Reclaim Pond will be treated, if deemed 
necessary, prior to being discharged to the Portage Pit as part of the flooding process. The reclaim system 
which includes HDPE pipelines and pumps will be dismantled at closure, decontaminated and disposed at 
the on-site landfill. 

Tailings Pipelines 

The tailings slurry pipelines are located on the peripheral structures of the TSF, and joint the mill located 
South West from the TSF. The tailings pipelines will be flushed and drained following completion of ore 
processing at the mill in closure, in accordance with International Cyanide Management Code 
requirements. The tailings pumps are located in the mill. The booster pump, located on the Stormwater 
Dike will be dismantled, decontaminated and disposed in the on-site landfill or shipped from the mine site 
at closure. The pipelines and related components (like the booster pump) will then either be shipped from 
the mine site or disposed in the on-site landfill after decontamination. 

Pit sump and pumping systems 

Pumps and piping used for the conveyance of water from the pit sumps to the Reclaim Pond or Vault 
Attenuation Pond will be removed before the pits flooding occurs. These pieces of equipment will be 
dismantled and disposed in the on-site landfill. 

Seepage and runoff collection systems 

Water collected by any seepage and runoff collection system is or will be monitored during the operations, 
closure and post-closure phases of the Project as per the Meadowbank Water Licence requirements. The 
main seepage collection systems on site are the Central Dike seepage collection system, the East Dike 



 

Meadowbank Interim Closure and Reclamation Plan – Update 2018 Original -V. 00 

2018/06/29 654769-5000-4EER-0001 Technical Report 

101 

seepage collection system, the Mill seepage collection system and the RSF Seepage (ST-16) collection 
system.  When seepage will have resorbed or when water quality is demonstrated acceptable for release 
to the receiving environment without further management, these systems will be removed; pipelines and 
pumps will be decommissioned and disposed in the on-site landfill. The sumps will be backfilled where 
required and the landscape will be re-contoured to allow natural drainage. 

Culverts 

Culverts will be maintained as required in closure until site water quality monitoring results indicate that 
water can be released to the environment without further management and without erosion. Culverts on 
site, on the AWAR and on Vault Road will be dismantled and disposed of in the on-site landfill when no 
longer required. Reclaimed areas will be re-graded to promote natural drainage. 

Water Diversion Ditch 

The water diversion ditch system located in the northern periphery of the North Cell TSF and Portage RSF 
are designed to be permanent features part of the natural landscape, and will therefore remain in place 
after closure. The diversion ditch diverts non-contact water away from the TSF during operations and will 
convey part of the TSF runoff water in closure and post-closure to the receiving environment, when the 
runoff water quality is demonstrated acceptable for release to the receiving environment without further 
management. Some work may be required on the structure to ensure slope stability and minimize snow 
management. 

Freshwater intake, potable water treatment system and wastewater treatment system 

Following ore processing and the period of active closure completed, the freshwater intake located in Third 
Portage Lake, the freshwater pipeline, the potable water treatment plant, the sewage treatment plant and 
the wastewater system will be decommissioned. Structural components (i.e., pumps, tanks and piping) will 
be decontaminated and either be shipped from the mine site or disposed in the on-site landfill. Sludge from 
the sewage treatment plant will be buried in the Tailings Storage Facilities as during operations. 

Stormwater Management Pond (Tear Drop Lake) 

The Stormwater Management Pond receives treated water from the sewage treatment plant and other 
waste water. The water is transferred to the Reclaim Pond every summer during operations. At closure, the 
pond will be pumped to the Reclaim Pond and will be transferred to the Portage Pit with the reclaim water 
as part of flooding. The pipelines and related components will be decontaminated and disposed in the on-
site landfill. 

Flooding systems 

Similar to the dewatering systems, the pits flooding system equipment (i.e., pumps, syphons and piping) 
will be removed once pit flooding is complete. All equipment will be dismantled, and either be shipped from 
the mine site or disposed of in the on-site landfill. 

5.2.7.5 Predicted Residual Effects 

No significant residual effects have been identified for closure of the water management facilities, but some 
changes to terrain caused by the construction and subsequent reclamation (excavation, re-grading) of the 
facilities could result in some alteration to the original terrain. 
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5.2.7.6 Uncertainties 

Water quality and treatment requirements of the Reclaim Pond water, prior to discharge to the pit lakes, 
represent an area of uncertainty. Treatment of the Reclaim Pond water before transfer may be required as 
discussed in Section 5.2.4.4. Updates to the water balance model and water quality predictions will be 
completed prior to mine closure to determine the need and the type of water treatment, if required, and 
presented in the Final Closure and Reclamation Plan. 

Seepages from the Central Dike or the Mill may affect closure and post-closure conditions and monitoring 
requirements. Investigation and controlled strategy will continue to be developed in operation to define the 
closure and post-closure strategy for the seepage collection systems.  

The work to complete on the diversion ditch for closure and post-closure will be defined and presented in 
the Final Closure and Reclamation Plan. 

5.2.7.7 Post-Closure Monitoring, Maintenance, and Reporting 

The overall post-closure monitoring, maintenance program and reporting for the Meadowbank Project are 
discussed in Section 9.0 along with the general reporting requirements. The following presents the relevant 
post-closure monitoring and maintenance strategies for the water management facilities as presented by 
AANDC/MVLWB (2013): 

�² Periodically inspect the remaining water management structures to assess their performance; 

�² Continue monitoring climatic conditions at site to compare them to design assumptions (e.g., 
regarding storm events) and performance of selected closure activities; 

�² Monitor the performance of erosion protection on embankment structures, such as riprap, and the 
physical stability of water management systems including permafrost integrity where applicable;  

�² Monitor water quality, quantity, and flows to ensure system is working as predicted and water 
quality objectives are being met; 

�² Evaluate post-closure drainage patterns and confirm that they compare to pre-development 
patterns as described in the closure objectives; 

�² Sample surface and groundwater if site- specific conditions. 

Water management infrastructure will be decommissioned at various times in the overall closure and post-
closure phases depending on their function and location. During closure, the frequency of monitoring 
(inspection, water quality monitoring) will be as specified by the Meadowbank Water Licence, and will 
focus on the physical state and performance of structures and components. Once the water management 
facilities are no longer needed, they will be decommissioned, natural drainage patterns will be re-
established as much as possible, and monitoring is expected to decrease. Post-closure monitoring will 
involve annual inspections of permanent diversions as well as general site grading and establishment of 
proper/natural drainage patterns. Post-closure monitoring program will be defined in details in the Final 
Closure and Reclamation Plan. 

Monitoring of receiving lakes will be conducted in accordance with the Meadowbank Water Licence 
requirements and the Core Receiving Environment Monitoring Plan (Azimuth, 2015) to confirm Project 
activities do not contribute to long term adverse effects on the receiving environment. A detailed plan will 
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be developed prior to the mine closure that will provide details on the locations, frequencies and 
parameters that are to be monitored, and will be presented in the Final Closure and Reclamation Plan. 

5.2.7.8 Contingencies 

The closure plan currently incorporates a water treatment plant as a contingency measure should water in 
the pit lakes not be suitable for release to the environment. The water management for the site will remain 
a close system (no discharge to the receiving environment) until the pit lakes water, the TSF runoff water 
and seepage water have demonstrated acceptable water quality for release to the receiving environment 
without further management. 

5.2.8 Infrastructures at Mill and Camp Areas 

During the life of mine, surface infrastructures were required at different period in time for the mining, 
accommodation, water treatment, etc. Most of the infrastructures are located near the Portage and Goose 
pits and the Tailings Storage Facilities. Additional infrastructures were built near the Vault Pit. All 
infrastructures are listed in Section 4.4.2.8. 

5.2.8.1 Pre-Disturbance, Existing, and Final Site Conditions 

Pre-disturbance conditions are based on baseline data collection programs presented in the Meadowbank 
FEIS (Cumberland, 2005a). The pre-disturbance site conditions are also summarized in Section 3.0 of this 
plan. 

The Meadowbank infrastructures are currently in use and will be until closure or post-closure. 

The facilities will be dismantled and reclaimed following best practices put in place during operation and in 
order to minimize long term disturbance. The facilities could also be transferred to the local community 
upon interest. 

5.2.8.2 Closure Objectives and Criteria 

The closure relevant objectives and closure criteria related to the closure of the Meadowbank 
infrastructures taken from the previous Interim Closure and Reclamation Plan (Golder, 2014) and 
AANDC/MVLWB (2013) along with the specific actions and monitoring associated are listed in Table 5-11.  
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Table 5-11: Closure Objectives and Criteria – Infrastructures at Mill and Camp Areas 

Closure Objectives Closure Criteria Action / Measurements 

Return area to its original state or to 
a condition compatible with the end 
land-use targets 

Remove all facilities and restore 
natural/compatible terrain as much 
as possible 

Dismantle and reclaim all 
infrastructure, fuel reservoirs, 
chemicals and industrial wastes 

Buildings and equipment will not be a 
source of contamination to the 
environment or a safety hazard to 
humans and wildlife 

Limit access during closure 

Remove all facilities and restore 
natural/compatible terrain as much 
as possible 

Remove all hazardous material 

Place signs to limit access 

Dismantle and reclaim all 
infrastructure, fuel reservoirs and 
hazardous wastes 

Remaining areas will be scarified and 
remaining concrete foundations and 
slabs will be cut in the pieces and 
buried  

Soil and water monitoring 

Physical inspection 

Maintain required site infrastructure 
during active reclamation 

Promote early decommissioning 
Reduce the use of facilities after 
closure 

Ensure runoff is channelled through 
the watershed 

Restore natural/compatible terrain as 
much as possible 

Surface will be regraded to promote 
natural drainage 

Ensure the remaining surface areas 
are safe for wildlife use and access 

Restore natural/compatible terrain as 
much as possible 

Surface will be regraded to promote 
the use for wildlife 

Control dust generation from 
demolition and active reclamation 
activities 

Best management practices for 
controlling dust during active 
reclamation 

Implement best management 
practices 

Routine air quality monitoring 

 

Other recommendations are presented in the Code of Practice for Metal Mines as follows (adapted from 
EC, 2009; Golder, 2014): 

�² On-site facilities and equipment that are no longer needed should be removed and disposed of in a 
safe manner. Efforts should be made to sell equipment for reuse elsewhere or to send equipment 
for recycling, rather than disposing of it in landfill facilities. (from R514); 

�² The walls of on-site buildings should be razed to the ground. Foundations should be removed or 
covered with a sufficiently thick layer of soil to support re-vegetation. (from R515); 

�² Any remaining structures and foundations should be inspected to ensure that no contamination is 
present. If contamination is found, it should be remediated as necessary to ensure public health 
and safety for post-closure land use. (from R516); 

�² Support infrastructure, such as fuel storage tanks, pipelines, conveyors and underground services, 
should be removed. (from R517); 

�² The main access road to the site (or runway in the case of remote sites) and other on-site roads, 
as appropriate, should be preserved in a sufficient condition to allow post-closure access for 
monitoring, inspection and maintenance activities. (from R518); 
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�² Roads and runways that will not be preserved for post-closure use should be reclaimed. Bridges, 
culverts and pipes should be removed, natural stream flow should be restored, and stream banks 
should be stabilized by re-vegetating or by using rip-rap. Surfaces, shoulders, escarpments, steep 
slopes, regular and irregular benches, etc., should be rehabilitated to prevent erosion. Surfaces 
and shoulders should be scarified, blended into natural contours, and re-vegetated. (from R519); 

�² Electrical infrastructure, including pylons, electrical cables and transformers, should be dismantled 
and removed. (from R520). 

5.2.8.3 Consideration of Closure Options and Selection of Closure Activities 

Considerations for infrastructures decommissioning are provided by the AANDC/MVLWB 
(AANDC/MVLWB, 2013) and the previous ICRP (Golder, 2014). Closure activities for the water 
management facilities were selected in consideration of the closure aspects listed below, related to mine 
design stage, closure and post-closure periods.  

�² Recycling or reusing building materials and equipment where possible to reduce waste and 
importation of materials to site; 

�² Dismantle all buildings that are not necessary to achieve the future land use target; 

�² Raze/level all walls to the ground and remove foundations; 

�² Remove buildings and equipment during the winter to minimize damage to the land where 
appropriate; 

�² If disposing on site, decontaminate building materials (free of any batteries, fuels, oils, bulk process 
chemicals, or other deleterious substances), and use toxicity characteristic leaching procedure 
testing to confirm suitability for non-hazardous disposal; 

�² Cut, shred, crush, or break demolition debris to minimize the void volume during disposal; 

�² Maintain photographic records of major items placed into landfills, as well as a plan showing the 
location of various classes of demolition debris (e.g., concrete, structural steel, piping, metal 
sheeting, and cladding); 

�² Remove and dispose of concrete in an approved hazardous waste landfill if it contains 
contaminants that may pose a hazard over time; 

�² Backfill/grade all excavations to achieve the final desired surface contours to re-establish the 
original drainage or a new acceptable drainage; 

�² Backfill excavations in permafrost to limit permafrost degradation; 

�² Control dust emission during demolition of buildings that contain or contained asbestos, lead paint, 
hazardous chemicals, or other deleterious material; 

�² Remove buried tanks, where they already exist, to prevent subsidence; 

�² Dispose of wastes in quarries, borrow pits, underground mine workings, tailings impoundments, 
and waste rock piles; 

�² Decontaminate equipment (free of any batteries, fuels, oils, or other deleterious substances) and 
reuse or sell (local communities may have interests in some of the materials); 
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�² Remove structures including bridges, culverts, pipes, buried wires and power lines and fill ditches 
in if no longer required and evaluate the area for potential contaminants; 

�² Reclaim areas to the original topography and drainage or to a new topography or drainage 
compatible with end land use targets; 

�² Scarify abandoned road/runway surfaces to promote re-vegetation of indigenous species; 

�² Leave roads, airstrips, bridges, or railways intact if it is in the public interest to do so (ownership 
liability will need to be considered); and 

�² Flatten berms and slopes at the side of roads to facilitate wildlife passage. 

All the options listed above will be required to address closure and reclamation of Project infrastructures. 
Details on the implementation of those considerations are provided as applicable to each infrastructure 
component in the following section.��

5.2.8.4 Engineering Work Associated with Selected Closure Activity 

The relevant engineering works associated with the permanent closure activities for the infrastructures at 
the mill and main camp removal are taken from the Interim Closure and Reclamation Plan (Golder, 2014) 
and discussed below.  

�² Equipment used for closure activities and long-term maintenance (e.g., trucks, backhoes, etc.) will 
be removed from the site once they are no longer required. Most of the mobile equipment will be 
removed once the closure stage is complete. A small subset of equipment will be retained on-site 
for a portion of the post-closure stage; 

�² Remaining bulk fuel and empty portable fuel storage tanks will be transported back to the Baker 
Lake Site Facilities and offered to community interests. The tanks will be emptied, cleaned, and 
dismantled for disposal in the site landfill or shipped south. Any contaminated soil will be excavated 
and taken to the landfarm for treatment; 

�² All buildings and structures will be decontaminated, decommissioned and dismantled at closure. If 
required, the process plant may be temporarily converted to treat water in the Reclaim Pond. 
Demolition waste that cannot be reused, recycled or provided to local interests will be disposed of 
in the on-site landfill. Salvageable material will be removed off site; 

�² Hazardous wastes will be removed for disposal by a licensed handler; 

�² Any above grade concrete structures will be demolished and the rubble will be disposed of in the 
landfill. Any slabs on grade will be punctured and then left in place and covered with soil or non-
potentially acid generating/non-metal leaching waste rock. Any subgrade foundations will be left in 
place; 

�² All disturbed site areas will be re-graded to suit the surrounding topography. In areas where the 
original ground surface was lowered for site grading or structural requirements, the slopes will be 
stabilized and contoured. Cover materials may be required for erosion and dust control.  

If not properly reclaimed, wildlife maybe injured by entering reclaimed areas with depressions and if 
subsidence occurs. Environmental design features and mitigation, as well as current wildlife management 
practices used in other mining projects will be implemented at the Project to limit wildlife injury such as re-
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contouring reclaimed areas to reduce hazards to wildlife. Buildings and equipment not required for post-
closure activities will be removed from the site. Proper reclamation is also required to leave the site in 
appropriate conditions that do not present safety risks for humans. This is considered the most appropriate 
closure plan based on the Meadowbank Mine experience. 

5.2.8.5 Predicted Residual Effects 

No significant residual effects have been identified for after closure of the supporting buildings but changes 
to terrain caused by the construction and subsequent reclamation of the facilities could result in some 
alteration of the natural terrain. 

5.2.8.6 Uncertainties 

No major uncertainties are related to the closure of the Meadowbank infrastructures. The pre-disturbance 
terrain was covered by discontinuous vegetation interspersed with few bedrock outcroppings. The 
reclamation plan will be designed to encourage a natural succession of indigenous plant species within 
disturbed site areas. Grading and contouring would be done, where appropriate, to control soil erosion and 
to promote natural drainage.��

5.2.8.7 Post-Closure Monitoring, Maintenance, and Reporting 

The overall post-closure monitoring, maintenance program and reporting for the Meadowbank Project are 
discussed in Section 9.0 along with the general reporting requirements. The following presents the relevant 
post-closure monitoring and maintenance strategies for the Meadowbank infrastructures as presented by 
AANDC/MVLWB (2013): 

�² Periodic inspections will be performed to visually assess the reclaimed areas; and 

�² All buildings and equipment left on-site during closure will be maintained until no longer required, at 
which time they will be removed from the site or demolished and disposed in the on-site landfill. 

5.2.8.8 Contingencies 

There are no activities proposed as contingencies for the closure of the infrastructures. 

5.2.9 Waste Management Facilities 

The waste management facilities include the landfill, landfarm, incinerator and hazardous waste 
management area.   

5.2.9.1 Pre-Disturbance, Existing, and Final Site Conditions 

The pre-disturbance site conditions are summarized in Section 3.0 of this plan. Pre-disturbance conditions 
are based on baseline data collection programs presented in the Meadowbank FEIS (Cumberland, 2005a). 

The landfill and landfarm are currently in use at Meadowbank and will be until post-closure. The incinerator 
and the hazardous waste management area are also operating at Meadowbank and will be until the end of 
active closure. 

The waste management facilities will be reclaimed following best practices put in place during operation 
and in order to minimize long term disturbance. 
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5.2.9.2 Closure Objectives and Criteria 

The closure relevant objectives and closure criteria for the Meadowbank waste management facilities are 
listed in Table 5-6, along with the specific actions and monitoring associated (modified from 
AANDC/MVLWB 2013). 

 

Table 5-12: Closure Objectives and Criteria – Waste Management Facilities 

Closure Objectives Closure Criteria Actions/Monitoring 

Inadvertent access to landfill debris 
by humans and wildlife has been 
prevented 

Limit access to facility 

Dispose only appropriate waste type 
in landfill 

Limit access to the RSF with berms 
and signs 

Avoid food waste in landfill that could 
attract wildlife 

Routine inspection of the facilities 

Waste disposal areas are not and will 
not become a source of 
contamination to the environment 

Dispose only appropriate waste type 
in landfill 

Treat light hydrocarbon contaminated 
soil 
Remove all hazardous waste 

Manage and dispose waste in landfill 
as per operation best practices 
Treat light hydrocarbon 
contaminated soil in the 
Meadowbank Mine landfarm 
Hazardous wastes will be removed 
for disposal by licensed handler as 
per operational practices 
Routine inspection of the facilities 

Erosion and effects to the ground 
thermal regime have been controlled 
to ensure physical stability 

The risk for the occurrence of ARD 
and leachate has been minimized 

Appropriate cover and drainage over 
the landfarm and landfill 

The landfill and landfarm area will be 
covered with NPAG waste rock at the 
end of active closure stage 
Surfaces will be re-graded to 
promote natural drainage 
Inspection during cover construction 

Surface runoff and seepage water 
quality is safe for humans and wildlife 

Water quality meets Water Licence 
requirements Water quality monitoring  

Return area to its original state or to 
a state compatible with the desired 
end land use 

Human land use of the reclaimed 
area at post closure will not 
compromise people and wildlife 
health 

Routine monitoring and physical 
inspection 

 

The Code of Practice for Metal Mines also provides the following recommendations related to the closure 
of waste facilities and to the handling of contaminated materials (adapted from EC 2009; Golder, 2014): 

�² Waste from the decommissioning of ore processing facilities and site infrastructure, such as waste 
from the demolition of buildings and the removal of equipment, should be removed from the site 
and stored in an appropriate waste disposal site or disposed of on site in an appropriate manner in 
accordance with relevant regulatory requirements. If material is disposed of on site, the location 
and contents of the disposal site should be documented. (from R522); 
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�² Sampling and analysis of soils and other materials should be conducted to ensure that none of the 
material is contaminated, e.g., with asbestos and mercury from buildings. If contaminated materials 
are identified, they should be handled and disposed of in an appropriate manner in accordance 
with all applicable regulatory requirements. (from R523) 

5.2.9.3 Consideration of Closure Options and Selection of Closure Activities 

Considerations for waste management facilities closure are provided by the AANDC/MVLWB 
(AANDC/MVLWB, 2013). Closure activities for the waste management facilities were selected in 
consideration of the closure aspects listed below, related to mine design stage, closure and post-closure 
periods.  

�² Plan activities to limit the amount of waste generated throughout the life of the mine; 

�² Locate waste management facilities away from waterways to minimize environmental impacts that 
could result from leachate generation/migration; 

�² Select location and design that will have minimal impact on wildlife habitat and therefore require 
minimal reclamation effort; 

�² Divert runoff around waste disposal area with ditches or berms to minimize migration of 
contaminants; 

�² Burn domestic waste and special waste (i.e., waste oil) in an approved incinerator; 

�² Remove hazardous waste to an approved on-site waste storage facility prior to shipping for off-site 
disposal; 

�² Cover landfill/landfarm with an appropriately designed cover system to limit infiltration to 
acceptable levels. The surface of the landfill cover should comprise erosion resistant materials, 
and the surface landform should be sustainable in the long-term. 

All the options listed above will be required to address closure and reclamation of waste management 
infrastructure. Details on the implementation of those considerations are provided as applicable to each 
infrastructure component in the following section.��

5.2.9.4 Engineering Work Associated with Selected Closure Activity 

Landfill 

The operational landfill (Landfill #1) is currently in operation at the mine site and consists of multiple sub-
landfills that have been or will be built in the Portage RSF. Waste from the Meadowbank site is disposed in 
the Landfill #1.  As these sub-landfills are filled the waste is compacted and then encapsulated with waste 
rock in the Portage RSF, as per the Landfill Management Plan (Agnico, 2017c). Landfill #1 will cease 
operating at the end of active mining activities.  

During the closure phase of the Project, demolition and non-hazardous waste from the Meadowbank site 
will be deposited in the demolition Landfill (Landfill #2), located on top of the Portage RSF. The demolition 
landfill will be located in an estimated 4.0 m deep depression on the top of the Portage RSF. The 
demolition landfill will ultimately be encapsulated within the waste rock. It will be covered with a 4.0 m layer 
of coarse NPAG rock as part of the closure plan for the RSF.  
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The depression will be constructed by waste rock trucks discharging their loads in a controlled manner, 
forming berms on the last rock lift. The area to receive waste will be bounded by a 2.0 m high rockfil berm. 
The rockfill berm will act as a wind shield to reduce the amount of windblown debris, while providing 
material for intermediate cover of the landfill.  

The protocol for materials placement within the closure landfill includes dismantling, stacking in a stockpile, 
cutting to manageable sizes, and transport and placement. Waste will be placed in layers then covered. 
Procedures will be developed to ensure materials segregation, placement, and closure are conducted in an 
appropriate manner. 

Layered waste will not exceed 4.0 m in thickness. Waste will then be covered by a 0.3 to 1.0 m thick layer 
of rockfill, before being covered with an additional 4.0 m of coarse acid-buffering ultramafic NPAG waste 
rock material to fill voids.  

The area of the landfill is estimated at 36,043 m2 and the estimated available volume is 144,172 m3 based 
on waste placed 4.0 m high. With the current RSF design, sufficient space will be available at the top of the 
RSF at closure. 

At closure, the landfill will accept the same types of material as during operations. As per the Landfill 
Design and Management Plan (Agnico, 2017c), the following types of materials can be sent to the closure 
landfill: 

�² Plastic (except expanded polystyrene); 

�² Metals (steel, copper, aluminum, iron); 

�² White goods and small appliances; 

�² Building materials (wire, wood, fiberglass insulation, fiberglass, roofing, bricks, 

�² ceramics, empty caulking tubes, hardened caulking, glass, gyprock, bricks); 

�² Surface materials (asphalt, concrete, carpet); 

�² Vehicles and machinery provided all liquids, grease, batteries, and electronics have been removed; 
and 

�² Other materials (ceramics, rubber, clothing, cooled ash). 

In addition to domestic and organic waste, the following materials will not be accepted at the closure 
landfill: 

�² Food containers and wrappings (unless cleaned); 

�² Whole tires; 

�² Hazardous waste; 

�² Electronics; 

�² Petroleum products, and petroleum-contaminated products; and 

�² Expanded polystyrene. 
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Incinerator 

The incinerator receives food, domestic and organic waste from Meadowbank and Whale Tail Pit Project. 
At the end of the active closure phase, the incinerator will be decommissioned, barged out of the Baker 
Lake Site Facilities to a southern destination for re-use or sale, or dismantled and disposed at the on-site 
landfill. The incinerator building will be emptied and offered for local use and/or relocation. If there is no 
local interest, the infrastructure will be demolished and taken to the on-site landfill for disposal or barged 
out of the Baker Lake Site Facilities to a southern waste disposal facility. 

Hazardous Material  

As presented in the Hazardous Material Management Plan (Agnico Eagle, 2013e), hazardous materials 
used during mine site operations and closure include: 

�² Fuel, paints and Lubricants – diesel fuel, oils, greases, anti-freeze, paints, and solvents for 
equipment operation and maintenance; 

�² Mill Consumables – sodium cyanide, sulphur (or metabisulphide), hydrochloric acid, lime, 
flocculants, and anti-scalants for mineral extraction; 

�² Explosives – ammonium nitrate and high explosives for blasting in the mine; and, 

�² Laboratory Wastes – various by-products classified as hazardous waste and chemicals used in the 
assay laboratory (including nuclear sources). 

These materials will be managed in operations such that minimal quantities remain on site at closure. Any 
remaining hazardous materials that cannot be used during closure activities will be transported to licensed 
disposal facilities in the south, as is currently being done, in accordance with the Hazardous Material 
Management Plan (Agnico Eagle, 2013e). Used oil is an exception and will be incinerated on site during 
operations, as is currently being done. Any remaining cyanide reagents will be packaged and transported 
to licensed facilities in the south or other Agnico Eagle divisions in accordance with the International 
Cyanide Management Code, and the Hazardous Materials Management Plan. Batteries and electronics 
will be shipped south for recycling in appropriate facilities. 

Landfarm 

A landfarm will be required during the closure period for petroleum-contaminated soil. The Landfarm 2, 
constructed in 2016 and located on the North East side of the TSF South Cell, is now in use until the end 
of operations and also for the closure period. The Landfarm 2 receives contaminated soil from 
Meadowbank and will eventually receive contaminated soil from Whale Tail. 

Based on the Landfarm Design and Management Plan (Agnico, 2017b) the area of Landfarm 2 is 3,815 
m2. Based on landfarm specifications of other northern mines, contaminated material can be stockpiled up 
to 4.0 m high. Accounting for a 25% loss of area due to sloping at that windrow height, the landfarm area 
will allow for the storage of a maximum of 11,445 m3. This will readily accommodate total of contaminated 
soil already on site, should all of it need to be stored until closure, and the additional soil from the 
remaining operation and closure periods. In addition, ample room will be available to accommodate a 
designated area for spreading of contaminated coarse-grained material that cannot be bioremediated. 

The following products may be treated in the landfarm if used onsite and spilled on soil: 
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�² Diesel fuel; 

�² Gasoline; 

�² Aviation fuel (Jet A); 

�² Hydraulic oil; 

�² Other light oil e.g. engine oil, lubricating oil. 

Contaminated soil will be treated in the landfarm at closure. Soil heavily contaminated or not treatable at 
the landfarm will be shipped south as hazardous material. After removal of all remediated soil and prior to 
abandonment/closure of the landfarm, the berm and base will be sampled on a 10.0 m grid, including at a 
depth of 1.0 m in representative locations, to determine if these soils are free from petroleum hydrocarbon 
contaminated (PHC) contamination. Results of this analysis will be compared to Government of Nunavut 
criteria. Since this area will form part of the TSF at closure, no excavation is necessary if industrial criteria 
are not met. The landfarm is located within the South Cell TSF and will be capped with 4.0m of NPAG 
waste rock material to ensure freeze-back encapsulation. 

5.2.9.5 Predicted Residual Effects 

No significant residual effects have been identified for closure of the waste management facilities other 
than changes to terrain caused by the construction and subsequent reclamation of the facilities. 

5.2.9.6 Uncertainties 

No major uncertainties have been identified in regards to closure of the waste management facilities. 

5.2.9.7 Post-Closure Monitoring, Maintenance, and Reporting 

The overall post-closure monitoring, maintenance program and reporting for the Meadowbank Project are 
discussed in Section 9.0 along with the general reporting requirements. The following presents the relevant 
post-closure monitoring and maintenance strategies for the waste management facilities as presented by 
AANDC/MVLWB (2013): 

�² Test water quality and quantity to measure the success of the selected closure activities for 
landfills and waste disposal areas; 

�² Monitor the ground thermal regime and the cover system performance to determine if permafrost 
has aggraded into the landfill and if the seasonal active zone remains within the cover; 

�² Inspect surface of landfill cover systems for cracking or slumping of the cover and for the 
underlying waste material’s migrating to surface; 

�² Monitor wildlife and human use to ensure the selected closure activities have been effective in 
preventing access to these areas. 

The landfill will be integrated within the surrounding RSF permafrost so no leachate is expected to occur in 
the long term. During the transition period (freezing), the leachate from the landfill is expected to have a 
very low strength (dilute) or is simply absent due to controls on materials placed in the landfill, and thus 
site-specific landfill leachate management is expected not to be required. Any leachate generated by the 
landfill will naturally be directed to the TSF.  Landfill inspections and thermal monitoring will likely be 
required to ensure the freezeback of the RSF and landfill. The landfill will be inspected for cracking or 
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slumping, for underlying waste material pushing its way up through the cover and to establish if buried 
materials are being pushed to the surface as a result of frost heaving. The thermal monitoring program will 
be part of the monitoring of the Portage RSF. 

Landfarm monitoring and sampling during closure for contaminated soil remediation will follow the 
procedure specified in the Landfarm Design and Management Plan (Agnico, 2017b). The water contained 
in the sump in the landfarm will be released in a controlled manner to the TSF once confirmed it meets 
regulatory criteria. At closure, all remediated soils in the landfarm will be removed and handled as per the 
Landfarm Design and Management Plan. As the landfarm will be covered with NPAG waste rock as part of 
the TSF and integrated to the permafrost, no leachate is expected in post-closure.  

Hazmat disposal will be audited in closure or post-closure to ensure all material have been disposed off 
site in appropriate facilities. 

A detailed post-closure monitoring program for the waste management facilities has not been developed to 
date; however, such a plan is anticipated to be similar to the monitoring developed for the operations 
phase and will comply with the monitoring requirements outlined in the Meadowbank Water Licence.  

5.2.9.8 Contingencies 

No specific activities are proposed as contingencies for the closure of the waste management facilities. 
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6.0 Progressive Reclamation 

6.1 Definition of Progressive Reclamation 
Progressive reclamation takes place prior to permanent closure to reclaim components and/or 
decommission facilities that no longer serve a purpose. These activities can be completed during 
operations with the available resources to reduce future reclamation costs, minimize the duration of 
environmental exposure, and enhance environmental protection. Progressive reclamation may shorten the 
time for achieving closure objectives and may provide valuable experience on the effectiveness of certain 
measures that might be implemented during permanent closure (AANDC/MVLWB 2013). 

The Code of Practice for Metal Mines includes the following recommendations related to progressive 
reclamation (adapted from EC 2009): 

�² Progressive reclamation, including that of waste rock piles, tailings management facilities and mine 
site infrastructure, should be undertaken during the mine operations phase to the extent feasible; 

�² Progressive reclamation activities should be consistent with the site-specific objectives and 
intended post closure land use for the site. Planning and implementation should consider final 
contouring, final drainage, cover requirements, and re-vegetation; 

�² The project schedule should be used to monitor the status of progressive reclamation, and the 
schedule should be updated on a regular basis. 

6.2 Opportunities for Progressive Reclamation 
Best management practices, including progressive closure, have been incorporated in the Meadowbank 
operation period. The current mine plan includes progressive closure associated with the following 
components: 

�² Open pits; 

�² Portage RSF; 

�² Tailings Storage Facilities; 

�² Water management infrastructures. 

The key closure activities that have been identified for progressive reclamation are summarized in the 
following sections for each individual component of the Project. The progressive reclamations activities 
provided in this ICRP will be updated in future versions of the plan to include new opportunities for 
progressive reclamation identified during operations. 

Details related to schedule of progressive reclamation is included in the closure schedule presented in 
Appendix P.  

6.2.1 Baker Lake Site Facilities 

No progressive reclamation activities have been identified for the Baker Lake site facilities at this time, as 
the facilities will be required throughout the operation period and the active closure. 
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6.2.2 All-Weather Access Road 

The quarries and granular borrow sites no longer required for operations will be progressively reclaimed 
during operation, as equipment and resources are available. Specific timeline for quarries progressive 
reclamation during operation will be eventually defined.  

6.2.3 Dikes and Saddle Dams 

No progressive reclamation activities have been identified for the dikes and permanent structures this time. 
Dewatering structures are required for operations in the open pits and also to maintain the pits isolated 
during the flooding period and prior to opening the dewatering dikes. The TSF structures are required 
during operations to contain the tailings and will remain in place in the long term. 

6.2.4 Open Pits 

Following the end of mining activities in Goose Pit in 2015, natural flooding started. No active pumping 
system is operating in Goose pit and part of the system has been decommissioned. From 2015 to the end 
of 2017, approximately 1,581,806 m3 of water have flooded the Goose Pit. This volume includes natural 
flooding (run off water, seepage, groundwater) and also transfer from the downstream seepage of Central 
Dike. The flooding of Portage, Vault and Phaser/BB Phaser pits are planned at the end of their operation in 
2019-2020, while the Mill will still be processing ore from Whale Tail Pit and tailings deposition.  

6.2.5 Rock Storage Facilities 

Closure and reclamation of the Portage RSF occurred progressively during operations with the placement 
of the NPAG cover over the side slopes of the PAG RSF. Refer to Section 5.2.5.4 for cover design details. 
Approximately 84% of the Portage PAG RSF has been covered as of the end of 2017. 

The RSF is designed for long-term stability. Thus no additional re-grading or construction will be required 
for stability. It will not be possible to progressively reclaim the uppermost bench or the top surface of the 
Portage RSF as the demolition landfill is located on the RSF. This will be completed in closure. 

Open pit backfill with waste rock also occurred during operations at Goose and Portage pits, in the mined 
out sectors. 

Finally, the RSFs containing NPAG waste rock will be reclaimed in operation or in active closure for 
closure construction requirements. 

6.2.6 Tailings Storage Facilities 

Progressive reclamation by capping the tailings in the North Cell was undertaken in winter of 2015 
following the completion of the tailings deposition. The construction continued in 2016 and 2017. Capping 
occurred in sections (perimeter areas) where the tailings were at elevation 149.5 m (design level). This 
consisted of capping with 2.0 m of NPAG material and represents 750,743 m³ of placed material. 
Progressive closure in the North Cell is planned to continue in winter 2018 and 2019.  

As part of the closure and reclamation planning, Agnico Eagle has undertaken a research program in 
collaboration with the RIME (Research Institute in Mine and Environment). The focus of this research 
program is the reclamation of the tailings storage and rock storage facilities. Test pads were constructed 
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over the North Cell and instrumented to test various type of cover. Additional details are available in 
Appendix E. 

6.2.7 Water Management Facilities 

Following conversion of the Portage Attenuation Pond into the Reclaim Pond (South Tailings Cell) in 2014, 
some of the dewatering equipment from the North Cell reclaim system (i.e. dewatering pipelines, reclaim 
barge, effluent diffuser pipelines, and pumps) has been dismantled and removed. This activity occurred in 
2015. Water management facilities or equipment not used or deemed not necessary could be removed 
during operations. 

6.2.8 Infrastructure at Mill and Camp Area 

Potential progressive reclamation activities for the buildings and equipment at Vault could occur during 
operation after the mining activities. Specific timeline for progressive reclamation at Vault during operation 
will be eventually defined.  

Efforts are also made to reduce inventories of consumables leading up to the end of operations. 

6.2.9 Waste Management Facilities 

The landfill will be in active use throughout the operation period and also during the closure period in order 
to receive debris from decommissioning. Operation landfills are progressively closed in the Portage RSF 
during operation, but final closure of the demolition landfill will occur at the end of the active closure stage. 
The landfarm will be required in operations and active closure for soil decontamination. No specific 
progressive reclamation activities have been identified for the other waste disposal areas. 

7.0 Temporary Closure 

Temporary closure occurs when an advanced mineral exploration or mining operation ceases with the 
intent of resuming activities in the near future. Temporary closure could be due to an unplanned closure or 
a planned closure of certain facilities in a complex mining project (AANDC/MVLWB, 2013). 

The Project operation is planned to be continuous for the full proposed operating period. However, the 
mine may need to shut down for a short-term or indefinitely (long-term) due to economic, environmental 
and/or social factors. The plans for both of these closure periods are discussed below. Notification of 
temporary closure would be presented to the staff and the local population with at least 30 days’ notice; if 
the conditions allow, a longer notice period will be provided where possible.  

7.1 Temporary Closure Goal and Closure Objectives 
The goal of temporary closure is ongoing protection of the environment, and regulatory compliance during 
the shutdown period. Temporary closure measures deemed necessary will depend upon the duration and 
extent of site activities/presence during the temporary closure. It is anticipated that water management and 
treatment facilities will function at the same level during temporary shutdown periods as during operations. 

The objectives of temporary closure activities are to: 
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�² Maintain all operating facilities and programs necessary to protect humans, wildlife, and the 
environment, including necessary environmental monitoring; 

�² Make available appropriate financial resources to continue environmental monitoring and reporting 
during temporary closure;  

�² Keep care and maintenance staff at the site and in sufficient number and expertise to care for the 
site and any potential problems that may arise;  

�² Make available sufficient equipment and supplies on site for any maintenance or reclamation 
activities that may need to take place; and 

�² Comply with all applicable federal and territorial laws and regulations, in addition to the operator’s 
Land Use Permits, Land Leases and Water Licence, will be ensured. 

7.2 Temporary Closure Activities 
The proposed short-term and long-term temporary closure activities are presented in the following 
subsections. The extent to which the activities listed will be implemented depends on the site conditions at 
the time of the temporary closure, and the anticipated length of the closure (short-term or long-term). In all 
cases, access to the sites, buildings, and all other infrastructures will be secured and restricted to 
authorized personnel only. 

In most circumstances, planned temporary closure activities are expected to occur as described above and 
in the following sections. Should a situation arise in which temporary closure cannot be executed as 
planned (e.g. major fire at the processing Mill, dam important break/breach, etc.), the affected features will 
be subject to alternative temporary closure measures, with the planned temporary closure activities 
resuming as soon as practical. Also, temporary closure will not affect the AWAR as it is used as the 
overland transportation route from Baker Lake to the mine site for supplies. Regular maintenance and 
monitoring activities will be maintained at the same frequency as that of operations during short-term 
temporary closure and at a reduced frequency as required during long-term temporary closure. 

7.2.1 Short-term Temporary Closure 

Short term shut down or closure period is defined as a period of less than one year and could last for a 
period of weeks or several months (up to 12 months) based on economic, environmental, and social 
factors. The following Table (Table 7-1) summarizes the measures that will be taken as required during a 
short-term temporary closure (adapted from Golder 2014 and 2016a). 
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Table 7-1 : Short-term Temporary Closure Activities 

Sites Closure Activities 

Open pits 
Warning signs and berms will be erected as needed around the pit perimeter 

Dewatering/flooding of the pit will continue as conducted during operations 

Monitoring 

Monitoring of water quality of the collection ponds will continue as per during operations 

Environmental monitoring and sampling will continue at regular intervals as set out in the Project 
operations and monitoring program and in accordance with all applicable Licences, permits, and 
authorizations 

Routine geotechnical stability monitoring and maintenance will continue at a reduced rate compared to that 
conducted during operations. The pit area will be inspected routinely to check for rock falls, changes to 
groundwater inflows and overall integrity 

Water 
Management 

Surface water management facilities will be maintained to manage contact water runoff 

Unused water distribution lines will be drained, but would be left in place 

TSF 
Maintenance of water management infrastructures supporting the TSF to operational levels and required 
freeboard 

Infrastructures 
and services 
areas 

All mobile equipment except for small service equipment required for pit inspections will be removed and 
placed in secure on-site storage 

Fuel, lubricants, and hydraulic fluids will be removed from the pit area and stored in designated areas 

Fluid levels in all fuel tanks will be recorded and monitored regularly for leaks, or fuel will be removed from 
the site 

An inventory of chemicals and reagents, petroleum products, and other hazardous materials will be 
conducted. These materials will be secured appropriately, or the materials will be removed from the site 

All explosives will be relocated to the main powder magazine and secured, disposed of, or removed from 
the site 

Minimum staffing levels will be maintained to carry out care and maintenance 

The accommodations will be operated at reduced staffing level 

Critical facilities will have nominal heat to prevent freezing of the facilities and possible damage 

The sewage treatment plant and potable water treatment plant will continue to operate as needed 

Hazardous wastes on-site will be collected and stored in an appropriate area for annual disposal to a 
registered disposal facility 

 

7.2.2 Long-term temporary closure 

Long-term temporary closure (indefinite shutdown) is a cessation of mining and processing operation for 
an indefinite period of time greater than one year. The intention is that the mine will resume operations as 
soon as possible after the cause for the indefinite shutdown has been addressed. The site must maintain 
safety and environmental stability during this time. Possible causes for an indefinite shutdown could 
include prolonged adverse economic conditions or extended labor disputes. A decision on the estimated 
length of the indefinite shutdown would be made after the initial one year period. Decisions on possible 
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extensions to the indefinite shutdown would be made every 6 months thereafter and would be based on 
the conditions at that time. At present, the maximum length of time or number of extensions for interim 
shutdown before moving to final closure has not been defined. Table 7-2 summarizes the measures that 
will be taken as required in addition  to the short-term temporary closure activities (Table 7-1) during a 
long-term temporary closure (adapted from Golder 2014 and 2016a). 

Table 7-2 : Long-term Temporary Closure Activities 

Category Closure Activities 

Open pits 
Pumps in the pit will be relocated and the pit will be allowed to flood passively (from rainfall and 
groundwater inflow) 

Monitoring 
Environmental and geotechnical monitoring and sampling will continue at the regular level as set out in the 
mine operations and monitoring program, and in accordance with all applicable Licences, permits and 
authorizations 

RSF 

If necessary, the working face of the RSFs slopes will be graded to ensure stability and drainage to the 
contact water management system adjacent to the rock storage facilities. As the RSFs will be designed 
and operated for long-term stability, it is anticipated that any grading required will be localized and minimal. 
The RSFs will be monitored to ensure the site stays in compliance with any permits and/or licences 

TSF 

The tailings surface area will be re-graded, if needed, to promote slope stability. Erosion control measures 
will be implemented, if required, to reduce the potential mobilization of tailings by wind (spraying water to 
keep the tailings surface wet and/or covering the tailings surface with a layer of gravel). The TSF will be 
subject to routine geotechnical stability monitoring and maintenance. Monitoring will be at the same 
frequency as that of operations. Maintenance will be completed as required. 

Dikes/dams 
The dikes/dams will be monitored and maintained, and none of the dikes/dams will be opened and 
reconnected to adjacent lakes 

Water 
Management 

Surface water control structures will be maintained as required. In areas where water quality is suitable for 
discharge, natural drainage courses may be re-established 

Unused water distribution lines will be drained. Unused lines on surface will be removed and placed in a 
secure lay down area to reduce impacts on wildlife 

 

7.3 Temporary Closure Monitoring, Maintenance, and Reporting 
Monitoring and reporting during the short-term and long-term temporary closure will continue at the regular 
level as set out in the mine operations and monitoring program, and in accordance with all applicable 
Licences, permits and authorizations. Adjustment of monitoring frequencies for long term temporary 
closure might be made only following approval from the licensing and permitting authorities concerned. 

The numbers of personnel on-site would be reduced to reduce operation costs. The staff present at site 
during temporary closure would be sufficient in number and expertise to successfully carry out care, 
maintenance and monitoring duties, and to address and remediate any potential problems that may arise. 
Sufficient equipment and supplies/reagents would be left on-site for any maintenance or reclamation 
activities that may need to take place. 
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As required by the Meadowbank Water Licence 2AM-MEA1525, Part J, items 4 and 5;  the Licensee shall 
notify the NWB in writing, at least sixty (60) days prior to, or as soon as practically possible, any intent to 
enter into a Care and Maintenance Phase.  The Licensee shall provide the NWB, within thirty (30) days of 
the Licensee providing notice of intent to enter into Care and Maintenance under Part J, Item 4, a Care and 
Maintenance Plan that details the Licensee’s plans for maintaining compliance with the Terms and 
Conditions of the Licence. 

The reclamation security deposit will also be kept up to date during temporary closure.  

7.4 Temporary Closure Contingency Program 
The key staff present at site during temporary closure would be sufficient in number and expertise to 
successfully address and remediate any conditions or unforeseen events that may arise through the 
monitoring programs. The key staff at the site would also have access to external consultants and 
advisors, as required. 

The contingency options and actions for events or incidents defined for operations would be also 
implemented during the temporary closure (i.e., spill responses and reports). 

7.5 Temporary Closure Schedule 
Mining activities during short-term closure are typically stopped. However, activities such as care-and 
maintenance, monitoring, intermittent testing, periodic operation of equipment and appropriate facilities will 
be on-going as described above. Activities related to ensuring public and wildlife safety would be a priority, 
and would focus upon maintenance and monitoring of all facilities and equipment to maintain physical and 
chemical stability. A sufficient number of care-and-maintenance staff would be present on site, and an 
appropriate level of security would be implemented at selected facilities. Access to temporarily inactive 
facilities would be restricted to authorized personnel only. 

The temporary closure schedule would depend on when temporary closure occurs (i.e., what year of the 
operations stage) and its duration, both of which are commonly uncertain. Therefore, the schedule for the 
activities presented in Section 7.2 would be developed as temporary closure advances. Establishing a 
temporary closure schedule inherently contains uncertainty as this is not a planned activity, and the 
duration of a temporary closure will vary based on the cause for closure. As a result, the schedule will be 
progressive. 

The sequence of activities for short-term and long-term temporary closure would, in summary, be as 
follows: 

�² Restrict access to the site, buildings, and infrastructures to authorized personnel as required; 

�² Carry out an inventory of chemicals and reagents, petroleum products, and other hazardous 
materials and secure the inventory appropriately or remove some of it from site; 

�² Post warning signs and berms as needed around the open pits perimeter; 

�² Remove all mobile equipment except for small service equipment required for open pits and site 
inspections and place them in secure on-site storage; 



 

Meadowbank Interim Closure and Reclamation Plan – Update 2018 Original -V. 00 

2018/06/29 654769-5000-4EER-0001 Technical Report 

121 

�² Temporary closure of unnecessary facilities and systems; 

�² Continue with environmental and geotechnical monitoring and sampling required for care, 
maintenance and monitoring at the regular level as set out in the mine operations and monitoring 
program, and in accordance with all applicable Licences, permits, and authorizations. 

8.0 Integrated Schedule of Activities 

Reclamation of the Meadowbank site can be divided into the following three general stages (Golder, 2014): 

�² Operations: during which time progressive rehabilitation measures may be undertaken; 

�² Active Closure/Closure: during which time the major reclamation measures are undertaken; and 

�² Post Closure: all major construction activities have been completed and ongoing monitoring and 
maintenance is required, with minimal activity on-site. 

The preliminary schedule of the Meadowbank closure is presented in Appendix P and provides a schedule 
detailing the closure stages of major components of the Meadowbank progressive closure, active 
closure/closure and post closure. The main key periods included in the schedule are presented in Table  
8-1. 

Table 8-1 : Meadowbank - Closure and Post-Closure Main Phases 

Period Operations/Closure Main Phases 

2017 to September 2018 Mining operations at Meadowbank 

2019 Q3 to January 2022 Mining operations at Whale Tail  

(ore processing at Meadowbank) 

2017 to January 2022 Progressive closure 

2022 to 2024 Active Closure - Demolition 

2019 Q3 to 2026 Active pits flooding 

2030 Dikes opening/reconnection 

2022 to 2030 Active Closure and Closure monitoring 

2031 to 2032 AWAR closure 

2031 to 2041 Post-Closure Monitoring 
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It is anticipated that the schedule will be refined throughout the Project life as the designs for closure are 
advanced and the closure methods and strategies are further developed. The schedule is subject to 
changes following mine plan and development as well as market conditions. 
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9.0 Post-Closure Site Assessment 

The ICRP is a “living” document and includes a commitment to adaptive management and monitoring 
during all stages of the mine life to demonstrate the safe performance of the Project facilities and to reduce 
any contamination on the site or in the adjacent area after operations cease. Monitoring during operations 
and in closure will identify non-compliant conditions; allow timely maintenance and clean up as needed; 
allow timely planning for adaptive and corrective measures; and enable successful completion of the ICRP.  

Monitoring programs is already ongoing to provide additional baseline information on which to base the 
Final Closure and Reclamation plan (FCRP) document. The adaptive management plans to be used in 
closure will follow the actions completed during operations, and will be coordinated with the existing 
operational monitoring programs to set appropriate trigger levels, and mitigation plans and actions. 

Monitoring and maintenance programs that are implemented during the closure and post-closure phases of 
the Project life will use the data collected during operational monitoring. The data collected in operation will 
assist with defining measures of success at closure and the performance of the reclamation and closure 
efforts. The data collected during post-closure monitoring will allow the procedures and activities to be 
adjusted or modified as necessary to confirm ongoing environmental protection, and ultimately will 
determine when final closure is complete, the closure objectives for the Project have been achieved, and 
the Project site and affected areas have been returned to viable and, wherever practicable, self-sustaining 
ecosystems that are compatible with a healthy environment and with human activities. 

Monitoring programs will be initiated during pre-development and operations to provide additional baseline 
information on which to base the FCRP document. The adaptive management plans to be used in closure 
and post-closure will follow the actions completed during operations, and will be coordinated with the 
operational monitoring programs (e.g., the Aquatic Effects Monitoring Plan (AEMP) and the Terrestrial 
Environment Management Plan (TEMP)) to set appropriate trigger levels, and mitigation plans and actions. 

Monitoring and maintenance programs that are implemented during the closure and post-closure phases of 
the Project life will use the data collected during operational monitoring to assess the performance of the 
reclamation and closure procedures, and to identify long-term maintenance requirements, if any. The data 
collected during post-closure monitoring will allow the procedures and activities to be adjusted or modified 
as necessary to confirm ongoing environmental protection. 

Post closure general arrangement is presented in Appendix O. 

9.1 Operational Monitoring Strategies 
The overall objectives during operations of the AEMP and the TEMP are to provide programs to identify 
and mitigate potential adverse Project-related impacts so that construction and operational activities do not 
cause any undue harm to water quality, sediment quality, vegetation, biota, wildlife, and wildlife habitats. 
Both the AEMP and the TEMP provide the basis for integrating monitoring efforts with future revisions to 
the Closure and Reclamation Plan to verify compliance with regulatory instruments and agreements, both 
federally and territorially. 
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The AEMP and the TEMP will be reviewed and updated in the final year of operations to reflect conditions 
at the site as the mine approaches closure. The changes would allow the basic portions of the plans to 
continue to be used to cover the closure period activities. 

9.2 Closure and Post-Closure Strategies 
Development of monitoring and maintenance programs is an iterative process in consultation with 
communities and regulators as the Project advances. The closure and post-closure monitoring and 
maintenance programs will be extensions of efforts undertaken during the operations phase and would 
reflect the success of the management of the site during operations to limit contamination. 

The actual conditions or impact from the operations within the mine footprint would be understood at 
closure and this information would be used to modify monitoring plans moving to closure and post closure. 
It is anticipated that monitoring and maintenance will be carried out during the active closure stage at 
frequencies similar to those required during operations. Post closure monitoring and maintenance will be 
carried out at a reduced frequency depending on the results of the monitoring and the measures of 
success selected for closure. Guidance on monitoring and maintenance programs for closure and post-
closure is provided in AANDC/MVLWB (2013). The frame work for the relevant strategies for the back-
flooded area identified at this time is discussed below: 

�² Visual inspections of the reclaimed areas; 

�² Sample surface water and profiles of the back-flooded area; and 

�² Inspect fish habitat in back-flooded area. 

As the closure effort is completed and the post-closure period begins, the AEMP and the TEMP would be 
reviewed and updated again to cover the remaining (post-closure) monitoring period. It is also anticipated 
that after several years in the post-closure period, monitoring would no longer be required. 

It is planned that the haul road would be maintained for a sufficient period to enable access to the site for 
minor maintenance required in the initial portion of the post-closure period. The haul road will be 
decommissioned once maintenance requirements at the Project site are anticipated to be minor and could 
be achieved with small crews sent to site via helicopter in the summer. It is anticipated that the need for 
ongoing maintenance would be reduced with time and will not be required once the site is physically and 
chemically stable. 

9.3 Reporting 
The preparation of the following reports is required by the AANDC/MVLWB (2013) guidelines for closure 
and reclamation of all components of mine sites: 

�² Annual Closure and Reclamation Plan Progress Report: The general purpose of these annual 
reports is to provide an opportunity for all parties to track, modify, and report on reclamation. The 
annual review of research results also provides an opportunity to identify missing research tasks, 
which allows the research plans to continually evolve. The progress reports keep all parties 
informed about closure planning and allow the NWB to confirm that the proponent has remained on 
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schedule. Any proposed changes to the CRP should be presented with supporting rationale in 
these reports for NWB approval; 

�² Reclamation Completion Report: The general purpose of the reclamation completion report is to 
provide details, including figures, of the actual reclamation work completed, and an explanation of 
any work that deviated from the original or approved CRP. The report should also provide a 
preliminary assessment on whether appropriate closure objectives and criteria have been 
achieved. With each reclamation completion report, there may be an opportunity to revise the 
financial security estimate depending on the stage of the operation and the current CRP; 

�² Performance Assessment Report: A performance assessment report is prepared at the completion 
of the reclamation work and following submission of the reclamation completion report. The 
general purpose of the performance assessment report is to provide a detailed comparison of 
conditions at the site against the appropriate closure objectives and closure criteria. With each 
performance assessment report, there may be an opportunity to revise the security estimate 
depending on the stage of the operation and the current ICRP. 

The timelines for preparation and submission to NWB of the above described reports will be according to 
the Meadowbank Mine approved Licence requirements. 
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10.0   Financial Security 

A permanent closure and reclamation financial security cost estimate has been prepared with the present 
Project layout and infrastructure. The cost estimate covers the closure and reclamation of all Project 
facilities as described in this report and was prepared using RECLAIM Version 7.0, March 2014, for 
permanent closure of the Project. 

Reclamation of the Meadowbank Gold Project facilities can be divided into the following three general 
stages, as presented in the integrated schedule of closure activities presented in Appendix P: 

�² Operations: during which time progressive rehabilitation measures may be undertaken; 

�² Active Closure: during which time the major reclamation measures are undertaken;  

�² Post Closure: all major construction activities have been completed and ongoing monitoring and 
maintenance is required, with minimal activity on-site. 

Agnico Eagle is required to submit a detailed financial security cost estimate for the Meadowbank ICRP - 
Update 2018 to Indigenous and Northern Affairs Canada (INAC) and to the Kivallik Inuit Association (KIA) 
to support land use and water licensing requirements. RECLAIM Version 7.0 workbook has been used for 
this estimate, as per the Guidelines for Closure and Reclamation Cost Estimates for Mines, issued by 
Indigenous and Northern Affairs Canada, Mackenzie Valley Land and Water Board and the Government of 
the Northwest Territories (INAC, MVLWB, GNWT, 2017). 

This cost estimate provides for the closure measures described in detail in the Meadowbank ICRP – 
Update 2018. Most closure activities will occur within the active closure period, from 2022 to 2024. The 
schedule of closure activities presented in Appendix P outlines the major closure measures and their 
expected timeline. 

For the purpose of this financial security cost estimate, only progressive rehabilitation measures which 
have already been completed to date are considered in the calculations. 

The updated 2018 estimated closure and reclamation costs for the Meadowbank Project represent a total 
of $ 83,569,898. This total includes $ 57,883,238 of direct costs and $ 25,686,660 of indirect costs. The 
financial security cost estimate assumptions and methodology used for the calculations, along with the 
complete RECLAIM 7.0 spreadsheets are presented in Appendix Q. 
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12.0   Personnel 
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We trust that this report is to your satisfaction. Should you have any question, please do not hesitate on 
contacting us. 
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The following terms are utilized in this document following the definitions provided in the Mine Site 
Reclamation Guidelines for the Northwest Territories (INAC 2007), the Guidelines for the Closure and 
Reclamation of Advanced Mineral Exploration and Mine Sites in the Northwest Territories 
(AANDC/MVLWB, 2013)  and the Meadowbank Gold Project Type “A” Water Licence 2AMMEA1525. 

This Appendix includes discipline-specific technical terms and key closure and reclamation planning terms 
(Adapted from Golder, 2014). 

 

Abandonment:  The permanent dismantlement of a facility so it is permanently incapable of its intended 
use. This includes the removal of associated equipment and structures. 

Acid Rock Drainage (ARD):  Acid rock drainage/metal leaching. The production of acidic leachate, 
seepage or drainage from underground workings, open pits, ore piles, waste rock or construction rock that 
can lead to the release of metals to groundwater or surface water during the life of the Project and beyond 
closure. 

Active layer : The layer of ground above the permafrost which thaws and freezes annually. 

Adaptive management : A management plan that describes a way of managing risks associated with 
uncertainty and provides a flexible framework for mitigation measures to be implemented and actions to be 
taken when specified thresholds are exceeded. 

All-Weather Access Road (AWAR ): The all-weather access road and associated water crossings 
between the Hamlet of Baker Lake and the Meadowbank Gold Project mine site. 

Aquatic Effects Monitoring Plan (AEMP):  A monitoring program designed during the Environmental 
Impact Statement stage of the Project to determine the short and long-term effects in the aquatic 
environment resulting from the Project, to evaluate the accuracy of impact predictions, to assess the 
effectiveness of planned impact mitigation measures and to identify additional impact mitigation measures 
to avert or reduce environmental effects. An overarching “umbrella” program that conceptually provides an 
opportunity to integrate results of individual, but related, monitoring programs in accordance with the Water 
Licence. 

Backfill:  Material excavated from a site and reused for filling the surface or underground void created by 
mining. 

Background:  An area near the site under evaluation not influenced by chemicals released from the site, or 
other impacts created by onsite activity. 

Baker Lake Site Facilities:  The facilities associated with the Meadowbank Gold Project, located within the 
Hamlet of Baker Lake, which includes the barge landing, a dry freight storage area, a fuel tank farm, and 
associated access roads. 

Baseline:  A surveyed condition and reference used for future surveys. 

Bay-Goose Dike : The structure, along with South Camp Dike, designed to isolate the Portage and Goose 
Island open pit mining areas from Third Portage Lake. 
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Berm:  A mound or wall, usually of earth, used to retain substances or to prevent substances from entering 
an area. 

Best management practices:  Any program, technology, process, operating method, measure, or device 
that controls, prevents, removes, or reduces pollution and impact on the environment. 

Biodiversity:  The variety of plants and animals that live in a specific area. 

Bioremediation:  The use of microorganisms or vegetation to reduce contaminant levels in soil or water. 

Borrow pit:  A source of fill or embanking material. 

Canadian Council of the Minister of Environment (CCME):  The organizations of Canadian Ministers of 
Environment that set guidelines for environmental protection across Canada such as the Canadian Water 
Quality Guidelines for the Protection of Freshwater Aquatic Life. 

Care and maintenance:  A term to describe the status of a mine when it undergoes a temporary closure. 
In respect of a mine, means the status of the facility when the Licensee ceases production or commercial 
operation temporarily for an undefined period of time 

Central Dike:  The structure designed to isolate the Tailings Storage Facility from Second Portage Lake for 
the purpose of retaining tailings. 

Closure:  When a mine ceases operations without the intent to resume mining activities in the future. 

Closure criteria:  Details to set precise measures of when the objective has been satisfied. 

Closure objectives: Statements that describe what the selected closure activities are aiming to achieve; 
they are guided by the closure principles. Closure objectives are typically specific to project components, 
are measurable and achievable, and allow for the development of closure criteria. 

Commercial operation:  In respect of a mine, an average rate of production that is equal to or greater than 
25% of the design capacity of the mine over a period of ninety consecutive days. 

Construction : Activities undertaken to construct or build any components of, or associated with, the 
development of the Meadowbank Gold Project. 

Contact water : Any water that may be physically or chemically affected by mining activities.  

Contaminant:  Any physical, chemical, biological or radiological substance in the air, soil or water that has 
an adverse effect. Any chemical substance with a concentration that exceeds background levels or which 
is not naturally occurring in the environment. 

Contouring:  The process of shaping the land surface to fit the form of the surrounding land. 

Core Receiving Environmental Monitoring Program (CREMP): A monitoring program designed to 
determine the short and long-term effects in the aquatic environment resulting from the Project, to evaluate 
the accuracy of impact predictions, to assess the effectiveness of planned impact mitigation measures and 
to identify additional impact mitigation measures to avert or reduce environmental effects. 

Cumulative Effects : The combined environmental impacts that accumulate over time and space as a 
result of a series of similar or related actions or activities. 
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Decommissioning : The process of permanently closing a site and removing equipment, buildings and 
structures. Rehabilitation and plans for future maintenance of affected land and water are also included. 

Deleterious substances:  A substance as defined in section 34(1) of the Fisheries Act. 

Dike:  Retaining structure designed for water control to enable safe open pit mining and for containing 
tailings impoundments. 

Discharge:  The release of any water or waste to the receiving environment. 

Disposal:  The relocation, containment, treatment or processing of unwanted materials. This may involve 
the removal of contaminants or their conversion to less harmful forms. 

Domestic waste:  All solid waste generated form the accommodations, kitchen facilities and all other site 
facilities, excluding those hazardous wastes associated with the mining and processing of ore. 

Drainage:  The removal of excess surface water or groundwater from land by natural runoff and 
permeation, or by surface or subsurface drains. 

East Dike:  The structure designed to isolate the Portage Pit area from Second Portage Lake. 

Effluent:  Treated or untreated liquid waste material that is discharged into the environment from all site 
water management facilities or from a structure such as a settling pond or a treatment plant. 

End land use:  The allowable use of disturbed land following reclamation. Municipal zoning and/or 
approval may be required for specific land uses. 

Engagement: The communication and outreach activities a proponent is required to undertake with 
affected communities and Aboriginal organizations/governments prior to and during the operation of a 
project, including closure and reclamation phases. 

Engineered structure:  Any facility, which was designed and approved by a Professional Engineer 
registered with the Association of Professional Engineers, Geologists and Geophysicists of Nunavut. 

Environment:  The components of the Earth, and includes: land, water and air, including all layers of the 
atmosphere; all organic and inorganic matter and living organisms; and the interacting natural systems that 
include the aforementioned components. 

Environmental assessment:  An assessment of the environmental effects of a project that is conducted in 
accordance with the Canadian Environmental Assessment Act and its regulations. 

Environmental management system:  A management system that incorporates environmentally and 
socially responsible practices into the project operations. 

Erosion:  The wearing away of rock, soil or other surface material by water, rain, waves, wind or ice; the 
process may be accelerated by human activities. 

Final discharge point:  In respect of an effluent, an identifiable discharge point of a mine beyond which 
the operator of the mine no longer exercises control over the quality of the effluent (Metal Mining Effluent 
Regulations). 

Fish habitat:  Areas used by fish for spawning, nursery, rearing, foraging and overwintering. 
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Geotechnical Engineer:  A professional engineer registered with the Association of Professional 
Engineers, Geologist and Geophysicists of Nunavut and whose principal field of specialization with the 
engineering properties of earth materials in dealing with man-made structures and earthworks that will be 
built on a site. These can include shallow and deep foundations, retaining walls, dams, and embankments. 

Geothermal analysis:  The analysis of temperature below the ground surface. 

Glacial till:  Unsorted and unlayered rock debris deposited by glacier. 

Goose Island Pit:  The open pit developed for mining the Goose Island ore deposit. 

Greywater:  The component of effluent produced from domestic use (i.e. washing, bathing, food 
preparation and laundering), excluding sewage. 

Ground thermal regime: Temperature conditions below the ground surface; a condition of heat losses 
and gains from geothermal sources and the atmosphere. 

Groundwater:  All subsurface water that occurs beneath the water table in rocks and geologic formations 
that are fully saturated. Water that occupies pores and fractures in rock and soil below the ground surface 
in a liquid or frozen state. 

Habitat:  The place where animal or plant naturally lives and grows. 

Hazardous materials/waste:  A contaminant which is a dangerous good that is no longer used for its 
original purpose and is intended for recycling, treatment, disposal or storage. Materials or contaminant 
which are categorized as dangerous goods under the Transportation of Dangerous Good Act (1992) and/or 
that is no longer used for their original purpose and is intended for recycling, treatment, disposal or 
storage. 

Hydrology:  The science that deals with water, its properties, distribution and circulation over the Earth’s 
surface. 

In situ treatment:  A method of managing or treating contaminated soils, sludges and waters “in place” in a 
manner that does not require the contaminated material to be physically removed or excavated from where 
it originated. 

Incinerator:  The dual chamber, high temperature facility designed with the capacity to service the camp. 

Interim Closure and Reclamation Plan (ICRP):  A conceptual detailed plan on the reclamation of mine 
components which will not be closed until the end of the mining operations, and operational detail for 
components which are to be progressively reclaimed throughout the mine life. 

Landfarm: The lined, engineered facility designed to treat petroleum hydrocarbon contaminated snow and 
soil that may be generated during mining activities using bioremediation. 

Landfill:  An engineered waste management facility at which waste is disposed by placing it on or in land in 
a manner that minimizes adverse human health and environmental effects. 

Leachate:  Water or other liquid that has washed (leached) from a solid material, such as a layer of soil or 
water; leachate may contain contaminants. 

Metal leaching:  The mobilization of metals into solution under neutral, acidic or alkaline conditions. 
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Migration:  The movement of chemicals, bacteria, and gases in flowing water or vapour. 

Mine design:  The detailed engineered designs for all mine components stamped by a design engineer. 

Mine plan:  The plan for the development of the mine, including the sequencing of the development. 

Mine water:  Any water, including groundwater, which is pumped or flows out of any underground workings 
or open pit. 

Mitigation:  The process of rectifying an impact by repairing, rehabilitating or restoring the affected 
environment, or the process of compensating for the impact by replacing or providing substitute resources 
or environments. 

Monitoring:  Observing the change in geophysical, hydrogeological or geochemical measurements over 
time. 

No net loss:  A term found in Canada’s Fisheries Act. It is based on the fundamental principle of balancing 
unavoidable losses of fish habitats with habitat replacement on a project-by-project basis in order to 
prevent depletion of Canada’s fisheries resources. 

Non-contact water:  The runoff originating from areas unaffected by mining activity that does not come 
into contact with developed areas. 

Nunavut Land Claims Agreement:  The “Agreement between the Inuit of the Nunavut Settlement Area 
and Her Majesty the Queen in Right of Canada,” including its preamble and schedules, and any 
amendments to that agreement made pursuant to it. 

Objectives:  Objectives describe what the reclamation activities are aiming to achieve. The goal of mine 
closure is to achieve the long-term objectives that are selected for the site. 

Operations:  The set of activities associated with mining, ore processing and recovery of gold; excluding 
construction and decommissioning activities. 

Operator:  The person who operates, has control or custody of, or is in charge of a mine or recognized 
closed mine. 

Passive Treatment:  Treatment technologies that can function with little or no maintenance over long 
periods of time. 

Permafrost:  Permafrost is defined as ground that remains at or below 0°C for at least two years. 
Permafrost does not necessarily contain ice; rather, the definition is based solely on temperature criteria of 
the mineral or organic parent material. 

Permafrost Aggradation:  A naturally or artificially caused increase in the thickness and/or area extent of 
permafrost. 

Permanent Closure:  Final closure of the mine site after mining has ceased, when no further exploration, 
mining, or processing activities are anticipated at the site. 

Permeability:  The ease with which gases, liquids, or plant roots penetrate or pass through soil or a layer 
of soil. The rate of permeability depends upon the composition of the soil. 
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pH:  A measure of the alkalinity or acidity of a solution, related to hydrogen ion concentration; a pH of 7.0 
being neutral. 

Piezometer:  An instrument used to monitor pore water pressure. 

Pore water pressure:  The pressure of groundwater held within the spaces between sediment particles. 

Pore water:  The groundwater present within the spaces between sediment particles. 

Portage Attenuation Pond:  The pond located in the South Cell of the TSF (prior to the start of tailings 
deposition in that cell) where mine site contact water will be discharged, and where water in the pond will 
be reclaimed to satisfy mill process water make up requirements with any excess water being treated if 
required and discharged to Third Portage Lake. 

Portage Pit:  The open pit developed for mining the Portage ore deposits. 

Portage Rock Storage Facility:  The facility designed to store waste rock from the Portage and Goose 
Island open pits. 

Post-closure:  The period of time after active closure of the mine. 

Progressive Reclamation:  Actions that can be taken during mining operations before permanent closure, 
to take advantage of cost and operating efficiencies by using the resources available from mine operations 
to reduce the overall reclamation costs incurred. It enhances environmental protection and shortens the 
timeframe for achieving the reclamation objectives and goals. 

Project:  The Meadowbank Gold Project as outlined in the Final Environmental Impact Statement and 
supplemental information submitted by Cumberland Resources Limited, Meadowbank Mining Corporation 
and subsequently Agnico Eagle Mines Ltd. to the Nunavut Impact Review Board (NIRB) and the Nunavut 
Water Board. It comprises an open pit mine, an All Weather Private Access Road from Baker Lake to the 
mine site, and site facilities in the Hamlet of Baker Lake. 

Quarry:  The areas of surface excavation for extracting rock material for use as construction materials 
along the All Weather Private Access Road and facilities at the mine site. 

Receiving environment:  The aquatic and terrestrial environments that receive any discharge resulting 
from the Project. 

Reclaim Pond:  The pond located within the active zone of the Tailings Storage Facility, designed to 
contain process (tailings related) water, and where water in the pond will be used to satisfy mill process 
water make up requirements. 

Reclamation: The process of returning a disturbed site to its natural state or one for other productive uses 
that prevents or minimizes any adverse effects on the environment or threats to human health and safety. 

Reclamation Research:  Literature reviews, laboratory or pilot-scale tests, engineering studies, and other 
methods of resolving uncertainties. Proponents conduct reclamation research to answer questions 
pertaining to environmental risks; the design of reclamation research plans aims to provide data and 
information which will reduce uncertainties for closure options, selected closure activities, and/or closure 
criteria. 
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Rehabilitation:  Activities to ensure that the land will be returned to a form and productivity in conformity 
with a prior land use plan, including a stable ecological state that does not contribute substantially to 
environmental deterioration and is consistent with surrounding aesthetic values. 

Remediation: The removal, reduction, or neutralization of substances, wastes or hazardous material from 
a site in order to prevent or minimize any adverse effects on the environment and public safety now or in 
the future. 

Restoration:  The renewing, repairing, cleaning-up, remediation or other management of soil, groundwater 
or sediment so that its functions and qualities are comparable to those of its original, unaltered state. 

Re-vegetation:  Replacing original ground cover following a disturbance to the land. 

Ripping:  A method of loosening rock or soil using steel tynes attached to the rear of a bulldozer. The tynes 
are lowered into the ground and as the bulldozer moves forwards the soil or blocks of rock are displaced 
by the tynes. 

Runoff:  Water that is not absorbed by soil and drains off the land into bodies of water. 

Saddle Dams: Structures located around the Tailings Storage Facilities. 

Scarification:  Seedbed preparation to make a site more amenable to plant growth. This is typically 
conducted with a grader. 

Security deposit:  Funds held by the Crown or land owner that can be used in the case of abandonment of 
an undertaking to reclaim the site, or carry out any ongoing measures that may remain to be taken after 
the abandonment of the undertaking. 

Sediment:  Solid material, both mineral and organic, that has been moved by air, water, gravity, or ice and 
has come to rest on the earth’s surface either above or below sea level. 

Seepage:  Any water that drains through or escapes from any structure designed to contain, withhold, 
divert or retain water or waste. Seepage also includes any flows that have emerged through open pits, 
runoff from rock storage facilities, ore stockpile areas, quarries, and landfill or landfarm areas. 

Seismic:  Relating to an earthquake or to other tremors of the Earth, such as those caused by large 
explosions. 

Sewage:  All toilet wastes and greywater. 

South Camp Dike:  The structure, along with Bay-Goose Dike, designed to isolate the Portage and Goose 
Island open pit mining areas from Third Portage Lake. 

Stakeholders: Industry, federal agencies, the territorial government, Aboriginal 
organizations/governments, land owners, affected communities, and other parties with an interest in a 
project. 

Stormwater Dike:  The structure designed to divide the North and South cells of the Tailings Storage 
Facility. 

Sump:  An excavation in impermeable soil for the purpose of catching or storing water or waste. 
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Surface water:  Natural water bodies such as river, streams, brooks, ponds and lakes, as well as artificial 
watercourses, such as irrigation, industrial and navigational canals, in direct contact with the atmosphere. 
Sustainable development: Industrial development that does not detract from the potential of the natural 
environment to ensure benefits for future generations. 

Tailings: Material rejected from a mill after most of the recoverable valuable minerals have been 
extracted. 

Tailings Storage Facility:  The facility designed to permanently contain the solid fraction of the mill 
tailings, located in the northwest arm of the partially dewatered Second Portage Lake. The facility includes 
the Reclaim Pond, the Central Dike, Saddle Dams, and the Stormwater Dike. 

Taliks:  Unfrozen zones that can exist within, below, or above permafrost layers. They are usually located 
below deep water bodies. 

Temporary closure:  When a mine ceases operations with the intent to resume mining activities in the 
future. Temporary closures can last for a period of weeks, or for several years, based on economical, 
environmental, political, or social factors. 

Total dissolved solids:  A measure of the amount of dissolved substances in a waterbody. 

Total suspended solids:  A measure of the particulate matter suspended in the water column. 

Traditional knowledge:  A cumulative, collective body of knowledge, experience, and values built up by a 
group of people through generations of living in close contact with nature. It builds upon the historic 
experiences of a people and adapts to social, economic, environmental, spiritual and political change. The 
practical knowledge that has been gathered through the experience of living in close contact with nature 
and has been passed along or communicated orally, and handed down from generation to generation. 

Turbidity: The degree of clarity in the water column typically reflected as the amount of suspended 
particulate matter in a waterbody. 

Vault Attenuation Pond:  The pond located in the Vault mining area where contact water including pit 
water will be discharged and treated, if required, prior to final discharge to Wally Lake. 

Vault Dike:  The structure designed to isolate Vault Lake from Wally Lake, for the purpose of developing 
the Vault Pit and allowing for storage of effluent in the Vault Attenuation Pond. 

Vault haul road: The road that connects the Portage mining area to the Vault mining area. 

Vault haul road crossing: The crossing located at the outlet of Turn Lake to Drill Tail Lake along the road 
that connects the Portage mining area to the Vault mining area. 

Vault Pit:  The open pit developed for mining the Vault ore deposit. 

Vault Rock Storage Facility:  The facility designed to store waste rock from the Vault Pit. 

Waste rock:  All rock materials, except ore and tailings that are produced as a result of mining operations. 
All unprocessed rock materials that are or were produced as a result of mining operations and have no 
current economic value. 
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Wastewater:  The water generated by site activities or originates on-site that requires treatment or any 
other water management activity. 

Wastewater treatment system:  A tertiary treatment plant designed to remove organic material and 
nutrients. 

Watershed:  A region or area bordered by ridges of higher ground that drains into a particular watercourse 
or body of water. 

Water table:  The level below where the ground is saturated with water. 
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List of Acronyms and Abbreviations 

2PL   Second Portage Lake 

3PL   Third Portage Lake 

Agnico   Agnico Eagle Mines Ltd. 

AEMP   Aquatic Environmental Management Plan 

AANDC  Aboriginal Affairs and Northern Development Canada 

ARD   Acid rock drainage 

AWAR   All-Weather Access Road 

Brodie   Brodie Consulting Limited 

CCME   Canadian Council of Ministers for the Environment 

COSEWIC  Committee on the Status or Endangered Wildlife in Canada 

Cumberland  Cumberland Resources Limited 

DFO   Department of Fisheries and Oceans (Fisheries and Oceans Canada) 

ELC   Ecological Land Classification 

FMA   FMA Heritage Resources Consultants Inc. 

GHG   Greenhouse gases 

GN   Government of Nunavut 

Golder   Golder Associates Ltd. 

HADD   Harmful alteration, disruption or destruction (of fish habitat) 

ICRP   Interim Closure and Reclamation Plan 

IF   Iron formation rock 

INAC  Indian and Northern Affairs Canada 

IPCC   Intergovernmental Panel on Climate Change 

IV  Intermediate volcanic (rock) 

KIA/KivIA Kivalliq Inuit Association 

LSA   Local study area 

masl   Meters above sea level 

ML  Metal leaching 

MMC   Meadowbank Mining Corporation 

MMER   Metal Mining Effluent Regulations 
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MW   Mega-Watts 

NEC   Nunavut Environmental Consulting 

NIRB   Nunavut Impact Review Board 

NO2   Nitrogen dioxide 

NPAG   Non-potentially acid generating 

NRC   Natural Resources Canada 

NWB   Nunavut Water Board 

PAG   Potentially acid generating 

PM10   Particulate Matter (concentrations less than 10 ��g/m3) 

PM2.5   Particulate Matter (concentrations less than 2.5 ��g/m3) 

MGP  Meadowbank Gold Project 

SARPR  Species at Risk Public Registry 

SO2   Sulphur dioxide 

SNC   SNC-Lavalin Group 

TSF   Tailings Storage Facilities 

TSP   Total Suspended Solids 

 
List of Units and Symbols 

centimetre    cm  

megawatt    MW 

cubic centimetre   cm3  

metre     m 

cubic metre    m3  

cubic metre per tonne   m3/t  

metres per minute   m/min 

metres per second   m/s 

metric ton (tonne)   t 

milligram    mg 

degrees Celsius   °C  
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milligrams per litre   mg/L 

gram     g  

millilitre    mL 

grams per litre    g/L  

millimetre    mm 

grams per tonne   g/t  

million     M 

greater than    > (use only in tables)  

Million cubic meters   Mm3 

hectare (10 000 m2)   ha  

million tonnes    Mt 

million litre   Ml 

hour     h  

hours per day    h/d  

parts per billion    ppb 

hours per week    h/wk  

parts per million   ppm 

hours per year    h/y  

kilograms per cubic metre  kg/m3  

square centimetre   cm2 

kilograms per hour   kg/h  

square kilometre   km2 

kilometre    km  

Tonnes per day    t/day 

kilometres per hour   km/h  

Tonnes per cubic metre   t/m3 

less than    < (use only in tables)  

litre     L  
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This is a table that outlines all engagement specific to closure that has occurred to date. No issue has 
been identified. 

 

Engagement specific to closure 

Following the end of mining activities in Goose Pit in 2015, natural flooding started. No active pumping system is 
operating in Goose pit and part of the system has been decommissioned. From 2015 to 2017, approximately 
1,581,806 m3 of water have reflooded the Goose Pit. 

Closure and reclamation of the Portage RSF occurred progressively during operations with the placement of the 
NPAG cover over the side slopes of the PAG RSF. Refer to Section 5.2.5.4 for cover design details. Approximately 
84% of the Portage PAG RSF has been covered as of the end of 2017. 

At the TSF, capping the tailings in the North Cell was undertaken in winter of 2015 following the completion of the 
tailings deposition. The construction continued in 2016 and 2017. Capping occurred in sections (perimeter areas) 
where the tailings were at elevation 149.5 m (maximum design level). This consisted of capping with 2.0 m of NPAG 
material. Progressive closure in the North Cell is planned to continue in winter 2018 and 2019. 

Following conversion of the Portage Attenuation Pond into the Reclaim Pond (South Tailings Cell) in 2014, some of 
the dewatering equipment from the North Cell reclaim system (i.e. dewatering pipelines, reclaim barge, effluent 
diffuser pipelines, and pumps) has been dismantled and removed. This activity occurred in 2015. 
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This summary table present lessons from similar projects that would have direct application for the 
Meadowbank closure and reclamation. This table will be updated during further states of the Project, 
during the next revision of the Interim Closure and Reclamation Plan and for the Final Closure and 
Reclamation Plan. 

Development 
Activity which led to 

lesson learned Lesson learned Adaptive management results 

Ekati, Diavik, 
and Snap Lake 

mine sites 
Open pit mining 

Wildlife injury or mortality 
may occur by entering the 

open pit 

A rock berm(s) will be constructed 
around the open pit during the 

operations stage 

Ekati, Diavik, 
and Snap Lake 

mine sites 

Mine site 
infrastructure 

Wildlife injury or mortality 
may occur by entering mine 

site facilities 

Disturbed areas will be recontoured 
at closure reducing 
hazards to wildlife 

(Modified from Golder, 2016a) 

 

Reference to similar projects: 

DDMI (Diavik Diamond Mines Incorporated). 2009. Interim Closure and Reclamation Plan, Version 3. 
Yellowknife, December. 
 
Golder Associates Ltd., 2016. Whale Tail Interim Closure and Reclamation Plan. Report No. 1541520. 
Report to Agnico Eagle Mines Ltd. June 2016. 

Agnico Eagle, 2015. Meliadine Gold Project Preliminary Closure and Reclamation Plan, Version 1.0, 6513-
CRP-01 
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Summary of On-Going Field Trials – TSF and RSF 

A research project in collaboration with the Research Institute of Mines and Environment (RIME) was 
initiated in 2014 at Meadowbank. The Research Institute on Mines and Environment, through the NSERC-
UQAT Chair on Mine Site Reclamation, is mandated to evaluate the performance of three field 
experimental cells constructed in 2014 and 2015 on Meadowbank’s North Cell TSF. The three 
experimental cells that were built on Meadowbank’s TSF are two insulation covers and one thermal cover 
with capillary barrier effects (CCBE).  

The tested experimental cells are a 2m and a 4m thick insulation cover as well as a 2m thick cover with 
capillary barrier effects. The cells were built with coarse and fine non-potentially acid generating (NAG) 
ultramafic waste rock (soapstone) and are instrumented in order to follow their thermal and 
hydrogeological behaviors.  

Results have been reviewed by the RIME and Agnico Eagle. The results of the experimental cells have 
been used so far in the work for the cover design of the TSF North and South Cell. Data collection was still 
ongoing in 2017 and results will be used in future studies as needed. 

Also in collaboration with the RIME, in 2016 a laboratory testing program was developed to obtain a good 
overview of the effects of freeze/thaw (F/T) and wet/dry (W/D) cycles on the soapstone. The developed 
experimental program is primarily focused towards the evaluation of the resistance to F/T and W/D of the 
soapstone to be used as cover materials for the TSF and RSF. Testing was completed to evaluate the 
effects of F/T and W/D on rock cores and rock slabs, the effects of F/T on various soapstone grain size 
fractions, and the effects of F/T on the permeability of a compacted soapstone layer. Based on the testing 
results and weathering criteria available in the literature, it seems that Meadowbank’s soapstone has a 
good resistance to F/T and W/D cycles. 

Other laboratory work (such as frost heave or bearing capacity tests) could be conducted in the future if 
required for other engineering purposes. 

(Agnico Eagle Mines Limited. 2018c. Meadowbank Gold Project 2017 Annual Report. 278 p. May 2018) 

 

Contributions to Regional Monitoring  

In 2017, Agnico Eagle worked with a group of researchers from the University of Manitoba (Dr. Jorg 
Stetefeld and team) who are initiating a study on use of eDNA for predicting presence/absence and/or 
changes in relative abundance of northern fish species. Furthermore, Agnico continues to discuss current 
methods of evaluating fish habitat and productivity of a fishery under the DFO Fisheries Act and fisheries 
protection policy with consultants, academic researchers and has provides all raw fishout data and habitat 
mapping to DFO scientists for use by any interested parties. At a regional level, the information, monitoring 
tools, monitoring data and modelling that is used at Meadowbank has been applied by Agnico Eagle and 
other consultants at other proposed projects in Nunavut including, the Meliadine Gold Project and Amaruq 
Whale Tail Pit project.  

In addition, Agnico Eagle Mines has participated as a technical advisory group member of the Inu’tutit 
project since 2014. The Inu’tutit Initiative is part of longer term plan that is being led by a secretariat of key 
players made up of the NGMP, KivIA, INAC and Nunavut Water Board (NWB), and is being implemented 
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through partnerships between the KivIA, federal and territorial governments, industry (Areva Resources 
and Agnico Eagle Mines), the Hamlet of Baker Lake and eventually, universities and academic institutions. 
More specifically, the Kivalliq Inuit Association (KivIA) has partnered with Indigenous and Northern Affairs 
Canada (INAC) and the Nunavut General Monitoring Plan (NGMP) to develop an Aquatic Cumulative 
Effects Monitoring Program (CEMP) for the Baker Lake Basin under the auspices of the Inu’tutit Initiative.  

Although the intent of the Inu’tutit CEMP is not to determine the influence of a particular point source at this 
time, the concept of gradients of exposure from point sources have influenced site selection in addition to a 
broader effects-based study design to monitor the condition of the subwatersheds. Sites selected for the 
Inu’tutit CEMP incorporate concepts of both stressor and effects base study design, and include locations 
to monitor the aquatic environment at the project, watershed and basin scales.  

Finally, Agnico is supporting a study by University of Manitoba researchers (Dr. Charles Wong & team) in 
the Hamlet of Baker Lake, focusing on assessment of municipal wastewater impacts to the surrounding 
water quality. Field work for this study will begin in 2018. Agnico is also looking to expand the study to work 
with the Hamlet and include assessment of current treatment system performance, design and evaluation 
of a new treatment system, as well as measurements of impacts to lower trophic levels and fish health.  

Meadowbank continues to contribute to the GN DOE caribou collaring program which started in 2009. Six 
deployments have been completed in the area around Baker Lake since Agnico Eagle became involved in 
the collaring program. Nine (2008), twenty one (2009; shared with AREVA), thirteen (2011), fifteen (2013; 
shared with AREVA), ten (2015) and 13 (2016) caribou collars were deployed (greater than $250 000). In 
early 2011, Meadowbank contributed additional funding toward the GN-led program to estimate the 
number of breeding females in the Beverly herd of taiga-wintering barren-ground caribou. In 2013, Agnico 
Eagle finalized discussions with the GN and entered into a new Memorandum of Understanding (MOU) to 
commit to another long term (3 years) contribution in support of the regional GN caribou monitoring 
program. This agreement will continue to assist the GN- DOE- Wildlife branch in directing the 
implementation, data analysis and management of caribou populations in the Kivalliq region. Agnico Eagle 
renewed the MOU in 2016.  

In addition, in 2017 Agnico Eagle worked with the GN to evaluate the Zone of Influence of the 
Meadowbank Mine, as it relates to caribou. Seasonal ranges are important to understand as Barren-
ground caribou exhibit migratory behaviour between calving and wintering areas. Migratory animals use a 
variety (seasonal) of habitats to meet life-history requirements as they move across the landscape and 
sensory disturbance from development is hypothesized to reduce selection of preferred habitats. In 2017, 
in collaboration with Agnico Eagle staff, Golder biologists and statisticians worked to determine a zone of 
influence for the Meadowbank mine, or evaluate if it is affecting a large number of individuals. It is 
predicted that reduced use of preferred habitats should reduce herd size (from lower survival and 
reproduction). Data analysis was completed and hypotheses were tested, documents were provided to 
regulators and reviewed, presentations were made at the GeoScience Forum and publications are 
expected in 2018. To reach consensus on research projects, needs for future monitoring and research, 
gain approval and ensure consistent endpoints of success, a Terrestrial Advisory Group (TAG) was also 
developed and a series of workshops were developed.  

Finally, Agnico is also working with raptor researcher Dr. Alastair Franke from the University of Alberta to 
document presence of raptors in the Meadowbank area. Dr. Franke’s Arctic Raptors group will be tracking 
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changes that may occur as a result of mining activity and sharing results across the scientific community 
through publications. 

(Agnico Eagle Mines Limited. 2018c. Meadowbank Gold Project 2017 Annual Report. 278 p. May 2018) 
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Photo 1 : Meadowbank Site Facilities, summer 2014 

��

Photo 2 : Meadowbank Portage RSF, summer 2014 
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Photo 3 : Meadowbank Portage and Goose Pits, summer 2014 
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Photo 4 : Meadowbank TSF area, summer 2016 

��

Photo 5 : Meadowbank TSF area, North and South Cell, summer 2016 
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Photo 6 : Vault area, summer 2016 

 

Photo 7: Vault Pit and RSF, summer 2016 
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Photo 8: TSF North Cell, NPAG Cover construction, winter 2016 

��

Photo 9: TSF North Cell, NPAG Cover construction, winter 2016��
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Meadowbank Water Quality Monitoring Stations  
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TABLE��H�r1:��PRIMARY��APPLICABLE��ACTS,��REGULATIONS,��AND��GUIDELINES��APPLICABLE��TO��CLOSURE��AND��RECLAMATION��(MODIFIED��FROM��GOLDER,��2016A)��

��

� � � �



TABLE��H�r1��:��PRIMARY��APPLICABLE��ACTS,��REGULATIONS,��AND��GUIDELINES��APPLICABLE��TO��CLOSURE��AND��RECLAMATION��(CONTINUED�r1)��

��

� � � �



TABLE��H�r1��:��PRIMARY��APPLICABLE��ACTS,��REGULATIONS,��AND��GUIDELINES��APPLICABLE��TO��CLOSURE��AND��RECLAMATION��(CONTINUED�r2)��

� � � �



TABLE��H�r2��:��LIST��OF��LICENSES/PERMITS��FOR��THE��PROJECT��(MODIFIED��FROM��GOLDER,��2016A)��

��

66A/8�r72�r5�� 31�rDec�r27��



TABLE��H�r2��:��LIST��OF��LICENSES/PERMITS��FOR��THE��PROJECT����(CONTINUED�r1)��

��

31�rMar�r14��



TABLE��H�r2��:��LIST��OF��LICENSES/PERMITS��FOR��THE��PROJECT��(CONTINUED�r2)��

��

Expired��

Expired��



TABLE��H�r2��:��LIST��OF��LICENSES/PERMITS��FOR��THE��PROJECT��(CONTINUED�r3)

��



TABLE��H�r2��:��LIST��OF��LICENSES/PERMITS��FOR��THE��PROJECT��(CONTINUED�r4)��

��

Expired*��



TABLE��H�r2��:��LIST��OF��LICENSES/PERMITS��FOR��THE��PROJECT��(CONTINUED�r5)��

��
* ��Memorandum��of��Understanding��������������Wildlife��Research����������������GN�rENV��������������������������������������������������������������������������������������������������������������������������������������������Active������������������������01�rMar�r17����������������01�rMar�r20����������������

** ��IIBA��������������������������������������������������������������Inuit��Impact��Benefit��Agreement������������������KIA����������������������������������Inuit��Impact��Benefit��Agreement��������Active������������������������17�rFeb�r17����������������Project��Termination��Date��������������������������������������������������

Expired**��

02�rFeb�r22��



TABLE��H�r2��:��LIST��OF��LICENSES/PERMITS��FOR��THE��PROJECT��(CONTINUED�r6)��

��

��



TABLE��H�r2��:��LIST��OF��LICENSES/PERMITS��FOR��THE��PROJECT��(CONTINUED�r7)��

��

��

30�rJun�r22��



TABLE��H�r2��:��LIST��OF��LICENSES/PERMITS��FOR��THE��PROJECT��(CONTINUED�r8)��

��
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This product was originally published as an interactive map in the online Atlas of Canada, 6th Edition. It 
was not intended for high resolution reproduction and therefore does not conform to the standards of 
cartographic representation and map design found on the Atlas of Canada's paper reference maps.

© 2009. Her Majesty the Queen in Right of Canada. Natural Resources Canada.

Source(s):
Annual Temperature Change from 1961-90 to 2040-60 (°C)
The results are based on climate change simulations made with the Coupled Global Climate Model 
(CGCM2) developed at the Canadian Centre for Climate Modelling and Analysis of Environment Canada. 
The projected changes in greenhouse gases concentrations and aerosol loadings are based on the IS92a 
scenario developed in conjunction with the Intergovernmental Panel on Climate Change to portray one of 
several possible futures. The output of the model is produced on a grid of 3.75 degrees in latitude and 
longitude. This represents a grid square of approximately 400 kilometres by 300 kilometres at Canadian 
latitudes. For forestry and other applications, the Canadian Forest Service of National Resources Canada 
has derived the changes in climate based on the simulation output with reference to the 1961 to 1990 
normals, and interpolated the data over Canada to finer resolution using a multi-step methodology.

Lambert Conformal Conic Projection. Standard Parallels 49°N and 77°N

A simulation of projected changes in annual mean temperatures from the period 1961 to 1990 to the period 
2040 to 2060 for Canada is shown on this map. The temperature changes would not be evenly distributed 
geographically. The largest warming projected is for the interior and northern parts of the country. Tempera-
tures are projected to continue increasing as the century progresses. Temperatures would generally 
increase as a consequence of the projected increase in greenhouse gas concentrations in the atmosphere. 
The results are based on climate change simulations made with the Coupled Global Climate Model devel-
oped by Environment Canada

Climate Warming — National Annual 
Temperature Scenario: 2050

Atlas of Canada 6th Edition
(archival version)
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Source : Cumberland, 2005e



Table L-1: Ecological Land Classification  Unit  Definition  (Cumberland, 2005 ) 
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Table M-1 Average Baseline Water Quality in Third Portage, Second Portage and Wally  (Golder, 2014)  

 

 



Table M-1 Average Baseline Water Quality in Third Portage, Second Portage and Wally  (Golder, 2014), 
continued  
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ore processing and tailings deposition. The additional ore from Whale Tail Pit processed and its tailings 
deposited at Meadowbank are also considered in the update of the Meadowbank ICRP 2018. 

This cost estimate provides for the closure measures described in detail in the Meadowbank ICRP-
Update 2018. Most closure activities will occur within the active closure period, from 2022 to 2024. The 
schedule of closure activities presented in Appendix Q of the Meadowbank ICRP-Update 2018 outlines the 
major closure measures and their expected timeline. 

For the purpose of this financial security cost estimate, only progressive rehabilitation measures which have 
already been completed to date are considered in the calculations. 

3.0 COST ESTIMATE 

3.1 Model 
RECLAIM is a model developed in Microsoft Excel used to calculate the estimation of reclamation costs for 
mine sites in Northern Canada. It provides line items for each reclamation activity which might be required at a 
given site. For each, the model presents the “quantity” of work multiplied by the appropriate “Unit Cost” provided 
in the model. 

RECLAIM version 7.0 consists of eleven (11) reclamation costing worksheets used to compute the overall 
closure cost estimate. These include direct costs associated with the following mine components: 

�² Open pit; 
�² Underground mine; 
�² Tailings impoundment; 
�² Rock pile; 
�² Buildings and equipment; 
�² Chemicals, hazardous materials and contaminated soils; 
�² Water treatment; 
�² Water management; 
�² Interim care and maintenance. 

It also includes the following indirect costs: 

�² Post-closure monitoring and maintenance; 
�² Mobilization and demobilization. 

Additional cost factors such as contingency, engineering, project management, health and safety/QA-
QC/engagement and bonding are automatically calculated in the cost summary worksheet, with percentages 
applied to the total direct cost. 

3.2 Summary of Costs 

The updated 2018 estimated closure and reclamation costs for the Meadowbank Project using RECLAIM 
Version 7.0 represents a total of $83,569,898. This total includes $57,883,238 of direct costs and $25,686,660 
of indirect costs. The costs are summarized in Table 1 presented below. 
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Table 1 Summary Financial Security Cost Estimate 

Cost Item Subtotal (Land and Water 
Liability) 

Direct Costs 

Open pit $6,480  

   Portage                             $3,240   

   Goose                             $1,080  

   Vault                             $1,080  

   Phaser                            $1,080   

Underground Mine $0  

Tailings Facility $34,873,338  

Rock Pile                        $2,737,534  

   Portage                      $2,707,534   

   Vault                           $30,000   

Buildings and Equipment                      10,659,256 $  

   Meadowbank                       $8,005,508   

   Baker Lake                      $1,660,670   

   AWAR                         $993,078   

Chemicals and Contaminated Soil 
Management $1,316,981  

Surface and Groundwater Management $6,430,945  

Interim Care and Maintenance $1,858,705  

Subtotal Direct Costs $57,883,238  

Indirect Costs 

Mobilization/Demobilization $5,345,830  

Post-Closure Monitoring and Maintenance $4,133,524  

Engineering (5%) $2,894,162  

Project Management (5%) $2,894,162  

Health and Safety Plans/Monitoring, QA/QC 
and Engagement Costs (2%) $1,157,665  

Bonding/Insurance (1%) $578,832  

Contingency (15%) $8,682,486  

Market Price Factor Adjustment (0%) $0  

Subtotal Indirect Costs $25,686,660  

GRAND TOTAL $83,569,898  
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Refer to Appendix A for the RECLAIM spreadsheets, presenting the detailed breakdown of closure costs by 
mine components.  

The assumptions used for the calculations of the direct costs and the indirect cost calculations are explained in 
the sections below. 

3.3 Direct Cost Assumptions 

The direct costs include the cost related to the physical work activities to be completed for the various project 
components, as well as the care and maintenance requirements. 

In most cases, costs have been developed using unit rates provided by the RECLAIM 7.0 template applied to 
calculated quantities. Where an appropriate RECLAIM supplied rate was not available, an independent rate was 
used from Meadowbank operational data or from precedent data for similarly sized projects located in similar 
conditions. Unit rates used assume third party contractor pricing. 

Specific assumptions and quantities used for the financial security cost estimate are provided for each closure 
component in sections 3.3.1 to 3.3.8. 

3.3.1 Open Pits 

For this component, it is assumed that the entrance and some perimeter areas of each pit will be blocked with 
non-acid generating material (NPAG) berms to control access of wildlife and motorized vehicles in the open pits 
during flooding. The length of berms was estimated from “MBK Site map FEB 2018 for NI43101.dwg” provided 
by Agnico Eagle, April 2018. Berms are assumed to be 1.5 m high, with 2H:1V side slopes, and made of NPAG 
rockfill. 

Berms at ramp entrances and at exposed Portage Pit crest: 

�² 300 m long x 1.5 m tall with 2H:1V side slopes = 1350 m³; 

Berms at Goose, Vault and Phaser ramp entrances:  

�² 100 m long x 1.5 m tall with 2H:1V side slopes = 450 m³. 
 

3.3.2 Tailings Storage Facilities 

TSF configuration from the last interim closure and reclamation plan were reviewed and adjusted with the 
projected elevation of tailings at closure with the new LOM. Preliminary design work was completed for the TSF 
cover in 2015 and 2016. The tailings cover will consist of NPAG waste rock, with a minimum thickness of 2.0 m. 
The cover for the South and North Cell will include landforms to promote water shedding and consists of two 
watersheds for North Cell and one watershed for South Cell. The nominal cover thickness over most of the 
landforms will be well over the minimum, as a thickness variation is required to obtain the designed landforms 
and promote adequate water management.  

Quantities of rockfill required for the cover of the North Cell was adjusted to consider the construction of the 
internal structure required for the tailings deposition of Whale Tail Pit. These structures and the additional 
tailings deposited will reduce the quantity of NPAG material required for the construction of the cover and the 
landforms. For the South Cell, quantities were calculated to cover an area with tailings at El. 149.5 m. 

For the TSF North Cell cover, the cover portion constructed between 2015 and 2017 in progressive closure was 
considered and subtracted from the total material required. 



MEMORANDUM 
 

 

  Page 5 de 21 

 

The construction of water diversion ditches within the cover and sedimentation ponds for management of the 
runoff water over the TSF were also included in the calculation. The runoff water from the cover system will 
convey towards a reclaim pond located upstream Saddle Dam 3. The water will then be released into Third 
Portage Lake once the runoff water quality meets discharge criteria. To release runoff water, the Saddle Dam 3 
will be opened, which is also considered in the calculations. The quantities considered in the calculations for the 
construction are presented below. 

Finally, it is assumed that 11.5 km (11,500 m) the tailings discharge piping will be dismantled, decontaminated 
and buried in the on-site landfill. The booster pump will also be dismantled. 

Geotechnical instrument installation or maintenance of the existing instruments was also considered in the 
estimate. 

NPAG Cover Tailings Storage Facility: 

North Cell: 

�² Tailings maximum elevation considered at El. 153.5 m; 
�² Volume of NPAG rockfill required for North Cell NPAG cover: 6,376,000 m³; 
�² Volume of NPAG cover constructed between 2015 and 2017 (progressive closure): 750,743 m³; 
�² Volume of internal structure and tailings deposition to El.153.5m: 2,397,535 m³; 
�² Remaining volume NPAG rockfill required for North Cell NPAG cover: 3,227,722 m³ (data provided by 

Agnico Eagle, 2018). 

South Cell: 

�² Tailings maximum elevation considered at El. 149.5 m; 
�² Volume NPAG rockfill required for South Cell NPAG cover for tailings at El.149.5 m: 2,783,838 m³. 

 

Runoff Water Ditches: 

North Cell: 

�² Volume of till excavation: 6,428 m³; 
�² Volume of rock excavation: 23,512 m³; 
�² Volume of NPAG waste rockfill: 9,935 m³. 

South Cell: 

�² Volume of till excavation: 20,764 m³; 
�² Volume of rock excavation: 31,745 m³; 
�² Volume of NPAG waste rockfill: 25,527 m³. 

 

Sedimentation Ponds: 

North Cell: 

�² Volume of till excavation: 17,428 m³; 
�² Volume of rock excavation: 32,472 m³; 
�² Volume of NPAG waste rockfill: 3,510 m³. 
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South Cell: 

�² Volume of till excavation: 36,176 m³; 
�² Volume of rock excavation: 74,308 m³; 
�² Volume of NPAG waste rockfill: 5,394 m³. 

 

Saddle Dam 3 Opening: 

�² Volume of  opening excavation: 25,000 m³; 
�² Volume of NPAG waste rockfill: 9,000 m³. 

 

Removal of Tailings Discharge Line: 

�² Provided for removal of 11.5 km of HDPE, with on-site disposal; 
�² Lump sum of $15,630 for decommissioning of associated booster pump system/building. 

 

Specialized Items: 

�² Lump sum of $50,000 for the installation/or maintenance of instrumentation. 

 

3.3.3 Rock Storage Facilities 

The configuration of the Portage RSF has not changed since 2014. The Portage RSF cover occurred 
progressively during operations between 2011 and 2017. Presently, it is considered that 84% of the RSF PAG 
area has been covered with 4.0 m of NPAG material (data from Agnico Eagle, May 2018). No cover is 
considered required for Vault RSF as the waste rock is mainly NPAG, and the portion of PAG material is 
encapsulated in the center of the RSF as needed. 

The cost estimate also includes the cover of collection sumps around the Portage RSF. 

Geotechnical instrument installation or maintenance of the existing instruments was also considered in the 
estimate. 

Cover Portage Rock Storage Facility: 

�² Volume of NPAG cover required (total): 3,214,286 m³; 
�² Volume of NPAG cover constructed between 2011 and 2017 (progressive closure): 2,700,000 m³; 
�² Volume of NPAG cover remaining: 514,285 m³. 

Cover Portage Rock Storage Sumps: 

�² Additional 6,800 m³ of cover provided for backfilling/covering sumps WEP1, WEP2 and RSF (ST-16) 
sumps. 

Specialized Items: 

�² Lump sum of $50,000 for installation/or maintenance of instrumentation at Portage RSF; 
�² Lump sum of $30,000 for installation/or maintenance of instrumentation at Vault WRSF. 
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3.3.4 Buildings and Equipment 

The areas and footprints of buildings and infrastructures for Meadowbank site and Baker Lake provided in the 
ICRP 2014 were reviewed and adjusted if changes were required. The following changes were made: 

�² The airstrip area was increased due to the extension completed in 2013; 

�² The site road area was increased due to additional access roads built; 

�² The number of containers (sea cans) remaining on-site after closure is estimated at 1,400 
containers; 

�² A total of 18 Jet-A Fuel tanks at Baker Lake; 

�² A total of 38 culverts and 9 bridges are considered for the AWAR. 

Building and infrastructures footprints are listed in Table 2 available at the end of this memo (modified from 
Golder, 2014). 

Removal of Buildings and Scarification of Foundations: 

�² Building footprints are listed in Table 2, with demolition areas scaled for heights assuming 3 m stories. 
Buildings with concrete foundations requiring puncturing assumed; 

�² A total of 18 Jet-A Fuel tanks at Baker Lake is considered instead of 20 tanks, as 2 were demobilized in 
2016. 

Reclaim Roads and Laydown Areas: 

�² Road/Laydown areas for the mine site and Baker Lake are listed in Table 2 and will be scarified. The 
AWAR will be ripped to promote natural revegetation and re-contoured to promote natural drainage; 

�² The airstrip length increase from 1495 to 1752 m, for an additional area of 6,000 m² and a total area of 
4.1 ha; 

�² The site road area was increased by 20,000 m² due to additional access roads built estimated at 
2.0 km, for a total area of 12 ha; 

�² Removal of 15 culverts on site including Vault area is considered with a lump sum allowance of $4,000 
per culvert removal. Lump sum allowance of $40,000 for the installation of water breaks and erosion 
control is also provided. 

Containers:  

�² In 2015, the total number of containers estimated on site represented 4,850 containers. It is estimated 
that between 2015 and 2022, 250 containers per year will be sent south (for a total of 2,000 containers) 
and that 250 containers will be donated to the community. For demobilization during 2023, 2024 and 
2025, 400 containers per year will be required to transport some material and waste. At the end of 
active closure period, it is estimated that 1,400 containers will have to be disposed in the on-site landfill. 
Assuming 2.5 metric tons per container, this represents a total of 3,500 metric tons to cut and landfill. 

Reclaim Quarries: 

�² Quarry slopes setback to 1H:1V slope, assuming cut/fill with blasted rock from the upper slope used to 
form lower slope; 

�² A total volume of 14,319 m3 of blasted rock will be required. No change was made from ICRP 2014 
(Golder, 2014) in the blasted rock quantities for the rehabilitation of quarries along the AWAR; 
 



MEMORANDUM 
 

 

  Page 8 de 21 

 

AWAR Water Crossing Removal: 

�² Lump sum allowances of $4,000 per culvert removal and $25,000 per bridge removal. A total of 38 
culverts and 9 bridges are considered for the AWAR. 

Decontaminate and Dispose Mobile Equipment in Landfill: 

�² Assumed a number of 136 mobile equipment, with 8 hours per equipment to decontaminate and 
disposed in the on-site landfill (1088 hours total), with 50% of equipment transferred to the local 
community or relocalized (Golder, 2014). 
 

3.3.5 Chemicals and Soil Management 

Chemicals and soil management were reviewed in accordance with the information available in the Landfarm 
Design and Management Plan (Agnico Eagle, 2017), the Hazardous Materials Management Plan (Agnico 
Eagle, 2013) and the Meadowbank Annual Report 2017 (Agnico Eagle, 2018). 

Building Decontamination: 

�² Building decontamination was considered for the maintenance shop, the power plant, the fuel 
storage and the emulsion plant. A total cost of $33,000 was estimated for decontamination including 
33 mandays.  

Hazardous Material: 

�² No waste oil is considered in the cost estimate as the oil will be burned progressively for energy 
during operations; 

�² Fuel dregs assumed to be 0.5% of bulk fuel storage capacity (60 million liters of diesel and 1.8 
million liters of Jet Fuel) and burned on site with waste oil, for a total of 309,000 liters; 

�² One year accumulation of oily and glycol contaminated waste water is considered, for a total of 
58,456 liters (as per the Meadowbank Annual Report 2017, Agnico Eagle 2018); 

�² A lump sum of $3,000 is considered for battery disposal; 

�² Mill and water treatment reagents at closure assumed to be 5% of annual consumption and are 
summarized in Table 3 at the end of this memo; 

�² A total of 10,000 kg of assay lab and environmental reagents are assumed (Golder, 2014); 

�² A lump sum of $20,000 is considered for the disposal of various waste such as machine shop 
paints, solvents and filters; 

�² A total of 16,170 liters of glycol is considered based on the quantity on site reported (Hazardous 
Materials Management Plan, Agnico Eagle, 2013). 

Contaminated soil: 

�² A contingency of 2,745 m3 of hydrocarbon contaminated soil requiring on-site remediation at closure 
is considered, based on the reported total for 2017 (Meadowbank Annual Report 2017, Agnico 
Eagle 2018); 

�² An allowance of 5% of the total contaminated soil (137 m3) is considered for heavily contaminated 
soil not treatable on site, to be managed as hazmat material; 
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Audit 

�² An allowance of $7,500 and $50,000 has been provided for Audit Phase 1 and 2 investigations, 
respectively. Hazmat removal audit is considered covered under these audits. 
 

3.3.6 Water Management 

The cost estimate includes the open pits flooding, the construction of the dike reconnections (opening) and 
closure of the water management facilities. 

The volume of water required for Portage, Goose and Vault pits flooding and the period of flooding were 
adjusted with the information provided in the site water balance (Agnico Eagle, 2018). The operation and the 
maintenance of the pumping system were considered for an active flooding period of 7 years. 

The preliminary design of the dike reconnections for Baygoose, South Camp and Vault dikes was developed in 
2016. The construction quantities required for the reconnections were estimated from the preliminary design. 

Correction work on the diversion ditches was considered required in closure to ensure long term stability and 
minimize snow management. 

The fresh water barge and pipeline for the fresh water intake will be decommissioned. Water management 
pipelines will also be removed and landfilled, as well as the Third Portage Lake and Wally Lake diffusers. 

The construction of a water treatment plant to treat the reclaim water prior to its transfer to Portage Pit is 
considered in the estimate, as well as its decommissioning. Due to the water quality forecast results, the 
additional parameters that may require treatment and the technology, the cost estimate for the water treatment 
plant was adjusted compared to the ICRP 2014 (Golder, 2014). 

The annual cost for operation of the water treatment plant is also calculated. However, the annual cost, 
considered for a period of 3 years, is included in the “Interim Care and Maintenance” portion of the cost 
estimate, and presented in Section 3.3.7. 

 Portage, Goose and Vault Pits Flooding: 

�² Data extracted from the site water balance of 2018 (Agnico Eagle, 2018); 
�² Total volume of water pumped to Portage Pit over 7 years (2020–2026): 31.71 Mm³ 

�² 31,179,343 m³ of water pumped from Third Portage Lake and; 
�² 531,266 m³ of water pumped from the Reclaim Pond (2022). 

�² Total volume of water pumped to Goose Pit over 1 year (2019): 3.18 Mm³ of water pumped from Third 
Portage Lake; 

�² Total volume of water pumped to Vault Pit over 7 years (2019–2025): 28.05 Mm³ of water pumped from 
Wally Lake; 

�² Remaining volume of flooding for the open pits will be covered by natural flooding (groundwater inflows, 
seepage, runoff), with no cost associated; 

�² Phaser and BB Phaser Pits will be flooded by natural flooding, with no cost associated; 
�² Considered pumping unit cost of $0.02/m³ (Golder, 2014); 
�² For pump maintenance and operation—2 (two) labourers working 12-hour days, 7 days per week, 

during active pumping period (4 months/year over 7 years), with associated accommodation costs; 
�² Annual pump servicing provided by two (2) manufacturer consultants for 1 week site visit per year over 

7 years, with associated travel allowance costs. 
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Dike Opening: 

Bay-Goose Dike Reconnection (South, East and North): 

�² Opening of the dike with the lake to 3 m below design minimum water level to allow year-round fish 
passage, facilitate water exchange, and facilitate water movement within the former impoundment; 

�² Reconnection at two locations, with an alternate third location to access Portage Pit Lake; 
�² Reconnection width of 10 m with 3:1 side slopes; 
�² Erosion protection on exposed shoreline and appropriately sized substrate in reconnection base to 

satisfy fish habitat requirements for this structure; 
�² Volume of reconnection excavation = 94,000 m³; 
�² Volume of rock placement for capping and transition material, shoreline protection and fish substrate = 

27,900 m³. 

South Camp Dike Reconnection: 

�² Opening of the dike with the lake to 1 m below design minimum water level to allow for seasonal fish 
passage; 

�² Reconnection width of 10 m with 3:1 side slopes; 
�² Erosion protection on exposed shoreline and appropriately sized substrate in reconnection base to 

satisfy fish habitat requirements for this structure; 
�² Volume of reconnection excavation = 24,000 m³; 
�² Volume of rock placement for capping and transition material, shoreline protection and fish substrate = 

9,500 m³. 

Vault Pit to North Phaser Pit Channel: 

�² Channel invert 7 m below design minimum water level to allow for year-round fish passage; 
�² Opening width of 10 m with 3:1 side slopes; 
�² Erosion protection on exposed shoreline and appropriately sized substrate in opening base to satisfy 

fish habitat requirements for this structure; 
�² Volume of channel excavation = 7,000 m³; 
�² Volume of rock placement for capping and transition material, shoreline protection and fish substrate = 

2,300 m³. 

Vault Dike Reconnection: 

�² Channel invert 3 m below design minimum water level to allow for year-round fish passage; 
�² Reconnection width of 10 m through dike, channel width of 5 m, with 3:1 side slopes; 
�² Erosion protection on exposed shoreline and appropriately sized substrate in opening base to satisfy 

fish habitat requirements for this structure; 
�² Volume of channel excavation = 27,000 m³; 
�² Volume of rock placement for capping and transition material, shoreline protection and fish substrate = 

= 10,800 m³. 
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Removal or Correction of Water Management Structures: 

�² Volume for correction work on the diversion ditches—backfill/recountour (consider work on 1000 m of 
diversion ditch, on an area of 4 m2 per linear meter, 1 m deep excavation) = 4,000 m3; 

�² Lump sum for removal of the fresh water barge of $3,000; 
�² Lump sum for removal of each diffuser of $3,000;  
�² Length of pipeline to remove: 1,000 m for the fresh water supply system and 2,000 m for general water 

pipelines.  

Temporary Water Treatment Plant Construction: 

�² Installation assumes repurposing an existing structure; 
�² The cost estimated for the tanks and mechanical components in the ICRP 2014 (Golder, 2014) was 

increased to account for the type of technology required for treatment, for a total of $1,240,000; 
�² Piping, electrical, instrumentation and controls, and equipment installation costs have been estimated 

as percentages of the total tanks and equipment cost, for respectively 30%, 15%, 15% and 35%, for a 
total of $1,178,000; 

�² The decommissioning is accounted for demolishing a structure of 1,500 m2 and scarification of the 
footprint; 

�² The decommissioning of the system includes 540 man hours (3 labours,12 hours/day for 15 days), with 
associated accommodation costs. 

Temporary Water Treatment Plant Operation: 

�² Operation of the temporary water treatment plant considered for treatment of reclaim water during 6 
months per year, over 3 years (treatment required of 531,266 m³ over 3 years, for 177,089 m³/year); 

�² Considered pumping unit cost of $0.07/m³ with diesel pump; 
�² A lump sum allowance of $150,000 for reagents is provided, based on the costs presented in the 

ICRP 2014 (Golder, 2014) increased by 50% to account for the type of technology required for 
treatment; 

�² For operation, one (1) skilled labour considered for 12 hours/day during 6 months per year over 3 years; 
�² Annual plant servicing provided by two (2) manufacturer consultants for a 7 days site visit per year 

(168h) over 3 years, with associated travel allowance costs. 
 

3.3.7 Interim Care and Maintenance 

Interim care and maintenance is considered in this cost estimate as this is a requirement from INAC. The 
estimate is based on a 3 years period and includes the annual water treatment operation cost and annual 
surveillance, surveillance and monitoring costs (active closure), presented in the “Post-Closure Monitoring and 
Maintenance”, in Section 3.4.2. 

�² The annual operational cost for the interim water treatment is estimated at $336,968; 
�² The annual cost related maintenance, surveillance, monitoring and inspection of the active closure 

period is estimated at $282,600 (as presented in the” Post Closure Monitoring and Maintenance”); 
�² The total cost for 3 years of care and maintenance is evaluated at $1,858,705. 
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3.4 Indirect Costs 

The indirect costs include the cost related to post-closure monitoring and maintenance, mobilization and 
demobilization, as well as some cost factors such as contingency, engineering, project management, health and 
safety/QA-QC/engagement costs, bonding/insurance and contingency. 

 

3.4.1 Mobilization/Demobilization 

During the active closure stage, mobilization costs have been accounted for by allowing costs for mobilization 
and demobilization of equipment from Baker Lake, the mobilization of workers to perform the closure work, in 
addition to one barge trip into and out of Baker Lake exclusively for Meadowbank closure. 

�² Mobilization and demobilization of heavy mobile equipment for demolition is based on a distance of 
110km along the AWAR from Baker Lake to Meadowbank; 

�² A seasonal work force of 50 workers over 3 years (2022 to 2024) for a 6 months per year 
demolition/rehabilitation seasons is considered, with associated accommodation and transportation 
costs (4 trips per year at $2,500 both ways, with 6 hours paid per trip);  

�² Lump sum for one barge trip into and out of Baker Lake of $1,000,000 is considered. 
 

3.4.2 Post-Closure 

The post-closure costs are separated in two (2) main periods; the active closure/closure from 2022 to 2030 (9 
years) and the post-closure from 2031 to 2041 (11 years). The costs related to site monitoring/inspection and 
maintenance/surveillance are presented below. 

The annual operation cost of the interim water treatment plan is not included in the post-closure costs as it is 
already accounted for in “Interim care and maintenance” for the required period of 3 years. 

Monitoring and Inspection Active Closure/Closure (2022 to 2030): 

�² An annual lump sum of $100,000 for general monitoring programs (i.e. aquatic, wildlife, air quality, noise 
monitoring program) is considered; 

�² One annual geotechnical inspection if planned per year for $20,800—one week visit by one engineer, 7 
days, 12h per day at $150/hour, plus $5,000 of reporting and associated travel and accommodation 
fees; 

�² A lump sum of $10,000 for groundwater monitoring; 
�² A lump sum of $15,500 of regulatory fees including annual reporting, management plans and progress 

reports; 
�² An estimated annual cost of $73,100 for the water quality monitoring on site, based on operational 

laboratory costs and the Meadowbank Water License 2 AM-MEA1525 requirements (Schedule 1, 
Table 2), as presented in Table 4. 

Monitoring and Inspection Post-Closure (2031 to 2041): 

�² A lump sum of $100,000 every 2 years for general monitoring programs (i.e. aquatic, wildlife, air quality, 
noise monitoring program) is considered; 



MEMORANDUM 
 

 

  Page 13 de 21 

 

�² One annual geotechnical inspection if planned per year for $20,800—one week visit of one engineer, 7 
days, 12h per day at $150/hour, plus $5,000 of reporting and associated travel and accommodation 
fees); 

�² A lump sum of $10,000 for groundwater monitoring; 
�² A lump sum of $15,500 of regulatory fees including annual reporting, management plans and progress 

reports; 
�² An estimated annual cost of $49,432 for the water quality monitoring on site, based on operational 

laboratory costs and the Meadowbank Water License 2 AM-MEA1525 requirements (Schedule 1, 
Table 2), as presented in Table 4. 

Maintenance and Surveillance: 

�² Two (2) site caretakers provided with biweekly overnight visits, 12 hours per day, 5 months of the year, 
along with annual allowances for a site vehicle and equipment ($20,000) and site maintenance 
($10,000). 

The discount rate for calculation of net present value of post-closure cost is considered at 3%. 

 

3.4.3 Other Indirect Costs 

Other indirect costs are calculated based on the direct costs total. The percentage for each indirect cost is 
automatically imposed by the RECLAIM model. 

�² Project management and engineering fees are assumed at 5% each of the direct closure costs; 
�² Health and safety plans/monitoring, QA&QC and engagement costs (communication with stakeholders 

from the community) are assumed as 2% of the direct closure costs; 
�² Bonding/insurance fees are assumed as 1% of the direct closure costs; 
�² Finally, due to the current level of engineering and uncertainties, a contingency of 15% of the direct 

closure costs has been provided for.   

3.5 Comparison with 2014 Estimate 

Table 5 lists the key differences between this cost estimate and the cost estimate prepared in the 2014 ICRP 
(Golder, 2014). 
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Golder, 2016. Whale Tail Interim Closure and Reclamation Plan. Report No. 1,541,520. Report to Agnico Eagle 
Mines Ltd. June 2016. 

MBK Site map FEB 2018 for NI43101.dwg provided by Agnico Eagle, April 26, 2018. 

Agnico Eagle. 2018 Water Balance (Excel Table).  
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Table 2 Buildings List and Dimensions 

Building/Infrastructure 
Footprint Stories 

Total 
Demolition 
Volume 
Scaled for 
Height (m³) 

Concrete 
Foundation 
Area (m²) 

(m²) 
(3 m 
Height) 

Meadowbank 

Mill 7,560 5 37,800 4,560 

Leech Tanks (10) 2,500 5 12,500 2,500 

Primary and Secondary 
Crusher 246 3 740 246 

Pebble Crusher 325 2 650 325 

Conveyors 975 2 1,950   

Assay Lab 440 1 440   

Accommodation Complex 
(Inc. Nova Camp) 

11,744 1 11,744   

Kitchen and Cafeteria 2,630 2 5,259   

Services Building 3,270 4 13,080 3,270 

Site Services Building 500 1 500 3,270 

Dome Warehouse 1,427 2 2,854   

Ore Dome 3,000 7 21,000   

Power Plant 2,485 3 7,455   

Cat Warehouse 1,345 2 2,690   

Toromont Facilities 925 1 925   

Fountain Tire 330 1 330   

White Coverall 1,395 2 2,790   

Batch Plant 1,050 2 2,100   

Environmental Office 140 1 140   

Dike Dewatering Shop 755 1 755  

Incinerator 280 1 280   

Talbon Shop 235 1 235   
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Table 2 Buildings List and Dimensions (cont.) 

Building/Infrastructure 
Footprint Stories 

Total 
Demolition 
Volume 
Scaled for 
Height (m³) 

Concrete 
Foundation 
Area (m²) 

(m²) 
(3 m 
height) 

Blue Coverall 354 2 710   

Gate House 100 1 100   

Fuel Dispensing Station 165 1 165   

Emulsion Plant 1,000 2 2,000   

5.6 ML Bulk Fuel Tank 955 2 1,910   

Airstrip 41,000       

Access roads (~10 m 
x 12 km) 

120,000       

Haul roads (~25 m 
x 14.5 km) 363,000       

Portage/Goose Disturbed 
Area 406,000       

Vault Disturbed Area 65,000       

Sea cans (each) 1,432       

Baker Lake 

10 ML Bulk Fuel Tanks  
(6 tanks) 5,295 4 21,180 6,095 

100,000 L Jet Fuel Tanks 
(18 tanks) 720 1 720   

Scarify laydown areas  500,000       

AWAR         

Road surface (8 m 
x 105 km) 

840,000       

Remove culverts (each) 34       

Remove bridge (each) 11       

Reclaim quarries (m³) 14,319       

Source: Modified from Golder 2014, Operational data from Agnico 
Eagle. 
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Table 3 Mill and Water Treatment Reagent Consumption 

Assuming 5% of annual consumption Annual usage (t) 5% assumed at closure (t) 

Activated Carbon 140 7 

Anti-Scalant 10 0.5 

Borax 22 1.1 

Silica 11 0.55 

Calcium Oxide (Quicklime) 3150 157.5 

Calcium Peroxide 1 0.05 

Copper Sulfate 585 29.25 

Flocculant 120 6 

Hydrochloric Acid 75 3.75 

Hydrochloric Acid1 1825 gallons 0.35 

Hydrogen Peroxide 1 0.05 

Lead Acid Batteries 24 1.2 

Nitric Acid 18 0.9 

Paints1 100 gallons 0.02 

Sodium Cyanide 1540 77 

Sodium Hydroxide 8 0.4 

  Total 286 

Source: ICRP 2014 (Golder, 2014), verified with Hazardous Materials Management Plan 
(Agnico Eagle, 2013). 
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Table 4 Water Quality Monitoring Estimated Costs  

Station 
Closure Post-Closure 

Cost $/Year Cost $/Year 

Drinking water $         3,120   $           3,120  

EEM2 a $             508   $             508  

EEM3 a $             508   $             508  

EEM2 b $          7,748   $           7,748  

EEM2c (TPN/Wally Lake) $          3,136   $           3,136  

EEM3c (SPL) $          1,568   $           1,568  

Incinerator ash $             400   $                  —  

ST-37 $             324   $                  —  

ST-5 $          1,875   $           1,875  

ST-6 $          1,875   $           1,875  

ST-8 $             162   $             162  

ST-20 Pit Lake $          3,279   $           3,279  

ST-24 $          1,527   $           1,527  

ST-40.1 ST�æ��40.2 ST-38 $          1,458   $                  —  

ST-MMER 3a $        15,548   $         15,548  

ST-MMER 3b $          4,518   $           4,518  

STP $          5�×616   $                  -  

ST-S�æ2 $          1,527   $                  —  

ST-S-5 $          4,242   $                  —  

ST-16 $          4,242   $                  —  

Mill Seepage $          4,242    

WEP $          1,527   $                  —  

Ground water $          4,060   $           4,060  

Total $        73,010   $         49,432  

Based on operational laboratory costs and the Meadowbank Water License  
2 AM-MEA1525 requirements (Schedule 1, Table 2). 
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Table 5 Comparison between 2014 and 2018 ICRP Cost Estimate 

 

 

 

Component Group
ICRP 2018 - Cost 

Estimate ($)

ICRP 2014 
(Golder, 2014) - Cost 

Estimate ($)

Differences between 
2018 and 2014 estimates 

($)

Main Difference Explanations between 2018 and 2014 
estimates

Open pit $6,480 $5,400 $1,080
   Portage $3,240 $2,700 $540
   Goose $1,080 $2,700 -$1,620

   Vault $1,080 $0 $1,080
   Phaser $1,080 $0 $1,080

Underground Mine $0 $0 $0

Tailings Facility $34,873,338 $38,716,200 -$3,842,862

Current TSF configuration and tailings elevation considered 
in 2018.
For the North Cell, integration of the Internal Structure and 
progressive reclamation from 2015 to 2017 (750,743 m3) 
on the NPAG cover construction considered with the 
preliminary cover design including landforms.
For the South Cell, preliminary cover design including 
landforms considered and adjusted for the maximum 
tailings elevation.
Water management structures and SD3 reconnection from 
preliminary cover design considered in 2018.
Removal costs for tailings pipes and booster pump 
reviewed in 2018.
Instrumentation installation and maintenance for closure 
included in 2018.

Rock Pile $2,737,534 $6,004,827 -$3,267,293

   Portage $2,707,534 $6,004,827 -$3,297,293

Considered in 2018 that 84% of the RSF PAG area have 
been covered in progressive reclamation with 4.0m of 

NPAG material between 2011 and 2017 (2,700,000 m3) and 
subtracted from the total cover required.
Cover for Portage RSF sumps reviewed in 2018.
Instrumentation installation and maintenance for closure 
included in 2018.

   Vault $30,000 $0 $30,000
Instrumentation installation and maintenance for closure 
included in 2018.

Buildings and Equipment $10,659,256 $10,574,770 $84,486

   Meadowbank $8,005,508 $7,919,428 $86,080

The airstrip area was increased in 2018 by 6,000m² due to 
the extension completed in 2013.
The site road area was increased in 2018 by 20,000m² due 
to additional access roads built estimated at 2.0 km.
The number of containers remaining on site after closure is 
estimated at 1400 containers in 2018.

   Baker Lake $1,660,670 $1,664,270 -$3,600
A total of 18 Jet-A Fuel tanks at Baker Lake is considered in 
2018 instead of 20 tanks.

   AWAR $993,078 $991,072 $2,006

Lump sum allowances of 4,000$ (instead of 10,000$ in 
2014) per culvert removal and $25,000 per bridge removal 
is considered in 2018.
A total of 38 culverts and 9 bridges are considered for the 
AWAR in 2018, compared to 15 culverts and 9 bridges in 
2014.

Chemicals and Contaminated Soil 
Management

$1,316,981 $1,208,184 $108,797

Building decontamination was considered for some 
infrastructures in 2018.
Hazmat costs reviewed in 2018, no waste oil considered.

Contaminated soil increased in 2018 (1245 m3 additional), 
including an allowance for heavily contaminated soil. 

Surface and Groundwater Management $6,430,945 $5,198,311 $1,232,634

Pits flooding volumes adjusted (decreased compared to 
2014) with water balance in 2018.
Dike reconnection preliminary design quantities considered 
in 2018.
Cost for WTP construction and operation increased in 2018 
due to the type of technology that may be required for 
treatment of reclaim water prior to transfer in the pits.

Interim Care and Maintenance $1,858,705 $0 $1,858,705

Interim care and maintenance considered in 2018, as this is 
a requirement from INAC. 
Cost estimate based on annual water treatment cost and 
annual surveillance and monitoring (active closure), for a 3 
years period. 

Subtotal Direct Costs $57,883,238 $61,707,692 �r$3,824,454

Length of safety berms reviewed in 2018 and berms 
included for Vault and Phaser.
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Table 5 Comparison between 2014 and 2018 ICRP Cost Estimate (cont.)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Component Group
ICRP 2018 - Cost 

Estimate ($)

ICRP 2014 
(Golder, 2014) - Cost 

Estimate ($)

Differences between 
2018 and 2014 estimate 

($)
Main Difference Explanations

Mobilization/Demobilization $5,345,830 $4,762,500 $583,330
Mobilization and demobilization of equipment from Baker 
Lake considered in 2018.
Cost of barge increased in 2018.

Post-Closure Monitoring and 
Maintenance

$4,133,524 $2,972,373 $1,161,151

In 2018, 2 main periods considered for monitoring from 
2022 to 2030 and from 2031 to 2041.
Cost for general monitoring programs included in 2018 - 
annually in closure and every 2 years post-closure. 
Cost for geotechnical inspection reviewed in 2018.
Cost for water quality monitoring reviewed in 2018.

Engineering (5%) $2,894,162 $3,085,385 -$191,223 Adjusted with direct costs in 2018.

Project Management (5%) $2,894,162 $3,085,385 -$191,223 Adjusted with direct costs in 2018.

Health and Safety Plans/Monitoring, 
QA/QC and Engagement Costs (2%)

$1,157,665 $0 $1,157,665
Not considered in 2014, 2% of direct costs considered in 
2018, including engagement costs with stakeholders.

Bonding/Insurance (1%) $578,832 $0 $578,832
Not considered in 2014, 1% of direct costs considered in 
2018.

Contingency (15%) $8,682,486 $9,256,154 -$573,668
Considered 15% of direct costs in 2014 and 2018. Adjusted 
with direct costs in 2018.

Market Price Factor Adjustment (0%) $0 $0 $0 No change.

Subtotal Indirect Costs $25,686,660 $23,161,796 $2,524,865
GRAND TOTAL $83,569,898 $84,869,488 -$1,299,590
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Appendix A—RECLAIM 7.0 Spreadsheets 
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SUMMARY OF COSTS

CAPITAL COSTS
COMPONENT 

NAME COST
LAND 

LIABILITY
WATER 

LIABILITY

OPEN PIT Portage $3 240 $1 620 $1 620

Goose $1 080 $540 $540

Vault $1 080 $540 $540

Phaser $1 080 $540 $540

UNDERGROUND MINE $0 $0 $0

TAILINGS FACILITY $34 873 338 $17 436 669 $17 436 669

ROCK PILE Portage $2 707 534 $1 353 767 $1 353 767

Vault $30 000 $15 000 $15 000

BUILDINGS AND EQUIPMENT Meadowbank $8 005 508 $4 002 754 $4 002 754

Baker Lake $1 660 670 $830 335 $830 335

AWAR $993 078 $496 539 $496 539

CHEMICALS AND CONTAMINATED SOIL MANAGEMENT $1 316 981 $658 491 $658 491

SURFACE AND GROUNDWATER MANAGEMENT $6 430 945 - $6 430 945

INTERIM CARE AND MAINTENANCE $1 858 705 - $1 858 705

SUBTOTAL: Capital Costs $57 883 238 $24 796 794 $33 086 444

PERCENT OF SUBTOTAL 43% 57%

INDIRECT COSTS COST
LAND 

LIABILITY
WATER 

LIABILITY

MOBILIZATION/DEMOBILIZATION $5 345 830 $2 290 118 $3 055 712

POST-CLOSURE MONITORING AND MAINTENANCE $4 133 524 $1 770 774 $2 362 750

ENGINEERING 5% $2 894 162 $1 239 840 $1 654 322

PROJECT MANAGEMENT 5% $2 894 162 $1 239 840 $1 654 322

HEALTH AND SAFETY PLANS/MONITORING, QA/QC & ENGAGEMENT COSTS 2% $1 157 665 $495 936 $661 729

BONDING/INSURANCE 1% $578 832 $247 968 $330 864

CONTINGENCY 15% $8 682 486 $3 719 519 $4 962 967

MARKET PRICE FACTOR ADJUSTMENT 0% $0 $0 $0

SUBTOTAL: Indirect Costs $25 686 660 $11 003 994 $14 682 666

TOTAL COSTS $83 569 898 $35 800 789 $47 769 110
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4 Open Pit Name: Portage Pit # 1

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code

Unit 
Cost Cost

%
Land

Land 
Cost

Water 
Cost

CONTROL ACCESS

Fence m #N/A $0,00 $0 $0 $0

Signs each #N/A $0,00 $0 $0 $0

Berm at crest and rock barricade at ramp m3 1350 DRH $2,40 $3 240 50% $1 620 $1 620

Block roads m3

Other #N/A $0,00 $0 $0 $0

STABILITY STUDY

Conduct stability and setback study allow #N/A $0,00 $0 $0 $0

STABILIZE SLOPES

Off-load crest, soil A m3 #N/A $0,00 $0 $0 $0

Off-load crest, soil B m3 #N/A $0,00 $0 $0 $0

Doze/trim overburden at crest m3 #N/A $0,00 $0 $0 $0

Drill & blast pit crest m3 #N/A $0,00 $0 $0 $0

Buttress slope m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

COVER/CONTOUR SLOPES

Place fill, soil A m3 #N/A $0,00 $0 $0 $0

Place fill, soil B m3 #N/A $0,00 $0 $0 $0

Rip rap m3 #N/A $0,00 $0 $0 $0

Vegetate slopes ha #N/A $0,00 $0 $0 $0

Vegetate pit floor ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

CONSTRUCT DIVERSION DITCHES

Excavate ditches -soil m3 #N/A $0,00 $0 $0 $0

Excavate ditches -rock m3 #N/A $0,00 $0 $0 $0

Rip rap in channel base m3 #N/A $0,00 $0 $0 $0

CONSTRUCT SPILLWAY

Excavate channel m3 #N/A $0,00 $0 $0 $0

Concrete m3 #N/A $0,00 $0 $0 $0

Rip rap m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

RECLAIM QUARRIES

Contour slopes m3 #N/A $0,00 $0 $0 $0

Place overburden m3 #N/A $0,00 $0 $0 $0

Vegetate m3 #N/A $0,00 $0 $0 $0

FLOOD PIT-Captital

Remove stationary equipment (sump pumps) each #N/A $0,00 $0 $0 $0

Remove dewatering pipeline m #N/A $0,00 $0 $0 $0

Remove power lines each #N/A $0,00 $0 $0 $0

Construct diversion ditches m3 #N/A $0,00 $0 $0 $0

    -Ditch, mat'l A m3 #N/A $0,00 $0 $0 $0

    -Ditch, mat'l B m3 #N/A $0,00 $0 $0 $0

Construct embankment/dam m3 #N/A $0,00 $0 $0 $0

Supply/install pump station each #N/A $0,00 $0 $0 $0

Supply/install piping system m #N/A $0,00 $0 $0 $0

Remove pump post-closure each #N/A $0,00 $0 $0 $0

Remove pipeline post-closure m #N/A $0,00 $0 $0 $0

FLOOD PIT-Annual Cost

Operate pumps (power) m3 #N/A $0,00 $0 $0 $0

Maintain pump/pipeline allow #N/A $0,00 $0 $0 $0

Labour:fuel management, comissioning/decom $/h #N/A $0,00 $0 $0 $0

Chemical addition,  _____ kg/m3 of water tonne #N/A $0,00 $0 $0 $0

Chemicals, purchase and shipping tonne #N/A $0,00 $0 $0 $0

Passive/biological additives $/ha #N/A $0,00 $0 $0 $0

Passive additives purchase and shipping tonne #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

Annual pumping costs $0

Number of years of pump flooding years
Total pumping costs $0 $0 $0

Total $3 240 $1 620 $1 620
% of Total 50% 50%
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Open Pit Name: Goose Pit # 2

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code

Unit 
Cost Cost

%
Land

Land 
Cost

Water 
Cost

CONTROL ACCESS

Fence m #N/A $0,00 $0 $0 $0

Signs each #N/A $0,00 $0 $0 $0

Berm at crest and Rock barricade at ramp m3 450 DRH $2,40 $1 080 50% $540 $540

Block roads m3

Other #N/A $0,00 $0 $0 $0

STABILITY STUDY

Conduct stability and setback study allow #N/A $0,00 $0 $0 $0

STABILIZE SLOPES

Off-load crest, soil A m3 #N/A $0,00 $0 $0 $0

Off-load crest, soil B m3 #N/A $0,00 $0 $0 $0

Doze/trim overburden at crest m3 #N/A $0,00 $0 $0 $0

Drill & blast pit crest m3 #N/A $0,00 $0 $0 $0

Buttress slope m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

COVER/CONTOUR SLOPES

Place fill, soil A m3 #N/A $0,00 $0 $0 $0

Place fill, soil B m3 #N/A $0,00 $0 $0 $0

Rip rap m3 #N/A $0,00 $0 $0 $0

Vegetate slopes ha #N/A $0,00 $0 $0 $0

Vegetate pit floor ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

CONSTRUCT DIVERSION DITCHES

Excavate ditches -soil m3 #N/A $0,00 $0 $0 $0

Excavate ditches -rock m3 #N/A $0,00 $0 $0 $0

Rip rap in channel base m3 #N/A $0,00 $0 $0 $0

CONSTRUCT SPILLWAY

Excavate channel m3 #N/A $0,00 $0 $0 $0

Concrete m3 #N/A $0,00 $0 $0 $0

Rip rap m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

RECLAIM QUARRIES

Contour slopes m3 #N/A $0,00 $0 $0 $0

Place overburden m3 #N/A $0,00 $0 $0 $0

Vegetate m3 #N/A $0,00 $0 $0 $0

FLOOD PIT-Captital

Remove stationary equipment (sump pumps) each #N/A $0,00 $0 $0 $0

Remove dewatering pipeline m #N/A $0,00 $0 $0 $0

Remove power lines each #N/A $0,00 $0 $0 $0

Construct diversion ditches m3 #N/A $0,00 $0 $0 $0

    -Ditch, mat'l A m3 #N/A $0,00 $0 $0 $0

    -Ditch, mat'l B m3 #N/A $0,00 $0 $0 $0

Construct embankment/dam m3 #N/A $0,00 $0 $0 $0

Supply/install pump station each #N/A $0,00 $0 $0 $0

Supply/install piping system m #N/A $0,00 $0 $0 $0

Remove pump post-closure each #N/A $0,00 $0 $0 $0

Remove pipeline post-closure m #N/A $0,00 $0 $0 $0

FLOOD PIT-Annual Cost

Operate pumps (power) m3 #N/A $0,00 $0 $0 $0

Maintain pump/pipeline allow #N/A $0,00 $0 $0 $0

Labour:fuel management, comissioning/decom $/h #N/A $0,00 $0 $0 $0

Chemical addition,  _____ kg/m3 of water tonne #N/A $0,00 $0 $0 $0

Chemicals, purchase and shipping tonne #N/A $0,00 $0 $0 $0

Passive/biological additives $/ha #N/A $0,00 $0 $0 $0

Passive additives purchase and shipping tonne #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

Annual pumping costs $0

Number of years of pump flooding years
Total pumping costs $0 $0 $0

Total $1 080 $540 $540
% of Total 50% 50%
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Open Pit Name: Vault Pit # 3

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code

Unit 
Cost Cost

%
Land

Land 
Cost

Water 
Cost

CONTROL ACCESS

Fence m #N/A $0,00 $0 $0 $0

Signs each #N/A $0,00 $0 $0 $0

Berm at crest and Rock barricade at ramp m3 450 DRH $2,40 $1 080 50% $540 $540

Block roads m3

Other #N/A $0,00 $0 $0 $0

STABILITY STUDY

Conduct stability and setback study allow #N/A $0,00 $0 $0 $0

STABILIZE SLOPES

Off-load crest, soil A m3 #N/A $0,00 $0 $0 $0

Off-load crest, soil B m3 #N/A $0,00 $0 $0 $0

Doze/trim overburden at crest m3 #N/A $0,00 $0 $0 $0

Drill & blast pit crest m3 #N/A $0,00 $0 $0 $0

Buttress slope m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

COVER/CONTOUR SLOPES

Place fill, soil A m3 #N/A $0,00 $0 $0 $0

Place fill, soil B m3 #N/A $0,00 $0 $0 $0

Rip rap m3 #N/A $0,00 $0 $0 $0

Vegetate slopes ha #N/A $0,00 $0 $0 $0

Vegetate pit floor ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

CONSTRUCT DIVERSION DITCHES

Excavate ditches -soil m3 #N/A $0,00 $0 $0 $0

Excavate ditches -rock m3 #N/A $0,00 $0 $0 $0

Rip rap in channel base m3 #N/A $0,00 $0 $0 $0

CONSTRUCT SPILLWAY

Excavate channel m3 #N/A $0,00 $0 $0 $0

Concrete m3 #N/A $0,00 $0 $0 $0

Rip rap m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

RECLAIM QUARRIES

Contour slopes m3 #N/A $0,00 $0 $0 $0

Place overburden m3 #N/A $0,00 $0 $0 $0

Vegetate m3 #N/A $0,00 $0 $0 $0

FLOOD PIT-Captital

Remove stationary equipment (sump pumps) each #N/A $0,00 $0 $0 $0

Remove dewatering pipeline m #N/A $0,00 $0 $0 $0

Remove power lines each #N/A $0,00 $0 $0 $0

Construct diversion ditches m3 #N/A $0,00 $0 $0 $0

    -Ditch, mat'l A m3 #N/A $0,00 $0 $0 $0

    -Ditch, mat'l B m3 #N/A $0,00 $0 $0 $0

Construct embankment/dam m3 #N/A $0,00 $0 $0 $0

Supply/install pump station each #N/A $0,00 $0 $0 $0

Supply/install piping system m #N/A $0,00 $0 $0 $0

Remove pump post-closure each #N/A $0,00 $0 $0 $0

Remove pipeline post-closure m #N/A $0,00 $0 $0 $0

FLOOD PIT-Annual Cost

Operate pumps (power) m3 #N/A $0,00 $0 $0 $0

Maintain pump/pipeline allow #N/A $0,00 $0 $0 $0

Labour:fuel management, comissioning/decom $/h #N/A $0,00 $0 $0 $0

Chemical addition,  _____ kg/m3 of water tonne #N/A $0,00 $0 $0 $0

Chemicals, purchase and shipping tonne #N/A $0,00 $0 $0 $0

Passive/biological additives $/ha #N/A $0,00 $0 $0 $0

Passive additives purchase and shipping tonne #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

Annual pumping costs $0

Number of years of pump flooding years
Total pumping costs $0 $0 $0

Total $1 080 $540 $540
% of Total 50% 50%
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Open Pit Name: Phaser Pit # 4

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code

Unit 
Cost Cost

%
Land

Land 
Cost

Water 
Cost

CONTROL ACCESS

Fence m #N/A $0,00 $0 $0 $0

Signs each #N/A $0,00 $0 $0 $0

Berm at crest and rock barricade at ramp m3 450 DRH $2,40 $1 080 50% $540 $540

Block roads m3

Other #N/A $0,00 $0 $0 $0

STABILITY STUDY

Conduct stability and setback study allow #N/A $0,00 $0 $0 $0

STABILIZE SLOPES

Off-load crest, soil A m3 #N/A $0,00 $0 $0 $0

Off-load crest, soil B m3 #N/A $0,00 $0 $0 $0

Doze/trim overburden at crest m3 #N/A $0,00 $0 $0 $0

Drill & blast pit crest m3 #N/A $0,00 $0 $0 $0

Buttress slope m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

COVER/CONTOUR SLOPES

Place fill, soil A m3 #N/A $0,00 $0 $0 $0

Place fill, soil B m3 #N/A $0,00 $0 $0 $0

Rip rap m3 #N/A $0,00 $0 $0 $0

Vegetate slopes ha #N/A $0,00 $0 $0 $0

Vegetate pit floor ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

CONSTRUCT DIVERSION DITCHES

Excavate ditches -soil m3 #N/A $0,00 $0 $0 $0

Excavate ditches -rock m3 #N/A $0,00 $0 $0 $0

Rip rap in channel base m3 #N/A $0,00 $0 $0 $0

CONSTRUCT SPILLWAY

Excavate channel m3 #N/A $0,00 $0 $0 $0

Concrete m3 #N/A $0,00 $0 $0 $0

Rip rap m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

RECLAIM QUARRIES

Contour slopes m3 #N/A $0,00 $0 $0 $0

Place overburden m3 #N/A $0,00 $0 $0 $0

Vegetate m3 #N/A $0,00 $0 $0 $0

FLOOD PIT-Captital

Remove stationary equipment (sump pumps) each #N/A $0,00 $0 $0 $0

Remove dewatering pipeline m #N/A $0,00 $0 $0 $0

Remove power lines each #N/A $0,00 $0 $0 $0

Construct diversion ditches m3 #N/A $0,00 $0 $0 $0

    -Ditch, mat'l A m3 #N/A $0,00 $0 $0 $0

    -Ditch, mat'l B m3 #N/A $0,00 $0 $0 $0

Construct embankment/dam m3 #N/A $0,00 $0 $0 $0

Supply/install pump station each #N/A $0,00 $0 $0 $0

Supply/install piping system m #N/A $0,00 $0 $0 $0

Remove pump post-closure each #N/A $0,00 $0 $0 $0

Remove pipeline post-closure m #N/A $0,00 $0 $0 $0

FLOOD PIT-Annual Cost

Operate pumps (power) m3 #N/A $0,00 $0 $0 $0

Maintain pump/pipeline allow #N/A $0,00 $0 $0 $0

Labour:fuel management, comissioning/decom $/h #N/A $0,00 $0 $0 $0

Chemical addition,  _____ kg/m3 of water tonne #N/A $0,00 $0 $0 $0

Chemicals, purchase and shipping tonne #N/A $0,00 $0 $0 $0

Passive/biological additives $/ha #N/A $0,00 $0 $0 $0

Passive additives purchase and shipping tonne #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

Annual pumping costs $0

Number of years of pump flooding years
Total pumping costs $0 $0 $0

Total $1 080 $540 $540
% of Total 50% 50%
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1 Tailings Impoundment Name: Pond # 1

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code Unit Cost Cost

%
Land Land Cost Water Cost

CONTROL ACCESS

Fence m #N/A $0,00 $0 $0 $0

Signs each #N/A $0,00 $0 $0 $0

Berm m3 #N/A $0,00 $0 $0 $0

Block roads m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

STABILIZE EMBANKMENT(S)

Toe buttress, drainage layer m3 #N/A $0,00 $0 $0 $0

Toe buttress, bulk fill m3 #N/A $0,00 $0 $0 $0

Rip rap m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

Raise crest m3 #N/A $0,00 $0 $0 $0

Flatten slopes m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

COVER TAILINGS - North Cell

NPAG  UM waste rock cover (4 m thick) m3 3227722 SB3L $5,10 $16 461 382 50% $8 230 691 $8 230 691

Grade/shape tailings surface m3 #N/A $0,00 $0 $0 $0

Liner bedding m3 #N/A $0,00 $0 $0 $0

Subgrade preparation - compact m2 #N/A $0,00 $0 $0 $0

Supply geotextile/geosynthetic m2 #N/A $0,00 $0 $0 $0

Install geotextile/geosynthetic m2 #N/A $0,00 $0 $0 $0

Soil cover m3 #N/A $0,00 $0 $0 $0

Rock cover m3 #N/A $0,00 $0 $0 $0

Vegetate m2 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

DITCHES - North Cell

DITCHES excavate soil m3 6428 SB2L $4,60 $29 569 50% $14 784 $14 784

DITCHES excavate rock m3 23512 RB2L $12,05 $283 320 50% $141 660 $141 660

NPAG waste rockfill m3 9935 SB4L $5,50 $54 643 50% $27 321 $27 321

SEDIMENTATION POND - North Cell

POND excavate soil m3 17428 SB2L $4,60 $80 169 50% $40 084 $40 084

POND excavate rock m3 32472 RB2L $12,05 $391 288 50% $195 644 $195 644

NPAG waste rockfill m3 3510 SB4L $5,50 $19 305 50% $9 653 $9 653

COVER TAILINGS - South Cell

NPAG  UM waste rock cover (4 m thick) m3 2783838 SB4L $5,50 $15 311 109 50% $7 655 555 $7 655 555

Grade/shape tailings surface m3 #N/A $0,00 $0 $0 $0

Liner bedding m3 #N/A $0,00 $0 $0 $0

Subgrade preparation - compact m2 #N/A $0,00 $0 $0 $0

Supply geotextile/geosynthetic m2 #N/A $0,00 $0 $0 $0

Install geotextile/geosynthetic m2 #N/A $0,00 $0 $0 $0

Soil cover m3 #N/A $0,00 $0 $0 $0

Rock cover m3 #N/A $0,00 $0 $0 $0

Vegetate m2 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

DITCHES - South Cell

DITCHES excavate soil m3 20764 SB2L $4,60 $95 513 50% $47 756 $47 756

DITCHES excavate rock m3 31745 RB2L $12,05 $382 531 50% $191 265 $191 265

NPAG waste rockfill m3 25527 SB4L $5,50 $140 399 50% $70 199 $70 199

SEDIMENTATION POND - South Cell

POND excavate soil m3 36176 SB2L $4,60 $166 410 50% $83 205 $83 205

POND excavate rock m3 74308 RB2L $12,05 $895 406 50% $447 703 $447 703

NPAG waste rockfill m3 5394 SB4L $5,50 $29 667 50% $14 833 $14 833

BREACH SADDLE DAM 3

Excavate  Breach Saddle Dam m3 25000 SB2L $4,60 $115 000 50% $57 500 $57 500

Rock placement m3 9000 SB4H $11,00 $99 000 50% $49 500 $49 500

REMOVE TAILINGS DISCHARGE

Removing Piping m 11500 PLRL $22,00 $253 000 50% $126 500 $126 500

Dismantle Booster Pump allow 1 OPS $15 630,00 $15 630 50% $7 815 $7 815

BURY PAG ROCK

Relocate PAG rock m3 #N/A $0,00 $0 $0 $0

Place cover over PAG rock m3 #N/A $0,00 $0 $0 $0

Raise crest of dam m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

STABILIZE DECANT SYSTEM

Excavate and replace m3 #N/A $0,00 $0 $0 $0

Plug/backfill with concrete or clay m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

REMOVE TAILINGS DISCHARGE

Cyclones m3 #N/A $0,00 $0 $0 $0

Pipe m3 #N/A $0,00 $0 $0 $0

Remove reclaim barge allow #N/A $0,00 $0 $0 $0

CONSTRUCT DIVERSION DITCHES

Excavate ditches -soil m3 #N/A $0,00 $0 $0 $0

Excavate ditches -rock m3 #N/A $0,00 $0 $0 $0

Rip rap in channel base m3 #N/A $0,00 $0 $0 $0

FLOOD TAILINGS

Doze tailings to final contour m3 #N/A $0,00 $0 $0 $0

Raise crest of dam m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

UPGRADE SPILLWAY

Excavate channel, rock m3 #N/A $0,00 $0 $0 $0

Excavate channel, soil m3 #N/A $0,00 $0 $0 $0

Concrete m3 #N/A $0,00 $0 $0 $0

Rip rap m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

CONSTRUCT SEEPAGE COLLECTION POND

Excavate seepage collection pond m3 #N/A $0,00 $0 $0 $0

Doze & spread excavated material m3 #N/A $0,00 $0 $0 $0

Vegetate spread material ha #N/A $0,00 $0 $0 $0

Bedding layer m3 #N/A $0,00 $0 $0 $0

Supply geomembrane m2 #N/A $0,00 $0 $0 $0

Install geomembrane m2 #N/A $0,00 $0 $0 $0

Erosion protection layer m3 #N/A $0,00 $0 $0 $0

INSTALL GROUNDWATER COLLECTION SYSTEM

Excavate/install sumps m3 #N/A $0,00 $0 $0 $0

Install pumping wells m3 #N/A $0,00 $0 $0 $0

Install pumps/pipelines/power supply LS #N/A $0,00 $0 $0 $0

SPECIALIZED ITEMS

Install permanent instrumentation, supply & technican each #N/A $0,00 $0 $0 $0

Install permanent instrumentation and drilling each 5 OPS $10 000,00 $50 000 50% $25 000 $25 000

TREAT SEEPAGE - see "Water Management" and "Water Treatment"

TREAT SUPERNATANT

Pump water (to pit, U/G) m3 #N/A $0,00 $0 $0 $0

Equipment maintenance and parts allow #N/A $0,00 $0 $0 $0

Supply reagents tonne #N/A $0,00 $0 $0 $0

Annual treatment costs $0

Number of years of treatment years
Total treatment costs $0 $0

Total $34 873 338 $17 436 669 $17 436 669
% of Total 50% 50%

* for construction of passive treatment system refer to "Water Management"
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2 Rock Pile Name: Portage

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code Unit Cost Cost

%
Land Land Cost Water Cost

STABILIZE SLOPES

Flatten slopes with dozer m3 #N/A $0,00 $0 $0 $0

Flatten "bubble dump" areas m3 #N/A $0,00 $0 $0 $0

Divert runon, ditch mat'l A m3 #N/A $0,00 $0 $0 $0

Divert runon, ditch mat'l B m3 #N/A $0,00 $0 $0 $0

Toe buttress, drain mat'l m3 #N/A $0,00 $0 $0 $0

Toe buttress, fill mat'l A m3 #N/A $0,00 $0 $0 $0

Toe buttress, fill mat'l B m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

COVER ROCK PILE

NPAG UM waste rock cover (4 m thick) m3 514285 SB3L $5,10 $2 622 854 50% $1 311 427 $1 311 427

Subgrade preparation - doze surface m3 #N/A $0,00 $0 $0 $0

Soil cover - excavate,haul,spread&compact m3 #N/A $0,00 $0 $0 $0

Rock cover - excavate,haul & spread m3 #N/A $0,00 $0 $0 $0

Excavate downslope drainage channel & chute m3 #N/A $0,00 $0 $0 $0

Rip rap drainage channel and chute m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

COVER SUMPS

NPAG UM waste rock cover (4 m thick) m3 6800 SB3L $5,10 $34 680 50% $17 340 $17 340

Other #N/A $0,00 $0 $0 $0

VERY LOW PERMEABILITY COVER (in addition to above)

Liner subgrade preparation - compact m2 #N/A $0,00 $0 $0 $0

Supply geomembrame m2 #N/A $0,00 $0 $0 $0

Install geomembrane m2 #N/A $0,00 $0 $0 $0

Protective cover - excavate,haul,spread&compact m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

Install infiltration/seepage instrumentation allow #N/A $0,00 $0 $0 $0

CONSTRUCT DIVERSION DITCHES

Excavate ditches -soil m3 #N/A $0,00 $0 $0 $0

Excavate ditches -rock m3 #N/A $0,00 $0 $0 $0

Rip rap in channel base m3 #N/A $0,00 $0 $0 $0

CONSTRUCT SEEPAGE COLLECTION POND

Excavate seepage collection pond m3 #N/A $0,00 $0 $0 $0

Doze & spread excavated material m3 #N/A $0,00 $0 $0 $0

Vegetate spread material ha #N/A $0,00 $0 $0 $0

Bedding layer m3 #N/A $0,00 $0 $0 $0

Supply geomembrane m2 #N/A $0,00 $0 $0 $0

Install geomembrane m2 #N/A $0,00 $0 $0 $0

Erosion protection layer m3

INSTALL GROUNDWATER COLLECTION SYSTEM

Excavate/install sumps m3 #N/A $0,00 $0 $0 $0

Install pumping wells m3 #N/A $0,00 $0 $0 $0

Install pumps/pipelines/power supply allow #N/A $0,00 $0 $0 $0

RELOCATE DUMPS

Load, haul, dump or doze m3 #N/A $0,00 $0 $0 $0

Add lime tonne #N/A $0,00 $0 $0 $0

Contour reclaimed area ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

SPECIALIZED ITEMS

Install permanent instrumentation each 5 OPS $10 000,00 $50 000 50% $25 000 $25 000

Install permanent instrumentation, drilling each #N/A $0,00 $0 $0 $0

TREAT ROCK PILE SEEPAGE - see "Water Treatment"

HEAP LEACH SEEPAGE TREATMENT - Cyanide Detox

Cyanide destruction water treatment pumping m3 #N/A $0,00 $0 $0 $0

Reagents tonnes #N/A $0,00 $0 $0 $0

Electrician/mechanic to maintain treatment plant allow #N/A $0,00 $0 $0 $0

Equipment maintenance and parts allow #N/A $0,00 $0 $0 $0

Annual treatment costs $0

Number of years of treatment years

Total treatment costs $0 $0

HEAP LEACH SEEPAGE TREATMENT - ARD/ML**
Upgrade/modify pumping system - report to WTP allow #N/A $0,00 $0 $0

Total $2 707 534 $1 353 767 $1 353 767
% of Total 50% 50%

* For construction of passive treatment system refer to "Water Management".  ARD/ML seepage treatment becomes post-closure water treatment cost

**Heap leach ARD/ML seepage treatment becomes post-closure water treatment cost
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Rock Pile Name: Vault 1

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code Unit Cost Cost

%
Land Land Cost Water Cost

COVER ROCK PILE

Flatten slopes with dozer m3 #N/A $0,00 $0 $0 $0

Flatten "bubble dump" areas m3 #N/A $0,00 $0 $0 $0

Divert runon, ditch mat'l A m3 #N/A $0,00 $0 $0 $0

Divert runon, ditch mat'l B m3 #N/A $0,00 $0 $0 $0

Toe buttress, drain mat'l m3 #N/A $0,00 $0 $0 $0

Toe buttress, fill mat'l A m3 #N/A $0,00 $0 $0 $0

Toe buttress, fill mat'l B m3 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

COVER ROCK PILE

NPAG UM waste rock cover (4 m thick) m3 0 SB3L $5,10 $0 $0 $0

Subgrade preparation - doze surface m3 #N/A $0,00 $0 $0 $0

Soil cover - excavate,haul,spread&compact m3 #N/A $0,00 $0 $0 $0

Rock cover - excavate,haul & spread m3 #N/A $0,00 $0 $0 $0

Excavate downslope drainage channel & chute m3 #N/A $0,00 $0 $0 $0

Rip rap drainage channel and chute m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

COVER SUMPS

NPAG UM waste rock cover (4 m thick) m3 0 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

VERY LOW PERMEABILITY COVER (in addition to above)

Liner subgrade preparation - compact m2 #N/A $0,00 $0 $0 $0

Supply geomembrame m2 #N/A $0,00 $0 $0 $0

Install geomembrane m2 #N/A $0,00 $0 $0 $0

Protective cover - excavate,haul,spread&compact m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

Install infiltration/seepage instrumentation allow #N/A $0,00 $0 $0 $0

CONSTRUCT DIVERSION DITCHES

Excavate ditches -soil m3 #N/A $0,00 $0 $0 $0

Excavate ditches -rock m3 #N/A $0,00 $0 $0 $0

Rip rap in channel base m3 #N/A $0,00 $0 $0 $0

CONSTRUCT SEEPAGE COLLECTION POND

Excavate seepage collection pond m3 #N/A $0,00 $0 $0 $0

Doze & spread excavated material m3 #N/A $0,00 $0 $0 $0

Vegetate spread material ha #N/A $0,00 $0 $0 $0

Bedding layer m3 #N/A $0,00 $0 $0 $0

Supply geomembrane m2 #N/A $0,00 $0 $0 $0

Install geomembrane m2 #N/A $0,00 $0 $0 $0

Erosion protection layer m3

INSTALL GROUNDWATER COLLECTION SYSTEM

Excavate/install sumps m3 #N/A $0,00 $0 $0 $0

Install pumping wells m3 #N/A $0,00 $0 $0 $0

Install pumps/pipelines/power supply allow #N/A $0,00 $0 $0 $0

RELOCATE DUMPS

Load, haul, dump or doze m3 #N/A $0,00 $0 $0 $0

Add lime tonne #N/A $0,00 $0 $0 $0

Contour reclaimed area ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

SPECIALIZED ITEMS

Install permanent instrumentation each 3 OPS $10 000,00 $30 000 50% $15 000 $15 000

Install permanent instrumentation, drilling each #N/A $0,00 $0 $0 $0

TREAT ROCK PILE SEEPAGE - see "Water Treatment"

HEAP LEACH SEEPAGE TREATMENT - Cyanide Detox

Cyanide destruction water treatment pumping m3 #N/A $0,00 $0 $0 $0

Reagents tonnes #N/A $0,00 $0 $0 $0

Electrician/mechanic to maintain treatment plant allow #N/A $0,00 $0 $0 $0

Equipment maintenance and parts allow #N/A $0,00 $0 $0 $0

Annual treatment costs $0

Number of years of treatment years

Total treatment costs $0 $0

HEAP LEACH SEEPAGE TREATMENT - ARD/ML**
Upgrade/modify pumping system - report to WTP allow #N/A $0,00 $0 $0

Total $30 000 $15 000 $15 000
% of Total 50% 50%

* For construction of passive treatment system refer to "Water Management".  ARD/ML seepage treatment becomes post-closure water treatment cost

**Heap leach ARD/ML seepage treatment becomes post-closure water treatment cost
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3 Building / Equip Name: Meadowbank Bldg / Equip #: 1

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code Unit Cost Cost

%
Land Land Cost Water Cost

DISPOSE MOBILE EQUIPMENT

Decontaminate and ship off-site allow #N/A $0,00 $0 $0 $0

Decontaminate and dispose on-site manhours 1088 MECHL $49,00 $53 312 50% $26 656 $26 656

Other #N/A $0,00 $0 $0 $0

REMOVE BUILDINGS - see note below

Mill Complex:

Mill m2 37800 BRS1H $65,00 $2 457 000 50% $1 228 500 $1 228 500

Leech Tanks m2 12500 BRS1H $65,00 $812 500 50% $406 250 $406 250

Primary and Secondary Crusher m2 740 BRS1H $65,00 $48 100 50% $24 050 $24 050

Pebble Crusher m2 650 BRS1H $65,00 $42 250 50% $21 125 $21 125

Conveyors m2 1950 BRS1H $65,00 $126 750 50% $63 375 $63 375

Assay Lab m2 440 BRS1L $45,00 $19 800 50% $9 900 $9 900

Accomodation Complex (Inc. Nova Camp) m2 17005 BRS1L $45,00 $765 225 50% $382 613 $382 613

Services Building m2 13080 BRS1L $45,00 $588 600 50% $294 300 $294 300

Site Services Building m2 500 BRS1L $45,00 $22 500 50% $11 250 $11 250

Dome Warehouse m2 2854 BRS1L $45,00 $128 430 50% $64 215 $64 215

Ore Dome m2 21000 BRS1L $45,00 $945 000 50% $472 500 $472 500

Power Plant m2 7455 BRS1H $65,00 $484 575 50% $242 288 $242 288

Cat Warehouse m2 2690 BRS1L $45,00 $121 050 50% $60 525 $60 525

Toromont Facilities m2 925 BRS1L $45,00 $41 625 50% $20 813 $20 813

Fountain Tire m2 330 BRS1L $45,00 $14 850 50% $7 425 $7 425

White Coverall m2 2790 BRS1L $45,00 $125 550 50% $62 775 $62 775

Batch Plant m2 2100 BRS1L $45,00 $94 500 50% $47 250 $47 250

Environmental Office m2 140 BRS1L $45,00 $6 300 50% $3 150 $3 150

Dike Dewatering Shop m2 755 BRS1L $45,00 $33 975 50% $16 988 $16 988

Incinerator m2 280 BRS1L $45,00 $12 600 50% $6 300 $6 300

Talbon Shop m2 235 BRS1L $45,00 $10 575 50% $5 288 $5 288

Blue Coverall m2 710 BRS1L $45,00 $31 950 50% $15 975 $15 975

Gate House m2 100 BRS1L $45,00 $4 500 50% $2 250 $2 250

Fuel Dispensing Station m2 165 BRS1H $65,00 $10 725 50% $5 363 $5 363

Emulsion Plant m2 2000 BRS1H $65,00 $130 000 50% $65 000 $65 000

Bulk Fuel Tank m2 1910 BRS1H $65,00 $124 150 50% $62 075 $62 075

Containers to Landfill mt 3500 OPS $20,00 $70 000 50% $35 000 $35 000

Other #N/A $0,00 $0 $0 $0

BREAK BASEMENT SLABS

Puncture Concrete Foundations m2 25211 BRCS $6,00 $151 266 50% $75 633 $75 633

LANDFILL FOR DEMOLITION WASTE

Place rock cover Blast rock fill m3 #N/A $0,00 $0 $0 $0

Place soil cover Soil Cap - Landfill and Septic Field m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

GRADE AND CONTOUR PADS

Accomodation Complex ha #N/A $0,00 $0 $0 $0

Process Facilities ha #N/A $0,00 $0 $0 $0

Offices, Repair, Lab, Warehouse ha #N/A $0,00 $0 $0 $0

Storage Facilites ha #N/A $0,00 $0 $0 $0

Water and Wastewater Treatment Facilities ha #N/A $0,00 $0 $0 $0

U/G Heating Plant ha #N/A $0,00 $0 $0 $0

Emulsion Plant ha #N/A $0,00 $0 $0 $0

Warehouse, Shops and Other ha #N/A $0,00 $0 $0 $0

Place rock cover m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

PUNCTURE LINED SUMPS

Puncture liner and place soil cover m3 #N/A $0,00 $0 $0 $0

RECLAIM ROADS, LAYDOWN AREA & AIRSTRIP

Remove culverts each 15 OPS $4 000,00 $60 000 50% $30 000 $30 000

Install Water Breaks allow 1 OPS $40 000,00 $40 000 50% $20 000 $20 000

Scarify airstriip ha 4,1 SCFYL $4 300,00 $17 630 50% $8 815 $8 815

Scarify laydown areas ha #N/A $0,00 $0 50% $0 $0

Scarify access roads (~10 m x 12 km) ha 12 SCFYL $4 300,00 $51 600 50% $25 800 $25 800

Scarify haul roads (~25 m x 14.5 km) ha 36,3 SCFYL $4 300,00 $156 090 50% $78 045 $78 045

Scarify Portage/Mill Disturbed Area ha 40,6 SCFYL $4 300,00 $174 580 50% $87 290 $87 290

Scarify Vault Disturbed Area ha 6,5 SCFYL $4 300,00 $27 950 50% $13 975 $13 975

Vegetate ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0
SPECIALIZED ITEMS

Dispose of misc. debris and laydown area refuse #N/A $0,00 $0 $0 $0

Total $8 005 508 $4 002 754 $4 002 754
% of Total 50% 50%

Note:  Unit costs are based on 3m high, single storey building.  Scale larger building areas accordingly.  E.g.  10m high building multiply area by 3.3 (10/3)
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Building / Equip Name: Baker Lake Bldg / Equip #: 2

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code Unit Cost Cost

%
Land Land Cost Water Cost

DISPOSE MOBILE EQUIPMENT

Decontaminate and ship off-site allow #N/A $0,00 $0 $0 $0

Decontaminate and dispose on-site allow #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

REMOVE BUILDINGS - see note below

Mill Complex:

Mill m2 #N/A $0,00 $0 50% $0 $0

Leech Tanks m2 #N/A $0,00 $0 50% $0 $0

Primary and Secondary Crusher m2 #N/A $0,00 $0 50% $0 $0

Pebble Crusher m2 #N/A $0,00 $0 50% $0 $0

Conveyors m2 #N/A $0,00 $0 50% $0 $0

Assay Lab m2 #N/A $0,00 $0 50% $0 $0

Accomodation Complex (Inc. Nova Camp) m2 #N/A $0,00 $0 50% $0 $0

Services Building m2 #N/A $0,00 $0 50% $0 $0

Site Services Building m2 #N/A $0,00 $0 50% $0 $0

Dome Warehouse m2 #N/A $0,00 $0 50% $0 $0

Ore Dome m2 #N/A $0,00 $0 50% $0 $0

Power Plant m2 #N/A $0,00 $0 50% $0 $0

Cat Warehouse m2 #N/A $0,00 $0 50% $0 $0

Toromont Facilities m2 #N/A $0,00 $0 50% $0 $0

Fountain Tire m2 #N/A $0,00 $0 50% $0 $0

White Coverall m2 #N/A $0,00 $0 50% $0 $0

Batch Plant m2 #N/A $0,00 $0 50% $0 $0

Environmental Office m2 #N/A $0,00 $0 50% $0 $0

Dike Dewatering Shop m2 #N/A $0,00 $0 50% $0 $0

Incinerator m2 #N/A $0,00 $0 50% $0 $0

Talbon Shop m2 #N/A $0,00 $0 50% $0 $0

Blue Coverall m2 #N/A $0,00 $0 50% $0 $0

Gate House m2 #N/A $0,00 $0 50% $0 $0

Fuel Dispensing Station m2 #N/A $0,00 $0 50% $0 $0

Emulsion Plant m2 #N/A $0,00 $0 50% $0 $0

Bulk Fuel Tank m2 #N/A $0,00 $0 50% $0 $0

Containers to Landfill each #N/A $0,00 $0 50% $0 $0

10,000,000L Diesel Fuel Tanks m2 21180 BRS1H $65,00 $1 376 700 50% $688 350 $688 350

100,000L Jet Fuel Tanks m2 720 BRS1L $45,00 $32 400 50% $16 200 $16 200

Other #N/A $0,00 $0 $0 $0

BREAK BASEMENT SLABS

Puncture Concrete Foundations m2 6095 BRCS $6,00 $36 570 50% $18 285 $18 285

LANDFILL FOR DEMOLITION WASTE

Place rock cover Blast rock fill m3 #N/A $0,00 $0 $0 $0

Place soil cover Soil Cap - Landfill and Septic Field m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

GRADE AND CONTOUR PADS

Accomodation Complex ha #N/A $0,00 $0 $0 $0

Process Facilities ha #N/A $0,00 $0 $0 $0

Offices, Repair, Lab, Warehouse ha #N/A $0,00 $0 $0 $0

Storage Facilites ha #N/A $0,00 $0 $0 $0

Water and Wastewater Treatment Facilities ha #N/A $0,00 $0 $0 $0

U/G Heating Plant ha #N/A $0,00 $0 $0 $0

Emulsion Plant ha #N/A $0,00 $0 $0 $0

Warehouse, Shops and Other ha #N/A $0,00 $0 $0 $0

Place rock cover m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

PUNCTURE LINED SUMPS

Puncture liner and place soil cover m3 #N/A $0,00 $0 $0 $0

RECLAIM ROADS, LAYDOWN AREA & AIRSTRIP

Remove culverts each #N/A $0,00 $0 50% $0 $0

Scarify and install water breaks ha #N/A $0,00 $0 50% $0 $0

Scarify airstriip ha #N/A $0,00 $0 50% $0 $0

Scarify laydown areas ha 50 SCFYL $4 300,00 $215 000 50% $107 500 $107 500

Scarify access roads (~10 m x 10 km) ha #N/A $0,00 $0 50% $0 $0

Scarify haul roads (~25 m x 14.5 km) ha #N/A $0,00 $0 50% $0 $0

Scarify Portage/Mill Disturbed Area ha #N/A $0,00 $0 50% $0 $0

Scarify Vault Disturbed Area ha #N/A $0,00 $0 50% $0 $0
Vegetate ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

SPECIALIZED ITEMS
Dispose of misc. debris and laydown area refuse #N/A $0,00 $0 $0 $0

Total $1 660 670 $830 335 $830 335
% of Total 50% 50%

Note:  Unit costs are based on 3m high, single storey building.  Scale larger building areas accordingly.  E.g.  10m high building multiply area by 3.3 (10/3)
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Building / Equip Name: AWAR Bldg / Equip #: 3

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code Unit Cost Cost

%
Land Land Cost Water Cost

DISPOSE MOBILE EQUIPMENT

Decontaminate and ship off-site allow #N/A $0,00 $0 $0 $0

Decontaminate and dispose on-site allow #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

REMOVE BUILDINGS - see note below

Mill Complex:

Mill m2 #N/A $0,00 $0 50% $0 $0

Leech Tanks m2 #N/A $0,00 $0 50% $0 $0

Primary and Secondary Crusher m2 #N/A $0,00 $0 50% $0 $0

Pebble Crusher m2 #N/A $0,00 $0 50% $0 $0

Conveyors m2 #N/A $0,00 $0 50% $0 $0

Assay Lab m2 #N/A $0,00 $0 50% $0 $0

Accomodation Complex (Inc. Nova Camp) m2 #N/A $0,00 $0 50% $0 $0

Services Building m2 #N/A $0,00 $0 50% $0 $0

Site Services Building m2 #N/A $0,00 $0 50% $0 $0

Dome Warehouse m2 #N/A $0,00 $0 50% $0 $0

Ore Dome m2 #N/A $0,00 $0 50% $0 $0

Power Plant m2 #N/A $0,00 $0 50% $0 $0

Cat Warehouse m2 #N/A $0,00 $0 50% $0 $0

Toromont Facilities m2 #N/A $0,00 $0 50% $0 $0

Fountain Tire m2 #N/A $0,00 $0 50% $0 $0

White Coverall m2 #N/A $0,00 $0 50% $0 $0

Batch Plant m2 #N/A $0,00 $0 50% $0 $0

Environmental Office m2 #N/A $0,00 $0 50% $0 $0

Dike Dewatering Shop m2 #N/A $0,00 $0 50% $0 $0

Incinerator m2 #N/A $0,00 $0 50% $0 $0

Talbon Shop m2 #N/A $0,00 $0 50% $0 $0

Blue Coverall m2 #N/A $0,00 $0 50% $0 $0

Gate House m2 #N/A $0,00 $0 50% $0 $0

Fuel Dispensing Station m2 #N/A $0,00 $0 50% $0 $0

Emulsion Plant m2 #N/A $0,00 $0 50% $0 $0

Bulk Fuel Tank m2 #N/A $0,00 $0 50% $0 $0

Containers to Landfill each #N/A $0,00 $0 50% $0 $0

Other #N/A $0,00 $0 $0 $0

BREAK BASEMENT SLABS

Puncture Concrete Foundations m2 #N/A $0,00 $0 50% $0 $0

LANDFILL FOR DEMOLITION WASTE

Place rock cover Blast rock fill m3 #N/A $0,00 $0 $0 $0

Place soil cover Soil Cap - Landfill and Septic Field m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

GRADE AND CONTOUR PADS

Accomodation Complex ha #N/A $0,00 $0 $0 $0

Process Facilities ha #N/A $0,00 $0 $0 $0

Offices, Repair, Lab, Warehouse ha #N/A $0,00 $0 $0 $0

Storage Facilites ha #N/A $0,00 $0 $0 $0

Water and Wastewater Treatment Facilities ha #N/A $0,00 $0 $0 $0

U/G Heating Plant ha #N/A $0,00 $0 $0 $0

Emulsion Plant ha #N/A $0,00 $0 $0 $0

Warehouse, Shops and Other ha #N/A $0,00 $0 $0 $0

Place rock cover m3 #N/A $0,00 $0 $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

PUNCTURE LINED SUMPS

Puncture liner and place soil cover m3 #N/A $0,00 $0 $0 $0

RECLAIM QUARRIEST

Drill and blast slopes to 1:1 m3 14319 RB3H $17,80 $254 878 50% $127 439 $127 439

RECLAIM ROADS

Remove culverts each 38 OPS $4 000,00 $152 000 50% $76 000 $76 000

Remove bridges (clear Span bridges and HADD bridges) each 9 OPS $25 000,00 $225 000 50% $112 500 $112 500

Scarify and install water breaks ha 84 SCFYL $4 300,00 $361 200 50% $180 600 $180 600

Scarify airstriip ha #N/A $0,00 $0 50% $0 $0

Scarify laydown areas ha #N/A $0,00 $0 50% $0 $0

Vegetate ha #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

SPECIALIZED ITEMS
Dispose of misc. debris and laydown area refuse #N/A $0,00 $0 $0 $0

Total $993 078 $496 539 $496 539

% of Total 50% 50%

Note:  Unit costs are based on 3m high, single storey building.  Scale larger building areas accordingly.  E.g.  10m high building multiply area by 3.3 (10/3)
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1 Chemicals/Soil Area Name:

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code Unit Cost Cost

%
Land Land Cost Water Cost

HAZARDOUS MATERIALS AUDIT

Hazardous materials audit mandays 1 #N/A $0,00 $0 $0 $0

BUILDING DECONTAMINATION & CONSOLIDATION OF HAZARDOUS MATERIALS

Environmental technician/coordinator mandays #N/A $0,00 $0 $0 $0

Decontaminate: oil, fuel mandays #N/A $0,00 $0 $0 $0

Decontaminate maintenance shop mandays 10 OPS $1 000,00 $10 000 50% $5 000 $5 000

Decontaminate power plant mandays 10 OPS $1 000,00 $10 000 50% $5 000 $5 000

Decontaminate bulk fuel storage mandays 10 OPS $1 000,00 $10 000 50% $5 000 $5 000

Decontaminate ANFO plant mandays 3 OPS $1 000,00 $3 000 50% $1 500 $1 500

Decontaminate offices/warehouse/accom mandays #N/A $0,00 $0 $0 $0

Removal of asbestos siding on buildings m2 #N/A $0,00 $0 $0 $0

Removal of friable asbestos on equipment m2 #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

HAZARDOUS MATERIALS REMOVAL

Waste oils litre 0 #N/A $0,00 $0 $0 $0

Waste fuel litre 309000 ORL $0,43 $132 870 50% $66 435 $66 435

Oily/Glycol contaminated water litre 58456 ORL $0,43 $25 136 50% $12 568 $12 568

Waste batteries each 1 OPS $3 000,00 $3 000 50% $1 500 $1 500

Assay & environmental lab reagents kg 10000 PCRH $2,50 $25 000 50% $12 500 $12 500

Mill and Water Treatment Reagents kg 285614 PCRH $2,50 $714 035 50% $357 018 $357 018

Machine shop paints, solvents, filters etc each 1 OPS $20 000,00 $20 000 50% $10 000 $10 000

Glycol kg 16170 PCRH $2,50 $40 425 50% $20 213 $20 213

Process reagents kg #N/A $0,00 $0 $0 $0

Nuclear sources allow #N/A $0,00 $0 $0 $0

Other hazardous materials allow #N/A $0,00 $0 $0 $0

HAZARDOUS MATERIALS 

Transportation to disposal facility allow #N/A $0,00 $0 $0 $0

Disposal fees allow #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0

CONTAMINATED SOILS 

Contam. soil investigation - Phase 1 each 1 CS1L $7 500,00 $7 500 50% $3 750 $3 750

Contam. soil investigation - Phase 2 each 1 CS2L $50 000,00 $50 000 50% $25 000 $25 000

CONTAMINATED SOIL REMOVAL

Excavate and transport to onsite facility m3 0 #N/A $0,00 $0 $0 $0

Manage hydrocarbon remediation at facility m3 2745 CSRL $47,00 $129 015 50% $64 508 $64 508

Reagents/stabilizing agent m2 #N/A $0,00 $0 50% $0 $0

Excavate and transport to offsite facility m3 137 OPS $1 000,00 $137 000 50% $68 500 $68 500

Contour decontaminated area m3 #N/A $0,00 $0 $0 $0

CONTAMINATED SOIL VERY LOW PERMEABILITY COVER 

Supply geomembrame, HDPE, ES3, GCL m2 #N/A $0,00 $0 $0 $0

Upper and lower bedding layers m3 #N/A $0,00 $0 $0 $0

Install geomembrane, HDPE, ES3, GCL m2 #N/A $0,00 $0 $0 $0

Erosion protection layer m3 #N/A $0,00 $0 $0 $0

Vegetate m2 #N/A $0,00 $0 $0 $0

Install infiltration/seepage instrumentation allow #N/A $0,00 $0 $0 $0

Other #N/A $0,00 $0 $0 $0
OTHER

#N/A $0,00 $0 $0 $0
Total $1 316 981 $658 491 $658 491

% of Total 50% 50%

Note:         The procedures, equipment and packaging for clean up and removal of chemicals or contaminated soils are highly dependent on the 
nature of the chemicals and their existing state of containment. Government guidelines should be consulted on an individual chemical basis.  Any 
estimate made here should be considered very rough unless specific evaluations have been conducted.
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1 Capital Expenditures and Short Term Water Treatment identified in 'Instructions' worksheet

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code Unit Cost Cost

FLOOD PITS

Repurpose/Install dewatering pumps and piping for pit flooding Allow 1 OPS $100 000,00 $100 000

Pumped pit flooding water (Third portage Lake and Reclaim Pond) - Portage Pit m3 31179343 OPS $0,02 $623 587

Pumped pit flooding water (Third portage Lake) - Goose Pit m3 3182704 OPS $0,02 $63 654

Pumped pit flooding water (Wally Lake) - Vault Pit m3 28051096 OPS $0,02 $561 022

Pump maintenance and operation (7 yrs)

Maintain pumps (2 skilled labourer x 12hr days, 4months/yr, 7yrs) manhours 20832 LAB-SH $49,60 $1 033 267

Annual Pump Servicing (2 x Manufacturer Consultant x 7days/year x 7 years) manhours 1176 OPS $120,00 $141 120

Pump Servicing Travel Allowance (Round Trip Flight/person) visits 14 OPS $4 000,00 $56 000

Camp Accomodations days 1834 ACCML $100,00 $183 400

DYKE RECONNECTION

Bay-Goose Dike Reconnection (1-2-3) m3 94000 SB2L $4,60 $432 400

Rock placement Bay-Goose (1-2-3) m3 27900 SB2H $7,30 $203 670

South Camp Dike Reconnection m3 24000 SB2L $4,60 $110 400

Rock placement  South Camp Dike m3 9500 SB2H $7,30 $69 350

Channel Vault Pit to North Phaser m3 7000 SB2L $4,60 $32 200

Rock placement Channel Vault Pit m3 2300 SB2H $7,30 $16 790

Vault Pit to Wally Lake Reconnection m3 27000 SB2L $4,60 $124 200

Rock Placement  Vault Pit Reconnection m3 10800 SB2H $7,30 $78 840

Remove fill m3 #N/A $0,00 $0

Contour water intake area m3 #N/A $0,00 $0

STABILIZE SEDIMENT PONDS/WATER MANAGEMENT PONDS

Place soil cover m3 #N/A $0,00 $0

Doze & spread excavated material m3 #N/A $0,00 $0

Vegetate spread material ha #N/A $0,00 $0

Rip rap in channel base each #N/A $0,00 $0

REDIRECT RUNOFF/CONSTRUCT DIVERSION DITCHES

Excavate ditches -soil m3 #N/A $0,00 $0

Excavate ditches -rock m3 #N/A $0,00 $0

Stabilize side slopes m3 #N/A $0,00 $0

Rip rap in channel base m3 #N/A $0,00 $0

BREACH DITCHES (Diversion ditch)

Excavate breaches m3 #N/A $0,00 $0

Backfill/recontour (consider work on 1000m of diversion ditch: 1000m x 4m²) m3 4000 SB2L $4,60 $18 400

Install flow dissipation m3 #N/A $0,00 $0

Vegetate remainder of ditch m2 #N/A $0,00 $0

DECOMISSION FRESH WATER SUPPLY

Breach embankment m #N/A $0,00 $0

Remove pump/barge Allow 1 OPS $3 000,00 $3 000

Remove pipeline m 1000 PLRL $22,00 $22 000

WATER CONTROL IN RECLAMATION QUARRY

Install  pumping system LS #N/A $0,00 $0

Remove pumping system LS #N/A $0,00 $0

REMOVE PIPELINES

Remove pipes m 2000 PLRL $22,00 $44 000

Concrete plug deep pipes m3 #N/A $0,00 $0

Other - diffuser each 2 OPS $3 000,00 $6 000

GROUNDWATER COLLECTION SYSTEM

Excavate/install sumps m3 #N/A $0,00 $0

Install pumping wells m3 #N/A $0,00 $0

Install pumps/pipelines/power supply LS #N/A $0,00 $0

CONSTRUCT CONTAMINATED WATER STORAGE POND

Excavate pond m3 #N/A $0,00 $0

Doze & spread excavated material m3 #N/A $0,00 $0

Vegetate spread material ha #N/A $0,00 $0

Bedding layer m3 #N/A $0,00 $0

Supply geomembrane m2 #N/A $0,00 $0

Install geomembrane m2 #N/A $0,00 $0

Erosion protection layer m3 #N/A $0,00 $0

CONSTRUCT PASSIVE TREATMENT SYSTEM (e.g. Constructed Wetland)

Construct access roads km #N/A $0,00 $0

Install HDPE piping system from collection pond m #N/A $0,00 $0

Inter-cell flow structures allow #N/A $0,00 $0

Install liners m2 #N/A $0,00 $0

Install growth media m3 #N/A $0,00 $0

Wetland vegetation ha #N/A $0,00 $0

CONSTRUCT TEMPORARY WATER TREATMENT PLANT (If Necessary)

Build treatment plant LS #N/A $0,00 $0

Build sludge containment facility LS #N/A $0,00 $0

Storage, Prep and Reactor Tanks/Silos Allow 1 OPS $855 000,00 $855 000

Mech. Equip. (Metering Pumps and Air) Allow 1 OPS $385 000,00 $385 000

Piping % 30 $372 000,00 $372 000

Electrical % 15 $186 000,00 $186 000

Instrumentation and Controls % 15 $186 000,00 $186 000

Equipment Installation Costs % 35 $434 000,00 $434 000

DECOMMISION TEMPORARY WATER TREATMENT PLANT (If Necessary)

Decontaminate and dispose equipment on site manhours 540 LAB-USL $31,00 $16 740

Camp Accomodations days 45 ACCML $100,00 $4 500

Demolish Structure m2 1500 BRS1L $45,00 $67 500

Scarify Footprint ha 0,15 SCFYH $6 030,00 $905

SHORT TERM WATER TREATMENT*
Annual water treatment cost, from "Water Treatment" $0

Total $6 430 945

 For cost of long-term/post-closure water treatment see "WATER TREATMENT" Worksheet"
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1 Water Treatment

ACTIVITY/MATERIAL Notes Units Quantity Cost Code Unit Cost Cost

OPERATE TEMPORARY WATER TREATMENT PLANT (3 YEARS CONSIDERED)

Reagent Allowance allow 1 OPS $150 000,00 $150 000

Direct Pumping cost m3 177089 OPS $0,07 $11 511

Skilled Labourer (1 skilled labourers X 12hr/day, 6 Months/year) manhours 2160 OPER-WTH $59,86 $129 298

Annual Treatment Plant Servicing (2 Consultants x 7days/year) manhours 168 OPS $120,00 $20 160

Treatment Plant Servicing Travel Allowance (Round Trip Flight/person) visits 2 OPS $4 000,00 $8 000

Camp Accomodations days 180 ACCML $100,00 $18 000

ADDITION OF REAGENTS

H2O2 kg #N/A $0,00 $0

lime kg #N/A $0,00 $0

ferric sulphate kg #N/A $0,00 $0

ferrous sulphate kg #N/A $0,00 $0

flocculents kg #N/A $0,00 $0

Other #N/A $0,00 $0

LABOUR AND SUPPLIES

Annual fuel litres #N/A $0,00 $0

Annual power kW-h #N/A $0,00 $0

Electrician/mechanic to maintain treatment plant allow #N/A $0,00 $0

Equipment maintenance and parts allow #N/A $0,00 $0

Misc. supplies, hoses, tools allow #N/A $0,00 $0

Communications allow #N/A $0,00 $0

Other #N/A $0,00 $0

WATER SAMPLING AND ANALYSES

Sampling equipment allow #N/A $0,00 $0

Analyses allow #N/A $0,00 $0

Shipping to laboratory allow #N/A $0,00 $0

Reporting allow #N/A $0,00 $0

Other #N/A $0,00 $0

SITE ACCESS

Road maintenance (incl. snow removal) allow #N/A $0,00 $0

Winter road tariff allow #N/A $0,00 $0

Truck rental allow #N/A $0,00 $0

Air support allow #N/A $0,00 $0

Annual water treatment costs $336 968

Number of years of water treatment years 3 Assume 3 years of treatment for reclaim water
Total $1 010 905 
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1 Interim Care and Maintenance

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code

Unit 
Cost Cost

INTERIM CARE & MAINTENANCE

on-site caretaker manmonths #N/A 0 $0

extra personnel manmonths #N/A 0 $0

    -electrician manmonths #N/A 0 $0

    -mechanic manmonths #N/A 0 $0

annual fuel litre #N/A 0 $0

misc. supplies allow #N/A 0 $0

pick-up truck each #N/A 0 $0

small dozer allow #N/A 0 $0

small excavator allow #N/A 0 $0

snow machine allow #N/A 0 $0

communications allow #N/A 0 $0

SNP/AEMP water sampling & reporting each #N/A 0 $0

geotechnical assessment each #N/A 0 $0

interim water treatment #N/A $336 968

Maintenance, Surveillance, Monitoring and inspection - Active Closure #N/A $282 600

other each #N/A 0 $0

Annual  Interim C&M Cost $619 568
Number of years of ICM years 3  Total $1 858 705
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m Post-Closure Monitoring &  Maintenance:

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code Unit Cost Cost

MONITORING & INSPECTIONS - ACTIVE CLOSURE (2022 to 2030)

Monitoring programs (Meadowbank and AWAR) each #N/A $0,00 $0

   - Active closure each 1 OPS $100 000,00 $100 000

   - Post-closure each #N/A $0,00 $0

Annual geotechnical inspection each #N/A $0,00 $0

   - Active closure (1 eng, 7 days, 150$/h, + report at 5000$, 2500$ of transport, 700$ of accommodation) each 1 OPS $20 800,00 $20 800

   - Post-closure each #N/A $0,00 $0

Groundwater monitoring each 1 OPS $10 000,00 $10 000

Survey inspection each #N/A $0,00 $0

Regulatory costs* each 1 OPS $15 500,00 $15 500

Site water monitoring each #N/A $0,00 $0

   - Active closure each 1 OPS $73 100,00 $73 100

   - Post-closure each #N/A $0,00 $0

Air Quality Monitoring Program (AQMP) each #N/A $0,00 $0

Wildlife Effects Monitoring Program (WEMP) each #N/A $0,00 $0

Vegetation Monitoring each #N/A $0,00 $0

Other #N/A $0,00 $0
COVER MAINTENANCE - ACTIVE CLOSURE  (2022 to 2030)

Repair erosion - infill gullies allow #N/A $0,00 $0

Repair erosion - upgrade diversion ditches allow #N/A $0,00 $0

Remove problem vegetation allow #N/A $0,00 $0

Repair animal damage allow #N/A $0,00 $0

Repair/upgrade access controls allow #N/A $0,00 $0

Other #N/A $0,00 $0

SPILLWAY MAINTENANCE - ACTIVE CLOSURE  (2022 to 2030)

Repair erosion m3 #N/A $0,00 $0

Clear spillway each #N/A $0,00 $0

CWTS MAINTENANCE - ACTIVE CLOSURE  (2022 to 2030)

Maintain flow, restore vegetation allow #N/A $0,00 $0

MAINTENANCE AND SURVEILLANCE - ACTIVE CLOSURE  (2022 to 2030)

Site care-taker manhours 480 OPERH $65,00 $31 200

Site Vehicle and equipment allow 1 OPS $20 000,00 $20 000

Accommodations mandays 20 ACCML $100,00 $2 000

Site Maintenance allow 1 OPS $10 000,00 $10 000

Subtotal, Annual active-closure costs $282 600

Discount rate for calculation of net present value of active-closure cost, % 3,00%

Number of years of active-closure activity 9 years

Present Value of payment stream (at Year 2022) - Active closure  (2022 to 2030) $2 200 354 

MONITORING & INSPECTIONS - POST CLOSURE (2031 to 2041)

Monitoring programs (Meadowbank and AWAR) each #N/A $0,00 $0

   - Active closure each #N/A $0,00 $0

   - Post-closure each 0,5 OPS $100 000,00 $50 000

Annual geotechnical inspection each #N/A $0,00 $0

   - Active closure each #N/A $0,00 $0

   - Post-closure (1 eng, 7 days, 150$/h, + report at 5000$, 2500$ of transport, 700$ of accommodation) each 1 OPS $20 800,00 $20 800

Groundwater monitoring each 1 OPS $10 000,00 $10 000

Survey inspection each #N/A $0,00 $0

Regulatory costs* each 1 OPS $15 500,00 $15 500

Site water monitoring each #N/A $0,00 $0

   - Active closure each #N/A $0,00 $0

   - Post-closure each 1 OPS $49 432,00 $49 432

Air Quality Monitoring Program (AQMP) each #N/A $0,00 $0

Wildlife Effects Monitoring Program (WEMP) each #N/A $0,00 $0

Vegetation Monitoring each #N/A $0,00 $0

Other #N/A $0,00 $0

COVER MAINTENANCE - POST CLOSURE (2031 to 2041)

Repair erosion - infill gullies allow #N/A $0,00 $0

Repair erosion - upgrade diversion ditches allow #N/A $0,00 $0

Remove problem vegetation allow #N/A $0,00 $0

Repair animal damage allow #N/A $0,00 $0

Repair/upgrade access controls allow #N/A $0,00 $0

Other #N/A $0,00 $0

SPILLWAY MAINTENANCE - POST CLOSURE (2031 to 2041)

Repair erosion m3 #N/A $0,00 $0

Clear spillway each #N/A $0,00 $0

CWTS MAINTENANCE - POST CLOSURE (2031 to 2041)

Maintain flow, restore vegetation allow #N/A $0,00 $0

MAINTENANCE AND SURVEILLANCE - POST CLOSURE  (2031 to 2041)

Site care-taker manhours 480 OPERH $65,00 $31 200

Site Vehicle and equipment allow 1 OPS $20 000,00 $20 000

Accommodations mandays 20 ACCML $100,00 $2 000

Site Maintenance allow 1 OPS $10 000,00 $10 000

Subtotal, Annual post-closure costs $208 932

Discount rate for calculation of net present value of post-closure cost, % 3,00%

Number of years of post-closure activity 11 years

Present Value of payment stream (at Year 2022) - Post closure  (2031 to 2041) $1 933 169 

POST-CLOSURE WATER TREATMENT**

Annual water treatment cost, from "Water Treatment" $336 968

Subtotal, Annual post-closure costs $336 968

Discount rate for calculation of net present value of post-closure cost, % 3,00%

Number of years of post-closure activity (included in ICM, 3 YEARS) 0 years

Present Value of payment stream (at Year 2022) $0

Present Value of payment stream - TOTAL at Year 2022 $4 133 524

*Regulatory costs - annual reporting, management plans, progress reports etc.
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1 Mobilization/Demobilization:

ACTIVITY/MATERIAL Notes Units Quantity
Cost 
Code

Unit 
Cost Cost

MOBILIZE HEAVY EQUIPMENT

Barge to/from Baker Lake each 2 OPS 500000 $1 000 000

Excavators 5 km 550 mherh 10,25 $5 638

Dump trucks 3 km 330 mherh 10,25 $3 383

Dozers 3 km 330 mherh 10,25 $3 383

Demolition shears 3 km 330 mherh 10,25 $3 383

Crane 1 km 110 mherh 10,25 $1 128

Loader 2 km 220 mherh 10,25 $2 255

Compactor 1 km 110 mherh 10,25 $1 128

Elavator  equipements 3 km 330 mherh 10,25 $3 383

other 4 km 440 mherh 10,25 $4 510

Light duty vehicles 4 km 440 mherh 10,25 $4 510

MOBILIZE MISC. EQUIPMENT

Pump shipping each #N/A 0 $0

Pipe shipping m #N/A 0 $0

Minor tools and equipment allow #N/A 0 $0

Truck tires allow #N/A 0 $0

Other 1 lot each 1 OPS 50000 $50 000

MOBILIZE CAMP

Reclamation activities allow #N/A 0 $0

Long term reclamation activities (eg pump flooding) allow #N/A 0 $0

MOBILIZE AND HOUSE WORKERS
Maintain Camp Accomodations (50 workers, 180 per year, 3 years) days 27000 accml 100 $2 700 000
Reclamation activities - travel time (50 workers, 4 trips per year, 6h per trip) hour 1200 lab-usl 31 $37 200
Reclamation activities - transport cost (50 workers, 4 trips per year, 3 years) each 600 #N/A 2500 $1 500 000

Long term reclamation activities (eg pump flooding) - transport each #N/A 0 $0

Long term reclamation activities (eg pump flooding) - travel time each #N/A 0 $0

Monitoring Airfare each #N/A 0 $0

 WORKER ACCOMODATIONS
Reclamation activities manmonths #N/A 0 $0

Long term reclamation activities (eg pump flooding) each 0 0 $0

Long term reclamation activities (eg pump flooding) manhours 0 #N/A 0 $0

MOBILIZE FUEL

Fuel freight - reclamation activities litre #N/A 0 $0

Fuel freight - long term reclamation activities litre #N/A 0 $0

Fuel freight accomodations litre #N/A 0 $0

WINTER ROAD

Construction and operation km #N/A 0 $0

Limited winter use km #N/A 0 $0

Winter road tarriff km #N/A 0 $0

DEMOBILIZE HEAVY EQUIPMENT

Excavators 4 km 440 MHERH 10,25 $4 510

Dump trucks 6 km 660 MHERH 10,25 $6 765

Dozers 3 km 330 MHERH 10,25 $3 383

Demolition shears 2 km 220 MHERH 10,25 $2 255

Crane 1 km 110 MHERH 10,25 $1 128

Loader 2 km 220 MHERH 10,25 $2 255

Compactor 1 km 110 MHERH 10,25 $1 128

Light duty vehicles 4 km 440 MHERH 10,25 $4 510

Other $0

DEMOBILIZE CAMP

allow #N/A 0 $0

DEMOBILIZE WORKERS
crew travel time mandays #N/A 0 $0

crew transportation each #N/A 0 $0

WINTER ROAD

Construction and operation km #N/A 0 $0

Limited winter use km #N/A 0 $0
Winter road tarriff km #N/A 0 $0

Total $5 345 830
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Unit Cost Table (for refining unit costs see "Estimator" worksheet)
Filter by unit

ITEM Detail
COST 
CODE UNITS LOW $ HIGH $ SPECIFIED $ COMMENTS

Accomodation
ACCM manday 100,00 175,00

Buildings - Decontaminate
Asbestos BDA m2 25,60 51,20 Low: removal of asbestos siding & flooring; High: removal of insulated pipes, friable asbestos

Buildings - Remove Unit costs are based on 3m high, single storey building.  Scale areas accordingly.

Wood BRW m2 27,50 41,00
Concrete BRC m2 40,00 65,00 6,00 Specified: puncture concrete foundation slabs
Steel - teardown BRS1 m2 45,00 65,00
Steel - for salvage BRS2 m2 67,00 100,00

Concrete work
Small pour CSF m3 426,50 639,75 Low: YK; High=1.5xLow
Large pour CLF m3 353,50 530,25 2 130,00 Specified: concrete crown pillar

Contaminated Soils
ESA Phase 1 CS1 each 7500,00 Low: small, "clean" site
ESA Phase 1 CS2 each 50000,00 Low: small, "clean" site
Remediate on site CSR m3 47,00 146,00

Dozing
doze rock piles DR m3 1,05 2,40 Low cost: doze crest off dump
doze overburden/soil piles DS m3 0,95 3,80 High cost: push up to 300 m

Excavate Rock; Low Spec's and QA/QC
drill/blast/load/short haul RB1 m3 11,40 17,05 Low:quarry operations for bulk fill
drill/blast/load/long haul RB2 m3 12,05 17,80
RB1 + spread and compact RB3 m3 12,05 17,80
RB2 + spread and compact RB4 m3 12,50 30,75
Specified activity RBS m3

Excavate Rock; High Spec's and QA/QC (e.g. ditch/spillway excavation)

drill/blast/load/short haul RC1 m3 12,05 17,80 Low:foundation excavation;High:spillway excavation
drill/blast/load/long haul RC2 m3 12,70 18,40
RC1 + spread and compact RC3 m3 12,70 18,40 e,g, cover construction
RC2 + spread and compact RC4 m3 13,50 19,20 e,g, cover construction
Specified activity RCS m3 175,00 Specified-drift excavation

Excavate Rip Rap
drill/blast/load/short haul/place RR1 m3 13,50 17,75 High: quarry & place rip rap in channel
drill/blast/load/long haul/place RR2 m3 14,20 20,65
source is waste dump/short haul RR3 m3 7,00 cost includes sorting
source is waste dump/long haul RR4 m3 7,60
Specified activity RRS m3

Excavate Soil; Low Spec's and QA/QC
clear & grub SBC m2 3,40 5,00

excavate/load/short haul SB1 m3 4,30 5,90
excavate/load/long haul SB2 m3 4,60 7,30
SB1 + spread and compact SB3 m3 5,10 8,90 Low: non-engineered; High:engineered
SB2 + spread and compact SB4 m3 5,50 11,00 Low: non-engineered; High:engineered
Specified activity SBS m3 3,20 6,30 Low: rehandle waste rock dump by dozing; High:rehandle waste rock by hauling
Tailings SBT m3 1,35 3,70 15,50 High:contour surface - wet or frozen; Specified:haul/place wet infill

Excavate Soil, High Spec's and QA/QC
excavate/load/short haul SC1 m3 6,80 9,30
excavate/load/long haul SC2 m3 7,10 11,75
SC1 + spread and compact SC3 m3 8,90 14,20 Low: non-engineered; High:engineered
SC2 + spread and compact SC4 m3 9,30 23,20 Low: non-engineered; High:engineered (e.g. complex covers, low volume dam construction)
Specified activity SCS m3 18,80 Backfill adit with waste rock

Fence
FNC m 13,55 203,00

Fuel and Electricity
Fuel cost - gas FCG litre 1,05 1,40
Fuel cost - diesel FCD litre 0,99 1,39
Fuel mobilization FCM litre 0,22 0,42 High: winter road usage
Electricity FCE kW-h 0,17 0,19 0,49 Low and High:Yellowknife; Specified:diesel generator

Geo-Synthetics
geotextile GST m2 3,44 Supply and install
geogrid GSG m2 5,75
liner, HDPE GSHDPE m2 7,95 Supply and install; large quantity
liner, ES3 GSES3 m2 20,20 FOB Yellowknife
geosynthetic installation GSI m2 3,16 14,00 Low:geotextile; High:ES3 or HDPE
bentonite soil ammendment GSBA tonne 308,30 348,50 FOB Edmonton, add shipping & mixing

Grouting (/m3 of rock grouted)
grout m3 236,55 286,75 High: cement, FOB Yellowknife

Labour & Equipment Rates
Site manager sman $/hr 125,00 152,00

Supervisor super $/hr 52,00 91,84

Registered engineer eng $/hr 95,00 220,00

Environmental coordinator envco $/hr 74,16 130,00

Evironmental technologist envtech $/hr 36,00
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Electrician elec $/hr 74,00 95,00
Journeyman - various journey $/hr 44,00 71,79

Labour - skilled lab-s $/hr 41,00 49,60

Labour - unskilled lab-us $/hr 31,00 43,98

Equipment operator oper $/hr 41,00 65,00

Heavy duty mechanic mech $/hr 49,00 72,85

Water treatment plant operator oper-wt $/hr 41,00 59,86

Security / first aid safety $/hr 36,00 66,97

Administative staff admin $/hr 38,00 57,89

Equipment rates include operator and fuel

Loader - 4 cu.yd (3.06m3) load-s $/hr 175,00

Loader - 7 cu.yd (5.35m3) load-l $/hr 315,00

Excavator - 26.76-30.84 tonnes exc-s $/hr 190,00

Excavator - 68.95+tonnes exc-l $/hr 420,00

Grader grad $/hr 190,00

Dump truck off hwy 30-50 tonnes truck-s $/hr 225,00

Dump truck off hwy 55-75 tonnes truck-l $/hr 300,00

dozer, small dozers $/hr 205,00 260,00

dozer, large dozerl $/hr 490,00 565,00

smooth drum compactor comp $/hr 155,00

scooptram, 6 yd3 bucket scoop $/hr 170,00

flat bed truck with hiab hiab $/hr 155,00

fuel truck ftruck $/hr 150,00

water truck wtruck $/hr 58,00 150,00
Mobilize Heavy Equipment

Road access MHER kmtonne 3,40 10,25
Air access MHEA kmtonne 12,00 cargo rate>500lb

Mobilize Camp
Road access MCR each 50000,00 refurbish existing camp

Mobilize Workers
flight MW each 4500,00 9100,00 Low:e.g. 8 passenger; High: Dash 7

Oil Removal
oil removal OR litre 0,43 1,20 Low:waste oil heater; High: ship offsite

PCB Removal
Remove from site PCBR litre 40,20 46,90 Low: shipping, handling & disposal from Yellowknife

Pipes, small (<6in dia.)
remove/dispose on site PSR m 1,00 24,00 Low: remove/dispose on site; High: remove/re-use
supply PSS m 6,10 11,10 Low:supply; High:supply and ship
install PSI m 25,00

Pipes, large (>6in dia.)
remove/dispose on site PLR m 22,00 72,00 Low: remove/dispose on site; High: remove/re-use
supply PLS m 129,00 143,00 Low:supply; High:supply and ship
install PLI m 50,00

Power Lines
remove/dispose on site POWR m 25,50

Process Chemicals
Remove from site PCR kg 0,45 2,50 Low: shipping, handling & disposal from Yellowknife

Pumps
Pump capital cost PC each 195000,00
Pump shipping PS each 2500,00
Pump operating cost POC m3 0,12 pump operating costs should be calculated based on pump capacity, fuel costs, etc.
Pump maintenance PM allow 25000,00

Pump sand BackFill
PBF m3 85,00 300,00

Scarify - road/mine site
SCFY ha 4300 6030 2150

Shaft, Raise & Portal Closures
Shaft & Raises SR m2 645,00 2132,00 Low:pre-cast concrete slabs, little site prep. Area=shaft+>1m all around
Portals POR m3 18,80 250,00 1200,00 Low:unit cost code SCS;High:excavate & backfill collapsed portal;Spec: installed pressure plug

Site Inspection Report
RPT each 10000,00 20000,00

SpillWay - Clear
SW each 3000,00 7000,00

Survey/Instrumentation
SI each 1800,00 3600,00 2 person crew

Treatment Plant - Construct
Small (< 1000 m3/d) TPS lump sum 9000000 15000000
Large (> 1000 m3/d) TPL lump sum 15000000 46000000
Constructed Wetland CWTS ha 200000 300000

Treatment Plant - Operate
TPO m3 0,35 2,00

Treatment Chemicals
ferric sulphate ferric kg 1,19

ferrous sulphate ferrous kg 1,32

lime lime kg 0,56

hydrogen peroxide, 35% hperox kg 1,50

Sodium Metabisulfate Nametab kg 1,18

Caustic soda, 50% caustic kg 0,74

Sulfuric acid, 93% sulfuric kg 0,31
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flocculant flocc kg 6,00

copper sulphate copper kg

shipping shipping kg 0,20
Vegetation

Hydroseed, Flat VHF ha 4000,00
Hydroseed, Sloped VHS ha 4500,00
Veg. blanket/erosion mat VB ha 13000,00
Tree planting VT ha 2600,00 6000,00
Wetland species VW ha 47,72 Specified= /m3, Wetland Growth Media Substrate mixed and installed (sand, biochar and fertilizer, woodchips)

Water Sampling/Analysis/Reporting
WS each 7000,00 10000,00

Winter Road
Construction WRC km 2000,00 11500,00
Usage WRU kmtonne 0,29
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 INTRODUCTION 

 OBJECTIVE OF THE OMS MANUAL  

The objective of this manual is to define the technical aspect related to the operation, 
maintenance and surveillance (OMS) of the tailings storage facility at the Meadowbank Mine 
operated by Agnico Eagle Mines Limited (AEM).  

This manual is intended as a practical document used by the personnel involved in with the 
Tailings Storage Facility. It incorporates operating, maintenance and surveillance procedures 
�U�H�F�R�P�P�H�Q�G�H�G�� �E�\�� �W�K�H�� �&�D�Q�D�G�L�D�Q�� �'�D�P�� �$�V�V�R�F�L�D�W�L�R�Q�� ���&�'�$���� �³�'�D�P�� �6�D�I�H�W�\�� �*�X�L�G�H�O�L�Q�H�V�´�� ���&�'�$�� ���������� �	��
�������������D�Q�G���W�K�H���0�L�Q�L�Q�J���$�V�V�R�F�L�D�W�L�R�Q���R�I���&�D�Q�D�G�D�����0�$�&�����³�'�H�Y�H�O�R�S�L�Q�J���D�Q���2�S�H�U�D�W�L�R�Q�����0�D�L�Q�W�H�Q�D�Q�F�H���D�Q�G��
�6�X�U�Y�H�L�O�O�D�Q�F�H�� �0�D�Q�X�D�O�� �I�R�U�� �7�D�L�O�L�Q�J�V�� �D�Q�G�� �:�D�W�H�U�� �0�D�Q�D�J�H�P�H�Q�W�� �)�D�F�L�O�L�W�L�H�V�´�� ���0�$�&���� ����18). It also 
�L�Q�F�R�U�S�R�U�D�W�H�� �S�U�L�Q�F�L�S�O�H�� �I�R�X�Q�G�� �L�Q�� �µA Guide to the Management of Ta�L�O�L�Q�J�V�� �)�D�F�L�O�L�W�L�H�V�´�� ��MAC 2017). 
This manual was written by the Meadowbank Engineering team and the Nunavut Engineer of 
Record. 

The objectives of this OMS manual are to define and describes: 

�x Roles, responsibilities, and level of authority of personnel who perform activities related 
to the water management infrastructure 

�x The tailings management infrastructure covered in the scope of this OMS manual  

�x Plans, procedures and processes for : 

o The operation, maintenance and surveillance of the tailings storage facility 
infrastructures to ensure that it functions in accordance with their design, meets 
performance objectives and link to emergency response planning 

o Evaluating performance of the structures, and report performance results 

o Managing change 

This manual contains protocols and information that will assist AEM to operate, maintain, and 
monitor the tailings management infrastructure in a safe manner and identify early signs of 
malfunction.  

Element related to design, construction and closure of tailings management infrastructures, are 
out of scope of this manual.  

 REGISTERED MANUAL HO LDERS AND REVISIONS 

This OMS manual is a controlled document. The latest version of this document is available in 
Intelex. 

The person responsible for the preparation, update and distribution of this manual is the 
Engineering Superintendent. Any change to this OMS manual must be submitted to and 
approved by the Engineering Superintendent who will be responsible to update the OMS manual 
in Intelex.  
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It is each user responsibility to ensure that they are using the latest version of this document. In 
case of issue with retrieving the electronic version of this document, the most up to date paper 
version of this document will always be kept in the Engineering Superintendent Office. 

The Engineering Superintendent is responsible to communicate any change to this manual by e-
mail to the distribution list in Table 1-1. The Engineering Superintendent is responsible for 
maintaining an up-to-date distribution list of this manual.  

Table 1-1: OMS Manual Distribution List  

Position   Name 

General Mine Manager  Luc Chouinard 

General Superintendant Eric Côté / Jacques Proulx 

Environment Superintendent  Nancy Duquet-Harvey 

Mine Operations Superintendent  Yan Côté, Nicolas P. Deschamps (asst.) 

Engineering Superintendent  Pierre McMullen, Miles Legault (asst.) 

Maintenance Superintendant Christian Quirion 

Energy & Infrastructures Superintendent  Guillaume Gemme 

Process Plant Superintendent Michel Fortin 

Engineer of Record, Meadowbank Division Thomas Lepine 

 

 MANAGEMENT OF CHANGE  

This manual will be reviewed on an annual basis at the beginning of Q3 and revised as necessary 
to accommodate changes in the condition and operation of the facilities. The Engineering 
Superintendent will be responsible to coordinate this review process.  

In conducting the review and update of the OMS manual the following must be taken into 
account: 

�x Performance of the facility 

�x Current life cycle of the facility 

�x Change since the last review (site condition, critical control, risk profile, personnel, 
methodology and technology for OMS activities) 

In addition to the annually scheduled review, a review may be triggered by a significant event or 
may need to be updated in response to: 

�x Planned changes, such as change in surveillance instrumentation or methodologies, or 
introduction of new instrumentation methodology 

�x Changes in personnel or roles referred to in the OMS manual 

�x Other changes that may occur that need to be addressed prior to the next scheduled 
review of the OMS manual 

The update need to be completed in a timely manner following the document control criteria 
specified in Section 1.2. 
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As a good practice the Engineering Superintendent should organise on a yearly basis a session 
to present the change in the OMS manual to the person in its distribution list. 

 

 REQUIRED LEVELS OF K NOWLEDGE 

To preserve the integrity of the operation of these structures, the personnel must have a good 
comprehension of the factor that can impact the performance of the water management 
infrastructures. It must also be know that any deviation can signify the emergence of a problem 
and the role that each person must have in the operation, maintenance and surveillance of these 
infrastructures.  

It is the responsibility of each person in the distribution list of this manual to be familiar with it and 
understand its whole content. They also need to ensure that everyone under their supervision 
�Z�K�R�¶�V���G�X�W�\���L�Q�Y�R�O�Y�H���W�D�V�N���U�H�O�D�W�H�G���W�R���W�K�H���R�S�H�U�D�W�L�R�Q�����P�D�L�Q�W�H�Q�D�Q�F�H���R�U���V�X�U�Y�H�L�O�O�D�Q�F�H���R�I���D�Q�\���F�R�P�S�R�Q�H�Q�W���R�I��
the water management infrastructures have the appropriate level of knowledge and the resources 
to comply with the protocol presented in this document. 

 

 LINKAGE WITH EMERGEN CY RESPONSE PLAN 

An emergency is a situation that poses an impending or immediate risk to health, life, property, or 
the environment and which requires urgent intervention to prevent or limit the expected outcome. 

This OMS manual address conditions related to operation under normal or upset conditions, as 
opposed to emergency situation. An Emergency Response Plan (ERP) describes measures the 
Owner and, in some cases, external parties will take to prepare for an emergency, and to respond 
if an emergency occurs. 

An OMS and ERP manual must be aligned, as a results this OMS manual contain the following 
information (refer to Section 4): 

�x Performance, occurrences, or observation that would results in an emergency being 
declared 

�x Roles and responsaibilities of key personnel in transition from normal or upset conditions 
to an emergency  

�x Actions to be taken to transition from normal or upset confitions to an emergency 
situation 

Once an emergency has been declared reference must be made to the Emergency Response 
Plan (Reference included in Table 1-2). The most recent version of the ERP can be found on 
Intelex and in the Engineering Superintendant Office 

Table 1-2 Emergency Response Reference Documents  

Document  Current Revision  

Emergency Response Plan Updated by AEM. Version 12, 
January 2018. (Intelex) 
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 ROLES AND RESPON SIBILITIES  

A functional chart for the water management infrastructure at the Whale Tail project is shown in 
Figure 2-1.   

The roles and responsibilities of the key personnel involved in the water management 
infrastructure of the Whale Tail Project are shown in Table 2-1. Contact information for each 
position is indicated in Table 2-2. 

Personnel who have task directly related to the water management infrastructure need to receive 
a training  when they start in the position to ensure they understand their roles and responsibility 
related to this OMS manual. 
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Luc Chouinard
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Pierre McMullen
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Geotechnical Coordinator

Yan Côté 
Mine Operations Superintendant
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Mine Operations Asst. 

Superintendent

J.F. Beland/O. Jacques
Dike Supervisor

P. Gagnon/P.E. McDonald
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R. Allard
Environment General Supervisor
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Guillaume Gemme 
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Superintendent
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General Supervisor
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Michel Julien
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Michel Fortin 
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Figure 2-1 : Organizational Structure 
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Table 2-1: Responsibilities related to Tailings  Management  

Role  Responsibilities  

Vice-President 
Environment 

�x Be aware of key outcome of water & tailings management risk 
assessment and how these risks are being managed 

�x Has accountability and responsibility for putting in place appropriate 
management structure 

�x Assign responsibility and appropriate budgetary authority for water & 
tailings management and defines the personnel duties, responsibility and 
reporting relationships, supported by job description and organisational 
charts to implements the water management system though all stages in 
the facility life cycles 

�x Provide assurance to AEM and its Community of Interest that the water 
& tailings management infrastructure are managed responsibly 

General Mine Manager 

�x Identifies the scope of work and budget requirement for all aspect of 
water & tailings management 

�x Approve budget for OMS related activity 

�x Establish an organisational structure with Roles and Responsibility that 
meets the operational needs 

�x Delegate specific tasks and responsibilities for water management to 
qualified personnel 

�x Liaise with independent reviewer (MDRB) as required 

 

Engineer of Record (EoR) 

�x Input into the OMS activities in accordance with the design 

�x Receive and review the OMS manual on a regular basis 

�x Receive and review performance data at a frequency determined based 
on the risks 

�x Either confirm operation is compliant or identify deviations from 
performance objectives and advise the Owner with recommendations 

�x Advise on contemplated change on the facility operation 

�x Maintain records relating to design construction and operation 

�x Participate in inspection and independent review 

Independent Reviewer �± 
Meadowbank Dike Review 
Board (MDRB) 

�x Provide independent, objective, expert commentary, advice and 
recommendations, to assist in identifying, understanding, and managing 
risk associated with tailings management facilities 

Engineering 
Superintendent 

�x Revise and update the OMS Manual to reflect as-built conditions and any 
other changes. 

�x Review and update OMS manual into Intelex 

�x Maintain up to date distribution list of the OMS Manual. 

�x Establish a formal relationship with the EOR to ensure operation is 
compliant with design intent 

�x Identify when/where contemplated operational changes are a potential 
deviation from the design intent and engage the EoR and Designer as 
part of processes to manage change 

�x Coordinate work force as required for monitoring and maintenance. 
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Role  Responsibilities  

Mine Operations 
Superintendent / Dike 
Supervisor 

�x Maintain access to the structure and seepage collection systems, 
including making road repairs, controlling dust and removing snow.  

�x Carry out field maintenance related to earthwork as required,  

�x Supervise Mine Contractor for aspect related to earthwork construction 
and maintenance 

Geotechnical Coordinator 

�x Supervise the work of the geotechnical engineer, geotechnical technician 
and water and tailings engineer 

�x Approve tailings deposition plan 

 

Geotechnical Engineer 

�x Carry out inspections of the facility as required in the OMS Manual. 

�x Carry out instrument monitoring as required in the OMS Manual. 

�x Review and distribute surveillance reporting as required in the OMS 
Manual 

�x  

Geotechnical Technician 

�x Carry out inspections of the facility as required in the OMS Manual. 

�x Monitor instrumentation as required in the OMS Manual. 

�x Maintain instrumentation, readout units, data acquisition system and 
cabins 

�x Responsible for data acquisition as required in the OMS manual 

�x Prepare reports on instrumentation readings, dike performance, visual 
observations, etc. as required in the OMS Manual. 

Water & Tailings Engineer 

�x Carry out inspections of the facility as required in the OMS Manual. 

�x Carry out instrument monitoring as required in the OMS Manual. 

�x Review and analyse surveillance data to evaluate dike performance with 
respect to design parameters. 

�x Analyse geotechnical instrumentation monitoring data to evaluate 
performance with respect to design parameters 

�x Coordinate equipment, labour, materials and maintenance activities 
required for pumps and pipelines associated with dewatering, seepage 
collection systems and any runoff diversions. 

�x Prepare tailings deposition plan and water management plan 

Environment Department 
Superintendent / General 
Supervisor / Coordinator / 
Technician 

�x Ensure monitoring of water quality and total suspended solids from the 
tailings storage facility as required in the water management plan 

�x Review environmental monitoring data for compliance with Water 
License and regulations and to determine tailings management 
performance with respect to design parameters. 

�x Liaise with external stakeholders including NIRB, Nunavut Water Board, 
�1�*�2�¶�V�����J�R�Y�H�U�Q�P�H�Q�W���D�J�H�Q�F�L�H�V�� 
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Role  Responsibilities  

Energy & Infrastructures 
Superintendent / General 
Supervisor / Pump crew 
supervisor / electrical 
supervisor 

�x Installation and operation of pumps and pipeline (electrical, mechanical) 

�x Maintain and service pumps and pipelines 

�x Coordinate equipment, labour and materials for maintenance of electrical 
and mechanical equipment 

�x Carry out field operations including tailings deposition move, pipe 
cleaning (pig) and reclaim move 

�x Carry out field maintenance on pumps and pipeline including electrical 
and mechanical repairs. 

Process Plant 
Superintendant / General 
Supervisor 

�x Ensure tailings distribution from the mill to the tailings storage facility 

�x Operation, maintenance and surveillance of mill pump and booster pump 

Mine Contractor �x Rent equipment and manpower for construction and maintenance of 
water management infrastructure 

Design Engineer 

 

�x Advise on contemplated change to the facility design 

�x Advisor on structure performance as required 

�x Participate in inspection and independent review as required 

 

Maintenance 
Superintendent/ Pump 
mechanics 

�x Ensure preventive maintenance is carried out regularly on each pumping 
equipment 

�x Repair pumping equipment as required 

�x Update and maintain a list of operational pumping equipment 

�x Keep records of maintenance on pumping equipment 

 

Table 2-2: OMS Manual Contact for each position  

Role  Name Work Contact Info  

Vice-President Environment Michel Julien 
416-947-1212 x3738 

514-244-5876 

General Mine Manager Luc Chouinard 819-759-3555 x4606896 

Engineer of Record (EoR) Thomas Lepine 
416-947-1212 x3722 

418-473-8077 

Engineering Superintendent / 
Assistant 

Pierre McMullen 

Miles Legault 
819-759-3555 x4606721 

Mine Operations 
Superintendent / Assistant 

Yan Côté 

Nicolas Plouffe-Deschamps 
819-759-3555 x4606832 

Dike Supervisor 
Jean-François Béland 

Olivier jacques 
819-759-3555 x4606807 

Geotechnical Coordinator 
Frédérick L.Bolduc 

Alexandre Lavallée 
819-759-3555 x4606837 

Geotechnical Engineer 
Patrice Gagnon 

Pier-Eric McDonald 
819-759-3555 x4606726 

Geotechnical Technician Vincent Duranleau 819-759-3555 x4606818 
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Role  Name Work Contact Info  

Thomas Dahm 

Bruno Lessard 

Jerome Collard. 

 

819-759-3555 x4606851 

Water & Tailings Engineer 
Eric Haley 

Pascal Poirier 
819-759-3555 x4606752 

Environment Superintendent Nancy Duquette 819-759-3555 x4606980 x3175 

Environment General 
Supervisor 

Robin Allard 819-759-3555 x4606838 

Environment Coordinator 
Martin Archambault 

Tom Thomson 
819-759-3555 x4606744 

Process Plant Superintendent Michel Fortin 819-759-3555 x4606814 

Energy & Infrastructures 
Superintendent Guillaume Gemme 819-759-3555 x4606632 

Maintenance Superintendent 
Pierre Laberge 

Sylvain Portelance 
819-759-3555 x4606722 

Energy & Infrastructure 
General Supervisor 

Alexandre Arcand 

Steven Tremblay 
819-759-3555 x4606822 

Pump crew supervisor Shawn Valiquette 819-759-3555 x4606616 

Electrical Supervisor Alain Villeneuve 819-759-3555 x4606762 

Mine Contractor KCG 
819-759-3555 x4606963 

418-615-0559 

Designer �± Golder Yves Boulianne 
514 383 6196 x7434 

514 207-0264 

Independent Reviewer �± 
Meadowbank Dike Review 
Board (MDRB) 

Anthony Rattue 

Don Hayley 

anthony.rattue@bell.net 

don.hayley@icloud.com 
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 TAILINGS MANAGEMENT INFRASTRUCTURES  
DESCRIPTION 

 BACKGROUND  

The tailings storage facility (TSF) is the permanent storage facility for tailings produced during the 
operation of the mine. It is located north of the Process Plant Site within the dewatered portion of 
the northwestern arm of Second Portage Lake.  

The tailings management include the operation of a series of water & tailings management 
infrastructures as shown in . Table 3-1 indicate the water management infrastructure of the Whale 
Tail Project.  

The design criteria of the earthwork infrastructure are presented in Table 3-2. Reference to 
design and construction document are presented in Section 3.7 

Table 3-1: Description of the tailings management infrastructures  

Infrastructure  Function  

North Cell Peripheral Structure : 
Saddle Dam 1, Saddle Dam 2, 
RF1, RF 2 

Peripheral tailings retention structure for tailings containment within the 
North Cell  

North Cell Internal Structure and 
associated ditches and sump 

Upstream raise built on the tailings to increase capacity of the North Cell 

South Cell Peripheral Structure : 
Saddle Dam 3, Saddle Dam 4, 
Saddle Dam 5, Central Dike 

Peripheral tailings retention structure for tailings containment within the 
South Cell 

Stormwater Dike Internal structure that divide the TSF into the North and the South Cell 

Diversion Ditches Non-contact water diversion structure. Prevents runoff from the 
watershed to reach the TSF 

Deposition and reclaim 
infrastructure 

Infrastructure required for tailings deposition and to reclaim water within 
the TSF 
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Figure 3-1  - Tailings Storage Facilities  Infrastructures  
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Table 3-2: Tailing Management Earthwork  Design Criteria  

Structures  Class ification 
(CDA 

2007/2013) 

Side slope  Crest elevation 
(m) 

Length (m)  Construction period  

Saddle Dam 1  High US 3H:1V 
DS 1.3H:1V 

150 ~ 400 
 

2009 (El. 141 m) 
2010 (El. 150 m) 

Saddle Dam 2  High US 3H:1V 
DS 1.5H:1V 

150 ~460 
 

2011 (El.150 m) 

Saddle Dam 3  High US 3H:1V 
DS 1.5H:1V 

150 ~245 
 

2015 (El.140 m) 
2016 (El.143 m) 

2017-2018 (El.145 m) 
Saddle Dam 4  High US 3H:1V 

DS 1.5H:1V 
143 ~365 

 
2015 (El.140 m) 
2016 (El.143 m) 
2017 (El.145 m) 

Saddle Dam 5  High US 3H:1V 
DS 1.5H:1V 

143 ~255 
 

2016 (El.143 m) 
2017 (El.145 m) 

RF1 - US 1.5H:1V 
DS 1.5H:1V 

150 ~400 
 

2009 
2013 (Till Plug) 

RF2 - US 1.5H:1V 
US 1.5H:1V 

150 ~281 2009 

Central Dike  High US 2 H:1V El.130 
US 3H:1V El. 130 

DS 1.5H:1V 

150 ~900 
 

2012 (El.110 m) 
2013 (El. 115 m) 
2014 (El.132 m) 
2016 (El.143 m) 

2017-2018(El.145 m) 
Strormwater Dike  High US 3H:1V 

DS 1.3H:1V 
150 ~1000 

 
2009 (El.140 m) 
2010 (El.148 m) 
2013 (El.150 m) 

North Cell Internal 
Structure  

Significant US 3H:1V 
DS 1.5H:1V 

Variable El.152-
154 

~2160 
 

2018 (Variable El.152-154) 

South Cell Internal 
Structure (reclaim)  

- US 1.3H:1V 
DS 1.3H:1V 

El  142.5 - 2017 (El. 137.2) 
2019 (El. 142.5) 
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 FACILITY COMPONENTS 

3.2.1 Saddle Dam 1  �± North Cell  

Saddle Dam 1 is located in the northwestern corner of the TSF and forms one of the perimeter 
structures of the North Cell intended to retain tailings and supernatant fluid during the operation 
and the closure of the TSF. Saddle Dam 1 crosses a depression between the northwestern arm 
of Second Portage Lake and Third Portage Lake. 
 
Saddle Dam 1 is a rockfill embankment with an 3H:1V upstream slope and a 1.3H:1V 
downstream slope. This structure has inverted base filters, upstream graded filters, and a linear 
low density polyethylene (LLDPE) geomembrane liner on the upstream dike face. The 
geomembrane liner is placed between an upper and lower non-woven geotextile layer for 
protection, and is covered by approximately 0.3 m of granular material up to El. 140 m. No 
granular layer was placed above El. 140 m and the liner is exposed above that elevation. 
According to the design, a tailings beach has to be maintained on the face of the structure to 
reduce the potential for ice damage to the liner. The abutments are founded on bedrock, while the 
central portion of the dike is founded on ice-poor soil. Till and/or crushed aggregate mixed with 
dry bentonite powder have been placed above the toe of the liner.  
 
Stage 1 of Saddle Dam 1 was constructed in the fall of 2009 to a height of 10 m (crest elevation 
of 141 m) and a length of 250 m. Stage 2 was constructed in 2010 to an overall height of 20 m 
(final crest elevation of 150 m) and length of about 400 m.  
 

3.2.2 Saddle Dam 2  �± North Cell  

Saddle Dam 2 is located along the western side of the TSF and connects to the western corner of 
Stormwater Dike. Al�R�Q�J���Z�L�W�K���6�D�G�G�O�H���'�D�P���������L�W���I�R�U�P�V���R�Q�H���R�I���W�K�H���S�H�U�L�P�H�W�H�U���V�W�U�X�F�W�X�U�H�V���R�I���W�K�H���7�6�)�¶�V��
North Cell which retain tailings and supernatant fluid during the operation and closure of the TSF. 
Saddle Dam 2 crosses a depression between the northwestern arm of Second Portage Lake and 
Third Portage Lake. Its construction and design is similar to Saddle Dam 1. Saddle Dam 2 has a 
maximum height of about 10 m and a crest length of 460 m. Saddle Dam 2 was constructed in 
one stage to El. 150 m in 2011. 
 
The upstream foundation of the dike and abutments are primarily founded on bedrock; however, 
some portions of the structure, underneath the inverted filter, are founded on ice-poor soil. During 
construction, a thin layer of low permeability till was placed and compacted along the toe liner tie-
in connection with bedrock. A thin layer of crushed aggregate (0-22 mm) mixed with dry bentonite 
powder was also placed under the thin layer of low permeability till in areas where open factures 
were observed within the bedrock. The toe liner tie-in was then covered with till.  
 

3.2.3 RF 1 and RF2 �± North Cell  

RF1 and RF2 are two rockfill access roads located between the eastern side of the North Cell 
and the Portage Waste Rock Storage Facility. These access roads were not designed as a 
containment structure and do not include a low permeability element due to the topography of the 
sector.  
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In 2013 a till plug was installed on RF1 when seepage was observed reporting into Lake NP2 
from this location. The till plug was constructed in the summer of 2013. Its construction consisted 
in profiling the upstream slope and placing a 0.5-m-thick layer of compacted crusher reject, and 
then installing a geotextile membrane covered by 0.5 m of fine ultramafic rockfill and material 
reject from till sieving. Both granular layers were compacted with an excavator bucket. 
 

3.2.4 North Cell Internal Structure �± North Cell  

The North Cell Internal Structure is designed and constructed as a permeable zoned rockfill dam 
with filter zones built on the top surface of dried tailings and on an existing rockfill cover. 
Placement of the rockfill cover on the tailings was carried out in winter when the tailings 
foundation was frozen. The maximum elevation of the North Cell Internal Structure is designed to 
be El. 154 m and an offset is keep from the perimeter of the North Cell and the peripheral 
structure.  
 
The typical section of the structure is a rockfill shell with a 3H:1V upstream slope and a 1.5H:1V 
downstream slope. The upstream face of the structure is comprised of two granular filter zones. 
The filter zones are designed to prevent tailings migration and internal erosion while allowing 
water to flow through the embankment. Fine ultramafic rockfill was used during the construction 
of the structure. Temporary ditches and sumps system were constructed on the downstream side 
of the internal structure within the existing tailings to collect seepage and runoffs during operation. 
 
In 2018 the North Cell internal structure was built from Station 1+100 to 3+260 for a total of 2160 
m. Section 1+100 to 1+660 and 2+750 to 3+260 were built to El. 152 with a width of 39 m and the 
part from Sta 1+660 to 2+750 was built to El. 154 m with a crest width of 30 m. 
 

3.2.5 Saddle Dam 3 , Saddle Dam 4 and Saddle Dam 5 �± South Cell  

Saddle Dam 3 is located in the northwestern corner of the South Cell and merges into Saddle 
Dam 2 to El. 145 m. Saddle Dam 4 is located in the southwestern corner of the South Cell and 
merges into Saddle Dam 5, which merges with the southern end of Central Dike, to El. 145 m. 

Saddle Dams 3, 4, and 5 are designed and constructed as zoned rockfill dams with filter zones, 
low permeability upstream liners, and upstream toe liner tie-in key trenches. The Saddle Dams 3, 
4 and 5 cross-sections consist of a rockfill embankment, constructed from run-of-mine waste 
rock, placed in lifts and compacted. The upstream faces are designed at a 3H:1V slope and the 
downstream faces are designed at a 1.5H:1V slope. The upstream faces of Saddle Dams 3, 4 
and 5 are comprised of two granular filter zones and a polyethylene liner (LLDPE) extending 
along the upstream foundation. The filter zones mean to keep the tailings inside the facility in a 
case of liner puncture but mainly act as appropriate bedding for the liner. An upstream liner tie-in 
key trench excavated to bedrock and filled with compacted till is located along the upstream area 
of the structures. The bulk part of Saddle Dams 3, 4 and 5 consists of coarse rockfill material. 

The design of Saddle Dam 3 include an additional protection cover over the liner made of till and 
rockfill. This protection was added to the design as this structure will not be protected with a 
tailings beach during operation as water need to be maintained in that area for reclaim. 

Stage 1 of Saddle Dam 3, 4 and 5 was constructed in 2015. During Stage 1, Saddle Dam 3 and 4 
were constructed to El. 140 m and Saddle Dam 5 to El. 137 m. Stage 2 of Saddle Dam 3, 4 and 5 
was constructed to El. 143 m in 2016. Stage 3 of Saddle Dam 3, 4 and 5 was constructed to El. 
145 m in 2017. The filter and liner installation at Saddle Dam 3 was finalized in 2018. These 
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structures are designed to be able to be raised to El. 150 m and the final crest elevation of these 
structures is subject to review by AEM. The completed crest length is approximately 245 m for 
Saddle Dam 3, 365 m for Saddle Dam 4, and 255 m for Saddle Dam 5.  

3.2.6 Internal Structure for Reclaim �± South Cell  

An internal structure was built into the South Cell in 2017 in front of the reclaim area. The 
objective of this structure was to prevent tailings from filling the reclaim area near SD3 and to limit 
the turbidity of the reclaim water for mill usage. This structure was built by pushing rockfill in the 
South Cell with a dozer. In the winter of 2019 this structure was raised to El 142.5 m.  

3.2.7 Central Dike  

Central Dike is located along the eastern side of the TSF and crosses a depression within 
Second Portage Lake. It forms one of the perimeter structures of the South Cell.  
 
Central Dike design includes a compacted rockfill embankment with an upstream seepage 
barrier, granular filters and a key trench along the centreline of the dike transitioning on the 
upstream toe near both abutments. The foundation soils include lakebed sediments and till 
overlying bedrock. Soft and ice-rich soils were removed from the Central Dike footprint during 
construction. 
  
Construction of Central Dike started in 2012. Central Dike was built to El. 143 m during the 2016 
construction season (Stage 5), and its north abutment raised to El. 145 m during the 2017 and 
2018 construction season (Sta. 0+090  to 0+174 m). Central Dike is designed to be able to be 
raised to El. 150 m and the final crest elevation is subject to review by AEM. The completed crest 
length is approximately 900 m. 
 
Seepage into the basin at the downstream toe of Central Dike was observed when tailings 
deposition was transferred from the North Cell of the TSF to the South Cell in 2014. The rate of 
seepage started to increase proportionally to the rise of the pond level of the South Cell and 
reach a peak of 900 m3/h in 2015. Desktop studies were undertaken by Golder in 2015 to 
estimate the seepage flows and pore water pressures, verify the dike stability, and attempt to 
predict the eventual flow volume that would report to the downstream toe for higher pond 
elevation. The seepage pathway used in the Golder 2015 model was through a layer of fine 
material in the till layer of the foundation as it was deemed the most critical scenario for the 
structure stability. The main recommendation from this desktop study was to maintain beaches 
adjacent to Central Dike �D�Q�G�� �W�R�� �P�D�L�Q�W�D�L�Q�� �D�� �µ�E�D�F�N�� �S�U�H�V�V�X�U�H�¶�� �R�Q�� �W�K�H�� �G�R�Z�Q�V�W�U�H�D�P�� �V�L�G�H�� �R�I�� �&�H�Q�W�U�D�O��
Dike in order to reduce the hydraulic gradient by holding the downstream pond at El. 115 m.  
 
Willowstick was also hired to carry out geophysical soundings (electromagnetic survey) to detect 
seepage paths. The geophysical campaign led to additional recommendations and identified 
possible seepage path locations. Following the geophysical investigation, an investigation was 
conducted by SNC Lavallin (SNC) and AEM in December 2015 at station CD-595, and between 
CD-810 and CD-850. Highly altered and fractured bedrock was encountered and high hydraulic 
conductivity was measured from Packer testing. Instrumentation of the four boreholes with 
piezometers and thermistors was done at the same time. In 2016, the MDRB recommended that 
the seepage model and stability analyses be updated.  
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A study has been completed in 2017 to update the seepage modelling and stability assessment 
with a seepage flow through the bedrock. In the summer of 2017 an investigation and 
instrumentation campaign was performed by Golder to confirm the results of the seepage 
modelling. The results from this investigation support the hypothesis that the seepage pathway 
occur in the bedrock. During this investigation a potential void in the till layer was encountered 
during drilling. A complementary investigation was thus performed and was not able to confirm 
the presence of the void.  
 
The Central Dike seepage is normally back into the South Cell. From September to October 2017 
the seepage was transferred to Goose Pit as a mitigation measure. This measure, combined with 
an adapted tailings deposition plan was effective in reducing the seepage flow rate. As a results 
the average seepage rate at Central Dike decreased from 540 m3/h in 2017 to 263 m3/hr at the 
end of 2018 and is following the trend from the 2017 seepage modelling done by Golder. 
 
In the summer of 2017 the water in the downstream pond became orange and this was 
associated with rapid temperature variation. This event was investigated by chemical analysis 
and was found to be caused by the precipitation of iron oxide from bacterial process. As predicted 
this event re-occurred in the summer of 2018. 
 

3.2.8 Stormwater Dike  �± Divider Dike  

Stormwater Dike is an internal structure that subdivides the TSF into the North Cell and the South 
Cell within the dewatered northwestern arm of Second Portage Lake. In this document, the North 
Cell side is taken as upstream and the South Cell side as downstream. 

Stormwater Dike is a rockfill embankment structure founded on lakebed soils. The upstream 
slope is approximately 3H:1V and the downstream slope is about 1.3H:1V. A bituminous 
geomembrane liner has been installed above the graded filters on the upstream face of the dike. 
Low permeability till was placed and compacted along the upstream toe of the dike, above the 
liner.  

Stormwater Dike was progressively constructed. Stage 1 was constructed in 2009 to a height of 
10 m (crest elevation of 140 m) and a length of 860 m. Stage 2 was primarily constructed in 2010 
to an overall height of 18 m (crest elevation of 148 m) and length of about 1,060 m. A horizontal 
bench is present along the upstream face of the structure due to the connection of the 2009 and 
2010 portions of the structure. The junction between the bituminous liner of Stormwater Dike and 
the LLDPE liner of Saddle Dam 2 was completed in 2011. The crest of Stormwater Dike was 
raised to 150 m in 2013. 

The majority of the dike is seated on dense till from the former lakebed within the talik while the 
abutments are generally founded on bedrock. The foundation preparation of Stage 2 was 
completed in winter conditions. It was generally done above water except in an area where water 
ponding was present (between Sta.10+500 and 10+750 approximately). This pond was located 
where the topography suggests that the soft lakebed sediment thickness may be greater than at 
other locations along the dike. Due to the presence of water, the ice crust was cracked with the 
excavator and only minimal foundation preparation was possible. As a result, most of the lakebed 
sediment probably remained in place in this area. 

At the end of August 2016, during a routine inspection, AEM noticed tension cracks and signs of 
settlements on the crest of Stormwater Dike between Sta. 10+500 to 10+750 approximatively. 



Tailings Storage Facility - OMS Manual 

Version 9, March 2019 
 

17 
 

The crack system that suddenly developed in this area had a lateral and vertical component 
according to the monitoring equipment. To mitigate against a possible foundation failure, a rockfill 
buttress support was constructed at the downstream toe of Stormwater Dike in the South Cell 
(from Sta. 10+300 to Sta. 10+700 approximatively). After the completion of this buttress the 
displacement at Stormwater Dike stabilized and then stopped. Cracks have since been filled with 
bentonite.  

In July 2017, during a routine inspection, AEM noticed new tension cracks and signs of 
settlements on the crest of Stormwater Dike around Sta. 10+425, between Sta. 10+550 and Sta. 
10+650, between Sta. 10+800 and Sta. 10+950, and around Sta. 11+050 approximatively. 
Settling of about 300 mm was observed between Sta. 10+800 and Sta. 10+950, approximately. 
Cracks appear to be oblique tension fractures, extending over the entire width of the dike crest. 
Some cracks were up to 5 cm wide but most of them did not progress after they were first 
observed. The area affected by these cracks is consistent with the limits of the South Cell water 
ponding against Stormwater Dike, which probably thawed the frozen soft soil foundation. 

In April 2018, new cracks were observed by AEM in between Sta. 10+950 and Sta. 11+010. The 
widest crack was about 4 cm wide but the cracks did not progress significantly after they were 
first noted. New crack were observed later in July in between S114 and S115 but no elongation 
was noted after.  

The current understanding of the situation is that the soft sediment foundation was frozen in the 
winter of 2010 while additional rockfill material continued to be placed over it until July 2010. The 
foundation freezing explains why no adverse settlement or soil failure was observed until the 
South Cell water level started reaching the toe of the structure in July 2016, which probably 
thawed the frozen soft soil foundation. The mechanism that caused the observed movement 
could be due to a foundation soil failure, the thawing of ice lenses or a combination of both.  

3.2.9 Water Control Structures  

The diversion ditches (East and West), located around the perimeter of the North Cell TSF and 
the Portage RSF, are designed to collect the non-contact water runoff from the surrounding 
watershed. The ditches are divided in two sections �± the west and east sections, to divert non-
contact water respectively to Third Portage Lake and to NP1 Lake. On the west end of the 
diversion ditches, an Interception Sump was constructed in 2014-2015. The objective of the 
interception sump is to collect runoff water from the west section of the diversion ditches and to 
retain it until the total suspended solids in the water have reached the criteria allowing discharge 
to the environment. When the TSS level in the interception sump is considered too high water 
from that sump is pumped back into the North Cell of the TSF. 

The perimeter water control structures will be used throughout the operating life of the TSF.  
These will continue to be used into the post-closure of the project until both the TSF and adjacent 
ground returns to pre-development permafrost conditions or the surface runoff and seepage 
waters are of acceptable quality to be discharged directly to the environment. 
 
Following the construction of the North Cell Internal Structure, internal ditches and sump were 
constructed over the existing tailings surface. A ditch connecting to a sump was built on the 
western side of the North Cell internal structure and two sumps were built on the eastern side. 
The objective of these structures is to collect water that would seep through the internal structure 
during operation. Water collected in these structures is pumped back into the TSF. These 
structures will be operational only during deposition from the internal structure of the North Cell. 
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 WATER & TAILINGS PUMPING INFRASTRUCTURE 

Tailings is distributed from the mill to the TSF by pumping it as a slurry (details on tailings 
property are presented in Section 4). The infrastructure located inside the mill is out of scope of 
this OMS manual.  

The pipe used for tailings distribution is insulated �����¶�¶�� �D�Q�G�������¶�¶�� �+�'�3�( pipe. The tailings pipe is 
heat traced form the mill to the pig launcher. The tailings pipe from the mill first reach the pig 
launcher station. The pig launcher station is the location where the tailings deposition can be 
switch to the by-pass point. This station is used for maintenance of the tailings pipe (passing the 
pig). 

Tailings deposition at Meadowbank is done using the end of pipe technique with only one active 
tailings deposition point at a given time. From the pig launcher the tailings pipe is then positioned 
to reach the current deposition points. The location of the tailings deposition point is determined 
during the tailings deposition plan exercise and are constructed as they become required. 
Location of the tailings discharge point are shown on Figure 3-2 and Figure 3-3. Each deposition 
point switch requires physical manipulation of the pipe (extension / shortening) as there is no 
valve system. 

When tailings deposition occurs from a dike, the tailings deposition point is constructed in a way 
to prevent damaging the structure (also call deposition finger). The protection usually includes 
placement of aggregate over the structure as well as the placement of geomembrane or used 
conveyor belt 

A booster pump station is required to be able to pump the tailings into the North Cell due to the 
pumping distance and difference in elevation. The booster pump station includes two electrical 
pumps that are controlled by the mill.  

A reclaim station is located in the South Cell near SD3. This infrastructure is used to send back 
water from the TSF to be used as part of the milling process. The reclaim station is a pumphouse 
on skid that can be moved as the water level change in the South Cell. The suction line is placed 
at the bottom of the pond and is extended as needed. The pump of the reclaim station is electrical 
and is controlled remotely by the mill. The line that bring the reclaim water to the mill is a heat 
traced insulated �����¶�¶���+�'�3�(���'�5������ 

Water ponding in the North Cell is transferred into the South Cell pond using a HL250 pump. 

Water seeping out of the dike TSF is captured in sump and pumped back as required on the 
upstream side of the dike. Most sumps do not have a permanent pumping system and water is 
pump out as required during freshet using mobile pump. These sumps are located at SD1, SD3 
and SD4, and around North Cell Internal Structure. 

At freshet water from the interception sump of the western ditches is pumped back in the North 
Cell as well as water from ST-16. These setup are considered to be temporary and are used and 
installed as required. 

Central Dike has a permanent pumping system comprised of an electrical pump and a diesel 
pump. Pumping of the downstream pond is required on a year-round basis as to maintain a target 
EL. At 115 m. Water from Central Dike seepage is sent back into the South Cell. 
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Figure 3-2  Deposition Point Locations  in the North Cell  
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Figure 3-3 : Deposition Point Locations  in the South Cell  
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 INSTRUMENTATION 

The TSF is instrumented with geotechnical instrumentation to monitor performance of the 
containment structure and the freeze back of the tailings. The instruments are installed within the 
structure and inside the tailings and includes piezometers, thermistors and survey monuments 
(prisms). 

Reference document for the instrumentation installed within the TSF and their status are 
presented in Appendix 2. The summary of instrument installed is summarised in Table 3-3. Figure 
3-4 show the instruments installed within the TSF. 

 

Table 3-3 : Instrumentation Summary within the TSF  

Structure  Piezometers  Thermistors  Survey 
Monument  

Crackmeters  Staff 
Gauge 

Central Dike 69 26 - - - 

Stormwater Dike 3 3 19 3 - 

Saddle Dam 1 - 4 - - - 

Saddle Dam 2 - 4 - - - 

Saddle Dam 3 - 5 - - - 

Saddle Dam 4 - 4 - - - 

Saddle Dam 5 - 3 - - - 

RF1-RF2 - 4 - - - 

North Cell Internal Structure - 4 16 - - 

North Cell Tailings - 9 - - 1 
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Figure 3-4 : Instruments Location Within the TSF  
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 REFERENCE DOCUMENTS AND DRAWINGS 

Reference to key document for the design and construction of the TSF infrastructures is 
presented in Table 3-4 to Table 3-6.   

Table 3-4: Tailings Storage Facility Design Report and Specifications  

Item  Description  Reference  

Tailings Storage Facility Dike 
Design 

Design Report Doc. No. 784 Ver. 0, 
Golder 2008 

TSF Dike Construction 
Technical Specifications  

Technical Specifications Doc. No. 796 Rev. 0, 
Golder 2009 

Detailed Design Report for 
Central Dike 

Design Report Doc. No. 1349 Ver. 0 
Rev. 1, Golder 2012 

Central Dike Construction 
Technical Specifications 

Technical Specifications Doc. No. 1327 Rev. 0,  
Golder 2012 

North Cell Diversion Ditches Design Memorandum Doc. No. 1370 Rev. 0, 
Golder 2012 

Detailed Design Report for 
Saddle Dams 3, 4 and 5 

Design Report, Technical 
Specifications and Drawings 

Doc. No. 1504 Rev. 1, 
Golder 2015 

Detailed Engineering Design of 
Internal Structure (TSF North 

Cell) 

Design Report, Specifications and 
Drawings 

Doc. No. 1784383 
Rev. 0, Golder 2018 

 

Table 3-5  Tailings Storage Facility  Construction Summary Report  

Item Description  Reference  

RF1, RF2 

Stormwater Dike : Stage 1-2 

SD1 : Stage 1-2 

SD2 : Stage 1-2 

2009-2011 Construction 
Season as-built report 

AEM (June 2013) 

North Cell Diversion Ditches 
2012 construction summary 

report 
AEM 2012 

Central Dike Stage 1 
Construction Summary 

Report Stage 1 �± Central 
Dike 2012 

AEM 2018 

Central Dike Stage 3 
Construction Summary 

Report Stage 3 �± Central 
Dike 2014 

AEM 2015 

Central Dike Stage 4 

SD3, SD4, SD5 Stage 1 
2015 Construction Season 

as-built report 
AEM 2015 

Central Dike Stage 5 

SD 3, SD4, SD5 Stage 2 
2016 Construction Season 

as-built report 
Doc. No. 1552 1656047 

Rev. 0, Golder 2017 
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Central Dike North Abutment 
Raise 

SD3, SD4, SD5 Stage 3 

2017 Construction Season 
as-built report 

Doc. No. 1777687 1572 
Rev. 0, Golder 2017 

Central Dike Stage 6 

Finalization SD3 Stage 3 

North Cell Internal Structure 

2018 Construction Season 
as-built report 

Doc. No. 1897439 1578 
Rev.0, Golder 2018 

 

Table 3-6  List of Construction Drawings for Embankment Structures  

Drawing No.  
(Prepared by)  

Title  
Revision 

No. 
 

Date of  
Revision  

4100-30 to 4100-39 
(Golder) 

Tailings Storage Facility �± 
Stormwater Dike 

0 July 10, 
2009 

4100-50 to 4100-60 
(Golder) 

Tailings Storage Facility �± Saddle 
Dam 1 

0 July 10, 
2009 

SD2-SD3-01 to SD2-SD3-13 
(Golder) 

Tailings Storage Facility �±Saddle 
Dam 2 and Saddle Dam 3 

A August 25, 
2010 

SD6-01 to SD6-11 
(Golder) 

Tailings Storage Facility �± Saddle 
Dam 6 

A September 
13, 2010 

Figure 1�² Supersedes 
Drawing Nos. 4100-30, 4100-

31, and 4100-32 
(Golder) 

Agnico-Eagle Mines Limited, 
Meadowbank Gold Project 

Nunavut, Stormwater Dike Staged 
Layout Plan 

N/A 
August 5, 

2009 

Figure 2�² Supersedes 
Drawing Nos. 4100-33, Detail 

3 on 4100-34 
(Golder) 

Tailings Storage Facility Typical 
Cross-Section and Details 

N/A 
August 5, 

2009 

Figure 1�² Supersedes 
Drawing Nos. 4100-51, 4100-

52, 4100-53, and 4100-58 
(Golder) 

Tailings Storage Facility Saddle 
Dam 1 Rockfill Plan and Liner 

Details 

N/A 
August 17, 

2009 

All drawings in the 
Construction Report TSF 

(AEM) 

Construction Report Tailings 
Storage Facility 

N/A June 15, 
2013 

All drawings in the Detailed 
Design Report for Saddle 

Dams 3, 4 and 5 
Doc 1504 1416081 SD3,4 & 5 

Design Rev1 

Detailed Design Report for Saddle 
Dams 3, 4 and 5 

 

0 
May 12, 

2015 

All drawings in the Detailed 
Design Report for North Cell 

Internal Structure 
Doc 1784383 Rev0 

Detailed Engineering Design of 
Internal Structure 

 

0 
April 19, 

2018 

Update as Required     
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Table 3-7  List of Construction Drawings for Infrastructure and Piping  

Drawing No.  
(Prepared by)  Title  

Revision 
No. 

and Title  

Date of  
Revision  

All Booster Pump Design 
Drawings 

Booster Pump Design Drawings, 
MEAD-360 

N/A June 26, 
2012 

All drawings in the 
Construction Summary Report 
North Cell Diversion Ditches 

(AEM) 

Construction Summary Report 
North Cell Diversion Ditches 

 

N/A July 27, 
2013 

All South Cell Infrastructures 
Drawings 

(AEM) 

Reclaim pump drawings 61-430 

Pig launcher drawings 61-360 

Central Dike Seepage drawings 
P1607151-1000-00 

 

N/A 
2016 

Update as Required     
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 OPERATIONS  

The following section outlines the key operational procedure that need to be observed and followed 
during operation of the tailings management facility in accordance with the performance objectives. 
 

 REFERENCES 

Reference to key documents for the operation of the tailings facility are presented in Table 4-1. 
 

Table 4-1 : Reference Documents for Operation of Tailing Storage Facility  

 

Type of information  Reference  Link to Retrieve Document  

Tailings Deposition 
Plan  

2019_V1B ..\..\..\..\06-TailingsManagement\4 - 
DEPOSITION PLAN\2019\1- Current 

Deposition Plan 

Meadowbank Annual 
Water Balance 

2019 ..\..\..\..\05-WaterManagement\2019\Water 
Balance 

Meadowbank Water 
Management Plan  

V7 AEM 2018 ..\..\..\..\..\12- Annual Report\2019\Water 
management plan 

Meadowbank Waste 
Management Plan  

V8 AEM 2018 ..\..\..\..\..\12- Annual Report\2019\Waste rock 
and tailings management plan 

 

 SUMMARY OF PERFORMANCE OBJECTIVES AND OP ERATION CONTROLS 

The performance objectives and the operational criteria for tailings management are summarised in 
Table 4-2. 
 

Table 4-2 : Performance Objectives and Operational Criteria for Tailings Management  

Tailings Transportation and Placement  

�x Tailings must deposited within accepted compliance to the tailings deposition plan (respect of 
deposition duration and location). Tailings deposition plan has to have some flexibility to take 
into account variable tailings property and milling schedule. 

�x Tailings transportation and placement must happen continuously while the mill is operating 

�x Limit switching between tailings deposition point so to ease operation (maximize duration at a 
given deposition point) 
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�x The tailings delivery system (pumps, pipe) must be operated and maintained as per the 
defined operating procedure 

�x Tailings deposition need to limit ice-entrapment by limiting sub-aerial deposition in the winter 
over long distance 

Tailings Containment  

�x All tailings must be stored within the TSF. Presence of tailings outside the TSF is 
considered a spill. 

�x The tailings freeboard must be respected at all time (refer to section 4.4) 
�x Tailings beaches need to be promoted along the peripheral structure (except SD3)  
�x The construction schedule for the raise of the tailings containment structure must be 

aligned with the deposition plan.  
Water Management   

�x A sufficient water volume must be maintained in the TSF ponds to allow recirculation to the 
mill (reclaim). The volume of water to be kept in the TSF should not exceed that value 

�x The freshwater limit of the Water License must be respected.  
�x The location of the water pond must comply with the deposition plan and a minimum water 

head should pond against the peripheral structure (except SD3) 
�x A sufficient water depth must be maintained within the reclaim area 
�x Ice is not allowed to pond against the liner of the tailings retention structure. A 20 m tailings 

beach need to be maintained in winter 
�x Operational freeboard of each tailings retention structure must be respected during 

operation (refer to section 4.4) 
�x Water movement must be tracked and recorded on a monthly basis (volume, origin, 

destination) 
�x The water management system (pump, pipes, WTP) must be operated and maintained as 

per the defined operating procedure 
�x Any seepage must be captured by sump and pumped back to allowed location (or naturally 

report to an approved location) 
Water Quality  

�x Water quality and quantity of seepage water is monitored 
Surveillance  

�x Proper surveillance (inspection and data review) of the tailings facility occur and is 
documented (refer to section 6) 

�x The performance of the tailings management facility is reviewed against the threshold for 
performance criteria and trigger pre-defined actions (refer to Table 4-6 to 4-9) 

 

 DEPOSITION PLANNING  

Deposition of tailings in the TSF (location & duration) must be done according to an approved 
deposition plan. The process of preparing or updating a deposition includes defining the parameter 
analysis and the deposition strategy, preparing the deposition plan, having the deposition plan 
approved and distribution of the deposition plan. Also at the end of each month the actual deposition 
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performed will be simulated to obtain end of month theoretical surface to verify if the deposition is on 
track with the plan. 

Deposition plan are schedule to be updated twice a year following update to the LOM and Budget. 
The deposition planning is done by the Engineering Department (water & tailings engineer) using the 
software Muck 3D. Unplanned update to the deposition plan might be required if compliance to the 
deposition plan can no longer be reconciled (i.e change in deposition strategy, change in deposition 
parameter). 

While defining the deposition strategy it is important to refer to Table 4-2 to ensure that the strategy of 
the deposition plan met the performance objective and operational criteria. Any proposed deviation to 
the performance objective must be submitted for approval to the Engineering Superintendent and 
Engineer of Record. 

Twice a year a bathymetry and scan of the TSF will be completed (one in June and one in 
September). The latest information is to be used to calculate some of the parameters used in the 
deposition planning. As much as possible the update of the tailings deposition plan will start from an 
existing bathymetry. 

Table 4-3 presents the information required prior updating a deposition plan and how to obtain it. 
Input parameter need to be approved prior to beginning working on the deposition plan. 

The deposition plan usually present s the deposition strategy for each month for the coming year, on a 
quarterly  basis  for the second year and on a yearly basis after that.   
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Table 4-4 present what are the output of a deposition plan for each timestep modeled.Table 4-3 

Once the deposition plan has been reviewed by the Engineering Coordinator and Superintendent it is 
ready to be approved. An approved deposition plan is an essential tool to be used to plan water 
management strategy, raise of tailings dike, reclaim vs freshwater ratio and deposition points 
constructions. 

 

 

 

 

 

 

 

 

 

Table 4-3 : Input parameter into a deposition plan  

Information obtained from the approve d mining schedule (approved LOM or Budget)  

�x Tonnage profile to be stored until the end of life of the mining operation 
�x Nominal processing rate at the mill on a monthly basis 
Information obtained using a bathymetric analysis  

�x Tailings dry density in t/m3 (historically varied from 1.2 to 1.4 t/m3) 
�x  Deposition slope angle (sub-aerial and sub-aqueous) for each tailings storage location 
�x Ice entrapment by volume  

Information obtained from the water balance  
�x Volume of water in the pond 
�x Need for water transfer 
�x Quantity of reclaim vs freshwater 
�x Ice entrapment by volume 
�x  

Tailings property f rom the mill  
�x Tailings discharge solids content (usually around 52 %) 
�x Specific gravity of tailings solid  
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Table 4-4 : Output of a deposition plan  

Active deposition point  

�x List of the active deposition point and the order of deposition 
�x Duration (days) and tonnage (tons) of deposition at each point 
�x Tailings elevation at each point at the end of deposition (ensure that freeboard is respected) 
�x Total tonnages deposited (ensure compliance with milling schedulle) 
Pond Property  

�x Total water volume (ensure compliance with water balance) 
�x  Free water volume (ensure compliance with reclaim objective) 
�x Pond elevation (ensure that freeboard is respected) 
�x Ice volume, ice thickness, ice ratio (%) 

Figure of deposition area at the end of deposition  
�x Pond location is shown (ensure that the pond is at desired location) 
�x Tailings location is shown (ensure that tailings beach requirements are met) 

Recommendation s 
�x Verify if a change in water management strategy is required (i.e water transfer, change in 

reclaim volume vs freshwater) 
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�x Verify if tailings dike raise is required for capacity and what is the timeline 
�x Verify if new deposition point creation are required 
�x Verify if action are required to maintain reclaim capability (i.e construction of internal 

structure to prevent tailings from reaching reclaim area) 
 

 FREEBOARD 

The minimum freeboard to be respected for tailings and water is presented within the design report of 
the TSF and is summarised in Table 4-5. 

Table 4-5 : Freeboard Criteria During Operation  

Location  Type of freeboard  Value  

North Cell / South Cell  Tailings freeboard with 
containment structure 

0.5 m below crest of structure 

North Cell Water freeboard El. 148 m ( 2m below El. Of 
peripheral structure) 

South Cell Water freeboard El. 143 m ( 2m below El. Of 
peripheral structure) 

 

 TAILINGS MANAGEMENT  

The TSF was commissioned in conjunction with the mill start-up in February 2010, with tailings being 
deposited within the North Cell of the facility. Tailings deposition was transferred from the North Cell 
to the South Cell at the end of 2014. Tailings deposition occurred during the summer of 2015 within 
the North Cell and resumed in the South Cell in October 2015. Progressive closure of the North Cell 
started in the winter of 2015 with the construction of a non-acid generating rockfill capping over the 
tailings and continued in the winter of 2016. In the summer of 2018 the North Cell internal structure 
were built and deposition was resumed in the North Cell.  

Deposition is done using end of pipe tailings deposition with one active point at a time. The deposition 
point location and duration is planned by the tailings deposition plan. Changing between deposition 
points on a given line consist of stopping the flow of tailings in the line, redirecting it through the pig 
launcher bypass, flushing the line, relocating the deposition point pipe and then switching tailings 
from the by-pass to the newly installed deposition line. 

The tailings deposition strategy in the South Cell is to push the pond of water against SD3 and 
Stormwater Dike while maintaining tailings beach against the other peripheral structure (SD4, SD5, 
Central Dike). The objective is to keep the pond as far as possible from these structures with a 
minimum beach length target of 20 m.  
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The tailings deposition strategy in the North Cell is to promote closure landform as much as possible. 
This is done by depositing tailings from the North Cell Internal Structure located in the northern 
section of the North Cell. Due to the length of the beach in the North Cell the deposition strategy is to 
only perform deposition form May to October to limit aerial deposition in the winter which is typically 
associated with high ice entrapment. 

 WATER MANAGEMENT  

The water management strategy for the TSF can be found in the water balance and in the water 
management plan. A schematic version of the water movement strategy for the TSF is summarised in 
Figure 4-1. 

The strategy to deal with seepage is to capture it within sump at the downstream of the structure and 
to pump it back in the TSF. The quantity and quality of each seepage out of the TSF is monitored. 
Historically seepage mixed with runoff water has been pumped back into the TSF at freshet from 
SD1, SD3, SD4, SD5, RSF (ST 16). Seepage from Central Dike is pump back on a continuous basis 
into the South Cell. The location of the Central Dike seepage discharge was moved in the winter of 
2019 from upstream of Central Dike to upstream of Saddle Dam 4. This decision was made when 
rapid ice buildup was observed against SD5 due to the seepage water getting entrapped in that 
sector. 

All water accumulation from the North Cell (from tailings deposition, NCIS sumps, seepage and 
transfer from the Western Ditch interception sump) is transferred into the South Cell to maintain a 
minimum water level in the North Cell.  

The water management strategy in the South Cell is to reclaim as much water as possible while 
avoiding excess storage of water due to the Central Dike situation. When the pond volume is too low 
for reclaim, additional freshwater is used at the mill. When the deposition plan predict that water will 
reach the reclaim pump area, action are taken to maintain the reclaim location. In 2017 and 2019 an 
internal structure was built into the South Cell to prevent tailings from reaching the reclaim area. The 
construction of such a structure in the North Cell is currently planned as part of the current tailings 
deposition plan. 

 As part of the water management strategy of the South Cell it is possible to send excess water into 
Goose Pit. This strategy was used in 2015 and 2017 and will be required in 2019 as part of the latest 
deposition plan update. 
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Figure 4-1 : Water Management Strategy for 2019  

 PERFORMANCE INDICATOR DURING TAILINGS MANAGEMENT  

Table 4-6 to Table 4-9 below present performance indicator for each component of the tailings management 
system and the Trigger Action Response Plan (TARP) if the associated performance criteria deviate from defined 
range. 

 

East Dike Pit Runoff Water in Ore

1,908 182,846 33,345
1,908 78,539 4,610

0 0 1,903
Fresh Water Reclaim Water Slurry Water Slurry Water Interception Sump

1,220,077 1,565,490 902,425 1,874,411 171,214
213,037 193,440 236,483 238,315

PORTAGE PIT 43,200 7,410 0 0 SD 1, 2 & 6

15,569

SMP RSF seep to NC

0 19,236
0 SC Runoff SMP
0 45,584 34,675

40,982 23,085
SC to Portage -10,260 11,590

0
Runoff 0
327,114 0 NC to SC
60,716 1,477,294
19,131 410,086

56,442
SC to Goose

454,333 SD 3, 4 & 5 Tailings Water

44,957 34,927 315,849
307,240 18,574 82,769 726,205

East Dike 468 0 154,214
172,553 0
14,964
7,950 586,576

153,714 NC Runoff
0 148,451

ATP Runoff 76,665
216,100 -13

Pit Runoff Contact Water

154,880 154,880
66,526 66,526

0 0

Phaser Runoff
171,470
73,652

0

MILL

THIRD PORTAGE 
LAKE

RECLAIM POND
(SOUTH CELL)

RECLAIM POND (NORTH 
CELL)

SECOND 
PORTAGE 

LAKE

TAILINGS STORAGE 
FACILITY(NORTH CELL)Pore Water / Ice 

entrap.
TAILINGS STORAGE FACILITY

(SOUTH CELL)

PORTAGE ATP (GOOSE PIT) Pore Water / Ice 
entrap.

VAULT LAKE 
ATTENUATION POND

VAULT
PIT

Minimum Monthly Total (m3) Mill contaminated water
*Small water transfers are not shown on this drawing, refer to water balance tables for detailed water movement.

WALLY
LAKE

Legend
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Table 4-6  Threshold Criteria and pre -defined action during operation of tailings retention structures  (Excluding Central Dike)  

  Threshold Criteria During Operation  
Green 

Acceptable Situation  
Yellow  

Areas of Concern  
Orange  

High Risk Situation  
Red 

Emergency Situation  
C

rit
er

ia
 

Cumulative crest settlement from operations 
start up No settlement observed < 0.2 m 

> 0.2 m and < 1.0 m 
Increasing rate of settlement 

> 1.0 m  
Increasing rate of settlement 

Downstream toe displacement No displacement observed Affecting seepage collection system Loss of roadway Loss of roadway 

Shear crack along rockfill embankment 
(differential settlement) No shear crack observed 

< 0.4 m deep > 0.4 m and < 0.8 m deep > 0.8 m deep 

< 5 m length along the dike > 5 m and < 10 m  
length along the dike > 10 m length along the dike 

Tension crack embankment alignment at crest No tension crack observed 

< 0.25 m deep > 0.25 m and < 1 m deep > 1 m deep 

< 0.10 m wide across the dike > 0.10 m and < 0.20 m 
wide across the dike > 0.20 m wide across the dike 

< 5 m length along the dike > 5 m and < 10 m  
length along the dike > 10 m length along the dike 

Sloughing along downstream rockfill 
embankment face No sloughing observed Observed Observed and worsening from yellow situation Observed and worsening from orange situation 

Embankment lateral cumulative deformation No deformation observed < 0.1 m > 0.1 m and <0.25 m > 0.25 m 

Seepage through embankment No seepage observed < 1/3 pumping rate capacity > 1/3 and < 2/3  
pumping rate capacity 

> 2/3 pumping rate capacity 

Increase of seepage rate No increase in seepage rate < 5% per day 
over five consecutive days 

> 5% 
< 10% per day 

over four consecutive days 
> 10% per day over three consecutive days 

Turbidity of seepage water No turbidity observed Turbidity observed for first time 
Turbidity observed and source of sediments 

matching cut-off wall or foundation till 
mineralogy 

Turbidity observed and source of sediments 
matching cut-off wall or foundation till 

mineralogy 

Sinkhole on crest No depressions or sinkholes on crest observed Localized depression of embankment crest Observed Well developed 

A
ct

io
n 

R
eq

ui
re

d
 

(g
en

er
al

) 

 

 Monitor as normal 
All cracks filled or repaired 

If cracks re open implement engineering review 
Identify source of turbidity 

Implement engineering review 
Suspend activities on embankment crest at 

chainage of concern 
Intensify monitoring at chainage of concern 

Remove personnel and equipment from pit and 
suspend activities 

Take action and notify personel as per decision framework of Figure 4.2 
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Table 4-7  Threshold Criteria and pre -defined action during operation of Central Dike (Part 1/3)  

 

  Personnel notified 

Seepage   

Change in inferred Seepage Rate  Total D/S pumped  Downstream Pond 
Elevation  

Compliance to seepage 
model (1)  

  

Threshold  Threshold  Threshold  Threshold  Possible actions  

Green Normal 

Take action and 
notify personel as 
per decision 
framework of 
Figure 4.2 

Sudden or cumulative increase               of < 25% 
over last 3 days 

< 200 m3/h  
averaged on last 3 days                          
(below capacity of one 

�+�/���������)���6���•�������� 

Pond elevation stable at < 
115.3 masl Expected trend observed General : Continue monitoring as per standard practices 

Yellow Monitor          
Sudden or cumulative increase             of > 25% 

over last 3 days 

�•�����������P�����K���D�Q�G����������������
m3/h 

averaged on last 3 days             
(capacity of two HL250) 

Pond elevation  
> 115.3 but < 115.8 masl Stable seepage rate  

Specific : Increase pumping capacity with back up HL250 pump in place 
General : Install additional instruments 
General : Implement engineering review 

Orange Proactive    

�•�������������P�����K���D�Q�G����������������
m3/h 

averaged on last 3 days            
( limit capacity of two 

HL250) 

Pond elevation  
>115.8 but < 116 masl 

Opposite trend observed 

Specific : Evaluation and planning of parallel dewatering infrastructures 
Specific : Inspect West Road integrity 
General : Evaluation and planning of alternative deposition location 
General : Evaluation and planning of diminution of South Cell hydraulic head 

Red Reactive    

�•�������������P�����K 
averaged on last 3 days            

(over capacity of two 
HL250) 

Pond elevation >  116 masl    

Specific : Install parallel dewatering infrastructures and consider installation of 
a 3rd HL250 pump 
Specific : Frequent inspection of Portage pit and West Road for flooding 
evidence 
Specific : Manage flood water in the pit 
General : Alter deposition sequence to increase tailings cover 
General : Execution of South Cell hydraulic head diminution strategy  
General : Grouting  
General : Initiate Emergency Response Plan 

 
(1)  Specific model: Doc1562 CD Seepage Modelling 16670255 Rev0 - must be interpreted by the designer and/or geotechnical coordinator 
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Table 4-8 : Threshold Criteria and pre -defined action during operation of Central Dike (Part 2/3)  

 

  Personnel notified 

Instrumentation monitoring (1)     

Piezometers P1 installed in the till layer total head  
(2) 

Piezometers P2 installed 
in the till layer total head   

(3) 

Change in Piezometric 
head Thermistors  Downstream pond and 

TSS      

Threshold  Threshold    Threshold  Threshold  Possible actions  

Green Normal 

Take action and notify 
personel as per 
decision framework of 
Figure 4.2 

< 121.5 masl 
F.o.S > 1.5 

< 115.5 
F.o.S  > 1.5 

change less than 1 m in 3 
day 

Seasonal trend observed  Background TSS observed 
(4mg/L) 

General : Continue monitoring as per standard 
practices 
Specific : Daily inspection of the structure by qualified 
personal and frequent instrumentation monitoring 

Yellow Monitor          
121.6 - 126.2 masl 
1.5 > F.o.S  > 1.3 

115.5 - 117.8 masl 
1.5 > F.o.S  > 1.3 

change of 1 m in 3 days of 
piezometric head 

Peak of temperature similar 
to South Cell TSF 

temperature observed in at 
least a single bead  

Single TSS event of 30 
mg/L 

General : Evaluate needs to install additional 
instruments 
General : Implement engineering review 

Orange Proactive  

126.3 - 127.4 masl 
1.3 > F.o.S  > 1.1 

and based on interpretation by Geotechnical Coordinator 
or Designer 

> 117.9 
F.o.S  < 1.3 

and based on interpretation 
by Geotechnical 

Coordinator or Designer 

    Sustained high turbidity 
over 30 mg/L 

Specific : Implement engineering review 
Specific : Increase in frequency of monitoring at 
station of concern 
Specific : Build buttress 
General : Evaluate needs to install additional 
instruments                        
General : Evaluation and planning of alternative 
deposition location 
General : Evaluation and planning of diminution of 
South Cell hydraulic head 

Red Reactive            

General : Alter deposition sequence to increase 
tailings cover 
General : Execution of South Cell hydraulic head 
diminution strategy ( could include emptying the 
South Cell) 
General : Grouting 
General : Initiate Emergency Response Plan 

 
(1) Instrumentation data must be interpreted by geotechnical coordinator or dike designer (Golder)    
(2) Failure of till foundation: add report reference Specific model : Doc1562 CD Seepage Modelling 16670255 Rev0 -  Section 6  

(3) Backward erosion: add report reference . Specific model : Doc1562 CD Seepage Modelling 16670255 Rev0 -  Section 7.3  
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Table 4-9Threshold Criteria and pre -defined action during operation of Central Dike (Part 3/3)  

 

 

  Personnel notified 

Visual Inspection     

Loss of tailings  

Dike Vertical 
Movement - 

Cumulative crest 
settlement  

Downstream toe 
displacement  

Tension/shear 
crack at crest  

Embankment 
lateral cumulative 

deformation (1)  

Sloughing along 
downstream 

rockfill 
embankment face  

Sinkhole on 
embankment  

  
 

Threshold  Threshold  Threshold  Threshold  Threshold  Threshold  Threshold  Possible actions  

Green Normal 

Take action and notify 
personel as per decision 
framework of Figure 4.2 

Normal operating conditions 
No settlement 

observed 
No displacement 

observed 
No tension crack 

observed 
No deformation 

observed 
No sloughing 

observed 
No depressions on 

crest  

General : Continue monitoring as per standard 
practices 
Specific : Daily inspection of the structure by 
qualified personal and frequent instrumentation 
monitoring 

Yellow Monitor          Localized depression in tailings observed <0.2m 
Observed 

displacement at the 
toe 

< 0.10 m wide 
across the dike & 

 
< 5 m length along 

the dike 

< 0.1 m Single event 
observed 

Localized depression 
of embankment crest 

Specific : Fill all cracks 
General : Install additional instruments 
General : Implement engineering review 

Orange Proactive  
Presence of sustained localized depression 

in tailings and/or tailings observed inside 
the downstream pond 

> 0.2 m and < 1.0 m  
Increasing rate of 

settlement 

Displacement rate 
observed 

> 0.10 m and < 0.20 
m 

wide across the 
dike 

 
  > 5 m and < 10 m  

length along the 
dike 

> 0.1 m and <0.25 
m 

More than one 
events observed 

Sinkhole identified 

Specific : Implement engineering review 
Specific : Increase in frequency of monitoring at 
station of concern 
Specific : Build buttress 
General : Evaluation and planning of alternative 
deposition location 
General : Evaluation and planning of diminution 
of South Cell hydraulic head 

Red Reactive  
Increase in depression hole dimension 

and/or tailings observed inside the Portage 
Pit 

> 1.0 m   
Increasing rate of 

settlement 

Acceleration of 
displacement rate 

> 0.20 m wide 
across the dike  

 
 > 10 m length 
along the dike 

> 0.25 m Continued event(s) Development  of  
sinkhole 

General : Alter deposition sequence to increase 
tailings cover 
General : Execution of South Cell hydraulic head 
diminution strategy ( could include emptying the 
South Cell) 
General : Grouting  
General : Initiate Emergency Response Plan 

NOTE: Specific action are triggered by specific risk (stability, seepage, environment)while general action are applied to all risk category 

 
If more than one criteria is triggered, a reevaluation of our global Alert level will be performed by the AEM team 
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 COMMUNICATION AND DECISION MAKING 

Figure 4-2 indicate the communication and decision process when the threshold criteria are met and 
when pre-defined action need to be implemented. 

Performance Objectives

Define OMS Activities and Performance Indicators

Green : As per R&R of Ch. 2

Operations

MaintenanceSurveillance

Are performance indicators 
being met ?

YES NO

Yellow Orange

Red

Notify :
�x�� Eng. Coord.
�x�� Eng. Superintendant
�x�� EOR
�x�� Mine manager
�x�� Env. Superintendant

Notify :
�x�� Eng. Coord.
�x�� Eng. Superintendant
�x�� EOR
�x�� Mine manager
�x�� Designer 
�x�� MDRB
�x�� Env. Superintendant

Implement Emergency 
Response Plan

Is there a predefined 
action to be taken?

YES NO

Determine course of action based on: 
avaible information, existing plans, 

procedures and processes

Take action

Review: 
Identify deficiencies or 

opportunities for 
continual improvement

 
 

Figure 4-2 : Communication and Decision Process for Tailings Management TARP   
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 MAINTENANCE  

This section identifies all infrastructures within the scope of this manual that has maintenance 
requirements and identify all preventative, predictive and corrective maintenance activities. 

The objectives of the maintenance program are to review and identify maintenance requirements, 
executing corrective measures and timely repairs of the containment structures, perimeter water 
control structures, facility access, and infrastructure.   
 

 PREVENTATIVE, PREDICTIVE AND CORRECTIVE MAINTENANCE 

Maintenance is divided into preventative (planned), predictive and corrective.  

Preventative maintenance are planned, recurring maintenance activities conducted at a fixed or 
approximate frequency and not typically arising from results of surveillance activities. Example of 
such maintenance include calibration and maintenance of surveillance equipment or regularly 
�F�K�D�Q�J�L�Q�J���R�L�O���R�Q���D���S�X�P�S���D�V���S�H�U���P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���U�H�T�X�L�U�H�P�H�Q�W���� 

Predictive maintenance are pre-defined maintenance conducted in response to results of surveillance 
activities that measure the condition of a specific component against performance criteria. 

Corrective maintenance of a component of the tailings management system is to prevent further 
deterioration and ensure their performance in conformance with performance objectives. The need for 
corrective maintenance is based on surveillance activities, with surveillance results identifying the 
need and urgency of maintenance. 

 

 REFERENCES 

Reference to key document for the maintenance of the Whale Tail water management infrastructure 
is presented in Table 5-1. 
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Table 5-1: Reference documents for Maintenance of Whale Tail water management 
infrastructure  

Type of information  Link to Retrieve Informat ion  
Maintenance log of water 

management infrastructure (to 
come)  

In progress 

Maintenance log of pumping 
equipment 

I:\MAINTENANCE\G dore\PWA-COM-LGT hrs 
reading.xlsx 

P:\EnergyInfra\08-PowerHouse\2 EQUIPMENT\2 
GENERATORS 

 
Maintenance log of geotechnical 

instrumentation (to come) 
In progress 

Pump allocation tool ..\..\..\04- Water Management\4- Water Management 
Infrastucture\3- 2019\1 - Planning\9- 

Procurement\Pump Allocation\AMQ Pump Allocation 
2019-2020.pptx 

Geotechnical instrument & 
Datalogger inventory 

In progress 

 

 

 COMPONENT OF THE TAILINGS MANAGEMENT INF RASTRUCTURE REQUIRING 
MAINTENANCE 

Table 5-2 indicate all the component of the Whale Tail water management infrastructure that require 
maintenance. 

  



Tailings Storage Facility - OMS Manual 

Version 9, March 2019 
 

 
   

 

42 

Table 5-2: Component of the water m anagement infrastructure requiring maintenance  

Water Management  Infrastructure  

�x Dike embankment (i.e repair erosion, reprofile slope)  
�x Dike crest (i.e fill inactive tension cracks) 
�x Seepage collection sump (i.e, reprofile slope, increase sump volume) 
�x Ditches and diversions (i.e snow removal, repair erosion, remove sediment accumulation) 

Pumping infrastructure  

�x Pumps (mechanical and electrical maintenance) 
�x Pipes (steaming, drain line, repair leak, avoid snow blockage) 
�x Flush pipes of tailings and water prior to periods of non-use  

Surveillance  

�x Geotechnical instruments (thermistors, piezometers, inclinometers, survey monument)  
�x Data acquisition system  
�x Flowmeter  

Other   

�x Dike crest access road  
�x Access to sump 

 

5.3.1 Maintenance component that are outside the scope of this OMS manual  

The following component maintenance activity are outside of the scope of this OMS manual. For 
more information the superintendent of the department responsible for these maintenance can be 
contacted  

o Infrastructures located within the process plant �± Process Plant 
o Electrical systems and supply �± E&I 
o Maintenance of heavy equipment and light vehicles �± Maintenance 
o Communication infrastructures - IT 
o Road used to access the infrastructures �± Mine 

 

 DESCRIPTION OF MAINTENANCE ACTIVITY 

 
Table 5-3 summarize the description of maintenance activities for each component of the tailings 
management infrastructure. Each component have activity as well as a trigger for that maintenance 
and a person responsible for this activity. It is the person responsible for the maintenance activity to 
ensure that the person doing the maintenance has the qualifications and competency required to 
conduct the maintenance and is following the proper safety procedure. The responsible person must 
also ensure that the proper documentation and reporting requirement are followed.  
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Table 5-3 :Description of maintenance activity for component of tailings management infrastructure  

Component  Type of maintenance  Nature of the activity  Frequency of maintenance 
(preventative)  

OR 
Trigger of maintenance (predictive 

and corrective)  

Responsible for the activity  Documentation Required  Reporting Requirement  

Water Management Infrastructure  
Dike embankment - repair erosion 
 

Corrective Gullies and depression to be filled 
with rockfill and re-sloped 

Following a demand from engineering 
superintendant following a visual 
inspection showing erosion 

Mine Superintendent (can use a 
contractor alternatively) 

Photo of remediation work Engineering to update the 
maintenance log of the structure 

Dike crest �± fill inactive tension cracks Corrective Inactive tension cracks to be filled with 
bentonite to prevent widening due to 
water infiltration 

Following a demand from engineering 
superintendant following a visual 
inspection showing inactive tension 
cracks 

Geotechnical technician Photo of remediation work Engineering to update the 
maintenance log of the structure 

Dike crest - compensate settlement Corrective Add rockfill to increase the height of 
the dike following observation of 
settlement 

Following a demand from engineering 
superintendant following a visual 
inspection showing settlement that need 
to be compensated (i.e loss of 
freeboard) 

Mine Superintendent (can use a 
contractor alternatively) 

Photo of remediation work 
Surveying of remediation work  

Engineering to update the 
maintenance log of the structure 
and provide surveying 

Seepage collection sump�± increase volume Predictive Excavate an additional sump or 
increase the capacity of an existing 
sump  

Following a demand from engineering 
superintendant following a re-
assessment of the sump capacity 

Mine Superintendent (can use a 
contractor alternatively) 

Photo of remediation work 
Surveying of remediation work 

Engineering to update the 
maintenance log of the structure 
and provide surveying 

Seepage collection sump �± reprofile sump Corrective Excavate flatter slope for the sump or 
add material against the slope to 
reprofile them 

Following a demand from engineering 
superintendant following a visual 
inspection showing instable sump slope 

Mine Superintendent (can use a 
contractor alternatively) 

Photo of remediation work 
 

Engineering to update the 
maintenance log of the structure 
and provide surveying 

Ditches �± snow removal Predictive Use an excavator to remove snow in 
the ditch  

Every year prior to freshet to ensure that 
ditch is clear of snow obstruction. 
Demand will be formulated by the 
Engineering Superintendent 

Energy & Infrastructure 
Superintendant 

Photo of remediation work 
 

Engineering to update the 
maintenance log of the structure 

Ditches �± clean debris and sediment 
accumulation 

Corrective Remove any debris and accumulation 
of sediment that can hinder flow 

Following a demand from engineering 
superintendant following a visual 
inspection showing accumulation of 
debris and sediment 

Energy & Infrastructure 
Superintendant 

Photo of remediation work 
 

Engineering to update the 
maintenance log of the structure 

Ditches �± repair erosion of granular layer Corrective Add granular material to repair 
erosion of the ditches  

Following a demand from engineering 
superintendant following a visual 
inspection showing erosion of the 
ditches 

Energy & Infrastructure 
Superintendant 

Photo of remediation work 
 

Engineering to update the 
maintenance log of the structure 

Ditches �± release of TSS from the ditches Corrective Corrective action to mitigate release 
of TSS from ditches. Can include 
placement of sill curtain or temporary 
by-passing the ditches using pump 

Following a demand from the 
environment superintendant following 
sampling of a high turbidity event from 
the diches 

Environment Superintendant Water sample results 
Photo of remediation work 

Engineering to update the 
maintenance log of the structure 

Pumping infrastructure  
Pumps and Genset �± maintenance as per 
manufacturer specification 

Preventative Do PM on the pumping unit as per 
manufacturer recommendation 

As per manufacturer specification Pump mechanics Equipment log 
Maintenance record 

Maintenance to update the 
pump maintenance log or 
Genset maintenance log 

Pumps and Genset �± maintenance when 
defiency are observed (cavitation, breakdown, 
electrical trouble) 

Corrective Troubleshoot the pump problem so 
that it is once again oeprational 

When the E&I Superintendant ask that a 
pump be fixed following a visual 
inspection of defiecny 

Pump mechanics Equipment log 
Maintenance record 

Maintenance to update the 
pump maintenance log or 
Genset maintenance log 

Pumps �± winterization of unit used in winter Preventative Ensure that pumps used in witner 
have been winterised 

Once new pump is received on site that 
will be used in winter 

Maintenance superintendant Maintenance record Maintenance to update the 
pump maintenance log 

Pipe �± drain the line Preventative Ensure that the line is empty of water 
and tailings during tailings deposition 
switch or mill shutdown 

Every time tailings deposition is 
interrupted or switch 

Energy & Infrastructure 
Superintendant 

- - 

Pipe �± unfreezing a line Corrective Steaming the line to unfreeze it in 
winter 

When the E&I Superintendant ask that a 
line be unfroze following visual 
inspection of a frozen line 

Energy & Infrastructure 
Superintendant 

- - 

Pipe �± maintenance when defiency are observed 
(leak, pipe burst) 

Corrective Replacing a deficient part of a line 
with new pipe 

When the E&I Superintendant ask that a 
line be repaired following visual 
inspection of pipe deficiency 

Energy & Infrastructure 
Superintendant 

- - 

Surveillance  
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Component  Type of maintenance  Nature of the activity  Frequency of maintenance 
(preventative)  

OR 
Trigger of maintenance (predictive 

and corrective)  

Responsible for the activity  Documentation Required  Reporting Requirement  

Geotechnical Instrument �± loss of reading Corrective Investigate the status of an instrument 
who no longer gave data 

When an instrument no longer gave 
data for an unknown reason 

Geotechnical technician Update status in instrument database Update of the geotechnical 
instrument database by the 

geotechnical technician 
Geotechnical instrument �± unusual reading Corrective Investigate the status of an instrument 

who gave unusual data 
When an instrument gave an unusual 
data 

Geotechnical technician Update status in instrument database Update of the geotechnical 
instrument database by the 

geotechnical technician 
Geotechnical instrument �± replacement Corrective Replace an instrument that no longer 

work 
When the engineering superintendant 
as for a geotechnical instrument to be 
replaced 

Geotechnical technician Instrument installation as-built report 
Update spare inventory 

Calibration sheet 
Initial instrument rading 

Update of the geotechnical 
instrument database by the 

geotechnical technician 

Geotechnical instrument �±calibration of total 
station 

Preventative Send the total station to be calibrated yearly Geotechnical technician Calibration sheet Update of the geotechnical 
instrument database by the 

geotechnical technician 
Geotechnical instrument �±calibration of 
inclinometer probe 

Preventative Send the inclinometer probe to be 
calibrated 

yearly Geotechnical technician Calibration sheet Update of the geotechnical 
instrument database by the 

geotechnical technician 
Datalogger �± maintenance Preventative Do maintenance of datalogger as per 

manufacturer specification 
yearly Geotechnical technician Maintenance report Update of the geotechnical 

instrument maintenance log by 
the geotechnical technician 

Datalogger �± battery change Predictive Change battery when the battery level 
alarm get triggered 

When the battery alarm is trigered in 
VDV 

Geotechnical technician Maintenance report Update of the geotechnical 
instrument maintenance log by 

the geotechnical technician 
Datalogger �± troubleshooting Corrective Repair of a dataloger deficiency When a dataloger is suspected of being 

deficient 
Geotechnical technician Update status in instrument database Update of the geotechnical 

instrument maintenance log by 
the geotechnical technician 

Flowmeter �± calibration Preventative Send the flowmeter to be calibrated yearly Energy & Infrastructure 
Superintendant 

Calibration sheet Update of the geotechnical 
instrument maintenance log by 

the geotechnical technician 
Flowmeter �± deficient reading Corrective Repair of a flowmeter deficiency When the Engineering Superintendant 

ask that a flowmeter be troubleshoot 
based on irregular data 

Energy & Infrastructure 
Superintendant 

Update status in instrument database Update of the geotechnical 
instrument database by the 

geotechnical technician 
Other  

Dike crest access Predictive Snow clearing, maintaining roadway, 
grading access 

As required to maintain access Mine Superintendent - - 

Access to sump  Predictive Snow clearing, maintaining roadway, 
grading access 

As required to maintain access Mine Superintendent - - 
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 SURVEILLANCE  

Surveillance Involves the inspection and monitoring (i.e collection of qualitative and quantitative 
observation and data) of activities related to tailings management infrastructures. Surveillance also 
includes the timely documentation, analysis and communication of surveillance results, to inform 
decision making and verify whether performance objective including critical controls are being met. 

There are two type of surveillances activities which are further discussed in this chapter : 

�x Site observation and inspection 

�x Instrument monitoring 

 SITE OBSERVATIONS AN D INSPECTIONS 

The purpose of site observation and inspection is to identify warning signs for the development of 
potentially adverse conditions that could lead to a failure or some other form of loss of control. Site 
observation and inspection include the direct observations by personel on or adjacent to the tailings 
management infrastructure and may also include observation from helicopter or photo taken from 
unmanned airborne vehicle (UAV, satellites). 

Site observation and inspections are used to identify and track visible change in the condition of the 
water management infrastructure. Changes that may be observed throughout site observations and 
inspections are included in Table 6-1. 
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Table 6-1: Changes that may be observed through site observation and inspection of tailings 
management infrastructure  

Changes related to physical risk of dike, road, ramp, ditches  

�x Change in freeboard 
�x Deformation or change in condition at the crest, slopes and toes (i.e bulge, cracks, 

sinkhole, sloughing, settlement) 
�x Newly form or expanding areas of erosion 
�x Evidence of piping or unexpected water movement through water containment structures 
�x Changes in the seepage quantity (pumping rate) and quality (turbidity) 
�x Newly form of obstruction to flow in ditchs(i.e boulder, sediments, snow) 

Changes relat ed to chemical risks  

�x Evidence of newly formed seepage, or changes in seepage and evidence of any changes 
in seepage characteristics (i.e coloration, turbidity, TSS) 

Changes related to tailings & water storage and transport  

�x Change in sump level 
�x Verify using the staff gauge that the pond is operated within its normal operating condition 
�x Changes in the seepage quantity (pumping rate) and quality (turbidity) 
�x  Condition of pipe for tailings or water transport 
�x Sign of leaks from tailings or water line 
�x Condition of pumps and water reclaim infrastructure 

Change related to surveillance instrumentation  

�x Condition of surveillance instruments and associate protection around instruments (i.e 
cover, barriers to prevent vehicle damage) 

�x Condition of power supplies for instruments (i.e solar panel) 
�x Condition of communication infrastructure associated with instruments (i.e antenna, 

datalogger) 

 

6.1.1 Site observation  

Site observation is conducted by personnel working on or adjacent to tailings management 
infrastructure as part of their daily activities, maintaining awareness of the facility in the course of 
carrying their duties. Trained personnel such as geotechnical technician should be on the lookout for 
sign of changing condition as indicated in Error! Reference source not found.  as adverse condition 
can develop rapidly between inspection. A simplified visual observation form can be used to 
document such observations but they do not need to be documented unless a new condition has 
been observed. Any new observation should be documented by photograph and reported to the 
geotechnical personel or Engineering Superintendant.  
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6.1.2 Inspection  program  

Inspection are conducted by the engineering department or other personel with appropriate training 
and competency and are more rigorous than site observations.  

The inspection program consists of several types of inspections such as routine and special visual 
inspection, dike safety inspection and dam safety review. The following sub-section describe in more 
details the scope, frequency and responsible for each type of inspection. 

The main types of inspections are as follows: 

�x Routine visual inspections �± performed on a predetermined basis by AEM geotechnical team; 

�x Special visual inspections �± performed during and afeter unusual events by AEM 
geotechnical team ; 

�x Dike Safety Inspection (annual geotechnical inspection) �± performed annually by a 
Geotechnical Engineering Consultant familiar with the design and operation of the facility to 
verify that the facilities are functioning as intended 

�x Independent Dam Safety Review �± carried out by the dike review board of independent 
engineers every year to review all aspects of the design, construction, operation, 
�P�D�L�Q�W�H�Q�D�Q�F�H���� �S�U�R�F�H�V�V�H�V�� �D�Q�G�� �R�W�K�H�U�� �V�\�V�W�H�P�V�� �D�I�I�H�F�W�L�Q�J�� �W�K�H�� �G�D�P�¶�V�� �V�D�I�H�W�\���� �L�Q�F�O�X�G�L�Q�J�� �W�K�H�� �G�D�P��
safety management system.  The review defines and encompasses all components of the 
�³�G�D�P�� �V�\�V�W�H�P�´�� �X�Q�G�H�U�� �H�Y�D�O�X�D�W�L�R�Q�� �L�Q�F�O�X�G�L�Q�J�� �Whe dam, foundations, abutments and seepage 
collection works. 

6.1.2.1 Routine Visual Inspection  

Routine visual inspection are conducted on a pre-defined schedule and may target specific activities. 
Their objective is to identify any conditions that might indicate change in the tailings management 
infrastructure performance and therefore require follow-up. The inspection need to cover the aspect 
described in Table 6-1. Of particular significance are new occurrence or noted changed in seepage, 
erosion, sinkholes, boils, slope slumping, settlement, displacement, or cracking of structure 
components. These inspection are held during operation. 

There are two approved inspection form for inspection ; a simplified one and a detailed one. The 
detailed form should be used for monthly inspection while the simplified one can be used when 
inspection are required at an increased frequency. All area of the form must be fill. 

The person responsible for the inspection must : 

�x Do the inspection as per the required frequency 

�x Fill all information on the proper inspection form 

�x Take picture to supplement the inspection.  As much as possible, these are to be taken from 
the same vantage points during each inspection so that changes in conditions can be readily 
identified.  Photos should be annotated or captioned and should include a date stamp. 

�x Store electronically all photo and inspection form 

�x Update the surveillance log 
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�x Ensure that the reviewer is aware that the document is ready to be reviewed 

During the review process, the reviewer must: 

�x Ensure that all require information is present 

�x Ensure that the observation does not trigger a change in alert level 

�x Sign the inspection form as a reviewer 

�x Update the surveillance log 

�x Distribute the inspection results  

The frequency for inspection of a structure will vary based on its TARP level and need to be updated 
in the surveillance log. 

Table 6-2 summarise the Routine & Special visual inspection R&R, suggested frequency and scope 
in function of the alert level of the structure. 
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Table 6-2: Summary  of routine inspection requirements  

 
Structure  TARP Level  Inspection Responsible  Scope of inspection  Inspection Frequency  Reporting  Inspection Reviewer  Distribution List  

 

 

 

 

 

SD1, SD2, SD3, SD4, 
SD5, RF1, RF2, Central 
Dike, Stormwater Dike, 
NCIS - Operation 

Green  

Geotechnical Technician  

Physical risk and surveillance Monthly Detailled inspection form Geotechnical Engineer  Engineering Geotechnical 
Team, EOR 

Weekly during period of flow 
(from May to October) 

Simplified inspection form - 

Yellow  

Geotechnical Technician 

Physical risk and surveillance Monthly Detailled inspection form + presentation and 
analysis of instrumentation data 

 

Geotechnical Engineer 

Engineering Geotechnical 
Team, EOR 

Weekly Simplified inspection form 

Orange Geotechnical Technician All of Table 7-2 Weekly Report on summary of surveillance activity + 
status of mitigation action 

Geotechnical Engineer Engineering Geotechnical 
Team, EOR, designer, 
Management 

Monthly Detailled inspection form + presentation and 
analysis of instrumentation data 

Geotechnical Engineer Engineering Geotechnical 
Team, EOR 

Geotechnical Engineer Daily Simplified inspection form Geotechnical Coordinator Engineering Geotechnical 
Team, EOR 

TSF Pond, Tailings 
distribution and Pumping 
Infrastructure �± Operation 

Green  

Water & Tailings Engineer 

Tailings & Water storage and 
transport  

Monthly Detailed Inspection Geotechnical Coordinator Engineering Geotechnical 
Team, E&I, EOR, 

Weekly (from May to October) Simplified inspection form 

Yellow Water & Tailings Engineer or 
Geotechnical Engineer 

Water storage and transport  Weekly in area of concern Simplified inspection form Geotechnical Coordinator Engineering Geotechnical 
Team, E&I, EOR, 

Monthly Detailled inspection form + presentation and 
analysis of relevant instrumentation data 

Orange Water & Tailings Engineer or 
Geotechnical Engineer 

Water storage and transport + 
physical stability of ramp 

Daily Simplified inspection form Geotechnical Coordinator Engineering Geotechnical 
Team, EOR, designer, 
Management Weekly in area of concern Detailed Inspection + report on summary of 

surveillance activity 
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6.1.2.1 Special Visual Inspection  

Special inspections are conducted during and after unusual or extreme events that may impact the 
facility. Special inspection are conducted by the geotechnical engineer or Engineer of Record using 
the detailed inspection form and using the same procedure for review and documentation. Special 
visual inspection must be done on each structure after each of these events: 

�x Following a blast that exceed the vibration limits of the structure 

�x After an earthquake 

�x After a high intensity rainfall event (higher than a 1:2 years recurrence) 

�x Immediately after a site observation notice a change in condition 

�x Prior or immediately after increasing or decreasing the TARP level of a structure 

 

6.1.2.2 Dike Safety Inspection (annual geotechnical inspection)  

A dike safety inspection is a more comprehensive technical inspections, integrating inspections and 
results of monitoring instrument. This type of inspection is conducted by an external geotechnical 
engineer and supported by the Engineer of Record to have a more complete understanding of the 
facility performance and identify deficiencies in performance or opportunity for improvement. This will 
provide information to be used to revise the OMS manual. 

Such inspection need to occur on an annual basis between the month of July and September. The 
following components need to be inspected during this review: 

�x Saddle Dam 1, Saddle Dam 2, Saddle Dam 3, Saddle Dam 4, Saddle Dam 5, North Cell 
Internal Structure, Stormwater Dike, Central Dike, RF1, RF2 

�x North Cell and South Cell pond and reclaim infrastructure 

�x Tailings deposition infrastructure 

�x Ditches and channel 

In addition to field inspection done as part of the safety inspection the following point should be 
addressed during the review: 

�x Review of all inspections report performed since the last review 

�x Review of monitoring instruments data; 

�x Identify deficiencies in performance or opportunity for improvement 

�x Review OMS performance and operational criteria and confirm that these meet the 
performance objective of the design  

�x Review and provide recommendations regarding OMS for the following year. 
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After each safety inspection a report must be submitted to the Engineering Superintendant which 
include the results of the inspection done and addressing all point above. These report will be stored 
electronically. 

 

6.1.2.3 Independent Dam Safety Review  

 

Independent dam safety review are carried out by an independent third party to review all aspects of 
�W�K�H�� �G�H�V�L�J�Q���� �F�R�Q�V�W�U�X�F�W�L�R�Q���� �R�S�H�U�D�W�L�R�Q���� �P�D�L�Q�W�H�Q�D�Q�F�H���� �S�U�R�F�H�V�V�H�V�� �D�Q�G�� �R�W�K�H�U�� �V�\�V�W�H�P�V�� �D�I�I�H�F�W�L�Q�J�� �W�K�H�� �G�D�P�¶�V��
safety, including the dam safety management system.  The review defines and encompasses all 
�F�R�P�S�R�Q�H�Q�W�V�� �R�I�� �W�K�H�� �³�G�D�P�� �V�\�V�W�H�P�´�� �X�Q�G�H�U�� �H�Y�Dluation including the dam, foundations, abutments, 
instrumentation and seepage collection works. The independent third party for the tailings 
management infrastructure is the Meadowbank Dike Review Board (MDRB). 

Modification to the MDRB composition can only be made by the Engineer of Record.  

The Meadowbank Dike Review Board (MDRB) is comprised of the following member.  

�x Anthony Rattue 

�x Don Haley 

An annual MDRB meeting will be held every year at the Meadowbank site. Other event that could 
trigger a MDRB meeting are: 

�x Major modifications to the design or design criteria; 

�x Discovery of unusual conditions that can compromise the integrity the water management 
infrastructure; 

�x After extreme hydrological or seismic events; and 

�x Decommissioning. 

During the annual MDRB meeting, a dam safety review will be carried out according to the 
recommendations laid out in the Dam Safety Guidelines (CDA, 2013). 

This review will include, but is not limited to: 

�x Review of the dikes classification; 

�x Site inspection; 

�x Review of design and construction records; 

�x Review of monitoring practices and the instrumentation records  

�x Assessment of the operation of the facilities; 

�x Provide recommendation on operation, maintenance and surveillance based on the results of 
the instrumentation readings, construction records and site observations; 
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 INSTRUMENT MONITORING PROGRAM �± DATA ACQUISTION  

Instrument monitoring provides information on parameters or characteristics that cannot be detected 
through site observation or inspections, cannot be observed with sufficient precision and accuracy or 
need to be monitored at high frequency or continuously. 

The objective of instrument monitoring is to collect data to be used to assess the performance of the 
infrastructure against the performance objectives and indicators and the critical controls (refer to 
Table 4-2). Instrument monitoring and inspections work together as a comprehensive data set to 
enable assessment of the water management infrastructure performance and provide a basis for 
informed decision. All are essential, and none of these forms of surveillance can be neglected if 
performance objectives are to be met and risks are to be managed. 

More information on the type of in-situ instruments installed on each structure, how they were 
installed and their location can be found in Section3.4 of this OMS manual.  

Table 6-3 indicate the type of information collected through instruments monitoring and how it is 
collected. Table 6-4 summarise the data acquisition program related to instrument monitoring 

Table 6-3: Information collected using instrument monitoring  

Direct collection of information  
�x In-situ thermistors to measure temperature profile within the structure and its foundation 

and within the tailings 
�x In-situ piezometer to measure pore-water pressure providing information about flow of 

water through the structure and foundation stability 
�x Survey monument to provide information on settlement and deformation 
�x Staff gauge to inform about water level of a pond versus its operating level 
�x Blast monitor to inform on potential impact of blasting vibration on the structure 
�x Flow meters and seepage monitoring station to inform on volume of water movement 
�x Surveys conducted to measure ice cover, water level, update height and slope of 

containment structure 
 

Collection of information from remote sensing  
�x Data acquired from airborne survey to generate detailed topographic map 

Collection  of information based on laboratory analyses  
�x Water quality analysis of seepage and surface runoff 
�x Water quality analysis of water discharged through diffuser to inform on Environmental 

compliance 
�x Water quality analysis of water stored in the various pond on site to inform on water 

movement decision 
Collection of information related to the conduct of OMS activities  

�x Automatic data collection and transmission system for in-situ instruments (datalogger, 
solar panel, antenna, battery) 
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Table 6-4: Summaries of data acquisition program related to instrument monitoring of Whale Tail water management infrastructure  

 
(1)Refer to section 6-4 for more information on reporting methodology and the frequency of reporting 
(2) Refer to section 6-5 on how to present instrumentation data from VDV in a report 
(3) Exact location of each instrument can be found in the instrumentation database 
(4) Location of water quality sampling point can be found in water management plan

Instrument 
monitoring  

Location of monitoring (3)  Parameter measured  Acquisition Methodology  Standard Acquistion frequency  Acquisition Responsible  Documentation methodology  Documentation Responsible  

Thermistors SD1, SD2, SD3,SD4,SD5, 
RF1, RF2, SWD, CD, NCIS, 

North Cell pond  

Temperature (C0) point for each 
bead on the chain  

In-situ instrument connected to 
automatic data acquisition and 

transmission system 

New data are acquired and 
transmitted to VDV every 3 hrs 

Geotechnical Technician Data are exported from VDV into 
instrumentation report emited at a 
predetermined frequency (1)(2) 

Geotechnical Engineer 

Piezometer Central Dike, Stormwater Dike Pressure (kpa) point for each 
instrument 

In-situ instrument connected to 
automatic data acquisition and 

transmission system 

New data are acquired and 
transmitted to VDV every 3 hrs 

Geotechnical Technician Data are exported from VDV into 
instrumentation report emited at a 
predetermined frequency (1)(2) 

Geotechnical Engineer 

Survey monument  NCIS, SWD, CD Elevation of monument which is 
then converted into mm of 

displacement (minimum precision 
of 3 mm required) 

Data are acquired using a total 
station 

Monthly in winter and bi-weekly 
from May to September 

Geotechnical Technician Data are exported into geoexplorer. 
Instrumentation report are emited at 

predetermined frequency (1)(2) 

Geotechnical Technician 

Staff Gauge North Cell Pond Water level in pond Take picture of the gauge During each inspection Inspection officer Within inspection report Inspection officer 

Blast Monitor SD1, SD2, SD3,SD4,SD5, 
RF1, RF2, SWD, CD, NCIS, 
North Cell pond 

Peak particle velocity (PPV) 
measured by the blast monitor 

(mm/s) 

Placement of blast monitor at a 
predetermined area on the dike 

Before each blast in the vicinity of 
the dike 

Geotechnical Technician Update the blast vibration log. 
Discussion on recorded vibration in 

instrumentation report 

Geotechnical Technician 

Flow meter Central Dike D/S  Volume of water pump (m3) Pumpman operator will inscribe 
flowmeter value ona pumping sheet 

Daily when pump is operating E&I Pump crew supervisor Data will be integrated in the water 
balance 

Water & Tailings engineer 

Seepage monitoring 
station (manual 
reading with a V 

notch) 

Where umpumped seepage is 
observed 

Seepage flow (m3/s) Using a bucket and a stopwatch Weekly during period of flow Geotechnical Technician Documented within instrumentation Geotechnical Engineer 

Bathymetry / Scan of 
tailings beach 

North Cell / South Cell Aerial and sub-aerial topography Surveyor will take a scan and a 
bathymetry with a boat  

At beginning and end of freshet Surveyor Leader Integrated in the tailings deposition plan Water & Tailings engineer 

Airborne survey Whole TSF Topographic aerial survey made 
using drone 

Surveyor will take a drone survey Once per year after freshet Surveyor Leader Within survey database Surveyor Leader 

Water quality Central Dike seepage (4) Parameter indicated within water 
management plan 

Water quality sample taken and sent 
for laboratory analyses 

Acquisition frequency within water 
management plan 

Environment General 
Supervisor 

Within Env water quality database Environment General Supervisor 
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 ADDING INSTRUMENT TO THE MONITORING PROGRAM 

Any addition to the monitoring program must be validated by the Engineering Superintenant or by the 
Environment Superintendant for aspect relating to water quality. In-situ instrument installation must be 
recorded in an as-built report and added to the instrumentation database and map. After each 
installation of instrumentation the following must be done: 

�x Document the calibration sheet and initial data reading 
�x Document instrument specification (manufacturer sheet) 
�x Document Information to which datalogger the instrument is connected 
�x Survey instrument coordinate (x,y,z) 
�x If the instrument is drilled, a schematic view of the depth of the instrument versus the 

stratigraphy must be produced 
�x Photo of installation must be documented 

 

 ANALYSIS OF SURVEILLAN CE RESULTS 

For the effective use of surveillance results and decision making, results must be collated, examined, 
analysed and reported in a timely and effective manner. 
 
For visual inspection the process of analysing the data and communicating the results is describe in 
Section 6.1 and happen at the same time the inspection is done and the report is sent. The 
information gained from the analysis of these results is then compared during the inspection and 
review to the TARP criteria which will then inform the action to take if performance indicator are not 
met. 
 
For the instrumentation monitoring to be effective the data must be reviewed, analysed and reported 
at the proper frequency. Table 6-5 summarise the requirement for review, analyses and reporting of 
instrumentation data. 
 
The person responsible for instrumentation data review need to update the surveillance log each time 
an instruments results has been reviewed and analysed. The person responsible for review of 
reporting and distribution need to update the surveillance log once the report has been reviewed and 
distributed.  
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Table 6-5 : Requirement for  Review, Analyses and Reporting of Instrument Data

Instrumentation  TARP Level  Expected range of 
observation  

Responsible for review 
& analyse  

Frequency of review  Responsible for reporting  Reporting frequency  Responsible for review 
and distribution  

Distribution List  

 

 

 

 

 

Piezometer, 
thermistor, survey 

monument 

 

Green  Define in TARP of 
each structure 

Geotechnical  Engineer Bi-Weekly Geotechnical Technician Quaterly instrumentation report Geotechnical Engineer Engineering geotechnical team, designer, 
EOR 

Geotechnical technician Weekly 

Yellow Define in TARP of 
each structure 

Geotechnical  Engineer Weekly Geotechnical Technician Instrumentation reporting included 
within monthly inspection report 

Geotechnical Engineer Engineering geotechnical team, designer, 
EOR 

Geotechnical technician Every 3 days 

Orange Define in TARP of 
each structure 

Geotechnical Engineer Daily Geotechnical Engineer Instrumentation reporting included 
within weekly update report 

Geotechnical Coordinator Engineering Geotechnical Team, EOR, 
designer, Management 

Geotechnical technician Daily 

Staff Gauge /  

Survey shot 

(freeboard) 

Green Define in TARP of 
each structure 

Water & Tailings 
Engineer 

Weekly Water & Tailings Engineer Within the monthly attenuation pond 
and pumping infrastructure 
inspection report 

Geotechnical Coordinator Engineering geotechnical team, designer, 
EOR 

Yellow Define in TARP of 
each structure 

Water & Tailings 
Engineer 

Daily Water & Tailings Engineer Within the monthly attenuation pond 
and pumping infrastructure 
inspection report 

Geotechnical Coordinator Engineering geotechnical team, designer, 
EOR 

Orange Define in TARP of 
each structure 

Water & Tailings 
Engineer 

Twice a day Water & Tailings Engineer Included within weekly update report Geotechnical Coordinator Engineering Geotechnical Team, EOR, 
designer, Management 

Blast Monitor - PPV> 50 mm/s Geotechnical Technician After retrieving a blast monitor 
on a water management 
structure 

Geotechnical Technician In Quaterly instrumentation report Geotechnical Engineer Engineering geotechnical team, designer, 
EOR 

Flow meter / Seepage 
monitoring 

Green Define in TARP of 
each structure 

Water & Tailings 
Engineer 

Weekly Water & Tailings Engineer During the monthly update of the 
water balance 

Geotechnical Coordinator Engineering geotechnical team, designer, 
EOR 

Yellow Define in TARP of 
each structure 

Water & Tailings 
Engineer 

Daily Water & Tailings Engineer During the monthly update of the 
water balance 

Geotechnical Coordinator Engineering geotechnical team, designer, 
EOR 

Orange Define in TARP of 
each structure 

Water & Tailings 
Engineer 

Twice a day Water & Tailings Engineer Included within weekly update report Geotechnical Coordinator Engineering Geotechnical Team, EOR, 
designer, Management 

Water quality Green Define in TARP of 
each structure 

Environment General 
Supervisor 

As per water management 
plan 

Environment General Supervisor As per water management plan Environment 
Superintendant 

Engineering geotechnical team 

Yellow Define in TARP of 
each structure 

Environment General 
Supervisor 

As per water management 
plan 

Environment General Supervisor As per water management plan Environment 
Superintendant 

Engineering geotechnical team 

Orange Define in TARP of 
each structure 

Environment General 
Supervisor 

As per water management 
plan 

Environment General Supervisor As per water management plan Environment 
Superintendant 

Engineering geotechnical team 



 
OMS Manual �±Whale Tail Water Management Infrastructuress  

Version 1; January 2019  
 

 
   

 

56 

 

6.4.1 Procedure in case of  data exceeding expected range of observation  

If data exceeding the expected range of observation or anomalous data readings are observed, the 
following actions need to be taken: 

�x Re-read to check the reading (if the reading is from VDV, take a manual reading in the field); 

�x Check readout equipment to verify that it is functioning correctly; 

�x Verify calibration; 

�x If instrument has stopped functioning, notify the Engineering Superintendent immediately.  If 
considered critical, a replacement instrument should be installed; 

�x If an anomalous reading is confirmed, a detailed review of the effects of the reading should 
be carried out and design or remedial actions should be implemented if determined 
necessary by the Engineering Superintendent. Any malfunctioning instrument or frozen 
piezometer must be documented. 

�x In the case of valid data that would exceed the TARP level do a special inspection if possible.  

Before modifying the TARP level due to in-situ instrumentation reading that cannot be confirmed by 
other visual observation the EOR must be consulted for further guidance. 

6.4.1.1 Blast Monitor  

If a reading exceeding the PPV limit for a water management structure (50 mm/s) is observed this 
event must be communicated to the drill and blast engineer who will need to ensure that the blasting 
pattern is modified to avoid re-occurrence of this event. Afterward a special inspection will need to be 
done on the structure to look for changing condition. 
 
If more than one occurrence of blast vibration exceeding the limit are observed within a 2 weeks 
period the Engineering Superintendent needs to be notified of the situation. 
 

6.4.2 Anomalous Instrumentation Data  

Anomalous instrumentation data includes the following as presented in Table 6-6. These anomaly 
could happen without triggering a TARP level change and need to be investigated and recorded: 
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Table 6-6: Example of anomalous data and some common caus e 

Thermistors  

�x Increase or decrease in measurements (over two or more readings) that cannot be 
explained by seasonal temperature variations; 

�x Progressive loss of data (starting from the bottom and progressing). This is usually a sign 
of water infiltration 

�x Observation of a spike in temperature in one bead. This is usually due to a capacitive 
effect 

�x Loss of data (could be a transmission error, faulty hardware or a sheared cable) 

Piezometer  

�x Increase or decrease in pore water pressure measurements that cannot be explained by 
seasonal lake level variations (verify that the instrument has not been installed in a casing); 

�x Sharp increase in reading (verify that the instrument is not frozen) 
�x Loss of data (could be a transmission error, faulty hardware or a sheared cable) 

Inclinometer  

�x Cumulative increases in displacement (greater than 3 cm); 

�x Erratic movement. This is usually a sign of water infiltration 

Survey Monument  

�x Accelerating displacement rate of the survey monuments (x, y, z directions) (over two or 
more readings) (could be due to a prism shooting error or problem with the total station) 

Blast Monitor  
�x Vibrations during a blast are not observed (the blast was cancelled, the blast monitor was 

not properly installed or vibrations were too weak to be recorded) 
Flowmeter, survey shot and staff gauge  

�x Sudden change in staff gauge reading. Or reading that seem to not reflect the probable 
water elevation. This could be due to a settlement or displacement of the staff gauge. 

�x Increase or decrease in flowmeter reading that are inconsistent with pumping rate or 
rainfall or observed water level. 

�x Survey elevation that has a sharp fluctuation from last reading. This can be caused by the 
reading not taken at the good location, wave actions or daily variances in GPS signal 
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 SURVEILLANCE DOCUMEN TATION & REPORTING 

 

One visual inspection report per structure needs to be completed, reviewed and distributed per the 
frequency in Table 6-2. 

An instrumentation report need to prepare at predetermined frequency to present all instrumentation 
monitoring data as described in Table 6-4.  

Table 6-7 describe how instrumentation data should be reported. 

Instrumentation report need to include the following information : 

�x Table presenting all the instruments installed on each structure, their status and pertinent 
installation information 

�x Graph of all instruments for all structure covered by the report. The graph need to present 
data for a minimum period of 1 year. Higher recurrence should be presented if clarity of the 
presented information allows it. The graph need to be presented in a way that allow for data 
interpretation without referring to other document 

�x Analyses of all instruments data presented highlighting specific trend 
�x Discussion on anomalous trend 

 

For the structure having a yellow Tarp level the instrumentation data relevant to the cause of the alert 
need to be included with each visual inspection report. 

For the structure having an orange Tarp level the instrumentation data relevant to the alert level need 
to be included with each inspection report. In addition the weekly update report need to be written 
with the following information: 

�x Context on why the structure is at the orange level 
�x Change in condition since the last weekly report 
�x What is the mitigation plan and what action have been taken since the last update report 
�x Discussion on the result of the instrumentation data 
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Table 6-7 : How data should be present ed in report for instrumentation monitoring  

Thermistance  
�x Temperature vs. depth plots over time.  
�x The plot should indicate the thermistor string reference number and date of each 

measurements presented 
�x The plot need to indicate relevant stratigraphy and their depth 
�x Plot need to be presented with a cross-section of the installation (if on a structure) as well 

as a plan view showing the instrument location 
Piezometer  

�x Plots of total head as elevation versus time; and 
�x Plot need to be presented with a cross-section of the installation showing lithology with 

depth as well as a plan view showing the instrument location 
�x The plot need to indicate the instrument number, the dates of each measurement and a 

mention if the temperature read by the instrument is less than 0 degree 
SAA 

�x Cumulative displacement plots (to view total displacement); 
�x Incremental displacement plots (to present increasing or accelerating movements between 

readings); 
�x Cumulative displacement at crest versus time; and 
�x Time plots at zones of identified displacement.   
�x The plot need to indicate the SAA number, what is considered positive and negative 

displacement and the dates of each measurement 

�x Both elevations and depths should be presented together with the lithology. 

�x A plan view need to be included showing the instrument location 

Survey Monument  
�x Total net movement plots (to present total displacement); 
�x Vertical displacement plots; and 
�x Lateral displacement plots parallel and perpendicular to the dike axis 
�x The plot need to indicate the survey monument number, what is considered positive and 

negative displacement and the dates of each measurement 
�x A plan view need to be included showing the instrument location  
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 DATA MANAGEMENT  

 

An electronic library or database, which is easily accessible, shall be set up to catalogue and store 
inspection documents, maintenance reports and instrumentation measurements. The following will be 
stored in the hard copy and/or electronic format.  

�x Instrumentation report  

�x Visual inspection report 

�x Weekly report for structure in orange Tarp level 

�x Dike safety inspection (annual geotechnical inspection) 

�x Dam Safety Review report;  

�x Surveillance log 

�x Instruments database and map  

�x Maintenance log of geotechnical instrument 

�x Maintenance log of water management infrastructure 

�x Pump maintenance record
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Tailings Storage Facility Instrumentation  List
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Central Dike  
 
 

Hole Instrument ID Type Status Readings For PZ For TH 

# ID PZ/TH 
Operational (�3)/Not 

operational (�2) 
Manual/ 

Automatic 
Elevation 

(m) 

 
Stratigraphic 

unit 
 

Number of 
operational 

beads 

Elevation 
interval in 

meters 
(top/bottom)  

465-P3 

465-P3-A Piezo Frozen Automatic (DL37) 65 Bedrock - - 

465-P3-B Piezo Frozen Automatic (DL37) 85 Bedrock - - 

465-TH-P3 Thermistor �3�� Automatic (DL37) - - 10/13 105/69 

545-P1 

545-P1-A Piezo �3�� Automatic (DL12) 65 Bedrock - - 
545-P1-B Piezo �2 (since Nov. 2018)�� Automatic (DL12) 76 Bedrock - - 

545-P1-C Piezo �3�� Automatic (DL12) 80 Dense Till - - 

545-P1-D Piezo �2 (since Dec. 2018)�� Automatic (DL12) 88 Dense Till - - 
545-TH-P1 Thermistor �3�� Automatic (DL12) - - 13 111/63 

545-P2 

545-P2-A Piezo �2 (since Jan 2, 2019) Automatic (DL44) 65 Bedrock - - 

545-P2-B Piezo �2 (since Jan 2, 2019) Automatic (DL44) 85 Bedrock - - 

545-P2-C Piezo �2 (since Jan 21, 2019) Automatic (DL44) 100 Bedrock - - 

545-P2-D Piezo Frozen Automatic (DL44) 104 Rock fill/Till - - 

545-TH-P2 Thermistor �3�� Automatic (DL44) - - 13 105/51 

580-P1 

580-P1-A Piezo �2 (since July 2016) Automatic (DL12) - - - - 

580-P1-B Piezo �2 (since July 2016) Automatic (DL12) - - - - 

580-P1-C Piezo �2 (since July 2016) Automatic (DL12) - - - - 

580-P1-D Piezo �2 (since July 2016) Automatic (DL12) - - - - 

580-P1-E Piezo �2 (since July 2016) Automatic (DL12) - - - - 

580-TH-P1 Thermistor �2 (since July 2016) Automatic (DL12) - - - - 

595-P1 

595-P1-A Piezo �3�� Automatic (DL12) 69.25 Bedrock - - 

595-P1-B Piezo �3�� Automatic (DL12) 85.2 
Bedrock 
(Casing) 

- - 

595-P1-C Piezo �3�� Automatic (DL12) 92.2 
Bedrock 
(Casing) 

- - 

595-P1-D Piezo �2  (June 2017)�� - 96.2 
Dense Till 
(Casing) 

- - 

595-P1-E Piezo �2 (June 2017)�� - 105.2 
Rock fill 
(Casing) 

- - 

595-TH Thermistor �3�� Automatic (DL12) - - 16 114.60/69.60 

650-P1 

650-P1-A Piezo 
�2 (since February 

2016) Automatic (DL11) - - - - 

650-P1-B Piezo 
�2 (since September 

2016) Automatic (DL11) - - - - 

650-P1-C Piezo 
�2 (since September 

2016) Automatic (DL11) - - - - 

650-P1-D Piezo 
�2 (since September 

2016) Automatic (DL11) - - - - 

650-TH-P1 Thermistor �2 (since August 2016) Automatic (DL11) - - - - 

 
 

Legend
Instrument fully working
PZ frozen or TH bead  missing but still giving data
Instrument  not communicating
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Hole Instrument ID Type Status Readings For PZ For TH 

# ID PZ/TH 
Operational (�3)/Not 

operational (�2) 
Manual/ 

Automatic 
Elevation 

(m) 

 
Stratigraphic 

unit 
 

Number of 
operational 

beads 

Elevation 
interval in 

meters 
(top/bottom)  

650-P2 

650-P2-A Piezo �3 Automatic (DL11) 65 Bedrock - - 

650-P2-B Piezo �3 Automatic (DL11) 85 Bedrock - - 

650-P2-C Piezo �3 Automatic (DL11) 99.5 Bedrock - - 

650-P2-D Piezo �3 Automatic (DL11) 103.5 Rock fill/Till - - 

650-TH-P2 Thermistor �3 Automatic (DL11) - - 13 105/51 

650-P3 

650-P3-A Piezo Frozen Automatic (DL38) 65 Bedrock - - 

650-P3-B Piezo Frozen Automatic (DL38) 85 Bedrock - - 

650-TH-P3 Thermistor �3 Automatic (DL10) - - 13 105/51 

750-P1 

750-P1-A Piezo �3 Automatic (DL10) 65 Bedrock - - 

750-P1-B Piezo �3 Automatic (DL10) 76 Bedrock - - 

750-P1-C Piezo �3 Automatic (DL10) 80 Dense Till - - 

750-P1-D Piezo �3 Automatic (DL10) 88 Dense Till - - 

750-P1-E Piezo �3 Automatic (DL10) 100 Rock fill - - 

750-TH-P1 Thermistor �3 Automatic (DL10) - - 13 111/63 

810-P1 

810-P1-A Piezo �2 (since Dec. 2017) - 67.7 Bedrock - - 

810-P1-B Piezo �2 (since January 2017) - - - - - 
810-P1-C Piezo �2 (since Sept 2018) - 86.9 Dense Till - - 

810-P1-D Piezo �2 Elev. Working only - 93.9 Dense Till - - 

810-TH Thermistor 
�2 (since February 

2018) 
Automatic (DL18) - - 0/16 

 
134.84/114.84 

825-P1 

825-P1-A Piezo �3 Automatic (DL18) 74.15 Bedrock - - 

825-P1-B Piezo �3 Automatic (DL18) 93.5 Bedrock - - 

825-P1-E Piezo �3 Automatic (DL18) 101 Till (Casing) - - 

825-TH Thermistor �3 Automatic (DL18) - - 14/16 131.25/71.25 

850-P1 

850-P1-A Piezo �3 Automatic (DL18) 72 Bedrock - - 

850-P1-B Piezo �3 Automatic (DL18) 93.7 Bedrock - - 

850-P1-E Piezo �3 Automatic (DL18) 106 Rock fill - - 

850-TH Thermistor �3 Automatic (DL18) - - 13/16 
 

133.02/73.02 

875-P3 

875-P3-A Piezo �3 Automatic (DL41) 65 Bedrock - - 

875-P3-B Piezo �3 Automatic (DL41) 85 Bedrock - - 

875-TH-P3 Thermistor �3 Automatic (DL41) - - 11/13  105/51 

875-P2 

875-P2-A Piezo �3 Automatic (DL10) 65.08 Bedrock - - 

875-P2-B Piezo �3 Automatic (DL10) 85.08 Bedrock - - 

875-P2-C Piezo Frozen Automatic (DL10) 105.38 Bedrock - - 

875-P2-D Piezo Frozen Automatic (DL10) 107.58 Till - - 

TH-875-P2 Thermistor �3 Automatic (DL10) - - 15/16 120.08/63.08 

800-P2 

800-P2-A Piezo �3 Automatic (DL11) 70.07 Bedrock - - 

800-P2-B Piezo �3 Automatic (DL11) 85.07 Bedrock - - 

800-P2-C Piezo �3 Automatic (DL11) 95.07 Bedrock - - 

800-P2-D Piezo �3 Automatic (DL11) 105.07 Rock fill/Till - - 

TH-800-P2 Thermistor �3 Automatic (DL11) - - 16 120.07/70.07 
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Hole Instrument ID Type Status Readings For PZ For TH 

# ID PZ/TH 
Operational (�3)/Not 

operational (�2) 
Manual/ 

Automatic 
Elevation 

(m) 

 
Stratigraph

ic unit 
 

Number of 
operational 

beads 

Elevation 
interval in 

meters 
(top/bottom)  

700-P1 

700-P1-A Piezo �3 Automatic (DL11) 63.43 Bedrock - - 

700-P1-B Piezo �3 Automatic (DL11) 86.93 Bedrock - - 

700-P1-C Piezo �3 Automatic (DL11) 97.43 Bedrock - - 

700-P1-D Piezo �3 Automatic (DL11) 101.43 
Void before 

bedrock 
- - 

TH-700-P1 Thermistor �3 Automatic (DL11) - - 16 118.43/63.43 

580-P1 
(R) 

580-P1-R-A (R) Piezo �3 Automatic (DL12) 69.55 Sand - - 

580-P1-R-B (R) Piezo �3 Automatic (DL12) 75.55 Bedrock - - 

580-P1-R-C (R) Piezo �3 Automatic (DL12) 79.05 Bedrock - - 

TH-580-P1 (R) Thermistor �3 Automatic (DL12) - - 16 120.55/65.55 

1050-
P3 

1050-P3-A Piezo Frozen Automatic (DL43) 66.37 Bedrock - - 

1050-P3-B Piezo Frozen Automatic (DL43) 86.37 Bedrock - - 

TH-1050-P3 Thermistor �3 Automatic (DL43) - - 16 134.77/65.77 

975-P3 

975-P3-A Piezo �3 Automatic (DL42) 64.53 Bedrock - - 

975-P3-B Piezo �3 Automatic (DL42) 84.53 Bedrock - - 

TH-975-P3 Thermistor �3 Automatic (DL42) - - 16 131.12/64.12 

800-P3 

800-P3-A Piezo �3 Automatic (DL40) 62.95 Bedrock - - 

800-P3-B Piezo �3 Automatic (DL40) 82.95 Bedrock - - 

800-P3-C Piezo �3 Automatic (DL40) 96.45 Till - - 

TH-800-P3 Thermistor �3 Automatic (DL40) - - 16 118.95/62.95 

745-P3  
(WR-
P3) 

TH-745-P3 Thermistor �3�� Automatic (DL39) - - 8/16 125.08/102.08 

CD_US
-0+650 

CD-US-1 Thermistor �3 Automatic (DL29) - - 16 126.40/111.056 

CD-US-2 Thermistor �3 Automatic (DL29) - - 16 143/127 

SD5 

TH-02 Thermistor �3�� Automatic (DL58) - - 12/16 144/129 

TH-03 Thermistor �3 Automatic (DL58) - - 16 141/126 

TH-04 Thermistor �3 Automatic (DL58) - - 9/16 144/129 
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Stormwater Dike  
 
 
 

Hole Instrument ID Type Status Readings For PZ For TH 

# ID PZ/TH 
Operational (�3)/Not 

operational (�2) 
Manual/ 

Automatic 
Elevation 

(m) 

 
Stratigraph

ic unit 
 

Number of 
operational 

beads 

Elevation 
interval in 

meters 
(top/bottom)  

SWD-
01 

SWD-01 Thermistor �3�� Automatic (DL19) 
 

 16 148/118 

SWD-
02 

PZ-SWD-02-A Piezo �3 Automatic (DL19) 62 Bedrock   

TH-SWD-02 Thermistor �3 Automatic (DL19)   6 127/117 

SWD-
03 

PZ-SWD-03A Piezo �2�� Automatic (DL19) 110 Bedrock   

PZ-SWD-03B Piezo �2 Automatic (DL19) 122    

TH-SWD-03 Thermistor �3 Automatic (DL19)   14 125/111 

 
CRK 

#1 Crakcmeter �3�� Automatic     

#2 Crackmeter �3�� Automatic     

#3 Crackmeter �3�� Automatic     

 
 

EXT 

#2 Extensomet
er 

Removed Manual     

#3 Extensomet
er 

Removed Manual     

#4 Extensomet
er 

�3�� Manual     

#5 Extensomet
er 

Removed�� Manual     

PSM 000 to 119 Prisms �3��  Manual     

 
 
 
 
 
 

SD1 
 

Hole Instrument 
ID Type  Status  Readings  For PZ For TH 

# ID PZ/TH 
Operational 

(�3)/Not 
operational ( �2) 

Manual/  
Automatic  

Elevation 
(m) 

 
Stratigrap

hic unit  
 

Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

SD1-T2 SD1-02 Thermistor �3 Automatic (DL14) - - 16 140/110 

SD1-T4 SD1-04 Thermistor �3 Automatic (DL14) - - 16 134/119 

SD1-T1 SD1-01 Thermistor �3 Automatic (DL14) - - 16 149/132.84 

SD1-T3 SD1-03 Thermistor �3 Automatic (DL14) - - 15/16 148/118 
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SD2 
 
 

Hole Instrument 
ID Type  Status  Readings  For PZ For TH 

# ID PZ/TH 
Operational 

(�3)/Not 
operational ( �2) 

Manual/  
Automatic  

Elevation 
(m) 

 
Stratigrap

hic unit  
 

Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

SD2-T1 SD2-01 Thermistor �3 Automatic (DL15) - - 16 148.05/145.31 

SD2-T2 SD2-02 Thermistor �3 Automatic (DL15) - - 16 148/118 

SD2-T3 SD2-03 Thermistor �3 Automatic (DL15) - - 16 144/129 

SD2-T4 SD2-04 Thermistor �3 Automatic (DL15) - - 16 148/123 

 
SD3 
 

Hole Instrument 
ID Type  Status  Readings  For PZ For TH 

# ID PZ/TH 
Operational 

(�3)/Not 
operational ( �2) 

Manual/  
Automatic  

Elevation 
(m) 

 
Stratigrap

hic unit  
 

Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

SD3-T2 SD3-02 Thermistor �3 Automatic (DL16) - - 16 139.1/123.1 

SD3-T3 SD3-03 Thermistor �3 Automatic (DL16) - - 15 138.6/121.6 

SD3-T4 SD3-04 Thermistor �3 Automatic (DL16) - - 15 137.3/122.3 

SD3-T5 SD3-05 Thermistor �3 Automatic (DL16) - - 16 138.4/122.4 

SD3-T6 SD3-06 Thermistor �3 Automatic (DL16) - - 16 143.9/113.9 

 
SD4 
 

Hole 
Instrumen

t ID Type  Status  Readings  For PZ For TH 

# ID PZ/TH 
Operational 

(�3)/Not 
operational ( �2) 

Manual/  
Automatic  

Elevation 
(m) 

 
Stratigrap

hic unit  
 

Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

SD4-T2 SD4-02 Thermistor �3 Automatic (DL17) - - 16 139/129 

SD3-T3 SD3-03 Thermistor �3 Automatic (DL17) - - 16 144/129 

SD4-T4 SD4-04 Thermistor �3 Automatic (DL17) - - 5/14 137.3/127.8 

SD4-T1 SD4-01 Thermistor 
�2�� (since August 

2018) Automatic (DL17) - - 16 143.4/139.6 
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SD5 
 

Hole 
Instrument 

ID Type  Status  Readings  For PZ For TH 

# ID PZ/TH 
Operational 

(�3)/Not 
operational ( �2) 

Manual/  
Automatic  

Elevation 
(m) 

 
Stratigrap

hic unit  
 

Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

SD5-02 SD4-02 Thermistor �3 Automatic (DL58) - - 16(cap) 144/129 

SD5-03 SD3-03 Thermistor �3 Automatic (DL58) - - 16 141/126 

SD5-04 SD4-04 Thermistor �3 Automatic (DL58) - - 16(cap) 144/129 

 
 
RF1-RF2 
 

Hole 
Instrument 

ID Type  Status  Readings  For PZ For TH 

# ID PZ/TH 
Operational 

(�3)/Not 
operational ( �2) 

Manual/  
Automatic  

Elevation 
(m) 

 
Stratigrap

hic unit  
 

Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

121-1 121-RF1-1 Thermistor �3 Manual - - 16/16 136/90 

73-6 73-6-RF1-2 Thermistor �3 Manual - - 14/16 149.5/133 

RF1-3 RF1-3 Thermistor �3 Manual - - 11/11 148/144 

122-1 122-1RF2 Thermistor �3 Manual - - 14/16 137/90 

 
 
North Cell  
 

Hole Instrument 
ID Type  Status  Readings  For PZ For TH 

# ID PZ/TH 
Operational 

(�3)/Not 
operational ( �2) 

Manual/  
Automatic  

Elevatio
n (m) 

 
Stratigraphi

c unit  
 

Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

NC-T1 NC-T1 Thermistor �3 Manual - - 16 146.6/86.6 

NC-17-01 NC-17-01 Thermistor �3 Automatic (DL20) - - 16 148/112 

NC-17-02 NC-17-02 Thermistor �3 Automatic (DL21) - - 16 147.6/102 

NC-17-03 NC-17-03 Thermistor �3 Automatic (DL22) - - 16 147.6/102.6 

NC-17-04 NC-17-04 Thermistor �3 Automatic (DL23) - - 16 148.5/122 

NC-17-05 NC-17-05 Thermistor �3 Automatic (DL24) - - 16 146.6/112.6 

NC-17-06 NC-17-06 Thermistor �3 Automatic (DL25) - - 16 148/112 

NC-17-07 NC-17-07 Thermistor �3 Automatic (DL26) - - 16 148/112 

NC-17-08 NC-17-08 Thermistor �3 Automatic (DL27) - - 16 146/99 
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North Cell Internal Structure (NCIS)  
 

Hole 
Instrument 

ID Type  Status  Readings  For PZ For TH 

# ID PZ/TH 

Operational 
(�3)/Not 

operational 
(�2) 

Manual/  
Automatic  

Elevatio
n (m) 

 
Stratigraphi

c unit  
 

Number of 
operational 

beads  

Elevation 
interval in 

meters 
(top/bottom)  

NCIS-T1 NCIS-18-01 Thermistor �3 Automatic (DL55) - - 16 140/110 

NCIS-T2 NCIS-18-02 Thermistor �3 Automatic (DL55) - - 16 134/119 

NCIS-T3 NCIS-18-03 Thermistor �3 Automatic (DL56) - - 16 149/132.84 

NCIS-T4 NCIS-18-04 Thermistor �3 Automatic (DL57) - - 15/16 148/118 

PSM NCIS1 TO 
NCIS16 PRSME �3 Manual - - 15/16 148/118 
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Potential Mitigati on Plan for Upset Condition on Tailings  Management Infrastructures  

Upset Condition  Area / Cause Comments/Monitoring  Contingency or Corrective Action  

Overtopping and 
Subsidence 

1a Water level rise / storm event 
Water levels and crest elevations is monitored as part of the surveillance program 
Outflow channels are inspected during thaw, open water season and during ice 
break-up. 

Add additional pumping unit  
If rise is caused by a channel obstruction, remove the obstruction 

1b Dam crest settlement 

This scenario requires extensive loss of support in the foundation since the rockfill 
of the dikes is essentially not settlement prone itself after construction and 
dewatering.  For foundation settlement of this magnitude to occur, a piping event 
must develop or there is unexpected layer of compressible soil in the foundation. 
The situation would develop slowly with crest settlement evident at least several 
weeks before a run-away event develops.  Easily observed cracks should be 
evident.   
Monitoring of the crest settlement is conducted routinely.   

The crest is wide and comprises of coarse rockfill.  Significant damage to the dike 
is not credible, based on performance of other rockfill structures subjected to 
overtopping or flow through events  
Rockfill from the mining operations can be placed to raise the dike crest and 
compensate settlement. 
Mining operations may need to be suspended, but there will be considerable 
warning time given the slow development of the scenario. 

1c Wave action Large freeboard and wide crest zone makes this a low concern rip-rap can be added and/or dam crest can be raised. 

Internal Erosion 

2a 

Dike section: geomembrane is defective, 
allowing high water flow.  This defect 
occurs at a location where the core allows 
high flows and where the 
fills/geomembrane are defective; the 
combination allows erosion of the Core 
Backfill. 

The geomembrane and/or core backfill will develop a progressively increasing void 
ratio, thereby increasing the rate of water flow through the dike.  This is not a 
catastrophic failure mode but could lead to an inability to manage water on site 

Monitor seepage from downstream face for rate of seepage and for presence of 
sediment in seepage.   
Identify zone of seepage and establish a seepage capture and monitoring station 
with sufficient pumping capacity 
Re-evaluate the impact of this water inflow on the site wide water balance 
 

2b Dike section: geomembrane is defective. 
Results in increasing the rate of water flow through the dike.  This is not a 
catastrophic failure mode as the rockfill will be stable and at its worst would lead to 
temporary suspension of mining. 

Monitor seepage from downstream face for rate of seepage and for presence of 
sediment in seepage.   
Identify zone of seepage and establish a seepage capture and monitoring station 
with sufficient pumping capacity 
Re-evaluate the impact of this water inflow on the site wide water balance 

2c 

Foundation till is possibly non-uniform 
with more transmissive zones and not 
self-filtering. Seepage could erode the 
foundation tills at the downstream toe or 
into the downstream rockfill because of 
the lack of filtering. 

Limited seepage at the toe or into the rockfill would accelerate in to a large inflow, 
and could lead to the undermining of the dike if no action was taken.  This is a 
credible catastrophic mode if increased seepage is not detected in time. 
 
No particular instrumentation is needed as this failure mode will show itself as 
localized and increasing seepage.  It could be detected by walk-over inspection by 
an experienced engineer or technician.   

Remedial action could comprise a reverse filter and rockfill buttress depending on 
location of the flow and configuration of the foundation, freezing or grouting, if 
identified in time. 

Seepage  

3a Within the Embankment 
Seepage on its own is not a credible failure scenario.  The downstream rockfill 
shell has extremely high flow through capacity.  The rockfill zone is both large and 
pervious, so that seepage will not daylight and lead to instability.  

Monitor seepage from downstream face for rate of seepage and for presence of 
sediment in seepage.   
Identify zone of seepage and establish a seepage capture and monitoring station 
with sufficient pumping capacity 
Re-evaluate the impact of this water inflow on the site wide water balance 

3b Within the Foundation 

Defective construction of cut-off leading to transfer of unexpectedly high fraction of 
the reservoir head into the downstream part of the dike foundation, or leading to a 
piping event as described in internal erosion (2c).  
If this mechanism arises it should show itself during initial dewatering or very 
shortly thereafter. 

Monitor seepage from downstream face for rate of seepage and for presence of 
sediment in seepage.   
Identify zone of seepage and establish a seepage capture and monitoring station 
with sufficient pumping capacity 
Re-evaluate the impact of this water inflow on the site wide water balance 
Re-assess stability (numerical modelling) and construct a stabilising berm 
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Upset Condition  Area / Cause Comments/Monitoring  Contingency or Corrective Action  

Structural - Slope 
Instability 

4a Normal Operation: Slope Failure 

The rockfill shoulders of the dike are wide and have high shear strength  
Slope failure requires failure in the foundation and which would extend into the 
overlying dike.   
Sliding failure is considered unlikely given the low horizontal forces generated by 
the water and ice relative to the normal frictional force due to the weight of the 
dikes and the frictional angles of foundational materials. 
This mechanism should develop during construction, due to the increase in load 
and associated pore water pressure development.   
Initial stages of failure should be observable as tension cracks in the dike crest.  
Walk-over inspection of the dike by trained inspector is an appropriate monitoring 
strategy in addition the instrumentation.  Survey of crest face and toe is 
conducted.  

Re-assess stability (numerical modelling) and construct a stabilising berm if 
required 
Fill inactive tension cracks with bentonite 
 

4b Earthquake Induced: Slope Failure  
Site is located in a low seismic zone.  Dike consisting of massive rock zone has a 
low sensitivity to seismic motion. 

Do an inspection and repair damage 

4c Erosion; washout, ice scour Crest �± minimum 50 m section, Downstream �± large quarry rock face.  Repair erosion by placing additional rockfill and material 

Subsidence 5 Foundation Soils 

Unexpected foundation soils consolidated during dike construction.   
A significant quantity of clay would be required to generate settlement resulting in 
a water release event.   
Prism and monument monitoring is done routinely.   

This scenario would be readily repaired by excavating rockfill above the cut-off 
wall and placing more till.  Soil conditions will be observed during dewatering to 
accommodate actual conditions. 

Premature 
Closure 

6 
Corporate Bankruptcy or Early Resource 
Depletion 

Bond is provided for this eventuality. Design of rehabilitation is the same as 
rehabilitation at closure of project. 

This would trigger the closure plan 

Pump and 
Pipeline Failure 

7 Pumping infrastructures 
Freezing protection is provided by heat tracing and insulation. Pipelines monitored 
pump pressures at plant and frequent site inspection. 

Replace defect in pipeline 
Repair the pump and use another pump in the meantime 
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EXECUTIVE SUMMARY 
 
This document presents the Oil Pollution Emergency Plan for Agnico Eagle Mines Limited (Agnico) 
Meadowbank Division.  This plan is pursuant to the Canada Shipping Act 2001; and all the subtending 
regulations.  
 
Oil Pollution Emergency Plan (OPEP) designates lines of authority, responsibility, establishes proper 
reporting and details plans of action in the event of a spill.  This plan applies to the operational phase 
of the fuel transfer which takes place at Agnico Eagle �/�W�G���¶�V Baker Lake Marshaling Facilities and Oil 
Handling Facility located at latitude 64°18'36"N and longitude 95°58'04"W. 
 
A hard copy of the OPEP will be available at the Baker Lake Marshalling facility during the transfer 
operations. 
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ACRONYMS 

 
Agnico Agnico Eagle Mines Limited 
ECC Emergency Control Center 
ERT Emergency Response Team 
ERP Emergency Response Plan 
Fuel P50 Arctic Grade diesel fuel and/or Jet-A aviation fuel  
IMO  International Maritime Organization 
MARPOL The International Convention for the Prevention of Pollution from Ships, 1973, and 

the Protocols of 1978 and 1997, as amended from time to time 
OHF Oil Handling Facility 
OPEP 
SCP 

Oil Pollution Emergency Plan 
Spill Contingency Plan 

SOPEP Ship Oil Pollution Emergency Plan 
SMP 
TCMSS 

Spill Management Plan 
Transport Canada Marine Safety & Security 

TEU Twenty-foot equivalent unit  
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DISTRIBUTION LIST 
 

Agnico - Environmental Superintendent 
 

Agnico �± General Mine Manager 
 

Agnico �± Health and Safety Superintendent 
 

Agnico �± Energy and Infrastructures Superintendent  
 

Agnico �± Energy and Infrastructures Superintendent 
 

Agnico �± ERT Emergency Measures Councilor 
 

Baker Lake �± Baker Lake Hamlet Office  
 

Baker Lake �± Fire Department 
 

Petro-NAV Inc. �± Director of Operations  
 
Transport Canada �± Marine Pollution Officer 
 
Canadian Coast Guard Environmental Response 
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DOCUMENT CONTROL 
Version  Date (YMD) Section  Page Revision  

0 12/09/02 All All Comprehensive plan for Agnico�¶�V���%�D�N�H�U���/�D�N�H��
Fuel Farm Facilities 

1 12-09-17  10, 12, 13 

P10: Tide and Currents reference change; P12: 
Rephrasing of the last paragraph title; P13: in 
INITIAL SPILL RESPONSE PRIORITIES table 
into Section 2 RESPOND SAFELY, rewording 
to show only diesel fuel actions. 

2 13-03-30 
6 & 

App. D 
10 

Oil Handling Facility Declaration; 2013 Jet-A to 
start being stored at OHF 

   12 Adequate lighting required during fuel transfer 

  9 
20 
21 

Item list on inside door of each Sea can. 
Internal Contacts Updated 

  
10 & 

App. C 
23 

Update to Agnico site spill training & Location 
of training records 

  13 29 Major Failure At Helicopter Island 

  
14 & 

App. E 
30 In-situ Burning 

  16 32 New for 2013 

3 January 2014 ALL  Comprehensive Review 

4 July 2014 ALL  
Comprehensive Review after Transport 
Canada Assessment 

5 
November 

2014 
ALL  

Comprehensive Review following non-
compliance letter received from Transport 
Canada 

6 July 2015   Annual Comprehensive Review 

  Sec 1 1 Update Declaration 

  Fig 5 18 Update Pager numbers 

  Table 5,6,7 26&27 Update Contact numbers 

  Footnote 3 35 Contact date for JJ Brickett with CCG 

  Table 8 44 Update Training Dates 

7 May 2016 Sec 1 1 Update Declaration 

  Fig 5  18 Update Pager number 

  Tables 5,6,7  26-28 Update Contact numbers 

  Table 8 45 Update Training Dates 
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  Appendix A  Update Contact numbers 

  Appendix D  Update Meeting Minutes 

8 May 2017 Sec 1 1 Update Declaration 

  Fig 5  18 Update Pager number 

  Tables 5,6,7  31-33 Update Contact numbers 

  Section 10.2.1 40 
Add details related to the Fisheries Act 
Regulation and Birds Migratory Convention 

  Table 8 50 Update Training Dates 

  Appendix B 55 
Removed Appendix B Transfer Conduit Annual 
pressure Test as per TC �,�Q�V�S�H�F�W�R�U�¶�V���F�R�P�P�H�Q�W�V 

9 May 2018 Section 1 1 Update Declaration 

  Fig 5  18 Update Pager number 

  Tables 5,6,7  31-33 Update Contact numbers 

  Section 10.2.1 40 
Add details related to the Fisheries Act 
Regulation and Birds Migratory Convention 

  Table 8 50 Update Training Dates 

  Appendix B 55 
Removed Appendix B Transfer Conduit Annual 
�S�U�H�V�V�X�U�H���7�H�V�W���D�V���S�H�U���7�&���,�Q�V�S�H�F�W�R�U�¶�V���F�R�P�P�H�Q�W�V 
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SECTION 1. OIL HANDLING FACILITY DECLARATION  

Pursuant to paragraph 168(1) (b) (i) of the Canada Shipping Act 2001, Agnico Eagle Mines Ltd. (Agnico) 
has signed an Oil Handling Facility Declaration. This Declaration can be found posted at the Oil Handling 
Facility (OHF). 
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SECTION 2. GENERAL INTRODUCTION 

The Oil Pollution Emergency Plan (OPEP) is to set in motion the necessary actions to stop or minimize 
the loss of fuel �U�H�V�X�O�W�L�Q�J�� �I�U�R�P�� �D�� �P�L�V�K�D�S�� �D�W�� �$�J�Q�L�F�R�� �(�D�J�O�H�� �0�L�Q�H�V�� �/�L�P�L�W�H�G�¶�V�� �%�D�N�H�U�� �/�D�N�H�� �)�X�H�O��Farm Oil 
Handling Facility located in Baker Lake, Nunavut during the ship to shore fuel transfer.  Additionally, it 
provides direction to Agnico personnel and/or contractors at the laydown and tank farm areas, and to 
Agnico�¶�V�� �(�P�H�U�J�H�Q�F�\�� �5�H�V�S�R�Q�V�H�� �7�H�D�P�� ���(�5�7���� �I�R�U�� �H�P�H�U�J�H�Q�F�\�� �V�S�L�O�O�� �U�H�V�S�R�Q�V�H�� �V�L�W�X�D�W�L�R�Q�V���� �G�H�V�F�U�L�E�H�V�� �R�L�O��
pollution scenarios, defines the roles and responsibilities of management and responders; and outlines 
the measures taken to prevent spills.  The purpose of the OPEP is to minimize potential health and safety 
hazards, environmental damage and cleanup costs. 

2.1 Fundamental Principles  

The following OPEP is submitted for compliance to the Canada Shipping Act 2001 and all the subtending 
regulations and to outline the appropriate spill response protocol during fuel transfer operations at the 
Baker Lake OHF.  A hard copy of the OPEP will be located on site for reference and review during 
transfer operations.  This OPEP will be reviewed annually and updates will be provides to TCMSS for 
compliance prior to every shipping season.  The following priorities shall be taken into account when 
responding to an oil pollution incident and in the following order: 

1. Safety of the workers; 
2. Safety of the OHF; 
3. Safety of the community of Baker Lake; 
4. Prevention of fire and explosion; 
5. Minimize of the oil pollution incident; 
6. Notify and reporting of the oil pollution incident to associated Governing bodies; 
7. Environmental impact of the spill; 
8. Complete clean-up from the oil pollution incident. 

2.2 Legislative Requirements  

This plan was prepared in accordance with federal legislation listed below, which lists legislative 
instruments applicable to Agnico�¶�V�� �%�D�N�H�U�� �/ake Fuel Oil Handling Facility.  All requirements found in the 
Canada Shipping Act, 2001, ss. 168 are laid out in the Meadowbank Mine site OHF Concordance Table 
which will be submitted to Transport Canada as a stand-alone document. 
 
The OPEP complies with the requirements for procedures, equipment and resources as set out in the 
Canada Shipping Act (s.s. 660.2(4)) specific to a fuel handling facility - the bulk incoming transfer of fuel 
from ship-to-shore and spill scenarios directly relating to this operation. 
 
The following standards and regulatory requirements have been reviewed in preparation of this 
document: 

�x Canada Shipping Act; 
�x Response Organizations and Oil Handling Facilities Regulations; 
�x Vessel Pollution and Dangerous Chemical Regulation; 
�x Environmental Response Arrangements Regulations; 
�x Oil Handling Facilities Standards (TP 12402E); 
�x Response Organization Standards (TP 12401); 
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�x Arctic Waters Oil Transfer Guidelines ( TP 10783); 
�x Environmental Prevention and Response National Preparedness Plan (TP 13585); 
�x Release and Environmental Emergency Notification Regulations;  
�x Guidelines for reporting Incidents Involving Dangerous Goods, Harmful Substances and/or 

Marine Pollutants; and 
�x Requirements of the Central & Arctic Regional Response Plan. 

2.3 Related Documents  

Management and monitoring plans for Meadowbank mine that provided input to the Oil Pollution 
Emergency Plan include the following: 
 

1. Spill Contingency Plan; 
2. Emergency Response Plan; and 
3. Shipboard Oil Pollution Emergency Plan1. 

 
The cornerstones of contingency planning for Agnico are the Spill Contingency Plan and the Oil Pollution 
Emergency Plan.  These, coupled with the Emergency Response Plan, describe the processes to be 
followed in responding to a spill.  The OPEP on its own provides the necessary information in the event of 
a mishap where fuel is lost during the transfer of fuel from a tanker vessel to the Fuel Tank Facility. 
 
The OPEP complements the Spill Contingency Plan and it should not be construed as superseding it.  
The Spill Contingency Plan addresses a wider scope of operations stretching 110 kilometers from the 
Meadowbank mine site in the north to their infrastructure in the south.  The OPEP strictly covers the 
transfers of fuel from ship to OHF. 

2.4 Meadowbank Mine Oil Pollution Emergency Plan  

This Plan is a working document that will be reviewed annually and updates provided to TCMSS for 
compliance prior to every shipping season. 
 
This plan specifically centres on the activities in ship-to-shore transfer of fuel from a small tanker 
delivering fuel to Agnico�¶�V���%�D�N�H�U���/�D�N�H���)�X�H�O���7�D�Q�N���)�D�F�L�O�L�W�\���F�R�Q�V�W�U�X�F�W�H�G���L�Q���%�D�N�H�U���/�D�N�H��  On site personnel at 
the Facility are expected to respond to spill incidents (generally smaller than 1 m3) that can be contained 
and cleaned up without assistance, while the Emergency Response Team will respond to larger spills. 
 
Fuel is being delivered to Agnico�¶�V�� �%�D�N�H�U�� �/�D�N�H�� �)�X�H�O�� �)�D�U�P�� �E�\��Petro-Nav Inc., a Division of Desgagnes.  
Fuel is stored within the existing tank farm owned and operated by Agnico.  The Shipboard Oil Pollution 
Emergency Plan (SOPEP) is the responsibility of the shipping company.  The outline of the SOPEP 
prepared by Petro-Nav Limited can be found in Appendix A �± 1.1. 
  

                                                           
1 The Shipboard Oil Pollution Emergency Plan (SOPEP) contains all information and operational instructions as 
�U�H�T�X�L�U�H�G���E�\���W�K�H���³�*�X�L�G�H�O�L�Q�H�V���I�R�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���W�K�H���6�K�L�S�E�R�D�U�G���0�D�U�L�Q�H���3�R�O�O�X�W�L�R�Q���(�P�H�U�J�H�Q�F�\���3�O�D�Q�´���D�V���G�H�Y�H�O�R�S�H�G���E�\��
the International Marine Organization.  �:�R�R�G�Z�D�U�G�¶�V�����W�K�H���V�K�L�S�S�L�Q�J���F�R�P�S�D�Q�\�����L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���W�K�L�V���3�O�D�Q�� 
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SECTION 3. PLANNING STANDARDS  

3.1 Facility Category  

Oil handling facilities are categorized according to their maximum oil transfer rate in cubic meters per 
hour, in respect of the oil product loaded or unloaded to or from a ship, as follows (Table 1): 
 
Table 1 - Category of OHF  

 
 
The product transfer rate (Diesel and Jet-A) for the Agnico�¶�V��Baker Lake Fuel Farm OHF at Baker Lake is 
400m3/hr.  As indicated in the OHF Standards TP 12402, this flow rate requires the onsite spill response 
capacity to meet a Level 2.  To do this, the OHF will have the equipment and resources to respond to a 
5m3 spill within the required timelines specified in the Response Organization and Oil Handling Facility 
Regulations: 
 

1. Contain and control in one hour of spill detection; and 
2. Commence cleanup within six hours after spill detection. 

3.2 General Planning Guidelines  

3.2.1 Response Time Standards  

Agnico and contractor personnel at Baker Lake Fuel Farm have appropriate training to respond to spills, if 
it is safe to do so (see Table 8).  The material onsite can be deployed within one hour to contain a spill of 
5m3 or less, unless deployment within one hour will be unsafe.  Generally, for spill greater than 1m3, the 
OPEP and the Emergency Response Plan (ERP) will be activated and the Emergency Response Team 
(ERT) located at Meadowbank mine site will come in Baker Lake to help.  Realistically, the ERT can be 
on site within 125 minutes (or less) ready to help for the clean-up activity.  If the spill is greater than 5m3, 
material from the Meadowbank Mine site will be required and will be bring at the Baker Lake OHF within 
125 minutes to finalize the containment (if not complete) and recovered of the oil pollution incident. 

3.2.2 On-Water Recovery  

Agnico will have a registered boat at the Baker Lake barge area that is ready to be deployed in the case 
of an emergency situation.  It will have all required components for an industrial use vessel.  All personal 
involved in a response situation will need to have or �F�R�P�S�O�H�W�H���W�K�H���S�O�H�D�V�X�U�H���F�U�D�I�W���R�S�H�U�D�W�R�U�¶�V���F�H�U�W�L�I�L�F�D�W�L�R�Q. 

If additional water crafts are required to help with the containment of a spill from the OHF, local resources 
such as Peters Expediting Ltd. and Baker Lake Contracting & Supplies (BLCS) can be use.  Contact info 
for these companies can be found in Table 6.  

Categor y of Oil Hand ling Facility  
Maximu m Oil Transfe r Rate  

(cubic met ers/hour)  

Level 1 150 

Level 2 750 

Level 3 2 000 

Level 4 More than 2 000 
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3.2.3 Dedicated Facility Spill Res ponse Equipment  

Agnico has 3 sea cans with spill response equipment at the Baker Lake shore within Agnico�¶�V���0�D�U�V�K�Dlling 
area and includes booms that can rapidly be deployed to limit the spread of any spill on water.  The list of 
equipment can be found in Table 2.  The spill supplies and resources are in place to respond to a 5m3 
spill within the required timelines as specified in the Response Organizations and Oil Handling Facility 
Regulations.  These sea cans will be inspected before each transfer season to ensure that all the spill 
response material and PPE are there and stored in a manner that is organized and accessible in order to 
comply with regulatory requirements and allow an efficient spill response.  See Appendix D �± 1.1 for the 
checklist inspection sheet that can be found in the sea can. 

3.2.4 Transfer Conduit  

The transfer conduit or hose that is used to transfer fuel from Petro-Nav to the Agnico Baker Lake Fuel 
Farm OHF will be pressure tested annually by Petro-Nav according to the regulation prior it being placed 
into service.  A copy of the annual pressure test will be made available to TCMSS on request. The 
transfer conduit will always have a bursting pressure of not less than 4 times its maximum design 
pressure and the design pressure will be clearly marked on the conduit. 

3.2.5 MBK-ENV-0013: OHF / Ship to Shore Fuel Discharge Procedure  

Agnico has created an internal procedure to ensure all planning and precautions are in place prior to the 
transfer of any fuel from the vessels to the OHF.  This procedure can be found in Appendix D �± 1.2.  
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SECTION 4. BAKER LAKE MARSHAL LING AREA AND FUEL 
STORAGE FACILITY  

4.1 General Overview and Site Description  

Agnico�¶�V Oil Handling Facility (OHF) is located in the area of Baker Lake at latitude �����ƒ�������������������´���1���D�Q�G��
longitude 95°�����¶�������������´���:.  The location shown on Figure 1 provides more detail.  The Fuel Tank Facility 
consists of six - 10 million litres diesel fuel2 (10,000 m3) storage tanks all holding P50 grade diesel), and 
18 tanks holding 1,800,000 litres of Jet-A fuel (Figure 2). The Facility is located adjacent to Agnico�¶�V��
Marshalling area, approximately 250 meters from the shore of Baker Lake at high tide.  Power is provided 
by a generator for the fuel pump module located next to the tank farm. 
 

 
Figure 1 - Location of the Community of Baker Lake  

 

                                                           
2 1000 litres = 1 m3 of fuel. Cubic meters are used throughout this document. 
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4.2 Fuel Storage Facilities Infrastructure  

4.2.1 P-50 Fuel Tanks  

The diesel fuel tanks are contained within an impermeable lined and bermed area.  The steel fuel tanks 
have been field-erected and built to API-650 standards with each bermed area holding two tanks.  This 
area is capable of containing 110% of the volume of one 10,000 m3 storage tank.  Each impermeable 
lined and bermed cell has the following: 
 

�x A granular base for the tank completed with an impermeable LLDPE liner system and granular 
dikes; 

�x Two �± 10,000 m3 tanks complete with the required appurtenances such as stairs, base manholes, 
water draw offs, re-supply nozzle, suction nozzle, tank lighting, tank level monitoring, roof 
manhole, manual gauge hatch, tank temperature and P/V vent; 

�x Piping for unloading and loading; and 
�x Site lighting via fixtures mounted from the dispensing building. 

 
The Tank Farm Facility is designed to meet the following standards: 
 

�x National Fire Code 2010; 
�x Storage Tank Systems for Petroleum Products and Allied Petroleum Products Regulations �± 

2008; and 
�x �&�D�Q�D�G�L�D�Q�� �&�R�X�Q�F�L�O�� �R�I�� �0�L�Q�L�V�W�H�U�V�� �R�I�� �W�K�H�� �(�Q�Y�L�U�R�Q�P�H�Q�W���� �³Environmental Code of Practice of 

Aboveground and Underground Storage Tank Systems Containing Petroleum Products and Allied 
Petroleum Products �± 2003 (Updated in 2013) ���3�1�����������´. 

 
The Oil Handling Facility (OHF) is constructed and operated in accordance with Transport Canada Arctic 
Waters Oil Transfer Guidelines (TP 10783E) and Oil Handling Facility Guidelines (TP 12402E).  A fuel 
dispensing pad area completed with a dispensing unit is located in a lined facility with a provision to 
capture any and all spills at the fueling area and direct them to a containment area provided at the tank 
farm. 
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Figure 2 - Agnico �¶�V Baker Lake Oil Handling Facility �± Ship to Shore Transfer Area  
 

 
 

4.2.2 Jet -A Fuel  

The Jet-A fuel tanks are contained within an impermeable lined and bermed area.  The steel fuel tanks 
have been field-erected and built to API-650 standards with the bermed area holding eighteen tanks.  
This area is capable of containing >110% of the volume of one 100,000L storage tank.  The impermeable 
lined and bermed cell has the following: 
 

�x A granular base for the tank completed with an impermeable bituminous liner system and 
granular dikes; 

�x Eighteen (18) �± 100,000L tanks completed with the required appurtenances such as stairs, base 
manholes, water draw offs, re-supply nozzle, suction nozzle, tank lighting, tank level monitoring, 
roof manhole, manual gauge hatch, tank temperature and P/V vent; and 

�x Piping for unloading and loading. 
 
The Jet-A Fuel Facility is designed to meet the following standards: 
 

�x National Fire Code 2010; 
�x Storage Tank Systems for Petroleum Products and Allied Petroleum Products Regulations �± 
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2008; and 
�x �&�D�Q�D�G�L�D�Q�� �&�R�X�Q�F�L�O�� �R�I�� �0�L�Q�L�V�W�H�U�V�� �R�I�� �W�K�H�� �(�Q�Y�L�U�R�Q�P�H�Q�W���� �³Environmental Code of Practice of 

Aboveground and Underground Storage Tank Systems Containing Petroleum Products and Allied 
Petroleum Products  �± 2003 (Updated in 2013) ���3�1�����������´. 

4.3 Baker Lake Shoreline and Marine Characteristics  

The following Baker Lake Shoreline and Marine Characteristics were gathered during the Environmental 
Impact Assessment that was performed prior to construction of the Baker Lake Marshalling facility and 
Tank Farm. 

4.3.1 Topography  

The bulk fuel storage area is located east of the Hamlet of Baker Lake, approximately 350 m north of 
Baker Lake.  The OHF sits on a low terrace parallel with the shoreline of the lake.  There is a gradual 
slope (5 to 10% grade) toward Baker Lake with an approximate elevation change of 35 m from the OHF 
to the Baker Lake shoreline.  The Baker Lake shoreline is gently sloping, well-drained and is lined with 
marine gravels, sands and boulders. 

4.3.2 Geology  

The regional surficial geology is characterized by sandy till, bedrock outcrops, felsenmeer (ice-shattered 
bedrock) and shallow lakes (Golder, 2007).  The most common soil type in this region is glacial till.  
Marine beach deposits are found along the north shore of Baker Lake. 
 
The soil near the bulk fuel storage facility is comprised of silts, sands, gravels, cobble and boulders and 
frost-susceptible glacial till overlying weathered bedrock (Golder, 2007).  The soil thickness is typically 
less than 1.4 m with permafrost or bedrock encountered at less than 2 m.  Approximately 60% of the 
surface area surrounding the bulk fuel storage facility is comprised of bedrock outcrop. 

4.3.3 Flora and Fauna  

There are no trees and few shrubs in the area surrounding the bulk fuel storage facility.  The site is 
covered by low-lying vegetation; predominated by grassy hummocks, dwarf willow, sedge, green moss 
and lichen. 
 
Arctic ground squirrels, ptarmigan and songbirds are inhabitants in the area surrounding the bulk fuel 
storage facility.  Lake cisco, lake trout, arctic char, lake whitefish, round whitefish, slimy sculpin and 
stickleback are predominant species found in Baker Lake. 

4.3.4 Subsurface Conditions  

Test pits excavated in 2005 near the Bulk Fuel Storage Facility and between the tanks and the shoreline 
indicate a saturated top layer (0.2 m) of organic material (primarily green moss) (Golder, 2005; 2007).  A 
layer of grey to black medium sand is present up to 0.7 m thickness throughout the area, below which a 
saturated, grey brown, sand and silt layer is found. 
 
Bedrock is exposed at shallow depths throughout the site in locations where topsoil or till soils are present 
(Golder, 2005).  Bedrock is encountered at a maximum depth of 1.4 m.  As predicted by the soil 
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conditions, seepage flows in test pits indicate high site drainage (Baker Lake Bulk Fuel Storage Facility 
Environmental Performance Monitoring Plan Version 3; June 2014). 

4.3.5 Water Quality  

Baker Lake water quality closely resembles distilled water as many conventional water chemistry 
parameters are at or below detection limits (BAER, 2005).  The water column is generally well mixed and 
the water chemistry homogenous.  During the open water season there is limited vertical stratification in 
temperature and dissolved oxygen, with observed higher salinity in the bottom strata. 

4.3.6 Bathymetric Data  

As required by Water License 2AM-MEA1525 Schedule B, Item 4: A bathymetric survey(s) conducted 
prior to each year of shipping at the Baker Lake Marshaling Facility.  The result of this annual bathymetry 
can be provided if needed. 

4.3.7 Tides and Currents that Prevail at the Facility  

There is a general southward current in Hudson Bay at Chesterfield Inlet of about 19 km/day (CCG 2008).  
Tides are 4.6 meters with strong cross-currents at Chesterfield Inlet; usually flowing south-west at about 
1.85 km/hr. 

4.3.8 Meteorological Conditions Prevailing at the Facility  

�0�R�Q�W�K�O�\�� �P�H�W�H�R�U�R�O�R�J�L�F�D�O�� �G�D�W�D�� �K�D�V�� �E�H�H�Q�� �F�R�O�O�H�F�W�H�G�� �I�U�R�P�� ���������� �W�R�� ���������� �I�U�R�P�� �W�K�H�� �%�D�N�H�U�� �/�D�N�H�� �³�$�´�� �F�O�L�P�D�W�H��
station, which is a Meteorological Service of Canada climate station.  Snow and rain are combined to give 
monthly average precipitation.  The prevailing winds for the area are generally from the north to north-
west and average 20.4 km/hr. 

4.3.9 Surrounding Area  Environmental Sensitivities  

The community of Baker Lake is a hamlet in the Kivalliq Region, in Nunavut on mainland Canada.   
Located 320 km inland from the west coast of the Hudson Bay, it is near the nation's geographical centre, 
and is notable for being the Canadian Arctic's sole inland community.  The hamlet is located at the mouth 
of the Thelon River on the shore of Baker Lake. 
 
The freshwater provided to the community is taken in Baker Lake.  The freshwater intake is located 
approximately 3.4 km from the Meadowbank OHF.  See Figure 3 below for the exact location.  In case of 
a spill during fuel transfer, preventive action will be taken to avoid any contamination in close proximity of 
the water intake and cause health and safety problems to the community: 
 

1) As part of the spill procedure, Agnico will make the community of Baker Lake aware of any spill to 
ensure measures can be taken to ensure safety of the community by contacting Mayor / Hamlet 
counsel and Fire department; 

2) As part of the spill procedure, boom and absorbents pads will be deployed to confined and limit 
the progression of the spill into the water; 

3) Booms will be deployed to capture the spill; 
4) If spill cannot be captured prior to spreading towards the freshwater intake, booms will be 

deployed around the freshwater pump and regular inspection will be done to see if there are 
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visible sheen; 
5) As a precaution and depending of the spill size, Agnico will work with the Baker Lake Hamlet 

Counsel to provide a notice to the community of Bake Lake to stop the consumption of the 
freshwater during the time spill is recovered and until a test on water is conducted.  During this 
time Agnico will provide potable water to the community.  AAs soon as the spill will be recovered 
�D�Q�G�� �L�W�¶�V�� �G�H�W�H�U�P�L�Q�Hd that the freshwater intake and distribution system is not contaminated the 
consumption of freshwater will resume;  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

A The Meadowbank project keeps a supply of 120 twenty litre bottles of drinking water in supply at all times in case of 
emergency.  As well the water treatment plant is capable of producing >200m3 of water a day and the current usage for the 
mine site is ~110m3.  Thus if required the Meadowbank mine can produce drinking water for the community for an emergency 
cease in the consumption of potable water due to a spill at the Baker Lake Marshalling Facility.
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Figure 3 - Location of Community Freshwater Intake at Baker Lake  
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SECTION 5. SITE ACTIVITIES 

5.1 Nature of the Oil Product  

The main fuel stored at the Agnico�¶�V���%�D�N�H�U���/�D�N�H���)�X�H�O���)�D�U�P���Z�L�O�O���E�H���3�������G�L�H�V�H�O and Jet-A.  You can find, in 
Appendix C, the MSDS for Diesel and Jet-A.  All other fuels such as gasoline and possibly other grades 
of diesel will be purchased in drums or 1m3 totes and brought to the mine site for storage into the 
Meadowbank Fuel Storage Facility, or purchased and brought to site from a contractor in Baker Lake. 
 
Petro-Nav Inc, a division of the Desgagnes Group, is contracted by Agnico to supply and deliver diesel 
fuel and Jet-A to Agnico�¶�V��OHF facilities in Baker Lake.  The tanker picking up the fuel will be double 
hulled, Motor Tank type ship, will have segregated ballast compartments and would be able to carry up to 
20,000 m3 of diesel and Jet-A fuel collectively.  Ballast will not be required during the inward voyage to 
Baker Lake by the smaller ships.  However, ballast will be picked up while on anchor outside the access 
passage after offloading the diesel and Jet-A fuel for its outward journey.  A total of three (3) tanker loads 
of fuel will be required to fill the six diesel tanks in the tank farm, cumulatively holding 60,000 m3 and one 
(1) tanker load to fill the 18 Jet-A tank, cumulative holding 1,800 m3. 
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Figure 4 - Location of Helicopter Island  

 
  



Oil Pollution Emergency Plan 
Version 9, June 2018 

  15 
  

5.2 Bulk Transfer  

It is expected that the large tankers delivering diesel fuel and Jet-A will anchor in the same general 
location as the dry cargo vessels, shown on Figure 4.  Ship-to-ship transfer of fuel will occur at this 
location from the larger tanker to a smaller tanker that can navigate the access passage.  The carrying 
capacity of the small tanker will be either 7,300 m3 or 10,500 m3.  The Ship to be used at any one time will 
be subject to its availability at the time when the large fuel tanker is set to deliver fuel to Agnico Eagle 
�0�L�Q�H�V�� �/�L�P�L�W�H�G�¶�V�� �%�D�N�H�U�� �/�D�N�H�� �)�X�H�O�� �)�D�U�P�� �2�L�O�� �+�D�Q�G�O�L�Q�J�� �)�D�F�L�O�L�W�\. The small tanker will anchor directly to 
Agnico�¶�V�� �V�S�X�G�� �E�D�U�J�H���� �)�U�R�P�� �W�K�H�U�H���� �W�U�D�Q�V�I�H�U�� �K�R�V�H�V (Conduit) are connected to a shore based pipeline for 
transfer of P-50 diesel fuel to the diesel tank farm.  For Jet-A fuel separate hoses will be laid out from the 
vessel to the Jet-A storage containment.  These hoses or conduit will carry the Jet-A fuel from the vessel 
to the Jet-A tanks. 
 
Ballast will not be required for the inward voyage of the small tanker as it arrives at Baker Lake loaded 
with diesel fuel and Jet-A.  After transferring the diesel fuel or Jet-A fuel to the tank farm, the small tanker 
will take on ballast in its segregated ballast compartments before sailing out to Helicopter Island to pick 
up another load of fuel from the large tanker anchored outside the access passage.  Ballast will be 
dispelled as ship-to-ship transfer of diesel or Jet-A occurs and the small tanker is loaded.  This sequence 
of events will be repeated until the large tanker is empty or the tank farm is full. 
 
Due consideration will be given to prevailing and expected wind, weather and tide conditions when 
undertaking ship-to-ship and ship-to-shore fuel transfers.  The large tanker anchored near Helicopter 
Island and the small tanker anchored near Baker Lake will be clear of land and traffic routes, and in open 
water of a depth exceeding the draught of the vessel(s).  For ship-to-ship transfers, the ships will be 
secured alongside or anchored. 
 
The small tanker will discharge at a rate of 400 m3/hr for diesel fuel and 200 m3/hr for Jet-A taking 
approximately one (1) day to fill.  Communications between the shore and the small tanker will be 
maintained throughout to ensure the safe transfer of the fuels and to avoid the overfilling of the tanks.  
The ship-to-shore transfer to be used will be similar to that used at communities throughout Nunavut. 

5.3 Measures to Minimize a Diesel  and Jet -A Pollution Incident  

The small tanker will be anchored offshore in water of sufficient depth to allow for draught and tidal 
changes during transfer. 
 
The transfer of the fuels will use sound, well-rehearsed practices, include an adequate number of trained 
and alert personnel, have sufficient materials, and use well maintained, thoroughly tested equipment.  A 
team of trained personnel on the tanker will be in charge of the tanker fuel transfer equipment, while an 
onshore team will be in charge of the land based transfer equipment.  Agnico will have at least 2 trained 
personnel on the land to observe for any leak detection: a third part contractor (Intertek) and the Baker 
Lake Supervisor.  The role of the third part contractor will be to apply procedure and oversee operation 
during the fuel transfer.  To do this, the third part contractor will need to come on site at least one (1) day 
before the first day of transfer to receive the appropriate training given by the Environmental Department.  
Fire-fighting, spill response equipment and supplies will be located on the tanker and onshore near to the 
transfer point as required by Transport Canada.  This will include readily available absorbent material at 
the flexible hose connections on deck and onshore to quickly address minor spills at predictable minor 
spill locations.  Additionally, Agnico has placed a sea can with spill response supplies (including boat) and 
equipment at Agnico�¶�V�� �%�D�N�H�U�� �/�D�N�H�� �)�X�H�O�� �)�D�U�P�� �D�U�H�D�� �Z�K�H�U�H�� �L�W�� �F�D�Q�� �T�X�L�F�N�O�\�� �E�H�� �D�F�F�H�V�V�H�G�� �L�Q�� �W�K�H�� �H�Y�H�Q�W�� �R�I�� �D��



Oil Pollution Emergency Plan 
Version 9, June 2018 

  16 
  

spill. 
 
Four-inch (10 cm) steel piping able to accommodate a flow rate of approximately 400 m3/hr will lead down 
to the shore from the diesel tank farm.  Conduit from ship-to-shore will be connected to the fuel-receiving 
manifold located onshore using a dry-break coupling(s).  For Jet-A fuel separate hoses will be laid out 
from the vessel to the Jet-A storage containment.  Other measures to be taken to minimize and prevent 
spills include and must be followed by the on land responsible: 
 

�x Complete checklist before / during transfer for the on-land responsible (See Appendix E); 
�x Complete checklist, provide by Woodward, with vessel captain before transfer begin (Appendix 

E); 
�x Complete inspection / inventory of spill response sea can before transfer; 
�x During the transfer, regular monitoring will be undertaken for detection of incipient spills and leaks 

between the tanker and the tank farm; 
�x Radio test before transfer and after that each hour between the personnel on land and the 

captain of the vessel; 
�x Transfer operations will be suspended should any leak be detected or filling alarm are activated; 
�x The onshore area and ship deck will be well light as fuel transfers could continue around the 

clock; 
�x Minimization of land drainage containing spilled diesel or Jet-A to limit the amount reaching the 

marine environment;  
�x Have a good knowledge of the OPEP requirement and protocol to follow is case of a spill by 

receiving a training / review each year before the transfer season; and 
�x The regular update of the OPEP. 

 
During the ship-to-shore transfer, Agnico will have competent personnel on location at all times to monitor 
�W�K�H�� �I�X�H�O�� �W�U�D�Q�V�I�H�U�� �D�Q�G�� �P�D�L�Q�W�D�L�Q�� �F�R�Q�W�D�F�W�� �Z�L�W�K�� �W�K�H�� �W�D�Q�N�H�U�¶�V�� �F�U�H�Z��  Should problems arise, the ship can be 
called to shut down the transfer and onshore piping will be closed down.  In the event of a spill that 
escapes the containment boom, diversion booming will be deployed to minimize migration of a spill 
throughout Baker Lake.  Adequate lighting will be put in place during all transfers, to allow for proper 
inspections of transfer locations around the clock.  The lighting system intensity will be not less than 54 lx 
at each transfer connection point of the vessel and OHF and a lighting intensity not less than 11 lx at 
each transfer operation work area around each transfer connection point of the vessel and OHF. 
 
See APPENDIX D: MBK-ENV-0013: OHF / Ship to Shore Fuel Discharge Procedure. 

5.4 Portable Containment Pools  

�$�W���W�K�H���F�R�Q�Q�H�F�W�L�R�Q�� �R�I�� �W�K�H���V�K�L�S�¶�V���F�R�Q�G�X�L�W���W�R���W�K�H���2�+�)�� �P�D�Q�L�I�R�O�G�� �D���S�R�U�W�D�E�O�H���F�R�Q�W�D�L�Q�P�H�Q�W���S�R�R�O�� �Z�L�O�O�� �E�H�� �H�U�H�F�W�H�G��
and in place during the transfer of product.  This pool is capable of holding ~250L of liquid in the case that 
there is a leak at the flange or residual drips out of the conduit or hard wall pipe. 

�6�S�L�O�O���³�S�R�S-�X�S�´���S�R�R�O�V���Z�L�O�O���E�H���L�Q���S�O�D�F�H���X�Q�G�H�U���H�D�F�K���M�R�L�Q�W���I�R�U���W�K�H���F�R�Q�G�X�L�W���X�V�H�G���W�R���I�L�O�O���W�K�H��Fuel tanks.  These pop-
up pools are only capable of holding 20-50 L of fuel and are in place to catch residual and be a first line of 
defense in the case of a leak. 

 



Oil Pollution Emergency Plan 
Version 9, June 2018 

  17 
  

SECTION 6. MEADOWBANK RESPONSE TO EMERGENCIES 

The Agnico Baker Lake Tank Farm OHF is considered Level 2 Handling facility as indicated in the OHF 
Standards TP 12402.  With a transfer rate of ~400 m3/hr Agnico�¶s OHF must have the spill response 
capacity to respond to a minimum of a 5m3 spill.  

6.1 Response Management Structure  

Agnico has an Emergency Response Team (ERT) at the Meadowbank Mine trained and responsible for 
controlling the L�H�Y�H�O�� ���� �R�U�� �J�U�H�D�W�H�U�� �V�S�L�O�O�V�� �D�W�� �W�K�H�� �$�J�Q�L�F�R�¶�V Baker Lake laydown and tank farm, and for 
assisting with medical and other emergencies that may occur at the mine site or the OHF. 

 
Figure 5 depicts the Response Management System. 
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Figure 5 - Response Management  System  
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6.2 Logistics and Planning  

The Emergency Measures Counsellor (EMC) will ensure that site drawings and equipment lists are 
posted conspicuously in key locations throughout the site so that important information is always readily 
available.  This will include the following: 

�x Location and isolation points of energy sources; 

�x Location of emergency equipment (e.g., fire water pumps, fire extinguishers, monitors, self-
contained breathing apparatus); 

�x Emergency procedures outlines, such as specialist firefighting, chemical neutralization; 

�x Location of equipment for combating pollution (e.g., booms, pumps, absorbents, dispersants); 

�x Availability of internal and external emergency medical support (e.g., hospitals, clinics, 
ambulances, medical supplies, personnel with medical or first aid training); 

�x Location of toxicity testing facilities (e.g., gas and water); 

�x Location of wind direction / speed indicators; 

�x Directions on how to contact the local or regional weather forecasting service; 

�x Location of personal protective equipment and directions on its proper use; and 

�x Location of first aid stations and muster areas. 

The Incident Commander, EMC, and Health and Safety Superintendent will know where, throughout the 
project site, all of this information is posted and where emergency equipment is stored.  These individuals 
will also be trained in the proper use of emergency equipment. 
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SECTION 7. EQUIPMENT AND PPE 

The following sections describe the items that are available in the case of a spill at the Agnico Eagle 
�0�L�Q�H�V�� �/�L�P�L�W�H�G�¶�V�� �%�D�N�H�U�� �/�D�N�H�� �)�X�H�O�� �)�D�U�P�� �2�L�O�� �+�D�Q�G�O�L�Q�J�� �)�D�F�L�O�L�W�\��  Equipment has been classified into items 
available for spill sizes either up to or greater than 5m3.  However, any and all means will always be used 
to respond to a spill in a timely manner and ensure a prompt clean-up of any spill. 

7.1 OHF Response Equipment for spills up to  ~5m3 

The following equipment (Table 2) is available right at the OHF at any given time in a sea can designated 
for Environmental Emergency  and can be deployed on scene within one hour���� �L�I�� �L�W�¶�V�� �V�D�I�H�� �W�R�� �G�R�� to 
contain and control the spill.  Agnico can deploy this material within one hour. 
 
Table 2 - Material available in the Spill Response Sea Can at Agnico �¶�V���2�+�) 
Quantity  Equipment/tool name  

3 Empty drums (sealed) 
2 �0�L�Q�L���%�H�U�P�������´�[�������´ 
2 �����'�U�X�P�V���%�H�U�P�����¶�[�����¶ 
4 �7�D�U�S�������¶�[�������¶ 
4 �7�D�U�S�������¶�[�������¶ 

10 Oil Spill Absorbent Pads 
5 �8�Q�L�Y�H�U�V�D�O���$�E�V�R�U�E�H�Q�W���%�R�R�P�����´�[�������¶�����)�R�U���+�\�G�U�R-soluble Chemical) 
5 �8�Q�L�Y�H�U�V�D�O���$�E�V�R�U�E�H�Q�W���%�R�R�P�����´�[�������¶�����)�R�U���+�\�G�U�R-soluble Chemical) 
5 �3�H�W�U�R�O�H�X�P���E�D�V�H���$�E�V�R�U�E�H�Q�W���%�R�R�P�����´�[�������¶�����I�R�U���3�H�W�U�R�O�H�X�P���S�U�R�G�X�F�W�� 
4 Maritime Barrier (Baffle) 
5 �$�%�6���S�L�S�H���������¶���O�R�Q�J���[�����´���G�L�D�P�H�W�H�U 
2 Cell-U-Sorb (Absorbent) 
2 Amerisorb Peat moss (Absorbent) 
2 Oil Gator Absorbent 
1 Plug Patties 
4 Quatrex bags 
2 Fork Lift Crate 
4 Hand Shovel 
1 Crow Bar Chisel 
1 Ice Breaker Chisel 
1 Sledge hammer 

15 �5�R�G���E�D�U�����¶ 
1 ½ drum containment 
1 16ft Boat with motor and gasoline jerry can (sea can #321225) 

 

7.2 Additional  Response Equipment  or for Spills >5m 3  

All equipment previously mention is available for use during any emergency situation for a spill greater 
than 5m3.  The following equipment would take time to get to the spill site; time would vary depending on 
distance from the spill.  All these equipment and resources can be deployed on scene in <6 hours for the 
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recover and clean-up of the spill. 

7.2.1 General Equipment  

This section addresses the emergency response machinery, equipment, tools and other resources that 
will be made available on-site for spill counter measures. 

7.2.1.1 Mobile Equipment  

Mobile Equipment available to Agnico, that will be used for spill contingency include: 

�x Graders-4     Winch Trucks-2 
�x Cranes-6     Pickup Trucks-70 
�x Snowmobiles-3     Generator Sets-20 
�x Vacuum Truck-1    Fire Truck-1 
�x Loaders-14      Boats-4 
�x Backhoe-10     Fuel Trucks-2 
�x Bulldozer-8     Bobcat-2 
�x Forklift & Hysters-16    Haul Trucks-25 
�x Water Trucks-2     Snow Cat-1 

 
All the previous listed equipment can be found on the Meadowbank mine site.  Wheeled equipment can 
be at the OHF in Baker Lake in 3-6 hours.  Tracked equipment would have to be loaded and transported 
which would take 5-6 hours. 

7.2.1.2 Containment System  

Temporary containment systems are also available on site and include: 

�x Absorbent Booms  - 130 kits; �����E�R�R�P�V���S�H�U���.�L�W�����H�D�F�K���E�R�R�P�����´�[�����¶�� 
- ���������8�Q�L�Y�H�U�V�D�O���E�R�R�P�V�����H�D�F�K���E�R�R�P�����´�[�����¶ 

�x Open top Drums x 80@200L 
�x Tanks �± 2 x 100,000L tanks 
�x Tailings Pond �± capable of holding contaminated fluids >1,000 m3 capacity 
�x Spill absorbent material packages/pads - Quantity changes depending on demand on the 

Meadowbank site 

7.2.1.3 Emergency Transportation  

Emergency transportation that will be used under an emergency situation are: 

�x Aircraft (fixed wing or helicopter) 
�x 4-wheel drive vehicles >70 
�x Snowmobiles x 3 
�x Boats and motor x 4 



Oil Pollution Emergency Plan 
Version 9, June 2018 

  22 
  

7.2.2 Spill Response Kits and Containers  

7.2.2.1 Kits  

Spill response kits are strategically located where required.  Each department and work area is 
responsible for providing sufficient spill response kits in their respective work areas.  The kits are kept in 
marked and accessible locations.  The locations include all fuel storage areas, chemical storage areas 
and so on. 

All of the mobile equipment on site (including heavy equipment) contains an emergency spill kit. 

7.2.2.2 Emergency Trailer  

Agnico also have an Environmental Emergency Trailer which is easily accessible and mobile.  The trailer 
is located on site east of the Environmental Office at the Meadowbank Mine Site.  This trailer contains the 
following items: 
 

�x Pump Elastec 
�x Pump accessories 
�x Vaccum ends 
�x 45 gallons top 
�x Tubing 2 inches diameter 
�x Tubing 3 or 4 inches diameter 
�x Diesel Fuel jerry can (place on a miniberm ) 
�x Spill kit accessory (red box) 
�x Drums opener 
�x Wescot (to open empty drum screw) 
�x Empty drums 
�x 2 drums berm 
�x 4 drums berm 4x8 
�x Tarp 20x30 
�x Tarp 30x50 
�x Oil white spill pads 
�x Universal boom 5x10 
�x Universal boom 8x10 
�x ABS pipe: 10' (4") 
�x ABS pipe: 10' (6") 
�x Cell U-Sorb 
�x Sphagsorb 
�x 3 Size of Wedge wood 
�x Plug pattie 
�x Quattrex bags 
�x Hand shovel 
�x Ice chisel 
�x Sledge hammer 
�x Rod bar (4') 
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7.2.2.3 AWAR Sea cans  

Along the AWAR there are 9 environmental emergency sea cans.  These sea cans are strategically 
placed along the road at water crossings.  Each environmental emergency sea can contains the following 
material: 

�x Empty drums (Sealed) 
�x Mini berm 36"x36" x4' 
�x 4 drum spill berm 4x8 
�x Tarp 20'x30' 
�x Tarp 30'x50' 
�x Oil white spill pads 
�x Universal boom 5"x10' (Chemical) 
�x Universal boom 8"x10' (Chemical) 
�x Oil only booms 5"x10' (Hydro-carbons) 
�x Maritime barrier (Baffle) 
�x ABS pipe: 10' (4") 
�x Cell U-Sorb 
�x Amerisorb peat moss 
�x Oil gator absorbent 
�x Plug pattie 
�x Quattrex bags 
�x Fork lift crate (pallets) 
�x Long handle round point shovel 
�x Chisel point crow bar 16 lbs 57" 
�x Ice chisel 
�x Sledge hammer 12 lbs 36" 
�x Rod bar (4') 

7.3 PPE 

7.3.1 PPE at OHF for Spills <5m 3 

The following PPE (Table 3) will be found in the Emergency Trailer and also on sea can at the OHF: 

Table 3 - PPE available at OHF  
Quantity  Equipment/tool name  

3 Rain gear -- Pants and Top (L & 2-XL) 
3 Rubber boots (size 8,10,12) 
6 Rubber gloves 
3 Goggles 
3 Tyvex suits (L & 2 XL) 
3 Safety glasses 
3 Leather gloves 

This is adequate PPE intended for 3 persons.  Additional PPE will be available from the Meadowbank 
mine site.   

 



Oil Pollution Emergency Plan 
Version 9, June 2018 

  24 
  

 

7.3.2 PPE for Spills >5m 3 

Personal Protective Equipment is stored in bulk quantities at the Meadowbank Warehouse.  Quantities of 
each can be found on site using the JD Edwards system.  In addition, the community of Baker Lake has 
certain PPE that can be purchased through Agnico Eagle after consulting the Agnico Eagle Procurement 
and Logistics department; however quantities of this PPE cannot be relied on within Baker Lake.   
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SECTION 8. COMMUNICATION 

The primary basis for communication will be the phone system; back-up communication will be available 
via satellite phone.  For on-site communication, hand-held radios will be mandatory for all employees 
working or travelling in remote areas from the OHF.  Cell phones can be used as an additional means of 
communication however only CDMA service is available at the OHF.  Back-up power sources and 
replacement batteries for communications equipment will be available to provide continuous, 
uninterrupted operation either at fixed facilities or at emergency sites. 

Key site personnel will be accessible at all times by either portable radios, radios in vehicles, or office 
radios.  The Health Care Professional will carry a hand-held radio and will be available at all times.  
Security personnel will monitor the emergency channel twenty-four hours per day.  Senior management 
�S�H�U�V�R�Q�Q�H�O�� �Z�L�O�O�� �U�R�W�D�W�H�� �D�V�� �³�2�Q-�&�D�O�O�� �0�D�Q�D�J�H�U�V�´�� �I�R�U�� �D�I�W�H�U-hour emergencies.  An accommodations list that 
highlights key personnel will be posted and updated as required. 

In the event of a major emergency all external communications for the mine site and associated areas will 
be cut and all external contact will take place solely through the Emergency Control Center at the 
Meadowbank Site. 

During fuel transfer operation, the vessel master and the operator of the OHF will always have a two-way 
communication on a continuing basis.  This two-way communication will be the direct communication by 
radio and the use of the cell phone. 

8.1.1 Communication  with the Public  

Communication with public bodies during the state of emergency will be the responsibility of the General 
Mine Manager or by the Communications & Public Affairs Corporate Director. 

In the case that the communities of Baker Lake should need to be evacuated on short notice, the 
Emergency Response Team will immediately assist in the evacuation of the community.  The General 
Mine Manager will immediately contact the Mayor of the Hamlet to inform regarding the situation.  In 
addition, if safe to do so, a radio notification should be immediately broadcast on the Baker Lake Radio 
station. 

8.1.2 Hand Held Radio Communication  

The channels used for hand held radio communication on the Meadowbank mine site, the All Weather 
Private Road, OHF, and associated facilities are as follows in Table 4: 

Table 4 - Agnico  Radio C hannels  

Surface  

1.   Spare RPTR 
2.   Mill Simplex  
3.   Mill Repeater  
4.   Exploration  
5.   Simplex 5  
6.   Baker Lake  
7.   Project  
8.   Auto -Patch  
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9.   Agnico  Surface  
10. MB Dykes  
11. Goose Operation  
12. Portage Operation  
13. Vault Operation  
14. RD MB 
15. RD KM37 
16. RD Baker  

 

The colors in each zone represents �W�K�D�W���W�K�H�\�� �D�U�H���µ�O�L�Q�N�H�G�¶���W�R�J�H�W�K�H�U���� For instance, the RD MB, RD KM37 
and RD Baker are connected in a way that 3 persons talking on those 3 channels separately will hear 
each other as if they were on the same channel. 

8.1.3 Contacts  

Internal contact information is contained in Table 5 for all Agnico personnel involved in spill recovery.  
Table 6 contains contact information for contractor contacts which can be called for assistance with spill 
recovery.  Table 7 is a list of government officials and external contacts to notify and provide subsequent 
reporting. 

Table 5 - Agnico  Contact  

Title  Name Telephone No.  

Sr. Vice President, Environment and 
Sustainable Development 

Louise Grondin 
416.847.8656 
Cell: 819.724.2020 

Vice President of Environment Michel Julien 
416.947.1212 ext. 3738 
Cell:  514.244.5876 

Director of Environment,  
Environment and Sustainable 
Development 

Pascal Lavoie 
819.759.3700 ext. 5822 
Cell: 819.277.0045 

Corporate Director, Communications 
& Public Affairs 

Dale Coffin 
416.847.8669   
Cell: 647.274.4154 

Director, Regulatory Affairs Stephane Robert 
819.759.3700 ext. 5188 
Cell: 819.763.0229 

Director, Shared Services Nunavut Jason Allaire 
819.759.3555 ext. 8004 
M: 819.355.2608 

Meadowbank General Mine Manager Luc Chouinard 
819.759.3555 ext. 6896  
Cell: 819-856-8160 

Meadowbank Assistant General 
Manager 

Christian Bourcier 
819.759.3555 ext. 6843  
Cell: 819-856-8109 

H&S Superintendent 
or 
H&S Ass. Superintendent 

Markus Uchtenhagen 
or 
Yves Levesque 

819.759.3555 ext.6720 
Cell: 819.856.8715 
or 
819.759.3555 ext.6720 
Cell: 819.856.9051 

Incident Commander 
André Rouleau or 
Philippe Beaudoin 

819.759.3555 ext.6809 
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Table 6 - Contractors / Local Contacts  

Title  Telephone No.  Contact in Emergency for:  

Nolinor Aviation Services 

Protocol Agent 
(867).759.3700 ext. 8008 
Emergency  
(450) 476.0018  
(888) 505.7025 

Flight services for additional crew, or 
additional supplies 

First Air 

1.800.267.1247 
Emergency 
(867) 669.6694 
(867) 444.2002 

Flight services for additional crew, or 
additional supplies 

Calm Air  

1.800.839.2256 
Emergency 
(204) 677.5013 
(204) 677.5019 

Flight services for additional crew, or 
additional supplies 

Dyno Nobel Explosives Ltd.  (819) 825.5441 
Heavy Equipment, Man power, 
Emergency Blasting 

Woodward Group of 
Companies (Shipping) 

(709) 896.2421 
Fuel Hauler 

Baker Lake Contracting & 
Supplies 

(867) 793.2831 
Press #1 
(867) 793.1679 

Man power, equipment, trades 
personnel i.e. pipefitter, plumber, 
electrical 

�3�H�W�H�U�¶�V���(�[�S�H�G�L�W�L�Q�J 
(867) 793.2703 
Cell (867) 793.1701 

Equipment, man power, Ground 
transportation services 

Arctic Fuel Services 
(867) 793.2311 Office 
(867) 793.2301 Supervisor 

Fuel hauling, trucking, man power. 

 
 
 

Environmental Nunavut 
Superintendent 

Nancy Duquet-Harvey 
819.759.3555 ext.6980 
Cell: 819.856.4385  

Environmental Senior Coordinator 
Martin Archambault or 
Robin Allard 

819.759.3555 ext. 6744 

Environmental Department 
Environmental 
Technicians 

819.759.3555 ext.6747/6759 

On-site Medics On-site Nurses 819.759.3555 ext.6734/6751 

Site Security On-site Security (867) 793.4610 ext. 6748 
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Table 7 - External Contacts  

Organization/Authority  Telephone Number  Fax Number  

NT-NU 24-Hour Spill Report Line  
(867) 920-8130 
spills@gov.nt.ca 

(867) 873-6924 

Workers Safety and Compensation 
Commission 

(877) 661-0792 (Emergency)  
or (800) 661-0792 

 

Kivalliq Inuit Association 
(867) 645-2800 
(867)645-2810 (reporting line) 

(867) 645-2348 

Nunavut Water Board (867) 360-6338 (867) 360-6369 

INAC Inspector (867) 645-2830 (867) 979-6445 

Department of Fisheries and 
Ocean (DFO) �± Nunavut Regional 
Office  

(867) 979-8000  (867) 979-8039 

 Government of Nunavut �± 
Department of Environment 

(867) 975-7700 (867) 975-7742 

Kivalliq Health Services �± Baker 
Lake 

(867) 793-2816 or (867) 793-
2817  

Dial 0 
(867) 793-2812 

Baker Lake Hamlet Office (867) 793-2509  

Baker Lake Fire Emergency (867) 793-2900  

RCMP Regular Hour 
RCMP 24 Hour Emergency 
Number 

(867) 793-0123 
(867) 793-1111 

 

Canadian Coast Guard (in the 
event of a spill to the marine 
environment) 

(800) 265-0237 (519) 337-2498 

Superintendent Environmental 
Response 

(519) 383-1954 
(519) 381-6186 (cell) 

 

Transport Canada �± Tech services (780) 495-6325  
Stephen Sherburne   

Philip Levesque 
(204) 984-5786 
Cell : 204-801-6951 
  

(780) 495-8607 

*All above phone numbers are current as of April 201 7. 
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SECTION 9. ROLES AND RESPONSIBI LITIES 

9.1.1 First Responder  (Third Party Contractor ( Intertek Personnel ) and Spud Barge Supervisor ) 

The person who has caused a spill or is the first to observe the spill is the first responder. 

The responsibilities of the First Responder are as follows: 

�ƒ Oversee the fuel transfer operation; 

�ƒ Follow procedure set-up in the OPEP to prevent and minimize spill (See Section 5.3) 

�ƒ In case of spill to land, ice or water, contact the Baker Lake Gatehouse to report the incident; 

�ƒ Identify and contain the spill, IF SAFE TO DO SO; commence preparing spill response 
equipment, and 

�ƒ Participate in spill response as a member of the clean-up crew. 

9.1.2 Supervisor  (Spud Barge Supervisor ) 

The responsibilities of the Supervisor are as follows: 

�x Contact the Baker Lake Gatehouse; contact Environment Department; 

�x Gather facts about the spill; and 

�x Participate in spill response. 

9.2 Roles & Responsibilities of the Emergency Control Group  

Below are the roles and responsibilities of the Emergency control group. 

9.2.1 Official In -Charge  

The Official In-Charge (General Manager or designate) will take charge for overseeing and approving the 
overall emergency strategy. 
 
Immediate duties of the Official In-Charge include: 
 

�x Consult with the Incident Commander the status of emergency; 
 

�x Appoint an Emergency Log Recorder to maintain a written record of the time and events, 
including all discussions, instructions and decisions made by the Emergency Control Team; 

 
�x Issues specific tasks to the members of the Management as they arrive at the Control Room, as 

per this guideline; 
 

�x Brief the Emergency Control Team;  
 

�x Ensure that the safety of personnel is maintained, throughout the operation; 
 

�x Ensure procedures are in place for prompt dispatch of requested personnel, materials and 
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equipment to the emergency area; 
 

�x Arrange for all reports to be presented at specific intervals to the Emergency Control Team; 
 

�x Finalize the recommendations of the Incident Commander for rescue and recovery operations; 
 

�x The Official In-Charge is the only person authorized to release information to Government 
Agencies, Corporate Office or the Local Communities.  He may delegate this activity to other 
members of the Emergency Control Team; 

 
o Verify all information you release; 
o Keep a record of all inquiries (media and non-media); 
o Do not speculate on causes; 
o Do not speculate on resumption of normal operations or when the problem will be solved; 

and 
o Advise that further updates will be forth coming. 

 
�x Notify the corporate management, if the following appear probable: 
 

o Fatalities; 
o Injuries that could probably become items of local, regional or national media interest; 
o There is a public health or environmental risk; 
o An incident involving chemicals where there is a large volume or the potential for over 

reaction (e.g., cyanide); 
o A spill of effluent or contaminated water or chemical substance to an area that lies 

outside the area of drainage control of the mine site (i.e., an external spill); 
o Mine operations may be stopped for more than two (2) days; and 
o Government authorities will become involved. 

 
�x Ensure all response teams, regulatory agencies and any other agency on emergency alert notice 

are advised when the emergency has ended; 
 

�x Ensure all documentation (i.e., notes, log sheets, written instructions, etc.) is gathered for the 
creation of the final report; and 

 
�x Participate in debriefing. 

9.2.2  General Superintendents  

�x General Services, Operations and Maintenance will report to the Emergency Control Room and 
support the General manager/Designate in whatever capacity required; 

 
�x �7�K�H�\���Z�L�O�O���D�O�V�R���H�Q�V�X�U�H���W�K�D�W���W�K�H���6�X�S�H�U�L�Q�W�H�Q�G�H�Q�W���'�H�V�L�J�Q�D�W�H���L�Q���H�D�F�K���R�I���W�K�H�L�U���U�H�V�S�H�F�W�L�Y�H���'�H�S�D�U�W�P�H�Q�W�¶�V��

is aware of the emergency; and 
 

�x They will assist with the investigation and write up of the final report. 
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9.2.3 Incident Commander: A  Trained Staff Member (ERT Coordinators or Supt.)  

The responsibilities of the Incident Commander include: 
 

�x Ensure Security has been notified of emergency; 
 

�x Ensure the evacuation procedures have been activated, if required; 
 

�x Ensure that there are sufficient ERT members available to respond to the emergency; 
 

�x Ensure that the ERT has back-up support, a standby Team; 
 

�x Ensure that ERT Team has refreshments and nourishment (if the emergency requires several 
hours to resolve); 

 
�x Assess the size and severity of the emergency and the likely consequences.  Establish response 

priorities; as well coordinate prevention of fire or explosion; 
 

�x Maintain communication with the ERT Captain; 
 

�x Advise the Official In-�&�K�D�U�J�H�� �R�I�� �W�K�H�� �(�5�7�� �7�H�D�P�¶�V�� �D�F�W�L�Y�L�W�L�H�V���� �U�H�J�D�U�G�L�Q�J�� �W�K�H�� �U�H�V�F�X�H�� �D�Q�G�� �U�H�F�R�Y�H�U�\��
operations; 

 
�x Appoint sufficient personnel, equipment and outside services are available.  Utilize the members 

of the Emergency Control Team to organize these resources; 
 

�x Advise Official In-Charge when the emergency situation is under control and give the �³�$�O�O���&�O�H�D�U�´; 
 

�x Participate in emergency investigation; 
 

�x Coordinate an orderly return to normal operating conditions; 
 

�x Arrange for a debriefing session, and utilize the services of all involved in resolving the 
emergency; and 

 
�x Assist to write the final report. 

9.2.4 Emergency Response Team (ERT Team) Duties:  

�x The ERT Team Members must report to th�H���)�L�U�H���+�D�O�O�����Z�K�H�Q���S�D�J�H�G���I�R�U���D���³�&�R�G�H���2�Q�H�´���H�P�H�U�J�H�Q�F�\�� 

�x ERT Team Members will be given instructions on the emergency by the Incident Commander; 

�x ERT Team Members will follow instructions from the Incident Commander and will not put the 
Team at risk; and 

�x The ERT Team Captain will maintain radio contact with the Incident Commander throughout the 
emergency. 
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9.2.5 Env ironmental Superintendent/Designate Duties:  

The following are the responsibilities of the Environmental Superintendent/Designate; 
 

�x Provide technical advice on probable environmental effects resulting from a spill and how to 
minimize them; 
 

�x Ensure that the ���Z�d���D���u�����Œ�•���}�(���Z�]�•�����Œ���Á���Z���À�����Œ���•�‰�}�v���������š�}���š�Z�����^���}�������K�v���_�����u���Œ�P���v���Ç�V 
 

�x Provide advice to the Official-in-Charge for appropriate spill response procedures; 
 

�x Ensure that Environmental Staff are available to direct the spill response action plan; and 
 

�x Assist with restoring of the Operations back to normal operating standards. 
 

9.2.6 Health and Safety Superintendent/Designate Duties:  

The Health and Safety Superintendent/Designate will be responsible for: 

�x Ensure that an Incident Commander is in place to oversee the ERT Teams; 
 

�x Ensure that all Management respond to the emergency and meet in the emergency control room; 
 

�x Oversee all activities that require Security or Nursing and arrange for Medevac transport, if 
required; 

 
�x A�V�V�L�V�W���Z�L�W�K���J�H�W�W�L�Q�J���D���³�K�H�D�G���F�R�X�Q�W�´���I�R�U���W�K�H��Official in-charge; and 

 
�x Assist with obtaining outside help if required. 

9.2.7 Energy and Infrastructures Superintendent/Designate Duties:  

The following are the responsibilities of the Site Services Superintendent/Designate; 

�x Ensure that all his employees are accounted for; 
 

�x �(�Q�V�X�U�H���W�K�D�W���D�O�O���(�5�7���0�H�P�E�H�U���R�Q���K�L�V���&�U�H�Z�����U�H�V�S�R�Q�G���W�R���W�K�H���³���&�R�G�H���2�Q�H�´���H�P�H�U�J�H�Q�F�\�� 
 

�x �,�I���W�K�H���³���(�P�H�U�J�H�Q�F�\�´���L�V���L�Q�Y�R�O�Y�H�V���W�K�H���V�L�W�H���I�D�F�L�O�L�W�L�H�V�����D�V�V�L�V�W���W�K�H���2�I�I�L�F�L�D�O-in-Charge with the action plan 
to deal with the emergency; 

 
�x Assist as required by supplying equipment and/or manpower; and 

 
�x Assist with restoring of the Operations back to normal operating standards. 

9.2.8 Human Resources Superintendent/Designate Duties:  

The following are the responsibilities of the Human Resources (HR) Superintendent/Designate: 
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�x Ensure that all HR employees are accounted for; and 
 

�x Provide assistance to the Official-in-Charge if there are employees issues, such as injuries, 
transportation requirements, etc. 

9.2.9 Health Care Professional (Nurse/Medic):  

The on-site health professionals are responsible for the following: 

�x Providing on-site first aid and other medical support; 
 

�x Establish a triage location if there are multiple casualties; 
 

�x Arrange for medevac transportation, if required; and 
 

�x Ensuring that the first aid room is maintained at all times, by using First Responders as support. 

9.2.10 Security Department:  

The on-site Security Supervisor is responsible for the following: 

 
�x Ensure that access points to the emergency are properly guarded; 

 
�x Notify the Baker Lake Gatehouse if the emergency involves the all-weather private road (AWPR); 

and 
 

�x Assist with other duties as requested by the Emergency Control Group. 

9.3 Debriefing  

After an incident has taken place and the location is brought back to normal operating standards a 
debriefing session will occur between ECG, Field Supervisors for the incident, ERT Captain(s), and the 
supervisor of the department involved with the spill. 

The point of this debriefing session to determine the who, what, where, when, why, and how the incident 
occurred.  It will also be the time to reflect on the steps that were taken to carry out the response and to 
determine what was done right and what corrective measures need to be put in place to better the 
response if needed in the future. 
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SECTION 10. GENERAL SPILL PROCEDU RES 

10.1 Coordination with Government  Agencies  

10.1.1 Coordination with Transport Canada Technical Service Environmental Response  

In the event of a marine spill Transport Canada Technical Service Environmental Response (TC) will be 
contacted immediately regarding the incident.  Agnico will adhere to further recommendations from TC in 
response to the spill. 

SPILL RESPONSE PRIORITIES 
 

1. Safety of the personnel working at or around the OHF  
a. Contact all personnel working around the spud barge area and make them aware 
b. Make contact with the vessels Captain to make aware the ship and stop the 

transfer of the product 
c. Dawn appropriate PPE  
d. STOP the spill 

2. Make safe the facility  
a. Create a no entry perimeter to ensure unaware persons do not enter the area in 

which the incident took place. 
b. Barricade entrances to the facility with red danger tape 
c. Have a person designated to watch entrances to ensure no community persons 

come on to site.  
3. Make the community of Baker Lake aware of the Spill to ensure measures can be 

taken to ensure safety of the community  
a. Contact Mayor / Hamlet counsel 
b. Fire department 
c. RCMP 

4. Prevent fires or explosions / Stop all ignition  sources  
a. Disconnect power supplies 
b. Do not contain diesel or Jet-A fuel if vapors might ignite 
c. Allow fuel vapors to evaporate before intervention 

5. Minimize the Spill  
a. When safe to proceed stop the spread of the product 
b. Use spill response equipment in emergency sea cans and ask for additional 

material if the spill is greater than 5m3 
6. Notice and Report the Spill  

a. Spill need to be reported to Transport Canada, Coast Guard and Government of 
Nunavut immediately 

b. Other governing bodies will also be notified (see section 10.2) 
7. Environmental Impact  

a. Deter wildlife from entering spill area.  Keep track of any wildlife mortalities 
b. Determine what impacts the spill will have on the Environment 

8. Clean-up  
Commence clean-up of the spill 



Oil Pollution Emergency Plan 
Version 9, June 2018 

  35 
  

TC will also be contacted annually prior to the deposition of fuel at the OHF.  As well, annual approval of 
this OPEP will be required by TC Pollution prevention Officer. 

10.1.2 Coordination with Canadian Coast Guard   

In the event of a marine spill, the coordination with Canadian Coast Guard (CCG)3 is required and they 
will be contacted to report the incident.  A description of the event will be provided to the CCG 
Environmental Response.  Agnico will adhere to further recommendations from CCG in response to the 
spill. 
 
On an Annual basis prior to the shipment of fuels to the OHF commencing, Agnico will contact the CCG 
and make them aware that the shipping season will be starting so they are aware that fuels will be 
travelling to Agnico�¶�V���%�D�N�H�U���/�D�N�H���)�X�H�O���7�D�Q�N���)�D�F�L�O�L�W�\���F�R�Q�V�W�U�X�F�W�H�G���L�Q���%�D�N�H�U���/�D�N�H��4  Also Agnico will inquire if 
there is any update �W�R���³The Central and Arctic Regional Response Plan (2008).�´�� 
 
Agnico�¶�V���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���*�U�R�X�S���Z�L�O�O���D�Q�Q�X�D�O�O�\�����S�U�L�R�U���W�R���I�X�H�O���W�U�D�Q�V�I�H�U�����U�H�Y�L�H�Z���³The Central and Arctic Regional 
Response Plan (2008).�´�����$���F�R�S�\���R�I���W�K�L�V���S�O�D�Q���F�D�Q���E�H���I�R�X�Q�G���L�Q���$�S�S�H�Q�G�L�[��B for reference.  The plan will be 
reviewed to ensure that the OPEP and the actions of Agnico�¶�V�� �2�+�) meet all requirements listed for an 
OHF.    

10.1.3 Other Government Agencies  

Agnico will contact all government agencies associated with the Meadowbank Gold Project as is the norm 
for any reportable spill.  These groups include: Government of Nunavut (GN) via 24 hour spill reporting 
line, Indigenous and Northern Affairs Canada (INAC)), Nunavut Water Board (NWB), Environment and 

Climate Change Canada (ECCC) and Kivaliq Inuit Association (KIA). 

10.2 Reporting Requirements  

10.2.1 Governmen t of Nunavut Reporting Requirements   

As per the Canada Shipping Act spills to the marine environment will be reported to the Transport 
Canada Technical Service Environmental Response and Canadian Coast Guard (contact numbers in 
Table 7).  Marine spills will be reported in accordance with Transport Canada Guideline TP- 9834E, 
Guidelines for Reporting Incidents Involving Dangerous Goods, Harmful Substances and /or Marine 
Pollutants.  Others to receive the spill report include the Kivalliq Inuit Association, Hamlet of Rankin Inlet, 
Fisheries and Oceans Canada, Canadian Coast Guard and Indigenous and Northern Affairs Canada 
Canada and Environment and Climate Change Canada (ECCC).  Incidents that require media 
communications will be the responsibility of Agnico General Mine Manager or Public Affairs Corporate 
Director. 
 
To ensure compliance with Section 36(3) and 38(5) of the Fisheries Act and Section 5(1) of the Migratory 
Birds Convention Act, all spills of fuel or hazardous materials, regardless of quantity, into a water body or 

                                                           
3 CCG: 1-800-265-0237, Superintendant Environmental Response Phone: 519-383-1954 Cell phone:519-381-6186 
4 Plan submitted by email to CCG before the 2016 Shipping Season and will be for the 2017 Shipping Season once 
approve by TC. 
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onto ice will be reported immediately to the NT-NU 24-HOUR SPILL REPORT LINE (phone: (867) 920-
8130, fax: (867) 873-6924, spills@gov.nt.ca). 
 
Agnico possess a thorough internal spill reporting system that documents all spills for internal tracking.  A 
copy of this Agnico internal spill report can be found in Appendix F, this is the spill report that the first 
responder will have to complete.  Regardless of the volume, these spills are all reported to the 
Environment Department and if the NT-NU spill limits are exceeded or if the spill occurs in a water body 
(regardless of quantity), the Environmental Department reviews the incident, produces the NT-NU spill 
report and submits the NT-NU spill report to the regulator listed above.  Investigation of all reportable 
spills is completed by the Meadowbank Environment Department.   
 

10.3 Treatme nt and Disposal  

All diesel or Jet-A fuel recovered through the spill response and any contaminated material will be taken 
to the Meadowbank mine site for recovery and, if applicable, incineration.  It could also be packaged for 
disposal/recycling by a certified hazardous waste management company in southern Canada.   

10.4 Resuming Unloading  

The unloading of fuel from the tanker to the OHF will not resume if it hinders the response to the spill in 
any way.  Unloading will resume once all problems are corrected, thus ensuring that the spill will not 
continue. 
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SECTION 11. SPILL SCENARIOS AND RESPONSE STRATEGIES 

Agnico will strive to prevent any accidental spills and take all reasonable steps to minimize the risk of spill 
incidents and their impact on the environment.  In 2016, an exercise program scenario was developed as 
a prevention protocol for the OHF operation. Safety, including use of personal protective equipment 
around water, and spill response training were part of this training. This exercise program evaluated the 
effectiveness of all the aspects of the procedure, equipment and resources that are identified in the 
OPEP.  A summary of the 2016 exercise is provided in Appendix D - 1.4. An exercise will be conducted 
this year and the summary will be provi�G�H�G���L�Q���Q�H�[�W���\�H�D�U�¶�V���U�H�Y�L�V�L�R�Q���R�I���W�K�H���2�3�(�3�� 
 

11.1 Product Properties and Response Strategy  

Jet fuel, Jet-A, Jet-A1, or kerosene is a type of aviation fuel designed for use in aircraft powered by gas-
turbine engines.  It is colourless to straw-coloured in appearance. 
 
P50 Diesel is a bright oily substance that has a low viscosity.  It spreads rapidly on the water, has a low 
solubility in salt water (60 mg/L), and a high evaporation rate as described in the text box below. 
 
At Baker Lake, the wind is largely from the NW to N. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In relation to Jet-A Fuel we will use the same evaporation rate as diesel as per Journal of Petroleum 
�6�F�L�H�Q�F�H���5�H�V�H�D�U�F�K���V�W�D�W�H�V�����³Diesel fuel and similar oils, such as jet fuel, kerosene and the like, evaporate 
as a square root of time. The reasons for this are simply that diesel fuel and such like have a narrower 
range of compounds which evaporating at similar rates, yield rates which together sum as a square root.�´5 
 
As a result of the properties of diesel and Jet-A and the environmental conditions that predominate at 
Baker Lake, the spill response will need to aim to stop the spilled product from spreading across Baker 
Lake.  This could include activating the Shipboard Oil Pollution Emergency Plan.  The tanker would have 
response equipment on board and a fully trained crew in spill response.  This, coupled with a shore based 
response under the OPEP, would ensure sufficient resources are available to control and recover as 
much diesel and Jet-A fuel as feasible.   

                                                           
5 Journal of Petroleum Science Research (JPSR) Volume 2 Issue 3, July 2013 - Modeling Oil and Petroleum Evaporation by 
Merv F. Fingas 

Predicted Evaporation Rate of Spilled Diesel  
 

Weight percent Evaporation = (5.8 + 0.045T) in(t) 
Where T = water temperature 

t = time in minutes 
After a time span of 60 minutes at a surface temperature of 5°C, up to 25 % weight of the spilled 
diesel would have evaporated.  
 
After 240 minutes, or 4 hours, the weight percent of the diesel that would have evaporated would be 
33%. 
 
Source: Environment Canada, Emergencies Science and Technology Division 
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11.2 Pipeline s afeguards  

There are a number of safeguards in operating the ship-to-shore pipeline; these include: 
 

�x Save-all trays to capture any minor spills at the ends of the floating pipeline; 
 

�x Dry-break couplings at both ends of the floating pipeline; 
 

�x A pressure test will be performed before the diesel transfer to confirm the system is free of leaks; 
and 

 
�x Both the crew on the tanker and Agnico�¶�V�� �V�K�R�U�H�� �E�D�V�H�G�� �S�H�U�V�R�Q�Q�H�O�� �Z�L�O�O�� �E�H�� �I�X�O�O�\�� �W�U�D�L�Q�H�G�� �L�Q�� �V�S�L�O�O��

response and spill recovery. 
 

11.3 Wildlife  

During a spill event, Agnico will take care to deter any animal that will be near the spill area to minimize 
the risk to wildlife.  In a case of mortalities, Agnico will track any mortality and report these numbers to the 
GN. 
 

11.4 Scenarios  

Three scenarios are considered, these being: 
 

1. A spill between the ship and the flange of the OHF, the floating pipeline, resulting in a spill smaller 
than 1000 L of diesel or Jet-A fuel; 

 
2. A major failure between the ship and the flange of the OHF, the floating pipeline, resulting in a 

spill greater than 1000 L but smaller than 5000L of diesel or Jet-A fuel; and 
 

3. Spill greater than 5000 litres. 
 
In most instances Agnico personnel and/or contractors will be able to respond to the spill but if necessary, 
backup can be requested by calling for the assistance of the Agnico Emergency Response Team that is 
stationed at the Meadowbank site located 110 kilometers away.  The ERT can be at Baker Lake within 
125 minutes to take charge of the spill response.  Agnico will make every effort to have its equipment and 
resources deployed within 6 hours of an incident. 
 
Diesel and Jet-A spills will be responded to in the same way.  Review of the CANUTEC Emergency 
Response Guidebook designates the spill response to both products as the same.6 
 
 
 
 

                                                           
6 2012 Emergency Response Guidebook 
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Scenario 1:   Loss between the ship and the flange of the OHF, the floating pipeline, resulting in 
spill smaller than 1000L  of diesel or Jet -A fuel.  

 
Appropriate Actions  Resources  

1. Communicate with vessel and immediately 
stop the ship-to-shore transfer of �I�X�H�O�����L�I���L�W�¶�V��
safe to do.  The transfer should not restart 
in a manner that would interfere with the 
immediate, effective and sustained 
response to the oil pollution. 

2. Make sure that the environment is safe for 
the facility and vessel personnel, the facility 
and Baker Lake community. 

3. Make sure that risk of fire or explosion are 
minimize. 

4. Contact person found on OHF Declaration 
to initiate the OPEP. 

5. Minimize the oil pollution incident by 
containing the spilled fuel to spreading 
within the marine environment�����L�I���L�W�¶�V���V�D�I�H���W�R��
do. 

6. Notify CCG, local and regulatory 
authorities. 

7. Containment boom is manned to prevent 
the escape of fuel outside the boom. 

8. If necessary, place a diversion boom 
outside the containment boom to stop the 
diesel from getting onto the beach. 

9. Spread absorbent material on the spill to 
capture it. 

10. Monitor any fuel that could not be 
recovered and collect water samples near 
the spill site and in the access passage for 
analysis.  Repeat as necessary. 

11. If diesel reaches the beach, excavate the 
contaminated beach material and take it to 
the Landfarm area at the Meadowbank 
site. 

 

a. Crew on the tanker trained in spill response. 
b. Agnico�¶�V shore based personnel trained in spill 

response and recovery. 
c. Emergency Response Team to take control of 

the spill response and recovery. 
d. Spill response equipment and supplies 

maintained on board the tanker and also in the 
sea can located on shore of Agnico�¶�V Fuel Farm 
and Marshalling area. 

e. Save-alls (Pop-up pools) placed under the 
pipeline manifolds to collect minor spills. 

f. Shore-based boat to position booms. 
g. Absorbent booms to recover spilled diesel on 

sea water. 
h. Heavy equipment such as excavators, back 

hoes, vacuum trucks, and dump trucks available 
if beach is contaminated. 
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Scenario 2:  Loss between the ship and the flange of the OHF, the floating pipeline, resulting in 

spill greater than 1000L but smaller than 5000L o f dies el or Jet -A fuel.  
Appropriate Actions  Resources  

1. Communicate with vessel and immediately 
stop the ship-to-shore transfer of fuel�����L�I���L�W�¶�V��
safe to do.  The transfer should not restart 
in a manner that would interfere with the 
immediate, effective and sustained 
response to the oil pollution. 

2. Make sure that the environment is safe for 
the facility personnel, the facility and Baker 
Lake community. 

3. Make sure that risk of fire or explosion are 
minimize. 

4. Contact person found on OHF Declaration 
to initiate the OPEP. 

5. Minimize the oil pollution incident by 
containing the spilled fuel to spreading 
�Z�L�W�K�L�Q���W�K�H���P�D�U�L�Q�H���H�Q�Y�L�U�R�Q�P�H�Q�W�����L�I���L�W�¶�V���V�D�I�H���W�R��
do. 

6. Notify CCG, local and regulatory 
authorities. 

7. Containment boom is manned to prevent 
the escape of fuel outside the boom. 

8. If necessary, place a diversion boom 
outside the containment boom to stop the 
diesel from getting onto the beach 

9. Spread absorbent material on the spill to 
capture it 

10. For larger amounts of spilled materials on 
water, use absorbent booms to collect the 
spilled diesel 

11. Monitor any fuel that could not be 
recovered and collect water samples near 
the spill site and in the access passage for 
analysis.  Repeat as necessary. 

12. If diesel reaches the beach, excavate the 
contaminated beach material and take it to 
the Landfarm area at the Meadowbank 
site. 
 

a. Crew on the small tanker trained in marine spill 
response. 

b. Crew from the large tanker anchored outside the 
access passage. 

c. Agnico�¶�V�� �V�K�R�U�H�� �E�D�V�H�G�� �S�H�U�V�R�Q�Q�H�O�� �W�U�D�L�Q�H�G�� �L�Q�� �Q�H�D�U��
shore spill response and recovery. 

d. Emergency Response Team trained for near 
shore spill response. 

e. Shore-based boat to position booms and spread 
absorbent material. 

f. Spill response equipment and supplies 
maintained on board the tanker, in Agnico sea 
can locate at Agnico�¶�V���0�D�U�V�K�D�O�O�L�Q�J���D�U�H�D. 

g. Additional booms to place outside the 
containment boom. 

h. Additional boats can be transported from the 
Meadowbank site as well local boats can be 
rented from local contracting companies 

i Heavy equipment such as excavators, back hoes, 
vacuum trucks, and dump trucks for waste 
materials. 

j. in the case of larger spills an Incident Command 
System will be set up at the Meadowbank site as 
laid out in the Meadowbank Emergency 
Response Plan. 
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Scenario 3:  A spill >5,000 litre s 
 
In the case of an Extreme  spill, Agnico follow the actions listed in Scenario 2 to complete the best clean 
up possible.  Between the spill response equipment that the tanker delivering fuel has on board and the 
spill response supplies at the OHF, a spill up to the size of 5, 000 - 10, 000L will be able to be controlled 
and cleaned up.  However if the spill is greater than 10, 000L, at this point Agnico will require external 
assistance with the clean-up. 
 
 
The Canadian Coast Guard (CCG) will be made aware each year prior the fuel transfer, there is a 
possibility that under direction of CCG that there spill depot supplies located in Baker Lake may be used.   
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SECTION 12. PREVENTIVE MEASURES 

Agnico recognises that spill prevention is more desirable than any modern efficient cleanup measures 
after the fact.  Preventive measures have been adopted in relation to any transport, transfer, use and 
storage of diesel and Jet-A fuel.  The tankers carry a Ship Oil Pollution Emergency Plan (SOPEP) as per 
the MARPOL 73/78 requirement under Annex I.  All ships with 400 GT and above must carry an oil 
prevention plan as per the norms and guidelines laid down by the International Maritime Organization 
(IMO).  
 
A SOPEP contains the following things: 

�x The action plan contains duty of each crew member at the time of spill, including emergency 
muster and actions; 

�x General information about the ship and the owner of the ship etc.; 
�x Steps and procedure to contain the discharge of oil into the sea using SOPEP equipment; 
�x On-board Reporting procedure and requirement in case of oil spill; 
�x List of authorities to contact and reporting requirements in case of oil spill.  Authorities like port 

state control, oil clean up team etc. are to be notified; 
�x Drawing of various fuel lines, along with other oil lines on board vessel with positioning of vents, 

save-all trays, etc.; 
�x General arrangement of ship, which includes location of all the oil tanks with capacity, content, 

etc.; and 
�x The location of the SOPEP locker and contents of the locker with a list of inventory. (Marine 

Insight 2012) 
 
The Spill Contingency Plan, Emergency Response Plan and the Oil Pollution Emergency Plan identify 
potential causes of emergencies and provides for the development and implementation of strategies to 
minimize the likelihood of the same. 
 
As described in the Spill Contingency Plan, exercises are part of training for the Emergency Response 
Team.  This will include comprehensive spill response exercise to practice the use of spill response 
equipment, including the use of booms and oil water separator. 
 
The OPEP will be updated annually based on the results of spill exercises, changes to the infrastructure 
at Agnico�¶�V���)�X�H�O���+�D�Q�G�O�L�Q�J���)�D�F�L�Oities, changes to procedures and other variables.  The updated OPEP will 
be distributed to the Agnico Emergency Response Team, Transport Canada, the Kivalliq Inuit 
Association, the Municipality of Baker Lake and other agencies as appropriate. 

12.1 Training  

The environmental department and ERT team received training from a response organization and as a 
result will be able to respond to or assist with incidents that may occur at the OHF.   

12.1.1 Meadowbank site Personnel  

A designated Emergency Response Team (ERT) consisting of on-site personnel is established at 
Agnico�¶�V�� �0�H�D�G�R�Z�E�D�Q�N�� �0�L�Q�H�� �6�L�W�H��  Agnico will ensure that the ERT is trained and staffed in sufficient 
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number so that the ERT is present at all times.  All members of the team will be trained and familiar with 
emergency and spill response resources, including their location and access, the Spill Contingency Plan, 
the Oil Pollution Emergency Plan and appropriate emergency spill response methodologies.  The ERT 
will have up to 60 members, each of whom will train approximately 8 hours per month. 

The training will include the following: 

�x Worker health and safety during emergency interventions; 
�x A review of the spill response plan and responsibilities of the ERT members; 
�x The nature, status, and location of fuel and chemical storage facilities; 
�x The on-site and off-site spill response equipment and how to use it; 
�x Emergency contact lists; 
�x Communication methods and signals; 
�x �'�H�V�N�W�R�S���H�[�H�U�F�L�V�H�V���R�I���³�Z�R�U�V�W���F�D�V�H�´���V�F�H�Q�D�U�L�R�V���� 
�x Emergency evacuation;  
�x Fires or explosions; 
�x Emergency equipment and use; 
�x Personal protective equipment and clothing; 
�x Marine shoreline recovery operations; and 
�x The likely causes and possible effects of spills. 

Every employee at the Meadowbank project will receive spill and waste management induction during 
their initial site orientation, so they are able to respond to small spills and raise the alarm if a larger 
response is required.  ERT members will receive more extensive spill response training and learn how to 
respond while wearing personal protective clothing, use of specific spill response gear, proper 
deployment of absorbents and maritime boom. 

The Environmental Department will regularly provide tool-box sessions to give information on spill 
response and reporting procedures. 

You can find records of different trainings that Agnico personnel have attended in Table 8. Basic spill 
response training will be completed in 2017 by all Agnico employees and contractors working on the 
Meadowbank project as part of the induction which is mandatory for all personnel coming to the 
Meadowbank site. 
 

12.1.2 OHF Personnel Training  

Prior to the first discharge of fuel form the vessel to the OHF a mandatory training will take place. This will 
be a review with all the personnel responsible for the shore based portion of the fuel transfer, including 
the third party contractor and the Baker Lake supervisor, the current OPEP and make them aware of the 
procedures to follow in case of a spill before the first fuel barge arrived. A copy of the 2017 log sheet will 
be provided to TCMSS once the training is completed.  

In April 2016, a meeting with all Departments of Agnico involved with fuel transfer was held. The OPEP, 
prior to and during transfer checklists were reviewed. Meeting minutes can be found in Appendix D �± 1.3. 
The minutes from meeting that will be held in 2017 prior to shipping season will be include in the next 
OPEP update. 
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12.1.3 Boat Operators  

All people involved in the supervision during operation and / or on the spill response will complete the 
training course for the pleasure craft operator.  Records of pleasure craft operator certification will be 
retained by the Meadowbank Training department. 

All concerned persons working for Agnico Eagle Mines Ltd. must possess a pleasure craft operator card 
and provide proof of this certification prior to operating any boat relating to the Meadowbank project which 
includes the Baker Lake Marshalling facility.  This includes emergency responders. 



Oil Pollution Emergency Plan 
Version 9, June 2018 

  45 
  

Table 8 - Spill Response Training  

 
 

Agnico Eagle Mines Meadowbank Division
Spill Response Training

Company

Spill Response 
Operations Course 

/
CCG

Emergency 
Planning and Spill 

Response 
Awareness /

SWAT Consulting

OHF & AWPR Spill 
Response / 

Jamie Kataluk

OHF & AWPR Spill 
Response / 

Tom Thompson

OHF & AWPR Spill 
Response / 
Robin Allard

OHF & AWPR Spill 
Response / 

Martin Therialut

OHF Spill Response 
and Ship to Shore 

Checklist / 
Jeffrey Pratt

Name
AEM EE Jeffrey Pratt AEM 15/01/2013 14/07/2015 30/09/2014
AEM EE Robin Allard AEM 01/01/2012 16/01/2013 14/07/2015 30/09/2014
AEM EE Martin Theriault AEM 01/01/2011 15/01/2013 16/07/2016
AEM EE Fanny Laporte AEM 15/01/2013
AEM EE Richard Jackson AEM 15/01/2013
AEM EE Tom Thomson AEM 24/04/2015 15/01/2013
AEM EE Jamie Kataluk AEM 24/04/2015 16/01/2013 30/09/2014
AEM EE Randy Schwandt AEM 16/07/2016
AEM EE Dave Holmstrom AEM 16/01/2013
AEM EE Potogu Noah AEM 10/07/2013
AEM EE Stephane Larose AEM 16/01/2013
AEM EE Jean-Claude Poitras AEM 18/06/2013
AEM EE Bernard Paradis AEM 18/06/2013
AEM EE Serge Pare AEM 18/06/2013
AEM EE Ray Carlson AEM 18/06/2013
AEM EE Mark Nulait AEM 20/09/2012
AEM EE Tim Chappelle AEM 20/09/2012
AEM EE Alexandre Arcand AEM 25/09/2012
AEM EE Alexande Ouellette AEM 14/07/2015 30/09/2014
AEM EE Fredy Riveron AEM 16/07/2016
AEM EE Steve Paquin AEM 30/09/2014

NOT AEMFrancois Moses Intertek 14/07/2015 30/09/2014
NOT AEMAlberto Rodriguez Intertek 14/07/2015 30/09/2014
NOT AEMCerbah Nassim Intertek 16/07/2016
NOT AEMJose Vergara Intertek 16/07/2016
NOT AEMSanik Faraq Intertek 14/07/2015 30/09/2014
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SECTION 13. COASTAL SHIPPING  

13.1.1 Coastal Shipping  

 
In Appendix A - 1.2 you will find the contact information for Coastal Shipping during the barge season.  
This contact information will be used again in the 2017 season; no changes are required for this year.  
This will be reviewed with Coastal Shipping on an annual basis. 
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To further support safe operations in the Baker Lake area between 
Woodward, Atlantic Towing, and Petro Nav, the following information and 
procedures will be adopted starting in the 2018 season. 

 

1.0 COMMUNICATION PROTOCOL  

Daily e-mail sent out by each vessel to all vessels by 8:00am 

To include:  
�x Current position 
�x ETA thru narrows  
�x Communication equipment status  

 

Long Distance Communication  
�x Primary �� Satellite phone 
�x Secondary �� Sat-C 

 

Short Distance Communication 
�x VHF communication �� channel 16 

 
 

2.0 ATL COMMUNICATION INFORMATION 

Atlantic Beech 
�x E-mail:  432525810@stratosmobile.net   
�x Cellular: (506) 654-1410                                                                                                                                                                        
�x Satellite: 011-870-783-209-055 

 
Atlantic Elm 

�x E-mail: 431697659@stratosmobile.net 
�x Cellular: (902) 456-8169 
�x Satellite: 011-870-773-236-143 

 

ATL VHF working channel is 69 
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3.0 WOODWARD COMMUNICATION INFORMATION 

Vessel                       
�x E-mail:      
�x Cellular:  
�x Satellite:  

 

Vessel                       
�x E-mail:      
�x Cellular:  
�x Satellite:  

 

WOODWARD VHF working channel is 10 

 

4.0 PETRO NAV COMMUNICATION INFORMATION 

Vessel             DARA DESGAGNES          
�x E-mail: captain.dara@desgagnes.com 
�x Cellular: 1-506-533-4992 
�x Satellite: 1-418-907-8410 

 

Vessel                       
�x E-mail:      
�x Cellular:  
�x Satellite:  

 

PETRO NAV VHF working channel is XX 
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5.0 RULES OF THE WATER WAYS 

  Note:  Outbound refers to Tanker or Tug & Barge leaving Baker Lake for Helicopter Island 

              Inbound refers to Tanker or Tug & Barge leaving Helicopter Island for Baker Lake    

               

Helicopter Island to Baker Lake 

 
Inbound ATL Tug will contact outbound Woodward and/or Petro Nav tanker by Sat Phone to get its 
transit time thru the narrows (confirming information from daily e-mail). Tug and barge will depart 
Helicopter Island 3 and ½ hours prior to the transit time of the Tanker.  It takes 3 hours for the Tug 
and Barge to reach the narrows from Helicopter Island. This allows plenty of time for all 4 vessels to 
transit the narrows.  

Inbound ATL Tug and Barge WILL ALWAYS depart Helicopter Island prior to inbound Woodward 
and/or Petro Nav tanker. Inbound Woodward and/or Petro Nav tanker WILL ALWAYS follow 
inbound ATL Tug and Barge until to entrance of Baker Lake (no passing). Inbound ATL Tug and 
Barge and inbound Woodward and/or Petro Nav tanker will communicate on VHF channel 16. 

Inbound ATL Tug and Barge will pass thru the narrows first, followed by the inbound Woodward 
and/or Petro Nav tanker. Outbound Woodward and/or Petro Nav tanker will pass thru the narrows 
next, followed by the outbound ATL Tug and Barge. 

 

Baker Lake to Helicopter 

Outbound Woodward and/or Petro Nav tanker will depart for the narrows. When reaching the 
narrows, outbound Woodward and/or Petro Nav tanker WILL NEVER proceed until inbound traffic 
has cleared the narrows.  Outbound Woodward and/or Petro Nav tanker will hold position above 
the narrows just south of Bannerman Island. 

Outbound ATL Tug and Barge will depart for the narrows. When reaching the narrows, outbound 
ATL Tug and Barge WILL NEVER proceed until inbound traffic has cleared the narrows. Outbound 
ATL Tug and Barge will hold position above the narrows just south of Bannerman Island. 

Once inbound vessel traffic has cleared the narrows, the outbound Woodward and/or Petro Nav 
tanker will proceed thru the narrows first. The outbound ATL Tug and Barge WILL ALWAYS 
proceed thru the narrows after the outbound Woodward and/or Petro Nav tanker.  

 

6.0 FUEL HOSE POSITIONING 

The fuel hose from the Woodward or Petro Nav tanker will be connected to the far side of the vessel 
away from the spud barge. The fuel hose will lay directly to shore, where a support structure will 
guide the fuel hose along the shore line until it mates with the shore manifold. This eliminates the 
risk of the ATL Tug and Barge coming into contact with the fuel hose while departing/ arriving at 
the spud barge.   
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LETTER OF PROMULGATION 
 
The Central & Arctic Regional Response Plan (2008) replaces the Central &
Arctic Region Contingency Chapter (2006) and the Arctic Response Strategy
(1999).  This plan is a component of the Canadian Coast Guard National
Response Plan which is the responsibility of the Director of Safety and
Environmental Response Systems, Ottawa. It establishes the framework and the
procedures by which Central & Arctic Region will prepare for, assess, respond to
and document actions taken in response to pollution incidents in this Region.  
 
The saving of life is of paramount consideration and the Plan is subordinate to
the operational requirements of marine search and rescue. 
 
The Plan has been reviewed by the internal partners identified in Section 3.3 in
context to the services they may provide and by the external partners identified in
Sections 3.4 and 3.5 to confirm their mandated response authorities.   
 
Responsibility for the Regional Response Plan lies with the Assistant
Commissioner Coast Guard Central & Arctic Region.  The Central & Arctic
Region Environmental Response branch is the custodian of the plan. The
responsibility for specific sections is identified in Section 7 - Plan Maintenance
and Custodians.  Comments, recommendations and communications relating to
the various sections are clearly identified in this section. 
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REVISION RECORD 
 

CENTRAL & ARCTIC REGIONAL RESPONSE PLAN 

Section Replace Transmittal 
No. 

Description of Changes 

Entire Plan All December 1, 
2005 

Complete revision of Central & 
Arctic Regional Response Plan 

Entire plan All April 1, 2006 Complete revision of Central & 
Arctic Regional Response Plan  

7.1 Maintenance 
Process 

Page 7-1 May 8, 2007 Update address to 
520 Exmouth Street 

8.3  CCG ER 
Phone List 

Page 8-1 June 4, 2007 Update address to 
520 Exmouth Street 

Entire Plan All December 
2008 

Complete revision of Central & 
Arctic Regional Response Plan 

    

    

    

    

    

    

    

    

    

    

    

    

    



Central & Arctic Regional Response Plan 
Table of Contents 

 

 
December  2008  TOC - 1 

LETTER OF PROMULGATION ................................................................................ i 
 
REVISION RECORD ............................................................................................ ii 
 
SECTION 1 – INTRODUCTION 

Authority ........................................................................................... 1-1 
Purpose............................................................................................ 1-1 
Area of Responsibility....................................................................... 1-1 
Safety Policy .................................................................................... 1-2 
Links to the National Response Plan ............................................... 1-2 
Regional Response Plan Structure .................................................. 1-2 
Linkages to International Joint Plans................................................ 1-3 
Linkages to International Joint Plans …………………………………..1-3 
 

SECTION 2 – AGREEMENTS & MEMORANDA OF UNDERSTANDING 
Overview .......................................................................................... 2-1 
 

SECTION 3 – ORGANIZATION 
General Application.......................................................................... 3-1 
Environmental Response Branch (DFO/CCG/ER) ........................... 3-1 
Internal Partners – Fisheries and Oceans........................................ 3-3 
Internal Partners – Other Federal Departments ............................... 3-5 
External Partners ............................................................................. 3-8 
Clients .............................................................................................. 3-9 
External Resources........................................................................ 3-10 

 
SECTION 4 – PREPAREDNESS 

Overview .......................................................................................... 4-1 
Response Management System (RMS)........................................... 4-1 
Planning ........................................................................................... 4-4 
Training Program and Curriculum .................................................... 4-6 
Exercise Program........................................................................... 4-12 
Inventory Management, Maintenance and Infrastructure ............... 4-14 
 

SECTION 5 – RESPONSE OPERATIONS 
Pattern of Response ........................................................................ 5-1 
Spill Potential or Pollution Risk Assessment .................................... 5-5 
Notification ....................................................................................... 5-5 
Verification ....................................................................................... 5-5 
Spill Assessment.............................................................................. 5-6 
Activation of Canadian Coast Guard Response Resources........... 5-11 
Response Implementation ............................................................. 5-11 
Summary Report and Post Incident Review................................... 5-16 

 



Central & Arctic Regional Response Plan 
Table of Contents 

 

 
December  2008  TOC - 2 

SECTION 6 – CLAIMS AND COST RECOVERY 
Purpose............................................................................................ 6-1 
Policy Guidelines.............................................................................. 6-1 
Responsibilities ................................................................................ 6-2 
Process ............................................................................................ 6-2 
Documentation ................................................................................. 6-2 
References....................................................................................... 6-4 
Third Party Claims............................................................................ 6-4 

 
SECTION 7 – PLAN MAINTENANCE AND CUSTODIANS 

Maintenance Process....................................................................... 7-1 
Canadian Coast Guard Custodians.................................................. 7-1 
Plan Distribution ............................................................................... 7-2 

 
SECTION 8 – CONTACTS 

Pollution Reports for Canadian Coast Guard (CCG), Central & Arctic Region 
(C&A)..................................................................................... 8-1 

Other Lead Agencies that Maintain Spill Report Lines ..................... 8-1 
Environmental Response Branch Phone List ................................... 8-1 

 
SECTION 9 – REFERENCES AND ANNEXES 

References....................................................................................... 9-1 
Annexes ........................................................................................... 9-1 

  



Central & Arctic Regional Response Plan 
Section 1 - Introduction 

 

 
December  2008  1 - 1 

Section 1 - INTRODUCTION 
 

1.1. Authority 
This plan is based upon the policy and guiding principles set forth in the National 
Response Plan of the Canadian Coast Guard National Response Strategy. 
 

1.2. Purpose 
The Central and Arctic Regional Response Plan is designed as a guide to Canadian 
Coast Guard staff and relevant stakeholders involved in marine spill responses. It 
outlines the Regional application of the various roles of On-Scene Commander 
(OSC) (active response), Federal Monitoring Officer (FMO) (ensuring the 
Responsible Party fulfills their obligations), and as a Resource Agency (in assistance 
to other Lead Agencies). 
 
It contains the specific information and activities that are pertinent to all spill 
response activities within Central & Arctic Region (C&A Region). 
 

1.3. Area of Responsibility 
For the purposes of marine pollution response Central & Arctic Region is defined 
geographically as:  
 

�x The contiguous waters of the Canadian Arctic (North of  60o Latitude) to the 
limits of the International Boundary, including the North Slope Area of the 
Yukon Territories, and internal waters of the Northwest Territories and the 
Territory of Nunavut; and 

 
�x The waterways contained within the provinces of Alberta, Saskatchewan, 

Manitoba, Ontario, and a western portion of Quebec commencing at the east 
wall of the Beauharnois Lock in the St. Lawrence River.  

 
(see Figure 1-1 Fisheries and Oceans Central & Arctic Region) 
 
 

Significant waterways include the Canadian Great Lakes and interconnecting 
waterways to the international Boundary with the United States, Hudson and James 
Bays, Lake Winnipeg, Lake Athabasca and interconnecting waterways, Great Slave 
Lake, Mackenzie River and the Northwest Passage in the Canadian Arctic.   
 
There are also a number of specific geographic locations which, although not 
excluded from Canadian Coast Guard’s mandate, require coordination between the 
managing authorities and this plan. These areas include the waters associated with 
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the various Port Authorities (Hamilton, Thunder Bay, Toronto and Windsor) and the 
St. Lawrence Seaway Authority (Welland Canal, St. Lawrence Locks) as defined by 
the Canada Marine Act, 1998. 
 

Figure 1-1:  Fisheries and Oceans Central & Arctic Region 

 
 

1.4. Safety Policy 
Safety is the first and foremost consideration in any pollution response in Central & 
Arctic Region.  This commitment is expressed throughout this and other documents 
as well as in the programs relied on by the Environmental Response (ER) branch to 
prepare for such spills (i.e. training and exercising programs).  General safety 
procedures and considerations to be followed by all members of the Regional 
Response Team are identified in Section 5.7 of this plan. 
 

1.5. Links to the National Response Plan 
The Guiding Principles and Mandate (including legislative, interdepartmental, 
intergovernmental and international agreements) as well as designation of Lead and 
Resource Agency roles are contained in the National Response Plan Section 1 – 
Introduction. The mechanism for activating the Environmental Response National 
Response Team is also defined in the National Response Plan. 
 

1.6. Regional Response Plan Structure 
The Regional Response Plan is structured to reflect the three fundamental phases of 
Environmental Response activities. These are:  
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1) Preparedness - through the regional application of Contingency Planning 
(resulting in specific response strategies), Training (state of personnel 
readiness), Exercising (state of system readiness) and Inventory Maintenance 
and Management (state of mechanical/equipment readiness). 

 
2) Response Operations - identifying the mechanisms for:  

�x Initiating (through a dedicated Duty Officer and Assessment process),  
�x Sustaining (Operational functions as Lead or Resource Agency), 
�x Controlling (using the Response Management System), and  
�x Finalizing the response activity (decommissioning and reporting). 

 
3) Claims, Recovery and After-action activities - for the documentation and 

recovery of spent resources from the polluter, their agents, national or 
international funding conventions. 

 
Surrounding these fundamentals are the specifics of the Environmental Response 
Program in Central and Arctic Region that are too cumbersome to be included in the 
main text of this Response Plan.  They include: Regional Agreements and 
Memoranda of Understanding, Regional Organization and the specific Annexes 
which support the program.  Finally, the Response Plan includes the preliminary and 
supplementary matter such as Letter of Promulgation, Record of Revision and the 
Identification of Custodians and the Plan Maintenance process. 

1.7. Linkages to other Response Plans in the Region 
When a pollutant is spilled into the water, the Canada Shipping Act is not the only 
legislation that applies.  Recognizing that being designated Lead Agency for 
pollution response to mystery spills and spills from vessels does not preclude other 
agencies from completing their mandate CCG acknowledges that the Internal and 
External Partners listed in Sections 3.4 and 3.5 have plans that are active within 
Central & Arctic Region. 

1.8. Linkages to International Joint Plans 
International Joint Plans and agreements affecting Central & Arctic Region include: 
 

�x Canada-United States Joint Marine Pollution Contingency Plan 
 
�x Canada-Denmark Agreement for Co-operation Relating to the Marine 

Environment, Annex B (Joint Marine Contingency Plan concerning Incidents 
resulting from Shipping Activities) 

 
�x Great Lakes Water Quality Agreement, Annex 9 

 
�x International Boundary Waters Treaty Act 
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The Canadian Coast Guard Environmental Response Branch also provides 
technical support for the Emergency Prevention, Preparedness and Response 
(EPPR) Working Group of the Arctic Council.  The EPPR Working Group exchanges 
information on best practices for preventing spills, preparing to respond to spills 
should they occur, and practical response measures for use in the event of a spill. 
 
The Arctic Council is an intergovernmental forum of the eight circumpolar countries 
(Canada, Denmark, Finland, Iceland, Norway, Sweden, the Russian Federation and 
the United States of America) that provides a mechanism to address the common 
concerns and challenges faced by the Arctic governments and the people of the 
Arctic. 
 
Some work has been initiated with the Russian Federation for the development of a 
Joint Pollution Response Plan.  To date no agreements have been signed. 
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Section 2 - AGREEMENTS AND MEMORANDA OF 
UNDERSTANDING 

 

2.1 Overview 
 
The Canadian Coast Guard (CCG), both Central & Arctic and National 
Headquarters, maintain numerous memoranda and letters of understanding and 
agreement between other government departments which outline shared 
responsibilities in pollution response.  A brief description of the major agreements 
is listed below. 
 

�x Letter of Agreement between Canadian Coast Guard, Environmental 
Response Branch and Canadian Coast Guard, Operational Services and 
Canadian Coast Guard, Technical Services regarding the use of 
Environmental Response First Response Units (FRUs) by non-
environmental response staff.  This agreement concerns the use of FRUs 
at the various CCG facility sites (bases, sub-bases and search and rescue 
stations).   

 
�x Northwest Territories/Nunavut Spills Working Agreement. This agreement 

formalizes procedures whereby spill investigation and monitoring in the 
Northwest Territories (NT) and Nunavut (NU) can be coordinated. 

 
�x Fisheries & Oceans (DFO) and Environment Canada (EC) Letter of 

Agreement respecting transfer of responsibility as lead agency for mystery 
spills from Environment Canada (EC) to the Canadian Coast 
Guard/Fisheries & Oceans Canada (July 1996) 

 
�x Transport Canada (TC) and Fisheries & Oceans (DFO) Memorandum of 

Understanding respecting Marine Transportation Safety & Environmental 
Protection (May 1996).  This MOU outlines the responsibilities transferred 
from TC to DFO in accordance with the Public Service Rearrangement 
and Transfer of Duties Act.  Those pertinent to this plan include: 

a) The responsibility for ensuring the provision of pollution clean up 
services 

b) The authority to take actions to mitigate or prevent pollution from 
ships 

 
�x Letter of Understanding between the Canadian Coast Guard and the 
Hamilton Port Authority to outline the roles that the CCG and the HPA will 
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play in the event of a pollution incident which falls within the mandate of the 
Canadian Coast Guard. 

 
�x Letter of Understanding between the Canadian Coast Guard and the 
Thunder Bay Port Authority to outline the roles that the CCG and the TBPA 
will play in the event of a pollution incident which falls within the mandate of 
the Canadian Coast Guard. 

 
�x Letter of Understanding between the Canadian Coast Guard and the 
Toronto Port Authority to outline the roles that the CCG and the TPA will play 
in the event of a pollution incident which falls within the mandate of the 
Canadian Coast Guard. 

 
�x Letter of Understanding between the Canadian Coast Guard and the 
Windsor Port Authority to outline the roles that the CCG and the WPA will play 
in the event of a pollution incident which falls within the mandate of the 
Canadian Coast Guard. 

 
 
Some memoranda of understanding and letters of agreement have been 
rendered defunct by virtue of the dissolution or reorganization of the entities that 
signed the original document.  It is the Region’s intent to assess the need for an 
MOU and in those cases where renewal is needed, to draft a new MOU and 
submit to the partner organization the request for re-entry into that agreement.  
For further information on these memoranda, please contact the Environmental 
Response Planning Section.  
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Section 3 - ORGANIZATION 
 
3.1 General Application 
This section describes the primary working relationships between Fisheries and 
Oceans (DFO), Canadian Coast Guard, Environmental Response branch (CCG/ER) 
and the various internal and external partners, clients and external resources.  
 
Internal partners include: Other DFO sectors, directorates and branches, and other 
federal departments which provide direct assistance or have specific mandates 
which directly affect response activities.  
 
External partners include those entities that share the burden of pollution response 
for their specific area of responsibility. These agencies include the provincial and 
territorial government ministries with the generic mandate of pollution response. 
 
Clients include those entities that are specifically identified by the Canada Shipping 
Act (CSA) and have direct involvement in the response regime; they include Oil 
Handling Facilities (OHF), Legislated Ships and Non-legislated Ships. 
 
External resources are those resources outside of the government that the Canadian 
Coast Guard may engage while conducting spill response activities.  These include 
the Response Organizations (RO) certified by Transport Canada and other 
independent contractors which may perform more specific functions. 
 
3.2 Fisheries and Oceans, Canadian Coast Guard - Environmental 

Response Branch (CCG/ER) 
The Assistant Commissioner, Canadian Coast Guard through the Maritime Services 
Directorate and the Superintendent of Environmental Response (ER) directs the 
Regional Environmental Response Team. This team represents one facet of the 
overall crisis management structure within Central and Arctic Region and performs 
the function of the Lead Response Agency for pollution incidents as defined in the 
National Response Plan – Section 1 of the Canadian Coast Guard National 
Response Strategy.  The branch consists of approximately seventeen (17) full time 
employees (FTEs).   
 
Internally, the Environmental Response Branch is made up of five (5) distinct but 
integrated functions:  

1) Direction and Administration - providing the overall guidance, management 
and liaison with Headquarters. The Superintendent holds the responsibility 
for escalating a response and/or dedicating resources.  

2) Planning - providing the design and management of plans and procedures 
to facilitate the preparedness posture of the Region (responsible for 
developing and maintaining intradepartmental, interdepartmental, client 
and regime stakeholder relationships). 
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3) Operations and Inventory Maintenance & Management - provide the 
management and maintenance of equipment to ensure the operational 
response readiness of the Region. 

4) Training - provides the coordination and delivery of educational materials, 
to internal as well as external partners and clients, in support of the overall 
preparedness posture of the Region. 

5) Exercising - provides the management and coordination of internal and 
external partners and clients to validate, practice and reinforce all aspects 
of the Response readiness of the Region. 

 
 
In addition to these core functions, each staff member is required to actively 
participate in the operational aspects of the response regime based upon their skill 
and ability levels. This includes assuming various roles within the Response 
Management Structure acting as Duty Officer (DO) and supporting the overall 
emergency preparedness structure within the Region (not necessarily related 
exclusively to oil spills or pollution).  
 
In the context of this Plan, the Environmental Response Branch is tasked to:  

�x Fulfill the Canadian Coast Guard’s obligations as Lead Agency in an OSC or 
FMO posture in responding to marine pollution incidents from ships in waters 
of Canadian interest as well as from unknown sources. 

�x Act as a Resource Agency in support of a response led by another agency 
when requested. 

�x Staff a Duty Officer position on a 24/7 basis which, together with other agency 
representatives, will assess or direct the assessment of spill reports.  

�x Ensure that an appropriate response to pollution incidents is initiated on a 
timely basis. 

�x Provide initial response capabilities throughout the region. 
�x Monitor response and clean-up priorities when polluter has accepted 

responsibility.  
�x Ensure international commitments in spill preparedness and response are 

fulfilled. 
�x Provide a pollution response capability for lightering, salvage and offshore 

recovery operations. 
�x Provide Regional and HQ briefings on status of emergency operations. 
�x Evaluate, acquire and maintain specialized marine emergency 

countermeasures equipment and develop deployment techniques. 
�x Develop, distribute and maintain the Central and Arctic Regional Response 

Plan of the Canadian Coast Guard National Response Strategy (including 
area annexes) on behalf of Fisheries and Oceans. 

�x Review and comment on other government as well as industry pollution 
response plans upon request. 

�x Provide pollution response related training to Canadian Coast Guard and 
civilian personnel. 
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�x Conduct spill response exercises according to the Canadian Coast Guard 
National Exercise Program (NEP) standards.  

�x Provide detailed explanations of response operations and policies to 
representatives of the media, interest groups, industry, police and Provincial 
and Municipal governments.  

�x Provide a centre of expertise for pollution concerns. 
�x Develop and foster a good working relationship with other authorities, 

shipping and oil/chemical handling communities. 
�x Working with Environmental Response Headquarters and the Chemical 

Industry to develop, implement and maintain a corresponding and 
complimentary regional capability for spills of hazardous and noxious 
substances other than oil. 

 
 
3.3 Internal Partners – Fisheries and Oceans 
Other branches and directorates within Fisheries and Oceans which directly and in a 
continuous active way support preparedness and response activities include: 
 
Marine Traffic and Communications Br anch (MTCS) – CCG/Marine Programs 
Directorate 
Marine Traffic and Communications Services operates a marine VHF/MF/HF 
communications system (depending on location) primarily for the provision of marine 
safety information, distress coordination and marine traffic regulation. MCTS will 
support Environmental Response (ER) activities by: 

�x Establishment of Movement Restriction Areas (MRA’s) or exclusion zones as 
directed by the Federal Monitoring Officer (FMO) or On Scene Commander 
(OSC). 

�x Providing communications/radio equipment operators in support of off-site ER 
operations. 

�x Dissemination of marine information and issuing marine Notices to Shipping 
(NOTSHIPS). 

�x Providing vessel tombstone information including, but not limited to, vessel 
name, call sign, nationality, tonnage, dangerous cargo type and quantity.   

 
Regional Operations Centre (ROC) and Fleet Resources – CCG/Operational 
Services Directorate 
Regional Operations Centre 
The ROC provides notification to the Environmental Response Duty Officer (ERDO) 
when notified of a spill or an occurrence which may result in a spill.  Upon receiving 
information regarding a spill, the ROC confirms the report using reliable resources 
and agencies. When the incident has been confirmed the Operation Centre begins 
the alerting and notification procedure. A schedule of ERDOs, approved by the 
Superintendent Environmental Response Canadian Coast Guard, will be maintained 
by the ER Regional Emergency Operations Officer (REOO) and forwarded to ROC 
for distribution. 
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The Regional Operations Centre will support the Environmental Response Branch 
during a marine pollution incident by:  

�x Maintaining up to update contact lists for Canadian Coast Guard and other 
government agencies for use as incidents progress. 

�x Coordinating the allocation of CCG resources as required by the FMO or the 
OSC to respond to a marine pollution incident. 

�x Provide communications support (when necessary). 
 
Fleet Resources 
Fleet Resources may be called upon to provide a host of support and/or lead 
services depending upon the type and severity of the situation and limitations or 
constraints of the vessel.  Commanding Officers maintain full responsibility for the 
operation and safety of their vessel and personnel and therefore, will/may: 

�x Be called upon to be interim On-scene Commander.   
�x Be the principal point of contact aboard ship for the Environmental Response 

Duty Officer or On Scene Commander. 
�x Investigate spill reports for the purpose of confirmation. 
�x Provide surveillance and monitoring of third party (or pollutant) as required. 
�x Initiate early spill response; containment, boom or sorbent material 

deployment, clean up and recovery procedures. 
�x Provide site safety, (i.e. fire fighting, first aid and crowd control). 
 

Fleet does maintain their own limited capabilities to respond to their needs as 
required. 
 
Canadian Coast Guard Bases 
In preparation for and during a pollution incident, CCG bases may also provide 
resources for response.  These resources are generally within the scope of normal 
base activities and include: 

�x Small vessel use 
�x Base facilities (boardrooms, workshops) 
�x Helicopter landing pads 
�x Boat launch and docking slips 
�x Staging areas 

 
Safety, Security and Emergency Servi ces Branch – DFO Corporate Services 
For large spills of a significant nature the Regional Manager of Safety, Security & 
Emergency Services may provide the following: 

�x Advice and recommendations to the On Scene Commander on issues of site 
and employee safety and the application of departmental security policy 
measures.  

�x General occupational health & safety and security advice to the On-Scene 
Commander/Deputy On-Scene Commander as per the departmental Loss 
Control Manual. 
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�x A Health & Safety Officer to perform the functions of the Heath & Safety 
Officer described in the Response Management System User Guide.  This 
person will report directly to the OSC or FMO throughout the duration of the 
response. 

 
On occasions when the Regional Manager of Safety & Security (or delegate) is not 
available, or when spills are of a minor nature, the On-Scene Commander shall 
appoint a member of the response team to fulfill the general duties required. 
 
Communications Branch – DFO Communications 
Communications team manages the media (external) handling inquiries from print, 
radio, television and internet news organizations through the application of Fisheries 
& Oceans Crisis Communications Plan.  Communications branch coordinates all 
aspects of information being released to ensure the public is getting the most 
relevant, accurate information as soon as practicable.   
 
Legal Services 
The DFO Legal Services in CCG Headquarters section will provide legal advice and 
guidance in the event of a marine pollution incident where CCG may or has been 
engaged.  This especially includes advice on the issuance of Letters of Undertaking 
(LOUs) and in situations where Canadian Coast Guard may have to take command 
and control of an incident away from the Polluter. 
 
Other DFO Resources 
Indirectly, but just as significant in the event of a spill, is the availability of other DFO 
resources. This includes any and all appropriate functions including, but not limited 
to the following:  

�x Trenton Joint Rescue Coordination Centre – CCG, Maritime Services 
Directorate, Search and Rescue Branch (SAR) 

�x Finance and Administration – Human Resources and Corporate Services 
Directorate 

�x Human Resources -  Human Resources and Corporate Services Directorate 
�x Facilities – Real Property  
�x Other Technical Resources – CCG, Integrated Technical Services Directorate 
�x Fish Habitat Branch – Habitat Fisheries and Oceans Management 

 
 
3.4 Internal Partners – Other Government Departments 
Other federal departments which provide direct assistance or have specific 
mandates which directly affect response activities include:  
 
Environment Canada (EC) 
There are two (3) Environment Canada regions located within Central & Arctic 
region.  They are Ontario, Prairie and Northern and Pacific and Yukon Regions. 
 
The Environmental Emergencies Section provides: 
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�x In Ontario, the Co-chair (with the Ontario Ministry of the Environment (MOE)) 
of the Regional Environmental Emergencies Team (REET).   

�x In the Arctic (consisting of the three Territories), the Co-chair (with the 
relevant Territorial Government, Department of Environment) for the Arctic 
Regional Environmental Emergencies Team.   

�x Coordination of the Shoreline Cleanup and Assessment Teams (SCAT). 
�x Advice concerning environmental impacts associated with vessel source 

spills, resource sensitivity and prioritization, environmental forecasting, spill 
and cleanup monitoring and clean up techniques and priorities  

�x Sampling assistance, identification and characterization of materials 
 
The REET serves as a mechanism for the provision of consolidated, coordinated 
and comprehensive environmental information and advice concerning the fate and 
effects of hazardous and noxious substances, spill trajectories, resources and 
shoreline protection strategies, clean up priorities, physical and chemical counter 
measures, remedial endpoints, damage assessment, and the management of 
hazardous wastes generated during a spill and other matters which arise while 
planning and responding to emergency events which affect or risk environmental 
quality. In the planning mode REET members meet to improve contingency plans, 
resolve regional preparedness issues and exchange new scientific and response 
ideas.    
 
In Ontario Region, Environment Canada has divided the province into eighteen (18) 
REET areas and plans to hold one (1) REET meeting per area per year, 
consolidating some areas where possible and maintaining annual meetings in the 
higher risk areas (Windsor, Sarnia, Sault Ste. Marie).   
 
Two of three primary Arctic REET (AREET) areas are in Prairie and Northern 
Region: the Northwest Territories and Nunavut Territory.  There is no REET 
established in Alberta, Saskatchewan and Manitoba. 
 
The Meteorological Service of Canada (part of EC and REET) provides: 

�x Meteorological forecasting 
 
The Canadian Wildlife Service (part of EC and REET) provides 

�x Advice on wildlife protection, rescue and rehabilitation 
�x Permits for wildlife hazing and capture 

 
Transport Canada (TC) 
The Environmental Response Systems Division in Ottawa is responsible for 
Canada’s Marine Oil Spill Preparedness and Response Regime.  It: 

�x  works with other federal agencies and departments, such as Fisheries and 
Oceans Canada, the Canadian Coast Guard and Environment Canada to 
establish guidelines and regulatory framework for preparedness and response 
to oil spills and spills of noxious and hazardous substances into Canada’s 
marine environment. 
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�x Manages the National Aerial Surveillance Program 
 

There are two Transport Canada regions located within Central & Arctic region.  
They are Ontario and Prairie and Northern regions. 
 
The Aircraft Services Directorate provides: 

�x Aerial surveillance as part of the Prevention mandate within Transport 
Canada, and can provide aerial spill tracking, recording, and personnel 
transport. 

 
The Marine Safety Branch provides: 

�x Technical advice and recommendations to the On-Scene Commander or the 
Ship Owner regarding, but not limited to, lightering, damage assessment and 
salvage.  

Note: The MOU between Transport Canada and Fisheries & Oceans 
Respecting Marine Transportation Safety & Environmental Protection 
(May 1996) Annex D – E-5 states that “Transport Canada and Fisheries 
and Oceans will jointly approve salvage operations, emergency lightering 
or discharge of cargo.” After discussing this clause with two senior 
surveyors, they both agree – Marine Safety does not approve salvage 
plans. Marine Safety advises and recommends only. 

�x Restriction of transit or movement of a vessel following a damage 
assessment. 

�x Spill investigation and enforcement of the various aspects of the pollution 
prevention conventions and legislation in Canada  

�x Regional planning, in conjunction with EC and CCG, for the selection of 
Places of Refuge.  Note: in the Great Lakes and connecting channels, 
selection of a place of refuge will be determined in conjunction with the USCG 
and USEPA. 

�x Monitoring of the spill preparedness activities of Oil Handling Facilities (OHFs) 
and certified Response Organizations (ROs) through a review and audit 
process.  

 
Indian and Northern Affairs Canada (INAC) 
Canadian Coast Guard (CCG) works most closely with INAC in Nunavut (NU) and 
the Northwest Territories (NT).  INAC has lead responsibilities in the Arctic for spills 
on water which do not originate at federal facilities, exploration facilities or from ships 
and barges.  INAC also, by letter of agreement, will investigate ship-source spills on 
behalf of CCG.  INAC is also a member of the Beaufort Sea Emergency 
Preparedness Working Group, along with CCG/DFO, EC, TC and other appropriate 
agencies.  
 
National Energy Board (NEB) 
Based in Calgary, Alberta, the National Energy Board is an independent Agency that 
reports to parliament through the Ministry of Natural Resources. The NEB is the 
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Lead Agency for spills that occur at offshore and nearshore oil and gas exploration 
and production facilities.   
 
In the event of a marine pollution incident where CCG is requested for assistance as 
a resource agency, CCG is available to provide pollution response expertise as 
indicated under Section 7.2 of the National Response Plan as it relates to NEB. 
 
Public Safety Canada 
Public Safety Canada is the federal coordinating department responsible for 
engaging relevant federal departments in an integrated Government of Canada 
response to an emergency.  
For emergencies requiring an integrated Government of Canada response, federal 
support is based on a regional “single- window” concept. This concept is intended to 
facilitate regional interdepartmental and intergovernmental coordination, while not 
unduly restricting operations. Coordination includes sharing of pertinent information 
in order to maintain situational awareness. 
The Government Operations Centre (GOC) is a 24/7facility where an integrated 
Government of Canada response is managed. It is the focal point of information 
management flow and provides strategic-level activities. It’s permanent staff includes 
watch officers, duty officers specializing in national communications as well as a 
geomatics team to map incidents.  
 
 
Indirect support from other federal departments in the form of advice or resources 
also comes from: Heritage Canada (Parks Service) in the form of support to REET, 
National Defense regarding assistance and resources, RCMP with respect to 
investigations and those sections or departments specifically identified in the various 
Memorandums of Understanding (MOU) as outlined in Section 2 of this chapter. 
 
 
3.5 External Partners - Provincial and Territorial Ministries and 

Departments 
In general, liaison with provincial and territorial concerns is facilitated through REET 
(Regional Environmental Emergencies Team), which is chaired by Environment 
Canada (EC) or, in the case of the Province of Ontario, is co-chaired by Environment 
Canada and the Ontario Ministry of the Environment (MOE).  The following agencies 
have the primary mandate for marine or freshwater pollution response in their 
province or territory of jurisdiction: 
 

Territory or Province Department 

Northwest Territories Environment and Natural Resources 

Nunavut Department of Environment 

Alberta Alberta Environment 

Saskatchewan Saskatchewan Environment 
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Manitoba Manitoba Conservation 

Ontario Ontario Ministry of the Environment 

 
In emergency situations conflicts sometimes arise with respect to legal and 
administrative jurisdiction and application of standards and common practices.  To 
facilitate these issues the various Ministries related to emergency measures are 
usually contacted to provide coordination and clarify where necessary the concerns. 
These include: 

�x Government of Nunavut – Department of Community of Government 
Services, Emergency Management Division 

�x Government of the Northwest Territories – Department of Municipal and 
Community Affairs – Emergency Services Division 

�x Government of the Yukon Territories – Department of Community Services, 
Emergency Measures Organization 

�x Government of Ontario - Ministry of the Community Safety & Correctional 
Service, Emergency Measures Ontario 

�x Government of Manitoba –Manitoba Emergency Measures Organization 
�x Government of Saskatchewan – Resource Management and Corrections & 

Public Safety, Saskatchewan Emergency Measures Organization 
�x Government of Alberta – Ministry of Municipal Affairs, Public Safety Division, 

Emergency Management Alberta 
 
Provincial Governments can provide consolidated access to local, municipal and 
provincial resources. 
 
Central & Arctic Region recognizes that First Nations have a vested interest in 
response operations that may occur in their territory and will ensure that they are 
represented on the REET or have access to the Federal Monitoring Officer or On 
Scene Commander through the CCG Liaison Officer. 
 
 
3.6 Clients  
With respect to ship-source pollution incidents, there are three major groups the 
Canadian Coast Guard will be directly engaged with.  These are Oil Handling 
Facilities, Legislated Ships and Ships as defined in Part XV of the Canada Shipping 
Act. 
 
Oil Handling Facilities (OHF) 
Operators of facilities that transfer oil to or from oil tankers over 150 gross registered 
tonnes or other vessels over 400 gross registered tonnes are required by the 
Canada Shipping Act (2001) to:  

�x Have an Oil Pollution Emergency Plan (OPEP) on site. 
�x Have a declaration conforming to the regulations on site.  
�x Take reasonable measures to implement their required oil pollution 

emergency plan in the event of an oil pollution incident. 
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�x Have on site the resources required to contain a spill of oil equal to the 
facility’s rated capability within one hour. 

�x Begin recovery/cleanup operations of oil equal to the facility’s rated capability 
within 6 hours.   

�x Have an arrangement with a certified Response Organization (RO) that 
permits the handling of spills beyond the rated capabilities of the Oil Handling 
Facility.1 

 
Legislated Ships 
In Canadian waters, ships over 400 gross registered tonnes and oil tankers over 150 
gross registered tonnes are required to have a Shipboard Oil Pollution Emergency 
Plan (SOPEP) and an arrangement with a certified Response Organization (RO) to 
respond to an oil pollution incident of an amount equivalent to the maximum amount 
of product that the vessel can carry as fuel and/or as cargo up to a maximum of 
10,000 tonnes.1 
 
Other ships as defined by Part XV of the Canada Shipping Act (CSA) 
Any ship that is less than 400 GRT or any tanker less than 150 GRT is still covered 
by the Canada Shipping Act (2001) in that it must report the potential or actual 
pollution incident to a Pollution Response Officer, or in the case of an incident in 
Canadian Arctic Waters as defined by the Arctic Waters Pollution Prevention Act to a 
Pollution Prevention Officer. The ship must take immediate steps to mitigate or 
remedy the situation.  These ships are not required to have a Shipboard Oil Pollution 
Emergency Plan nor an arrangement with a certified Response Organization. 
 
3.7 External Resources 
There are two main categories of external resources that the Canadian Coast Guard 
(CCG) will engage.  These are the Response Organizations certified by Transport 
Canada under the Canada Shipping Act (2001) and other contractors. 
 
Response Organizations (ROs) 
Response Organizations are privately established pollution response companies 
certified by Transport Canada.  These companies hold a certificate of designation to 
handle oil spills of up to 10,000 tonnes (T).  Response Organizations can provide the 
polluter or any lead agency with the resources, trained personnel and operational 
management structure to deal with a marine oil pollution incident within its identified 
Geographical Area of Response (GAR).   
 
The Eastern Canada Response Corporation (ECRC) is the only certified response 
organization in Central & Arctic Region.  The company is certified to ten thousand 
tonnes (10 000T) and two of its three regions cover Central & Arctic Region.   
 

                                                 
1 There is no requirement for an Oil Handling Facility nor a Legislated Ship to have an arrangement 
with a Response Organization certified by Transport Canada in Canadian waters north of 60° North 
Latitude 
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1) ECRC Great Lakes Region is managed from the Response Centre in 
Corunna, Ontario.  Its area of coverage includes all waters  
�x south of 60 degrees north in the provinces of Alberta, Saskatchewan, 

Manitoba and Ontario to that portion of the St. Lawrence River in the 
Province of Ontario  

�x to a line drawn between Butternut Bay (Latitude 44 31' 12" north and 
Longitude 75 46' 54" west) on the Canadian side  

�x to Oak Point (Latitude 44 30' 48" north and Longitude 75 45' 20" west) 
on the US side of the St. Lawrence River.  

 
2) ECRC Quebec Region (also known as Societé d'Intervention Maritime Est 

du Canada - SIMEC) is managed from the Response Centre in Quebec 
City, Quebec and has staffed Response Centres in Verchères, Quebec 
and in Sept-Iles, Quebec. Their coverage includes: 
�x James Bay, Ungava Bay and in Hudson Bay south of the sixtieth 

parallel North and that portion of the St. Lawrence River in the 
Province of Ontario  

�x to a line drawn between Butternut Bay (Latitude 44 31' 12" North and 
Longitude 75 46' 54" West) on the Canadian side to Oak Point 
(Latitude 44 30' 48" north and Longitude 75 45' 20" West) on the US 
side of the St. Lawrence River.  

 
There are no certified response organizations established north of 60° N latitude.  
 
Although resources from the Response Organizations in the south may be made 
available for use north of 60°, they must obtain the necessary approvals to move 
equipment from their designated area of response.  
 
Contractors 
Private sector contractors may be engaged by the CCG as required.  All standard 
government contracting rules apply. 
 
 

 
December  2008  3-11 



Central & Arctic Regional Response Plan 
Section 4 - Preparedness 
 

 
December 2008  4-1 

Section 4 – PREPAREDNESS 
 
4.1 Overview 
Oil spill preparedness is defined by the advanced planning used to create systems 
to effectively and efficiently combat the range of spills likely to be encountered. 
 
In Central and Arctic Region, preparedness involves:  

�x The development of regional procedures to be followed in the event of an 
incident, coordinated by the Planning section. 

�x The implementation, training and maintenance of the Response Management 
System (RMS) to manage and combat the incident. 

�x The identification of priorities, development of strategies, logistics and tactics 
necessary to fulfill those priorities, lead by the Planning section. 

�x The liaising with internal and external partners, clients and resources that 
may be involved in pollution response activities, lead by the Planning section. 

�x The training and continued maintenance and upgrading of skills, coordinated 
through the Training specialist. 

�x The exercising and quality assurance activities required to continuously 
reinforce the training and contingency planning activities, facilitated through 
the Exercise specialist. 

�x The asset management including the acquisition, lifecycle maintenance, 
operational readiness and storage of equipment lead by the Operations 
section and Inventory specialist.  

�x The integration of other Canadian Coast Guard Assets and Human 
Resources, when necessary, through the Training and Exercising processes. 

 
The Memorandum of Understanding (MOU) between the Director General/Maritime 
Services (MS) and the Director General/Integrated Technical Support (ITS) of the 
Canadian Coast Guard (March 2004) specifies that the ITS Directorate will be the 
single CCG focus for the life cycle management of all CCG physical assets and for 
the development of all technical solutions.  It is unknown when ITS will assume the 
services of design, procurement, in-service support and disposal of all equipment 
and systems required to satisfy ER’s mandate.  In the interim, ER will remain the 
focal point. 
  
4.2 Response Management System (RMS) 
The Canadian Coast Guard uses the Response Management System (RMS) as its 
emergency management system. It is based on, and operates under the same 
principles as the Incident Command System (ICS) which was developed in the U.S. 
to coordinate multi-agency responses to large forest fires.  The system was adjusted 
to reflect the current marine oil spill response regime and Canadian law. The 
Canadian Coast Guard does not implement the ICS principle of unified command, 
but will participate in any command structure used by the Polluter or Other Lead 
Agency.  
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The RMS uses a “management by objectives” approach. It outlines the roles and 
responsibilities of individual positions, identifies the reporting structure, establishes a 
common set of terminology and uses standardized forms and paperwork. The 
central document in the RMS process is the Incident Action Plan, which documents 
the existing conditions and outlines objectives and strategies for recovery and 
response.   
  
The system structure is designed to expand or contract to best fit the specific 
circumstances of the incident.  Not all positions within the system will be staffed for 
every incident; in those cases the supervising position shall be responsible for all 
subordinate tasks/roles.  Regional staff members have been designated as 
members of the Regional Response Team and may be called upon to fill specified 
roles in this management system (see Figure 4.1 for a fully expanded system 
design). 
  
The system also contains management tools that can be used by the On Scene 
Commander and response personnel to better manage the system and the spill 
incident.  These tools include a field operations guidebook, forms, reports, 
established meeting schedules and agendas.  The RMS will also be used by the 
Federal Monitoring Officer and their Incident Monitoring Team while monitoring the 
Polluter’s response to an incident. 
  
The detailed RMS process is contained in a separate document referenced in 
Section 9.1 of this plan (Response Management Systems User’s Guide, Version 3.0 
(May 2006)). 
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 Figure 4.1  - CCG RMS Command Structure 
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4.3 Planning  
Area Plans 
To facilitate an effective and efficient response, Canadian Coast Guard administers 
16 area plans as an annex to the Central & Arctic Regional Response Plan.  They 
are Keewatin, Baffin, Beaufort Sea & Amundsen Gulf, Great Slave Lake, Hudson & 
James Bay, Kitikmeot, Mackenzie River & Delta, Inland Waters S of 60, Lake Erie, 
Lake Huron, Lake of the Woods, Lake Ontario, Lake Superior, St. Lawrence, St. 
Mary’s and St. Clair & Detroit areas.  These plans incorporate detailed response 
information for specific manageable geographic areas or response communities.  
The normal operating period for an area plan is the first 12-24 hours of a spill 
response.   
 
They are developed and maintained as follows: 
 

1) Risk Analysis 
The risk analysis determines which communities or areas are most likely to 
be endangered by a potential oil spill and why, their associated environmental 
sensitivities, plus the typical type of spill that could be expected.  When 
considering the environmental sensitivities, the focus is on what is most likely 
to be impacted and to consider as many factors as are applicable.  A single 
factor discovered in the risk assessment is just one of many layers in the 
decision to make a site a priority.  
 

2) Priority Identification/Verification 
Current priorities are discussed with members of the Regional Environmental 
Emergencies Team (REET) at planning meetings.  It provides the opportunity 
for additions, deletions or modifications.  Where there are no REET meetings 
held, community consultations are organized by the Planning section.   
 

3) Strategy and Tactics Development  
Canadian Coast Guard determines RMS objectives for the agreed upon 
priorities.  Strategies are designed, that name the activities relative to those 
objectives.  Those activities may be response actions to be implemented, or 
may be the type of resources that could be affected by the spill.  For area 
plan development, tactics provide the detail for implementing the selected 
strategies.  Tactics then specify the resources, both human and equipment, to 
facilitate, to install or to maintain the strategy.   
 

4) Updating 
Area plans are reviewed and updated annually. 

 
Regional Procedure Development 
Regional procedures for notification, verification, activation and cost recovery of a 
response are all described in the Central & Arctic Regional Response Plan of the 
Canadian Coast Guard National Response Plan.  Supporting documentation in the 
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form of Standard Operating Procedures and supplementary plans (e.g. Health & 
Safety Plan and Media Relations Plan) are not included in the Regional Response 
Plan but are referenced in Section 9. 
 
Liaison with External and Intern al Partners, Clients and Resources 
To ensure that all partners, clients and resources are aware of the Canadian Coast 
Guard’s mandate and responsibilities as they pertain to pollution preparedness and 
response, the Environmental Response Planning Section takes the initiative to: 
 

�x Work with Internal Partners within Fisheries & Oceans to communicate the 
branch’s needs in the event of a pollution incident.   

Exception: Coordination of the Duty Officer (DO) function between 
Environmental Response (ER) and the Regional Operations Centre 
(ROC) is coordinated by the Regional Emergency Operations Officer 
REOO). 

�x Work with other government departments that have a mandate for pollution 
response within their jurisdiction to communicate the role that Canadian 
Coast Guard plays in marine and freshwater pollution incidents and to share 
what resources Canadian Coast Guard maintains for pollution response 
activities and the mechanism to access these resources in the event that 
another Lead Agency may require them for a non-CCG mandated spill or 
other type of emergency. 

�x Liaise with potential clients (oil handling facilities, shipping companies and 
other operators) so that CCG expectations in the event of an incident are 
understood.   

�x Provide copies of area plans to CCG vessels that are relevant to their area of 
operations.  CCG ER will brief Operations at the pre and post season 
conferences on any changes to the plans and/or to the captain and/or crew’s 
responsibilities. 

�x Maintain a network of contractors that can provide services to Canadian 
Coast Guard in the event of a pollution incident that exceeds the resource 
capability of the region.  

�x Upon request of the Regional Advisory Councils (RACs) or Secretariat 
(Transport Canada) on Marine Oil Spill Response, provide information on 
Central & Arctic Region’s preparedness and spill response activities.   

 
Arctic Community Emergency Plans 
The Canadian Coast Guard is committed to assisting Arctic communities in the 
development of the marine pollution component of their Community Emergency 
Plans.  This commitment was made in 1999 when the CCG Arctic Response 
Strategy (ARS) was published.  The Arctic Response Strategy has since been re-
assessed and viable components have been incorporated into the text of this Plan. 
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4.4 Training Program and Curriculum 
Introduction 
The Training Curriculum of the Environmental Response Branch is focused on 
providing the necessary skills and knowledge for responders to function effectively 
during a spill response operation.  As the competencies required for an effective spill 
response are described and organized within the Response Management System 
(RMS), so too can the training curriculum be described in the context of RMS. 
 
With RMS as the framework for spill response, all response team members will be 
trained in theory and application of RMS. The level of training complexity will vary by 
level of individual responsibility, but all members will have fundamental knowledge of 
the structure and processes that drive the RMS.  
 
In addition to the training curriculum described in this section, it is understood that 
there are competencies and certifications required that are not specific to ER or spill 
response. These would include driver’s licenses, radio operator’s licenses, and 
familiarity with basic electronic equipment such as phones, fax machines, cell 
phones and laptop computers. 
 
 
Training Curriculum 
Command Staff  
During a spill response operation, the command staff will vary depending on the size 
and complexity of the spill.  
On a smaller spill, senior ER staff members may be appointed to command positions 
with few subordinate or supporting positions.  
On larger scale spills, the OSC may be the Director of Maritime Services, or 
Assistant Commissioner Canadian Coast Guard, with multiple support positions from 
ER staff, CG fleet, base personnel and contractors. 
 
To adequately prepare personnel for the management functions of spill response, 
the following curriculum has been identified: 
 

On Scene Command Course (OSC) 
This course trains participants in all aspects of spill response including 
planning, implementation, and supervision.  Other topics include legislation, 
legal issues, financial responsibilities, and media relations. Prerequisites 
include BOSRC, MSROC, PPO designation, media relations and 
management training.  
 
Response Management System Course (RMS) 
The current RMS curriculum is an introductory two-day course on the system 
and its user’s guide.  It is anticipated that future development will include 
multiple levels of training which will include organizational structure and 
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responsibilities, as well as in-depth requirements of each position within this 
emergency management structure. 
 
Federal Monitoring Course (FMO) - Proposed 
Subject to national development, this course will augment the On Scene 
Command Course to provide those persons designated as Canadian Coast 
Guard Federal Monitoring Officers the necessary skills and knowledge to 
perform FMO duties.   

 
Operations Section  
During a spill response operation, the operations section of the RMS may be 
populated by regional ER staff, CCG fleet officers and crew, CCG/DFO base 
personnel or contractors. The resident knowledge of this group will vary, and a 
comprehensive ER training program exists to train responders in spill response 
operations. Training for members of the CCG Regional Response Team (RRT) 
personnel is offered in the following three areas: 

 
(a)  Safety Training 
(b)  Operational Training 
(c)  Specialty Training 

 
(a) Safety Training  
Health and Safety training is required to ensure compliance with federal and 
provincial legislation with the ultimate goal of ensuring the health and safety of 
response personnel. Additional video and printed reference material is available 
through the Canadian Coast Guard ER Training Officer.   

 
Site Safety Course 
The Site Safety Course is designed for response personnel prior to 
commencing work on a response site.  Topics include employer and 
employee responsibilities, classification and hazards of petroleum products, 
and the safety practices and considerations associated with both water-based 
and shore-based operations. Site safety training is mandatory for Regional 
Response Team members and all volunteers or short time workers who may 
be employed during a response. 
 
Workplace Hazardous Materials Information System (WHMIS) 
This 3-hour course is provided to Canadian Coast Guard employees to 
ensure compliance with appropriate worker safety legislation.  It was 
developed to ensure workers have the necessary information to work safely 
with hazardous materials in their workplace. 
 
First Aid/CPR 
This 16 hour course provides the participants with the skills and knowledge to 
successfully obtain the St. John Ambulance Standard First Aid Certificate.  
The primary focus of this 14-hour course is to provide adequate knowledge 
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and level of skill to persons in positions of responsibility to provide for persons 
suffering from respiratory and circulatory arrest. Preventative measures are 
discussed.  
 
Small Non-Pleasure Vessel  Basic Safety Course - MED A3 
The 8-hour MED A3 course is required by regulation for crewmembers of 
small non-pleasure vessels of not more than 150 GT operating not more than 
20 miles offshore. Topics include marine hazards and emergencies, marine 
firefighting, lifesaving appliances and abandonment and survival and rescue 
skills. 
 
Transportation of Dangerous Goods (TDG) 
This 6-hour course provides personnel with the responsibility for the 
transportation of dangerous goods to be aware of and comply with safety 
measures and appropriate legislation concerning TDG. 

 
 
(b) Operational Training  
There are various levels of oil spill response courses designed for response team 
members, ships crews and other responders who may be expected to assist with 
marine oil spill response. Operational training related to the assessment and 
response to petroleum spills is delivered by ER while training for response to 
hazardous and noxious materials spills is obtained outside of the Branch.   
 

First Responder Oil Spill Training (FROST) 
This 1 day course is designed specifically for CCG personnel in Central & 
Arctic Region who are designated custodians of First Response Units (FRUs), 
and may be tasked with deployment of the pollution countermeasures 
equipment. It has also been adapted for use in communities north of 60° 
where Arctic Community packs function as first response units.  
It teaches First Responders to: 

�x assess an oil spill according to its extent, possible source and likely 
behavior 

�x deploy boom for containment and protection purposes and in support 
of response activities 

�x work safely at the spill site 
 
Basic Oil Spill Response Course (BOSRC) 
This 20 hour course instructs First Responders how to: 

�x assess an oil spill according to its extent, possible source and likely 
behavior 

�x deploy boom for containment and protection purposes and in support 
of response activities 

�x operate oil recovery equipment 
�x undertake basic shoreline cleanup operations 
�x work safely at the spill site 
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Marine Spill Response Operations Course (MSROC) 
This 40-hour course will enable trained and experienced personnel to 
coordinate and supervise the response operations of a marine oil spill. It is 
intended to train individuals to be On Scene Commander (OSC) for small (tier 
1) spills, or operations section chief on larger spills. Topics include legislative 
framework, safety, equipment suites and strategies, media relations, RMS, 
shoreline assessment and cleanup techniques, and disposal. Prerequisites 
include BOSRC, a Radio Operator License and current or future deployment 
to a spill response team. 
 
Environmental Response Duty Officer  (ERDO) Training 
This 15 hour course is a prerequisite for duty officers for the ER branch and 
the regional operations centre.  It introduces the participant to CCG mandate, 
lead agency responsibilities and introductory spill assessment techniques. It 
also integrates delivery of training on the Marine Pollution Incident Reporting 
System (MPIRS), the database used to capture spill report and response 
information.  
 
Pollution Response Officer (PRO) Training 
This three day course is currently provided by the Environmental Response 
Branch of the Canadian Coast Guard and is  required training for  all 
Environmental Response personnel.  Participants who successfully complete 
this course earn the designation  of  Pollution Response Officer under  Part 8 
of  the Canada Shipping Act (2001).   This course examines the powers of a 
PRO, specific procedures related to vessel directions and detentions  and the 
legal framework and implications surrounding the execution of those 
powers.  Course participants also learn sampling procedures and  gain  an 
understanding of the role of other government agencies involved in a marine 
pollution incident.   
 
Pollution Prevention Officer (PPO) Training 
This 40 hour course is currently provided by the Marine Safety Branch of 
Transport Canada.  It is a prerequisite for any officer of the Canadian Coast 
Guard to be delegated Pollution Prevention Officer (PPO) powers under the 
Arctic Waters Pollution Prevention Act.  Participants learn the existing 
pollution prevention and response regime, the powers of a PPO and the 
specific tasks of prevention, control, investigation and prosecution. 
 
Small Vessel Operator Proficiency 
This 21-hour course meets the training needs of the small vessel master. This 
course is required by regulation (for vessels less than 5GT on sheltered and 
near coastal voyages) and teaches participants to effectively manage safety 
of those on board, protect the vessel from damage and protect the marine 
environment.  
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Basic Barge Operator Training 
This course was developed and is delivered by regional ER staff. Through 
both classroom and practical sessions, the course introduces participants to 
safe boating practices and procedures, rules of the road, collision regulations, 
load plans for pollution response vessels, safe deployment of oil spill 
response equipment and basic trailer towing and maneuvering. 
 
Single Side Sweep System 
The single side sweep is an equipment suite designed to allow one vessel to 
perform oil containment and recovery, and allow for temporary storage. This 
two day training session is provided to some ER staff and crews of Canadian 
Coast Guard vessels that can support this equipment. This training typically is 
conducted with crews who have previously completed BOSRC. 
 
HAZMAT Awareness 
This 6-hour course is intended for First Responders on the scene of a 
hazardous materials incident and shows how to assess the incident. Topics 
include; First Responder’s role and responsibilities, scene safety, recognizing 
and identifying hazardous materials, incident management, and sources of 
assistance. 
 
HAZMAT Technicians Level 
This 40-hour course is designed for responders to releases or potential 
releases of hazardous substances. The focus is on recognizing and 
evaluating a hazardous materials incident, organizing the response team, 
protecting response personnel, identifying and using response resources, 
implementing basic control measures, decision-making, and protecting the 
public and environment. Emphasis is on hands-on use of equipment 
practically applying lecture information through exercises. Participants will 
wear fully encapsulating suits.  
Prerequisite:  Hazmat Awareness. 

 
(c) Specialty Training 
Specialty training includes training that only select members of the Regional 
Response Team (RRT) will have to apply. 
 

Shoreline Clean up and Assessment (SCAT) 
This 24-hour course covers how oil impacts the shoreline. Specific topics 
include shoreline types and effects of oil, wind, waves and ice on shorelines. 
Shoreline protection and cleanup methods are described in depth.  Field 
exercises are conducted as part of the training. 
 
Media Training 
This 16-hour course is designed to provide participants with the skills and 
knowledge to communicate effectively and proficiently with various forms of 
media. Topics include; developing and disseminating incident information to 
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news media, incident personnel, other appropriate agencies and 
organizations. 
 
Communications System Training 
This 8 hours hands-on course provides participants with the knowledge and 
skills to provide communications in support of a spill response. Topics 
include; mobile telephone, fax, and intercom set up, preparing communication 
plans, and internal/external spill response communications. 
 
Wildlife Rehabilitation 
The capture and treatment of oiled wildlife is typically assigned to the trained 
experts at Canadian Wildlife Service (CWS). This CWS training is periodically 
made available to outside agencies, and some ER staff may participate to 
facilitate a better understanding of each others’ role at the time of a spill. 
 
Financial Management 
This training is provided by the Public Service Commission (PSC) and 
teaches government spending and cost accounting principles. It is imperative 
that any response team member who may have to purchase assets or 
manage contracts be familiar with these practices and procedures. 
 

Planning Section  
During a spill response operation, the planning section of the RMS will likely be 
populated with ER staff whose substantive positions are as Planning Officers within 
the branch. Therefore, the planning skills and training required to effectively and 
efficiently perform these tasks should be resident within our branch staff.  
 
Should additional personnel be required to fulfill these roles, they would require 
training in RMS, as well as Site Safety (as required by OSH regulation). The 
required planning skills and spill response knowledge may be acquired through 
various training or experience factors, and would be assessed prior to assignment 
on the response team. In addition to planning skills, preferred training might include 
SCAT, FROST and/or BOSRC, and MSROC. 
 
Logistics Section  
During a spill response operation, the logistics section of the RMS will likely be 
populated with ER staff whose substantive position involves the tracking of spill 
response equipment inventory and human resources within the region. Therefore, 
the skills and training required to efficiently and effectively perform the logistics 
function should be resident within our regional ER staff. 
 
Should additional personnel be required to fulfill these roles, they would require 
training in RMS, as well as Site Safety (as required by OSH regulation). The 
required logistical skills may be acquired through various training or experience 
factors (knowledge of IRCMS and TMA, BOSRC training) and would be assessed 
prior to assignment on the response team. 
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Finance Section  
During a spill response operation, the finance section of the RMS will likely be 
populated by regional finance staff whose substantive positions involve government 
expenditure and cost accounting knowledge and application. Therefore, the skills 
and knowledge required to effectively and efficiently perform the finance function 
should be resident within regional Canadian Coast Guard staff. These personnel will 
require RMS and Site Safety training prior to deployment on a spill response team. 
 
Training Records 
Records for personnel trained in spill response and/or emergency management are 
maintained by the Region. 
 
4.5 Exercise Program  
Introduction 
Under the guidelines of the National Exercise Program (NEP), the Environmental 
Response Branch will implement a Regional Exercise Program. This program will be 
conducted over a three-year cycle. Coordination of the program will be the 
responsibility of the Regional Exercise Officer (RXO) of the Environmental Response 
Branch. Exercises will be designed and conducted in coordination with departmental 
staff, CCG base staff and CCG vessels on a regular basis. The purpose of the 
Regional Exercise Program is to validate environmental response training and 
regional emergency preparedness standards, policies and procedures. 
 
Canadian Coast Guard will, through regional and area-specific exercising, ensure 
high priority initiatives such as exercising complex equipment (i.e. Lori Brush 
skimmers, sweep systems and command/communications facilities) are undertaken 
and will use industry and private sources of personnel where possible and/or 
appropriate. 
 
Exercise Planning Matrix 
The matrix below represents a typical three year exercising cycle followed by 
Canadian Coast Guard. The program cycle is designed to test all 17-response 
functions as outlined under NEP as well as including the different types of exercises. 
It includes internal, external (with other government departments as well as private 
sector organizations) and international exercises. 
 

Table 4.1 - Central & Arctic Region Exercise Matrix 
 

EXERCISE TYPE YEAR1 YEAR2 YEAR3 
Notification Quarterly Quarterly Quarterly 

Management 2 2 2 

Operational drills 3 3 3 

Combined Functional 1 1 1 

Full Scale 0 1 0 
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Notification exercises will test the regional call-out system. Some of these 
exercises will be internal to the branch, some will be a full regional call-out to 
all CCG and DFO staff as well as to external resources (eg: freight 
contractors to check their availability to move Marine Emergency Response 
Trailers (MERTs) or First Response Units (FRUs).  
 
Management exercises will focus on the development of the spill through the 
Response Management System (RMS). 
 
Operational Drills will focus on equipment deployments in packages (i.e. a 
First Response Unit, NOFI V-Sweep).   
 
Combined Functional exercises will be an equipment deployment (operational 
drill) with the goal of implementing a tactic designed in one of the Region’s 
Area Plan Annexes. 
 
A Full Scale exercise will incorporate a management-type exercise with the 
concurrent deployment of a spill countermeasure system (system = pollution 
containment, recovery, primary and secondary storage devices) 

 
Exercising Partnership 
Canadian Coast Guard will endeavor to participate, by request and on a situation by 
situation basis, in exercises lead by Oil Handling Facilities (OHFs), certified 
Response Organizations (ROs) and other government agencies throughout the 
Region. 
 
Central and Arctic Region is a part of the Canadian Coast Guard response 
community and as such is also part of the International Response Community. 
Canadian Coast Guard’s regional boundaries are in such close proximity with our 
United States neighboring response communities that joint exercising is a high 
priority. Specifically this region conducts joint exercises in the geographic areas of 
the Great Lakes and the Beaufort Sea with the United States Coast Guard’s (USCG) 
(9th) ninth (Great Lakes) and (17th) seventeenth (Alaska) districts, respectively.  
 
Exercise Evaluation and Shared Learnings 
An important part of the National Exercise Program is the evaluation and use of 
subsequent findings. Four types of information can be learned from an exercise, all 
of which lead to improvement of overall response capability.  

1) Contingency planning 
2) Response techniques 
3) Response training 
4) Exercise program development 
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The primary sources of the information and learning will be the formal exercise 
evaluation report that is produced for every exercise by the evaluation team. This 
formal exercise report will follow the format laid out in Section 11 of the Canadian 
Coast Guard National Exercise Program Planning and Evaluation Guide. 
 
 
4.6 Inventory Management, Main tenance and Infrastructure 
 
Inventory Response Control Management System 
To ensure that a nationally consistent and effective state of preparedness is 
maintained, an Inventory Response Control & Management System (IRCMS) has 
been implemented which utilizes The Management Authority database as its main 
tool. CCG HQ administers this system in concert with regional IRCMS Officers. In 
this region the program is administered by the Logistics and Statistics Officer in the 
Operations Section. 
This system has been developed to: 

�x Maintain a real time record of the location and quantity of resources; 
�x Maintain a proper state of readiness through a pro-active approach using 

work orders and preventative maintenance; 
�x Assist in keeping response managers informed about Environmental 

Response’s state of preparedness; 
�x Assist in the tracking of National Response Team personnel or equipment 

assigned to National or International incidents  
 
Pre-positioned Equipment Caches and Depots 
Central and Arctic Region covers an extremely large geographical and culturally 
diverse portion of Canada. There are, in essence, two zones of operation which are 
entrenched in the Canada Shipping Act. These are:   

�x the Arctic Zone, or all areas of Canadian jurisdiction north of 600 North 
Latitude; and  

�x the Central Zone, dominated in a marine transportation sense by the Great 
Lakes, but which include the southern portions of Hudson and James Bay, 
along with the major waterways and watersheds of Lake Winnipeg, 
Winnipegosis, Lake of the Woods, and Lake Athabasca. 

 
The Environmental Response (ER) Branch has pre-positioned equipment to facilitate 
and maintain an effective response operation.  Response strategies in each of the 
two zones (Central or Arctic) are based upon identification of local and regional 
response. This is means that the equipment generally required for such a spill size is 
contained within the Region. This capacity is supplemented by nationally available 
resources, which would be “cascaded” from/to other regions when and if required. 
Preparedness capacities in other regions are identified in their respective Regional 
Response Plans. 
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Arctic Zone  
Arctic Community Packs (ACPs) are placed in northern communities for rapid (local) 
initial response. Canadian Coast Guard provides initial response training to 
members of the communities so that they may effectively deploy equipment in the 
ACPs in the event of a spill. Access (keys) for the ACPs have been given to an 
official in each community in most cases. The Senior Response Officer (ER-Hay 
River) maintains the current key holder listing. 
 
The inventory for each Canadian Coast Guard Arctic Community Pack location is 
listed in Table 4-2.  The program has received funding under the Health of the 
Oceans Initiative to proceed with placing Arctic Community Packs in additional sites.  
The equipment profiles at the existing Arctic Community Pack sites will be changed 
to reflect characteristics of the community. The inventory at all communities will be 
“site specific” and will coincide with response strategies designed by the ER 
planning group.  The locations for the proposed additional Arctic Community Packs 
are: Baker Lake, Broughton Island ( Qikiqtarjuaq), Chesterfield Inlet, Churchill, Hall 
Beach, Kimmirut, Iqaluit, Pangnirtung, Tuktoyaktuk and Yellowknife. 
 
The main base of operations with Environmental Response dedicated personnel is 
located in Hay River, Northwest Territories. This base is home to a Rapid Air 
Transportable (RAT) cache of equipment known as the “RAT150”. The RAT150T 
used in conjunction with the “Delta” (�' ) 1000T meets planning standards for a 1000 
tonne (T) response. The selection of equipment for the RAT150 must meet pumping 
rates / capacities of 1000T thresholds and be complimentary2 to the equipment held 
in the �' 1000T depots.  
 
The response package, warehoused in Hay River, will be maintained in 100% 
readiness during the shipping season. The equipment will be broken down and be 
containerized such that it will fit through the smallest cargo door of any of the 
selected aircraft. Equipment will be TDG compliant, be palletized as appropriate, and 
labelled for ease of selection and loading. 
 

                                                 
2 The logistics of moving large bulky items (ISO containers) in the arctic necessitates a LCM, deck barge, cargo vessel, 
icebreakers or any combination thereof. Consequently it is estimated that the 1000T design capacity would be available staged 
on-scene in 5 - 7 days. Following the doctrine something sooner rather than everything later having 150T of the 1000T 
equipment suite air-lifted within 48 hours is preferable to having nothing until the entire 1000T capacity arrives a week later. 
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Table 4-2 - Canadian Coast Guard Arctic  Community Pack Locations 
 

EQUIPMENT SUMMARY 

LOCATION Boom 
(24”) 

  
Skimmers Boats Storage 

Arctic Bay 
(Ikpiarjuk) 

3,650’ 
  TDS-118 16' Aluminum Open top Tank 

Cambridge Bay 
(Ikaluktutiak) 

1,350’ 
  

TDS-118 
 16' Aluminum Open top Tank 

Cape Dorset 
(Kinngait) 

1500’ 
  TDS-118 16' Aluminum Open top Tank 

Clyde River 
(Kangiqtugaapik) 

4,500’ 
  

TDS-118 16' Aluminum Open top Tank 

Coppermine 
(Kugluktuk) 

1,350’ 
  

TDS-118 16' Aluminum Open top Tank 

Coral Harbour 
(Salliq) 

1,500’ 
  

TDS-118 16' Aluminum Open top Tank 

Gjoa Haven 
(Uqsuqtuuq) 

1,350’ 
  

TDS-118 16' Aluminum Open top Tank 

Holman 
(Ulukhaktok) 

1,500’ 
  

TDS-118 16' Aluminum Open top Tank 

Rankin Inlet 
(Kangiqsiniq) 

2,200’ 
  

TDS-118 16' Aluminum Open top Tank 

Resolute 
(Qausuittuq) 

1,350’ 
  TDS-118 16' Aluminum Open top Tank 

Hay River 
FRU +  

1,000’ 
  - 37’ Seatruck 

42’ Cutter - 

 
In combination with the RAT150T, equipment found in the �' 1000T depots will be at 
a 1000T capacity. Hence, the delta or “�' ” is the difference between the RAT150T 
and a full 1000T. The �' 1000T depots will have containerized heavier equipment (not 
suitable for air transport to smaller communities) augmenting the RAT150T to a 
1000T capacity, ready to be loaded on deck barge, Canadian Coast Guard 
icebreaker or freighter. While response personnel cascade in to the spill site pre-
identified local, CCG base and available ER personnel will mobilize to the centres 
and load the equipment on suitable marine transport. 
 
Three �' 1000T depots are strategically located in the northern communities of 
Tuktoyaktuk (NorthWest Territories), Iqaluit (Nunavut), and in Churchill (Manitoba). 
For the purposes of response in Central & Arctic Region, Churchill is included in the 
Arctic Zone of operations despite it being south of 60�q North Latitude due to the 
similarities in response characteristics that it shares with locations north of 60�q North 
Latitude.  
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Table 4-3 - Canadian Coast Guard Arctic Design Inventory 3 

PCM 
equipment Description Hay River

RAT150T 
Tuk 

�' 1000T 
Iqaluit 
�' 1000T 

Churchill
�' 1000T 

Skimmers 
Light to medium product 
/disk type 

3 1 1 1 

 Heavy product /weir type  0 2 2 2 
Boom 24” river type  0 10000’ 10000’ 10000’ 
 24” lay-flat type 5000’ 0 0 0 
Land storage 4T Open top tank 0 0 0 0 
 8T Open top tank  7 3 3 3 
 45T shore bladders 3 0 0 0 
O/w storage Total (in 5-25T Seaslugs)  50 250T 250T 250T 
Pumps 2” low pres / volume style 4 1 1 1 
 4” trash 5 1 1 1 
 3” positive displacement 6 1 1 1 
Vessels “Car-topper” + 9.9hp 0 0 0 0 
 Seatruck 0 2 2 2 
 RAT RHI 2 0 0 0 
Generators 5KW gas 7 2 2 2 
Pressure 
washer 

Larger hot water type 1 1 1 1 

 Small cold water type 3 1 1 1 
Incinerator Sorbent 2 0 0 0 
 Liquid waste 2 0 0 0 

 
Central Zone  
The Central zone is dominated by the Great Lakes and has well defined road 
transportation infrastructure.  
 
Local / first response inventories have been established at all regional Canadian 
Coast Guard shore-side facilities that have fleet assets or a significant number of 
program vessels and that have operational personnel to deploy the equipment. 
Standardized inventory consists of a 20-24’ trailer with a 1000’ (nominal) of 24” 
boom and related accessories.  
 
The 2500T Rapid Road Transportable cache is centred around the St. Mary’s River 
and from time to time in major CCG facilities in Ontario. The response package 
warehoused in a series of 45’ transport trailers will be maintained in 100% readiness 
during the shipping season. The primary purpose of the RRT 2500T system is 
significant containment of resources; shoreline, sheltered, and off-shore sweep and 
recovery ability; and staging and storage transfer area equipment. 
 
 
 
                                                 
3 Inventories in Tuktoyaktuk and Iqaluit are at 95% completion.  The Churchill Depot is at about 50% (pending the construction 
of a new and adequate facility) with the bulk of the inventory in storage at the Thundar Bay Coast Guard base.  The RAT 150 
needs an evaluation of the command and control component as well as storage for the second Saccke burner. 
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Table 4-4 Canadian Coast Guard RRT 2500T Design Inventory 
 

PCM equipment Description BOOMERT 
#1-5 (each) 

SKIMMERT 
#1 and #2 4 Softside 

Skimmers 
Light to medium product/ 
disk type 

- 3  

 Heavy product/ weir type  - 1 1 

Boom 24” river type  4000’   

Sweep 36” Nofi V-sweep -  1 

Land storage 4T Open top tank - 7 1 

O/w storage 25T Towable bladders  - 4 4 

Pumps 3” positive displacement - 4 1 

Generators 5KW gas - 2  

 
 

Table 4-5 Canadian Coast Guard locations for First Response Units (FRUs) 
 

Location Relevant Area Plan(s) Primary 
custodian 

Secondary 
custodian 

Amherstburg Lake Erie/St. Clair-Detroit  SAR crew ITS field services 

Cobourg Lake Ontario SAR crew  

Gimli Lake Winnipeg SAR crew  

Goderich Lake Huron SAR crew  

Kenora Lake of the Woods ITS field services  

Kingston Lake Ontario SAR crew  

Meaford Lake Huron SAR crew  

Parry Sound Lake Huron ER personnel ITS field services 

Port Dover Lake Erie SAR crew  

Port Weller Lake Ontario SAR crew  

Prescott St. Lawrence River ER personnel ITS field services 

Selkirk Lake Winnipeg ITS field services  

Thunder Bay Lake Superior SAR crew ITS field services 

Tobermory Lake Huron SAR crew  

Hay River Mackenzie River & Delta ER personnel ITS field services 

 

                                                 
4 An additional SkimMERT is being added this year to accommodate additional hoses.  The exact configuration of each 
SKIMMERT is not known yet so the inventories will remain listed together for this year. 
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Section 5 - RESPONSE OPERATIONS 
 
5.1 Pattern of Response 
Based upon the principles outlined in the National Response Plan, (Sections 1.3, 
1.5 & 4.4), Central and Arctic Region assesses, notifies relevant parties, and 
initiates the tasking/deployment of necessary resources. This is based upon the 
determination of CCG’s role as Lead or Resource Agency and the appropriate 
CCG Posture. The Duty Officer (DO) is tasked with this initial assessment, which 
is then verified by the Superintendent, Environmental Response. The appropriate 
response is activated by the Superintendent who in turn assigns an On-scene 
Commander (OSC) or Federal Monitoring Officer (FMO) and notifies Canadian 
Coast Guard (CCG) Management. Upon termination of the incident cost recovery 
actions are undertaken. To illustrate the generic process see Figure 5-1-Typical 
Sequence of Events and Table 5-1-Typical Functions Descriptions has been 
provided. 
 

CCG Expectations of Ships for Response 
In most instances when a spill occurs the initial report will trigger the mobilization 
of local response organizations.  It is not normally practical for ship personnel to 
be directly involved in the clean up activities.  
 

Small Spills 
Ships are expected to take whatever actions listed in their Shipboard Oil 
Pollution Emergency Plan (SOPEP) that are reasonable and necessary to 
prevent the oil from escaping over the side and having done so, to take 
action to clean-up the oil contained on deck. Spilled oil should not be 
washed overboard, nor should degreasers or dispersants be used on 
spilled oil in the water. Once the oil is in the water, the ship’s ability to 
respond in a practical manner is greatly reduced. It is Canadian Coast 
Guard’s expectation that a response organization or other competent 
contractor be called upon to provide operational response capability at the 
discretion of the Polluter. 
 
Where there is no availability of local response contractors or where there 
is a delay in response activation, the Master of the vessel should consider 
the use of available materials to contain and clean up the spilled oil by, for 
example, using ship-stocked absorbent material or utilizing mooring ropes 
or air filled hoses as makeshift booms. 
 
Large Spills 
The ship is restricted as to what action it can take to respond to a major 
spill.  In the case of a casualty the safety of the ship and crew take priority. 
Therefore the ship’s actions will be limited to reporting the incident details 
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to the appropriate authorities and to ensure that a response is initiated. In 
large spills it is Canadian Coast Guard’s expectation that the Polluter 
appoint an On-Scene Commander (OSC) which may be a representative 
of the company that owns the ship or the ship’s insurer. 
 
Canadian Coast Guard needs to be kept informed as to the escalating 
response costs accrued by the Polluter during a response in order to 
prepare for the possibility that the Polluter will cease their response 
activities once their Limit of Liability is reached. 

 

CCG expectations of Oil Handling Facilities (OHF) for Response 
In most instances when a spill occurs, the initial report will trigger the mobilization 
of the facility response team. It is normal, in most cases, for the oil handling 
facility personnel to be the initial responders when a spill occurs. 
 

Small Spills 
For the purpose of this plan, a small spill will be defined based on the 
maximum oil transfer rate of the oil handling facility (i.e. what Level it is 
assigned under the Canada Shipping Act, 2001), which directly links to the 
minimum spill size to which it must be prepared to respond to within one 
hour. Oil handling facilities are required to have the resources on site to 
contain a spill of a minimum size within one hour and have the resources 
required to recover, or where the oil cannot be recovered the resources to 
control a spill of a minimum spill size within six hours. Response 
organizations may be called upon to provide additional operational 
response capability at the discretion of the Polluter.  
 
Large Spills 
For the purposes of this plan, any spill above the facility’s minimum spill 
size will be characterized as a large spill.  Oil handling facility personnel 
are still expected to deploy their on-site equipment.  Response 
organizations will likely be called upon to provide additional operational 
response capability at the discretion of the Polluter. 

 
 



Central & Arctic Regional Response Plan 
Section 5 – Response Operations 
 

December 2008  5-3 

Figure 5- 1 - Pattern of Response – Typical Sequence of Events 
 

Regional Operations Centre (ROC) 
receives notification through: 
�¾ Provincial/Territorial Spills Hotlines 
�¾ CCG Dedicated Spill Hotline 
�¾ CCG/MCTS Radio Stations 

See Functions #2-3 

Spill Potential can occur due to 
circumstances surrounding a 
vessel collision, grounding or 
striking. Transport Canada is the 
lead agency for determining spill 
potential through the 

Spill Occurs or Spill 
Potential Exists 

Coast Guard Notification 
and Spill Verification 

The ER Assessment determines a valid 
CCG posture and recommendation to 
activate a response. 
Postures include: 

�¾ Lead Agency: OSC or FMO 
 

Environmental Response 
Assessment 

CCG Posture 

Activation of Resources 

Response Management System is 
implemented to manage CCG Resources 
and facilitate cost recovery actions. 

See Function #6 
 
Spill Monitoring for Regional and HQ 
Management will be facilitated through 
Superintendent Functions 

Response 
Implementation 

And Monitoring 

Upon conclusion of a “response”, cost 
recovery actions are initiated through: 
�¾ Polluter (s) 
�¾ Protection & Indemnity Clubs 

(Insurer) 
�¾ Ship source Oil Pollution Fund 

(SOPF) 

Cost Recovery 

A Post Incident Review & Analysis is 
required for the “Operational” 
components of a Spill 
 
Upon conclusion of the Cost Recovery 
Action a final review may be necessary in 

Response Audit 
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Table 5-1 - Pattern of Response – Function Descriptions 
 

 
Function 

 

 
Description 

1 Responsible Party/Third 
Party Functions (Spill occurs 
or sufficient potential risk 
exists) 
 

�x Spill is sighted/reported. Spill reports originate from 
source (to regulatory body) or by third party (to 
various emergency or dedicated pollution hotlines) 

�x Transport Canada is responsible for determining 
potential risk 

2 Spills Hotline Functions  
(Canadian Coast Guard 
Notification) 
 
 

�x Assessment for dissemination 
�x Dissemination (fan out according to applicable 

procedures) to relevant parties, calls from other spill 
hotlines are received by CCG-ROC. 

3 CCG-ROC Duty Officer 
Functions  (Canadian Coast 
Guard Spill Verification) 
 
 

�x Spill Assessment-pollution verification 
�¾ Mandate Confirmation 
�¾ Pollution Verification 
�¾ Source Credibility 

�x Notification to ERDO 
�x Dissemination  
�x Initiation of MPIRS 

4 ER Duty Officer Functions  
(Environmental Response 
Assessment – CCG Posture) 
 

�x Spill Assessment-response analysis 
�x Source Control/Mitigation 
�x Safety Issues 
�x Tactical & Logistical Issues 
�x Recommendation to Superintendent of likely 

Response Posture 
�x Documentation – MPIRS 

5 Superintendent Functions  
(Environmental Response 
Assessment – Activation of 
CCG Resources) 
 

�x Response Posture Evaluation 
�¾ Potential Risk to CCG Personnel and 

Equipment 
�¾ Propriety of request 
�¾ International Implications 

�x Identification of OSC/FMO  
�x Obtain an Order-In-Council (Arctic) 
�x Obtain a Finance Code & Regional File Number 
�x Notification of Senior Management and ongoing 

monitoring 
�x MPIRS documentation  
�x Obtain AC CCG sign off on MPIRS situation report 

6 OSC/FMO Functions  
(Response Implementation 

�x Management or monitoring of response using the 
Response Management System (RMS).  Escalation 
or de-escalation in accordance with needs of the 
incident. 

�x Consolidation of all documentation upon conclusion 
of the response for Cost Recovery purposes.  

�x Coordinate final debrief to facilitate future 
improvements to the systems and processes in 
place. 

7 Chief Financial Officer 
Function (Cost Recovery) 

�x Utilizing CCG Ship-source and Marine Pollution 
Response Costing Principles and Documentation 
Standards (DFO 6332) compile pollution response 
costs recovery claim.  



Central & Arctic Regional Response Plan 
Section 5 – Response Operations 
 

December 2008  5-5 

8. Internal 
Review Team Functions  
(Audit) 

�x Utilizing the National Exercise Program Planning 
and Evaluation Guide, a Team is selected to 
complete the Post-Incident Review of an incident. 

�x Improvements & corrective actions are to be 
documented 

 
5.2 Spill Potential or Pollution Risk Assessment 
Given an actual spill (i.e. pollutant in the water), the activities specified in this 
plan are rather obvious. However, in the event of vessel grounding, striking or 
collision that does not immediately result in a release, the responsibility for 
determining the risk of pollution rests with a Pollution Prevention Officer (PPO) 
within the Marine Safety (MS) branch of Transport Canada (TC). Should TC-MS 
be unable to make that determination, the Canadian Coast Guard (CCG), 
Environmental Response Duty Officer (ERDO) will complete that requirement. In 
some cases this may involve engaging a marine architect as no accredited 
expertise for vessel stability assessment resides within the ER section. 
 
For all other areas where Canadian Coast Guard is the Lead Agency, this activity 
shall be considered the responsibility of the Canadian Coast Guard, 
Environmental Response Duty Officer.  
 
5.3 Notification 
To facilitate the notification of Canadian Coast Guard, and in addition to the 
existing Marine Communications system, a series of call-out or “Spill Hotline” 
agreements with the Province of Ontario, Nunavut and Northwest Territories and 
other Federal Departments within the Region have been implemented.  
 
In addition, Central and Arctic Region, provides a 24 hr public access spills 
hotline:  
 
 

24 hour toll free - Spills Hotline: 
1-800-265-0237 

 
 
Notification may occur through various mechanisms, depending upon the manner 
in which the spill (incident) occurs. 
 
5.4 Verification 
In all cases, spill information is initially processed and verified through the 
Regional Operations Centre (ROC) located in Sarnia, Ontario (See Section 3.3 – 
Organization). The ROC Officer on duty: 
 

1. Determines whether the pollution is within Canadian Coast Guard’s 
mandate as Lead Agency or as a potential Resource Agency 

2. Establishes the credibility of the source 
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3. Identifies the following: 
�x Incident name (nature of incident) 
�x Time of call (local / UTC) 
�x Time of spill (local/UTC) (if available)  
�x Reported by / call back particulars 
�x Source determination 
�x Incident background and description of clean-up activities (if any) 
�x On-scene environmental/atmospheric conditions 
�x Pollutant type and quantity 
�x Verifying party contact information (as applicable) 

4. Initiates an MPIRS entry for the following cases: 
�x Originally pursuing verification as Canadian Coast Guard mandate 

but additional information about source changes lead to another 
agency 

�x Canadian Coast Guard mandate and verified no pollution 
�x Canadian Coast Guard mandate and verified pollution 
�x Likely to impact on / impacting on foreign waters 
�x Significant impact on region, though not falling under Canadian 

Coast Guard mandate. 
�x Request for Canadian Coast Guard as a resource agency. 

5. Enters information into MPIRS (indicated in #3 above) as well as name of 
paged ERDO. 

 
This information is then relayed to the Environmental Response Duty Officer to 
determine Canadian Coast Guard posture. It should be noted that all spill 
incidents, irrespective of CCG’s mandate, may require Canadian Coast Guard 
resources if requested (see Resource Agency Role in Section 1.5 of the National 
Response Plan). 
 
By agreement, spill verification will be completed by the Regional Operations 
Centre (ROC) Duty Officer. The verification will be complete when the ER Duty 
Officer is advised where Canadian Coast Guard is Lead Agency. (see Figure 5.2 
Pollution Verification Process and Figure 5.3 Response Analysis Process) 
 
 
5.5 Spill Assessment – Environmental  Response Duty  Officer  
To facilitate the requirement for efficient and rapid notification and assessment of 
incidents, Central and Arctic Region, in accordance with the National Response 
Plan, Section 4.4, has instituted a 24-hr year round monitoring regime integrated 
with the Regional Operations Centre (ROC). The following sections identify the 
context in which this activity is carried out. 
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Coordination  
The coordination of the ER Duty Officer is the responsibility of the ER Regional 
Emergency Operations Officer (REOO). These duties include assigning shifts in 
an equitable manner, keeping records of the duty officer schedules, maintaining 
equipment required to perform ER Duty Officer functions, reviewing individual ER 
Duty Officer performance, reviewing ER Duty Officer procedures, and liaising 
with the ROC and National HQ. 

 
Performance  
The ER Duty Officer function shall be performed by the following positions 
provided sufficient experience, appropriate training, and at the discretion of the 
Superintendent ER: 

�9 Senior Officers   
�9 Those in capacity to act for Senior Officer. 

 
Review 
The ER Duty Officer procedures shall be reviewed in reaction to:  

�x Changes at the Regional Operations Centre (ROC) affecting the ER Duty 
Officer function  

�x Changes in Canadian Coast Guard (CCG) policy on the response to ship 
source pollution 

�x In consideration of accepted recommendations stemming from exercises 
and operational responses.  

The individual officer performance shall be reviewed in context of their execution 
of a spill assessment. 

 
Responsibilities 
At the beginning of the ER Duty Officer’s shift the following are required: 

�x Functioning communication equipment (pager, cell phone/Blackberry); 
�x The necessary analytical tools (e.g. spill assessment forms, 

Greenwood’s Guide to Great Lakes Shipping, Area Plans, Oil Spill 
Response Field Guide, OSH reference tools, and the CANUTEC 
Emergency Response Guide book.) 

 
During the ER Duty Officers shift the following are required to be complete: 

�x MPIRS cases for any spill reports that required ER Duty Officer analysis 
by noon of the next business day; 

�x Extra Duty Reports; 
�x Notification of the next ER Duty Officer and the ER Regional Emergency 

Operations Officer of any on-going cases. 
 

Availability 
The availability of the ER Duty Officer is 24 hours/7 days a week. Pages must be 
responded to within 10 minutes of notification. Should the ER Duty Officer (DO) 
be unable to fulfill their duties at any time during the shift, they are required to 
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notify the ER Regional Emergency Operations Officer (REOO) immediately who 
will notify the ROC of any changes immediately. The following activities conflict 
with the performance of the ER Duty Officer function: 

�x travel out of country / region / pager range; 
�x inability to respond immediately due to performance of other job functions 

(instructing a course, running an exercise, delivering a presentation, 
involved in a maintenance run that would be too difficult to reschedule, 
chairing a meeting, or participating in any activity that requires attendance 
or would be inappropriate to leave); 

�x inability to respond immediately due to personal reasons (vacation, 
sickness, etc.). 
 

Should an individual become unavailable for a significant portion of the shift for 
reasons noted above, that shift may be assigned to another officer at the 
discretion of the ER Regional Emergency Operations Officer. 

 
Function 
The primary function of the ER Duty Officer is to complete an initial incident 
assessment and analysis, making a recommendation to the Superintendent of 
ER as to the appropriate course of action. ** 

 
The initial assessment will be complete for the following cases: 

�x Canadian Coast Guard mandate and verified pollution 
�x Likely to impact on / impacting on foreign waters 
�x Significant impact on region, though not falling under Canadian Coast 

Guard mandate. 
�x Request for Canadian Coast Guard as a resource agency. 

 
The analysis function is complete when the Superintendent ER is informed and 
advised of the recommended course of action that will consider the following (see 
flow chart): 

�x polluter’s actions and intentions (if applicable); 
�x safety concerns, tactical, logistical, and environmental feasibility of any 

response. 
 

                                                 
**  The ER Duty Officer does not need to notify the Superintendent of any incidents that require “no 

activation” of CCG resources (assets/personnel) in monitoring/clean-up activity. 
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5.6 Activation of Canadian Coast Guard Response Resources 
In the event of small (0-150 T) to medium size (150-1000 T) spill incidents, the 
Superintendent, Environmental Response, acting upon the assessment provided 
by the Duty Officer, initiates/activates the appropriate response. This entails, but 
is not limited to, the following activities: 

�x Identification of overall health and safety risks to response personnel. 
�x Establishing the propriety of the recommended response posture. This 

includes the verification of international issues in border areas. 
�x Verification of Canadian Coast Guard capability to respond, impact on 

normal regional operations and, if necessary, the potential requirement 
for the notification and activation of the National Response Team. 

�x Assignment of the designated On-Scene Commander (OSC) or 
Federal Monitoring Officer (FMO). SROs are typically assigned as 
FMO/OSC for incidents occurring within their geographic area. 

�x Obtaining the necessary Order-in-Council, for spills in Arctic Waters 
�x Obtaining the financial project code, and forwarding it to the 

OSC/FMO. 
�x Signing a contract with the Response Organization (RO) in accordance 

with PWGSC contracting rules. 
�x Creation and dissemination of initial situation report to Regional and 

National management in accordance with the Safety and 
Environmental Response Systems (SERS) – Incident Notification 
Guidelines. 

�x Completion of MPIRS to document above activities. 
 
For significantly larger spill incidents (1000T and above) the Superintendent, 
Environmental Response shall immediately assume the OSC/FMO role, notify 
Regional and National management of the situation and initiate the Response 
Management System (RMS) (and activation of the National Response Team, if 
necessary) in addition to the above activities.  Upon stabilization of the immediate 
emergency, the Assistant Commissioner, Canadian Coast Guard, Central and 
Arctic Region and/or Director General, Canadian Coast Guard shall assess the 
requirement for assigning a new OSC/FMO.   
 
 
5.7 Response Implementation  
As stated previously (Section 4 - Preparedness), the Canadian Coast Guard will 
employ the Response Management System (RMS) as its primary management 
and operational tool. At the heart of this system is the development of clear 
obtainable objectives and the implementation of the supporting tactical 
deployment. This is achieved through the creation of incident action plans 
spanning specified operational time periods. For small spills these plans can be 
rather informal. As spill size and impacts increase, so to will the complexity of 
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operational assignments and hence a need for greater formalization of the 
Incident Action Plan.  
 
All operations shall be carried out in accordance with the Guiding Principles set 
out in Section 1.3 of the National Response Plan and the Oil Spill Response Field 
Guide (ISBN 0-660-16112-5).   
 
Central and Arctic Region covers an extremely large geographical and culturally 
diverse portion of Canada. There are, in essence, two zones of operation which 
are entrenched in the Canada Shipping Act.  
These are the:   

�x Arctic zone, or all areas of Canadian jurisdiction north of 600 N Latitude;  
�x Central zone, dominated in a marine transportation sense by the Great 

Lakes, but which include the southern portions of Hudson, James and 
Ungava Bay, along with the major waterways and watersheds of Lake 
Winnipeg, Winnipegosis, Lake of the Woods, and Lake Athabasca. 

 
Arctic zone – first response  
The highest risk of pollution in the arctic is during a ship fuel transfer to facilities 
in Canada’s northern communities. Should pollution occur, the vessel and oil 
handling facility have responsibilities to implement their Oil Pollution Emergency 
Plans (OPEP) that deal with source control. The next step would be for the 
community to respond using its response plan, protecting the identified priority 
area(s) and employing the response equipment in an Arctic Community Pack, if 
so equipped.  
 
Arctic zone – escalation  
If the pollution is beyond the ship, facility, and community response then the 
Rapid Air Transportable (RAT)150T will be the first line Canadian Coast Guard 
ER response (Arctic icebreakers or Special River Nav-aid Tenders may have 
been on-scene first). Upon activation of the RAT150T, standing offers with 
aviation contractors will be called up. Closest ER personnel will be dispatched to 
the community to assess, plan, assemble (and train) responders, while preparing 
to stage the in-coming equipment. The Hay River base personnel will transport 
the pallets to the airport where they will be loaded into the awaiting airframe. 
Upon arrival the pallets will be unloaded and a trailer tongue and wheels affixed 
to the pallet to facilitate movement (by ATV if necessary) to a forward staging 
area and ultimately to a beach site. The timeframe for full forward staged 
capacity with personnel at any community with suitable runways is under 48 
hours.  
 
The hospitality industry of Arctic communities can be rapidly overwhelmed with 
the influx of as little as 10 people. Experience has shown that these communities 
could only support 10-15 additional personnel and only offer 10-15 community 
responders. Consequently, the RAT was designed considering the amount and 
type of equipment that is most easily handled by a combination of trained 
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Canadian Coast Guard personnel and community responders. The RAT150T 
response is predicated on an in-community response with the following positions 
identified in the table below: 
 
Table 5-2 Anticipated personnel usage for the RAT150T in an Arctic community 

 

Position 

Canadian 
Coast 
Guard 

responder 

Community 
responder 

OSC X  

OSC support  X 

Chief Ops & Planning X  

Logs – services X X 

Logs – support X X 

Ops skimming (A) X X 

Ops skimming (B) X X 

Ops shoreline (A) X X X X X 

Ops shoreline (B) X X X X X 

Ops booming vessel (A) X X 

Ops booming vessel (B) X X 

Transfer / disposal X X 

Totals 11 16 

 

Upon escalating beyond a RAT150T response, the �' 1000T will be stood up. 
Standing offers / arrangements with local contractors will be activated to move 
the containers / seatrucks to a location where they can be transferred to a ship / 
barge. If required, closest Canadian Coast Guard base personnel will be 
dispatched to the depot to assist. The closest suitable marine transportation 
asset will also be contracted to move the equipment to the spill site. The 
timeframe for full forward staged capacity with personnel is estimated at one 
week. 

As the 150T response is predicated on an in-community response a larger spill 
would have to be supported by a Canadian Coast Guard icebreaker, rented camp 
barge, or flown in from surrounding communities.  
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Table 5-3 Anticipated personnel usage for the 1000T in an Arctic community. 
 

Position 

Canadian 
Coast Guard 

ER 
responder 

CCG Fleet 
or 

professional 
contractor 

Community 
responder 

OSC X   

OSC support  X X 

Chief of Planning X   

Plan – response  X   

Plan – 
demobilization 

X   

Chief of Logs X   

Logs – services  X X 

Logs – support X X X X X  

Chief of Ops  X   

Air Ops  X  

Ops on-water  X X X X X X  

Ops shoreline X X  
X X X X X X 

X X X X 

Ops booming  X X X X X X  

Transfer / disposal X X X 

Totals 14 13 13 

 
Central Zone – first response  

The highest risk of pollution occurring in the region is found in the Great Lakes. 
Statistically the areas in the Great Lakes of highest risk are the connecting 
channels due to volumes, numbers of transits, and convergence factors (existing 
VTS / navigational aid systems recognize this). Areas with traditionally high 
pleasure craft and small commercial craft traffic experience frequent (though low 
in volume) pollution incidents. 

If the pollution is in the local vicinity of a Canadian Coast Guard Search and 
Rescue (SAR) station or facility with operational staff, a First Response Unit 
(FRU) may be deployed as an initial attempt at containment. If more equipment 
sweeps systems or recovery units are required then the Rapid Road 
Transportable (RRT) 2500T will be activated.  
 
Transfer of Lead Agency 
 
Transfer of Lead from CCG 
Should an incident initially appear to fall within the jurisdiction of the Canadian 
Coast Guard yet later is determined to be another government agency’s 
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responsibility, the CCG-appointed OSC or FMO will verbally acknowledge the 
transfer of Lead Agency responsibility followed by written confirmation on the 
terms of the transfer (this may require time for termination of a response contract 
with CCG and the establishment of a response contract with the appropriate 
Lead Agency.) When the Lead is transferred from CCG to another Lead Agency, 
CCG will submit an invoice of its response costs to the Lead Agency for response 
activities undertaken up to the time of transfer recognition. 
Should the Lead Agency wish to retain CCG as a Resource Agency, the criteria 
in Section 7 of the National Response Plan of the CCG National Marine Spills 
Response Plan will apply.   
 
Transfer of Lead to CCG 
When the Lead is transferred to Canadian Coast Guard from another agency, the 
Canadian Coast Guard will incorporate the appropriate costs borne by the other 
agency in the initial stages of the spill into its claim to the Polluter or to the Ship 
Source Oil Pollution Fund, (SOPF) as the case may be.   
 
Safety Procedures and Considerations 
All petroleum cargoes are considered hazardous substances. Canadian Coast 
Guard command, clean-up, monitoring and verification personnel have protective 
equipment and training available to them up to Level “D”. All Environmental 
Response branch staff have been issued with a variety of personal protective 
equipment (PPE) and are expected to deploy to a spill site (includes exercises 
and training) with all appropriate gear. Safety glasses and rain suits with rubber 
boots and gloves are appropriate for Canadian Coast Guard's traditional 
verification of and response to oil pollution.   
 
Bulk chemical carriers, rail cars, road trailers, sour (H2S) petroleum products or 
BTX (benzene, toluene, xylene) carried on oil tankers are all sources of 
substances for which Canadian Coast Guard personnel are not readily equipped 
for. In most cases where the pollutant reported is suspected to be from one of 
these sources Canadian Coast Guard assets should not be tasked to verify. If it 
falls within Canadian Coast Guard mandate the ER program personnel will get 
directly involved in the verification, likely looking to other government 
departments or contractors to continue with the assessment and response. 
 
When the pollution is reported to the ROC by a member of the public, or by a 
credible professional as a mystery spill, closer examination of the circumstances 
or probable cause of the pollution will occur as part of spill verification. During the 
conversation with the individual reporting the incident the ROC Duty Officer will 
want to find out what it is that they observed.  These are:  

�x Colour [typical petroleum silvery to rainbow to dark purple / brown or is it 
frothy, green organic matter, rusty, etc.] 

�x Odour [does it smell like gas, diesel, rotten eggs, no odour] 
�x Proximity to any likely source [vessel, industrial outfall, municipal outfall, 

midlake, mid channel, washed up industrial storage drum] 
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�x Volumes [football field sized, shopping mall parking lot big, or a thin 
ribbon] 

�x Other factors [heavy rainfall in last 12 hours; seasonal conditions / times / 
areas known for algae blooms; fish or animal kills]. 

 
By picking up on any "flags" during an assessment it can be reasonably 
determined whether the pollution should not/should be classified as a hazardous 
substance (for which CCG personnel are unable to respond to). The ER duty 
officer will consult with experts in Environment Canada (EC), Spills Action Centre 
(SAC), and CANUTEC, as appropriate to determine the safety for personnel. 
 
Alternative countermeasures  
Alternative countermeasures are those non-mechanical techniques utilized in oil 
spill response operations such as in-situ burning, dispersant application, and 
shoreline cleaner application. 

 

Central Zone 
The likelihood of approval of in-situ burning operations on the Great Lakes or in 
connecting channels or inland lakes is minimal. The use of dispersants in the 
Great Lakes, connecting channels or in inland waterways will not be considered.  
Shoreline cleaner agents approved by Environment Canada may be considered. 

 

Arctic Zone 
In view of the difficulties associated with mounting an effective response in the 
Arctic, the CCG has recommended that further research be done in the areas of 
in-situ burning, the use of dispersants (reference Quebec paper) and other oil in 
ice recovery methods.  This research should be operational R&D and assume 
that the product spilled is Arctic diesel and that the spill occurs during the Arctic 
shipping season. 

 

 

5.8 Summary Report and Post Incident Review  
It is regional policy to provide a Summary Report and/or conduct a formal Post 
Incident Review for incidents deemed noteworthy or valuable by the OSC/FMO 
or Assistant Commissioner, Canadian Coast Guard. 
 
Summary Report 
The summary report shall contain at minimum the following, but can include any 
information deemed relevant by the OSC/FMO. 
 
Summary Incident Report Format 

(a) Overview of Crisis Event  
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�x spill source (not cause), initial environmental conditions and 
assessment of situation 

(b) Spill chronology  
�x spill response activities and climate/wind /sea condition data 
�x key response objectives (success and failures in implementation), 

major shifts in tactics, other agencies involvement 
(c) Costs and cost recovery issues 

�x total estimated cost summary 
�x identification of Cost Recovery requirements and options 

(d) References 
�x Situation Reports   

 
Post Incident Review 
The main objective of a Post Incident Review is the evaluation of the incident to 
ultimately improve Canadian Coast Guard’s effectiveness at spill response. To 
that end, this requirement is essentially similar to the principles of exercise 
evaluation. Therefore, when required, the review shall be conducted in 
accordance with the principles contained in the National Exercise Program – 
Evaluation guidelines, Chapter 11.  
This entails six distinct tasks: 

1) Brief the Evaluation Team 
2) Brief the Response Team 
3) Evaluate the Incident 
4) Prepare a Preliminary Summary of Key Observations 
5) Hold an Incident Debriefing Session 
6) Prepare an Official Post Incident Evaluation Report  

 
Post Incident Evaluation Report Format 

(a) Executive Summary -Summarizes overall findings and observations 
(b) Overview of Incident Objectives -Briefly describes the key objectives, 

environmental conditions and initial situation assessment 
(c) Evaluation Techniques and Criteria - Describes the technique(s) (i.e. 

self, peer or independent evaluation) and the major evaluation criteria 
used 

(d) Assessment of Key Incident Objectives - This provides a critical 
appraisal of the incident objectives or major shifts in tactics.  Each key 
objective assessment will include the following: 

Findings – A summary statement describing key positive and 
negative findings. 

Specific Observations - Observed decisions and tasks noted 
during the incident by responders, management and 
interested parties. 

Conclusions - Assessment of the impact of the finding on overall 
achievement of the incident objective(s) 
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Recommendations – A description of potential corrective or 
follow-up action required to implement the findings to 
improve overall marine spill response preparedness. 

(e) Appendices or Attachments - May or may not be required 
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Section 6 – CLAIMS & COST RECOVERY 
 
6.1 Purpose 
The purpose of this section of the Regional Response Plan is to outline the 
requirements and regional processes to assist in the creation of a claim to the 
relevant fund or directly to a polluter.   
 
The ability of Canadian Coast Guard to recover or pursue recovery of response 
expenses or costs associated with monitoring activities is set out in the Marine 
Liability Act, Part 6, “Liability and Compensation for Pollution”. This ability to 
recover costs is seen as the embodiment of the polluter-pay-principle set out in 
the National Response Plan, Guiding Principles, Section 1.3.   
Note:  That at this time there is no mechanism to recover monitoring costs from 
an oil handling facility. 
 
In addition to the above and recognizing the potential financial risks and impacts 
to Canada, Canadian legislation also provides for the creation and maintenance 
of a Ship-Source Oil Pollution Fund, (SOPF). This fund, in addition to the 
International Oil Pollution Compensation Fund (IOPCF) and the Protection & 
Indemnity (P&I) Clubs, provides for the assessment of claims/loss against 
member ships and/or shipping companies. Neither of these funds hinder nor 
otherwise limit Canadian Coast Guard’s ability to lay claims directly against a 
Polluter.  However, the Polluter is only required to reimburse a claim up to its 
Limit of Liability.  This limit is calculated using the guidelines established in the 
Convention on Limitation of Liability for Maritime Claims (LLMC), 1976.    
 
6.2 Policy Guidelines 
The following points serve as regional guidelines for pursuing cost recovery 
activities: 

The decision to seek cost recovery should be made based on common sense 
and in consultation with other operational and finance team members.   

Cost recovery should be avoided in situations where the administrative costs 
of recovery action exceed the dollars expected to be recovered.   

Cost recovery embodies the “Polluter Pays” principle. 
Costs incurred while acting as a resource agency must be recovered from 

the lead agency.   
Costs incurred while acting as OSC/FMO are recoverable from either the 

polluter, its P&I Club, the Ship-Source Oil Pollution Fund or from the 
International Oil Pollution Compensation Fund. 

 
 



Central & Arctic Regional Response Plan 
Section 6 –– Claims  & Cost Recovery  

  
6.3 Responsibilities 
 
On-Scene Commander/Federal Monitoring Officer (OSC/FMO) 
The OSC/FMO is responsible for ensuring that complete and accurate 
documentation is provided for a timely and effective cost recovery process.  The 
OSC/FMO is responsible for preparing all documentation necessary to initiate 
cost recovery.  
 
Regional Finance Staff 
Response, monitoring and administrative costs must be calculated in accordance 
with national financial accounting and recording practices. Senior administrative 
officers within Maritime Services may be called upon to provide expert advice as 
required. It is recommended that a regional finance representative be on-scene 
as soon as possible to help establish procedures, to safeguard documentation, 
and to ensure the integrity of the costing process. 
  
Environmental Response Headquarters 
The Environmental Response Senior Advisor for Cost Recovery and Claims will 
submit those claims that are intended for the Ship-Source Oil Pollution Fund and 
to International Fund Conventions in accordance with the guidelines specified by 
each.  The Advisor will also issue equipment charge-out rates periodically for use 
by all regions. 
 
6.4 Process 
The Response Management System (RMS) documentation (field notes, Incident 
Action Plans, Minutes and meeting records, time sheets and any and all expense 
records, invoices/requisitions etc.) shall form the basis of data for the Cost 
Recovery action.   
 
The Region will initiate cost recovery actions against the Polluter.  Should the 
Polluter be unable or unwilling to pay the costs, the Region will forward the claim 
to HQ Senior Advisor for Cost Recovery and Claims for submission to the Ship-
Source Oil Pollution Fund.  Should the costs of the response exceed the Limit of 
Liability of the Polluter, reimbursement of costs will be through the SOPF and 
then through the IOPCF.  Claims associated with mystery spills will be submitted 
directly to HQ for a claim against the SOPF.   
 
6.5 Documentation 
Proper documentation alleviates the need to reconstruct the incident after the 
fact, reduces the volume of questions, and adds credence to the claim.  The key 
source of information that enables various parties to determine the degree of 
reasonableness of the actions taken and the costs claimed is the part of the cost 
recovery summary known as a “narrative”.  That justification is considered to be a 
critical component to successful and timely claims. 
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The regional guideline for producing cost summaries and documentation 
handling is as follows: 
 
Incidents of minimum complexity and limited expenditures (under $15K) 

�x Expenditures may be summarized within the body of the Final Report, 
including any description of “calculated” values (i.e. administration costs) 

�x Original invoices shall be kept on the dedicated spill file. 
 
Incidents of medium complexity and moderate expenditures (up to $50K) 

�x Expenditures will be summarized in a single table by Cost Element within 
the body of the Final Report.  

�x A supporting cost summary document or appendix shall be created to 
provide a detailed cost summary by date. Copies of the expenditure 
documentation will be included. 

�x Original invoices shall be kept on the dedicated spill file organized by date. 
 
Incidents of high complexity and significant expenditures ($50K plus) 

�x Expenditures will be summarized in a single table by Cost Element within 
the body of the Final Report. (similar to medium complexity incidents) 

�x A supporting cost summary document will be created summarizing the 
daily expenditures by individual cost element, followed by a cumulative 
summary of each cost element (spreadsheet of all daily summaries). The 
sum total of all cost elements will then be summarized for use in the final 
report.  

�x Due to the volume of transactions, copies of the expenditure documents 
will not be provided in the supporting cost summary document. 

�x Original invoices will be kept in their original state, filed by date and 
archived when feasible to a dedicated file. 

 
Table 6.1 Sample Cost Element Table 
Cost Element Description 
Personnel Includes hourly regular and overtime costs associated 

with CCG Staff (includes EBP) 
Equipment Includes cost of all CCG assets, based upon 

established charge out rates 
Purchases/Expendables Includes expendables such as office supplies and 

PPE 
Travel Includes meals and accommodation costs incurred by 

CCG staff accordance with TB travel directive. 
Contractors Includes the costs of all private sector 

contractor/goods and services. 
Administration Includes the cost of CCG administration. 
Total Estimated Cost  
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6.6 References 
�x CCG Ship Source and Marine Pollution Response Costing Principles and 

Documentation Standards DFO2004-6332 
�x Cost Recovery of Ship Source and Marine Pollution Response Directive # 

D-4010-2001-01 
�x Cost Recovery Related Policies, Memorandum dated October 26, 1998, 

File AWE 1001-5-2-1 (AWEA)  
 
6.7 Third Party Claims 
While monitoring or responding to an incident, Canadian Coast Guard will refer 
all inquiries regarding third party claims to the Polluter.  In the case of a mystery 
spill, the Canadian Coast Guard will encourage claimants to submit a claim 
directly to the Ship Source Oil Pollution Fund.   
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Section 7 - PLAN MAINTENANCE AND CUSTODIANS 
 

7.1 Maintenance Process 
 
Responsibility 
The Regional Response Plan of the Canadian Coast Guard Marine Spills 
Response Plan for Central & Arctic Region is the responsibility of: 
 

Assistant Commissioner, Canadian Coast Guard  
Central & Arctic Region 

520 Exmouth Street 
Sarnia, Ontario 

N7T 8B1 
fax (519) 383-1991 

 
Revision Requests 
All requests or suggestions for revision to this plan should be forwarded, in 
writing, to the above noted address and should include the following information: 

�x Originator (including return address and telephone number) 
�x Date 
�x Subject (i.e. request for revision ) 
�x Suggested change (including section and page number references) 
�x Reason for revision 

 
All formally received requests will be acknowledged in writing and assessed for 
inclusion into the plan. Upon approval the revision will be distributed accordingly. 
 
Revision Record 
Upon receiving a revision transmittal, recipients are requested to ensure that its 
number is next in sequence to the previous issue, process the amendments 
according to the transmittal instructions and complete the revision record in this 
section. 
 
Should there be any discrepancies or questions, the recipient should contact the 
Canadian Coast Guard, Assistant Commissioner, Central & Arctic Region at the 
above address. 

 
The onus is on the plan holder to maintain a current plan. 

 

7.2 Canadian Coast Guard Custodians 
This document is structured to reflect the fundamental phases of Environmental 
Response (ER) activities and hence reflects the co-operative nature of each 
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aspect of the Central and Arctic Region Environmental Response organization. In 
conjunction with this, each component has been assigned to a specific section 
within the branch (e.g. training is the responsibility of the Training Officer). The 
Assistant Commissioner – Canadian Coast Guard, Central and Arctic Region 
retains the overall responsibility for the document’s implementation. The 
Emergency Plan Development Officer (EPDO) facilitates the physical 
management and co-ordination of this document. 
 
These custodial relationships herein are designed to facilitate the annual review 
and maintenance of the Regional Response Plan. 
 
Letter of Promulgation Emergency Plan Development Officer 
Record of Revision Plan Holders 
Section 1 – Introduction Emergency Plan Development Officer 
Section 2 - Agreements & Memoranda 
of Understanding 

Emergency Plan Development Officer 

Section 3 – Organization Emergency Plan Development Officer 
Section 4 – Preparedness 
     4.2 RMS 

 
Regional Training Officer  

     4.3 Planning Emergency Plan Development Officer 
     4.4 Training Regional Training Officer 
     4.5 Exercising Regional Exercise Officer 
     4.6 Inventory Maintenance & 

Management 
Regional Emergency Operations 
Officer 

Section 5 – Response Operations Regional Emergency Operations 
Officer 

Section 6 – Claims & Cost Recovery TBD 
Section 7 - Plan Maintenance & 
Custodians 

Emergency Plan Development Officer 

Section 8 – Contacts Emergency Plan Development Officer 
Section 9 – References & Annexes Responsibility for each annex is 

assigned in each Annex.  
 
All unassigned sections shall be considered the responsibility of the Emergency 
Plan Development Officer unless otherwise indicated. 
 

7.3 Plan Distribution 
The Regional Response Plan shall be distributed to all holders of the Canadian 
Coast Guard Marine Spills Response Plan, in accordance with the Area of 
Responsibility set in Section 1 - Introduction. This includes the relevant Federal 
and Provincial Lead Agencies as described in the National Response Plan 
Section 1, sub-section 1.5; all Canadian Coast Guard Management; Facilities 
and Vessels; all Oil Handling Facilities and relevant certified Response 
Organizations by request and in accordance with Transport Canada-Marine 
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Safety, Compliance and Enforcement division. All subsequent revisions will be 
automatically distributed to these plan holders. 
 
Any member of the general public wishing to obtain a copy may do so through 
the Fisheries and Oceans, Canadian Coast Guard, National Headquarters. 
These plan holders will not be advised of revisions. 
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Section 8 – CONTACTS 
 
8.1 Pollution Reports for Canadian Coast Guard, Central & 

Arctic Region 

To report a pollution emergency anywhere within Central & 
Arctic Region telephone the Canadian Coast Guard, 
Regional Operations Centre (ROC) toll free at: 

1-800-265-0237 
 
or report via  
 

Marine Radio on VHF, Channel 16 . 
 
8.2 Other Lead Agencies that Maintain Spill Report Lines 
 

�x Ontario Ministry of the Environment - Spills Action Centre: 1-800-268-6060 

�x Territorial Spills Line – Arctic Alarm:  1-867-920-8130 

�x Manitoba Conservation:  1-204-944-4888 

�x Saskatchewan Environment - Saskatchewan Spill Centre: 1-800-667-7525 

�x Alberta Environment: 1-800-222-6514 

 
8.3 Canadian Coast Guard, Environmental Response Branch 

(CCG/ER) Phone List – Regular Office Hours 
 
Regional Office, Canadian Coast Guard 
520 Exmouth Street 
Sarnia, ON      N7T 8B1 

Title Telephone 
Superintendent, Environmental 
Response 

519-383-1954 

Emergency Plan Development Officer 519-464-5126 

Assistant Contingency Planning Officer  519-383-1953 

Regional Exercise Officer 519-383-1978 

Regional Emergency Operations Officer 519-383-1956 

Environmental Training Officer 519-383-1957 

Administrative Assistant 519-383-1951 
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Canadian Coast Guard Base 
42037 McKenzie Highway 
Hay River, NT     X0E 0R9  

Title Telephone 
Senior Response Officer 867-874-5557 
Response Specialist 867-874-5558 

Response Specialist 867-874-5559 
 
 
 
Canadian Coast Guard Base 
PO Box 1000, 401 King Street 
Prescott, ON     K0E 1T0  

Title Telephone 
Senior Response Officer 613-925-2865     x 157 

Response Specialist (2)  613-925-2865     x 262 

Logistics and Statistics Officer 613-925-2865     x 126 
 
 
 
Canadian Coast Guard Base 
28 Waubeek Street 
Parry Sound, ON     P2A 1B9 

Title Telephone 
Senior Response Officer 705-746-2196     x 228 

Response Specialist 705-746-2196     x 270 

Response Specialist 705-746-2196     x 201 
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Section 9 – REFERENCES & ANNEXES 
 
9.1 References 
The following list includes those documents which supplement the Regional 
Response Plan. 
 

Supplement Custodian 
  
Environmental Response Manual – 
Standard Operating Procedures and 
Directives 

Canadian Coast Guard, Environmental 
Response, Headquarters 

Response Management System User’s 
Guide, version 3.0 (May 2006) 

Canadian Coast Guard, Environmental 
Response, Headquarters 

Environmental Response 
Superintendent’s Manual 

Superintendent, Environmental 
Response, Regional Office 

Environmental Response Regional 
Health & Safety Plan 

Environmental Response, Regional 
Emergency Operations Officer 

National Exercise Program (NEP) 
Manual 

Canadian Coast Guard, Environmental 
Response Headquarters 

Inventory Control and Response 
Management System – TMA database 

Regional Logistics and Statistics 
Officer, Environmental Response 

DFO Crisis Communications Plan DFO Corporate Services, 
Communications Branch 

 
9.2 Annexes 
The following Area Plans make up the Annexes to the Regional Chapter: 
 

1) St. Lawrence River and Lake Francis 
2) Lake Ontario 
3) Lake Erie 
4) St. Clair and Detroit River  
5) Lake Huron, Georgian Bay and North Channel 
6) St. Mary’s River 
7) Lake Superior 
8) Lake of the Woods 
9) Inland waters (South of 60°N Latitude) 
10) Hudson and James Bay 
11) Baffin Region 
12) Keewatin Region 
13) Kitikmeot Region 
14) Great Slave Lake Region 
15) Mackenzie River and Delta 
16) Beaufort Sea and Amundsen Gulf 
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Skin irritation 
 

: Category 2 

Carcinogenicity 
 

: Category 2 

Specific target organ toxicity 
- single exposure 
 

: Category 3 (Central nervous system) 

Specific target organ toxicity 
- repeated exposure 
 

: Category 2 (Liver, thymus, Bone) 

Aspiration hazard 
 

: Category 1 

GHS Label element 
Hazard pictograms 
 

: 

   

 
 

 
 

Signal word 
 

: Danger 
 

Hazard statements 
 

: H226 Flammable liquid and vapour. 
H304 May be fatal if swallowed and enters airways. 
H315 Causes skin irritation. 
H332 Harmful if inhaled. 
H336 May cause drowsiness or dizziness. 
H351 Suspected of causing cancer. 
H373 May cause damage to organs (Liver, thymus, Bone) 
through prolonged or repeated exposure. 
 

Precautionary statements 
 

: Prevention:  
P201 Obtain special instructions before use. 
P202 Do not handle until all safety precautions have been read 
and understood. 
P210 Keep away from heat/sparks/open flames/hot surfaces. - 
No smoking. 
P233 Keep container tightly closed. 
P240 Ground/bond container and receiving equipment. 
P241 Use explosion-proof electrical/ ventilating/ lighting/ 
equipment. 
P242 Use only non-sparking tools. 
P243 Take precautionary measures against static discharge. 
P260 Do not breathe dust/ fume/ gas/ mist/ vapours/ spray. 
P264 Wash skin thoroughly after handling. 
P271 Use only outdoors or in a well-ventilated area. 
P280 Wear protective gloves/ eye protection/ face protection. 
P281 Use personal protective equipment as required. 
Response:  
P301 + P310 IF SWALLOWED: Immediately call a POISON 
CENTER or doctor/ physician. 
P303 + P361 + P353 IF ON SKIN (or hair): Remove/ Take off 
immediately all contaminated clothing. Rinse skin with water/ 
shower. 
P304 + P340 + P312 IF INHALED: Remove victim to fresh air 
and keep at rest in a position comfortable for breathing. Call a 
POISON CENTER or doctor/ physician if you feel unwell. 
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P308 + P313 IF exposed or concerned: Get medical advice/ 
attention. 
P331 Do NOT induce vomiting. 
P332 + P313 If skin irritation occurs: Get medical advice/ 
attention. 
P362 Take off contaminated clothing and wash before reuse. 
P370 + P378 In case of fire: Use dry sand, dry chemical or 
alcohol-resistant foam for extinction. 
Storage:  
P403 + P233 Store in a well-ventilated place. Keep container 
tightly closed. 
P403 + P235 Store in a well-ventilated place. Keep cool. 
P405 Store locked up. 
Disposal:  
P501 Dispose of contents/ container to an approved waste 
disposal plant. 

Potential Health Effects 

Primary Routes of Entry 
 

: Eye contact 
Ingestion 
Inhalation 
Skin contact 
Skin Absorption 
 

Target Organs 
 

: Skin 
Eyes 
Respiratory Tract 
 

Inhalation 
 

: May cause respiratory tract irritation. 
Inhalation may cause central nervous system effects. 
Symptoms and signs include headache, dizziness, fatigue, 
muscular weakness, drowsiness and in extreme cases, loss of 
consciousness. 
 

Skin 
 

: Causes skin irritation. 
 

Eyes 
 

: Causes eye irritation. 

Ingestion 
 

: Ingestion may cause gastrointestinal irritation, nausea, 
vomiting and diarrhoea. 
Aspiration hazard if swallowed - can enter lungs and cause 
damage. 
 

Aggravated Medical 
Condition 
 

: None known. 

Carcinogenicity: 
IARC 
 

No component of this product present at levels greater than or 
equal to 0.1% is identified as probable, possible or confirmed 
human carcinogen by IARC. 
 

ACGIH  
 

No component of this product present at levels greater than or 
equal to 0.1% is identified as a carcinogen or potential 
carcinogen by ACGIH. 
 

OSHA No component of this product present at levels greater than or 
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 equal to 0.1% is identified as a carcinogen or potential 
carcinogen by OSHA. 
 

NTP  
 

No component of this product present at levels greater than or 
equal to 0.1% is identified as a known or anticipated carcinogen 
by NTP. 
 

 

SECTION 3. COMPOSITION/INFORMATION ON INGREDIENTS 
 

Pure substance/mixture : Mixture 
 
 

Hazardous components 

Chemical Name CAS-No. Concentration (%) 

kerosine (petroleum), hydrodesulfurized 64742-81-0  70 -  100 % 
kerosine (petroleum) 8008-20-6  
fuels, diesel 68334-30-5  
fuel oil no. 2 68476-30-2  
Alkanes, C10-20-branched and linear 928771-01-1  0 -  25 % 
Soybean oil, Methyl ester 67784-80-9  0 -  5 % 
Rape oil, Methyl ester 73891-99-3  
Fatty acids, tallow, Methyl esters 61788-61-2  
 

 
 
 

SECTION 4. FIRST AID MEASURES 
 

If inhaled 
 

: Move to fresh air. 
Artificial respiration and/or oxygen may be necessary. 
Seek medical advice. 
 

In case of skin contact 
 

: In case of contact, immediately flush skin with plenty of water 
for at least 15 minutes while removing contaminated clothing 
and shoes. 
Wash skin thoroughly with soap and water or use recognized 
skin cleanser. 
Wash clothing before reuse. 
Seek medical advice. 
 

In case of eye contact 
 

: Remove contact lenses. 
Rinse immediately with plenty of water, also under the eyelids, 
for at least 15 minutes. 
Obtain medical attention. 
 

If swallowed 
 

: Rinse mouth with water. 
DO NOT induce vomiting unless directed to do so by a 
physician or poison control center. 
Never give anything by mouth to an unconscious person. 
Seek medical advice. 
 

Most important symptoms : First aider needs to protect himself. 
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and effects, both acute and 
delayed 
 

 

 

SECTION 5. FIREFIGHTING MEASURES 
 

Suitable extinguishing media 
 

: Dry chemical 
Carbon dioxide (CO2) 
Water fog. 
Foam 
 

Unsuitable extinguishing 
media 
 

: Do NOT use water jet. 
 

Specific hazards during 
firefighting 
 

: Cool closed containers exposed to fire with water spray. 
 

Hazardous combustion 
products 
 

: Carbon oxides (CO, CO2), nitrogen oxides (NOx), sulphur 
oxides (SOx), sulphur compounds (H2S), smoke and irritating 
vapours as products of incomplete combustion. 
 

Further information : Prevent fire extinguishing water from contaminating surface 
water or the ground water system. 
 

Special protective equipment 
for firefighters 
 

: Wear self-contained breathing apparatus for firefighting if 
necessary. 
 

 

SECTION 6. ACCIDENTAL RELEASE MEASURES 
 

Personal precautions, 
protective equipment and 
emergency procedures 
 

: Use personal protective equipment. 
Ensure adequate ventilation. 
Evacuate personnel to safe areas. 
Material can create slippery conditions. 
 

Environmental precautions 
 

: If the product contaminates rivers and lakes or drains inform 
respective authorities. 
 

Methods and materials for 
containment and cleaning up 
 

: Prevent further leakage or spillage if safe to do so. 
Remove all sources of ignition. 
Soak up with inert absorbent material. 
Non-sparking tools should be used. 
Ensure adequate ventilation. 
Contact the proper local authorities. 
 

 

SECTION 7. HANDLING AND STORAGE 
 

Advice on safe handling 
 

: For personal protection see section 8. 
Smoking, eating and drinking should be prohibited in the 
application area. 
Use only with adequate ventilation. 
In case of insufficient ventilation, wear suitable respiratory 
equipment. 
Avoid spark promoters. Ground/bond container and 
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equipment. These alone may be insufficient to remove static 
electricity. 
Avoid contact with skin, eyes and clothing. 
Do not ingest. 
Keep away from heat and sources of ignition. 
Keep container closed when not in use. 
 

Conditions for safe storage 
 

: Store in original container. 
Containers which are opened must be carefully resealed and 
kept upright to prevent leakage. 
Keep in a dry, cool and well-ventilated place. 
Keep in properly labelled containers. 
To maintain product quality, do not store in heat or direct 
sunlight. 
 

 

SECTION 8. EXPOSURE CONTROLS/PERSONAL PROTECTION 
 

Components with workplace control parameters 

Components CAS-No. Value type 
(Form of 
exposure) 

Control 
parameters / 
Permissible 
concentration 

Basis 

kerosine (petroleum), 
hydrodesulfurized 

64742-81-0 TWA 200 mg/m3 ACGIH 

kerosine (petroleum) 8008-20-6 TWA 100 mg/m3 NIOSH REL 

Engineering measures : Use only in well-ventilated areas. 
Ensure that eyewash station and safety shower are proximal 
to the work-station location. 
 

Personal protective equipment  
Respiratory protection 
 

: Use respiratory protection unless adequate local exhaust 
ventilation is provided or exposure assessment demonstrates 
that exposures are within recommended exposure guidelines. 
Respirator selection must be based on known or anticipated 
exposure levels, the hazards of the product and the safe 
working limits of the selected respirator. 
 

    Filter type 
 

: organic vapour cartridge or canister may be permissible 
under certain circumstances where airborne concentrations 
are expected to exceed exposure limits.  Protection provided 
by air-purifying respirators is limited.  Use a positive-
pressure, air-supplied respirator if there is any potential for 
uncontrolled release, exposure levels are unknown, or any 
other circumstances where air-purifying respirators may not 
provide adequate protection. 
 

Hand protection
    Material : neoprene, nitrile, polyvinyl alcohol (PVA), Viton(R). Consult 

your PPE provider for breakthrough times and the specific 
glove that is best for you based on your use patterns. It 
should be realized that eventually any material regardless of 
their imperviousness, will get permeated by chemicals. 
Therefore, protective gloves should be regularly checked for 
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wear and tear. At the first signs of hardening and cracks, they 
should be changed.

 
    Remarks 
 

: Chemical-resistant, impervious gloves complying with an 
approved standard should be worn at all times when handling 
chemical products if a risk assessment indicates this is 
necessary.  

Eye protection 
 

: Wear face-shield and protective suit for abnormal processing 
problems. 

Skin and body protection 
 

: Choose body protection in relation to its type, to the 
concentration and amount of dangerous substances, and to 
the specific work-place. 
 

Protective measures 
 

: Wash contaminated clothing before re-use. 

Hygiene measures 
 

: Remove and wash contaminated clothing and gloves, 
including the inside, before re-use. 
Wash face, hands and any exposed skin thoroughly after 
handling. 
 

 

SECTION 9. PHYSICAL AND CHEMICAL PROPERTIES 
 

Appearance : Bright oily liquid. 

Colour : Clear to yellow (This product may be dyed red for taxation 
purposes). 

Odour : Mild petroleum oil like. 

Odour Threshold : No data available  

pH : No data available  

Pour point : No data available  

Boiling point/boiling range : 150 - 371 °C (302 - 700 °F) 
 

Flash point : > 40 °C (104 °F) 
Method: closed cup 
 

Auto-Ignition Temperature : 225 °C (437 °F) 
 

Evaporation rate : No data available  

Flammability : Flammable in presence of open flames, sparks and heat. 
Vapours are heavier than air and may travel considerable 
distance to sources of ignition and flash back. This product 
can accumulate static charge and ignite.  

Upper explosion limit : 6 %(V) 
 

Lower explosion limit : 0.7 %(V) 
 

Vapour pressure : 7.5 mmHg (20 °C / 68 °F) 
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Relative vapour density : 4.5 

Relative density : 0.8 - 0.88 

Solubility(ies) 

Water solubility : insoluble  

Partition coefficient: n-
octanol/water 

: No data available  

Viscosity 

Viscosity, kinematic : 1.3 - 4.1 cSt (40 °C / 104 °F) 
 

Explosive properties : Do not pressurise, cut, weld, braze, solder, drill, grind or 
expose containers to heat or sources of ignition. Runoff to 
sewer may create fire or explosion hazard.  

 
 
 

SECTION 10. STABILITY AND REACTIVITY 
 

Possibility of hazardous 
reactions 
 

: Hazardous polymerisation does not occur. 
Stable under normal conditions. 
 

Conditions to avoid 
 

: Extremes of temperature and direct sunlight. 
 

Incompatible materials 
 

: Reactive with oxidising agents and acids. 
 

Hazardous decomposition 
products 
 

: May release COx, NOx, SOx, H2S, smoke and irritating 
vapours when heated to decomposition. 
 

 

SECTION 11. TOXICOLOGICAL INFORMATION 
 

Information on likely 
routes of exposure 

Eye contact 
Ingestion 
Inhalation 
Skin contact 
Skin Absorption 
 

Acute toxicity 

Product: 

Acute oral toxicity 
 

Remarks: No data available 
 

Acute inhalation toxicity 
 

Remarks: No data available 
 

Acute dermal toxicity 
 

Remarks: No data available 
 

Components: 
kerosine (petroleum), hydrodesulfurized: 

Acute oral toxicity LD50 (Rat): > 5,000 mg/kg  
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Acute inhalation toxicity 
 

LC50 (Rat): > 5.2 mg/l 
Exposure time: 4 hrs 
Test atmosphere: dust/mist 

Acute dermal toxicity 
 

LD50 (Rabbit): > 2,000 mg/kg 
 

kerosine (petroleum): 
Acute oral toxicity 
 

LD50 (Rat): > 5,000 mg/kg  
 

Acute inhalation toxicity 
 

LC50 (Rat): > 5 mg/l 
Exposure time: 4 h 
Test atmosphere: dust/mist 

Acute dermal toxicity 
 

LD50 (Rabbit): > 2,000 mg/kg 
 

fuels, diesel: 
Acute oral toxicity 
 

LD50 (Rat): 7,500 mg/kg  
 

Acute dermal toxicity 
 

LD50 (Mouse): 24,500 mg/kg 
 

fuel oil no. 2: 
Acute oral toxicity 
 

LD50 (Rat): 12,000 mg/kg  
 

Acute inhalation toxicity 
 

LC50 (Rat): 4.1 mg/l 
Exposure time: 4 h 
Test atmosphere: dust/mist 
 

Skin corrosion/irritation 

Product: 

Remarks: No data available  
 

Serious eye damage/eye irritation 

Product: 

Remarks: No data available 
 

Respiratory or skin sensitisation 

No data available 

Germ cell mutagenicity 

No data available 

Carcinogenicity 

No data available 

Reproductive toxicity 

No data available 

STOT - single exposure 

No data available 

STOT - repeated exposure 
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No data available 

 

SECTION 12. ECOLOGICAL INFORMATION 
 

Ecotoxicity 

Product: 

Toxicity to fish 
 

: Remarks: No data available 
 

Toxicity to daphnia and other 
aquatic invertebrates 
 

: Remarks: No data available 
 

Toxicity to algae 
 

: Remarks: No data available 

Toxicity to bacteria 
 

: Remarks: No data available 
 

Persistence and degradability 

Product: 

Biodegradability 
 

: Remarks: No data available 
 

Bioaccumulative potential 

No data available 

Mobility in soil 

No data available 

Other adverse effects 

No data available 
 

SECTION 13. DISPOSAL CONSIDERATIONS 
 

Disposal methods  

Waste from residues : The product should not be allowed to enter drains, water 
courses or the soil. 
Offer surplus and non-recyclable solutions to a licensed 
disposal company. 
Waste must be classified and labelled prior to recycling or 
disposal. 
Send to a licensed waste management company. 
Dispose of as hazardous waste in compliance with local and 
national regulations. 
Dispose of product residue in accordance with the instructions 
of the person responsible for waste disposal. 
 

Contaminated packaging : Do not re-use empty containers. 

 

SECTION 14. TRANSPORT INFORMATION 
 

International Regulation 
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IATA-DGR 
 

UN/ID No. : 1202 
Proper shipping name : Diesel fuel 
Class : 3  
Packing group : III 
Labels : 3 
Packing instruction (cargo 
aircraft) 

: 366  

IMDG-Code 
 

UN number : 1202 
Proper shipping name : DIESEL FUEL 
Class : 3  
Packing group : III 
Labels : 3 
EmS Code : F-E, S-E 
Marine pollutant : no 

Transport in bulk according to Annex II of MARPOL 73/78 and the IBC Code 

Not applicable for product as supplied. 

49 CFR  
UN/ID/NA number : 1202 
Proper shipping name : Diesel fuel 
Class : 3  
Packing group : III 
Labels : 3 
ERG Code : 128 
Marine pollutant : no 

Special precautions for user 

Not applicable 

 
 

SECTION 15. REGULATORY INFORMATION 
 

The components of this product are reported in the following inventories: 
DSL  On the inventory, or in compliance with the inventory 
TSCA  All chemical substances in this product are either listed on the 

TSCA Inventory or are in compliance with a TSCA Inventory 
exemption. 

EINECS  On the inventory, or in compliance with the inventory 
 

SECTION 16. OTHER INFORMATION 
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Further information 

 
NFPA: HMIS III:   
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
For Copy of (M)SDS : Internet: www.petro-canada.ca/msds 

Canada-wide: telephone: 1-800-668-0220; fax: 1-800-837-
1228 
For Product Safety Information: 1 905-804-4752 

 
Prepared by : Product Safety: +1 905-804-4752 
 
The information provided in this Safety Data Sheet is correct to the best of our knowledge, 
information and belief at the date of its publication. The information given is designed only 
as a guidance for safe handling, use, processing, storage, transportation, disposal and 
release and is not to be considered a warranty or quality specification. The information 
relates only to the specific material designated and may not be valid for such material used 
in combination with any other materials or in any process, unless specified in the text. 

Flammability 
 

H
ea

lth
 Instability 

 

2 

2 

0 

 

Special hazard. 

FLAMMABILITY 

PHYSICAL HAZARD 

HEALTH 

2 

0 

2  

0 = not significant, 1 =Slight,  
2 = Moderate, 3 = High 
4 = Extreme, * = Chronic 

PERSONAL PROTECTION H 
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APPENDIX D 1.1�± Agnico Pre -disc harge and Spill Response Sea Can checklists  
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APPENDIX D 1.2 �± OHF Ship to Shore Fuel Discharge Procedure   
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Prior to the beginning of the annual fuel discharge 
the following must be completed.  

 

Procedure  Risks/  Impacts 

1. The Oil Pollution Emergency Plan (OPEP) must be reviewed on an 
annual basis and updated prior to the first annual discharge.  This 
will include but not limited to: 

a) Reviewing the Phone numbers for emergency’s  

b) Updating maps 

c) Review and if necessary update equipment lists 

d) Review roles and responsibilities 

e) Update Declaration 

This is the responsibility of the Environment department. 

 

 

 

2. Contact Canadian Coast Guard and Transport Canada Pollution 
Prevention and make them aware of plans for transferring of fuel into 
our OHF for that season. 

This is the responsibility of the Environment department.  

3.  Complete Inventory report for Spill Response Sea Can at AEM’s Oil 
Handling Facility in Baker Lake.  (*Inventory Checklist found on Page 6) 

This is the responsibility of the Environment department.  

4. Ensure Woodward (Shipping Company) has provided Transfer 
Conduit Annual certification. 

This is the responsibility of Environment Department. 
 

5. All personnel who will be a part of the fuel transfer (including Baker 
Lake Supervisor and third part contractor Intertek) must review the 
OPEP and be familiar with preventive measures to take and with the 
steps to take in the case of a spill event while fueling. 

This is the responsibility of Procurement and Logistics  

 

6. Install secondary containment underneath each connection of 
conduit on land. 

This is the responsibility of Environment Department 
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7. Monitor secondary containment underneath each connection of 
conduit on land. 

This is the responsibility of Procurement and Logistics 

 

8. Ensure there is two way functional communications between the 
OHF and the off-loading Vessel. 

This is the responsibility of Procurement and Logistics  

9. Ensure there is lighting in place at the transfer flange to provide 
illumination during any transfers taking place during the low to no 
light hours. 

This is the responsibility of Procurement and Logistics 
 

10. Prior to any discharge AEM must receive a copy of the Ship/Shore 
checklist completed by Woodward.  And should verify this has been 
completed (as much as realistically possibly without boarding the 
ship). 

This is the responsibility of Procurement and Logistics  
 

11.  Contact must be made with both the H&S and Environmental 
Departments prior to the discharge of fuels. 

Meadowbank Health & Safety 
meadowbank.healthandsafety@agnicoeagle.com 

Meadowbank Environment 
meadowbank.environment@agnicoeagle.com 

This is the responsibility of Procurement and Logistics  

   

12. The Pre-discharge Checklist for AEM’s Oil Handling Facility in 
Baker Lake must be completed, signed and provided to the 
Environment department prior to discharge. (*Checklist found on Page 5) 

This must be done for each fuel tanker for each campaign. 

This is the responsibility of Procurement and Logistics  
 

Transfer   

1. Once the above points are completed, the ship to shore transfer can 
commence.  

2. Photos of the complete fuel transfer process should be taken, 
visually proving that all above procedures have been reached.  

This is the responsibility of Environment department and 
Procurement and Logistics.  
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3. During the ship-to-shore transfer, AEM will have competent 
personnel on location at all times to monitor the fuel transfer and 
maintain contact with the tanker’s crew. 

This is the responsibility of Procurement and Logistics.  

4. Monitor the fuel transfer at the beginning of each transfer and after 
that on an hourly basis checking the manifold, conduit, tank, and any 
connection points on land for spills and/or leaks.  Communication 
between shore and ship should take place on an hourly basis. 

This is the responsibility of Procurement and Logistics. 

 

 

5. We are required by law to have a fuel spill scenario every two years.  
However, since we have shift work at Meadowbank, to ensure 
adequate training annually we will do mock spill/training and switch 
shifts each year.  This way each shift completes every second year. 

This is the responsibility of Environment Department in conjunction 
with ERT to plan and execute. 
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APPENDIX D 1.3 �± 2016 Meeting Minutes of Fuel Transfer Procedure Revision Meeting  
  





11 
Contact must be made with both the H&S and 

Environmental Departments prior to the discharge of 
fuels (generally by email) 

 
P&L 

Prior to each 
transfer 

12 

The Pre-discharge Checklist for AEM’s Oil Handling 
Facility in Baker Lake must be completed, signed and 

provided to the Environment department prior to 
discharge.  

This must be done for each fuel tanker for each 
campaign.  

 
P&L (Intertek) 

Prior to each 
transfer 

During Transfer Procedure review  

1 

Once the above points are completed, the ship to shore 
transfer can commence 

- Valve opening and sequence for tank filling will be 
completed by E&I 

  

2 
Photos of the complete fuel transfer process should be 
taken, visually proving that all above procedures have 

been reached 

 
ENV. and P&L 

Prior and 
during transfer

3 

During the ship-to-shore transfer, AEM will have 
competent personnel on location at all times to monitor 
the fuel transfer and maintain contact with the tanker’s 

crew. 

 

 
P&L (Intertek) 

During 
transfer 

4 

Monitor the fuel transfer at the beginning of each transfer 
and after that on an hourly basis checking the manifold, 

conduit, tank, and any connection points on land for 
spills and/or leaks.  Communication between shore and 

ship should take place on an hourly basis 

 
 

P&L (Intertek) 

During 
transfer 

5 

We are required by law to have a fuel spill scenario every 
two years.  However, since we have shift work at 

Meadowbank, to ensure adequate training annually we 
will do mock spill/training and switch shifts each year.  

This way each shift completes every second year. 

 
ENV and ERT 

Summer, 
during period 

of transfer 

Miscellaneous 

1 

 
Document required prior to fuel transfer 
 

- Hose certifications (Hydrostatic test) – Woodwards (will be 
included in OPEP) 

- **Notice of readiness, Floating hose Ship/Shore Cargo 
checklist , Cargo preparation checklist - Woodwards 

- OHF Ship to Shore Fuel Discharge AEM Checklist prior to 
transfer - AEM 

 

 

P&L 

 
 
 
 
 
 
 



2 

 
Intertek role and responsibility   
 
Intertek is the contractor under the responsibility of P&L hired 
for the fuel transfer. Intertek must be aware of the required 
procedure for the fuel transfer and have received the proper 
documents (OPEP, OHF / Ship to Shore Fuel Discharge AEM 
procedure). Intertek will complete some tasks related to P&L 
responsibilities during transfer.  

 

P&L 

 

3 

 
           Management of the wildlife monitors to be on the  

barge 
 

- ENV will contact Woodwards for lodging on the boat 
- ENV will contact Comm. Affairs in BL for management of the 

monitors this summer 

 
ENV/Comm. 

Affairs  

 

4 

 
            Inspection by Environment 

 
ENV 

 
 

 
Prior and 
during 
transfer 
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APPENDIX D 1.4 �± 2016 Mock Spill Minutes  
  





           
 
 
 
 
 

13:36 – Intertek crew calls the vessel to stop transfer of fuel and relays the message of leaking flange at 
transfer valve to the Captain. 
 

 
 

13:40 – Intertek crew has receive confirmation from captain of vessel that fuel transfer has stopped.  
Intertek calls Code 1 to Baker Lake dispatch.  BL dispatch confirms the spill and advises Intertek that they 
will relay information to Environment department. 
 
13:45 – Intertek crew goes to Emergency Sea-Can to pull out spill response equipment 
 

 
 

13:50 – Spill response equipment is deployed by Intertek crew and containment of the spill commences.  
ENV Tech arrives on site to assess the spill and advise crew of containment and clean up actions 
 
 
 
 
 
 



           
 
 
 
 
 
13:52 – AEM ENV Tech relays status of the spill and clean up/containment actions to AEM Control room.   

 

 
 

 
 

13:55 – AEM ENV Tech asks Site Service for vacuum truck and ENV team for Emergency spill trailer with 
pump to be brought down to Baker Lake to empty secondary containment pool. 
 
14:00 – AEM ENV Tech asks Intertek crew if the spill is contained.  Intertek confirms and ENV tech relays 
status of spill to MBK control room and MBK environment team. 
 
 
 
 
 
 
 
 
 
 



           
 
 
 
 
 
 
AEM Comments/Recommendations:   Intertek crew communicated and confirmed with the vessel the 
stopping of fuel transfer.  The Baker Lake dispatch was also notified of the spill.  After identifying the 
source of the spill and assuring the safety of the crew - Intertek commenced preparing spill response 
equipment for containment and clean up. 
 
AEM stressed the importance of taking all necessary precautions to ensure that a spill does not enter 
Baker Lake.  Containment booms, diversion booms, or maritime booms are all available in the Emergency 
Sea Cans.  Be sure to use all available resources to contain spill.  AEM also mentioned that any heavy 
equipment such as backhoes, excavators, dump truck is available at any time in the event of a spill.  
Intertek should not hesitate to ask for AEM assistance. 
 
AEM mentioned the importance of the making the facility safe by installing barricades or a “No Entry” 
perimeter around the spill area.  Intertek should not hesitate to ask for AEM assistance. 
 
AEM mentioned to Intertek/ENV Tech to follow chain of command.  Use people/resources as necessary – 
i.e. send 1 or 2 people to get spill response gear, another person to barricade area, another person to call 
dispatch or control, etc. 
 
AEM mentioned the OPEP and Spill Contingency plan located in the spud barge office.  If Intertek crew is 
unsure of what to do or what procedures to follow – they can refer to the plans listed above or call 
Environment department.  Again – Intertek should not hesitate to ask for AEM assistance. 
 
 
Intertek Comments/Recommendatio ns:  Intertek asked AEM to provide a radio with BL Dispatch, 
Vessel, and Spud Barge radio frequencies to allow for quicker communication with the Spud Barge and 
BL dispatch in the event of a spill. 
 
Intertek asked AEM to provide more “spill” drums (at each connection) or move one of the emergency 
spill Sea-cans closer to the transfer valve to allow for faster deployment of spill recovery equipment in 
the event of a spill. 
 
Intertek asked AEM for a solid berm or a solid secondary containment pool around the transfer valve.  
The current secondary containment pool walls are pushed down by the pipes and would not fully contain 
a spill or leak if it occurred.  Intertek suggested a small genset, pump, and empty tote be accessible to 
empty the containment pool in the event of a spill. 
 
Intertek suggested to AEM an upgrade of spill response equipment, including more equipment to respond 
a spill that entered Baker Lake.  
 
Intertek asked for additional tower lights along the pipeline to assist in the inspection process. 
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APPENDIX E 1.1�± COASTAL SHIPPING LTD . SHIP GENERAL CHECKLIST  
 

  



ARCTIC WATERS OIL TRANSFER  TRANSFER PARTICULARS ��

VESSEL / STATION INFORMATION �� �/�R�F�D�W�L�R�Q���� ��
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�2�I�I�L�F�H�U���L�Q���&�K�D�U�J�H�� �� �� �)�L�Q�L�V�K���'�D�W�H�� ��
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ARCTIC WATERS OIL TRANSFER  GENERAL CHECKLIST FOR ALL TRANSFERS 

GENERAL PROCEEDURE CHECK SUPPLIER RECIPIENT COMMENTS 

 YES INITIAL DATE INITIAL DATE  

������ �3�U�H���W�U�D�Q�V�I�H�U���3���$�����$�Q�Q�R�X�Q�F�H�P�H�Q�W���P�D�G�H�"�� �� �� �� �� �� ��

������ �$�O�O�� �S�H�U�V�R�Q�Q�H�O���L�Q�Y�R�O�Y�H�G���D�U�H���L�Q�I�R�U�P�H�G���	���D�G�H�T�X�D�W�H�O�\���W�U�D�L�Q�H�G�"�����$��
�G�H�V�L�J�Q�D�W�H�G�� �S�H�U�V�R�Q���L�Q���F�K�D�U�J�H���R�Q���G�X�W�\���D�W���D�O�O���W�L�P�H�V���G�X�U�L�Q�J���W�K�H���W�U�D�Q�V�I�H�U��
�R�S�H�U�D�W�L�R�Q�"��

�� �� �� �� �� ��

���������������/�D�Q�J�X�D�J�H���D�J�U�H�H�G���W�R�"

���������������$�O�O���F�R�P�P�X�Q�L�F�D�W�L�R�Q�V���L�Q�F�O�X�G�L�Q�J���%�D�F�N�X�S���6�\�V�W�H�P���W�H�V�W�H�G�"

���������������,�V���I�L�U�H���I�L�J�K�W�L�Q�J���H�T�X�L�S�P�H�Q�W���W�H�V�W�H�G�����D�Y�D�L�O�D�E�O�H���	���D�U�H���I�L�U�H���V�F�U�H�H�Q�V���L�Q���S�O�D�F�H�"

���������������$�U�H�����D�O�O���U�H�J�X�O�D�W�L�R�Q�V���I�R�U���W�U�D�Q�V�I�H�U���X�Q�G�H�U�V�����������W�R�R�G�����D�Q�G���R�E�V�H�U�Y�H�G���D�Q�G�����1�2
�6�0�2�.�,�1�*�����1�$�.�(�'���/�,�*�+�7�6���R�U���)�/�$�0�(�6�����V�L�J�Q�V���S�R�V�W�H�G�"

���������������$�U�H���I�O�D�V�K�O�L�J�K�W�V�����L�Q�W�U�L�Q�V�L�F�D�O�O�\���V�D�I�H�����D�Q�G���D�S�S�U�R�Y�H�G�"

���������������$�U�H���Z�L�Q�G�R�Z���W�\�S�H���$���&�����X�Q�L�W�V���V�Z�L�W�F�K�H�G���R�I�I�"

���������������$�U�H���H�[�W�H�U�L�R�U���G�R�R�U�V���D�Q�G���S�R�U�W�V���O�H�D�G�L�Q�J���W�R���P�D�L�Q���G�H�F�N���F�O�R�V�H�G�"

�������������,�V���H�T�X�L�S�P�H�Q�W�����W�R�R�O�V���	���P�D�W�H�U�L�D�O���U�H�T�X�L�U�H�G���I�R�U���W�U�D�Q�V�I�H�U���D�Y�D�L�O�D�E�O�H���D�W���K�D�Q�G�"

�������������,�V���F�R�Q�W�D�L�Q�P�H�Q�W���H�T�X�L�S�P�H�Q�W���D�Q�G���D�E�V�R�U�E�H�Q�W���P�D�W�H�U�L�D�O���D�Y�D�L�O�D�E�O�H�"

�������������+�D�V���7�U�D�Q�V�I�H�U���(�P�H�U�J�H�Q�F�\���6�K�X�W�G�R�Z�Q���E�H�H�Q���W�H�V�W�H�G�"

�������������+�R�V�H�V���W�R���E�H���X�V�H�G���K�D�Y�H���E�H�H�Q���F�K�H�F�N�H�G���I�R�U��

�D�����������F�R�U�U�H�F�W���G�L�D�P�H�W�H�U���	���O�H�Q�J�W�K���W�R���U�H�D�F�K���R�W�K�H�U���V�W�D�W�L�R�Q����

�E�����������F�K�D�I�L�Q�J�����F�U�D�F�N�V���R�U���R�W�K�H�U���G�H�I�R�U�P�D�W�L�R�Q��

�F�����������G�D�P�D�J�H�G���I�L�W�W�L�Q�J�V��

�G�����������E�O�D�Q�N�L�Q�J���R�I���K�R�V�H�V��

�H�����������F�R�Q�W�L�Q�X�L�W�\��

�������������$�O�O���U�H�S�D�L�U���Z�R�U�N���D�W���H�L�W�K�H�U���V�W�D�W�L�R�Q���V�W�R�S�S�H�G�������L�I���G�D�Q�J�H�U�R�X�V�����I�R�U���W�U�D�Q�V�I�H�U��

�������������,�Q�H�U�W���J�D�V���V�\�V�W�H�P���L�V���I�X�O�O�\���R�S�H�U�D�W�L�R�Q�D�O�����L�I���I�L�W�W�H�G����

�������������0�D�L�Q���W�U�D�Q�V�P�L�W�W�L�Q�J���D�H�U�L�D�O�V���D�Q�G���U�D�G�D�U���V�F�D�Q�Q�H�U�V���D�U�H���X�V�H�G���Z�L�W�K���G�X�H���F�D�U�H����
�9�(�5�6�,�2�1�������$�3�5�,�/����������



�� �� �� �� �� ��

�������� �,�V���W�K�H�U�H���D���F�O�H�D�U���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���W�K�H���Z�D�W�F�K���D�Q�G���V�K�L�I�W���D�U�U�D�Q�J�H�P�H�Q�W�"�� �� �� �� �� �� ��

�������� �:�L�O�O�� �W�K�H�U�H���E�H���V�X�I�I�L�F�L�H�Q�W���S�H�U�V�R�Q�Q�H�O���D�Y�D�L�O�D�E�O�H���D�W���D�O�O���W�L�P�H�V���W�R���P�R�Q�L�W�R�U���W�K�H��
�W�U�D�Q�V�I�H�U�� �R�S�H�U�D�W�L�R�Q�����W�H�Q�G���F�D�U�J�R���K�R�V�H���D�Q�G���P�R�R�U�L�Q�J���O�L�Q�H�V���D�Q�G���W�D�N�H��
�D�S�S�U�R�S�U�L�D�W�H���D�F�W�L�R�Q���L�Q���D�Q���H�P�H�U�J�H�Q�F�\�"��

�� �� �� �� �� ��

ARCTIC WATERS OIL TRANSFER                                                 GENERAL CHECKLIST FOR ALL TRANSFERS (Continued)

GENERAL PROCEEDURE CHECK SUPPLIER RECIPIENT                      COMMENTS

                                                                                                                                YES         INITIAL       DATE       INITIAL        DATE

17.   All craft alongside are authorised and following hazard warnings, etc.

�������������,�V���K�R�V�H���W�H�V�W���F�H�U�W�L�I�L�F�D�W�H���R�U���U�H�F�R�U�G�V���D�Y�D�L�O�D�E�O�H���I�R�U���L�Q�V�S�H�F�W�L�R�Q�"

�������������+�D�Y�H���Z�H�D�W�K�H�U���D�Q�G���L�F�H���U�H�S�R�U�W���V���E�H�H�Q���G�H�W�H�U�P�L�Q�H�G�"

�������������$�U�H���J�D�V���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���D�F�F�X�P�X�O�D�W�L�R�Q�V���L�Q���V�W�L�O�O���D�L�U���F�R�Q�G�L�W�L�R�Q�V���P�R�Q�L�W�R�U�H�G�"

�������������$�U�H���D�O�O���V�F�X�S�S�H�U�V���S�O�X�J�V���L�Q���S�O�D�F�H�"

�������������$�U�H���P�D�L�Q���G�H�F�N�V���I�U�H�H���R�I���V�W�D�Q�G�L�Q�J���Z�D�W�H�U�"

�������������:�H�U�H���P�D�Q�L�I�R�O�G�V���G�U�D�L�Q�H�G���E�H�I�R�U�H���U�H�P�R�Y�L�Q�J���E�O�D�Q�N�V�"

�������������$�U�H���S�U�H�V�V�X�U�H���J�D�X�J�H�V���U�H�D�G�\���D�Q�G���L�Q���S�O�D�F�H�"

�������������$�O�O���V�H�D���Y�D�O�Y�H�V���R�Q���F�D�U�J�R���V�\�V�W�H�P�V���F�O�R�V�H�G�"

�������������$�U�H���G�U�L�S���F�D�Q�V���D�Q�G���W�U�D�\�V���L�Q���S�O�D�F�H�����D�Q�G���H�P�S�W�\�"

�������������,�V���O�L�J�K�W�L�Q�J���D�G�H�T�X�D�W�H���I�R�U���D�O�O���W�U�D�Q�V�I�H�U���U�H�T�X�L�U�H�P�H�Q�W�V�"

�������������,�V���P�R�R�U�L�Q�J���Z�D�W�F�K���E�H�L�Q�J���P�R�Q�L�W�R�U�H�G�"

�������������$�U�H���V�S�L�O�O���U�H�S�R�U�W�L�Q�J���S�U�R�F�H�G�X�U�H�V���X�Q�G�H�U�V�W�R�R�G�"

�������������$�U�H���D�O�O���W�D�Q�N���Y�H�Q�W�V���I�U�H�H���R�I���E�O�R�F�N�D�J�H�"

�������������+�D�Y�H���3�U�H�V�V�X�U�H���9�D�F�X�X�P���5�H�O�L�H�I�����3�9�5�����Y�D�O�Y�H�V���E�H�H�Q���F�K�H�F�N�H�G�"

�������������+�D�V���D���S�R�V�W���W�U�D�Q�V�I�H�U���3�$���D�Q�Q�R�X�Q�F�H�P�H�Q�W���E�H�H�Q���P�D�G�H�"

�������������$�U�H���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���V�L�J�Q�D�O�V���E�H�L�Q�J���G�L�V�S�O�D�\�H�G�"�����L�I���U�H�T�X�L�U�H�G��

�������������+�D�V���D���Z�U�L�W�W�H�Q���S�U�R�F�H�G�X�U�H���D�Q�G���W�K�H���V�H�T�X�H�Q�F�H���R�I���W�K�H���W�U�D�Q�V�I�H�U���E�H�H�Q���D�J�U�H�H�G
�X�S�R�Q�"
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APPENDIX E 1.2�± COASTAL SHIPPING LTD . SHIP TO SHORE CHECKLIST  

  



ARCTIC WATERS OIL TRANSFER  CHECKL IST FOR SHIP TO SHORE TRANSFERS 

SHIP to SHORE - PROCEEDURE CHECK SUPPLIER RECIPIENT COMMENTS 

 YES INITIAL DATE INITIAL DATE  

������ �+�D�V���W�K�H���*�H�Q�H�U�D�O���&�K�H�F�N�O�L�V�W���I�R�U���$�O�O���7�U�D�Q�V�I�H�U�V���F�R�P�S�O�H�W�H�"�� �� �� �� �� �� ��

������ �$�U�H���D�O�O���Y�H�K�L�F�O�H�V���R�X�W�V�L�G�H���W�K�H���D�J�U�H�H�G���V�D�I�H���G�L�V�W�D�Q�F�H�"�� �� �� �� �� �� ��

������ �$�U�H���W�K�H���H�P�H�U�J�H�Q�F�\���W�R�Z�L�Q�J���Z�L�U�H�V���L�Q���S�O�D�F�H�"�� �� �� �� �� �� ��

������ �,�V���W�K�H���Y�H�V�V�H�O���U�H�D�G�\���W�R���P�R�Y�H���X�Q�G�H�U���L�W�V���R�Z�Q���S�R�Z�H�U���L�P�P�H�G�L�D�W�H�O�\�"�� �� �� �� �� �� ��

������ �+�D�V���D���K�R�V�H���G�U�D�L�Q�D�J�H���S�O�D�Q���E�H�H�Q���D�J�U�H�H�G���X�S�R�Q�"�� �� �� �� �� �� ��

������ �+�D�V���W�K�H���K�R�V�H���V�W�U�L�Q�J���E�H�H�Q���F�K�H�F�N�H�G���W�R���Z�R�U�N�L�Q�J���S�U�H�V�V�X�U�H�"�� �� �� �� �� �� ��

������ �,�V�� �D���Z�R�U�N���E�R�D�W���G�H�S�O�R�\�H�G���W�R���F�K�H�F�N���W�K�H���K�R�V�H���I�U�H�T�X�H�Q�W�O�\���I�R�U���O�H�D�N�V���G�X�U�L�Q�J��
�W�U�D�Q�V�I�H�U�"��

�� �� �� �� �� ��

������ �$�U�H���D�O�O���W�U�D�Q�V�I�H�U���D�V�V�R�F�L�D�W�H�G���Y�D�O�Y�H�V���D�Q�G���W�D�Q�N�V���F�O�R�V�H�G���D�I�W�H�U���W�U�D�Q�V�I�H�U�"�� �� �� �� �� �� ��

������ �+�D�Y�H���K�R�V�H�V���E�H�H�Q���S�X�U�J�H�G���S�U�L�R�U���W�R���W�K�H�L�U���U�H�W�X�U�Q���W�R���W�K�H���Y�H�V�V�H�O�"�� �� �� �� �� �� ��

�������� �$�U�H���K�R�V�H�V���D�Q�G���R�W�K�H�U���W�U�D�Q�V�I�H�U���H�T�X�L�S�P�H�Q�W���S�U�R�S�H�U�O�\���V�W�R�Z�H�G�"�� �� �� �� �� �� ��

�9�(�5�6�,�2�1�������$P�5�,L����������
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APPENDIX E 1.3�± COASTAL SHIPPING LTD . CARGO PRE ARRIVAL  
 

  



ARCTIC WATERS OIL TRANSFER  CHECKLIST FOR BARGE TRANSFERS  

BARGE - PROCEEDURE CHECK SUPPLIER RECIPIENT COMMENTS 

 YES INITIAL DATE INITIAL DATE  

������ �+�D�V���W�K�H���*�H�Q�H�U�D�O���&�K�H�F�N�O�L�V�W���I�R�U���$�O�O���7�U�D�Q�V�I�H�U�V���E�H�H�Q���F�R�P�S�O�H�W�H�G�"�� �� �� �� �� �� ��

������ �,�V�� �W�K�H���G�L�V�F�K�D�U�J�H�� �S�X�P�S���D�V���F�O�R�V�H���D�V���S�R�V�V�L�E�O�H���W�R���V�X�F�W�L�R�Q���S�L�S�H���R�I���W�K�H��
�G�L�V�F�K�D�U�J�H���W�D�Q�N�"��

�� �� �� �� �� ��

������ �&�K�H�F�N���K�D�U�G���O�L�Q�H���K�R�V�H���E�H�W�Z�H�H�Q���S�X�P�S���D�Q�G���W�D�Q�N�����L�I���I�L�W�W�H�G���"�� �� �� �� �� �� ��

������ �&�K�H�F�N���F�R�X�S�O�L�Q�J�V���R�Q���G�L�V�F�K�D�U�J�H���E�H�W�Z�H�H�Q���S�X�P�S���D�Q�G���U�H�F�L�S�L�H�Q�W�"�� �� �� �� �� �� ��

������ �'�R���Q�R�W���H�[�F�H�H�G���W�K�H���I�R�O�O�R�Z�L�Q�J����

�� �D�����P�D�[�L�P�X�P���O�L�V�W�����3���	���6����

�� �E�����P�D�[�L�P�X�P���W�U�L�P�����)�:�'���	���$�)�7����

�� �� �� �� �� ��

������ �$�U�H���E�D�U�J�H���W�D�Q�N���G�L�D�J�U�D�P�V���D�Q�G���S�L�S�H���V�F�K�H�P�D�W�L�F�V���D�Y�D�L�O�D�E�O�H�"�� �� �� �� �� �� ��

������ �$�U�H���I�H�Q�G�H�U�V���E�H�W�Z�H�H�Q���W�K�H���E�D�U�J�H���D�Q�G���R�W�K�H�U���Y�H�V�V�H�O�"�� �� �� �� �� �� ��

������ �,�V���E�D�U�J�H���H�T�X�L�S�P�H�Q�W���E�R�Q�G�H�G���W�R���E�D�U�J�H���V�W�U�X�F�W�X�U�H�"�� �� �� �� �� �� ��

������ �$�U�H���I�L�U�H���V�F�U�H�H�Q�V���L�Q�V�W�D�O�O�H�G���L�Q���X�O�O�D�J�H���R�S�H�Q�L�Q�J�V�"�� �� �� �� �� �� ��

�������� �$�U�H���D�O�O���Y�D�O�Y�H�V���F�O�R�V�H�G���D�Q�G���K�R�V�H�V���V�W�R�Z�H�G���D�I�W�H�U���F�R�P�S�O�H�W�L�R�Q���R�I���W�U�D�Q�V�I�H�U�"�� �� �� �� �� �� ��

��
��
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APPENDIX F �± Agnico  Internal Spill Report Form  
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EXECUTIVE SUMMARY 
 
 
General  Information 
 
The Landfarm Design and Management Plan (LDMP) describe the design features and 
operational procedures for the landfarm constructed at the Meadowbank Gold Project site 
for the storage and treatment of petroleum hydrocarbon contaminated soil. 
 
Ann ual Review 
 
The LDMP will be reviewed and updated if necessary. Completion of the review of the LDMP 
will be documented through signatures of the personnel responsible for reviewing, updating 
and approving the LDMP. 
 
Record of  Change s 
 
A record will document all significant changes that have been incorporated in the LDMP 
subsequent to the latest review. The record will include the names of the persons who made 
and approved the change, as well as the date of the approval. 
 
Distrib ution List  
 
Agnico Eagle Mines Limited will maintain a distribution list for the LDMP providing information 
about all parties that receive the plan including mine personnel, departments, and outside 
agencies. 
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IMPLEMENTATION SCHEDUL E 
 
As required by Water License 2AM-MEA1525, Part B, Item 11, the proposed implementation 
schedule for this Plan is effective immediately (February 2017) subject to any modifications 
proposed by the NWB as a result of the review and approval process. 
 
 
DISTRIBUTION LIST 
 
Agnico Eagle – Environmental Superintendent  
Agnico Eagle – Environmental Senior Coordinator  
Agnico Eagle – General Mine Manager 
Agnico Eagle – Energy and Infrastructure Superintendent  
Agnico Eagle – Field Services Supervisor  
Agnico Eagle – Engineering Superintendent 
 
 
DOCUMENT CONTROL 
 
Version  Date 

 
Section  Page Revision  

1 08/10/08 2  Remediation guidelines used and the parameters 
measured 

  7  Details on storage and treatment options for metals, 
solvents, glycol and heavy oils; Measures to prevent 
damage to the liner during mechanical operation 

  4  Contingency plans for exceedances in the amounts of 
contaminated soil and/or snow/ice 

  5  Details describing the design 
components/specifications of the spillway 

  8  Contingency planning and monitoring of sump volumes 
during the snowmelt period 

2 12/10/22 All All Comprehensive revision to original plan 

3 13/02/28 All All Further detail and rationale provided 

4 17/02/20 All All Comprehensive review. Add detail regarding the 
Landfarm #2 

 
 
Prepared By: Meadowbank Environment Department 
 
 
Approved By: Jamie Quesnel 
  Environmental Superintendent 
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1 INTRODUCTION  

 

1.1 Background 

In 2008 the Landfarm Design and Management Plan was developed by Agnico Eagle in 
accordance with Water License 2AM- MEA0815 to describe the handling and remediation of 
petroleum hydrocarbon (PHC)-contaminated soil at the Meadowbank site. During construction 
and initial operations (2008-2011, prior to construction of the landfarm facility), soil potentially 
contaminated with PHCs, as a result of spills was deposited in two quarries (Q5 and Q22) 
along the All Weather Access Road (AWAR). The majority of this soil was from a transport 
tanker spill in 2010 and from the contractor camp used for roadway construction in 2007 
and 2008. In 2012 the transport of this soil back to the minesite for treatment/storage at the 
onsite landfarm began. Subsequent landfarm design and management plan modifications 
(Version 2 and 3) focused on minimizing the waste footprint onsite, and maximizing 
remediation potential through implementation of a pilot bioremediation project, as well as spill 
prevention and contingency planning. The current version (Version 4) has been updated to 
describe construction of an extension to the original landfarm, and construction of a new 
landfarm facility in 2016. 
 
1.2 Objectives  

Onsite storage and remediation has been established as the preferred method for treatment of 
petroleum hydrocarbon-contaminated soil that may be generated on the Meadowbank site, 
Exploration Camp and Amaruq Road. Specifically, remediation through landfarming has been 
identified as the primary treatment option and, as such, is the focus of this contaminated soil 
management plan. A pilot project to enhance rates of bioremediation through addition of a 
nutrient source is also described. Alternate contingency options in the event that landfarming 
is not successful or as efficient as planned are also discussed. 
 
This plan is a component of the Meadowbank Environmental Management System. The 
objectives of this plan are: 
 

�x To provide an overview of contaminated soil management at Meadowbank 
�x To describe the physical setting, location and design criteria of the landfarm 
�x To define acceptable types of contaminated soils to be placed in the landfarm and 

conditions for removal of treated soil 
�x To define operating procedures and monitoring requirements for the landfarm, including 

the pilot bioremediation project 
�x To describe contingency options for alternate treatment/storage of PHC contaminated 

soil 
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2 SPILL PREVENTION  

2.1 Spill Management Documentation  

Spill prevention is the first stage in contaminated soil management at the Meadowbank site. 
Three documents describe spill prevention, management and response at this facility: the Spill 
Contingency Plan, the Emergency Response Plan, and the Oil Pollution Emergency Plan. 
Specifically, Section 2.1 of the Spill Contingency Plan describes spill prevention measures and 
can be referred to for further detail. All are updated regularly. General spill prevention 
methods include: 

�x Regular inspections of fuel/chemical storage areas for leaks 
�x Training in safe handling procedures 
�x Keep containers sealed 
�x Use methods of secondary containment 
�x Keep over pack drums nearby to contain leaking drums 
�x Keep storage area secure from unauthorized access, and protected from weathering 

and damage 
�x Segregate incompatible materials 
�x Regular meetings with site departments 

 

2.2 Spill Severity  

In 2011, spills of landfarmable materials (fuel and hydraulic oil) at Meadowbank totaled 5,338 
liters. In 2012, Meadowbank Division Environment Department increased delivery of spill 
prevention programing. This included more departmental information sessions to maintain 
awareness about spill prevention methods and reporting procedures. In 2012, spills of fuel and 
hydraulic oil have been reduced to 3,012 liters. In 2013, the Environment Department 
incorporated a site wide training session for every employee on site. In addition, the 
Emergency Response Team as well as Environment and Road Maintenance staff had 
extensive training in spill response by a consultant specializing in spill training (January, 
2013). Training pertains to spill response on the tundra as well as surface water. In addition, 
Agnico has begun use of a new hydraulic fluid (HydrexTM Extreme; Petro-Canada) that contains 
no heavy metals and is 40% biodegradable in 28 days. It is therefore estimated that any soil 
contaminated with the new fluid will be more rapidly remediated in the landfarm than soil 
contaminated with the previously used fluid.  A significant increase of reported spills was noted 
in 2016 comparing to previous years.  The overall changes are a result of different factors, 
focus on proper spill reporting, equipment wear and increased mining production.  An action 
plan was initiated to address the increase and identify proper improvement channels. 
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3 LANDFARM DESIGN  

3.1 Background 

When spills do occur, onsite storage and remediation is the most practical and efficient 
method of handling contaminated soil, particularly in an isolated location like Meadowbank. 
For PHC contamination, bioremediation through landfarming has been identified as a viable 
remedial technique. This method involves spreading, mechanical mixing, and placing the 
contaminated soil in windrows within a containment area and promoting conditions favorable 
for the volatilization and aerobic microbial degradation of hydrocarbons.  A number of 
environmental factors and physical properties of the soil affect microbial growth and rates of 
biodegradation, including temperature, soil moisture, nutrient content, salinity and soil particle 
size. 
 
Previously, a landfarm options analysis prepared for Agnico by Golder (2007a) identified some 
of these factors, and presented the following information from the literature on landfarming in 
the north. Although rates of biodegradation decline with temperature, landfarming is still a 
feasible technique in arctic climates (Reimer et al. 2005). Microbial activity stops between 0 – -
5°C (although volatilization continues at this temperature), so degradation in the north is 
typically restricted to the months of June – September. Nevertheless, degradation was 
reported at 70% after one year in a study in Alert, NU (Greer et al. 2007), and 90% over two 
summers on Resolution Island (Paudyn et al. 2005). 
 

3.2 Location  

The overall site plan for the Meadowbank Gold Project and the location of the landfarm 
facilities are shown in Figure 1. This central location was chosen to minimize the waste 
footprint on site and the transport distance of contaminated material from spill locations. All of 
the waste generated at Meadowbank in the form of tailings, wasterock and the site landfill 
is in close proximity. The location of the original landfarm facility (Landfarm 1) is directly north 
of the South Cell Tailings Facility. In 2016, Landfarm 1 was extended due to operational work 
required at the buttress of the Stormwater Dike. The Landfarm 1 extension as-built drawing is 
presented in Figure 2. 
 
In 2016, a second landfarm facility (Landfarm 2) was constructed in the same general location 
within the South Cell Tailings impoundment, since the Landfarm 1 facility is planned to be 
flooded by reclaim water in mid-2017.  Landfarm 2 is located on the north east side of the 
South Tailing Cell, north of the Central Dike.  Specifications of the Landfarm 2 design are 
presented in the as-built drawing, Figure 3.  As with the original landfarm, the Landfarm 2 
facility is designed with one soil remediation/storage cell.  
 
Landfarm 1 may continue to be used until mid-2017. At that point, any un-remediated soil will 
be moved to Landfarm 2 as necessary. 
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Figure 1. General location of Landfarm 1 and Landfarm 2.  
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Figure 2. Landfarm 1 as- built design   
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Figure 3. Landfarm 2 as- built design  
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3.2.1 Proximity of Surface Water 

Landfarm 1 is located 300 m from the nearest water body, Third Portage Lake (TPL) and 
immediately adjacent to the North Cell Tailings Storage Facility (TSF). Surface drainage in this 
area is easterly, towards the TSF and away from TPL. 
 
Landfarm 2 is 900 m west of the nearest water body (Dogleg Lake).  Surface drainage in the 
area of Landfarm 2 is westerly, towards the South Tailings Cell and away from surface 
watercourses. 
 

3.2.2 Proximity of Groundwater 

In the Meadowbank area, the shallow groundwater is estimated to be 1.5 m below surface 
(active layer July – October), at the average depth of thaw. In order to prevent movement of 
contaminants from the landfarm facility into groundwater, Environment Canada (SAIC, 2006) 
recommends implementation of a barrier with 10-7 m/s hydraulic conductivity at a thickness of 
0.6 m. The Meadowbank Landfarm 1 facility pad is constructed of 2.7 m of compacted till with 
a hydraulic conductivity of 10-7 m/s. The Landfarm 2 cell is constructed with a 0.5 m thick layer 
of compacted till base with hydraulic conductivity estimated of 10-7 m/s, over a constructed pad 
which varies between 6 m and 22.5 m in thickness. Therefore, no impacts to groundwater are 
anticipated. 
 

3.3 Design 

The landfarm facilities are designed with one soil remediation/storage cell. The design 
volumes of the cells are based on allowances for the materials to be treated. This 
calculation is described in the following section. 
 

3.3.1 Soil Volume Requirements Landfarm 2 

In September 2016, Landfarm 1 held a total of 1,258 m3 of contaminated soil, based on survey 
results. Currently production will continue through 2018 for an expected additional required 
landfarm capacity of 692 m3 (2 years x 346 m3/year; average yearly amount of contaminated 
soil, from LDMP (Agnico, 2013)).  With an additional 30% for contingency, and conservatively 
assuming that no soil will be remediated in Landfarm 1 in 2017 and before closure, the total 
estimated required capacity for landfarm 2 is 2,535 m3. 
 

3.3.2 Design Specifications 

Specifications of the landfarm designs are shown in Figure 2 and 3.  Landfarm 1 is constructed 
with a 1.5 m high berm and a 2.7 m deep compacted till base with hydraulic conductivity of 
1x10-7 m/s. The slope of the base is 1.5%.  
 
Landfarm 2 is constructed with a 2.5 m high berm and a 0.5 m thick compacted till base with 
hydraulic conductivity estimated of 10-7 m/s.  The slope of the base is 3% towards the east 
side, and 7% towards the South Tailings Cell. The pad under the till layer on top of the tundra 
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varies from 6 – 22.5 m thick. 
 
For Landfarm 1, the useful landfarm area is 5,247 m2, with the extension. The area of 
Landfarm 2 is 3,815 m2. Based on landfarm specifications of other northern mines (Ekati 
Diamond Mine – in Golder, 2007a), contaminated material can be stockpiled up to 4 m high. 
Accounting for a 25% loss of area due to sloping at that windrow height, the landfarm area will 
allow for the storage of a maximum of 11,445 m3. This will readily accommodate the estimated 
total of 2,535 m3 of contaminated soil, should all of it need to be stored until closure. In 
addition, ample room will be available to accommodate a designated area for spreading of 
contaminated coarse-grained material that cannot be bioremediated (see Section 4.2.2). 
 
Based on the available area, maximum windrow size will be 15 m wide at base x 4 m high x 50 
m long, but smaller piles will be used as space allows maximizing rates of biodegradation and 
volatilization. 
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4 LANDFARM OPERATION A ND MAINTENANCE  

The following presents the operational procedures that apply to each landfarm facility. 
 

4.1 Management Responsibility  

Agnico Eagle will be responsible for managing and implementing the operation plan. 
Operation and monitoring of the facility will come under the responsibility of the Environment 
Superintendent. Designation of training requirements is the responsibility of Meadowbank 
Environment Department. 
 

4.2 Acceptable Materials  

4.2.1 Contaminants 

The landfarm facility will only treat and/or store petroleum hydrocarbon contaminated soils that 
have been generated through mine-related activities at the Meadowbank Gold, Project 
Meadowbank exploration camp and the Amaruq Road. Material from other sites will not be 
accepted without approval from the Nunavut Water Board, AANDC Water Resources Officers 
and the Kivalliq Inuit Association. 
 
The following products may be treated in the landfarm if used onsite and spilled on soil: 
 
�x  Diesel fuel 
�x  Gasoline 
�x  Aviation fuel (Jet A) 
�x  Hydraulic oil 
�x  Other light oil e.g. engine oil, lubricating oil 
 
In the event that the contaminant source is unknown, soil samples will be analyzed for 
petroleum hydrocarbons and possibly additional contaminants prior to placement in the 
landfarm. These additional parameters could include total metals, oil and grease, and 
volatile organic compounds. Analysis for additional compounds will be determined by the 
Environment Department on a case-by-case basis. Concentrations of contaminants will be 
compared to the site background values (for metals) and/or criteria in the GN Guidelines for 
Contaminated Site Remediation (March, 2009). If this analysis indicates soil contamination 
above background or GN guidelines with any substances not described in Section 4.2.1 (i.e. 
non-PHC contaminants), it will not be placed in the landfarm facility. This is to ensure PHC 
contaminated soil is not contaminated with other products. 
 
Spills of > 100 L of non-PHC material (e.g. solvents, glycol) will be placed in drums and 
stored in the site Hazmat area for shipment south to approved facilities during barge 
season. Spills of non-PHC material < 100 L will be placed in the TSF. 
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4.2.2 Grain Size 

While very coarse-grained larger soil material does not readily retain moisture and nutrients, 
inhibiting bioremediation, volatilization will occur more rapidly (SAIC, 2006). It has been 
noted that this material likely contains lower concentrations of contaminants due to a lower 
volume:surface area ratio, and can typically be screened out prior to landfarming (SAIC, 
2006). A 2010 study at Meadowbank (Qikiqtaaluk Environmental, 2010) indicated increasing 
concentrations of PHC with decreasing grain size in one group of samples with soil fractions of 
0.5, 0.5-1 and >1” (two other groups sampled were below detection at all grain sizes) (see 
Section 4.3.1). 
 

4.3 Contaminated Soil Additions  

4.3.1 Spill Excavation 

Soil contaminated with the above-described petroleum hydrocarbon materials will be 
excavated from the source and transported to the landfarm facility in dump trucks or by roll- off 
containers. Care will be exercised to ensure that the entire spill is excavated (verified by visual 
assessment, by using a PID meter or sampling if necessary) and that none of the contaminated 
material is lost during transport. 
 

4.3.2 Placement in the Landfarm 

All material collected (coarse and fine) from spill locations will be deposited at the landfarm to 
be remediated. 
 
A mechanical screener, used to separate coarse and fine material, will be operated to 
segregate material once in landfarm when conditions permit it.   

 
4.4 Contaminated Snow  

For spills < 100 L, PHC-contaminated snow will be placed in a designated area of the landfarm 
and treated as contact water after snowmelt. 
 
For spills > 100 L, PHC-contaminated snow will be excavated and stored in labeled drums. After 
snow melt, the contaminated water will be pumped through the site’s oil-water separator 
(carbon filter) to remove PHC residue. The treated water will be sampled per Part F, Item 7 of 
the Water License, and discharged to the Stormwater Management Pond if criteria are met. If 
criteria are not met, water will be treated as hazardous material and shipped south. Also, after 
snowmelt, visible product will be cleaned up with absorbent pads or booms. 
 

4.5 Remediation  

Remediation of fine-grained PHC-contaminated soil in landfarms occurs naturally through 
volatilization and aerobic microbial degradation. Soil aeration and nutrient amendment are 
recognized as methods of improving rates of remediation. To this end, remedial operations at 
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the Meadowbank site include soil mixing (aeration) and a pilot project utilizing onsite nutrient 
additions. While it is recognized that pH, salinity, moisture content and microbial population 
density also contribute to rates of degradation, these factors will not be explicitly investigated 
or managed unless remediation rates are too slow to meet the site closure time period (see 
Section 5.2). 
 

4.5.1 Absorbent Materials 

Coarse-grained soils are not readily bio-remediated, but concentrations of PHC contaminants 
may still be reduced through volatilization. Oil absorbent pads will be used to help remove 
visible product from coarse-grained material. Used absorbent materials will be incinerated. 
 

4.5.2 Aeration 

In order to promote aerobic conditions throughout the windrows, soil will be mixed 
mechanically with earth-moving equipment. This turnover of soil piles will occur at least once 
per year, during the summer months. The presence of coarse material also helps creating gaps 
within the piles which will increase aeration and help degradation of PHC. 
 

4.5.3 Soil Moisture 

Prior to turning, site personnel will ensure that soil is not so dry as to generate significant dust, 
nor overly saturated. If soil is dry, water from within the landfarm containment area will be used 
as a moisture source and sprayed on the piles. If no accumulated water is available, a 
freshwater supply will be used. If the windrows are saturated, aeration will be conducted at a 
later date. 
 

4.5.4 Nutrient Amendment 

A number of studies have indicated that amendment with nutrients may increase rates of 
biodegradation in PHC contaminated soils, but the effectiveness of this practice is not well 
defined in northern climates. For example, in a Resolution Island study by Paudyn et al. 
(2008), aeration alone reduced concentrations of diesel fuel by 80% over three summers, 
almost entirely due to volatilization (not  biodegradation). One-time amendment with nutrients 
(C:N:P of 100:7.5:0.5) in combination with aeration resulted in 90% reduction of TPH 
concentrations over this time, with significant (but undefined) contributions from microbial 
degradation. 
 
In 2012, three pilot piles in the landfarm facility were treated with 400 gallons of sewage sludge 
as a nutrient source.  Sewage sludge was mixed into the pilot piles on October 8th 2012.  Each 
pile consisted of approximately 140 m3 of soil.  Samples of the nutrient-treated piles were taken 
in July 2013 (CSP-STP-1, 2, 3) in attempts to determine if this method of nutrient amendment 
significantly affects rates of PHC degradation 

Representative composite samples of two non-treated piles (CSP-WDP-1, 2) were taken from 
two locations (0.5 m depth) in October 2012 and again in July 2013 to assess degradation of 
TPH over this time period without sewage sludge amendment.  Samples were sent to an 



Landfarm Design and Management Plan 
Version 4; March, 2017 

 

17 
 

accredited analytical laboratory and analyzed for humidity, BTEX and F1-F4 hydrocarbons.  
Attempts to sample all piles again in the fall of 2013 were unsuccessful because of frozen 
ground. 

Overall, rates of PHC degradation were found to be sufficiently rapid to warrant continued use 
of the landfarm as a viable treatment for spills of the designated materials.  Nutrient treatment 
appeared to generally increase degradation rates, particularly for the F3 fraction.  Use of the 
landfarm with application of sewage sludge as a nutrient treatment will be continued.  Based on 
these results, the pilot project (comparison of treated and untreated piles) was completed and 
the addition of sewage sludge as a nutrient source to enhance bioremediation was 
implemented as an operational practice in 2014.  Sewage sludge was incorporated into all 
contaminated soil since 2014. 

 
The use of sewage sludge as a nutrient amendment has precedent in the north. This 
method has been used at Diavik Diamond Mine, as reported in the BSc thesis of Brenda 
Lee Bailey, Carleton University (in Golder, 2007). It was found in this study that with sewage 
sludge amendment (12.6 gallons on a 6 m3 soil pile), aeration by perforated pipe and clear 
polyethylene covers to retain heat and moisture, TPH concentrations declined from 15,000 
mg/kg to less than 2,000 mg/kg in 88 days. Sewage sludge as a nutrient source has also been 
proposed for the Milne Inlet Mary River Project (EBA, 2010). This material not only provides 
the benefit of nutrients, but adds organic matter to help retain moisture, and is a source of 
microorganisms. Furthermore, the re-use of this material produced onsite helps to reduce the 
waste footprint of the mine by re-directing this material from disposal facilities and avoiding 
the import of chemical fertilizer. 
 

4.6 Removal of Soil from the Landfarm  

When PHC vapors are no longer detected, coarse-grained material will be removed to the site 
waste rock disposal area and disposed of as potentially acid generating (PAG) material. PAG 
will be covered with a minimum of 2 m of non-potentially acid generating (NPAG) material 
to closure, such that freeze-back occurs and any potentially remaining contaminants are not 
mobile in the environment.   
 
Prior to removal of the finer grained soil from the landfarm, soil samples will be analyzed to 
ensure they meet Government of Nunavut guidelines, as described below. 
 

4.6.1 Remediation Guidelines 

In assessing the remediation success of PHC contaminated soils being treated in the landfarm 
facility, Agnico Eagle will use the Government of Nunavut (GN) Department of Environment, 
Environmental Guidelines for Site Remediation (March, 2009) to determine if the soil has been 
suitably treated.  
 
The following parameters will be measured and compared with the GN industrial remediation 
criteria in order to determine whether PHC contaminated soil has been adequately remediated: 
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�x  Benzene, toluene, ethylbenzene and xylene (BTEX) 
�x  Petroleum hydrocarbon fractions 1 - 4 
 
GN remediation criteria are characterized for agricultural/wildland, residential/parkland, 
commercial and industrial land uses. At the Meadowbank site, remediation to 
agricultural/wildland criteria is targeted. However, if these criteria cannot be met efficiently, 
industrial criteria will be followed and soil disposed of accordingly (see Section 4.6.3). 
Remediation criteria for coarse-grained (>75 um) soils will be applied. Table 1 presents the 
applicable Tier 1 criteria for coarse-grained soil, assuming agricultural/wildland or industrial 
land uses. For contaminated sites, a Tier 1 analysis involves the most conservative criteria, 
and may be applied when the proponent does not wish to establish site-specific criteria. 
 

Table 1 - Summary of relevant Government of Nunavut Tier 1 soil remediation criteria for 
surface soil for industrial land uses.  

Parameter  Criteria (mg/kg)  
Benzene 0.03 
Toluene 0.37  
Ethylbenzene 0.082 
Xylene 11 
PHC Fraction 1 320 
PHC Fraction 2 260 
PHC Fraction 3 1700 
PHC Fraction 4 3300 

 

4.6.2 Sampling and Analysis 

Landfarm windrows will be sampled annually to determine if remediation objectives have been 
met. Representative composite samples will be taken of each windrow to estimate remaining 
PHC concentrations. For each 10 m of windrow length, one composite sample will be 
collected, each consisting of three surface sub-samples and three sub-samples at 1 m depth. 
Sub-samples will be taken approximately 3.3 m apart, and will be taken from both sides of the 
windrow. 
 
Degradation rates are assessed regularly to estimate the total remediation time required for 
PHC-contaminated soil under these conditions. If remediation to GN guidelines is feasible 
within the timeframe, landfarm operations will continue, with aeration and nutrient amendments 
as described above. If rates of TPH degradation are not sufficient through this method, 
alternate options will be further investigated (see Section 5). 
 

4.6.3 Soil Removal 

Coarse-grained material will be assessed after segregation from mechanical screening has 
been started, by Environment Department technicians for PHC product and odors. A PID 
monitor may be employed to assist in petroleum-hydrocarbon based vapor detection. When 
PHC vapors are no longer detected, this material will be removed to the Portage Rock Storage 
Facility (PRSF) and disposed of as PAG material. 
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When sample analysis of fine-grained material indicates that concentrations of contaminants 
are below Government of Nunavut guidelines, a soil pile or the appropriate section of a pile 
will be deemed acceptable for removal from the facility. Interim monitoring may be 
conducted through measurements of head-space with a portable instrument (e.g. flame 
ionization detector), but samples will be confirmed by an accredited laboratory prior to soil 
removal. 
 
Soil remediated to agricultural/wildland criteria will be appropriately delineated by Environment 
Department staff, and stockpiled outside the landfarm for use in site works or reclamation 
activities. 
 
Soil remediated to industrial-use criteria will be removed from the landfarm and placed in the 
(PRSF) as PAG material. This material will be capped with a minimum of 2 m of NPAG at 
closure, allowing freeze-back and permanent encapsulation to occur. 
 

4.7 Water and Snow Management  

Since the landfarm facility is uncovered to facilitate natural weathering, water accumulating 
inside the bermed area may come into contact with contaminated material.  The 
management plan for handling this potentially contaminated water is described below. 
 

4.7.1 Snow Management 

Snow will be removed as much as possible during winter to minimize the quantity of spring 
melt water inside the berm. Care will be taken to ensure contaminated snow/soil is not 
disturbed by leaving a base layer of snow (no less than 10 cm) in place. After snowmelt any 
contaminated product left from winter spill clean-up operations will be padded up. The base 
soil in these areas will be excavated and added to existing remediation windrows as soon as 
possible after snow melt to minimize migration into the facility substrate. 
 

4.7.2 Water Management 

Monitoring will be conducted for seepage of contact water through the perimeter berm, or 
accumulation of water within the containment berm through visual inspection by the 
Environment Department. This will be conducted on a weekly basis, after freshet, from July 
through October when water is likely to be present. In the event of water accumulation or 
seepage, the ponded water will be analyzed for Group 4 monitoring parameters, as described 
in Table 2 – Monitoring programs of the Water License prior to discharge to the adjacent 
Tailings Storage Facility (monitoring stations ST-14 and ST-14b). Alternatively, ponded water 
will be sprayed on the windrows to increase moisture content, as required. Water 
accumulating in the landfarm will not be discharged to the environment as per Part F, Item 18 
of the water license. 
 

4.8 Landfarm Abandonment  

After removal of all remediated soil and prior to abandonment/closure of the landfarm, the 
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berm and base will be sampled on a 10 m grid, including at a depth of 1 m in representative 
locations, to determine if these soils are free from PHC contamination. Results of this analysis 
will be compared to GN criteria. Since this area will form part of the TSF at closure, no 
excavation is necessary if industrial criteria are not met. Agnico Eagle’s Closure Plan notes 
that the tailings facilities will be capped with at least 2 m of NPAG to ensure freeze-back 
encapsulation. Monitoring of tailings freeze-back is ongoing at the site, and to date the 
results indicate that tailings are already freezing as planned. 
 
4.9 Summary of Activities 

A summary of landfarm activities including monitoring of the physical condition and potential 
environmental impacts of the landfarm facility is provided in Table 2. A report will be 
prepared annually, indicating the volume of material added to the facility, amount of material 
removed and disposal or reuse location, all analysis results, volume and type of nutrient 
addition, visual inspection results and volume of contact water pumped. This information will be 
appended to Agnico Eagle’s Annual Report to the NWB. 
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Table 2 - Summary of landfarm activities and records to be kept.  

Activity  Analysis  Frequency  Record  

Excavation of 
spill and 
transport of 
contaminated 
material 

If unsure of full 
excavation - F1-F4, 
BTEX 

As needed 

Date and time of 
excavation; estimated 
quantity of excavated soil; 
storage/disposal location of 
excavated soil, if 
applicable; any evidence of 
remaining product 

Contaminated 
soil additions to 
landfarm 

If contaminant 
source unknown, F1-
F4, BTEX, metals, oil 
and grease, VOCs 
(at discretion of 
Environment 
Department)  

Prior to soil 
addition at 
facility 

Date and time; quantity of 
soil; original location; 
landfarm location; 
spill/excavation record # or 
storage container label 

Soil aeration N/A 
Min. once 
during summer 

Date and time; location; 
soil condition (moisture, 
odour, etc.) 

Soil treatment 
with sewage 
sludge as 
nutrient 
supplement 

Visual inspection to 
ensure proper 
incorporation 

At least once 
during summer 
on selected 
windrows 

Date and time; location in 
landfarm 

Ponded contact 
water  

BTEX, oil and 
grease, lead – as per 
Part F, Item 6 of 
Water License 

Prior to any 
dewatering; if 
re-used in 
landfarm, no 
sampling 
necessary 

Date and time, location, 
laboratory report, Annual 
Report 

Sampling for 
progress of 
remediation 

Hydrocarbon vapour 
in headspace (by 
PID);  
F1-F4, BTEX 
(laboratory) 

Vapour – as 
needed; 
Laboratory - 
annually 

Date and time; location; 
odour; laboratory report; 

Soil removal 
from landfarm 

Removal subject to 
meeting GN criteria 

N/A 
Date and time; location; 
quantity of soil removed; 
final location 

Identification of 
maintenance 
requirements 

Visual inspection of 
facility 

Twice annually 
during summer 

Inspected areas; condition 
of berm and base; 
previously unidentified 
safety concerns 
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5 CONTINGENCY OPTIONS 

 
The following sections describe the contaminated soil management plan, should a large spill 
event occur, and if landfarm treatment is not successful. 
 

5.1 Large Spill Event  

Considering that the landfarm is built to hold nearly 5x as much contaminated soil as is 
expected to be produced, a large spill event producing a quantity of soil that cannot be 
contained in the landfarm is unlikely. Nevertheless, in this event, soils will be placed in a 
temporary storage area. A temporary stockpile area would be set up in the PRSF or at 
another location as approved by the NWB and AANDC. The soil would then be placed in 
the landfarm as soon as practical. Through extensive spill prevention measures discussed 
earlier in this Plan Agnico Eagle is minimizing the probability of this scenario occurring. 
 

5.2 Alternate Treatment Options  

Should landfarm treatment not perform as anticipated and it is evident that rates of 
degradation are not sufficient to meet GN Tier 1 criteria within the life-of-mine and the 
anticipated closure period (to 2025) the following alternative treatment options will be 
considered. Implementation will be after development of a more detailed protocol and 
approval of a revised plan by the NWB. 
 

5.2.1 Soil Amendment 

Since pH, salinity, moisture content and microbial population density all affect rates of 
biodegradation by microbes, these factors may be monitored and adjusted through soil 
amendments if they are not found to be optimal (see SAIC, 2006). In addition, the height of 
soil windrows could be reduced to maximize air exposure if space in the facility allows. 
 

5.2.2 Tier 2 – Modified Criteria Approach 

According to the Government of Nunavut Environmental Guideline for Contaminated Site 
Remediation (Appendix A), in cases where site conditions, land uses, receptors or exposure 
pathways are  different from those assumed in  the  development of  the  Tier  1  criteria, 
modified criteria may be permitted. This process requires the collection of site-specific 
information on exposure and risk estimates, and is subject to GN approval. In the case of 
the Meadowbank site, landfarmed soils are to be encapsulated in the PRSF rather than 
used in surface applications, as assumed in Tier 1, reducing the likelihood of exposure to 
any remaining contamination. Therefore, the Tier 2 approach could be warranted if Tier 1 
criteria cannot be met. Any consideration for this approach would be based on soil sampling 
results and science based information. 
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5.2.3 Thermal Desorption 

In the thermal desorption process, excavated soils are heated in a chamber to rapidly volatilize 
PHCs. Gases produced are consumed in an oxidation unit, and particulate matter removed 
(baghouse). Soil, free of any contamination, can then be replaced, or used in site reclamation 
or construction processes. The other advantage of this approach is that this equipment is 
mobile and could be brought to any spill site for remediation activities (e.g. spills along the 
AWAR). This method is described by Environment Canada (2002). The purchase or rental of a 
portable thermal desorber unit is under consideration by Agnico Eagle as a contingency 
option. 
 

5.2.4 Direct Placement in the TSF or PRSF 

Another option for management of contaminated soil would be the direct placement of this 
material in the Tailings Storage Facility or Waste Rock Storage Facility, if bioremediation is 
not effective or for operational reasons. Although the consumption of space in these storage 
areas is not optimal, the quantity of PHC-contaminated soil created onsite is small in 
comparison to the quantity of tailings or waste rock. While this method would not result in 
the treatment of soil, it is a viable contingency option because it would allow for the safe 
disposal of the contaminated material. The final cover with NPAG will be a minimum of 2 m 
deep (current closure plan is 4 m of NPAG cover). Total encapsulation and freeze-back would 
occur, eliminating any movement of contaminants. Over time, this material would undergo 
natural degradation. Consideration of this option would also include a suitable monitoring 
program for PHCs, which would be incorporated into the Meadowbank Closure Plan. 
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6 PLAN REVIEW AND CONT INUAL IMPROVEMENT  

The Landfarm Design and Management Plan will be reviewed regularly by the Meadowbank 
Environmental Superintendent, and updated, when needed. 
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1.  INTRODUCTION  

In accordance with the terms of the  Nunavut Impact Review Board (NIRB) Project Certificate No .008 and 
the associated Nunavut Water Board (NWB) Type A Water Licence (2AM-WTP ---- ), Azimuth Consulting 
Group Partnership (Azimuth) was retained by Agnico Eagle Mines Limited (Agnico Eagle) to complete an 
update of the core receiving environment monitoring program (CREMP) plan (Azimuth, 2015a). This 
report is an addendum to the  2015 CREMP plan update, and addresses how receiving environment 
monitoring for the Whale Tail Pit Project fits into the Meadowbank/Baker Lake CREMP program. Note that 
this addendum only highlights differences and does not repeat what is already stated in the CREMP 2015 
plan update (see Azimuth, 2015a). 

Baseline sampling was conducted in 2014 to 2017 (Azimuth, 2017) to support the final environmental 
impact statement (FEIS) as well as to characterize pre-�P�L�Q�L�Q�J���³�E�H�I�R�U�H�´���F�R�Q�G�L�W�L�R�Q�V���I�R�U��the development of 
a long-term receiving environment monitoring program consistent with the Meadowbank CREMP 
(Azimuth, 2016). Additional baseline sampling for the CREMP is planned, prior to the onset of activities 
with potential to impact to the aquatic receiving environment.  

2.  WHALE TAIL PIT CREMP  ROUTINE MONITORING  

2.1.  Introduction  

Agnico Eagle Mines Limited �± Meadowbank Division (Agnico Eagle) has been approved to develop Whale 
Tail Pit (Project), a satellite deposit on the Amaruq property, to continue mine operations and milling at 
Meadowbank Mine according to the terms and conditions outlined in Nunavut Impact Review Board 
(NIRB) Project Certificate No .008, specifically condition 19 and 23 and the associated Nunavut Water 
Board (NWB) Type A Water Licence (2AM-WTP ---- ). .   

The Amaruq property is a 408 square kilometre (km2) site located on Inuit Owned Land approximately 
150 kilometres (km) north of the hamlet of Bak er Lake and approximately 50 km northwest of 
Meadowbank Mine in the Kivalliq Region of Nunavut (Figure 2�±1). The deposit will be mined as an open 
pit (i.e., Whale Tail Pit), and ore will be hauled to the approved i nfrastructure at Meadowbank Mine for 
milling.  

The proposed open pit mine, mined by truck -and-shovel operation, will produce 8.3 million tonnes (Mt) of 
ore, 46.1 Mt of waste rock, and 5.6 Mt of overburden waste. There are four phases to the development: 
1 year of construction, 3 years of mine operation, 8 years of closure, and the post -closure period.   

2.2.  Study Design  

The study design is based on a before-after-control-impact (BACI) approach, but has also incorporated 
the concept of gradients in exposure; the  study design mirrors the approved Meadowbank Mine CREMP. 
Tracking spatial and temporal differences related to mining activities relied on categorizing areas using 
two factors:  

�x Area Type �± �W�K�L�V���F�R�Q�F�H�S�W���U�H�O�D�W�H�V���W�R���D�Q���D�U�H�D�¶�V���V�S�D�W�L�D�O���S�U�R�[�L�P�L�W�\���W�R���W�K�H���S�O�D�Q�Q�H�G��mine development 
(i.e., whether built or not); categories include near -field, mid-field, far -field, and reference (see 
Section 2.2.2 ). 

�x Area Status �± this concept is temporal and has two levels: control (not expo sed to mine-related 
activity) or impact (exposed to mine -�U�H�O�D�W�H�G���D�F�W�L�Y�L�W�\�������7�K�H���W�H�U�P���³�L�P�S�D�F�W�´���L�V���W�D�N�H�Q���I�U�R�P���W�K�H���%�$�&�,��
statistical study design approach and does not mean that an actual impact has taken place; 
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rather, it designates a time period when potenti al mine-related impacts may occur for an area 
(i.e., that an area has been exposed to one or more mining activities).  

Together, area categorization by type and status provide a logical framework to facilitate the 
identification of real mining -related changes to the aquatic receiving environment (as opposed to natural 
regional changes due to climate or other factors).  According to NIRB Project Certificate No .008, the 
objective of the CREMP is to monitor the freshwater environment , evaluate against FEIS predictions and 
inform mitigation measures specifically outlined in Condition 19 and 23. The CREMP is designed to 
include sufficient sampling and monitoring determine the short and long -term effects on the aquatic 
environment related to the site and to assess the impact predictions made in the Environmental Impact 
Statement for the Whale Tail Pit Project. 

The onset of construction activities in proximity to a CREMP monitoring area formally ends the baseline 
phase and changes the status of that a�U�H�D���I�U�R�P���³�F�R�Q�W�U�R�O�´���W�R���³�L�P�S�D�F�W�´. Status changes are also important 
for any statistical analyses, as they dictate how data are grouped w hen assessing potential trends. The 
status of the Amaruq CREMP areas starting in 2017 is provided in Table 2�±1. 

 

Table 2�±1. Status of Whale Tail Pit and Meadowbank CREMP areas. 

  

Meadowbank  
Reference Areas 

  Whale Tail Pit Areas 

  REF REF 
 

NF NF NF MF MF FF 
Year INUG PDL 

 
WTS MAM NEM A20 A76 DS1 

2015 C C 
 

C C C       
2016 C C 

 
C C C C C C 

2017 C C   C C C C C C 
 
Notes: Area designations: C=Control; I=Impact; REF=reference (in grey shading); NF=near -field (in blue shading); 
MF=mid-field (in pink shading); FF=far -field (in teal shading); Blank denotes that the ar ea was not part of the 
monitoring program that year. Area IDs: INUG=Inuggugayualik Lake; PDL=Pipedream Lake; WTS=Whale Tail Lake 
South; MAM=Mammoth Lake; NEM=Nemo Lake. 

 

2.2.1.  Approach  

The 2015 AEMP describes a two-tiered approach for decision criteria based on �µ�W�U�L�J�J�H�U�¶���D�Q�G���µ�W�K�U�H�V�K�R�O�G�¶��
level concentrations (Azimuth, 2015b). These are defined as: 

�x Triggers are early warning criteria that may lead to action. Exceedance of a trigger value does 
not necessarily imply that an adverse effect may be expected. The triggers may be based on 
absolute numbers (e.g., an increases half-way from baseline to an identified effects -based 
threshold) or statistical criteria (e.g., statistically significant difference from baseline -reference 
conditions; these are used in the absence of an effects-based threshold for a substance and may 
be very conservative). 

�x Thresholds are legal requirements, regulatory guidelines (e.g., CCME), or other discrete 
benchmarks, below which unacceptable adverse effects are not expected and above which 
adverse effects may occur. If effects -based thresholds do not exist or are not warranted for a 
particular variable, then early warning triggers (based on statistical criteria) will be developed 
without thresholds. In such cases, if triggers are exceeded then the  implications of such 
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exceedances can only be understood through the integration of results from other AEMP 
monitoring programs, or, if important information gaps still exist, through prescribed EEM studies 
or targeted studies. 

Thus, comparison of the data to the early warning trigger values is the initial analytical focus; only if 
trigger values are exceeded are data then compared to the applicable thresholds (if available). Similar to 
what was done for the Meadowbank CREMP (Azimuth, 2012), area-specific trigger/ threshold (as 
appropriate) values may need to be developed after the baseline period to support management of  the 
Whale Tail Pit Study Area. 

2.2.2.  Sampling Areas  

The core monitoring program is intended to detect changes at a basin or lake scale of inferen ce and to 
help define the extent (both spatially and temporally) of any adverse effects identified  and designed to 
meet NIRB Project Certificate No. 008 conditions 19 and 23. The CREMP for the Whale Tail Pit program 
will be comprised of 8 sampling areas (6 new monitoring areas and continued use of the two existing 
reference areas), each categorized into one of the four main types of areas described below. An overview 
of the Whale Tail Pit sampling areas is shown in Figure 2�±2. 

�x Near-field (NF) areas �± Near-field locations provide the first line of early -warning for introductions 
of stressors into the receiving environment. These areas are situated in close proximity to the 
development, in particular near dikes, dewatering discharge, and proposed effluent sources. As 
per NIRB PC No.008 condition 23, Agnico Eagle will conduct analysis to evaluate the potential 
impacts to freshwater ecosystem productivity and have designed NF stations in Mammoth Lake 
(Figure 2�±4). As determined by academic researchers and DFO, further studies will leverage the 
CREMP data and as needed, collect additional biological data to evaluate productivity and change 
in trophic status in Mammoth Lake as outlined in the complementary measures (Agnico Eagle, 
2018).  The NF areas in the Whale Tail Pit Study Area include Whale Tail Lake South (Figure 2�±
3) and Mammoth Lake (Figure 2�±4), due to their placement in relation to the planned 
development and in the watershed1. Nemo Lake (Figure 2�±5) is also considered a NF area due 
to its proximity to Whale  Tail and Mammoth Lakes even though it is located in an adjacent 
watershed. Nemo Lake is the source of drinking water for the exploration camp, and routine 
water quality monitoring is scheduled for this location. Additional CREMP sampling at Nemo Lake 
is proposed only in the event that increased parameter concentrations are observed in the 
routine drinking water quality monitoring samples.   

�x Mid-field (MF) areas �± This area designation includes two lakes: Lake A20 and Lake A76. 
Sampling at Lake A20 and A76 will be undertaken according to the strategy outlined in the 
CREMP 2015 plan update for MF areas (Azimuth, 2015a). In the case of Lake A20, the start of 
�W�K�H���³�L�P�S�D�F�W�´���P�R�Q�L�W�R�U�L�Q�J���S�H�U�L�R�G���Z�R�X�O�G���F�R�L�Q�F�L�G�H���Z�L�W�K���E�D�F�N-flooding of Whale Tail Lake into Lake 
A20, and the diversion of water towards Mammoth Lake through the Northwest Channel. Lake 
A76 is situated at the junction of the two flow paths leading to Lake DS1. Given its morphology 
and location, it represents an ideal mid-field exposure area for both flow paths.  

�x Far-field (FF) area �± The intent of th is area (Lake DS1) is to monitor water and sediment quality 
downstream of project infrastructure to provide insights into the spatial extent of any effects 
observed at the near-field areas. Lake DS1 will be the key location that will ultimately determine 
whether or not contaminants are detectable downstream of the entire mine development  

                                                
1 The north basin of Whale Tail Lake (WTN) was sampled in 2014 and 2015 to support the FEIS, but will not be part of the routine 
CREMP sampling plan as it lies within the pit footprint. 
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(Figure 2�±2)2. Beyond the baseline period, the sampling strategy for Lake DS1 will follow the 
same approach for FF stations outlined in the CREMP 2015 plan update (Azimuth, 2015a). 

�x Reference (Ref) areas �± By definition, reference areas are sufficiently removed from mine 
activities that they are presumed to be unaffected by any infrastructure and point sources (e.g. 
aerial deposition and effluent) associated with mine development and activities. Inuggugayualik 
Lake (INUG) and Pipedream Lake (PDL) are external reference areas chosen for the purposes of 
making comparisons with the Meadowbank project lakes (EVS, 1999; BAER, 2005). INUG has 
been the core reference area since formal monitoring began in 2006. PDL was added to the 
Meadowbank CREMP in 2009. In relation to the Whale Tail Pit Study Area, INUG is located about 
41 km southeast of the Whale Tail Pit Study Area, while PDL is located 40 km to the southeast 
(Figure 2�±1). Pipedream Lake is located northeast of INUG, and the exploration access road 
runs along the northeast shore of this lake. INUG and PDL satisfied the requirements of an 
external reference lake for the Meadowbank CREMP from a physical/chemical perspective 
because they are at similar latitude, have similar geology, relief and climate, do not have any 
significant inflows and has generally similar limnology, water chemistry and aquati c biological 
community structure to the project lakes (BAER, 2005). It should be noted that their proximity to 
the proposed access road may lead to dust deposition into each of the lakes under certain 
conditions. However, both lakes are quite large and the sampling locations for each are away 
from the road (i.e., approximately 2 km for PDL and 10 km for INUG), so while road -related 
trends will be tracked they are not anticipated.  

2.2.3.  Sampling Components  

As described in the CREMP 2015 plan update (Azimuth, 2015a), CREMP monitoring includes the following 
components, which apply to Whale Tail Pit Study Area lakes: limnology, water chemistry, sediment 
chemistry, phytoplankton, and benthic invertebrates.  

2.2.4.  Sampling Effort and Frequency  

As described in the 2015 CREMP plan update (Azimuth, 2015a), CREMP sampling effort (i.e., number of 
replicates per event) and frequency (i.e., number of events per year) follows the recommendations from 
the CREMP Design Document 2012 (Azimuth, 2012). NWB interveners were consulted over several years 
during the re -design of the CREMP that was resubmitted following th e Type A renewal in 2015 and 
subsequently approved by regulators. CREMP sampling at Whale Tail Pit Study Area will follow the same 
level of effort and frequency by area type ; r efer to Azimuth (2015a) for details on the decision making 
strategy for initiating sampling at the MF and FF stations.  

                                                
2 According to Golder (2016), t he downstream flow of water splits into two paths. Downstream path 1 follows Lake A12 
(immediately south of Lake A76) to Lake A76 and then flows west to the southern tip of Lake DS1. Downstream path 2 flows nort h 
from Lake A76 and A11 (east of Lake 76) through a series of small lakes and eventually enters Lake DS1 along the east shore 
(approximately 2/3 of the way up the bounded area shown on Figure 2�±2). At present, Lake DS1 is shown as a single station; 
however, the area may be split into two stations to monitor the contribution of each flow paths.  
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2.3.  Sampl ing  Method s 

A summary of timing and frequency of sampling for each of the CREMP monitoring components for the 
Whale Tail Pit area is shown in Table 2�±2 by sampling season and month.  Important to note is that the 
sampling frequency by area shown in the table is representative of the full study design, and not 
necessarily what would need to be conducted in a given year  (e.g., for MF and FF areas if no changes are 
detected at NF areas the previous year; see Section 2.2.4  for more information).  

Sampling for the CREMP program follows the Standard Operating Procedures (SOPs) for each of the 
monitoring components. The SOPs include general information on field collections, pre-trip planning, field 
collection materials, field quality assurance / quality control protocols, step -by-step instructions on sample 
collection, bottle requirements and list of parameters, sample preservation, and sample handling and 
transportation. The SOPs are appended to the CREMP 2015 plan update (Azimuth, 2015a): 

�x Water chemistry, limnology, and phytoplankton sampling methods are outlined in Appendix A  

�x Benthic invertebrate and sediment grab chemistry methods are outlined in Appendix  B 

�x Sediment coring is outlined in Appendix C. 

The small size of the Whale Tail Pit Project lakes and comparably shallower depths relative to the 
Meadowbank Lakes was not amenable to using the bounded area method of generating random water 
quality sampling stations (see SOP and blue rectangles in Figure 2�±1). Instead, a number of �³�I�L�[�H�G�´��
sampling locations for limnology, water chemistry and phytoplankton were established for the Whale Tail 
Pit lakes3 in areas where the water depth is greater than 5 m  (Figure 2�±2). Prior to going in the field for 
each sampling event, two of the locations are randomly selected for sampling. Coordinates are recorded 
in MapSource and in the hand-held GPS units (NAD 83).  

The specific sampling locations for benthic invertebrates and sediment chemistry are selected each year 
from within established depositional zones in each lake (see red circles on maps) with a target water 
depth of 8 m ± 1.5 m. Areas  in Whale Tail Lake (WTS), Nemo Lake (NEM), and Mammoth Lake (MAM) 
were established during the August 2015 field program. Lakes A20, A76 and DS1 were not sampled as 
part of the 2 015 baseline program; suitable sampling locations will be selected prior to construction.  

 

                                                
3 Bathymetry is currently not available for Lake DS1 and Lake A76. Sampling stations will be chosen when in the field until 
bathymetry data is available to establish either fixed sampling locations or bounded areas of sampling.  
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Table 2�±2. CREMP monitoring component sampling summary for Whale Tail Pit Project. 

Sampling 
Season 

Sampling 
Month 

Monitoring 
Conditions 

Monitoring 
Components1 IN

U
G 

P
D

L 

W
T

S 

M
A

M
 

N
E

M
* 

A
20

* 

A
76

* 

D
S

1*
 

REF REF NF NF NF MF MF FF 

W
in

te
r January Ice L     �3�� �3�� ��       

February Ice L     �3�� �3�� ��       

March Ice L     �3�� �3�� ��       

S
pr

in
g

 April/May Ice L,W,P �3�� �3�� �3�� �3�� �3�� �3�� �3�� �3 
June Ice not safe   �� �� �� ��         

S
um

m
er

 July Open-water L,W,P �3�� �3�� �3�� �3�� �3�� �3�� �3�� �3��

August Open-water 
L,W,P �3�� �3�� �3�� �3�� �3�� �3�� �3�� �3��

B,S,C** �3�� �3�� �3�� �3�� �3�� �3�� �3�� �3��

September Open-water L,W,P �3�� �3�� �3�� �3�� �3�� �3�� �3�� �3��

A
ut

u
m

n/
 

W
in

te r October Ice not safe                   
November/December Ice L,W,P �3�� �3�� �3�� �3�� �3�� �3�� �3�� �3 

            Notes: 
           1. The monitoring components shown for each month are an example of how the annual monitoring program could be completed on an annual basis. The 

summary table shows three open water events and 2 through-ice events where the full CREMP surface water program (L,W,P) is completed. The timing 
of the two winter water sample and limnology data may be completed prior to the open water season in July depending on logistical considerations for 
the annual monitoring cycle. 

Area IDs: INUG=Inuggugayualik Lake; PDL=Pipedream Lake; WTS=Whale Tail Lake South; MAM=Mammoth Lake; NEM=Nemo Lake.  

Area types: REF=reference (in grey shading); NF=near-field (in blue shading); MF=mid-field (in pink shading); FF=far-field (in teal shading). 
 * Sampling at NEM and the MF and FF stations during the operation phase will be conducted according to the sampling strategy outlined in the CREMP 

2015 plan update (Azimuth, 2015a). NEM is the source of drinking water for the exploration camp and water quality will be monitored monthly.  

Components: L=Limnology; W=Water chemistry; P=Phytoplankton; B=Benthic invertebrates; S=Sediment grab chemistry; C=Sediment coring chemistry.   
�3 indicates that monitoring components are conducted at the area/month given. 

       ** Sediment coring is conducted every three years and synchronized to the EEM field program.  
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2.4.  Quality Assurance/Quality Control  

There are no Whale Tail Pit-specific differences in QA/QC methodology and reporting. See the 2015 
CREMP plan update (Azimuth, 2015a) for details.  

2.5.  Dat a Evaluation Criteria  

There are no Whale Tail Pit-specific differences in data evaluation methodology and reporting. See the 
2015 CREMP plan update (Azimuth, 2015a) for details.  
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EXECUTIVE SUMMARY 

This document presents the proposed erosion management plan (the Plan) at the Amaruq property 
for the development of the Whale Tail Project. The purpose of this Plan is to provide consolidated 
information on the management and monitoring of potential areas subjected to erosion, by 
presenting first a review of the potential effects of total suspended solids (TSS) and turbidity, the 
Federal guidelines and the license requirements, followed by the periods and type of activities 
subjected to erosion, the specific monitoring and mitigating measures. 

General findings on the effects of TSS on fish and fish habitat have been listed, such as sublethal and 
lethal effects on fish and their eggs. Federal TSS Guidelines have been cited, distinguishing the short-
term and long-term exposure thresholds. Turbidity guidelines are also discussed in the present 
document. 

The Plan presents the monitoring and mitigating actions related to three (3) specific periods of 
activity for the Whale Tail Pit: the period of construction and dewatering (during construction and 
operation), the period of freshet (during construction, operation and closure) and the period of rise 
in water level in the South Basin of Whale Tail Lake (during operation). The proposed monitoring 
and mitigating measures are discussed for those periods of activity. 
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�^�����d�/�K�E���í���{��INTRODUCTION 

Agnico Eagle is seeking to extend the life of the Meadowbank Mine by constructing and operating 
the Whale Tail Pit (Whale Tail), which is a satellite deposit on the Amaruq property, and will be a 
continuation of mine operations and milling at the Meadowbank Mine. 

The Amaruq property is a 408 km2 site located on Inuit Owned Land approximately 150 km north of 
the Hamlet of Baker Lake and approximately 50 km northwest of the Meadowbank Mine in the 
Kivalliq Region of Nunavut. The deposit will be mined as an open pit (i.e., Whale Tail Pit), and ore will 
be hauled on the Whale Tail haul road to the approved infrastructure at the Meadowbank Mine for 
milling.  

As presented in Table 1.1, there are four main phases to the development: 1 year of construction, 4 
years of mine operations (2019 to Q1 2022), 8 years of closure, followed by the post-closure period. 
Pending regulatory approvals, the construction phase is anticipated to start at the beginning of the 
third quarter of Year -1 (2018) and focus on site preparation and construction of infrastructure to 
support mine development, along with commencement of open pit development. 

Table 1.1 Overview of Timeline and General Activities  

Phase Year General Activities 

Construction Year -1 
�x Construct site infrastructure 
�x Develop open pit mine  
�x Stockpile ore 

Operations 
Year 1 to 3 

�x Open pit operations 
�x Transport ore to Meadowbank Mine 
�x Stockpile ore 
�x Discharge Tailings in Meadowbank TSF 

Year 4 
�x Complete transportation of ore to Meadowbank Mine 
�x Complete discharge tailings in Meadowbank TSF 

Closure Year 4 to 11 
�x Remove non-essential site infrastructure 
�x Flood mined-out open pit 
�x Re-establish natural Whale Tail Lake level 

Post-Closure Year 11 forwards �x Site and surrounding environment monitoring 

This document presents the Erosion Management Plan (the Plan). The purpose of this Plan is to 
provide consolidated information on the management and monitoring of potential areas subjected 
to erosion, by presenting first a review of the potential effects of total suspended solids (TSS) and 
turbidity, the Federal guidelines and the license requirements, followed by the periods and type of 
activities subjected to erosion, the specific monitoring and mitigating measures.  

As per Nunavut Impact Review Board (NIRB) Whale Tail Project Certificate No.008 Condition 11, the 
Erosion Management Plan should be developed to prevent or minimize erosion and its resulting 
effects from project-related land disturbance. The Plan should be submitted to the NIRB at least 30 
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days prior to the start of construction, with updates submitted annually thereafter or as may 
otherwise be required by the NIRB. 

This Plan should be consulted in association with the the Water Quality Monitoring and 
Management Plan for Dike Construction and Dewatering (Agnico Eagle, 2016) and the future Whale 
Tail Freshet Action Plan. 
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�^�����d�/�K�E���î���{��TOTAL SUSPENDED SOLIDS/TURBIDITY EFFECTS, FEDERAL GUIDELINES AND 
LICENSE REQUIREMENTS 

2.1 Effects of Total Suspended Sediments on Fish Habitat 

Suspended sediments, and associated effects on water clarity, have the potential to affect fish and 
fish habitat in a variety of ways, including but not limited to: 

- Smothering of deposited eggs or siltation spawning habitats; 
- Smothering of benthic invertebrate communities; 
- Decreased primary productivity caused by reduced light penetration; 
- Reduced visibility, which may decrease feeding efficiency and/or increase predator 

avoidance; and 
- Clogging and abrasion of gills. 

Moreover, the general findings for effects of TSS on fish and fish habitat indicate the following: 

- Effects of TSS depend on both the concentration of TSS and duration of exposure; 
- Effects of TSS can also be influenced by the size and shape of suspended particles; 
- Lethal concentration of TSS to fish over acute exposure range from hundreds to 

hundreds of thousands of mg/L; 
- Sublethal effects on fish (reduced growth, changes in blood chemistry, histological 

changes) associated with chronic exposures tend to be exhibited at TSS concentrations 
ranging from the tens to hundreds of mg/L; 

- There is considerable uncertainty about potential effects of low TSS concentrations 
over long time periods; 

- Overall, the most sensitive group of aquatic organisms to TSS appears to be salmonids, 
and guidelines are developed to protect this group; 

- Adult salmonids are generally more sensitive to short duration, high concentration of 
suspended sediments than juvenile salmonids; and 

- Low suspended sediment levels are known to cause egg mortality (40 %) to rainbow 
trout at long durations (7 mg/L at 48 days). Guidelines for long-term exposure reflect 
these findings. 

More details can be found in the report from Fisheries and Oceans Canada (DFO) on the effects of 
sediments on fish and their habitat (Fisheries and Oceans Canada, 1999). 

2.2 Federal Guidelines 

2.2.1 TSS Guidelines 

The Canadian Council of Ministers of the Environment (CCME) specifies separate guidelines for TSS 
for clear flow and high flow periods. The guidelines are derived primarily from Caux et al. (1997), 
with application intended mainly for British Columbia streams. In the case of application to the 
Amaruq Project lakes, the clear flow guidelines would be most relevant; even during freshet, one 
would not expect to see large natural fluctuations in TSS expect in localized areas for short periods. 
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The guidelines put forth by the CCME recognize that the severity of effects of suspended sediments 
is a function of both the concentration of suspended sediments and the duration of exposure. 
Guidelines are intended to protect the most sensitive taxonomic group and the most sensitive life 
history stages. Erreur ! Source du renvoi introuvable. summarizes the available guidelines 
applicable to clear water (CCME) and to mine-related effluent discharges (MMER). 

Table 2.1 Existing Federal TSS Guidelines (after Agnico Eagle, 2016) 

Source Short-Term Exposure Long-Term Exposure 

CCME (1999) 

Anthropogenic activities should not increase 
suspended sediment concentrations by more 
than 25 mg/L over background levels during 
any short-term exposure period (e.g., 24-h). 

For longer term exposure (e.g., 30 days or 
more), average suspended sediment 
concentrations should not be increased by 
more than 5 mg/L over background levels. 

MMER (2002) 

Maximum authorized concentration in a 
composite effluent sample = 22.5 mg/L. 
Maximum authorized concentration in a grab 
sample of effluent = 30 mg/L. 

Maximum authorized monthly mean 
effluent concentration = 15 mg/L. 

The guidelines mentioned in Erreur ! Source du renvoi introuvable. are based on hundreds of 
studies in different environments (see Caux et al., 1997). Some of the studies may not be particularly 
relevant to the case of suspended sediment associated with dike construction and dewatering in a 
lake environment. Consequently, it is worth considering whether all aspects of existing guidelines 
are applicable for the Amaruq project. There are two particular aspects that warrant discussion. 

First, in relation to short-term exposure guidelines, it is important to note that guidance is based on 
findings for adults and juveniles (which are more sensitive than eggs and larvae over short 
durations), and that the guidance is based primarily on reviews looking at application to stream 
environments. In a stream environment, compared to a lake environment, it is difficult for fish to 
swim away from suspended sediments because the high degree of mixing in the water column 
facilitates higher uniformity in TSS concentrations. In contrast, in lakes, in particular for sediment 
plumes associated with construction activities or discharges, high TSS concentrations would 
generally be expected to be localized, with dilution over distance. In a lake situation, adult and 
juvenile fish (the most sensitive life stages to short-term exposure) should readily be able to swim 
away from a sediment plume. 

Second, in relation to long-term exposure guidelines, it is important to note that guidance is heavily 
influenced by findings indicating the sensitivity of eggs to low-level exposure to TSS over long 
durations. Consequently, the long-term exposure guidelines would be rather conservative if applied 
during times when eggs are not present, or in areas of a lake or stream that are not spawning 
habitat. 

2.2.2 Turbidity Guidelines 

Turbidity guidelines put forth by the CCME (1999) are based on extrapolation from the TSS guidance 
above, adjusted by a factor of about 3:1 (a typical average ratio for TSS: turbidity). In the case of 
turbidity for clear water, CCME (1999) recommends a maximum increase of 8 Nephelometric 
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Turbidity Units (NTU) from background levels for a short-term exposure (e.g., 24-hour period), and a 
maximum average increase of 2 NTU from background levels for a longer term exposure (e.g., 30-
day period). 

CCME (1999) notes that in some cases short-term resuspension of sediments and nutrients in the 
water column can augment primary productivity, and in other cases changes in light penetration 
may be inconsequential if a system is limited by other factors such as nutrients. The Caux et al. 
(1997) study considered effects of suspended sediment not only on fish but also on algae and 
zooplankton. In the end, the recommendations put forth by Caux et al. (1997) are based mainly on 
the most sensitive taxonomic group, which is salmonids. 

However, research has shown that widespread, chronic turbidity can result in reduced light 
penetration and subsequent reductions of primary productivity (Fisheries and Oceans Canada, 1999; 
Canadian Council of Ministers of the Environment, 1999; Lloyd, Koenings, & Laperriere, 1987). 
Consequently, water clarity is of concern at broader spatial scales and longer timeframes, such as 
the proposed dewatering activities. 

�/�š�� �•�Z�}�µ�o���� ������ �v�}�š������ �š�Z���š�� ���&�K�[�•�� �Œ���‰�}�Œ�š�� �}�v�� ���(�(�����š�•�� �}�(�� �•�����]�u���v�š�� �}�v�� �(�]�•�Z�� ���v���� �š�Z���]�Œ�� �Z�����]�š���š�� �~���&�K�U�� �í�õ�õ�õ�•��
endorses the guidelines for TSS put forth by the CCME (1999), but does not recommend following 
guidelines for turbidity. Rather, turbidity may be used as a surrogate for suspended sediment only 
when the relationship between the two parameters is established for a particular waterbody. 

2.3 License Requirements for the Protection of Fish and Fish Habitat at Whale Tail 

The Nunavut Water Board (NWB) Type A Water License for the Whale Tail Pit Project will include the 
maximum monthly mean (MMM) and short term maximum (STM) TSS concentrations for the dike 
construction, the dewatering activities and the applicable monitoring stations during operation. 
These requirements will be included during the erosion monitoring and water quality sampling. 
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SECTION 3 �{��EROSION MONITORING AND MITIGATION 

The purpose of the Plan is to ensure that Agnico Eagle can monitor signs of erosion and minimize its 
resulting effects. This plan presents the monitoring and mitigating actions related to three (3) 
specific periods of activity for Whale Tail Pit: 

- Period of construction and dewatering �t during construction and operation; 
- Period of freshet �t during construction, operation and closure; 
- Period of rise in water level in the South Basin of Whale Tail Lake �t during operation. 

  Monitoring plan and mitigating measures are proposed below for each of these periods of activity.  

3.1 Erosion During Construction and Dewatering 

The construction of water management infrastructure, especially the WTD, could potentially lead to 
excess TSS. Dewatering could also require erosion control. A water quality monitoring program and 
TSS management plan is proposed in the Water Quality Monitoring and Management Plan for Dike 
Construction and Dewatering (Agnico Eagle, 2016) in order to minimize the effects of the 
construction of dewatering dikes and subsequent dewatering. 

This plan provides details of water quality monitoring and management actions specifically related 
to the dike construction and dewatering activities. This plan includes the following components: 

- Water quality monitoring and management plan for dike construction; 
- Water quality and lake level monitoring and management plan for dewatering. 

For those specific activities and their respective erosion monitoring and management practices, 
refer to the Water Quality Monitoring and Management Plan for Dike Construction and Dewatering 
(Agnico Eagle, 2016). 

3.2 Erosion During Freshet 

The freshet season at Whale Tail occurs approximately from mid-May until the end of July; however, 
this period of time can extend up to early fall (mid-October), when re-freezing occurs. Following the 
construction of the main dewatering dike (the WTD), the hydrogeological regime of the site will 
change during operations as water from the South Basin of Whale Tail Lake will be rerouted south 
until it reaches the Mammoth Lake through a newly excavated channel (the South Whale Tail 
Diversion Channel). Following the site construction, new areas and infrastructures will become 
potentially vulnerable to excess of water during the freshet season, such as, but not limited to: 

- Culverts and other water management infrastructures; 
- Newly constructed embankments, such as roads and berms; 
- Water diversion ditches and channels. 

A monitoring program and mitigating measures are proposed in the next sections.  
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3.2.1 Proposed Monitoring 

In order to monitor the potential erosion during freshet, smaller water management infrastructures 
such as culverts, cross drains and ditches should be inspected on a regular basis and after significant 
rain events. Bigger culverts and bridges should be inspected more often if they represent a risk for 
daily operations, for the receiving environment or for the health and safety of workers. More 
specifically, the following aspects, but not limited to, should be monitored during visual inspections: 

- Accumulation of debris near the inlet of the crossings, impeding the free flow of water 
at those locations; 

- Bed erosion upstream and downstream of watercourse crossing structures; 
- Scour under bridge abutments and abutment foundations; 
- Erosion along cutslopes and fillslopes of embankments (rill and gully erosion), etc. 

Newly excavated channels should be inspected on a regular basis and after significant rain events as 
well. Erosion signs along the channel flow path should be monitored. Inspections should be carried 
out during the spring when surficial ice moves towards the inlet of the diversion channels to ensure 
that no ice blockage cause water buildup upstream of the channel, which could lead to subsequent 
erosion problems. 

The frequency of water grab samples and turbidity should follow the Type A Water License 
requirements and could be increased in required during the freshet season, if the TSS contents gets 
near or exceed the maximum allowed value as per the license.  

Monitoring will be documented with site photographs and inspection forms. 

3.2.2 Mitigating Measures 

The following mitigation measures could be used if applicable and required to reduce risks 
associated with erosion: 

- Riprap or clean non-acid generating/non-metal leaching rockfill could be used to armor 
shorelines, bridge abutments, culverts inlets and outlets and toe berms; 

- Ditches managing high volumes of water could be armored for erosion control and 
reduce the speed of water flow; 

- Sedimentation basins could be constructed at sensitive locations to allow settlement 
of finer sediments; 

- Ditches, culverts and other water crossing structures should be maintained free of 
debris to allow free flow of runoff water; 

- Installation of erosion control material such as turbidity barriers, silt curtains or straw 
booms. 

Site-specific erosion issues may arise during the mine operation that require specific local corrective 
actions. 

3.3 Erosion Due to the Rise of Water Level 

The Whale Tail Dike (WTD) is an important dewatering dike that is required to enable mining of the 
open pit located in the north part of Whale Tail Lake. This dike is located on a shallow plateau of the 
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lake floor with an approximate 2 m depth of water. Once in operation, the downstream side of the 
dike will be dewatered and the upstream side of the dike will allow a 3.5 m raise of the water level 
prior to being discharged by gravity towards Mammoth Lake. 

The 3.5 m rise of water level following the construction of the WTD is a potential source of erosion, 
specifically along the shorelines located on both shores of the Whale Tail Lake from the South Basin 
up until the South Whale Tail Diversion Channel. 

Gradation curves obtained from samples collected at both abutments of the WTD showed that the 
esker located at the west shore is composed of coarser material (sand and gravel), whereas the soil 
near the east shore is mostly silty sand with some gravel and clay (SNC-Lavalin, 2018b). Erosion 
hazard varies with soil type and slope along the shorelines. These factors will be taken into account 
for the monitoring and mitigation presented below.  

3.3.1 Proposed Monitoring 

According to the water balance of the Whale Tail Lake, it is expected that the water level in South 
Whale Tail Lake will reach its final elevation of 156.0 m approximately two (2) years after the 
construction of the WTD, during the summer of 2020 (SNC-Lavalin, 2018a). Visual inspection of the 
shoreline stability and of the water quality on a regular basis during open water season will be 
required to ensure that erosion along the new banks will not mobilize excess TSS in the Whale Tail 
Lake, especially during the first years following construction while the water level is rising. 
Shorelines instability will be noted, along with signs of permafrost degradation such as ground ice 
melting, gully and fissuring. 

The frequency of grab water samples and turbidity should follow the Type A Water License 
requirements and could be increased in required during the freshet season, if the TSS contents gets 
near or exceed the maximum allowed value as per the license.  

Monitoring will be documented with site photographs and inspection forms. 

3.3.2 Mitigating Measures 

Because erosion of the shorelines is a rather specific problem, the installation of riprap, clean non-
acid generating/non-metal leaching rockfill on the affected banks could be considered in most cases 
if erosion-related issues are observed.  Installation of erosion control material such as turbidity 
barriers, silt curtains or straw booms could be done if required. 

If severe erosion problems occur following the rise of the water level in the South Basin, additional 
site specific mitigating measures such will be developed according to the site conditions.  
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�W�K�H���U�H�F�R�U�G�H�G���P�D�[�L�P�X�P�����P���� ���������� ���������� ���������� ���������� ������������ ����������

�'�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���H�V�W�L�P�D�W�H�G���Z�D�W�H�U���H�O�H�Y�D�W�L�R�Q���D�Q�G��
�W�K�H���U�H�F�R�U�G�H�G���P�L�Q�L�P�X�P�����P���� ������������ ������������ ������������ ������������ ������������ ������������

�����R�I���G�D�\�V���Z�D�W�H�U���H�O�H�Y�D�W�L�R�Q���Z�D�V���K�L�J�K�H�U���W�K�D�Q���W�K�H���Z�D�W�H�U��
�H�O�H�Y�D�W�L�R�Q���H�V�W�L�P�D�W�H�G���I�U�R�P���V�K�R�U�H�O�L�Q�H���H�O�H�Y�D�W�L�R�Q�������� ���� ������ ���� ���� ������
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�%�D�V�H�O�L�Q�H�� �I�L�V�K�H�U�L�H�V�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V�� �F�R�Q�G�X�F�W�H�G�� �L�Q�� �0�D�P�P�R�W�K�� �/�D�N�H���� �:�K�D�O�H�� �7�D�L�O�� �/�D�N�H���� �D�Q�G��
�W�U�L�E�X�W�D�U�\�� �V�W�U�H�D�P�V�� �D�Q�G�� �O�D�N�H�V�� �L�Q�� ������������ ���������� �D�Q�G�� ���������� �D�U�H�� �G�H�V�F�U�L�E�H�G�� �L�Q�� �&���� �3�R�U�W�W�� �D�Q�G��
�$�V�V�R�F�L�D�W�H�V�������������������7�K�H���U�H�V�X�O�W�V���D�U�H���V�X�P�P�D�U�L�]�H�G���K�H�U�H������

�$�� �W�R�W�D�O�� �R�I�� �V�L�[�� �I�L�V�K�� �V�S�H�F�L�H�V�� �D�U�H�� �S�U�H�V�H�Q�W�� �L�Q�� �W�K�H�� �S�U�L�P�D�U�\�� �V�W�X�G�\�� �D�U�H�D���� �F�R�P�S�U�L�V�H�G�� �R�I�� �I�R�X�U�� �O�D�U�J�H��
�E�R�G�L�H�G���V�S�H�F�L�H�V�����/�D�N�H���7�U�R�X�W����Salvelinus namaycush;���$�U�F�W�L�F���&�K�D�U����Salvelinus alpinus�����5�R�X�Q�G��
�:�K�L�W�H�I�L�V�K����Prosopium cylindraceum���� �� �D�Q�G�� �%�X�U�E�R�W�� Lota lota���� �D�Q�G�� �W�Z�R�� �V�P�D�O�O���E�R�G�L�H�G�� �V�S�H�F�L�H�V��
���6�O�L�P�\���6�F�X�O�S�L�Q����Cottus cognatus�������D�Q�G���1�L�Q�H�V�S�L�Q�H���6�W�L�F�N�O�H�E�D�F�N�� Pungitius pungitius��������

�$�U�F�W�L�F�� �*�U�D�\�O�L�Q�J�� �R�F�F�X�U�� �I�X�U�W�K�H�U�� �G�R�Z�Q�V�W�U�H�D�P�� �L�Q�� �W�K�H�� �Z�D�W�H�U�V�K�H�G�� �E�X�W�� �X�S�V�W�U�H�D�P�� �P�L�J�U�D�W�L�R�Q�� �E�D�U�U�L�H�U�V��
�S�U�H�Y�H�Q�W���W�K�H�P���I�U�R�P���P�R�Y�L�Q�J���L�Q�W�R���W�K�H���S�U�L�P�D�U�\���V�W�X�G�\���D�U�H�D�����7�K�H���P�D�M�R�U���E�D�U�U�L�H�U�V���D�U�H���D���V�W�H�H�S���V�H�W���R�I��
�U�D�S�L�G�V�� �R�Q�� �W�K�H�� �S�U�L�P�D�U�\�� �I�O�R�Z�� �S�D�W�K�� �D�Q�G�� �D�� �O�R�Q�J�� �V�H�F�W�L�R�Q�� �Z�K�H�U�H�� �W�K�H�U�H���L�V�� �R�Q�O�\�� �V�X�E���V�X�U�I�D�F�H����
�L�Q�W�H�U�V�W�L�W�L�D�O���I�O�R�Z�����H�Y�H�Q���G�X�U�L�Q�J���V�S�U�L�Q�J���I�U�H�V�K�H�W�����R�Q���W�K�H���V�H�F�R�Q�G�D�U�\���I�O�R�Z���S�D�W�K�����,�Q���D�G�G�L�W�L�R�Q���W�R���W�K�R�V�H��
�S�U�L�P�D�U�\�� �E�D�U�U�L�H�U�V���� �W�K�H�U�H�� �D�U�H�� �F�R�Q�Q�H�F�W�L�Q�J�� �F�K�D�Q�Q�H�O�V�� �E�H�W�Z�H�H�Q�� �D�� �Q�X�P�E�H�U�� �R�I�� �R�W�K�H�U�� �O�D�N�H�V�� �D�O�R�Q�J��
�W�K�H�V�H�� �I�O�R�Z�� �S�D�W�K�V�� �Z�K�H�U�H�� �W�K�H�U�H�� �L�V�� �R�Q�O�\�� �L�Q�W�H�U�V�W�L�W�L�D�O�� �I�O�R�Z�� �H�[�F�H�S�W�� �G�X�U�L�Q�J�� �V�S�U�L�Q�J�� �I�U�H�V�K�H�W���� �7�K�H��
�D�E�V�H�Q�F�H���R�I���$�U�F�W�L�F���*�U�D�\�O�L�Q�J���L�Q���W�K�H���S�U�L�P�D�U�\���V�W�X�G�\���D�U�H�D���L�V���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�H���S�D�X�F�L�W�\���R�I���V�X�L�W�D�E�O�H��
�V�S�D�Z�Q�L�Q�J�� �K�D�E�L�W�D�W�� �D�Q�G�� �D�E�V�H�Q�F�H�� �R�I�� �U�L�Y�H�U�L�Q�H�� �D�G�X�O�W�� �K�D�E�L�W�D�W�� �L�Q�� �W�K�H�� �W�U�L�E�X�W�D�U�L�H�V�� �W�R�� �0�D�P�P�R�W�K�� �D�Q�G��
�:�K�D�O�H���7�D�L�O���/�D�N�H����

�/�D�N�H�� �7�U�R�X�W�� �Z�D�V�� �W�K�H�� �P�R�V�W�� �D�E�X�Q�G�D�Q�W�� �V�S�H�F�L�H�V�� �L�Q�� �J�L�O�O�� �Q�H�W�� �F�D�W�F�K�H�V�� �D�Q�G�� �W�K�H�� �P�R�V�W�� �Z�L�G�H�O�\��
�G�L�V�W�U�L�E�X�W�H�G���D�P�R�Q�J���W�K�H���O�D�N�H�V�����I�R�O�O�R�Z�H�G���E�\���5�R�X�Q�G���:�K�L�W�H�I�L�V�K���D�Q�G���$�U�F�W�L�F���&�K�D�U�����7�D�E�O�H���������������)�H�Z��
�%�X�U�E�R�W���Z�H�U�H���F�D�S�W�X�U�H�G�����*�L�O�O���Q�H�W�W�L�Q�J���F�D�W�F�K���S�H�U���X�Q�L�W���H�I�I�R�U�W���Z�D�V���O�R�Z���I�R�U���D�O�O���V�S�H�F�L�H�V�����,�Q���0�D�P�P�R�W�K����
�:�K�D�O�H���7�D�L�O���D�Q�G���1�H�P�R���/�D�N�H�V���F�R�P�E�L�Q�H�G�����D�Y�H�U�D�J�H���F�D�W�F�K���S�H�U���X�Q�L�W���H�I�I�R�U�W���L�Q���J�L�O�O���Q�H�W�V�����F�D�O�F�X�O�D�W�H�G��
�D�V���W�K�H���Q�X�P�E�H�U���R�I���L�Q�G�L�Y�L�G�X�D�O�V���F�D�S�W�X�U�H�G���S�H�U���K�R�X�U���R�I���V�R�D�N���W�L�P�H���X�V�L�Q�J���D���V�W�D�Q�G�D�U�G���$�J�Q�L�F�R���(�D�J�O�H��
�J�L�O�O���Q�H�W���Z�D�V���������������������D�Q�G�������������I�R�U���/�D�N�H���7�U�R�X�W�����5�R�X�Q�G���:�K�L�W�H�I�L�V�K���D�Q�G���$�U�F�W�L�F���&�K�D�U�����U�H�V�S�H�F�W�L�Y�H�O�\����
�/�D�N�H�� �7�U�R�X�W�� �Z�D�V�� �W�K�H�� �P�R�V�W�� �I�U�H�T�X�H�Q�W�O�\�� �R�E�V�H�U�Y�H�G�� �O�D�U�J�H���E�R�G�L�H�G�� �V�S�H�F�L�H�V�� �R�Q�� �X�Q�G�H�U�Z�D�W�H�U�� �Y�L�G�H�R��
�U�H�F�R�U�G�H�G���L�Q���:�K�D�O�H���7�D�L�O���/�D�N�H������

�(�O�H�F�W�U�R�I�L�V�K�L�Q�J���P�R�U�H���W�K�D�Q������������ �P���R�I���O�D�N�H���V�K�R�U�H�O�L�Q�H���D�Q�G���S�R�Q�G���K�D�E�L�W�D�W���U�H�V�X�O�W�H�G���L�Q���W�K�H���F�D�S�W�X�U�H��
�R�I���D�S�S�U�R�[�L�P�D�W�H�O�\�����������1�L�Q�H�V�S�L�Q�H���6�W�L�F�N�O�H�E�D�F�N�����������6�O�L�P�\���6�F�X�O�S�L�Q���������M�X�Y�H�Q�L�O�H���$�U�F�W�L�F���&�K�D�U���D�Q�G������
�M�X�Y�H�Q�L�O�H�� �V�D�O�P�R�Q�L�G�V���� �H�L�W�K�H�U�� �$�U�F�W�L�F�� �&�K�D�U�� �R�U�� �/�D�N�H�� �7�U�R�X�W���� �Z�K�L�F�K�� �Z�H�U�H�� �Q�R�W�� �L�G�H�Q�W�L�I�L�H�G�� �W�R�� �V�S�H�F�L�H�V����
�1�L�Q�H�V�S�L�Q�H�� �6�W�L�F�N�O�H�E�D�F�N�� �Z�D�V�� �W�K�H�� �P�R�V�W�� �I�U�H�T�X�H�Q�W�O�\�� �R�E�V�H�U�Y�H�G�� �V�P�D�O�O���E�R�G�L�H�G�� �I�L�V�K�� �V�S�H�F�L�H�V�� �R�Q��
�X�Q�G�H�U�Z�D�W�H�U���Y�L�G�H�R���U�H�F�R�U�G�H�G���L�Q���:�K�D�O�H���7�D�L�O���/�D�N�H������

�1�R���O�D�U�J�H���E�R�G�L�H�G���I�L�V�K���Z�H�U�H���F�D�S�W�X�U�H�G���L�Q���/�D�N�H���$�������R�U���L�Q���/�D�N�H���$���������D�Q�G���L�W���L�V���W�K�R�X�J�K�W���W�K�D�W���Q�R�Q�H��
�D�U�H�� �S�U�H�V�H�Q�W���� �/�D�N�H�� �$������ �L�V�� �������� �K�D�� �L�Q�� �D�U�H�D�� �D�Q�G�� �K�D�V�� �D�� �P�D�[�L�P�X�P�� �G�H�S�W�K�� �R�I�� �������� �P���� �7�K�H�U�H�� �L�V�� �Q�R��
�V�X�U�I�D�F�H���F�R�Q�Q�H�F�W�L�R�Q���E�H�W�Z�H�H�Q���/�D�N�H���$�������D�Q�G���D�Q�\���R�W�K�H�U���Z�D�W�H�U�E�R�G�\�����1�R���I�L�V�K���Z�H�U�H���F�D�S�W�X�U�H�G���L�Q���D��
�����K�R�X�U���J�L�O�O���Q�H�W���V�H�W���L�Q���/�D�N�H���$�������L�Q�������������R�U���L�Q���D�������������K�R�X�U���J�L�O�O���Q�H�W���V�H�W���L�Q�������������X�V�L�Q�J���D���V�W�D�Q�G�D�U�G��
�$�J�Q�L�F�R���L�Q�G�H�[���J�L�O�O���Q�H�W���J�D�Q�J���F�R�P�S�U�L�V�H�G���R�I�������������P���O�R�Q�J���D�Q�G�����������P���G�H�H�S���S�D�Q�H�O�V���R�I������������������������������
�������� �������� �D�Q�G�� ������ �P�P�� �V�W�U�H�W�F�K�H�G�� �P�H�V�K�� ���W�R�W�D�O�� �J�D�Q�J�� �O�H�Q�J�W�K�� � �� ������������ �P������ �/�D�N�H�� �$�������� �L�V�� �������� �K�D�� �L�Q��
�D�U�H�D�� �Z�L�W�K�� �D�� �P�D�[�L�P�X�P�� �G�H�S�W�K�� �R�I�� �O�H�V�V�� �W�K�D�Q�� �R�Q�H�� �P�H�W�U�H�� �D�Q�G�� �W�K�H�U�H�� �L�V�� �Q�R�� �G�H�I�L�Q�H�G�� �F�K�D�Q�Q�H�O��
�F�R�Q�Q�H�F�W�L�Q�J�� �L�W�� �W�R�� �R�W�K�H�U�� �Z�D�W�H�U�E�R�G�L�H�V�� �R�U�� �Z�D�W�H�U�F�R�X�U�V�H�V�� �G�R�Z�Q�V�W�U�H�D�P�����7�K�H�U�H���� �Q�R�� �I�L�V�K�� �Z�H�U�H��
�F�D�S�W�X�U�H�G���L�Q�������S�D�Q�H�O�V���R�I���J�L�O�O���Q�H�W���������������P���O�R�Q�J���D�Q�G�����������P���G�H�H�S���S�D�Q�H�O�V���R�I���������P�P�����������P�P���D�Q�G��
�������P�P���P�H�V�K�����V�H�W���I�R�U�������������K�R�X�U�V���L�Q����������������
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�$�W���O�H�D�V�W���R�Q�H���O�D�U�J�H���E�R�G�L�H�G���I�L�V�K���V�S�H�F�L�H�V���Z�D�V���F�D�S�W�X�U�H�G���L�Q���H�O�H�Y�H�Q���R�I���W�K�H���O�D�U�J�H�U���O�D�N�H�V�����L�Q���D�G�G�L�W�L�R�Q��
�W�R���:�K�D�O�H���7�D�L�O�����0�D�P�P�R�W�K���D�Q�G���1�H�P�R���D�Q�G���1�L�Q�H�V�S�L�Q�H���6�W�L�F�N�O�H�E�D�F�N���D�Q�G���6�O�L�P�\���6�F�X�O�S�L�Q���Z�H�U�H���D�O�V�R��
�S�U�H�V�H�Q�W�� �L�Q�� �P�R�V�W�� �R�I�� �W�K�R�V�H���� �,�Q�� �W�K�U�H�H�� �R�I�� �W�K�H�� �V�P�D�O�O�H�U�� �Z�D�W�H�U�E�R�G�L�H�V�����R�Q�O�\�� �1�L�Q�H�V�S�L�Q�H�� �6�W�L�F�N�O�H�E�D�F�N��
�Z�H�U�H�� �F�D�S�W�X�U�H�G���� �7�K�H�U�H�� �Z�H�U�H�� �V�H�Y�H�U�D�O�� �L�V�R�O�D�W�H�G�� �R�U�� �Q�H�D�U�O�\�� �L�V�R�O�D�W�H�G�� �V�P�D�O�O�� �O�D�N�H�V�� �D�Q�G�� �S�R�Q�G�V�� �L�Q��
�Z�K�L�F�K���Q�R���I�L�V�K���Z�H�U�H���F�D�S�W�X�U�H�G�����0�R�V�W���R�I���W�K�H�V�H���D�U�H���O�R�F�D�W�H�G���Q�R�U�W�K���R�I���:�K�D�O�H���7�D�L�O���/�D�N�H����

�$�O�O�� �R�I�� �W�K�H�� �Z�D�W�H�U�F�R�X�U�V�H�V�� �L�Q�� �W�K�H�� �S�U�L�P�D�U�\�� �V�W�X�G�\�� �D�U�H�D�� �I�U�H�H�]�H�� �G�X�U�L�Q�J�� �W�K�H�� �Z�L�Q�W�H�U���� �7�K�H�U�H�� �D�U�H�� �W�Z�R��
�E�U�R�D�G�� �F�D�W�H�J�R�U�L�H�V�� �R�I�� �Z�D�W�H�U�F�R�X�U�V�H�V�� �S�U�H�V�H�Q�W���� �2�Q�H�� �W�\�S�H�� �F�R�Q�V�L�V�W�V�� �R�I���F�R�Q�Q�H�F�W�L�Q�J�� �F�K�D�Q�Q�H�O�V��
�E�H�W�Z�H�H�Q�� �O�D�U�J�H�U�� �O�D�N�H�V���� �7�K�H�V�H�� �D�U�H�� �J�H�Q�H�U�D�O�O�\�� �Z�L�G�H�� �D�Q�G�� �V�K�D�O�O�R�Z�� �Z�L�W�K�� �E�R�X�O�G�H�U�� �D�Q�G�� �F�R�E�E�O�H��
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�:�K�D�O�H���7�D�L�O���3�L�W���L�Q���W�K�L�V���U�H�S�R�U�W���L�V���E�D�V�H�G���R�Q���W�K�H���S�U�R�F�H�G�X�U�H���X�V�H�G���I�R�U���W�K�H�������������1�1�/���D�V�V�H�V�V�P�H�Q�W��
�I�R�U�� �W�K�H�� �0�H�D�G�R�Z�E�D�Q�N�� �0�L�Q�H�� �D�Q�G�� �L�Q�F�R�U�S�R�U�D�W�H�V�� �U�H�I�L�Q�H�P�H�Q�W�V�� �W�K�D�W�� �K�D�Y�H���E�H�H�Q�� �L�Q�W�U�R�G�X�F�H�G�� �G�X�U�L�Q�J��
�V�X�E�V�H�T�X�H�Q�W�� �Z�R�U�N�� �E�H�W�Z�H�H�Q�� ���������� �D�Q�G�� ���������� �W�R�� �G�H�Y�H�O�R�S�� �R�I�I�V�H�W�W�L�Q�J�� �P�H�D�V�X�U�H�V�� �I�R�U�� �9�D�X�O�W�� �D�Q�G��
�3�K�D�V�H�U���/�D�N�H�����9�D�U�L�R�X�V���F�K�D�Q�J�H�V���K�D�Y�H���D�O�V�R���E�H�H�Q���L�Q�F�R�U�S�R�U�D�W�H�G���D�V���D���U�H�V�X�O�W���R�I���'�)�2���U�H�Y�L�H�Z���R�I���W�K�H��
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�'�)�2���������D�Q�G�������±���)�U�H�V�K�Z�D�W�H�U���(�Q�Y�L�U�R�Q�P�H�Q�W�����+�D�E�L�W�D�W���$�O�W�H�U�D�W�L�R�Q�����-�D�Q�X�D�U�\�������W�K���������������V�X�E�P�L�V�V�L�R�Q���5�(�����1�,�5�%���)�L�O�H���1�R�������0�1��������
�$�S�S�O�L�F�D�W�L�R�Q���1�R�������������������1�:�%���)�L�O�H���1�R�������$�0���:�7�3���������������,�Q�I�R�U�P�D�W�L�R�Q���5�H�T�X�H�V�W�V���5�H�F�H�L�Y�H�G���I�U�R�P���3�D�U�W�L�H�V���5�H�J�D�U�G�L�Q�J���$�J�Q�L�F�R��
�(�D�J�O�H�V���0�L�Q�H�V���/�W�G�¶�V���³�:�K�D�O�H���7�D�L�O���3�L�W�´���3�U�R�M�H�F�W����
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�±�������P���O�D�N�H���G�H�S�W�K���K�D�E�L�W�D�W�����+�D�E�L�W�D�W���7�\�S�H�V�������D�Q�G�������U�H�V�S�H�F�W�L�Y�H�O�\�����K�D�Y�H���E�H�H�Q���D�S�S�O�L�H�G���W�R���+�D�E�L�W�D�W��
�7�\�S�H�V���������D�Q�G���������I�R�U���W�K�H���I�R�X�U���O�D�U�J�H���E�R�G�L�H�G���V�S�H�F�L�H�V����

�7�K�H���D�E�V�H�Q�F�H���R�I���D�G�X�O�W���O�D�U�J�H���E�R�G�L�H�G���I�L�V�K���I�U�R�P���W�K�H���H�O�H�F�W�U�R�I�L�V�K�L�Q�J���F�D�W�F�K�H�V���L�Q���W�K�H���V�P�D�O�O���V�W�U�H�D�P�V��
�L�V���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�H�P���E�H�L�Q�J���V�R���V�K�D�O�O�R�Z�����D�Q�G���F�R�Q�I�L�U�P�V���W�K�D�W�����D�V���Z�R�X�O�G���E�H���H�[�S�H�F�W�H�G�����W�K�H�U�H���L�V��
�O�L�W�W�O�H���L�I���D�Q�\���I�R�U�D�J�L�Q�J���L�Q���W�K�H�V�H���V�W�U�H�D�P�V���E�\���D�G�X�O�W�V���R�I���W�K�H���O�D�U�J�H���E�R�G�L�H�G���V�S�H�F�L�H�V�����,�W���L�V���W�K�R�X�J�K�W���W�K�D�W��
�W�K�H�� �I�H�Z�� �L�Q�G�L�Y�L�G�X�D�O�V�� �W�K�D�W�� �Z�H�U�H�� �F�D�S�W�X�U�H�G�� �L�Q�� �J�L�O�O�� �Q�H�W�V�� �R�U�� �K�R�R�S�� �Q�H�W�V�� �V�H�W�� �L�Q�� �W�K�H�V�H�� �V�W�U�H�D�P�V�� �Z�H�U�H��
�P�R�Y�L�Q�J���E�H�W�Z�H�H�Q���O�D�N�H���K�D�E�L�W�D�W�V�����7�K�H���V�P�D�O�O���V�W�U�H�D�P�V���K�D�Y�H���E�H�H�Q���D�V�V�L�J�Q�H�G���D���+�6�,���R�I���]�H�U�R�����������I�R�U��
�I�R�U�D�J�L�Q�J���E�\���W�K�H���I�R�X�U���O�D�U�J�H���E�R�G�L�H�G���V�S�H�F�L�H�V������
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�7�D�E�O�H�������������+�6�,���Y�D�O�X�H�V���I�R�U���W�K�H���:�K�D�O�H���7�D�L�O���I�L�V�K���V�S�H�F�L�H�V�����V�S� �V�S�D�Z�Q�L�Q�J�����Q�X� �Q�X�U�V�H�U�\�����I�R� �I�R�U�D�J�L�Q�J�����R�Z� �R�Y�H�U�Z�L�Q�W�H�U�L�Q�J��������+�D�E�L�W�D�W���W�\�S�H���������L�V��
�D�S�S�O�L�H�G���W�R���D�O�O���S�L�W���D�Q�G���S�L�W���F�D�S���D�U�H�D�V���U�H�J�D�U�G�O�H�V�V���R�I���G�H�S�W�K���D�Q�G���V�X�E�V�W�U�D�W�H����

�+�D�E�L�W�D�W����
�7�\�S�H�� �'�H�S�W�K�� �6�X�E�V�W�U�D�W�H��

�$�U�F�W�L�F���&�K�D�U�� �/�D�N�H���7�U�R�X�W�� �5�R�X�Q�G���:�K�L�W�H�I�L�V�K��
�6�3�� �1�8�� �)�2�� �2�:�� �6�3�� �1�8�� �)�2�� �2�:�� �6�3�� �1�8�� �)�2�� �2�:��

���� �������P�� �)�L�Q�H�V�� ���� �������� �������� ���� ���� �������� �������� ���� ���� �������� �������� ����
���� �������P�� �0�L�[�H�G�� ���� �������� �������� ���� ���� �������� �������� ���� ���� �������� �������� ����
���� �������P�� �&�R�D�U�V�H�� ���� �������� �������� ���� ���� ���� �������� ���� ���� �������� �������� ����
���� ���������P�� �)�L�Q�H�V�� ���� �������� �������� �������� ���� �������� �������� �������� ���� �������� ���� ��������
���� ���������P�� �0�L�[�H�G�� �������� �������� �������� �������� �������� �������� �������� �������� �������� �������� �������� ��������
� �� � � �� �� �� �� P� � � &� R� D� U� V� H� � � �� � � �� � � �� � � �� �� �� � � �� � � �� � � �� � � �� �� �� � � �� � � �� � � �� �� �� � � �� �� �� �
���� �!�����P�� �)�L�Q�H�V�� ���� �������� �������� ���� ���� �������� �������� ���� ���� �������� ���� ����
���� �!�����P�� �0�L�[�H�G�� �������� �������� �������� ���� �������� �������� �������� ���� �������� �������� �������� ����
���� �!�����P�� �&�R�D�U�V�H�� ���� �������� ���� ���� ���� �������� ���� ���� �������� �������� �������� ����

������� �S�L�W���D�U�H�D�� �S�L�W���D�U�H�D������ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
������ �F�R�Q�Q�H�F�W�L�Q�J���F�K�D�Q�Q�H�O�� �&�R�D�U�V�H�� ���� �������� ���� ���� ���� ���� ���� ���� ���� �������� ���� ����
� �� �� � � V� W� U� H� D� P� � � )� L� Q� H� V� � � �� � � �� �� �� � � �� � � �� � � �� � � �� �� �� � � �� � � �� � � �� � � �� �� �� � � �� � � �� �
� �� �� � � V� W� U� H� D� P� � � &� R� D� U� V� H� � � �� � � �� �� �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �� � � �� � � �� �

�+�D�E�L�W�D�W����
�7�\�S�H�� �'�H�S�W�K�� �6�X�E�V�W�U�D�W�H��

�%�X�U�E�R�W�� �6�O�L�P�\���6�F�X�O�S�L�Q���1�L�Q�H�V�S�L�Q�H���6�W�L�F�N�O�H�E�D�F�N��
�6�3�� �1�8�� �)�2�� �2�:�� �6�3�� �1�8�� �)�2�� �2�:�� �6�3�� �1�8�� �)�2�� �2�:��

� �� � � �� �� �� P� � � )� L� Q� H� V� � � �� � � �� �� �� � � �� �� �� � � �� � � �� � � �� � � �� �� �� � � �� � � �� � � �� � � �� � � �� �
���� �������P�� �0�L�[�H�G�� ���� �������� �������� ���� ���������� �������� �������� ���� �������� �������� �������� ����
���� �������P�� �&�R�D�U�V�H�� ���� ���� �������� ���� ���� ���� ���� ���� ���� �������� �������� ����
���� ���������P�� �)�L�Q�H�V�� ���� �������� �������� �������� ���� ���� �������� �������� ���� ���� �������� ��������
���� ���������P�� �0�L�[�H�G�� ���� �������� �������� �������� ���������� �������� �������� �������� ���� ���� �������� ��������
���� ���������P�� �&�R�D�U�V�H�� �������� �������� ���� �������� ���������� �������� ���� �������� ���� ���� �������� ��������
� �� � � !� �� �� P� � � )� L� Q� H� V� � � �� � � �� � � �� �� �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �
���� �!�����P�� �0�L�[�H�G�� ���� ���� �������� ���� ���� ���� �������� ���� ���� ���� ���� ����
���� �!�����P�� �&�R�D�U�V�H�� �������� �������� ���� ���� �������� �������� �������� ���� ���� ���� ���� ����
������ �S�L�W���D�U�H�D�� �S�L�W���D�U�H�D������ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
������ ������ �F�R�Q�Q�H�F�W�L�Q�J���F�K�D�Q�Q�H�O ���� ���� ���� ���� ���� ���� ���� ���� ���� �������� �������� ����
� �� �� � � �� �� � � V� W� U� H� D� P� � � �� � � �� �� �� � � �� � � �� � � �� � � �� � � �� �� �� � � �� � � �� � � �� � � �� � � �� �
� �� �� � � �� �� � � V� W� U� H� D� P� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �� � � �� �� �� � � �� �
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������������ �/�L�I�H���)�X�Q�F�W�L�R�Q���:�H�L�J�K�W��

�7�K�L�V���+�(�3���Y�D�O�X�H�V���D�O�O���O�L�I�H���I�X�Q�F�W�L�R�Q�V���H�T�X�D�O�O�\�����Z�L�W�K���D���Z�H�L�J�K�W���R�I�������������H�D�F�K���D�V�V�L�J�Q�H�G���I�R�U���V�S�D�Z�Q�L�Q�J����
�Q�X�U�V�H�U�\�����I�R�U�D�J�L�Q�J���D�Q�G���R�Y�H�U�Z�L�Q�W�H�U�L�Q�J����

������������ �6�S�H�F�L�H�V���:�H�L�J�K�W��

�7�K�H���R�Y�H�U�D�O�O���V�S�H�F�L�H�V���Z�H�L�J�K�W�V���X�V�H�G���L�Q���W�K�H���+�(�3���P�H�W�K�R�G���V�X�P���W�R�������D�F�U�R�V�V���V�S�H�F�L�H�V�����7�K�H���V�S�H�F�L�H�V��
�Z�H�L�J�K�W�V���I�R�U���Y�D�U�L�R�X�V���0�H�D�G�R�Z�E�D�Q�N���R�I�I�V�H�W�W�L�Q�J���S�O�D�Q�V���D�U�H���F�R�P�S�U�L�V�H�G���R�I���D���E�L�R�P�D�V�V���Z�H�L�J�K�W�L�Q�J���D�Q�G��
�D���I�L�V�K�H�U�\���Y�D�O�X�H���Z�H�L�J�K�W�L�Q�J������

�� �6�S�H�F�L�H�V���Z�H�L�J�K�W��� �����E�L�R�P�D�V�V���Z�H�L�J�K�W���������[�����I�L�V�K�H�U�\���Z�H�L�J�K�W��������

�,�Q�� �W�K�H�� �F�R�Q�F�H�S�W�X�D�O�� �:�K�D�O�H�� �7�D�L�O�� �S�L�W�� �R�I�I�V�H�W�W�L�Q�J�� �S�O�D�Q�� ���$�J�Q�L�F�R���� ������������ �W�K�H�� �E�L�R�P�D�V�V�� �Z�H�L�J�K�W�� �Z�D�V��
�E�D�V�H�G�� �R�Q�� �W�K�H�� �U�H�O�D�W�L�Y�H�� �E�L�R�P�D�V�V�� �R�I�� �W�K�H�� �V�S�H�F�L�H�V�� �G�H�W�H�U�P�L�Q�H�G�� �G�X�U�L�Q�J���I�L�V�K���R�X�W�V�� �R�I�� �0�H�D�G�R�Z�E�D�Q�N��
�V�L�W�H�� �O�D�N�H�V�� �W�K�D�W�� �K�D�Y�H�� �E�H�H�Q�� �G�U�D�L�Q�H�G���� �Z�L�W�K�� �R�Q�H�� �S�H�U�F�H�Q�W�� �D�O�O�R�F�D�W�H�G�� �W�R�� �H�D�F�K�� �R�I�� �V�O�L�P�\�� �V�F�X�O�S�L�Q�� �D�Q�G��
�Q�L�Q�H�V�S�L�Q�H���V�W�L�F�N�O�H�E�D�F�N�����D�V���W�K�H�\���D�U�H���Q�R�W���V�X�V�F�H�S�W�L�E�O�H���W�R���W�K�H���J�L�O�O���Q�H�W�V���X�V�H�G���L�Q���W�K�H���I�L�V�K���R�X�W�V�����$�O�V�R����
�L�Q�� �W�K�H�� �F�R�Q�F�H�S�W�X�D�O�� �:�K�D�O�H�� �7�D�L�O�� �S�L�W�� �R�I�I�V�H�W�W�L�Q�J�� �S�O�D�Q�� ���$�J�Q�L�F�R���� ������������ �D�� �P�R�G�L�I�L�F�D�W�L�R�Q�� �R�I�� �W�K�L�V��
�D�S�S�U�R�D�F�K�� �Z�D�V�� �S�U�R�S�R�V�H�G�� �W�K�D�W�� �L�Q�F�O�X�G�H�G�� �D�Q�� �D�E�R�U�L�J�L�Q�D�O�� �I�L�V�K�H�U�\�� �Y�D�O�X�H�� �Z�K�L�F�K�� �Z�R�X�O�G�� �E�H��
�G�H�W�H�U�P�L�Q�H�G�� �W�K�U�R�X�J�K�� �F�R�P�P�X�Q�L�W�\�� �F�R�Q�V�X�O�W�D�W�L�R�Q�V�� ���D�V�� �U�H�T�X�H�V�W�H�G�� �E�\�� �'�)�2�� �I�R�U�� �W�K�H�� �X�S�G�D�W�H�G�� �9�D�X�O�W��
�/�D�N�H�� �Q�R�� �Q�H�W�� �O�R�V�V�� �S�O�D�Q���� �)�H�E�U�X�D�U�\���� �������������� �+�R�Z�H�Y�H�U�� �L�Q�� �V�X�E�V�H�T�X�H�Q�W�� �G�L�V�F�X�V�V�L�R�Q�V���� �'�)�2�� �K�D�V��
�L�Q�G�L�F�D�W�H�G�� �D�� �S�U�H�I�H�U�H�Q�F�H�� �I�R�U�� �D�O�O�� �V�S�H�F�L�H�V�� �W�R�� �E�H�� �Z�H�L�J�K�W�H�G�� �H�T�X�D�O�O�\������ �7�K�H�U�H�I�R�U�H���� �H�D�F�K�� �R�I�� �W�K�H�� �V�L�[��
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�$�V�� �G�H�I�L�Q�H�G�� �E�\�� �)�L�V�K�H�U�L�H�V�� �D�Q�G�� �2�F�H�D�Q�V�� �&�D�Q�D�G�D�� ���������������� �³�F�R�P�S�O�H�P�H�Q�W�D�U�\�� �P�H�D�V�X�U�H�V�� �D�U�H��
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�I�R�U�� �W�K�H�� �:�K�D�O�H�� �7�D�L�O�� �S�L�W���� �'�)�2�� �K�D�V�� �L�Q�G�L�F�D�W�H�G�� �V�X�S�S�R�U�W�� �I�R�U�� �F�R�P�S�O�H�P�H�Q�W�D�U�\�� �P�H�D�V�X�U�H�V�� �W�R�� �S�U�R�Y�L�G�H��
�������� �R�I�� �W�K�H�� �U�H�T�X�L�U�H�G�� �R�I�I�V�H�W�W�L�Q�J���� �$�J�Q�L�F�R�� �(�D�J�O�H�� �L�V�� �V�X�S�S�R�U�W�L�Y�H�� �R�I�� �I�X�Q�G�L�Q�J�� �U�H�V�H�D�U�F�K�� �D�V�� �D��
�F�R�P�S�O�H�P�H�Q�W�D�U�\�� �P�H�D�V�X�U�H�� �W�R�� �R�I�I�V�H�W�� �K�D�E�L�W�D�W�� �O�R�V�V�H�V�� �U�H�V�X�O�W�L�Q�J�� �I�U�R�P�� �W�K�H�� �:�K�D�O�H�� �7�D�L�O�� �3�L�W�� �D�Q�G�� �K�D�V��
�S�U�R�Y�L�G�H�G�� �W�R�� �'�)�2�� �I�R�U�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�� �S�U�R�M�H�F�W�� �G�H�V�F�U�L�S�W�L�R�Q�V�� �I�R�U�� �D�� �V�X�L�W�H�� �R�I�� �U�H�V�H�D�U�F�K�� �D�F�W�L�Y�L�W�L�H�V�� �W�R��
�E�H�Q�H�I�L�W���O�R�F�D�O���V�W�D�N�H�K�R�O�G�H�U�V���D�Q�G���F�R�Q�W�U�L�E�X�W�H���W�R���W�K�H���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���D�T�X�D�W�L�F���V�\�V�W�H�P�V�����$�S�S�H�Q�G�L�[��
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�������������������� �7�K�U�R�X�J�K�� �W�K�L�V�� �D�F�F�R�X�Q�W�L�Q�J�� �P�H�W�K�R�G���� �W�K�H�� �S�U�R�S�R�V�H�G�� �F�R�P�S�O�H�P�H�Q�W�D�U�\�� �P�H�D�V�X�U�H�V�� �D�F�W�X�D�O�O�\��
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�7�K�H�� �I�R�O�O�R�Z�L�Q�J�� �H�V�W�L�P�D�W�H�G�� �W�L�P�H�O�L�Q�H�� �R�I�� �Z�D�W�H�U�� �P�D�Q�D�J�H�P�H�Q�W�� �D�F�W�L�Y�L�W�L�H�V�� �L�V�� �G�H�V�F�U�L�E�H�G�� �L�Q�� �W�K�H�� �:�K�D�O�H��
�7�D�L�O���3�L�W�������:�D�W�H�U���0�D�Q�D�J�H�P�H�Q�W���3�O�D�Q���$�G�G�H�Q�G�X�P�����)�(�,�6�����-�X�Q�H�������������������7�K�H���H�[�F�O�X�V�L�R�Q���R�I���I�L�V�K���I�U�R�P��
�D�Y�D�L�O�D�E�O�H�� �K�D�E�L�W�D�W�� �L�Q�� �:�K�D�O�H�� �7�D�L�O�� �/�D�N�H�� �±�� �1�R�U�W�K�� �%�D�V�L�Q�� �Z�L�O�O�� �H�[�W�H�Q�G���I�U�R�P�� �W�K�H�� �L�Q�L�W�L�D�W�L�R�Q�� �R�I�� �G�L�N�H��
�F�R�Q�V�W�U�X�F�W�L�R�Q�� ���������������� �G�H�Z�D�W�H�U�L�Q�J�� �D�Q�G�� �W�K�H�� �I�L�V�K�R�X�W�� ���������������� �X�Q�W�L�O�� �U�H���I�O�R�R�G�L�Q�J�� �L�V�� �F�R�P�S�O�H�W�H�� ��������������
�D�Q�G�� �G�L�N�H�V�� �D�U�H�� �E�U�H�D�F�K�H�G�� �W�R�� �D�O�O�R�Z�� �I�L�V�K�� �U�H���H�Q�W�U�\�� ���H�V�W�L�P�D�W�H�G�� �������������� �8�Q�W�L�O�� �W�K�H�� �H�[�S�D�Q�G�H�G�� �:�K�D�O�H��
�7�D�L�O���/�D�N�H���±���6�R�X�W�K���%�D�V�L�Q���L�V���U�H�W�X�U�Q�H�G���W�R���E�D�V�H�O�L�Q�H���Z�D�W�H�U���O�H�Y�H�O�V���������������±�����������������D���O�D�U�J�H���T�X�D�Q�W�L�W�\��
�R�I�� �V�X�S�S�O�H�P�H�Q�W�D�O�� �K�D�E�L�W�D�W�� �Z�L�O�O�� �E�H�� �D�Y�D�L�O�D�E�O�H�� �W�K�U�R�X�J�K�R�X�W�� �W�K�D�W�� �D�U�H�D���G�X�H�� �W�R�� �I�O�R�R�G�L�Q�J�� �R�I�� �W�H�U�U�H�V�W�U�L�D�O��
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�I�X�Q�F�W�L�R�Q�D�O�L�W�\�� �R�I�� �W�K�H�� �V�\�V�W�H�P�� ���L���H���� �J�U�R�Z�W�K���� �U�H�S�U�R�G�X�F�W�L�R�Q�� �D�Q�G�� �V�X�U�Y�L�Y�D�O������ �Z�L�W�K�� �F�O�H�D�U�O�\�� �L�G�H�Q�W�L�I�L�H�G��
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�G�H�W�H�U�P�L�Q�H�G���Q�R�W���W�R���S�U�R�Y�L�G�H���I�X�Q�F�W�L�R�Q�D�O���I�L�V�K���K�D�E�L�W�D�W�����H���J�����L�I���F�R�Q�G�L�W�L�R�Q�V���Z�L�W�K�L�Q���W�K�H���U�H�I�O�R�R�G�H�G���D�U�H�D��
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�,�I�� �G�H�H�P�H�G�� �I�H�D�V�L�E�O�H���� �F�R�Q�W�L�Q�J�H�Q�F�\�� �R�S�W�L�R�Q�� ���� �F�R�X�O�G�� �L�Q�Y�R�O�Y�H�� �P�D�L�Q�W�D�L�Q�L�Q�J�� �D�O�O�� �R�U�� �D�� �S�R�U�W�L�R�Q�� �R�I�� �W�K�H��
�I�O�R�R�G�H�G���F�R�Q�G�L�W�L�R�Q�V���V�R�X�W�K���R�I���W�K�H���:�K�D�O�H���7�D�L�O���'�L�N�H�����,�Q���F�R�Q�F�H�S�W�����W�K�H���:�K�D�O�H���7�D�L�O���'�L�N�H���Z�R�X�O�G���Q�R�W��
�E�H�� �E�U�H�D�F�K�H�G�� �W�R�� �D�O�O�R�Z�� �I�L�V�K�� �H�Q�W�U�\�� �L�Q�W�R�� �:�K�D�O�H�� �7�D�L�O�� �/�D�N�H���� �$�V�� �G�X�U�L�Q�J�� �W�K�H�� �R�S�H�U�D�W�L�R�Q�V�� �S�K�D�V�H��
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EXECUTIVE��SUMMARY��

Agnico��Eagle��Mines��Limited��–��Meadowbank��Division��(Agnico��Eagle)��is��proposing��to��develop��the��
Whale��Tail��Pit��and��Haul��Road��Project��(Project),��a��satellite��deposit��located��on��the��Amaruq��property,��
to��continue��mine��operations��and��milling��at��the��Meadowbank��Mine.��The��proposed��Whale��Tail��open��
pit��will��be��mined��by��truck�rand�rshovel��operation.����

The��impacts��of��climate��change��have��the��potential��to��affect��a��wide��range��of��environmental,��social��and��
economic��systems��of��value��to��Inuit,��as��indicated��by��the��observations��and��changes��experienced��by��
Baker��Lake��traditional�� land��users.��Climate��change��is��a��global�� issue��caused��by��emissions��of��
greenhouse��gases��(GHG).����

This��document��presents��the��Greenhouse��Gas��Reduction��Plan��as��per��Nunavut��Impact��Review��Board��
(NIRB)��Project��Certificate��No.008,��Condition��3.��It��discusses��predicted��emissions��for��the��Project��
(including��Whale��Tail��Project��and��Meadowbank),��sources��of��GHG,��as��well��as��monitoring��measures��
and��energy��reduction��initiatives.����

Development��of��the��Whale��Tail��Pit��and��emissions��from��traffic��along��the��haul��road��to��Meadowbank��
Mine��are��predicted��to��result��in��a��14.8%��increase��in��GHG��emissions��for��Nunavut.��By��adding��the��
Meadowbank��mill��and��camp��activities,��the��emissions��for��the��Project��are��predicted��to��result��in��a��56%��
increase��in��GHG��emissions��for��Nunavut.��When��compared��to��Canada’s��national��emissions��(714,000��kt��
CO2e/yr),��the��Project��contributes��to��a��less��than��0.04%��increase��in��national��GHG��emissions��(Agnico��
Eagle,��2016).��Four��(4)��main��sources��of��GHG��emissions��have��been��identified��for��the��Project;��off�rroad��
vehicle��exhaust,��on�rroad��vehicle��exhaust,��power��plant��and��camp��heater.��

Emissions��of��GHG��for��the��Whale��Tail��Pit��Project��and��Meadowbank��Mine��will��be��calculated��on��a��
monthly��basis��and��reported��annually��through��Environment��Canada’s��Greenhouse��Gas��Emissions��
Reporting��Program��(GHGRP)��and��NIRB��Annual��Report.��This��report��will��also��include��a��discussion��on��
the��monthly��variations��of��GHG��emissions,��as��well��as��a��comparison��with��FEIS��emission��predictions.����

A��number��of��initiatives��are��planned��to��reduce��project�rrelated��GHG��emissions��over��the��Project��
lifecycle.��Some��strategies��have��already��been��implemented��while��others��are��currently��being��assessed.����
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SECTION��1��• ��INTRODUCTION��

Agnico��Eagle��Mines��Limited��–��Meadowbank��Division��(Agnico��Eagle)��is��planning��to��develop��the��Whale��
Tail��Pit��and��Haul��Road��Project��(Project),��a��satellite��deposit��located��on��the��Amaruq��property,��to��
continue��mine��operations��and��milling��at��the��Meadowbank��Mine.����

The��Amaruq��property�� is�� a�� 408�� square�� kilometre�� (km2)�� site�� located��on�� Inuit��Owned��Land��
approximately��150��kilometres��(km)��north��of��the��Hamlet��of��Baker��Lake��and��approximately��50��km��
northwest��of��the��Meadowbank��Mine��in��the��Kivalliq��Region��of��Nunavut.��The��deposit��will��be��mined��as��
an��open��pit��(i.e.,��Whale��Tail��Pit),��and��ore��will��be��hauled��on��the��Whale��Tail��haul��road��to��the��approved��
infrastructure��at��the��Meadowbank��Mine��for��milling.����

The��proposed��Whale��Tail��open��pit��will��be��mined��by��truck�rand�rshovel��operation.��As��presented��in��
Table��1.1,��there��are��four��main��phases��to��the��development:��1��year��of��construction,��4��years��of��mine��
operations��(2019��to��Q1��2022),��8��years��of��closure,��followed��by��the��post�rclosure��period.��Pending��
regulatory��approvals,��the��construction��phase��is��anticipated��to��start��at��the��beginning��of��the��third��
quarter��of��Year���r1��(2018)��and��focus��on��site��preparation��and��construction��of��infrastructure��to��support��
mine��development,��along��with��commencement��of��open��pit��development.��

The��general��mine��site��location��for��the��Project��is��shown��in��Figure��1.1.��Mine��development��will��include��
the��following��major��infrastructures:��

�x industrial��area��(camp��and��garage);��

�x crusher;��

�x ore��stockpiles;��

�x rock��and��overburden��storage��facilities;��

�x landfill;����

�x haul��and��access��roads;��

�x open��pit��mine;��and��

�x dewatering��dikes.��

��
��
��
��
��
��
��
��
��
��
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Table��2.1��Overview��of��Timeline��and��General��Activities����

Phase�� Year�� General��Activities��

Construction�� Year���r1��
�x Construct��site��infrastructure��
�x Develop��open��pit��mine����
�x Stockpile��ore��

Operations��
Year��1��to��3��

�x Open��pit��operations��
�x Transport��ore��to��Meadowbank��Mine��
�x Stockpile��ore��
�x Discharge��Tailings��in��Meadowbank��TSF��

Year��4��
�x Complete��transportation��of��ore��to��Meadowbank��Mine��
�x Complete��tailings��discharge��in��Meadowbank��TSF��

Closure�� Year��4��to��11��
�x Remove��non�ressential��site��infrastructure��
�x Flood��mined�rout��open��pit��
�x Re�restablish��natural��Whale��Tail��Lake��level��

Post�rClosure�� Year��11��forwards�� �x Site��and��surrounding��environment��monitoring��
TSF��=��Tailings��Storage��Facility��

��
��
��
��
��
��
��
��
��
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Figure��1.1��Location��of��Whale��Tail��Pit��
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The��impacts��of��climate��change��have��the��potential��to��affect��a��wide��range��of��environmental,��social��and��
economic��systems��of��value��to��Inuit,��as��indicated��by��the��observations��and��changes��experienced��by��
Baker��Lake��traditional�� land��users.��Climate��change��is��a��global�� issue��caused��by��emissions��of��
greenhouse�� gases�� (GHG).�� Changes�� to�� weather�� and�� climate�� have�� the�� potential�� to�� affect��
environmental,��social��and��economic��systems��of��value��to��the��Inuit��and��other��regional��stakeholders.��

Weather��and��climate��have��been��identified��as��valued��components��(VCs)��in��the��Whale��Tail��Final��
Environmental��Impact��Statement��(FEIS)��Amendment,��Volume��4��–��Atmospheric��Environment,��Section��
4.1.2��(Agnico��Eagle,��2016).��Community��elders��are��concerned��about��climate��change��and��recent��
unpredictability��in��weather��(Volume��7,��Appendix��7�rA)��(Agnico��Eagle,��2016).��

This��document��presents��the��Greenhouse��Gas��Reduction��Plan.��The��purpose��of��this��Plan��is��to��provide��
consolidated��information��on��the��management��and��monitoring��of��GHG��for��the��Project,��by��presenting��
predicted��emissions��for��the��Project��(including��Whale��Tail��Project��and��Meadowbank),��sources��of��GHG,��
followed��by��monitoring��measures��and��initiatives��taken��to��reduce��emissions.����

As��per��Nunavut��Impact��Review��Board��(NIRB)��Whale��Tail��Project��Certificate��No.008��Condition��3,��the��
Greenhouse��Gas��Reduction��Plan��should��be��submitted��to��the��NIRB��within��60��days��of��the��issuance��of��
the��Project��Certificate,��with��results��submitted��annually��thereafter��or��as��may��otherwise��be��required��
by��the��NIRB.��This��Plan��includes:��

�x An��estimate��of��the��Project’s��GHG��baseline��emissions;��

�x A��description��of��monitoring��measures��to��be��undertaken,��including��the��methods,��frequency,��
parameters,��and��a��description��the��analysis;��

�x A��description��of��reduction��initiatives��planned��and��taken,��to��reduce��project�rrelated��GHG��
emissions��over��the��Project��lifecycle.��

��
��

��

��
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SECTION��2��• ��PROJECT��BASELINE��EMISSIONS��

2.1�� Project��Baseline��Emissions��Predictions������

As��presented��in��the��Whale��Tail��FEIS,��Volume��4��–��Atmospheric��Environment,��Section��4.2.3.1��(Agnico��
Eagle,��2016),��an��assessment��was��completed��in��order��to��estimate��the��GHG��emissions��related��to��the��
Project.��As��part��of��this��assessment,��Project�rrelated��GHG��emissions��were��calculated��using��methods��
consistent��with��Canada’s��Greenhouse��Gas��Emissions��Reporting��Program��(GHGRP).����

Table��2.1��presented��below��summarizes��predictions��of��GHG��emissions��for��the��Project��for��the��peak��
year��of��production��in��2020��(Agnico��Eagle,��2016).��Mining��production��will��likely��be��at��its��highest,��
meaning��that��most��of��the��heavy��and��light��equipment��will��be��in��operation,��and��that��camp��occupancy��
will��be��at��its��maximum.��Therefore,��the��predictions,��estimated��at��64.2��kilotonnes��of��carbon��dioxide��
equivalent��per��year��(kt��CO2e/yr),��are��considered��to��be��the��maximum��expected��for��the��Project.��

Table��2.1��also��summarizes��predictions��from��the��Project��plus��those��from��the��existing��Meadowbank��
mill��and��camp��in��2020��(Agnico��Eagle,��2016).��As��the��ore��material��from��the��Whale��Tail��Pit��Project��will��
be��hauled��to��the��approved��infrastructures��at��the��Meadowbank��Mine��for��processing��and��tailings��
deposition,��the��predicted��emissions��for��Meadowbank��are��included��with��the��Whale��Tail��Pit��Project��
predicted��emissions.��Total��estimated��emissions��for��2020��are��estimated��at��244��kt��CO2e/yr.��

Since��the��ore��throughput��for��the��Meadowbank��mill��from��the��Whale��Tail��Project��is��predicted��to��be��
15%��to��20%��lower��than��current��throughput��when��processing��ore��from��the��Whale��Tail��Pit,��it��is��
estimated��that��the��GHG��emissions��rate��for��the��mill��will��be��180��kt��CO2e/yr.��This��is��considered��a��
conservative��estimate��for��the��Meadowbank��mill��processing��the��Whale��Tail��Pit��ore,��as��presented��in��
Table��2.1.����

There��are��four��(4)��main��sources��of��GHG��emissions��considered��for��the��Project.��These��sources��are��
described��in��Section��2.2��below.����

��

��

��

��

��

��

��
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Table��2.1��Greenhouse��Gas��Summary��for��the��Project��and��the��Meadowbank��Mill ��(2020)��

Emissions��Source��
Greenhouse��Gas��
Emissions��(kt��CO2e)��

Off�rroad��exhaust�� 52.8
On�rroad��exhaust�� 4.4
Power��plant�� 4.1
Camp��heater�� 2.9

Whale��Tail��Project��Total��(a)�� 64.2
Meadowbank��mill���� 180.0

Whale��Tail��Project��plus��Meadowbank��Total�� 244.0
(a)��Project��Total��includes��emissions��from��the��Whale��Tail��Pit��and��the��Haul��Road.��
kt��CO2e��=��kilotones��of��carbon��dioxide��equivalents;��%��=��percent;��<=��less��than��
Source:��Modified��from��Whale��Tail��FEIS,��Volume��4��–��Atmospheric��Environment��(Agnico��Eagle,��2016)��
��
 
2.2�� Main��Sources��of��Greenhouse��Gas��for��the��Project��

As��presented��in��Table��2.1,��there��are��four��(4)��main��sources��of��GHG��identified��for��the��Project��predicted��
emissions:��

�x Off�rroad��vehicle��exhaust��emissions��which��include��the��heavy��and��light��vehicles��not��operating��
on��the��haul��road,��but��rather��in��areas��of��production��such��as��the��open��pit;��

�x On�rroad��vehicle��exhaust��emissions��which��stand��for��traffic��on��the��63��km��Whale��Tail��Haul��
Road;��

�x Power��plant��related��GHG��emissions,��which��includes��the��four��(4)��expected��Caterpillar��3516��
generators��installed��in��the��power��plant��to��provide��power��for��the��mine��site���r��two��running��and��
two��on��standby;��

�x Camp��heater��related��GHG��emissions,��including��a��500��kW��diesel�rfired��heater��expected��for��the��
Project.��

��

 

  
��
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SECTION��3��• ��DESCRIPTION��OF��MONITORING��MEASURES��

3.1�� Greenhouse��Gas��Emission��Monitoring��

Emissions��of��GHG��for��the��Whale��Tail��Pit��Project��and��Meadowbank��Mine��will��be��calculated��on��a��
monthly��basis.��Emissions��related��to��the��four��(4)��main��sources��described��in��Section��2��will��be��
calculated.��Although��considered��minimal��compared��to��the��other��sources,��emissions��produced��by��the��
following��activities��will��also��be��calculated��and��compiled:��

�x aviation����(commercial��charter��planes��required��for��the��transportation��of��employees��and��cargo��
freight);��

�x light��truck��transportation��using��gasoline;��

�x blasting��(use��of��emulsion���r����ammonium��nitrate/fuel��oil��(ANFO))��;����

�x heating��using��propane.����

Quantity��of��diesel��(in��liter)��used��for��the��generation��of��electricity��and��for��light��and��heavy��equipment��
will��be��recorded��on��a��monthly��basis��for��the��Project.��The��quantities��of��aviation��fuel��(liter),��propane��
(liter)��and��ANFO��explosive��(tonne)��will��also��be��recorded��on��a��monthly��basis.��From��those��quantities,��
the��direct��emissions��based��on��̀ `Standard��Emissions��Factors`�̀�will��be��calculated.��For��each��sources,��
carbon��dioxide��(CO2)��emissions��are��calculated��(in��tonnes),��as��well��as��methane��(CH4)��and��nitrogen��
dioxide��(N2O)��in��tonnes��of��carbon��dioxide��equivalent��(CO2e��tonnes).��Emissions��calculated��for��each��
sources��are��added��to��obtain��a��monthly��total��Project��related��emissions��in��tonnes��of��carbon��dioxide��
equivalents��(t��CO2e/yr).��

3.2�� Data��Analysis��and��Reporting��

Estimated��GHG��emissions��for��the��Project��(including��Whale��Tail��Pit��and��Meadowbank)��will��be��
compiled��and��analysed��on��a��monthly��basis.��Data��will��be��reviewed��and��variations��will��be��correlated��to��
factor��of��causes��such��as��seasonal��climate,��production��activities��or��other��factors��of��influence��
identified.����

GHG��emissions��will��be��reported��on��an��annual��basis,��as��per��the��requirements��of��the��Whale��Tail��NIRB��
Project��Certificate��No.008,��in��the��Whale��Tail��Annual��Report��and��to��Environment��and��Climate��Change��
Canada��via��the��GHGRP.��The��NIRB��Annual��Report��will��also��include��a��discussion��on��GHG��emissions��
monthly��variations,��as��well��as��a��comparison��with��FEIS��emission��predictions.��Emissions��related��to��
aviation,��blasting,��propane��heating,��and��light��truck��transportation��using��gasoline��will��also��be��
presented��and��analysed.��
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SECTION��4��• ��REDUCTION��INITIATIVES��

A��number��of��reduction��initiatives��are��planned��to��reduce��project�rrelated��GHG��emissions��over��the��
Project��lifecycle.��While��some��have��already��been��implemented��others��are��currently��being��assessed.����

4.1�� Strategies��to��Reduce��Fuel��Consumption����

4.1.1��Heat��recovery��system��–��promote��cogeneration��to��increase��efficiency��and��convert��to��
glycol��

The��main��Meadowbank��power��plant��consists��of��six��4,400��kW��generators��and��a��heat��recovery��system.��
The��heat��recovery��system��was��not��performing��as��expected,��resulting��in��additional��operating��costs,��
higher��GHG��emissions,��and��low��comfort��level��for��workers��in��certain��buildings.��Cogeneration��is��
recognized��as��an��efficient��way��of��using��fossil��energy��by��recovering��heat��generated��from��a��facility��that��
is��usually��exhausted��into��the��environment.��The��optimization��of��the��power��plant��efficiency��was��
completed��in��two��(2)��main��phases;��increasing��cogeneration��plant��heat��production��through��recovery��
and��synchronizing��heat��consumption��with��heat��production.��

At��Meadowbank,��the��service��building��heating��system��was��synchronized��with��the��recovered��heat��
(exhaust��of��generators),��further��increasing��heat��production��efficiency��of��the��cogeneration��plant��
through��heat��recovery.��The��average��recovered��heat��increased��by��over��50%,��replacing��the��need��for��
auxiliary��electric��heating��at��Meadowbank.��The��power��plant��consumes��now��approximately��two��
million��(2,000,000)��liters��less��of��diesel��per��year��than��originally��planned,��which��represents��a��GHG��
reduction��of��approximately��5,600��t��CO2e/yr.��

Furthermore,��a��glycol��system,��replacing��the��electric��one,��was��installed��in��the��service��building��at��
Meadowbank��and��is��fed��by��the��heat��recovery��system.��This��results��in��diesel��consumption��reduction��
and��GHG��emissions��reduction.��

A��similar��cogeneration��system��and��usage��of��glycol��is��being��evaluated��at��the��Whale��Tail��Pit��Project,��
resulting��in��further��GHG��emissions��reduction��if��implemented.��

4.1.2��Energy��Diagnostic��Page��

The��implementation��of��an��̀ `Energy��Diagnostic��Page`�̀�on��the��operation��screens��of��the��power��plant��
would��allow��the��energy��leader��staff��to��monitor��the��performance��of��the��heating��system��on��a��daily��
basis.��This��new��monitoring��tool��would��also��allow��the��setting��of��power��consumption��targets��for��
specific��areas��of��the��facilities��and��of��alarms��with��automated��emails��when��consumption��is��over��the��
fixed��target.��This��tool��would��promote��rapid��identification��and��diagnostic��of��problems��in��the��heating��
system,��which��is��a��large��contributor��to��the��GHG��emissions.��The��implementation��of��this��device��is��
being��evaluated��at��the��moment.��
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4.1.3��Optimization��integrated��with��mining��plan��

The��Mine��and��Mill��departments��are��the��main��energy��consumers��for��the��Project,��and��therefore��the��
main��GHG��emissions��contributors.��Both��departments��are��continuously��assessing��ways��to��increase��
their��efficiency,��whether��by��reducing��the��number��of��trucks��or��by��optimizing��cycle��time��of��the��fleet.��
The��dispatch��system��used��to��monitor��the��production��activities��in��the��open��pit��and��during��hauling��of��
the��material��also��contributes��to��increase��the��efficiency��of��the��production��equipment.� � � �Finding��
optimal��rock��fragmentation��for��rock��blasting��in��the��pit��is��also��among��the��ways��to��reduce��rock��
grinding��required��at��the��Mill,��reducing��energy��consumption.��These��optimizations,��along��with��others,��
can��reduce��the��energy��used��for��production��activities,��and��therefore��reduce��GHG��emissions��and��
overall��costs.����

4.1.4��Incinerator��capacity��and��alternative��

The��optimization��of��the��incinerator��cycles��to��increase��capacity��with��the��same��energy��consumption,��
while��respecting��the��protocols��and��procedures��to��ensure��proper��operation��of��the��facility,��has��been��
completed��with��success��at��Meadowbank.��The��optimization��will��continue��when��the��incinerator��
receives��waste��from��the��Whale��Tail��Project.��

The��potential��of��food��waste��composting��instead��of��burning��at��the��incinerator��is��being��evaluated��at��
the��moment,��to��assess��its��global��impact��on��GHG��emissions��reduction.��This��would��potentially��reduce��
the��amount��of��waste��sent��to��the��incinerator,��and��therefore��reduce��the��facilities’��burning��and��energy��
needs,��and��related��GHG��emissions.��In��addition��to��reducing��emissions,��composting��would��consist��in��
an��innovative��project��in��the��North.��

4.2�� Strategy��to��Replace��Fuel��Consumption��by��Renewable��Energy��

Renewable��energy��alternatives��are��being��assessed��and��validated��on��a��continuous��basis.����Historically,��
trials��were��conducted��in��2015��to��assess��maintenance��needs��and��reliability��of��solar��panels��at��
Meadowbank.� � � �A��total��of��nine��(9)��solar��panels��were��ordered��to��assess��their��performance��in��a��
northern��environment��during��the��2015��and��2016��winter��months.��The��trials��were��successful.����At��this��
time,��one��alternative��energy��option��being��assessed��is��the��feasibility��of��implementing��a��wind��power��
system.������

4.3�� Strategy��Development��and��Awareness��

4.3.1��Energy��saving��staff��committee��

This��committee��is��formed��by��a��group��of��employees��from��various��departments,��who��work��together��to��
identify��areas��of��improvement��for��energy��consumption��savings��and��to��find��innovative��ideas��to��
improve��energy��consumption��and��reduce��GHG��emissions.��For��example,��the��committee��initiated��the��
idea��of��composting��food��waste��on��site��rather��than��using��the��incinerator.��
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4.3.2��Towards��Sustainable��Mining��flow��chart��

The��Towards��Sustainable��Mining��(TSM)�� flowchart��has��been�� implemented��with�� the��Strategic��
Optimization��Group��and��intends��to��create��a��visual��approach��for��employees��to��understand��the��energy��
system��and��consumption��on��site,�� in��order�� to��create��a��venue�� for��discussing��energy�rsavings��
opportunities.��

4.3.3��Raising��Awareness��

On��a��regular��basis,��the��Environment��and��Camp��Departments��send��emails��and��memos,��or��install��
posters��to��remind��employees��about��the��importance��of��saving��energy.��For��example,��the��Camp��
Department��staff��place��individual��reminders��in��rooms��during��cleaning��when��the��lights��are��left��on��by��
guests.��The��Environment��Department��sends��regular��communications��about��the��̀ `no��idling��policy` �̀�
for��vehicles��on��site,��to��avoid��having��vehicles��left��on��idle��mode��while��not��in��use.��Inspections��on��site��
are��also��completed��to��raise��awareness��and��enforce��this��policy.��

��

 

 

 

 

��
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EXECUTIVE SUMMARY 

Agnico Eagle Mines Limited �± Meadowbank Division (Agnico Eagle) received a Project 
Certificate No.008 from the Nunavut Impact Review Board for the development of the Whale 
Tail Pit, a satellite deposit located on the Amaruq Exploration property.   

The deposit will be mined as an open pit (i.e., Whale Tail Pit), and ore will be hauled by truck to 
the approved infrastructure at Meadowbank Mine for milling. Approximately 8.3 million tonnes 
(Mt) of ore will be mined from the open pit and processed over a three to four-year mine life. Ore 
from Whale Tail Pit will be crushed on site after which it will be transported to Meadowbank 
Mine for milling. The mill rate will be approximately 9,000 to 12,000 tonnes per day. 

During mining, groundwater will flow into the open pit. This water is naturally high in total 
dissolved solids and will not be directly discharged out of the active mine site without treatment. 
Water management during mine operations will involve a variety of activities, described in detail 
in the Water Management Plan (WMP) developed for the Project (Agnico Eagle 2018a). 

This Groundwater Management Plan (GWMP)  reflects the commitments made with respect to 
submissions provided during the technical review of the FEIS, to comply with Terms and 
Conditions No. 15 and 16 included in the Project Certificate. This version of the plan includes:  

1. Sampling results of the multi-level Westbay well system, that were completed in 
November 2018;  

2. Thermal analyses completed in 2018;  

3. Groundwater monitoring plan for horizontal and vertical groundwater flow; and, 

4.  Threshold and adaptive management plan related to the groundwater management.  

 

Additional modelling efforts were completed in support of the water quality predictions at closure 
and post-closure.  The additional modelling that were completed are: post-closure 
hydrogeological modelling in combination with the diffusion model; and, the pit lake 
hydrodynamic model and receiving lake (Mammoth Lake) hydrodynamic model.    

The results of these studies indicated that arsenic release from the submerged pit wall (arsenic 
diffusion) will not affect water quality in the pit lake; and,  mass transfer to water is very low even 
under the conservative assumptions of the calculations.  Results from these studies further indicate 
that the seepage into and out of the pit lake are negligible in volume, particularly compared to 
surface water exchanged annually during post-closure when flows are re-established based on 
average climate year watershed runoff.  The combination of results corroborates to support that the 
hydrogeological regime around the pit lake is not critical to pit lake water quality. 
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Agnico Eagle considers that the uncertainty related to the arsenic-related water quality issues 
emanate from the Water Rock Storage Facility and the fill water in the proposed pit lake created 
after the excavation of the ore body, are addressed, and the NIRB Project Certificate No. 008 terms 
and conditions No. 15 and 16 has been fulfilled. 

The GWMP was updated to include additional monitoring of the horizontal and vertical groundwater 
flow to validate the prediction of these studies during the operation of the Whale Tail pit. 

Agnico Eagle would like to clarify the monitoring requirements related to the Waste Rock Storage 
Facility (WRSF) are addressed in the approved ARD-ML monitoring plan, Water Quality and Flow 
Monitoring Plan, Water Management Plan and Waste Management Plan,  as any seepage 
emanating from the WRSF is considered as a surface water management issue. The groundwater 
monitoring plan focus on the definition of the groundwater quality and flow reporting to the pit lake 
created before, during and after the excavation of the ore body. 
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1 INTRODUCTION 

Agnico Eagle Mines Limited �± Meadowbank Division (Agnico Eagle) received Project Certificate 
No.008 from the Nunavut Impact Review Board (NIRB) for the development of the Whale Tail 
Pit (the Project), a satellite deposit located on the Amaruq Exploration property. The Amaruq 
Exploration property is a 408 square kilometre (km2) site located on Inuit Owned Land 
approximately 150 kilometres (km) north of the hamlet of Baker Lake and approximately 50 km 
northwest of the Meadowbank Mine in the Kivalliq region of Nunavut (Figure 1). The deposit will 
be mined as an open pit, and ore will be hauled by truck to the approved infrastructure at 
Meadowbank Mine for milling.  

This document presents Groundwater Monitoring Plan (GWMP) for the Whale Tail Pit. Overall 
water management for operations, closure, and post-closure is described in the Agnico Eagle 
Water Management Plan (WMP) (Agnico Eagle 2018a). The WMP provides descriptions of the 
water control structures and associated design criteria.  

1.1 CONCORDANCE 

Meadowbank Mine is an approved mining operation and Agnico Eagle is planning to extend the 
life of the mine by constructing and operating the Project. The Project was subject to an 
environmental review established by Article 12, Part 5 of the Nunavut Agreement. In June 2016, 
Agnico Eagle submitted a Final Environmental Impact Statement (FEIS) seeking a 
reconsideration of the Meadowbank Mine Project Certificate (No. 004/File No. 03MN107) and 
Type A Water Licence Amendment (No. 2AM-MEA1525) from the NIRB. 

On July 2016, the NIRB determined that the proposed Project required a separate screening 
assessment under the Nunavut Agreement and the Nunavut Planning and Project Assessment 
Act (NuPPAA). A separate Project Certificate (NIRB Project Certificate No. 008) was issued for 
the Project on March 15, 2018 by the NIRB. This GWMP reflects the commitments made with 
respect to submissions provided during the technical review of the FEIS, to comply with Terms 
and Conditions No. 15 and 16 included in the Project Certificate.  

This version of the plan includes:  

1. Sampling results of the multi-level Westbay well system, that were completed in 
November 2018;  

2. Thermal analyses completed in 2018;  

3. Groundwater monitoring plan for horizontal and vertical groundwater flow; and, 

4.  Threshold and adaptive management plan related to the groundwater management.  
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Additional modelling efforts were completed in support of the water quality predictions at closure 
and post-closure.  The additional modelling that were completed are: post-closure 
hydrogeological modelling in combination with the diffusion model; and, the pit lake 
hydrodynamic model and receiving lake (Mammoth Lake) hydrodynamic model.    

The results of these studies indicated that arsenic release from the submerged pit wall (arsenic 
diffusion) will not affect water quality in the pit lake; and, mass transfer to water is very low even 
under the conservative assumptions of the calculations.  Results from these studies further indicate 
that the seepage into and out of the pit lake are negligible in volume, particularly compared to 
surface water exchanged annually during post-closure when flows are re-established based on 
average climate year watershed runoff.  The combination of results corroborates to support that the 
hydrogeological regime around the pit lake is not critical to pit lake water quality. 

Agnico Eagle considers that the uncertainty related to the arsenic-related water quality issues 
emanate from the Water Rock Storage Facility and the fill water in the proposed pit lake created 
after the excavation of the ore body, are addressed, and the NIRB Project Certificate No. 008 terms 
and conditions No. 15 and 16 has been fulfilled. 

The GWMP was updated to include additional monitoring of the horizontal and vertical groundwater 
flow to validate the prediction of these studies during the operation of the Whale Tail pit. 

Agnico Eagle would like to clarify the monitoring requirements related to the Waste Rock Storage 
Facility (WRSF) are addressed in the approved ARD-ML monitoring plan, Water Quality and Flow 
Monitoring Plan, Water Management Plan and Waste Management Plan, as any seepage 
emanating from the WRSF is considered as a surface water management issue. The groundwater 
monitoring plan focus on the definition of the groundwater quality and flow reporting to the pit lake 
created before, during and after the excavation of the ore body. 

1.2 OBJECTIVES 

The objective of the GWMP is to provide consolidated information on groundwater management 
for the Project. The GWMP is divided into the following components: 

�x Introductory section (Section 1) 

�x A brief summary of the physical and hydrogeological setting at the mine site, the mine 
development plan and FEIS pit inflow predictions (Section 2) 

�x A description of the groundwater monitoring program (Section 3) 

�x A summary of procedures for quality assurance and quality control (QA/QC) (Section 4) 
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2 BACKGROUND  

2.1 SITE CONDITIONS 

�7�K�H�� �3�U�R�M�H�F�W�� �L�V�� �O�R�F�D�W�H�G�� �L�Q�� �&�D�Q�D�G�D�¶�V�� �1�R�U�W�K�H�U�Q�� �$�U�F�W�L�F�� �H�F�R�]�R�Q�H���� �7�K�L�V�� �U�H�J�L�R�Q�� �L�Q�F�O�X�G�H�V�� �P�R�V�W�� �R�I��
�&�D�Q�D�G�D�¶�V�� �$�U�F�W�L�F Archipelago and northern regions of continental Nunavut and the Northwest 
Territories. This ecoregion is classified as a polar desert and is characterized by long cold 
winters and short cool summers. The mean air temperatures in June to September is 
approximately 7 degrees Celsius (°C) and -20.6 °C in October to May. 

Average annual precipitation at Meadowbank Mine is 142.6 mm (1998 to 2004). The annual 
precipitation at site generally falls as rain between June and September, and snow between 
October and May. However, snowfall can occur at any time of the year. 

Based on data for Baker Lake (120 km to the south), and from experience ice auguring within 
the Meadowbank Mine lakes in the winter, the mean maximum lake ice thickness over Whale 
Tail Lake is expected to be 2.25 m. During the winter collection of water quality baseline data in 
Whale Tail Lake in April 2016, ice thickness was confirmed to be 2 m. 

The surficial geology of the Project area shows strong evidence of glacial activity and is 
dominated by veneers and blankets of till overlying undulating bedrock. Bedrock frequently 
outcrops in isolated exposures, elevated plateaus and elongated ridges. Lakes and ponds are 
abundant, occupying approximately 16% of the area.  

The local overburden consists of till with a silty sand matrix and clasts that range from granule 
gravel to large boulders in size. Glaciofluvial deposits in the form of eskers and terraces are 
found in the northeast section of the satellite deposit and they continue in a southeast direction 
intersecting the haul road in several locations.  

The bedrock geology in the Project area consists of Archean and Proterozoic supercrustal 
sequences and plutonic rocks. 

2.2 HYDROGEOLOGY SETTING 

2.2.1 Conceptual Model  

The Project is in an area of continuous permafrost. In this region, the layer of permanently 
frozen subsoil and rock is generally deep and overlain by an active layer that thaws during 
summer. The depth of the active layer is typically expected to range between one and three 
metres. Depending on lake size, depth, and thermal storage capacity, the talik (unfrozen ground 
surrounded by permafrost) beneath lakes may fully penetrate the permafrost layer resulting in 
an open talik. Circular lakes with a radius greater than 300 m, or elongated lakes with a half-
width of at least 150 m, are assumed to be connected to the deep groundwater flow regime 
through open taliks. The thickness of the permanently frozen permafrost was estimated to be on 
the order of 427 to 495 m.   
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In areas of continuous permafrost, there are two groundwater flow regimes: a deep groundwater 
flow regime beneath permafrost, and a shallow groundwater flow regime located in the active 
(seasonally thawed) layer near the ground surface. With the exception of areas of taliks beneath 
lakes, the two groundwater regimes are isolated from one another by thick permafrost.  

The shallow groundwater regime is active only seasonally during the summer months, and the 
magnitude of the flow in this layer is expected to be several times less than runoff from 
snowmelt. Groundwater in the active layer primarily flows to local depressions and ponds that 
drain to larger lakes; therefore, the total travel distance would generally extend only to the 
nearest pond, lake, or stream. Water in the active layer is stored in ground ice during the cold 
season and is then released with the ice thaws in late spring or early summer, thus providing 
flow to surface. During the warm season, groundwater in the active layer is recharged primarily 
by precipitation. 

Permafrost reduces the hydraulic conductivity of the bedrock by several orders of magnitude 
(Burt and Williams 1976; McCauley et al. 2002).  Consequently, the permafrost in the rock 
would be virtually impermeable to groundwater flow.  The shallow groundwater flow regime, 
therefore, has little to no hydraulic connection with the deep groundwater regime which is 
overlain by massive and continuous permafrost.   

Groundwater flow within the deep groundwater flow regime is limited to the sub-permafrost 
zone. This deep groundwater flow regime is connected to the ground surface by open taliks 
underlying larger lakes. Talik exist beneath lakes that have enough depth so that they do not 
freeze to the bottom over the winter.  If the lake is sufficiently large and deep, the talik can 
extend down to the deep groundwater regime.  These taliks are referred to as open talik.  If the 
talik does not extend down to the deep groundwater, it is referred to as a closed or an isolated 
talik.  The width and shape of lakes in the Hydrogeology Baseline Study area were reviewed to 
estimate if open taliks could be present below the lakes (FEIS Volume 6 Appendix 6.A).  Based 
on 1-D analytical solutions presented in Burn (2002), Golder estimated that open taliks could be 
present for circular lakes with a radius of approximately 300 m and for elongated lakes with a 
half-width of approximately 150 m.  Beneath smaller lakes that do not free to the bottom over 
the winter, a talik bulb may form; however, the talik bulb is not expected to extend to the deep 
groundwater flow system.   

Generally, deep groundwater will flow from higher elevation lakes with open taliks to lower 
elevation lakes with open taliks.  To a lesser degree, groundwater beneath the permafrost is 
influenced by density differences due to saline water conditions (density driven flow).   

Below the active layer, permafrost underlies the land surrounding the lakes, which restricts the 
lateral or horizontal flow of groundwater and restricts the recharge of the sub-permafrost 
groundwater flow system by precipitation.  Multiple thermistors in the land surrounding Whale 
Tail Lake, in combination with thermal modelling, indicate the permafrost extends to 425 m to 
495 m below ground surface.  In particular, thermistor data recorded at AMQ15-452, AMQ17-
1233, AMQ17-1337 and AMQ17-1277A (Golder 2018b) indicates the presence of permafrost 
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between Whale Tail Lake and Nemo lake, and therefore the absence of horizontal groundwater 
flow in the upper 425 to 495 m of bedrock.   

Groundwater flow is controlled by surface water elevations in lakes with open talik; water moves 
vertically through the open talik to the underlying sub-permafrost groundwater flow system.  The 
elevations of the lakes with expected talik in the baseline study area indicate that Whale Tail 
Lake is likely a groundwater discharge zone at the south end of the Lake (upward vertical 
hydraulic gradient), with flow from Lake A60 to Whale Tail Lake, and a groundwater recharge 
zone at the north end of the Lake (downward hydraulic gradient), with groundwater flow from 
Whale Tail Lake to Lake DS1 as presented on the Figure 2 showing the hydrogeology baseline 
study area. Whale Tail Pit is located in the north basin and therefore a downward vertical 
hydraulic gradient is expected (Figure 3).  This was verified by hydraulic head monitoring at the 
Westbay Well system, which had a measured downward hydraulic gradient of 0.008 m/m, which 
is equivalent to what would be expected based on the relative lake elevation of Whale Tail Lake 
and Lake DS1 (Golder 2019). 

Figure 2: Hydrogeology Baseline Study Area 
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Figure 3: Conceptual Model of Pre-Mining Deep Groundwater Flow Regime - Cross-Section View 

Below Whale Tail Lake, a talik is expected to form a continuous channel that is closed in the 
northern portion of Whale Tail Lake below the open pit and becomes open towards the south 
and central portion of the lake. As shown in Figure 4, during mining the open pit will act as a 
sink for groundwater flow, with seepage faces developing along the pit walls. In response to 
mining of the open pit, groundwater will be induced to flow through bedrock to the open pit. Mine 
inflow will primarily originate from Whale Tail Lake, the attenuation pond between the pit and 
Whale Tail dike, and deep bedrock. The quality of mine inflow will be a result of the mixing from 
each of these sources. 
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Figure 4: Conceptual Model of Deep Groundwater Flow Regime during Mining - Cross-Section 
View 

During closure (Figure 5), the open pit will be flooded with water from a variety of sources 
including: water pumped from the flooded South Whale Tail watershed until the original Whale 
Tail Lake level is reached (152.5 m), the north-east watershed following the breach of the North-
East dike, groundwater originating from nearby lakes underlain by open taliks, connate water 
and water pumped from the attenuation pond. This process will dissipate the large hydraulic 
head differences established during mine operations in the vicinity of the mine workings. The 
rate of groundwater inflow will decrease as the water level in the open pit rises. From the start of 
closure and following the formation of the pit lake in post-closure, permafrost below the pit is 
expected to thaw slowly. The thermal regime in the vicinity of the pit will be monitored, as 
outlined in the Thermal Monitoring Plan for the Project (Agnico Eagle 2018b). 
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Figure 5: Conceptual Model of Deep Groundwater Flow Regime in Long-Term Post-Closure - 
Cross-Section View 

 

 

2.2.2 Post-Closure Hydrogeological and Thermal Analysis 

Hydrogeological analysis was conducted to assess the post-closure groundwater regime in the 
vicinity of the Whale Tail Pit (Golder 2018a).  The intent of the study was to consider post-
closure changes in the groundwater regime once the pit lake reaches its ultimate elevation and 
the influence, if any, that these changes may have on water quality in the flooded pit.  As part of 
the analysis, the predicted changes in the permafrost regime, based on a post-closure thermal 
assessment, were incorporated in to the hydrogeological model.  The results of the 
hydrogeological assessment provided input into a concurrent study that assessed water quality 
in the flooded pit (Golder 2018c).  Overall, groundwater was found to be a minor component of 
the flooded pit lake water quality due to the small predicted seepage rates from the pit in relation 
to typical surface water exchanges.   

Results of the post-closure thermal assessment (Golder, 2018b) included: 

�x During pit flooding, the warm pit lake temperature impacts mostly the upper portion of 
the permafrost under the pit, and a talik starts to form around the pit wall and floor. 
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�x The permafrost under the pit lake continues to thaw during the long-term post-closure 
stage, and the open talik expands towards the northern edge of the pit lake (land side).  
The majority of the permafrost under the pit lake is thawed 300 years after closure. 

�x The steady-state model indicates the pit lake would thaw the permafrost in the long-
term, and eventually somewhat reduce the permafrost depth to the northwest of the pit. 
A significantly longer time (in the order of 10,000 years) is likely required for the pit lake 
to reach the steady-state thermal conditions.  Permafrost is still predicted to the north of 
the pit, restricting the horizontal flow of groundwater to towards Nemo Lake where the 
permafrost is present. 

Result of the Post-closure hydrogeological model (Golder, 2018a) included: 

�x Initially, once the hydraulic heads return to near equilibrium shortly after mine flooding, 
groundwater inflow into the pit is greater than pit lake discharge into surrounding 
bedrock. This groundwater discharge to the pit lake decrease gradually over 100 years, 
at which time it reverses and the pit lake discharge into the bedrock is greater than the 
groundwater inflow. The relative difference in flow increases with time and as the 
permafrost layer beneath the pit lake thaws.  

�x Long-term, the pit lake establishes as a source of groundwater recharge, which is 
consistent with the current pre-development groundwater flow condition.   

As summarized above, with the exception of deep sub-permafrost groundwater flow, 
groundwater flow during closure will be similar to pre-development conditions and limited to the 
area of talik below Whale Tail Lake and the developed pit lake during closure.  Horizontal flow 
beneath land will be restricted by the presence of permafrost below the active layer.  Thermal 
analysis indicates that although permafrost degradation below the pit footprint will occur, 
permafrost will be present below the land outside of the pit lake and other lakes with talik (i.e., 
including between the pit and Nemo Lake).   

Predictions from the hydrogeological modelling were an input into a concurrent study that 
assesses overall water quality in the flooded pit (Golder, 2018c).  Arsenic loading rate from the 
Whale Tail pit north wall has been determined from the completion of the Arsenic diffusion 
model (Golder, 2018d) and integrated to the Whale Tail Pit hydrodynamic model (Golder, 
2018c). Result of the hydrodynamic model are: 

�x The concentration of TDS will remain below site specific water quality objectives at all 
times. TDS will peak at just below 25mg/L in year 2025, and thereafter decrease over 
time. Concentration of TDS will stabilize at approximately 11mg/L by 2055. 

�x The concentration of arsenic will remain below site specific water quality objectives at all 
times. Arsenic will peak at just below 0.025mg/L in year 2025, and thereafter decrease 
over time. Concentration of arsenic will stabilize at approximately 0.0025mg/L by 2055. 
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�x The concentration of total phosphorous will remain below site specific water quality 
objectives at all times. Total phosphorus will peak at just above 0.007mg/L in year 2025, 
and thereafter decrease over time. Concentration of total phosphorus will stabilize at 
approximately 0.0025 mg/L by 2055. 

The pit lake in the long-term is expected to be a source of groundwater recharge, with a 
seepage loss rates to groundwater of approximately 1.7 m3/day (620 m3/year), which is 
negligible relative to the 3,000,000+ m3 of surface water exchanged annually post-closure when 
surface water flows are re-established, based on average climate year watershed runoff.  This 
groundwater loss rate is representing 0.02% of the total surface water exchanged annually. This 
indicates that uncertainty in the hydraulic gradient and groundwater flow is not critical to the 
long-term assessment of pit lake water quality.  As presented in Golder (2018) recent monitoring 
of the hydraulic gradient, and calculated fluxes based on this gradient suggest that the predicted 
post-closure seepage rates are reasonable based on the measured data. 

 

2.2.3 Groundwater Volumes and Quality  

Potential groundwater inflow quantity and quality with respect to total dissolved solids was 
predicted in the FEIS using a groundwater numerical model (FEIS Volume 6, Appendix 6.B). A 
summary of these predictions is presented on Table 1 and Table 2.   

Table 1 : 2015 Predicted Groundwater In flow to the Open Pit during  Operations and Closure  

Phase Period  Groundwater Inflow 
(m3/day)  

TDS Concentration 
(mg/L)  

Dewatering Mar 2019 to Oct 2019  - - 

Mining 
Q4 2019 to 2020 275 415 

2021 100 410 

Filling 

2022 65 370 

2023 55 365 

2024 30 370 
Jan to Oct 2025 15 370 

Nov 2025 to Oct 2028 1 370 
Note: Mining prior to Q4 2019 is within permafrost and groundwater inflow will be negligible. 

TDS = total dissolved solids; m3/day = cubic metres per day; mg/L = milligrams per litre 
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Table 2: 2015 Predicted Groundwater In flow to the Attenuation Pond during  Operations and 
Closure  

Phase Period  Net Groundwater 
Inflow (m 3/day)  

TDS Concentration 
(mg/L)  

Dewatering Mar 2019 to Oct 2019  - - 

Mining 
Q4 2019 to 2020 2 160 

2021 1 170 

Filling 

2022 1 195 

2023 1 175 

2024 1 175 
Jan to Oct 2025 1 175 

Nov 2025 to Oct 2028 - - 
TDS = total dissolved solids; m3/day = cubic metres per day; mg/L = milligrams per litre 

In accordance with Project Certificate Term and Condition No. 16b and 16c, Golder conducted a 
supplemental hydrogeological assessment to predict the post-closure groundwater regime in the 
vicinity of the Whale Tail Pit (Golder 2018a). The purpose of the model simulations was to 
evaluate the effects of higher TDS groundwater beneath the open pit on the groundwater flow 
system after closure and to evaluate the influence of solute transport by density�±driven flow on 
the movement of solutes from the bedrock into the flooded pit.   

Table 3 presents the predicted groundwater inflow quantity and quality to the Whale Tail Pit 
during post-closure. The results of the post-closure hydrogeological assessment provided input 
into a concurrent study that was assessing overall water quality in the flooded pit (Golder 
2018b). The post-closure model results show that, initially, once the hydraulic heads return to 
near equilibrium shortly after mine flooding, groundwater inflow into the pit lake is greater than 
pit lake discharge into surrounding bedrock. Over time, pit lake water is drawn downwards from 
the bottom part of the flooded pit into bedrock. Approximately 100 years after closure, pit lake 
water discharge into bedrock becomes greater than groundwater inflow into the pit lake. The 
relative difference in flow increases with time and as the permafrost layer beneath the pit lake is 
predicted to thaw.  

Table 3: Predicted Groundwater In flow and Groundwater Quality  �± Post -Closure  

Years 
Following 
Closure  

Groundwater Inflow to 
Pit Lake  
(m3/day)  

Average TDS Concentration 
into pit (mg/l)  

Pit Lake Outflow to 
Groundwater  
(m3/day)  

1 2.2 650 1.1 

10 1.1 540 0.8 

100 0.2 440 0.8 

500 0.1 77 1.7 
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2.3 ADDITIONAL DATA COLL ECTION  

Project Certificate Term and Condition No. 15 indicates the need to collect additional site-
specific hydraulic data in key areas of the Project during the pre-development, construction and 
operational phases. Agnico Eagle has commenced with the collection and documentation of this 
data, and a summary of the results is presented below. 

2.3.1 Groundwater Quality  

At the time of the FEIS, a representative sample of deep groundwater had not been collected 
and data collected at the Meadowbank Mine was used to infer the TDS profile at the project.  A 
Westbay well system was installed on site between March and April in 2016.  The borehole 
was drilled to a depth of 499 m. The well was installed to monitor hydraulic heads, test hydraulic 
conductivity, and collect groundwater samples from multiple intervals (Golder 2016c). The 
groundwater samples collected from the Westbay system at depths from 276 m to 392 m 
indicate that the TDS content in the groundwater was between 3,198 mg/L and 4,042 mg/L. This 
range is slightly higher than the groundwater TDS measured at Meadowbank from shallower 
depths (less than 200m vertical depth). 

Groundwater samples were also collected from the Westbay in November 2018, along with the 
measurement of vertical hydraulic gradient (Golder 2018).  The 2018 program estimated 
groundwater quality were in the same range as previously estimated.  The calculated 
groundwater TDS were slightly higher in 2018 which was attributed to the higher proportion of 
residual drilling water in the sample.  The concentrations of metals and arsenic were low. Given 
that the arsenic concentrations are similar to the assumptions adopted in the geochemical 
models (low arsenic in formation groundwater), groundwater arsenic content is still not likely to 
have a significant effect on mine surface water quality.  

Data collected from the Westbay will be used in future updates to the water quality forecast in 
support of the Project. At this time, it is expected that the water treatment system planned for 
the project can handle groundwater with the measured water quality observed in 2016 and 
2018.   

2.3.2 Hydraulic Conductivity Testing  

Supplemental hydrogeological investigations have been undertaken between 2015 and 2017 to 
further characterize the hydraulic conductivity of the bedrock in the vicinity of the Whale Tail Pit.  
These investigations have been documented in reports by Knight Piesold (2016), Golder 
(2016a, 2017), and SNC (2017). These investigations included the completion of 49 packer 
tests in unfrozen areas of bedrock (i.e., within the talik or below the regional permafrost).   

Data collected from these four supplemental investigations indicate the bulk hydraulic 
conductivity of the bedrock ranges on the order of 1 x 10-5 m/s near surface (i.e., up to depths of 
40 m) to approximately 1 x 10-9 m/s at greater depths. As part of the FEIS, the hydraulic 
conductivity was estimated to be between 1 x 10-8 and 2 x 10-7 m/s. Evaluation of the refined 
estimates of hydraulic conductivity from the supplemental testing with respect to groundwater 
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flows indicate that the inflow to the pit could be up to five times higher (up to 1,400 m3/day) 
during mining due to the groundwater flow rates to the pit being controlled by the shallow 
bedrock hydraulic conductivity (connection of the pit to the south whale tail basin).  This higher 
flow rate is within the limits of the water treatment system and water management infrastructure 
and adaptive management of these flows is not required at this time. 

The lower hydraulic conductivity of the bedrock at depth indicate that the seepage rates from 
the pit are likely to be lower than predicted in the post closure hydrogeological assessment.  
This indicates that the predicted seepage rates were conservatively high, and that actual 
seepage rates from the pit lake will be slightly lower due to the lower bedrock hydraulic 
conductivity expected to be present near the base of the pit.  Based on the lower estimated 
hydraulic conductivity near the base of the pit (1 x 10-9 m/s), the measured vertical hydraulic 
gradient in the Westbay (0.008 m/m), and an approximately flooded pit lake area of 
approximately 0.5 Km3, the long-term predicted discharge from the pit lake at post-closure 
would be approximately 0.3 m3/day). Overall, the estimated flux is similar to the long-term 
predicted discharge from the pit lake at post-closure (1.7 m3/day) and supports the conclusion in 
the FEIS that long-term predicted flows from the pit lake to the groundwater flow system will be 
negligible relative to the surface water exchange into the pit lake (Golder 2018c).   

2.3.3 Verification of Horizontal and Vertical Groundwater Flow Direction  

Thermal data continues to be collected at the Project to verify assumptions in the permafrost 
conditions.  Thermistors have been installed at ten locations, of which four are located to the 
north of the Whale Tail Pit, between Nemo Lake and Whale Tail Pit (Golder 2018b).  These 
thermistors verify the presence of permafrost below the active layer and that the deep-sub 
permafrost groundwater flow system will only be connected/recharged by vertical flow through 
talik present below lakes of sufficient size, such as Whale Tail lake.  The four thermistors 
between Nemo Lake and Whale Tail Pit (AMQ17-1337, AMQ17-1233, AMQ17-1277A and 
AMQ15-452) each indicate permafrost below the land and that horizontal flow below the active 
layer is restricted by permafrost in the upper 425 to 495 m of bedrock.   

The vertical movement of groundwater flow through the open talik is being monitored using the 
Westbay Well system (AMQ16-626) to measure the vertical hydraulic gradient.  This monitoring 
verified the direction of groundwater flow and can be used in combination with the measured 
bedrock hydraulic conductivity to estimate the groundwater flux near Whale Tail Pit. 

The data collected at AMQ16-626 (Golder 2018), indicates the presence of a downward 
hydraulic gradient. Assuming the measured hydraulic head is representative of the midpoint of 
the measurement interval, the downward gradient is 0.008 m/m. This gradient is consistent with 
the estimated gradient derived from looking at the relative elevation of Whale Tail Lake and DS1 
(0.008 m/m), as reported in Agnico Eagles response to TC15 (Agnico Eagle 2018). DS1 is the 
predicted receptor from water in the area of Whale Tail Pit and Underground (Golder 2016c). 
Figure 2 is presenting location of Whale Tail Lake and DS1 Lake. 
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For the depth interval over which the hydraulic head was measured (326 to 456 mbgs), the 
estimated hydraulic conductivity of the bedrock for the FEIS for the Whale Tail Pit Project was 1 
x10-8 to 3 x 10-8 m/s (Golder 2016c). As discussed, in support of TC15 and the development of 
the Project, additional packer testing was conducted subsequent to the FEIS and the data 
indicate the hydraulic conductivity of bedrock over this depth interval is likely lower (1 x 10-9 m/s 
based on the geometric average of the test data) (Golder 2018a). Considering the measured 
gradient (0.008), the historical range of bedrock hydraulic conductivity adopted in the FEIS (1 
x10-8 to 3 x 10-8) and the now refined hydraulic conductivity (1 x 10-9 m/s) and an assumed 
effective porosity of 0.001 (Maidment 1992; Stober and Bucher 2007), the estimated downward 
groundwater flow velocity is between approximately 0.25 m/yr and 8 m/yr. The lower bound of 
this range is considered more reasonable, as it uses the refined hydraulic conductivity data 
discussed above, which is based on the geometric mean of all the packer test measurements 
(pre- and post-FEIS). 

Gradients measured during this monitoring program are considered a reasonable interpretation 
of what long-term gradients could be post-closure following the formation of the pit lake. 
Recharge and discharge from the base of Whale Tail Lake or a flooded pit lake will be controlled 
by the vertical hydraulic gradients and the bedrock hydraulic conductivity near the base of the 
permafrost. Considering the approximate area of the Whale Tail Pit (0.5 km2), the range in 
bedrock hydraulic conductivity (1 x 10-9 to 3 x 10-8 m/s), and the measured downward gradient 
(0.008), the data would indicate long-term groundwater flux would be approximately 0.3 m3/day 
to 11 m3/day. Similar to the estimated groundwater velocity, the lower bound of this range is 
considered more reasonable, as it uses the refined estimate of hydraulic conductivity. Overall, 
the estimated flux is similar to the long-term predicted discharge from the pit lake at post-closure 
(1.7 m3/day; Golder 2016c) and supports the conclusion in the FEIS that long-term predicted 
flows from the pit lake to the groundwater flow system will be negligible relative to the surface 
water exchange into the pit lake (Golder 2018c).     

 

3 GROUNDWATER MONITORI NG PLAN  

Water quantity and quality monitoring data will be used to verify the predicted water quality and 
quantity trends and to conduct adaptive management should differing trends be observed. 
Monitoring will be initiated at the start of mining and continue during operations and closure. 

The GWMP will be further defined as the open pit is developed and will be conducted in 
agreement with the WMP for the Project.  

3.1 HORIZONTAL AND VERTI CAL GROUNDWATER FLOW MONITORING 

Thermal monitoring will continue at each of the installed thermistors to monitor the presence of 
permafrost below the active layer during construction and operations phases.  The monitoring 
will continue until such time as a thermistor is destroyed by active mining.  Two thermistors, 
AMQ17-1233 and AMQ17-337, are located outside of the pit footprint and will be used to 
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monitor permafrost conditions between Nemo Lake and Whale Tail Pit.  The thermistor data will 
be used to verify the presence of permafrost and the restricted horizontal movement of 
groundwater below the active layer due to permafrost in the upper 425 to 495 m of bedrock. 

As part of the Whale Tail Dike Operation Maintenance and Surveillance manual, performance of 
the Whale Tail dike will be monitored with different instruments (e.g. piezometers) located in the 
principal horizontal groundwater flow pathway between Whale Tail South Basin and the Whale 
Tail pit. Piezometer readings and water level in the Whale Tail South Basin and the Attenuation 
Pond will be available to calibrate the hydrogeological model during operation if deemed 
necessary.  

Vertical groundwater flow conditions in the area of Whale Tail Pit will be monitored by the 
Westbay Well system. Agnico Eagle will be sampling the Westbay Well system commencing in 
March 2019 and will continue to sample and report on an annual basis during the Construction 
and Operations Phases. The monitoring will include the measurement of the vertical hydraulic 
gradient and the collection of groundwater samples.  During operations, this data will be 
supplemented by the direct measurement of groundwater quality in the seepage inflow to the pit 
(Section 3.2).  Water sampling parameters will be consistent with the sump sampling and 
seepage surface parameters planned for the pit (Section 3.2.2). 

Data collected during construction and operations phases will be used to develop an 
appropriate monitoring for closure and will be documented in the Interim Closure and 
Reclamation Plan. 

3.2 GROUNDWATER QUANTITY AND Q UALITY MONITORING 

3.2.1 Water Quantity  

Groundwater inflow to the open pit will be collected in sumps prior to being pumped to surface.  
Water collected in the sumps represents the bulk, or combined inflow to the open pit, and may 
include other sources of water, such as precipitation. During construction and operations, 
groundwater inflow to the pit will be evaluated four time per calendar year as per Water Licence 
2AM-WTP1826 requirements. Management of the pumped-out water is described in the WMP. 

The above flow monitoring will be supplemented by periodic seepage surveys to be conducted 
twice during the first year of mining and once a year thereafter. In the first year of pit 
development, one of the seepage surveys will be conducted in early summer, following snow 
melt and thawing of any ice in the pit walls, and then again in late August. In the following years 
of mining, one survey will be conducted in August of each year. The objective of the seepage 
surveys is to identify preferential groundwater flow paths in the walls of the open pit, if present, 
and to determine their relative contribution to the groundwater inflow to the pit with respect to 
water quantity and quality. 
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3.2.2 Water  Quality  

During the operations phase, the quality of water from the sumps (either at the sump or at end 
of pipe at the surface) will be monitored four time per calendar year as per Water Licence 2AM-
WTP1826 requirements.   

Water samples will also be collected from seeps in the pit walls if there is sufficient water for 
analysis and if access to the seep is possible. 

For each sample, field parameters will be recorded (pH, turbidity, salinity and electrical 
conductivity).  Analytical parameters will include: 

�x Total and Dissolved Metals: aluminium, antimony, arsenic, boron, barium, beryllium, 
cadmium, copper, chromium, iron, lithium, manganese, mercury, molybdenum, nickel, 
lead, selenium, tin, strontium, titanium, thallium, uranium, vanadium and zinc.  

�x Nutrients: ammonia-nitrogen, total kjeldahl nitrogen, nitrate nitrogen, nitrite-nitrogen, 
ortho-phosphate, total phosphorous, total organic carbon, total dissolved organic carbon 
and reactive silica. 

�x Conventional Parameters: bicarbonate alkalinity, chloride, carbonate alkalinity, 
conductivity, hardness, calcium, potassium, magnesium, sodium, sulphte, pH, total 
alkalinity, total dissolved solids, total suspended solids and turbidity. 

�x Total cyanide and free cyanide.  If total cyanide is detected above 0.05 mg/L at a 
monitoring station in receiving environment; further analysis of Weak Acid Dissociable 
Cyanide will be triggered. 

Additional chemical analyses may be required to more completely characterize the chemical 
loading from the mine water. The additional analyses will be dependent on monitoring results.  

3.3 DATA COMPILATION AND UPDATES TO GROUNDWATER MODEL 

Groundwater monitoring data will be compiled into a Project-specific database and evaluated for 
trends in groundwater data with respect to pit and underground inflow quantity and quality. 

Measured groundwater inflow rates will be compared to model predictions on an annual basis. If 
significant variations from model predictions are observed, the assumptions behind the data will 
be reviewed and the analysis updated if required. In addition, updates to the groundwater model 
will be made if operational changes occur as the open pit advances which could significantly 
alter groundwater inflow or quality. 

Variations that would be considered significant and would be triggers for review of the data 
include: 
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�x Groundwater inflow quantity to the mine, based on rolling monthly average of inflow over 
six consecutive months, is 20% higher than predicted groundwater inflow. The six-month 
averaging period of observation is based on observed seasonal variations in inflow 
quantities in mines situated in continuous permafrost regions, where half the year there 
is virtually no surface water component of flow to the pit. 

�x Collected water samples that indicate that the TDS is more than 25% higher than the 
estimated water quality, based on a 6-month rolling average. 

�x Temperature profiles observed in the sentinel thermistors (AMQ17-1233 and AMQ17-
337) located between Nemo Lake and Whale Tail Lake are showing sign of permafrost 
degradation below the active layer.  

�x Observed inflow quantity and quality is lower than expected  would not be of concern 
and/or effect water management plans on-site.  Model updates or analysis would 
therefore not be conducted if predicted inflow quantity and quality is higher than 
observed conditions. 

If the first three variations are triggered, the groundwater and/ or permafrost data would be 
assessed to evaluate trends, the potential causes of the triggers and the potential for long-term 
effects associated with the variation. If for example, the greater than predicted inflows were 
correlated to a short-term effect such as freezing in the pit walls, changes in mining rate, freshet 
or transient drainage of a high storage feature, then further reassessment of groundwater 
inflows may not be required, and the adaptive management of these short-term effects would be 
evaluated under the Water Management Plan (WMP). However, if the effects of these variations 
is found to be potentially long term, this may warrant review of the model and/or permafrost 
calibration and predictions.   

Table 4 presents the adaptive management plan with respect to groundwater monitoring. The 
design of  the water management infrastructure includes contingencies in case of unplanned 
events. The Whale Tail attenuation pond can handle higher groundwater inflows and the 
Operation Water Treatment Plan (O-WTP) is designed to handle total flow rates 60% higher 
than planned (including surface and groundwater inflows reporting to the Attenuation Pond). O-
WTP has the capacity to treat more than a five times increase in groundwater inflows from the 
one predicted during operation. Moreover, if the inflows are greater than this then there is the 
capacity to store water within the pit and adjust the mining plan to deal with extra inflows.  In any 
case, all contact water will be managed within the pit area. 
 

The groundwater management strategies: the ponds, sumps and water conveyance strategies 
around the pit can be modified to mitigate the effect of additional groundwater volume or salinity 
prior to treatment and discharge. The water conveyance strategy will be evaluated and 
optimized during operations and closure to maintain post-closure commitments. Other 
engineering solutions such as depressurization wells, grouting and thermosiphons may be 
considered, if warranted. 
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If one of the thresholds in Table 4 is triggered and it is found to be a potentially long-term effect, 
then hydrogeological and thermal analyses will be required to define the best solution to 
address the exceedance. Agnico Eagle considers that adaptive management must be based on 
well informed decisions and may include re-calibration of the thermal and hydrogeological 
models, predictions based on these re-calibrations, and revised Site-Wide water balance and 
Site-Wide water quality forecasts.  

Table 4: Groundwater Adaptive Management Plan  

 
Threshold  Consequence  Likelihood  Adapt ive Management  

Groundwater 
inflows to the 
mine, based on 
rolling monthly 
average of inflow 
over six 
consecutive 
months, is 20% 
higher than 
predicted 
groundwater 
inflow 

�x Higher water volume to 
treat during operation 

�x Potential to compromise 
storage capacity of the 
attenuation pond 

�x Impact on mining 
sequence 

Low 

O-WTP have 60% contingency to manage higher 
inflow to attenuation pond (forecasted peak 
operation flow in the water balance is 1,300m3/h 
during 12h a day vs treatment capacity of 1,800 
m3/h during 24h per day); 
 
O-WTP have the capacity to treat more than five 
times increase in groundwater inflows from the 
one predicted during operation; 
 
Attenuation pond has 50% contingency to manage 
higher groundwater inflow; 
 
Assess situation by performing additional 
inspection, monitoring and field investigation; 
 
Review hydrogeological model, Site-wide water 
balance and Site-wide water quality forecast with 
updated data; 
 
Review water management strategy (e.g. 
temporary storing water in the pit); 
 
Evaluate potential long-term mitigations (e.g., 
grouting); 
 
Review water management strategy. 

Collected 
groundwater 
samples that 
indicate that the 
TDS is more 
than 25% higher 
than the 
estimated 
groundwater 
quality, Based 
on rolling 
monthly average 
over 6 
consecutive 
months  

�x Higher TDS water quality 
to treat during operation 

�x Compromise storage 
capacity of the attenuation 
pond 

�x Potential to reduce water 
treatment efficiency and 
management plan if not 
meeting Metal and 
Diamond Mining Effluent 
Regulations 

�x Impact on mining 
sequence 

Low 

O-WTP have 60% contingency to manage higher 
inflow to attenuation (forecasted peak operation 
flow in the water balance is 1,300m3/h during 12h 
a day vs treatment capacity of 1,800m3/h during 
24h per day);  
 
O-WTP have the capacity to treat more than five 
times increase in groundwater inflows from the 
one predicted during operation; 
 
Flow to the pit is dominated by seepage loss from 
the Attenuation Pond and seepage from the South 
Basin of Whale Tail Lake.  As the groundwater 
inflow to the pit is representing a small ratio of the 
overall water inflows in the attenuation pond, 
water treatment efficiency should not be impacted 
significantly by uncertainty in the groundwater 
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TDS; 
 
Assess situation by performing additional 
inspection, monitoring and field investigation; 
 
Review hydrogeological model,  
Site-wide water balance and site-wide water 
quality forecast with updated data; 
 
Evaluate additional treatment and storage 
capacity required to manage flow in operation 
(e.g. storing water in the pit); 
 
Evaluate potential long term mitigations (e.g. 
grouting,  thermosiphon); 
 
Review water management strategy. 

Temperature 
profile observed 
in the sentinel 
thermistors 
(AMQ17-1233 
and AMQ17-
337) located 
between Nemo 
Lake and Whale 
Tail Lake are 
showing sign of 
permafrost 
degradation 
below the active 
layer. 

�x Horizontal groundwater 
flow observed between 
Whale Tail Pit north wall 
and Nemo Lake.  

�x Potential for groundwater 
seepage to pit sump/pit 
lake.   

�x Increased water treatment 
requirement.   Unlikely 

Assess situation by performing additional 
inspection, monitoring and field investigation; 
 
Review thermal model, hydrogeological model,  
Site-wide water balance and site-wide water 
quality forecast with updated data; 
 
Install new thermistor(s) to evaluate the extent of 
the permafrost degradation; 
 
Evaluate additional treatment and storage 
capacity required to manage flow in operation 
(e.g. storing water in the pit); 
 
Evaluate potential long-term mitigations as 
depressurization wells, grouting, thermosiphon 
Review water management strategy. 
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4 QUALITY ASSURANCE/QUA LITY CONTROL PROCEDU RES 

Quality Assurance (QA) refers to plans or programs that encompass a wide range of internal 
and external management and technical practices designed to ensure the collection of data of 
known quality that matches the intended use of the data. Quality Control (QC) is a specific 
aspect of QA that refers to the internal techniques used to measure and assess data quality. 
Specific QA and QC procedures that will be followed during sampling performed for the GWMP 
are described in Section 4.1 and 4.2.   

4.1 QUALITY ASSURANCE  

Quality assurance protocols will be diligently followed so data are of known, acceptable, and 
defensible quality. There are three areas of internal and external management, which are 
outlined in more detail below. 

4.1.1 Field Staff Training and Operations  

To make certain that field data collected are of known, acceptable, and defensible quality, field 
staff will be trained to be proficient in standardized field groundwater sampling procedures, data 
recording, and equipment operations applicable to the GWMP. All field work will be completed 
according to specified instructions and established technical procedures for standard sample 
collection, preservation, handling, storage and shipping protocols. 

4.1.2 Laboratory  

To make sure that high quality data are generated, accredited laboratories that will be selected 
for sample analysis.  Accreditation programs are utilised by the laboratories so that performance 
evaluation assessments are conducted routinely for laboratory procedures, methods, and 
internal quality control. 

4.1.3 Office Operations  

A data management system will be utilized so that an organized consistent system of data 
control, data analysis, and filing will be applied to the GWMP. Relevant elements will include, 
but are not limited to the following: 

�x all required samples are collected; 

�x chain-of-custody and analytical request forms are completed and correct; 

�x proper labelling and documentation procedures are followed, and samples will be delivered 
to the appropriate locations in a timely manner; 

�x laboratory data will be promptly reviewed once they are received to validate data quality; 

�x sample data entered into a Mine-specific groundwater quality database will be compared to 
final laboratory reports to confirm data accuracy; and 

�x appropriate logic checks will be completed to ensure the accuracy of the calculations. 
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4.2 QUALITY CONTROL  

The QC component will consist of applicable field and sample handling procedures, and the 
preparation and submission of two types of QC samples to the various laboratories involved in 
the program. The QC samples include blanks (e.g., travel, field, equipment) and duplicate/split 
samples.  

Sample bottle preparation, field measurement and sampling handling QC procedures include 
the following: 

�x Sample bottles will be kept in a clean environment, capped at all times, and stored in clean 
shipping containers. Samplers will keep their hands clean, wear gloves, and refrain from 
eating or smoking while sampling. 

�x Where sampling equipment must be reused at multiple sampling locations, sampling 
equipment will be cleaned appropriately between locations. 

�x Temperature, pH, and specific conductivity will be measured in the field using hand held 
meters (e.g., YSI water quality sondes). 

�x �6�D�P�S�O�H�V���Z�L�O�O���E�H���F�R�R�O�H�G���W�R���E�H�W�Z�H�H�Q�����ƒ�&���D�Q�G�������Û�&���D�V���V�R�R�Q���D�V���S�R�V�V�L�E�O�H���D�I�W�H�U���F�R�O�O�H�F�W�L�R�Q�����&�D�U�H��
will be taken when packaging samples for transport to the laboratory to maintain the 
�D�S�S�U�R�S�U�L�D�W�H�� �W�H�P�S�H�U�D�W�X�U�H�� ���E�H�W�Z�H�H�Q�� ���ƒ�&�� �D�Q�G�� �����Û�&���� �D�Q�G�� �P�L�Q�Lmize the possibility of rupture.  
Where appropriate, samples will be treated with preservatives to minimize physical, 
chemical, biological processes that may alter the chemistry of the sample between sample 
collection and analysis.  

�x Samples will be shipped to the laboratory as soon as reasonably possible to minimize 
sample hold times. If for any reason, samples do not reach the laboratory within the 
maximum sample hold time for individual parameters, the results of the specific parameters 
will be qualified, or the samples will not be analysed for the specific parameters. 

�x Chain of custody sample submission forms will be completed by field sampling staff and will 
be submitted with the samples to the laboratory. 

�x Only staff with the appropriate training in the applicable sampling techniques will conduct 
water sampling.   

Quality control procedures implemented will consist of the preparation and submission of 
QA/QC samples, such as field blanks, trip blanks, and split/duplicate water samples.  These are 
defined as follows: 

�x Field Blank: A sample will be prepared in the field using laboratory-provided deionized water 
to fill a set of sample containers, which will then be submitted to the laboratory for the same 
analysis as the field water samples. Field blanks will be used to detect potential sample 
contamination during collection, shipping and analysis.   

�x Travel Blank: A sample will be prepared and preserved at the analytical laboratory prior to 
the sampling trip using laboratory-provided deionized water. The sample will remain 
unopened throughout the duration of the sampling trip. Travel blanks will be used to detect 
potential sample contamination during transport and storage. 
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�x Duplicate Sample: Two samples will be collected from a sampling location using identical 
sampling procedures. They will be labelled, preserved individually and submitted for 
identical analyses. Duplicate samples will be used to assess variability in water quality at the 
sampling site. Duplicate will be collected and submitted for analyses at approximately, 10% 
of sampling locations. For smaller batches of samples (less than 10), at least one duplicate 
will be collected and submitted for analysis.   

Additional QA/QC procedures that will be applied to the seepage survey component of the 
GWMP will include: 

�x Location �± Universal Transverse Mercator (UTM) coordinates of seepage will be defined 
through the use of a hand-held Global Positioning System (GPS) unit and will be recorded in 
the field log book with a photograph of each pit wall.   

�x Sample Labels �± appropriate sample nomenclature will be assigned to the sample labels 
that will define sample locations, sample type, year, and designation. These labels will 
distinguish between samples collected from seeps versus samples collected from sumps. 
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EXECUTIVE SUMMARY 

Agnico Eagle Mine Limited – Meadowbank Division (Agnico Eagle) is developing the Whale Tail Pit 
Project (Project), a satellite deposit located on the Amaruq property, to extend mine operations and 
milling at Meadowbank Mine. Whale Tail Pit will be mined by truck-and-shovel operation and will 
require the hauling of material from the pit operations to the Meadowbank Mill.  

For the purposes of this document, the Road Management Plan (RMP) applies to the Whale Tail Pit 
Haul Road from construction through post-closure. 

The RMP was prepared as per Part B, conditions 14 and 15 of the Whale Tail Type A Water License 
2AM-WTP1826. Other plans prepared for the Whale Tail Pit Haul Road include an Emergency 
Response and Spill Contingency Plan and the Interim Closure and Reclamation Plan.  

Land and environmental management in the area of the road are generally governed by the provisions 
of the Nunavut Land Claims Agreement. A list of the current licences, permits, agreements, 
authorizations, and approvals for the approved Whale Tail Pit Haul Road are presented.  Agnico Eagle 
has expended the road to be 9.6 m in width, with a bypass bay every 400 m to accommodate a single 
oversized vehicle along the approved 64.1 km alignment.  Additional widening could be considered in 
the future should it be required for safety purposes. 

The Whale Tail Pit Haul road will not be publicly accessible rather only used by Agnico Eagle employees 
and contractors; furthermore, it will continue to be used by the exploration division. Agnico Eagle will 
educate all its employees and those of its contractors on road safety before they first drive the road. 
Daily traffic on the road will transport ore to the Meadowbank Mill, equipment, supplies, fuel and 
personnel.  

The RMP presents mitigation measures and protocols to be implemented during the expansion 
(construction of the haul road) and operations to protect wildlife, prevent permafrost degradation, 
control surface runoff and sedimentation. Agnico Eagle will put in place operational procedures for 
daily operation and maintenance of the road including, if deemed necessary, dust suppression, snow 
removal and de-icing. Unmanned but properly identified entry points will be installed at both ends of 
the road. There will be occasions when access to the Haul road needs to be curtailed for short time 
periods for special reasons, such as bad weather, unsafe road conditions, maintenance activity on the 
road, heavy project related truck traffic, movement of oversized loads, and/or presence of large 
numbers of caribou or other wildlife incidences on or adjacent to the road. The road could also be 
temporarily closed in the event of an incident, accident or other event requiring mitigation or 
response. Typically, these short-term closures will be required to ensure safety. 

Protocols for accidents and anticipated use of police services are presented. Agnico Eagle has an 
established Emergency Response Team based at the Meadowbank Mine with trained first responders 
based at the Whale Tail Pit site whose combined responsibilities in part will include responding to 
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emergencies on the road in a timely manner. Agnico Eagle will also report all reportable scale incidents 
to the appropriate Government authority. 

The Whale Tail Pit road will be decommissioned and reclaimed by Agnico Eagle when operations at 
Whale Tail Pit cease and when exploration on the Amaruq property fails to find sufficient ore 
resources to support mining. Closure and reclamation of the road would be initiated within a year 
following the completion of closure and reclamation of the Whale Tail Pit operations infrastructure, 
Amaruq camp and exploration sites.  

This Plan will be updated as required to reflect any changes in operation or economic feasibility, and 
to incorporate new information or the latest technology, as appropriate. 
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ACRONYMS 

Agnico Eagle Agnico-Eagle Mines Limited 
ARD/ML Acid Rock Drainage/Metal Leaching 
ATV All-Terrain Vehicle 
CIRNAC Crown-Indigenous Relations and Northern Affairs Canada 
CLARC Community Lands and Resources Committee 
DFO Department of Fisheries and Oceans Canada 
GN Government of Nunavut 
HTO Hunters and Trappers’ Organization 
IOL Inuit Owned Lands 
KIA Kivalliq Inuit Association 
NIRB Nunavut Impact Review Board 
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NTI Nunavut Tunngavik Incorporated 
NPC Nunavut Planning Commission 
NU Nunavut 
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RCMP Royal Canadian Mounted Police 
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SECTION 1 • INTRODUCTION 

1.1 Project Description 

Agnico Eagle Mines Limited – Meadowbank Division (Agnico Eagle) is developing the Whale Tail Pit 
Project (Project), a satellite deposit on the Amaruq property, to continue mine operations and milling 
at Meadowbank Mine. The Whale Tail Project and the Whale Tail Pit Haul Road are subjected to the 
conditions presented in Nunavut Impact Review Board (NIRB) Whale Tail Project Certificate No.008, 
as well as in Nunavut Water Board (NWB) Type A Water License 2AM-WTP1826.  

The Amaruq property is a 408 square kilometre (km2) site located on Inuit Owned Land approximately 
150 kilometres (km) north of the hamlet of Baker Lake and approximately 50 km northwest of 
Meadowbank Mine in the Kivalliq Region of Nunavut. The deposit will be mined as two open pits (i.e., 
Whale Tail Pit, and ore will be hauled to the approved infrastructure at Meadowbank Mine for milling. 

For the purposes of this document, the Road Management Plan (RMP) applies to the Whale Tail Pit 
Haul Road from construction through post-closure. Agnico Eagle is expanding the road to be 9.6m in 
width, or more if required for safety reasons, with a bypass bay approximately every 400m depending 
on the topography and safety considerations to accommodate a single oversized vehicle along the 
approved 64.1 km alignment. All bridges from the Exploration Access Road will continue to be used 
and culverts will be extended to accommodate the hauling of ore from the Project to the 
Meadowbank Mill (refer to Figure 1.2). 

The bridges and round culverts allow normal river and stream flow, and fish migration at road water 
crossings. The expansion to the Haul Road requires the use of approved quarries, approved borrow 
areas, associated short spur roads and Vault Pit as a Quarry. The haul road will be private and located 
on Crown Land and Inuit Owned Land.  Figure 1.1 is a cross sectional view of the expanded road. 
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Figure 1.1. Cross section view of the expanded Whale Tail Pit Haul Road 

The routing of the Whale Tail Pit road is shown on Figure 1.2.  

The road is being constructed, inspected, and maintained by Agnico Eagle. Consequently, Agnico Eagle 
has sole responsibility for the construction, operation, and decommissioning of this road, including 
the road bed, bridges, culverts, borrow pits and quarries used in the construction of the road.  
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Figure 1.2 Whale Tail Pit Haul Road and location of existing borrow pits and quarries 
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SECTION 2 • RELATED DOCUMENTS 

The specific plans that provided input to the Road Management Plan (RMP) and that are cited 
throughout this plan include the following: 

�x Emergency Response;  
�x Spill Contingency Plan;  
�x Terrestrial Ecosystem Management Plan; and  
�x Interim Whale Tail Pit Closure and Reclamation Plan. 

The RMP is in effect for the expansion of the exploration access road to a haul road (construction), 
operation, and closure phases of the road. It will also be in effect during any periods of temporary 
closure of the Whale Tail Pit Haul Road. 
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SECTION 3 • CONSULTATION 

Public consultation and engagement is a legal requirement in Nunavut, an industry best practice, and 
an important corporate commitment. Effective public consultation and engagement helps ensure that 
community members are informed and knowledgeable about proposed projects, that community 
support for those projects is more readily obtained, and sustainable development goals are achieved. 
A key goal of Agnico Eagle’s public consultation and engagement program has been to ensure the 
Company obtains a “social licence to operate”, by securing the support of a majority of residents from 
potentially impacted local communities. 

To obtain this goal, a number of process goals have been followed: 

�x identification and prioritization of communities and community stakeholder groups;  

�x developing an understanding of key community and stakeholder views regarding the Project;  

�x addressing community and stakeholder issues and expectations;  

�x identifying current and historical patterns of land- and resource-use;  

�x identifying VECs and VSECs; 

�x determining criteria for evaluating the significance of potential impacts;  

�x deciding upon mitigating measures;  

�x formulating compensation packages where necessary; 

�x identifying and implementing monitoring measures, including post-project audits; and 

�x continuous improvement.  

Since operation of the Meadowbank Mine began, Agnico Eagle has continued public consultation by 
meeting with employees, especially local employees that live throughout the Kivalliq, meeting in the 
communities with local stakeholders and regulatory agencies which has allowed a better general 
understanding of the rights, interests, values, aspirations, and concerns of the potentially affected 
stakeholders, with particular reference to the local population. Through this continued consultation 
Agnico Eagle has developed an operational culture that recognizes and respects these relevant 
interests in the planning and executing processes. A record of consultation that included the Whale 
Tail Pit Haul Road is provided in Volume 2 of the FEIS, Table 2-H (Agnico Eagle, 2016a). Agnico Eagle 
has and will continue to engage with regulatory agencies, the KIA and other stakeholders. 

3.1 Road Use by Nunavummiut and Other Developers 

The Whale Tail Pit Haul Road is a private road used solely by Agnico Eagle and its contractors. Agnico 
Eagle intends to keep the road closed for public use at this time.  This is mainly due to the fact that 
the road is not entirely accessible from Baker Lake as there is restricted use near the Meadowbank 
mine site, which bisects the road.  Agnico Eagle is unaware of any possible future developments in the 
vicinity of the Meadowbank Mine and Whale Tail Pit that could use the road. 
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However, it is Agnico Eagle’s responsibility to decommission and reclaim the road once its activities 
in the area are completed. For a third party to take over the road(s), that third party would have to 
complete its own arrangements with the land owners (KIA and Crown) and then complete its own 
environmental screening/assessment and permitting process covering future use. Agnico Eagle does 
not own the land on which the access road is constructed on and, thus, cannot transfer future 
ownership or use privileges to any third party. Agnico Eagle must complete its obligation to 
decommission and reclaim the road unless directed otherwise by a combination of the landowners 
and other regulatory agencies who issued permits/authorizations for it. 
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SECTION 4 • MEASURES TO PREVENT PERMAFROST DEGRADATION 

The Whale Tail Pit Haul Road has been designed with a minimum fill thickness to maintain permafrost 
conditions within the subgrade soils.  

Mitigation and environmental design features to reduce the potential for permafrost degradation are 
as follows: 

�x The road alignment avoids, where possible, fine-grained, poorly drained, ice-rich, frost 
susceptible soil conditions due to susceptibility to thaw related settlement; 

�x Regions of high ground relief (higher elevations) were sought to provide better drainage 
conditions, to minimize the potential for snow drifting on the road and to avoid organic 
depressions and/or other poor ground conditions, which are more abundant in the low lying 
areas; 

�x Road fill material will be placed directly over the existing soil layer without cutting, stripping, 
or grubbing to avoid disturbing the subgrade soils; 

�x Only thick drifted snow will be removed before the road fills are placed;  
�x Road fill used will be dependent on the underlying ground conditions; these are: 

�¾ Soils very susceptible to freeze and thaw induced settlement where thawing of the 
near-surface sub-grade is expected to result in significant strength loss and excessive 
settlements. The road fill thickness in this situation will be a minimum of 1 m plus sub-
base1, and will employ the use of geogrids, woven geotextiles and expanded 
polystyrene to protect the soil (see figure 4-1 for details); 

�¾ Soils relatively susceptible to freeze and thaw induced settlement where thawing of 
the near-surface sub-grade is expected to result in significant strength loss and 
excessive settlements. Where appropriate, the road fill thickness in this situation will 
be a minimum of 1.5 metres plus sub-base and may also employ the use of geogrids 
and woven geotextiles over the soil (see figure 4-2 for details); and  

�¾ Soils relatively unsusceptible to freeze and thaw settlement where thawing of the 
near-surface sub-grade is expected to result in minimal strength loss and tolerable 
settlements. In this situation the thickness of the roadbed will be a minimum of 0.9 
metres plus subbase (see figure 4-3 for details). 

�x To prevent thawing of subgrade soils, to the greatest extent possible the road will be 
constructed in the winter when the subgrade soils are frozen. 

                                                            

1 The thickness of the sub-base will be variable and will in part be dependent on the topography of the ground 
surface where the road is to be constructed. 
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The haul road, the road and its shoulders will be inspected weekly (at a minimum) during the summer 
period for evidence of seasonal freeze and thaw adjacent to the toe of the road embankment. Such 
movements are expected and may lead to longitudinal cracking and thaw settlement especially for 
portions of the road founded on thaw susceptible (ice rich) soils. When such areas are discovered, the 
affected area will be repaired using granular material obtained from a borrow pit. Agnico Eagle will 
maintain stockpiles of such material in select borrow pits that will remain open following completion 
of the road. 

 

 

 

Figure 4.1  Typical cross-section of Haul road on ice wedge and very thaw susceptible soil 
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Figure 4.2 Typical Cross-section of Haul road built over thaw susceptible soil 

 

 

Figure 4.3 Typical section of Haul road built over soil relatively unsusceptible to freeze and thaw 
settlement  
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SECTION 5 • BORROW PIT MANAGEMENT  

5.1 Open Pit and Borrow Pit Extraction Methods (including blasting if needed) 

Table 6.1 presents the location and area of the approved borrow areas that was used to extract 
material for the expansion of 9 of the 6.5 m Amaruq exploration access road to the 9.5 m Whale Tail 
Pit Haul Road.  Esker and quarry locations are presented in Table 5.1. 

The excavation and material removal in the eskers were as follows: ripping frozen borrow area 
material will be attempted using a dozer. This loosens the material and allows it to be picked up using 
a loader or a hydraulic shovel. Should this fail, standard drill and blast procedures can be used. The 
sequence of steps under this circumstance follows that for waste rock from the Vault open pit. As for 
material in quarries, it will be extracted following standard drill and blast procedures. 

Table 5.1 Haul Road Borrow Pits, Quarries and Waste Rock Sources for Road Construction and 
maintenance 

ID Number 
Land 

Ownership 

Location 
UTM Zone 14 W 

    Easting (m)                      Northing (m) 
 

Vault Open Pit 
Meadowbank 

Gold Mine 
(IOL) 

640141 7221038 

 

Esker 1 CL 633379 7232759 

Esker 2 CL 626649 7235662 

Esker 3 CL 621825 7247508 

Esker 4 CL 614953 7250442 

Esker 5 IOL 611936 7253888 

Esker 6 IOL 610689 7256058 

Esker 7 IOL 607799 7254627 

    

Quarry km 10.50 IOL 635421 7227574 

Quarry km 26.25 CL 625203 7235912 

Quarry km 30.05 CL 621434 7236108 

Quarry km 34.90 CL 618135 7237042 

Quarry km 50.60 CL 616169 7247096 

Quarry km 52.00 CL 615073 7248027 

CL=Crown Land, IOL= Inuit Owned Land. 

If deemed necessary, the design, size and shape of the blasts are planned with safety being the 
foremost consideration and best management practices for blast procedures will be followed. A 



WHALE TAIL PIT  HAUL ROAD MANAGEMENT PLAN 

 

March 2019 18 
 

predetermined pattern of drill holes are drilled to a predetermined depth and filled with explosives. 
Prior to a blast, all personnel and equipment are moved to a safe distance from the blast area. The 
blast fragments the rock and/or frozen esker material which is then loaded into haul trucks using 
either a loader or by a hydraulic shovel. The truck drives to the end of the road where the rock/esker 
material is dumped. The final step is moving the rock/esker material into place using a dozer. This 
sequence is called a “drill, blast, load, haul, dump” sequence.   

Approved ammonia management procedures at the Meadowbank Mine, will be adopted to ensure 
blasting practices monitor explosive quantities and blast performance to optimize the blasting 
practices while reducing impacts to nearby water quality from blast residue.  

Some rock can be moved to a crusher to produce aggregate of various sizes2. Operations in the Vault 
open pit use explosives to break the rock.  The crusher is to be located as far from water as possible 
and where it is best shielded from the prevailing wind, preferably behind a high wall so as to reduce 
the quantity of wind-blown dust and have as much dust as possible fall within the bounds of the 
borrow pit. 

With the onset of winter, ramps will be built to the top of some eskers to obtain access to the borrow 
pit. The following summer the aggregate material will be allowed to thaw and subsequently be 
stripped using a dozer or loader. It should be possible to strip two layers over the summer period, 
each to a depth of approximately one metre. The material will be piled in mounds to allow drainage. 
Subsequently the mounded material will be easily handled at all times of the year3.  If access to the 
esker borrow pits is delayed, other procedures will be used to access road building materials at all 
times of the year.  

 

5.2 Borrow Pits Mitigation Measures 

 

                                                            

2 Aggregate will only be produced if it is required in building or maintaining the road. 

3 This procedure will be used if time allows. 

The ranking of mitigation options is as follows: 

�x Avoidance – using an alternate site to avoid the adverse effect all together. This is the most desirable; 
�x Minimization – taking actions to minimize and/or contain effects to the maximum extent possible 

during engineering design, construction, operation and closure; 
�x Rectification – taking actions to rehabilitate or restore the affected environment after the fact; and 
�x Compensation – this is used as a last resort to offset adverse environmental effects. This is the least 

desirable. 
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Best management practices will employ the following general mitigation measures for the borrow 
pits: 

�x Minimize the surface area of borrow pits; 
�x Locate borrow pits in well drained areas; 
�x Maintain a minimal distance of 31 meters between the borrow pits and waterbodies; 
�x Where possible, maintain the floor of the borrow pits slightly above the elevation of the 

surrounding area or blast with a sloped floor to drain water naturally to promote natural 
drainage patterns, to avoid creating ponds, and to prevent permafrost degradation in borrow 
pits; 

�x Prevent erosion and sedimentation through appropriate control measures such as silt fences; 
�x Carry out ARD/ML testing and water quality monitoring in support of mitigation measures; 
�x Protect archeological resources and mitigate as deemed appropriate by GN Cultural and 

Heritage department; 
�x Protect predatory mammal denning sites; 
�x If deemed necessary, maintain air quality through dust control/suppression;  
�x At the request of the NIRB and local stakeholders, as a safety measure, flag borrow areas and 

refuelling areas; and  
�x Use progressive reclamation in closing borrow pits that are no longer needed. 

Where mitigation measures are not proving effective, adaptive management will be employed to 
address shortcomings. 

5.3 Acid Rock Drainage and Metal Leaching 

Geochemical testing was carried out to assess the chemical composition of the potential building 
material, its potential to generate acid rock drainage (ARD), and its potential to leach metals into the 
receiving environment upon exposure to ambient conditions. Sampling and testing prior to use of any 
borrow pit significantly reduced the risk of ARD/ML. Avoiding the use of undesirable or questionable 
road building materials ranks this mitigation measure as highly desirable.  

To confirm that the best available road building materials are being used in constructing the road, 
additional samples will be collected during the construction of the road. Additionally, water quality 
monitoring will be carried out in confirming that the road building materials are not negatively 
affecting nearby water quality.  

5.4 Management of Water Originating from Borrow Pits 

While ARD/ML testing is a measure to avoid using questionable road building materials, water quality 
monitoring of seeps from borrow pits provides information on possible impacts on the environment 
should the water reach any nearby water bodies. A buffer of at least 31 m of undisturbed land is 
maintained between borrow pits and water bodies, and best management practices will prevent 
direct drainage. However, any significant seeps originating from the borrow pits that are likely to 
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reach receiving waters will be sampled and analyzed for a full suite of water quality parameters4. All 
surface runoff during the construction where flow may directly or indirectly enter a water body will 
be sampled for TSS as per the requirement of Part D, condition 13 of the Water License 2AM-
WTP1826. 

Any problematic water will be directed away from water bodies, or held if possible. If necessary, silt 
curtains will be used to control suspended sediments in water seeping from the borrow pits. 

Although erosion is not expected to originate from water flow from borrow pits, any evidence of 
erosion will be repaired by placing rip-rap over the affected area, and measures will be taken to reduce 
the velocity of the water with, for example, silt curtains and/or small dikes, as per Part D, condition 
11 of the Water License 2AM-WTP1826. 

As per the quarry leases requirements (Item 17 of Quarry Permit KVCA15Q02, Item 17 of Quarry 
Permit KVCA15Q01, and Item 18 of Quarry Permit KVCA18Q01), a water monitoring plan will be 
prepared for quarries in which explosives are in use. Water will be sampled monthly and analyzed for 
a full suite of water quality parameters4. Prior to the tenth day of each month, a report will be 
submitted to the KIA indicating the water quality results. Water results shall be tabulated and 
compared to applicable CCME and MMER guidelines. 

5.5 Management of Archaeological Resources at Borrow Pits 

Borrow pits and quarries identified for material extraction were surveyed for archaeological 
resources. Areas selected avoid archaeological resources.  

If any potential archaeological site is identified during the operation of any borrow pit, work will stop, 
a professional archaeologist will be consulted, and Culture and Heritage will be informed of the 
discovery. If an archaeological site or find is confirmed, the quarry/esker or borrow pit will not be 
developed or the site will be mitigated. 

All road construction equipment will remain within the boundaries of the borrow pits to ensure any 
nearby archaeological site is not inadvertently damaged. 

                                                            

4 Physical Parameters: pH (field and laboratory), temperature (field), alkalinity, bicarbonate, carbonate, electrical conductivity, hardness, 
hydroxide, ion balance, total dissolved solids, total suspended sediments 
Nutrients: NH4, NO3, NO2, PO4 

Major Ions: Ca, Cl, Mg, K, Na, SO4 

Trace Metals: Al, Sb, As, Ba, Be, B, Cd, Cr, Cu, Fe, Pb, Li, Mn, Hg, Mo, Ni, Se, Ag, Sr, Sn, Ti, U, V, Zn 
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5.6 Ground Ice and Permafrost Protection 

The selected borrow pits sites are on well-drained esker deposits. All eskers have positive topography 
rising above the local setting. These types of granular deposits were selected because they are largely 
free of ground ice, thereby minimizing possible thaw settlement, which can result in erosion, slumping 
of side slopes, and an altered landscape that extends beyond the borrow pit.  

Should permafrost degradation become evident, the area will be monitored and, if necessary, 
stabilized by covering the affected land with 1.0 to 1.5 m of granular material. This reclamation effort 
would allow the permafrost to move up into the material covering the area and stop any further 
permafrost degradation or prevent further melting of any ground ice. Inspections of borrow pits will 
continue after their closure at the end of construction. 

Any significant seeps originating from the borrow pits as a result of ground ice, permafrost melting, 
or from precipitation events will be monitored if the water is likely to reach receiving waters5. 

                                                            

5 Shallow, standing water will not be collected as it poses little risk to the receiving environment. 
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SECTION 6 • TRAFFIC MANAGEMENT ON THE HAUL ROAD  

All ore transportation to the Meadowbank Mill, backhauling of material, and resupply of required fuel, 
supplies, equipment and workers for the Whale Tail Pit will be transported via the Whale Tail Pit Haul 
Road. All drivers transporting these materials and personnel will either be Agnico Eagle employees or 
employees of contractors directly hired by Agnico Eagle. In order to operate vehicles on the haul road, 
they must possess the Meadowbank certification  for the appropriate class of vehicle. Agnico Eagle 
will educate all its employees and all its contractor’s employees on road safety rules during the safety 
induction training that occurs before they first drive the road. The safety rules6 developed for the road 
will apply to Agnico Eagle employees and Agnico Eagle contractor employees. The Whale Tail Pit Haul 
Road will be closed for public use. 

All Agnico Eagle and contractor’s vehicles that travel routinely on the road will be equipped with a 
radio set to the requisite road frequency. Consequently, traffic on the road will always have radio 
contact with security, and other Agnico Eagle and contractor traffic. This system will be used to report 
any unusual conditions along the road such as location of other vehicles, presence of wildlife on the 
roadway, presence of non-Agnico Eagle traffic such as snowmobiles or ATVs crossing the road, any 
special road conditions, any special weather conditions, etc.  

6.1 Intersection of Haul Road with Traditional Land Use Crossings 

Two traditional land use crossing locations were identified during IQ/TK workshops and following 
meetings with the Hunters and Trappers Organization (HTO).  A first location has been set at km 12. 
The crossing design is shown on Figure 6.1. More locations for Traditional Land Use Crossings will be 
identified in collaboration with the HTO. Haul traffic from the Whale Tail Pit to Meadowbank Mill will 
have the right-of-way. Traditional land users (i.e. hunters on ATVs or snowmobiles) crossing the Whale 
Tail Haul Road on identified ramps must yield to Haul Road Traffic; Haul Road Traffic approaching 
traditional land use crossings must be vigilant of the potential use by ATVs or snowmobiles. This 
intersection will have a stop sign on the traditional land use crossing locations to give way to the mine 
haul trucks.  Hunters and traditional land users on snowmobiles or ATVs will have to stop, look both 
ways and yield to traffic before crossing the road.  Traditional land use marked signs will be installed 
on the haul road to warn haul trucks and other vehicles on the road to ensure users protection and 
safety of traditional land users on ATVs or snowmobiles.  

 

 

                                                            

6 See the Section 9 for complete details on safety measures proposed for the haul road. 
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Figure 6.1. Design of traditional land use crossing at km 12 

6.2 Other Access Control Procedures 

There will be occasions when access to the Whale Tail Pit Haul Road will need to be curtailed for short 
time periods for special reasons, such as bad weather, unsafe road conditions, maintenance activity 
on the road, heavy operational related truck traffic, movement of oversized loads, and/or presence 
of large numbers of caribou on or adjacent to the road. The road could also be temporarily closed in 
the event of an incident, accident or other event requiring mitigation or response. Typically, these 
short-term closures will be required to ensure safety. During these times, the road access would be 
physically blocked  at both ends of the road when appropriate. 

6.3 Projected Whale Tail Traffic on the Whale Tail Pit Haul Road  

The amount of traffic on the road will be continuous and may increase during different periods of the 
year.  This will be highly dependent on the level of activity at the Whale Tail Pit or Exploration camp 
site and the time of year, such as summer when more traffic can be expected following the arrival of 
supplies and materials by sea). Weather will also directly influence use of the road (e.g. virtually no 
traffic is to be expected when the weather is bad). 

Agnico Eagle and contractor vehicles expected to use the road will include, but not be limited to, long 
distance haul trucks, emulsion truck, pick-up trucks, cube vans, cargo trucks (to transport landfarm 



WHALE TAIL PIT  HAUL ROAD MANAGEMENT PLAN 

 

March 2019 24 
 

material, sewage sludge, and exploration supplies), buses, fuel trucks, tractor-trailers, snowplows and 
graders.  

Summer traffic is expected to be moderately higher than winter traffic as more contractual work can 
be expected over the summer, especially during the construction period at Whale Tail Pit. Hauling ore, 
backhauling material to Meadowbank, fuel deliveries and passenger van/bus traffic are not expected 
to vary a great deal between winter and summer. 
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SECTION 7 • INSPECTION AND MAINTENANCE OF THE WHALE TAIL PIT HAUL ROAD 

Inspection precedes maintenance of the haul road. Agnico Eagle recognizes that a good inspection 
program will lead to the early identification of areas of the road where improvements are necessary. 
As per best practice management, the early resolution of any deficiencies will result in less ongoing 
maintenance and repair of the driving surface and to water crossings. 

Agnico Eagle has sole responsibility for the ongoing inspection and maintenance of all of the 
components of the road, including the roadbed, bridges, circular corrugated culverts, and the borrow 
pits used in the construction, expansion and maintenance of the road. Agnico Eagle will apply the 
experience that it has gained from the ongoing operation of the Meadowbank All-weather Road, 
which has now been in operation since 2010. This experience will be applied in the planning of the 
day-to-day operation, inspection and maintenance of the Whale Tail Pit Haul Road. Agnico Eagle will 
have a road supervisor who will be responsible for the ongoing road inspection and maintenance of 
the road.  

The road supervisor will conduct periodic inspections (minimally on a weekly basis) of the road to 
ensure that the road is maintained for safe travel of personnel, equipment, and supplies.  Environment 
department also conduct weekly inspection of the road. These inspections will be recorded and any 
deficiency recorded and followed up by a corrective plan. These periodic inspections will include an 
inspection of the bridge abutments and a visual observation of the road surfaces to assess the status 
of the road’s foundation. 

During the summer period, the road surface will be maintained with gravel being spread as required 
and regular grading of the road. In the fall, winter and spring time the maintenance will be adjusted 
according to the weather conditions. Snow clearing along the road will be done to ensure that the 
road can be operated safely. The manner in which the snow is cleared will also take into account the 
road configuration to ensure that snow accumulation will not cause any particular problem during the 
freshet. Particular attention will be put on clearing adequately water crossings along the haul road to 
ensure proper flow and avoid blockage at freshet. 

The entire road will be inspected for signs of accumulation of ponded water either on the road surface 
or along the sides of the road. Where noticed, the Agnico Eagle road supervisor will evaluate and 
monitor the accumulation to determine why water is accumulating in these areas. Based on these 
evaluations and to avoid erosion or washing out of the road, the road supervisor will take remedial 
action where and when necessary to correct the cause of such ponding, such as grading of the road 
surface to remove areas of ponding or installation of additional culverts if the road is causing excessive 
water ponding. 
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7.1 Watercourse Crossings Inspections and Maintenance 

The watercourse crossing inspection and maintenance program has three main components: 

�x A regular inspection program to identify issues relating to watercourse crossings, such as 
structural integrity and hydraulic function; 

�x An event inspection program to track the impacts of large storm events on watercourse 
crossings, such as structural integrity and hydraulic function; and 

�x A culvert location inspection program to ensure that pipe or corrugated culverts have been 
installed in the right location with respect to the watercourse and that their capacity is 
adequate to ensure that the culvert(s) pass the water under all hydraulic conditions. In most 
cases for circular, corrugated culverts, they will be installed in multiples at different elevations 
at each stream crossing to ensure that these culverts can adequately pass normal summer 
flows as well as spring freshet and heavy rainfall flows. 

7.1.1 Regular Crossing Inspection and Maintenance 

Just prior to spring freshet, all culverts and stream crossings will be inspected to confirm that they are 
in good state to accommodate the rapid spring thaw that is seen in the north. During the freshet 
period, crossings inspections will be performed daily (mid-May thru June) and weekly during the 
remainder of the ice-free period prior to fall freeze-up (July through October) by the road supervisor 
and/or an environmental technician.  An annual geotechnical inspection of the road will be conducted 
by a qualified engineer. 

These inspection activities for each watercourse crossing will consist of: 

�x Visual inspection of its infrastructure to identify defects, cracks or any other risks to structural 
integrity. Particular attention will be paid to the inlet and outlet structures of culverts, and to 
bridge abutments and their foundations, as required; 

�x Visual inspection to identify sediment or other debris accumulation impeding the free flow of 
water through the crossings. Maintenance operations will consist of hand removal of 
accumulated debris and repairing damages as soon as possible;  

�x At the request of DFO, annually during the springtime, inspect flows at the embedded culvert 
at km 126.1 to ensure small bodied fish passage continues to be possible; and 

�x Visual inspection of upstream and downstream channel to identify bed erosion or scour 
around the watercourse crossing structure. Particular attention will be paid to abutments and 
their foundations as they will be vulnerable to scour and erosion during flood events. 
Particular attention will also be paid to potential sources of sediment transport at the 
crossing. 

Inspection results will be recorded by Agnico Eagle to help track changes in conditions over time. 
Maintenance operations will consist of undertaking remediation of any detected problems and 
repairing damage as soon as possible. 



WHALE TAIL PIT  HAUL ROAD MANAGEMENT PLAN 

 

March 2019 27 
 

7.1.2 Event Crossing Inspection and Maintenance 

Inspection frequency will increase just after heavy or prolonged rainfall storm events. Visual 
inspection of each watercourse crossing will be completed to identify potential risks to the crossing’s 
structural integrity, debris accumulation and whether erosion and scour have occurred. Water 
accumulation along the road will also be monitored. Results will be recorded by Agnico Eagle to help 
track changes in condition over time. The remediation of any detected problem and any necessary 
damage repairs will be undertaken as soon as possible, under the direction of Agnico Eagle’s road 
supervisor. 

7.1.3 Culvert Location Inspection 

Following their installation, the circular, corrugated culvert crossings will be visually inspected to 
confirm they have been properly executed and installed.  The culverts approved for extension with 
the haul road construction may be installed during winter conditions and thus it is possible that a 
culvert will not be sited correctly to pass all water through the road, which results in excessive water 
ponding against the road. The intent is to check for such conditions during the first snow melt and 
after rain events so that if deemed necessary, adjustments can be made accordingly. Although a 
conservative estimate of culverts has been installed, if deemed necessary following inspections 
additional culverts may be installed in locations that may not optimally route water flows. 

7.2 Snow Removal and Snow Management 

Sections of the road are expected to experience snow drifts because of strong winds over the winter 
period. As much as possible, this snow will be cleared to the downwind side of the road to limit the 
wind re-depositing the same snow on the cleared road. Routine spring snow management will include 
the removal of any snow that accumulates at bridges and culverts so that water at freshet can move 
freely through the circular culverts, and bridges. In the case of culverts, snow will be removed from 
both ends but not from the inside. 

7.3 Dust Suppression 

The amount of dust generated along a road is dependent on the material source used to surface the 
road, dryness of the road surface, the number of vehicles, weight and speed, and maintenance of the 
driving surface. Regular grading of the road combined with the addition of granular material from the 
eskers to the driving surface will be needed. This will improve road safety and also reduce the amount 
of dust. Dust will also be mitigated by maintaining posted speed limits. 

In sections of the road or times identified by the Agnico Eagle road supervisor as being prone to high 
dust levels, where safe road visibility is impaired, or in areas where dust deposition is potentially 
impacting traditional land use, fish habitat and/or water quality, the road supervisor will arrange 
mitigation measures as appropriate and as per Part E, condition 12 of the Water Licence 2AM-
WTP1826. This could involve actions such as grading of the road surface, placement of new coarser 
topping from eskers, and/or watering/ dust suppressant application of the road surface.   
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As per Part E, condition 1 of the Water License 2AM-WTP1826, the use of water for dust suppression 
on site and along the road shall not exceed a total of 45,750 m3 per year.  Water for dust suppression 
shall be from Nemo Lake and from pond along the Whale Tail Haul Road. As per Part I, condition 10 
(f), the volume of fresh Water obtained for dust suppressant along the Whale Tail Pit Haul Road will 
be measured and recorded on a Monthly basis in cubic metres or as otherwise stated. 
 
Based on the modelling of the dust emissions on the road, and the experience and monitoring data of 
the Meadowbank AWAR from Baker Lake to the mine site, use of chemical dust suppressants is not 
expected for the Whale Tail Pit Haul Road. However, if there are safety concerns or areas of particular 
interest, chemical dust suppressants may be only used as a last resort and only in accordance with the 
Environmental Guidance for Dust Suppression published by the Government of Nunavut Department 
of Environment (GN, 2014). Please refer to the Air Quality and Dustfall Monitoring Plan for more 
information regarding dust management. 
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SECTION 8 • ROAD SAFETY 

Agnico Eagle security personnel along with Agnico Eagle’s road supervisor will monitor activity on the 
Whale Tail Pit Haul Road through radio contact with drivers on the road, and through periodic patrols 
of the road.  All Agnico Eagle and contractor vehicles that routinely travel on the road will be equipped 
with a radio set to the requisite road frequency. Consequently, all traffic on the road will always have 
radio contact with security and other road traffic. This system will be used to report any unusual 
conditions along the road such as the location of other Agnico Eagle and contractor vehicles, presence 
of wildlife on the roadway, presence of snowmobiles, any unsafe practices noticed, any special road 
conditions, any special weather conditions, etc. 

The same safety rules that will apply to all users of the Whale Tail Pit Haul Road, these are: 

�x Maximum speed limits of 50 km/h; 
�x Use of seat belts by all drivers and passengers in pickup trucks, haul trucks, etc. is mandatory 

(bus passengers are an exception); 
�x Driving under the influence of alcohol or intoxicating drugs is prohibited; 
�x Wildlife has right-of-way on the road, and no harassment of wildlife is allowed; 
�x For their safety and protection, traditional land users and hunters are not permitted to drive 

on the haul road;  
�x All hunting activity must avoid shooting across the road and should respect a safe shooting 

distance from the road (suggested at 1 km)7; 
�x Hunting is not allowed within 1 km of Meadowbank Mining, Whale Tail Pit, Whale Tail Pit Haul 

Road and the Amaruq Exploration Site; 
�x Traditional land users (i.e. hunters on ATVs or snowmobiles) crossing the haul road on 

identified crossing locations must yield to all Haul Road Traffic; 
�x Haul Road Traffic approaching traditional land use crossings must be vigilant of the potential 

use by ATVs or snowmobiles to ensure users protection and safety;  
�x Vehicles are not to park on the travel surface of the road but pull off the road at a safe location 

such as bypass pullouts to prevent accidents; and 
�x Signs will be posted warning of an entry/exit point8. 

                                                            

7 Winter travel between Gjoa Haven and Baker Lake may occur, which could lead to the road being crossed by ATVs or snowmobiles. Agnico 
Eagle will work with local hunters to ensure the preferred snowmobile crossing areas are well identified for both hunters and operators on 
the road.  

8.  
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8.1 Road Signage 

Agnico Eagle will post appropriate road signs along the road in both English and Inuktitut. Typically, 
signs will advise drivers of the posted speed limit, of approaching bridges, of approaching curves, 
traditional land use crossings, and/or areas of lower visibility (blind hills or obstructed curves). 

English and Inuktitut signs will be posted at the eastern and western ends of the road, at an 
appropriate mid-point to advise road operators that they are in a potentially hazardous area due to 
the presence of truck traffic.  

Speed limit signs will be posted at intervals of approximately every 5 km along the road. Reflective 
flags will be installed along one side of the road to help drivers identify the road shoulder during 
blizzard, white out conditions or dense fog. Typically, these flags will be black in colour to help them 
stand out in white-out conditions, and are nominally set at intervals of 50 to 100 m apart. Kilometre 
markers will be posted at intervals of at least 1 km along the road. 

A list of road signage is presented in Table 8-1. 

Table 8.1. Road Signage 

Element Approximate Location 

Safety precautions and users advice At the eastern and western ends of the road, 
and at an appropriate mid-point along the road 

Blind hill 200 m ahead of the beginning of a blind hill 

Speed limit Nominally at 5 km intervals 

Curve 200 m ahead of a curve 

Bridge announcement 200 m ahead of a bridge 

Bridge side sign On each side of the bridge 

Traditional Land use crossing signs At the crossing approach for haul road operators 
and well-marked stop signs at crossing 
approaches for ATV or snowmobile operators 

Road Markers or flexible delineators (flags) Nominally at 50 to 100m intervals 

Kilometres markers Nominally at 1 km intervals 
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8.2 Policing of Road Safety Rules 

As a privately operated road, responsibility for “policing” will not fall under the Royal Canadian 
Mounted Police (RCMP). Responsibility for all operating and maintenance activity on the road will rest 
solely with Agnico Eagle. All Agnico Eagle employees and its contractors who will use the road will be 
required to take road safety training before being allowed to venture out on the road. Further, Agnico 
Eagle will concentrate on maintaining awareness among Agnico Eagle employees and contractors on 
the safe use of the road.  

Agnico Eagle will use its road supervisor and site security to monitor what is occurring on the road. 
They will monitor activity on the road through periodic patrols of the road, and in conversation with 
drivers on the road at the time. Agnico Eagle will monitor speed limit infractions by direct observation 
of drivers seen to be driving too fast. Agnico Eagle will also rely on radio contact with all company and 
contractor vehicles on the road to monitor unsafe conditions or activity. Agnico Eagle does not have 
any special policing powers and cannot issue tickets or use other methods to address unsafe 
operation.  Agnico Eagle can record unsafe practices, warn the person causing the infraction, and in 
severe or repeated cases of violation, in collaboration with the RCMP, will remove all privileges for 
future access to the road by an offending driver or hunter. 

Regulatory inspectors can inspect the road and any associated infrastructure at will. Agnico Eagle will 
abide with the recommendations and directives provided by the inspectors. 

However, it is worth noting that the Criminal Code of Canada applies to private roads. For example, if 
an accident were to occur on a road and alcohol was involved, that person could be charged by the 
RCMP. 
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SECTION 9 • ACCIDENTS, SPILLS, MALFUNCTIONS AND EMERGENCY RESPONSE 

Emergency response is reactive, while prevention reduces the frequency of emergency responses. 
Agnico Eagle’s emphasis will be on prevention, while at the same time keeping resources close at 
hand in order to respond to emergencies on the road in a timely manner. 

Three possible causes of road emergencies are the road, vehicles and people. The interplay of 
these three elements leads to either safe use of the road or emergency responses. Agnico Eagle is 
fully responsible for the design, construction and maintenance of the road. Agnico Eagle will ensure 
that its vehicles and those of the contractors are in good working order before they venture out on 
the road. As well, Agnico Eagle will train its employees and contractors on road safety.    

Agnico Eagle will lead by example in road safety. Agnico Eagle will train road users in road safety, 
shaping good driving practices and influencing behaviour on the road. Emphasis will be placed on 
the use of seat belts; observing posted speed limits; improving visibility for others by wearing 
reflective clothing at all times; dealing with driver inexperience, etc.   

In urgent circumstances and where appropriate, Whale Tail Project operations will request assistance 
from other parties at the Meadowbank mine or in Baker Lake. However, based on Agnico Eagle’s 
experience with the Meadowbank access and haul roads, Agnico Eagle does not believe that its Whale 
Tail Pit Haul Road will result in any increased demand on local public service providers (i.e., fire, police, 
ambulance, medical, and maintenance) in Baker Lake. 

9.1 Accidents and Malfunctions 

There will be accidents and malfunctions that occur on this road.  Such unfortunate events are 
inevitable; no matter how much effort is devoted to preventing them. However, mitigation 
measures and response plans will be developed that can be applied to reduce the frequency and 
severity of such events. The types of events considered likely are as follows: 

�x Vehicle collisions that may result in personal injury and spillage of potential harmful materials 
such as fuel, lubricating fluids, antifreeze, etc.; 

�x Contact between vehicles and wildlife that may result in harm to wildlife, personal injury and 
spillage of potentially harmful materials, etc.; 

�x Single-vehicle accidents that may result in personal injury and spillage of potentially harmful 
materials; 

�x Risk of people getting stuck on the road in bad weather such as in heavy snow or whiteout 
conditions, or due to mechanical breakdown; and 

�x Spills of harmful materials onto the land or into water. 

In an effort to prevent these occurrences, the road will be closed under poor weather or road 
conditions.  Furthermore to improve the response in the event of an incident or accident, emergency 
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responders will be available at Meadowbank and at the Whale Tail site. Emergency spill response seacan 
are currently in place along the Whale Tail Haul Road at Km 125.5 and Km 147, between Whale Tail Pit 
and Meadowbank.  More environmental sea can are planned to installed at Km 118, 130, 135, 139 and 
160.  Those sea can will be fully stocked with emergency response equipment and the road supervisor 
will have an emergency spill response kit in their vehicle. 

All employees will be responsible to report, mitigate and clean up small spills.  In the case of a larger 
spill, spill response will be implemented by the ERT based at Meadowbank and the environmental 
staff, who will advise, document, and report on initial response and clean-up actions. The Spill 
Contingency Plan will be activated in responding to a spill, as per Part H, condition 1 of Water License 
2AM-WTP1826. 

Agnico Eagle emergency response team (ERT) personnel are tasked with responding to any vehicle 
accident resulting in personal injury or spillage of harmful material. Agnico Eagle will initiate extraction 
and transport to medical assistance at Whale Tail Pit or the Meadowbank mine. In the event of serious 
injuries, the person or persons will be evacuated by air to the Baker Lake medical centre or a Winnipeg 
medical facility. The procedures in place in the Risk Management and Emergency Response Plan will 
be followed, as per Part H, condition 1 of Water License 2AM-WTP1826. 

Agnico Eagle will report all reportable scale incidents to the appropriate Government authority (e.g., 
Mines Inspector, RCMP, Nunavut Water Board (NWB), NU Spill Line, Environment and Climate Change 
Canada, GN Department of Environment, Fisheries and Oceans Canada (DFO), KIA and Hamlet of Baker 
Lake). 

The following actions are to be taken in the event of an accident on the road (including snowmobiles): 

�x Check the condition of people involved in the accident and provide immediate first aid if 
appropriate; 

�x Call the road or Mine Operations dispatch by radio and report the location and nature of the 
accident and indicate the type of assistance required (medical help, environmental cleanup, 
fire and/or mechanical help); 

�x Secure the accident site so that the vehicles do not continue to present a hazard to others. 
This may involve moving the vehicles to the nearest pull off in the event of a minor accident, 
or blocking off the road in both directions in the event of a more serious accident; and 

�x If safe to do so, secure the site to prevent continued spill or leakage of contaminants into the 
surrounding environment. 

Upon receiving the accident call, the road dispatch will initiate the emergency response procedure 
passing along the information to the emergency response coordinator. The emergency response 
coordinator will then call out the required emergency response personnel to assist at the accident 
site. 
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Once the accident site is secured and all people requiring assistance have been removed to medical 
care, the emergency coordinator will turn the scene over to the Meadowbank Mine or Whale Tail Pit 
safety personnel so that an appropriate accident investigation can be initiated. 

In the event of an incident involving contact with wildlife, the road dispatch will notify the site security 
personnel and the environmental representatives. Security and the site environmental team will then 
initiate an appropriate accident investigation. The Environmental Department will ensure that 
appropriate reporting of such incidents is made on a timely basis to the KIA, the Baker Lake HTO, and 
the GN Conservation Officer in Baker Lake. Any animal carcasses will be removed from the scene of 
the accident and will be incinerated or delivered to the GN officer. 

In the event of a serious accident, the RCMP will be contacted and advised of the incident. The RCMP 
will then decide on whether they will become involved or take the lead on any subsequent accident 
investigation. 
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SECTION 10 • WILDLIFE MANAGEMENT 

Wildlife is expected to occasionally be observed on or immediately next to the road. Caribou and other 
wildlife will have the right-of-way at all times. In case of problems (e.g. small herds or aggregations of 
caribou), the environmental department will be in charge of managing the situation and, with the 
collaboration of the security department, will advise road users by patrolling the road.  Site personnel 
will notify and be notified by dispatch radio if any wildlife is observed on the road or if extra vigilance 
is needed along a specific area of the road.  

The Terrestrial Ecosystem Management Plan has been updated to include adaptive management, 
mitigation, monitoring, and stakeholder engagement for the protection of wildlife habitat, ungulates, 
predatory mammals, small mammals and birds during the construction, operation and closure of the 
Whale Tail Pit Haul Road. The monitoring and management program described in the Terrestrial 
Ecosystem Management Plan will be implemented on the Whale Tail Pit Haul Road, and regularly 
reviewed and updated per discussions with the Terrestrial Advisory Group which includes 
representatives from the Government of Nunavut, Kivalliq Inuit Association and the Hunters and 
Trappers Organization of Baker Lake. 

As per the Terrestrial Ecosystem Management Plan, the haul road embankment slopes will present an 
inclination of 4 horizontal: 1 vertical in order to facilitate wildlife crossing along the road, as well as 
for safety purposes, when possible 

 



WHALE TAIL PIT  HAUL ROAD MANAGEMENT PLAN 

 

March 2019 36 
 

SECTION 11 • CLOSURE AND RECLAMATION 

The Whale Tail Pit Haul Road will be decommissioned and reclaimed by Agnico Eagle if exploration on 
the Amaruq property fails to find sufficient ore resources to support mining, once post-closure 
monitoring requirements are completed for the Project, or if Agnico Eagle fails to obtain the necessary 
authorizations to proceed with further mining development. Closure and reclamation of the road 
would be initiated within a year following the completion of post-closure monitoring activities at the 
Project.  

Specific details of the reclamation and closure activities are described in the Whale Tail Pit Interim 
Closure and Reclamation Plan. 

Decommissioning of the road will be accomplished by loosening compacted surfaces, flattening side 
slopes, removing all culverts, and bridges, and other potential obstructions to drainages paths. The 
objective will be to make the road surface impassable by vehicular traffic by ripping the entire road 
bed and removing all bridges and culverts along the route. 

The loosening of compacted surfaces will be accomplished by ripping of the roadbed utilizing a dozer 
with a “ripper” attachment on the back. Successive passes with the dozer longitudinally along the 
road bed will eliminate the level road surface and make travel difficult. It is anticipated that, in this 
way, the abandoned road will not be useable by wheeled vehicles (i.e. pick-up trucks). The road bed 
would still be useable by ATV or snowmobile and, thus, even after final reclamation, the reclaimed 
roadbed would offer similar passage as that which currently exists. 

Road decommissioning works will be carried out as necessary to stabilize any slopes where potential 
for slope erosion may exist. Stabilization measures may require pulling back of side-cast fills on locally 
steep slopes or buttressing and/or re-contouring of steepened out slopes using non-acid generating 
material. 

These measures would also be applicable to borrow pits located adjacent to the roadway that 
remained open following road construction. As much as practical, deactivated surfaces will be graded 
to blend with the existing topography. 

To the extent practical, the reclamation would also restore the natural pre-road hydrology. Natural 
drainage courses would be restored primarily through the removal of all culverts and bridges, and 
through rehabilitation of channels and banks at the crossing sites. Cross-drain structures (cross-
ditches) will also be installed where necessary between culvert sites. Where armouring rock (rip-rap) 
is required, this rock will be non ARD/ML for the protection of aquatic life. Where affected 
watercourses are fish bearing, the timing of work will have to be restricted to within the designated 
Fisheries and Oceans Canada fisheries work window. All in-stream works will be carried out using best 
management practices for erosion and sediment control. 
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Decommissioning of the road will start from the Whale Tail Pit road end of the road and progress 
southeast towards the Meadowbank mine. Stream crossings will be rehabilitated as they are 
encountered during the progression of the work.  

11.1 Reclamation of Borrow Pits Sites 

All borrow pit sources developed during the construction of the road will be selected to generate only 
non-acid generating/low metal leaching materials. Water quality monitoring and testing will be 
undertaken periodically during the construction and operational period of the road to measure the 
quality of water draining from the open borrow pit sites and from the road base materials. 

The borrow pits will have gently sloping walls and be designed for positive drainage wherever 
possible. With prudent initial design, the borrow pits should require little reclamation following 
completion of the road. Loose material will be pulled to the floor of the borrow pit and the entrance 
blocked. 
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EXECUTIVE SUMMARY 

Agnico Eagle Mines Limited �t Meadowbank Division (Agnico Eagle) will develop the Whale Tail Pit and 
Haul Road Project (Project), a satellite deposit located on the Amaruq property, to continue mine 
operations and milling at Meadowbank Mine.  

The Amaruq property is a 408 square kilometre (km2) site located on Inuit Owned Land approximately 
150 kilometres (km) north of the hamlet of Baker Lake and approximately 50 km northwest of 
Meadowbank Mine in the Kivalliq Region of Nunavut. The deposit will be mined as an open pit (i.e., 
Whale Tail Pit), and ore will be hauled to the approved infrastructure at Meadowbank Mine for milling.  

Mining facilities include accommodation buildings, two ore stockpiles, one overburden stockpile, one 
rock storage facility area planned to receive waste rock and waste overburden, a water management 
system that includes collection ponds, water diversion channels, and retention dikes/berms, and a 
waste water treatment plant.  

Waste rock, overburden and lake sediment were sampled and tested as part of a geochemical 
program presented in Golder (2016). Among the 8 lithologies tested, 2 have low acid generating and 
metal leaching potential, while the remaining lithologies are either potentially acid generating and/or 
metal leaching rock. The overburden is non-potentially acid generating and non-metal leaching while 
the lake sediment is potentially acid generating and metal leaching. Testing will be completed on 
waste rock to identify material that is non-potentially acid generating and low leaching that can be 
used as construction and closure rock.  

An approach is proposed to define if the waste rock lithologies can be used as construction/closure 
material or must be piled in the Whale Tail Waste Rock Storage Facility. 
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�^�����d�/�K�E���í���{��INTRODUCTION 

Agnico Eagle Mines Limited �t Meadowbank Division (Agnico Eagle) is proposing to develop Whale Tail 
Pit and Haul Road (Project), a satellite deposit located on the Amaruq property, to continue mine 
operations and milling at Meadowbank Mine. Agnico Eagle is seeking approval to extend 
Meadowbank Mine to include development of resources from Whale Tail Pit. Concurrent with the 
reconsideration of the Project Certificate by the Nunavut Impact Review Board (NIRB), Agnico Eagle 
is seeking an amendment to Meadowbank Mine Type A Water Licence (No. 2AM-MEA1525; NWB 
2015) to include mining of Whale Tail Pit and construction and operations of associated infrastructure 
from the Nunavut Water Board (NWB).   

The Amaruq property is a 408 square kilometre (km2) site located on Inuit Owned Land approximately 
150 kilometres (km) north of the hamlet of Baker Lake and approximately 50 km northwest of 
Meadowbank Mine in the Kivalliq Region of Nunavut. The deposit will be mined as an open pit (i.e., 
Whale Tail Pit), and ore will be hauled to the approved infrastructure at Meadowbank Mine for milling.  

The general mine site location for the Project is presented in Figure 1.1. 

This document presents an update to the Operational Acid Rock Drainage (ARD) and Metal Leaching 
(ML) Sampling and Testing Plan (Plan) to address NIRB Project Certificate 008 Term and Condition No. 
8 (NIRB 2018), with the exception of thermal monitoring of waste rock, which will be covered in the 
Thermal Monitoring Plan (Agnico Eagle 2018). The Plan is closely associated with the Whale Tail Pit �t 
Waste Rock Management Plan (Agnico Eagle 2018, Version 2) and the Water Management Plan 
(Agnico Eagle 2016).  

The objectives of the Plan are to define the sampling, analysis, and testing procedures that are to be 
implemented to define the acid generating and metal leaching potential of waste rock for the Project.  
This characterization is to be used by mine staff to ensure that waste rock, overburden (till), and lake 
sediments are identified, managed, segregated and disposed of in an environmentally appropriate 
manner, as designated in the Plan. The Plan will also define if the waste rock, the overburden, and the 
lake sediment can be used as construction/closure material. 

This Plan will be updated as required to reflect any changes in operation or economic feasibility 
occurs, and to incorporate new information and latest technology, where appropriate.  
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�^�����d�/�K�E���î���{��WASTE ROCK MANAGEMENT 

2.1 Lithologies 

There are six major bedrock types (or lithologies) found at Whale Tail deposit: komatiite, greywacke, 
chert, iron formation, basalt, and diorite. Variable thicknesses of overburden and lake sediments are 
present which will be removed upon mining. 

The ARD and ML potential of each waste rock lithology was evaluated through a static and kinetic 
testing program (Golder 2016) that is on-going. Details on the test methods used and results obtained 
are provided in Golder (2016; summarized in Appendix A). The anticipated ARD/ML potential for each 
rock type based on exploration drill core tests are shown in Table 2.1; it is noted that while the bulk 
of material from each lithology is PAG and/or ML, these lithologies do contain some material that is 
less reactive and non-potentially acid generating (NPAG) and/or non-metal leaching (NML). 

Table 2.0 Anticipated ARD/ML Potential of Waste Rock Types at Whale Tail (Golder 2016) 

Rock Type Rock Unit Code ARD Potential ML Potential1 Tonnage (t) 

Komatiite North V4a �t 0a No High 7,907,211  
Komatiite South V4a �t 0b No Moderate 12,153,743  
Greywacke Central S3C �t 3b Yes Variable 3,640,167  
Greywacke South S3S �t 3b No Low 9,790,461  
Greywacke North S3N-3b Variable Variable 16,009,050  
Chert S10 �t 3b Yes Variable 278,068  
Iron Formation S9E �t 3b No High 8,958,267  
Basalt V3 �t 1b No Moderate 2,344,027  
Diorite I2 �t 8b No Low 628,264  
Overburden n.a. No Low2 

5,666,4083 

Lake sediment n.a. Yes High2 
n.a. not applicable 
1 based on large column kinetic test results 
2 based on Shake Flask Extraction results 
3Overburden and Lake sediment are considered as the same unit in the geological model 

The NPAG waste rock tonnage required for the construction of the 4.7 m thermal cover of Whale Tail 
WRSF is 8,883,000 tonnes. 

 
2.2 Waste Rock Segregation 

Overburden generated from the Whale Tail Pit will be placed in the Whale Tail Waste Rock Storage 
Facility (WRSF). Characterization of ARD/ML potential in the excavated waste rock is required in order 
to properly segregate it for use or disposal, as follows: 

�x General Construction and/or Closure �t Only rock that is NPAG and low leaching can be used 
for site construction, including dewatering dikes, and WRSF cover construction. It is the 
responsibility of the Geology Superintendent to ensure that all waste rock being used for 
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construction or reserved for future use during closure has been characterized and verified as 
being NPAG and low leaching.   

�x Disposal �t All other waste rock (PAG and/or ML), as well as overburden, will be placed within 
the Whale Tail WRSF for permanent storage. 

2.2.1 Whale Tail Waste Rock Storage Facility Design 

The majority of waste rock generated at the Whale Tail site will be placed in the Whale Tail WRSF. 
Under the current plan, the Whale Tail WRSF has an area of approximately 110 hectares. Waste rock 
and overburden from the Whale Tail Pit not used for site development purposes will be trucked to the 
Whale Tail WRSF until the end of mine operations. 

The Whale Tail WRSF is designed to minimize the potential for ARD and ML. The Whale Tail WRSF will 
be constructed to encapsulate potentially acid generating (PAG) and ML waste rock inside a layer of 
NPAG material as a control measure for ARD and ML. The NPAG rock that is placed on the top and 
sides of the storage pile is needed in the long term to host the thawed layer and prevent liquids from 
contacting the centre of the pile that contains PAG and ML waste rock. Presently it is anticipated that 
the cover design will be similar to the Meadowbank Portage WRSF. The cover will consist of a 4.7 m 
thick NPAG/NML waste rock layer on the top and edges of the facility. The cover is expected to 
maintain freezing conditions in the pile in the long-term. This rationale is based on results to date on 
thermal modelling that considers thermistor readings at the Portage waste rock pile (Golder 2018, in 
preparation). Rock oxidation can still occur in frozen material but will proceed at a slower rate than 
predicted by laboratory testing because of the cold temperature prevalent for much of the year. 
Permafrost will retain water as ice, so it was predicted that contaminants will not be transported away 
from the core of the WRSF in the long-term. 

Monitoring will be conducted to measure temperatures throughout the waste rock pile, and to 
measure the depth of the annual surface thaw (see Section 4.2.2 and the Whale Tail Thermal 
Monitoring Plan). This information will be used to detail the rock cover design required to close the 
Whale Tail WRSF. Further information of the Whale Tail WRSF are provided in the Whale Tail Pit �t 
Waste Rock Management Plan (Agnico Eagle 2018, Version 2).  
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SECTION 3 �{��ASSESSMENT OF ARD/ML POTENTIAL AT WHALE TAIL PIT 

Sampling and testing of waste materials for ARD and ML will be conducted during mine operation in 
order to segregate suitable waste for use in construction and for closure (Section 2.2) from that which 
will report directly to the Whale Tail WRSF. This section discusses field sampling methods, analytical 
testing, ARD/ML evaluation criteria, and the delineation of waste rock. 

Appendix B includes a flow diagram of the process to be followed for waste rock sampling, testing, 
and segregation.   

3.1  Field Sampling 

Drill holes will be sampled for testing as part of the ARD/ML evaluation (Section 3.2). Sampling will 
proceed according to the following guidelines that are currently utilized at Meadowbank Mine: 

�x The default sampling frequency is every fourth drill hole in each drill hole pattern. The shallow 
benches in Whale Tail Pit will be sampled at a frequency of one sample every two drill holes. 

�x Drill holes will be spaced to ensure an even distribution of samples throughout the planned 
blast area.  

�x Drill cuttings is collected and fully mixed in a sampling stainless steel tray placed beside the 
drill. 

�x The sampling stainless steel tray content will be transferred into a clean polyethylene plastic bag.  
�x Each sample will be collected from drill cuttings and will weigh at least 1 kilogram (kg). 

�x The samples will be labeled using a convention that is readily traceable back to the production 
drill hole numbers. 

The Geology Superintendent will evaluate the default frequency based on the experience gained 
during the mining of the Whale Tail pit from previous drilling, sampling analysis results and visual 
inspections.  The sampling frequency will be reviewed periodically and the rationale for any changes 
will be clearly documented and implemented only with the prior approval of the Nunavut Water 
Board. 

Table 3.0 Recommended Sampling Frequency by Rock Type 

Rock  Type Rock Unit 
Code 

Sampling Frequency 

Komatiite North V4a �t 0a Every 4th hole 
Komatiite South V4a �t 0b Every 4th hole 
Greywacke Central S3C �t 3b Every 4th hole 
Greywacke South S3S �t 3b Every 4th hole 
Chert S10 �t 3b Every 4th hole 
Iron Formation S9E �t 3b Every 4th hole 
Basalt V3 �t 1b Every 4th hole 
Diorite I2 �t 8b Every 4th hole 
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3.2 Evaluation of ARD/ML Potential at Whale Tail Pit 

The ARD and ML potential of all samples collected (Section 3.1) will be evaluated through laboratory 
testing, as described below. 

3.2.1  ARD Testing and Classification of ARD Potential (PAG / NPAG) 

The most conventional method of characterizing the ARD potential of waste rock is to classify it as 
PAG and NPAG based on the net potential ratio (NPR) value. The NPR is the ratio of the acid-buffering 
potential (neutralization potential or NP) and the acid generation (maximum potential acidity or MPA; 
assumed to be due to sulphide sulphur content, or total sulphur minus sulphate sulphur).   

The Whale Tail Pit geochemical characterization study (Golder 2016) examined the use of carbonate 
NP as a surrogate for bulk NP using data obtained from exploration drilling (Golder 2016). The 
carbonate NP and bulk NP correlate well (R2= 0.97), implying that NPR calculated using carbonate NP 
is a safe assessment of available buffering capacity. Further, MPA is calculated based on the total 
sulphur content of the samples (rather than sulphide content), which is conservative. This approach 
to ARD classification is based on observed trends in rock chemistry, mineralogy, and reactivity of 
neutralizing minerals (Golder 2016). 

The Meadowbank onsite assay laboratory is equipped to analyze total sulphur and total inorganic 
carbon overnight for the samples of drill cuttings. Mine staff will use these results to calculate the NPR 
value for each sample as follows: 

�x Total sulphur is converted into MPA by multiplying the total sulphur wt% by 31.25, which 
yields an MPA value in kg CaCO3 equivalent. 

�x Total inorganic carbon is similarly converted into a carbonate NP (CaNP) by multiplying the 
total wt% inorganic carbon (reported as %C) by 83.34 which yields an NP value in kg CaCO3 
equivalent.  

�x The carbonate NPR for the blast hole drill cutting sample is then calculated as NPR = 
CaNP/MPA. 

This approach is consistent with the use of total sulphur and total inorganic carbon to calculate the 
MPA and CaNP of waste rock material for the Whale Tail Pit geochemical characterization study 
(Golder 2016).  

The ARD potential of waste materials from Whale Tail Pit will be classified first based on total sulphur 
content and then using the NPR-based guidelines published by MEND (2009). Total sulphur will be 
used as an initial screening criteria to identify NPAG material, whereby a sample will be considered 
NPAG when it contains less than 0.1 wt% sulphur, regardless of the NP (Golder 2016). Where total 
sulphur is above 0.1%, the calculated carbonate NPR value will be used for sample classification, as 
summarized in Table 3.2.  
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Table 3.1 ARD Classification of Whale Tail Pit Waste Rock and Overburden  

Total Sulphur 
Screening Criteria 

NPR Screening Criteria 
(based on Carbonate NP) 

ARD Potential 

Total S < 0.1% - 
Non-potentially acid generating (PAG) 

Total S > 0.1% 
NPR > 2 

�í���G���E�W�Z���D���î Uncertain or low acid generating potential 
NPR < 1 Potentially acid generating (PAG) 

 

3.2.2  Metal Leaching Potential Testing and Evaluation 

Waste rock materials can also potentially leach metals (and other elements) when they come into 
contact with water and air, which is referred to as ML potential and can occur even if the materials 
are non-acid generating. Arsenic is identified as a parameter of environmental interest based on 
laboratory leaching tests (Golder 2016).  

The amount of arsenic released by leaching has been shown to be proportional to the total arsenic 
content of the sample (Golder 2016), whereby samples with total arsenic content below approximately 
75 ppm (as µg/g or mg/kg) indicate a low potential to leach arsenic. This has been selected as a suitable 
identifier of arsenic leaching.  Total arsenic will be analyzed at the Meadowbank on-site laboratory by 
hydride generation (Millennium Excalibur, PSA Analytical, 0.001 ppm detection limit), and arsenic 
leaching potential be inferred based on the total arsenic content.   

A surface runoff water monitoring program will be implemented for the Project like it is at the other 
deposits of Meadowbank to detect ML in site contact waters. Further details on the water quality 
monitoring program are provided in Section 4.2.1. 

3.2.3  Quality Assurance / Quality Control (QA/QC) 

Samples from Whale Tail Pit will be subjected to the same quality assurance /  quality control (QA/QC) 
program currently in use at Meadowbank, which includes the use of certified reference materials and 
duplicate analyses by an accredited external lab. Duplicate analyses include more complex testing 
described above for ARD classification (Acid Base Accounting or ABA), and metal leaching evaluation 
(bulk metal content and Shake Flask Extraction or SFE).     

For the duplicate samples, the testing frequency of 75 samples per quarter that is currently in place 
at Meadowbank will be followed, however this frequency will be evaluated and altered as necessary 
as the database increases.  A geostatistical approach will be considered to establish the number of 
QA/QC samples required by rock type to achieve statistical confidence. 

Further, the duplicate test results will be used to confirm the total sulphur (0.1 %) and total arsenic 
(75 ppm) threshold values in place for waste classification. SFE results from the duplicate analyses will 
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be evaluated against the proposed Effluent Quality Criteria for arsenic (0.1 mg/L) and the 75 ppm value 
will be modified as necessary based on the results. 

3.3  Waste Rock Delineation and Tracking 

Following laboratory analysis, geology staff will classify waste rock into the following types of material 
as defined in Table 3.3.  

Table 3.2 ARD Guidelines used to Classify Whale Tail Pit Waste Rock and Overburden 

Waste Type Criteria for Classification Frequency of Outlying Data 

NPAG/NML 
Total S < 0.1% and/or NPR > 2 

and 
Average Total Arsenic < 75 ppm 

�x No more than one PAG (S>0.1% and NPR<1) for 
every 8 NPAG samples. 

�x No more than one uncertain sample (S>0.1% and 
�í�G�E�W�Z�D�î�•���(�}�Œ�����À���Œ�Ç���ð���E�W���'���•���u�‰�o���•�X 

�x Average total arsenic value is below 75 ppm 

PAG/ML 
Total S > 0.1% and NPR < 2 

and/or 
Average Total Arsenic > 75 ppm 

�x Two or more PAG (S>0.1% and NPR<1) for every 8 
NPAG samples. 

�x Two or more uncertain samples (S>0.1% and 
�í�G�E�W�Z�D�î�•���(�}�Œ�����À���Œ�Ç���ð���E�W���'���•���u�‰�o���•�X 

�x Average total arsenic value is above 75 ppm 
 

NPAG/NML waste can be used for construction (i.e. pads, roads, and dykes) and closure (i.e., Whale 
Tail WRSF cover material) while waste rock classified as PAG/ML must be stored in the Whale Tail 
WRSF. The criteria outlined in Table 3.3 can be re-evaluated when judged relevant by the Geology 
Superintendent in consultation with the mine engineer, as additional test data become available.  The 
ARD/ML classification of all samples will be logged in a database for the Project, and will be available 
as required for annual reports or upon request. The rationale for any changes will be clearly 
documented and implemented only with the prior approval of the Nunavut Water Board. 

NPR and total arsenic values will be transferred to the mine plans for each specific blast.  Once blasting 
is complete the mine surveyor will identify the two waste categories: 1) suitable for capping and 
infrastructure (NPAG/NML) and 2) non-suitable material (PAG/NML-ML and NPAG/ML). Outlines from 
the drill pattern will be used to outline the respective dig limits in the open pit for each type of 
material. The different material types or packets will be identified in the field using stakes, wire flags 
and flagging tape so that each type of material can be excavated and sent to the appropriate 
destination (see Section 2.2).   

Both waste types (1) NPAG/NML and 2) PAG/NML-ML and NPAG/ML) will be assigned a unique 
identification number and tracked in WENCO to their final location in the Whale Tail WRSF.  
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3.4 WRSF thermal cover material sampling/testing program 

�d�Z�����•���u�‰�o�]�v�P���(�Œ���‹�µ���v���Ç���‰�Œ�}�‰�}�•�������~���À���Œ�Ç���(�}�µ�Œ�š�Z���Z�}�o���•���Á�]�o�o���Œ���•�µ�o�š���]�v���í�ì�[�•���}�(���š�Z�}�µ�•���v���•���}�(���•���u�‰�o���•���š���•�š������
to ensure non-PAG and non-metal leaching material is used for the thermal cover. This is far in excess 
of industry standards, but Agnico Eagle is committing to this sampling frequency to ensure clean cover 
material is used. In addition, the planned segregation program (Table 3.2) does not tolerate ARD 
generating material, further decreasing the chance for material with ARD-ML potential in the cover.  

Despite the level of effort to segregate rock during mining, Agnico Eagle will also confirm the cover 
properties after placement. Sampling of cover material would include approximate 80 samples based 
on MEND (2009) guidance collected from well spaced locations from the sides on top layer of the 
cover.  

Monitoring of thermal properties of the pile and water quality generated from run-off are also 
included in the monitoring plan (described in Section 4), with results from both used to validate 
prediction models and determine if any changes will be needed to ensure the cover functions as 
designed. 
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SECTION 4 �{��PLAN REVIEW, PERFORMANCE MONITORING & REPORTING 

4.1 Plan Review 

The Mine Geology Superintendent will be responsible for implementing the Operational ARD-ML 
Sampling and Testing Plan. The overall Plan is to be reviewed as required by the Geology 
Superintendent and updated if necessary to reflect any adaptive changes made in the Operational 
ARD-ML Sampling and Testing Plan. The changes should be made in consultation with the mine 
engineer and chief assayer. Revised versions should be sent according to the Distribution List. 

4.2 Performance Monitoring 

The Operational ARD-ML Sampling and Testing Plan is the primary tool to ensure that all overburden 
and waste rock generated during the Project is appropriately characterized and managed to prevent 
the future release of contaminants from the Whale Tail WRSF into the receiving environment. 

In addition to the analytical QA/QC procedures outlined in Section 3.0, performance monitoring 
activities will include those activities outlined below. 

4.2.1 Water Quality Monitoring  

Water quality will be sampled and monitored by the Agnico Eagle in accordance with the Type A Water 
Licence. The details of this monitoring program are described in the Water Quality and Flow 
Management Plan (Agnico Eagle 2018b, Version 3). On-site monitoring locations for site contact water 
will include the Whale Tail WRSF drainage, the Attenuation Pond, Whale Tail Pit sumps, Industrial 
Sector and dewatering dikes. The data from this monitoring is to be provided to the NWB through 
annual reporting, as per the Type A Water Licence. 

4.2.2 Permafrost Development 

Thermistors will be installed within the Whale Tail WRSF to determine if permafrost formation is 
observed. More information is provided in the Thermal Monitoring Plan (Agnico Eagle 2018a). 
Thermal monitoring results are provided in Agnico �����P�o���[�• annual report submitted to the NWB. 
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�^�����d�/�K�E���ñ���{��ADAPTIVE MANAGEMENT 

5.1 Management Actions 

Adaptive management will be achieved through performance monitoring (Section 4) and 
management actions that will be implemented, should they be triggered. Action level responses taken 
during the year will be documented in ���P�v�]���}�������P�o���[�• annual report submitted to the NWB. 

Table 5.1 outlines the various adaptive management actions associated with the ARD/ML plan. 
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Table 5.1 Adaptive Management Actions Associated with the ARD/ML Plan 

Thresholds Mitigation Strategies Potential Issues Steps Management Responses 

Significant 
variations 
from model 
predictions 
are 
observed 
suggesting 
potential for 
ARD/ML 
Drainage 

Use only NPAG/NML 
waste rock for site 
construction and 
closure 

Observations of visible 
sulphide minerals or staining, 
inferring PAG rock was used 
in construction material 
across the site 

�x Notify management 
�x Note location and estimate dimensions of 

potential PAG/ML material  
�x Collect samples of material from the observed 

area for analysis (Section 3.2) 
�x Review results; if samples are PAG/ML, establish 

a monitoring station down gradient of the 
location  

�x Review water quality sampling; if elevated metal 
concentrations are detected, proceed to 
management response. 

�x Consider relocation of material to WRSF or 
cover with additional NPAG/NML rock if 
possible, otherwise investigate other 
mitigation strategies.  

�x Review the application of the ARD/ML 
sampling plan (i.e. sampling frequency, 
total sulphur and total arsenic threshold 
value, and material classification) 

Confirm that waste 
rock being 
encountered exhibits 
the anticipated range 
of behaviour from 
baseline study 

Higher proportion of waste 
rock is PAG/ML than 
anticipated 

�x Geology to document the location and 
classification of samples to identify trends 
outside the anticipated geochemical behaviour 
of the rock types 

�x Notify management if unanticipated trends are 
observed  

�x Confirm the availability of sufficient 
NPAG/NML waste rock for closure 

�x Confirm the availability of sufficient space 
in the WRSF for PAG/ML waste rock 

�x Initiate a follow-up investigation to 
evaluate the implications 

Significant 
variations 
from model 
predictions 
are 
observed in 
the water 
quality of 
the WRSF 
pond 

Manage contact 
water quality to 
avoid exceedance to 
predicted levels 

One contact water quality 
monitoring sample is 
different than predicted 

�x Collect and analyze follow up confirmation 
samples to confirm results 

�x If confirmed, notify management 

�x Initiate an investigation to reduce the 
effects of contact water quality, if possible 

Water quality monitoring 
program identifies trends 
outside of those predicted, 
for a significant period of time 
(i.e. great than two months) 

�x Increase monitoring frequency 
�x Notify management 

�x Investigate alternative strategies to control 
effects to water quality 

�x Investigate strategies to reduce seepage 
and runoff from identified sources 

Use of thermal cover 
to minimize water in 
contact with PAG/ML 
rock in post-closure 

Cover placement is 
incomplete or not of 
sufficient thickness 

�x Monitor the placement of cover material on the 
WRSF to ensure appropriate thickness of cover 

�x Modify cover thickness with placement of 
additional material when thickness is not 
sufficient 

�x Waste Rock Facility Monitoring  program to 
confirm completeness of cover on WRSF 
(Agnico Eagle 2018, Version 2) 

Thermal monitoring confirms 
that the waste rock cover 
freeze back is not occurring as 
anticipated 

�x Notify management �x Investigate effects of the different thermal 
regimes on water quality 

�x Consider alternative strategies to mitigate 
impacts to water quality from the PAG/ML 
material in the WRSF 
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APPENDIX A �{��SUMMARY OF THE ARD/ML POTENTIAL OF WHALE TAIL MINE WASTES 
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The acid rock drainage (ARD) and metal leaching (ML) potential of waste material to be produced at 
Whale Tail Pit has been evaluated through both static and kinetic testing (Golder 2016). The static 
tests conducted for this purpose included the following: 

�x Mineralogy; 

�x Whole rock analysis; 

�x Elemental solid phase analysis (multi-acid digestion); 

�x Acid base accounting (ABA);  

�x Net acid generation tests; and 

�x Shake Flask Extraction. 

Test methods and results are provided in (Golder 2016). 

Kinetic testing was conducted on representative samples of waste rock from each lithology using 
standard 1 kg humidity cell tests, 12 to 60 kg composite column tests, a 40 kg composite submerged 
column, and two 8 kg field cells.  Test methods are provided in (Golder 2016). 

Table A.1 summarizes the ARD/ML potential for the overburden (till), lake sediments, and pit rock, 
based on the results of static and kinetic testing (Golder 2016). ARD potential was evaluated by 
comparing ABA results to the Canadian guidelines presented in MEND (2009). ML potential was 
evaluated based on exceedances in kinetic test leachate of the mean monthly Effluent Quality Criteria 
(EQC) developed for the Project as proposed in the Whale Tail water license application to the 
Nunavut Water Board (Agnico Eagle 2018b). 

Table A.0-1 Summary of ARD/ML Potentials of Whale Tail Pit Waste Types  

Waste Type Unit 

ARD Potential1 Effluent Quality 
Criteria 

Exceedances in Test 
Leachate2 

 

% PAG % Uncertain % NPAG 
ML Potential2 

Komatiite North V4a �t 0a 5 - 95 As High 

Komatiite South V4a �t 0b 29 - 71 As Moderate 

Greywacke Central S3C �t 3b 58 29 13 As Variable 

Greywacke South S3S �t 3b - - 100 - Low 

Greywacke North S3N �t 3b 16.6 16.6 66.6 Ni Variable 

Chert S10 �t 3b 87 4 9 As Variable 

Iron Formation S9E �t 3b 27 4 69 As High 

Basalt V3 �t 1b - 3 97 As Moderate 

Diorite I2 �t 8b 15 15 70 - Low 

Overburden n.a. - - 100 Al, Cu, Fe Low 

Lake sediment n.a. 100 - - Al, As, Fe, Ni High 
1Percentage of total samples analyzed (Golder 2016), where PAG = potentially acid-generating; NPAG = not potentially acid-generating  
2Based on the results corresponding to the bulk column composite samples (Golder 2016) with the exception of diorite which is based on 
humidity cell test results and overburden and lake sediment which are based on SFE results 

n.a. = not applicable; N/A= not analyzed 
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APPENDIX B �{��FLOW CHART FOR WASTE ROCK DELINEATION AND SEGREGATION  

 





Page��2

ARD/ML��Plan��Attachment��B:��Flow����Chart�� 1896037/3200
October��2018

ARD:��acid��rock��drainage
PAG:��potentially��acid��generating
NPAG:��not��potentially��acid��generating
NPR:��net��potential��ratio
ML:��metal��leaching
NML:��not��metal��leaching
ABA:��acid��base��accounting
Bulk��metals:��total��metals��by��ICP
WRA:��whole��rock��analysis
SFE:��metal��leaching��by��shake��flask��extraction
XRF:��x�rray��fluorescence
ppm��=��parts��per��million
S��=��sulphur
C��=��carbon
As��=��arsenic

1.��Confirm��ARD��Potential��using��external��lab��results��
(ABA).��Calculate��NPR��using��the��Total��Sulphur��and��Total��
Inorganic��Carbon��reported��by��external��lab��to��compare��
directly��with��Meadowbank��assay��lab��data.

2.��Confirm��arsenic��leaching��potential��using��external��
lab��results.��

Arsenic��leaching��potential��is��considered��high��if:
�x��Total��arsenic��>��75��mg/kg
and
�x��Leachable��arsenic��(SFE)��>��0.1��mg/L

3.��Complete��QA/QC��of��data��against��onsite��results��by��
calculating��an��RPD��value.����RPD��values��below��35%��are��
considered��acceptable3.

5.��If��required,��revisit��the��cut�roff��criteria��for��total��
arsenic��based��on��updated��leach��test��data.��

4.����If��the��ARD��and/or��ML��designation��determined��by��
the��external��lab��data��are��different��than��that��
determined��by��the��onsite��lab,��a��more��rigorous��QA/QC��
program��is��required��and��refinements��must��be��
considered��in��the��block��model��designation.

ABA:��acid��base��accounting��by��Modified��Sobek��method.��
Includes��paste��pH,��Bulk��NP,��analysis��of��total��S��and��Total��C��
by��C/S��analyzer��(LECO��Furnace),��Acid��
Leachable��Sulphate��and��Sulphide��by��difference.

Bulk��metals:��trace��metals��scan��by��aqua��regia��digest��and��
analysis��by��ICP�rMS��and��ICP�rOES.��Includes��Ag,��Al,��As,��B,��Ba,��
Be,��Bi,��Ca,��Cd,��Co,��Cr,��Cu,��Fe,��K,��Li,��Mg,��Mn,��Mo,��Na,��Ni,��P,��
Pb,��Sb,��Se,��Si,��Sn,��Sr,��Ti,��Tl,��U,��V,��Zn

WRA:��whole��rock��analysisor��major��oxides��by��Borate��Fusion��
XRF.��Includes��SiO2,��Al2O3,��Fe2O3,��MgO,��CaO,��Na2O,��K2O,��
TiO2,��P2O5,��MnO,��Cr2O3,��V2O5,��LOI

SFE:��metal��leaching��by��shake��flask��extraction,��24��hr��leach��
extraction��using��DI��water��at��4:1��L/S��ratio,��and��filtered��
leachate��through��0.2��micron��filter.����Analysis��of��leachate��
includes��pH,��alkalinity,��conductivity,��anions��(Cl,��SO4,��NO2,��
NO3,��Br),��ortho�rphosphate,��fluoride,��mercury��(by��CVAAS),��
and��trace��metals��by��ICP�rMS��and��ICP�rOES��(Ag,��Al,��As,��B,��Ba,��
Be,��Bi,��Ca,��Cd,��Co,��Cr,��Cu,��Fe,��K,��Li,��Mg,��Mn,��Mo,��Na,��Ni,��P,��
Pb,��Sb,��Se,��Si,��Sn,��Sr,��Ti,��Tl,��U,��V,��Zn).��
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�(�Q�H�U�J�\���D�Q�G���,�Q�I�U�D�V�W�U�X�F�W�X�U�H���6�X�S�H�U�Y�L�V�R�U�V ���������������������������H�[�W���������� �R�U����������
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� � � ' � ( �6�&�5�, �3�7�, �2�1

������ �6�(�:�$�*�( �7�5�(�$�7�0�(�1�7���3�/�$�1�7 ���6�7�3��

�7�K�H���S�O�D�Q�W���L�V���G�H�V�L�J�Q�H�G �E�D�V�H�G���R�Q���W�K�H���R�F�F�X�S�D�W�L�R�Q���P�D�[�L�P�X�P���R�I���W�K�H���F�D�P�S���I�R�U�����������S�H�U�V�R�Q�V�����������/���S�H�U���G�D�\��
�D�Q�G���S�H�U���S�H�U�V�R�Q���� �7�K�H���G�H�V�L�J�Q���I�O�R�Z�V �D�U�H���S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H������

�7�D�E�O�H���������'�H�V�L�J�Q���I�O�R�Z���U�D�W�H

Parameters Design Value Unit 

Per capita design flow 240 L/p/d

Number of persons 400 People

Average daily flow (ADF) 96 m3/d

Maximum Daily Flow (MDF) 192 m3/d

Peak Hourly Flow (PHF) 24 m3/h

Overall time for speak to occur 2 hours

Maximum number of peak events per day 2 Qty

�7�D�E�O�H�������S�U�H�V�H�Q�W�V �W�K�H���W�\�S�L�F�D�O���V�H�Z�D�J�H���F�R�P�S�R�V�L�W�L�R�Q���X�V�H�G���I�R�U���W�K�H���G�H�V�L�J�Q ���E�D�V�H�G���R�Q���0�H�D�G�R�Z�E�D�Q�N���V�H�Z�D�J�H��

�T�X�D�O�L�W�\����

�7�D�E�O�H���������6�H�Z�D�J�H���W�\�S�L�F�D�O���F�K�H�P�L�F�D�O���F�R�P�S�R�V�L�W�L�R�Q

Parameters Unit Design Value 

Biochemical Oxygen Demand (BOD5) mg/L 952

Total Suspended Solids (TSS) mg/L 300

Total Kjeldahl Nitrogen (TKN) mg/L 130

Ammonia nitrogen (NH3-N) mg/L 130

Oil and Grease mg/L 30

pH - 6 to 9.5

Water Temperature OC 10 to 25

Alkalinity mg/L as CaCO3 471.1

2.1.1 Process summary

�7�K�H���V�H�Z�D�J�H���W�U�H�D�W�P�H�Q�W���S�O�D�Q�W���U�H�F�H�L�Y�H�V���W�Z�R���V�W�U�H�D�P�V���R�I���V�H�Z�D�J�H���D�V���S�U�H�V�H�Q�W�H�G���L�Q���)�L�J�X�U�H���� ���E�D�V�L�F���I�O�R�Z�V�K�H�H�W��
�R�I���W�K�H���6�7�3�������7�K�H���I�L�U�V�W���V�R�X�U�F�H���L�V���G�R�P�H�V�W�L�F���V�H�Z�D�J�H�����Z�K�L�F�K���L�V���I�H�G���G�L�U�H�F�W�O�\���W�R���W�K�H���I�L�Q�H���V�F�U�H�H�Q�L�Q�J���S�U�R�F�H�V�V���W�R��
�U�H�P�R�Y�H���D�Q�\���I�L�E�H�U�V���R�U���G�H�E�U�L�V���W�K�D�W���P�L�J�K�W���G�D�P�D�J�H���W�K�H���P�H�P�E�U�D�Q�H�V�����7�K�H���V�H�F�R�Q�G���V�R�X�U�F�H���L�V���N�L�W�F�K�H�Q���V�H�Z�D�J�H��
�Z�K�L�F�K���L�V���S�U�H���W�U�H�D�W�H�G���L�Q���W�K�H���R�L�O���D�Q�G���J�U�H�D�V�H���W�D�Q�N�V���W�R���U�H�P�R�Y�H���R�L�O���D�Q�G���J�U�H�D�V�H���S�U�L�R�U���W�R���E�H�L�Q�J���I�H�G���L�Q�W�R���W�K�H���I�L�Q�H��

����
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�)�H�E�U�X�D�U�\����������

�V�F�U�H�H�Q�V�����7�K�H���F�R�P�E�L�Q�H�G���V�F�U�H�H�Q�H�G���V�H�Z�D�J�H���L�V���S�X�P�S�H�G���W�R���W�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N�����7�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N��
�E�X�I�I�H�U�V�� �Y�D�U�L�D�E�L�O�L�W�\�� �L�Q�� �W�K�H�� �L�Q�I�O�X�H�Q�W�� �I�O�R�Z�� �U�D�W�H�� �D�Q�G�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �R�I�� �L�Q�I�O�X�H�Q�W�� �F�R�Q�V�W�L�W�X�H�Q�W�V���� �P�D�L�Q�W�D�L�Q�L�Q�J�� �D��
�F�R�Q�V�L�V�W�H�Q�W���I�O�R�Z���U�D�W�H���D�Q�G���V�H�Z�D�J�H���V�W�U�H�Q�J�W�K���W�K�U�R�X�J�K���W�K�H���P�H�P�E�U�D�Q�H���E�L�R�U�H�D�F�W�R�U�����0�%�5�����V�\�V�W�H�P�����6�H�Z�D�J�H���L�V��
�W�K�H�Q���S�X�P�S�H�G���I�U�R�P���W�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N���W�R���W�K�H���S�U�H���D�Q�R�[�L�F���W�D�Q�N���I�R�U���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q����

�,�Q���W�K�H���S�U�H���D�Q�R�[�L�F���W�D�Q�N�����V�F�U�H�H�Q�H�G���V�H�Z�D�J�H���F�R�Q�W�D�L�Q�L�Q�J���R�U�J�D�Q�L�F�V���L�V���F�R�P�E�L�Q�H�G���Z�L�W�K���U�H�F�\�F�O�H�G���P�L�[�H�G���O�L�T�X�R�U��
�I�U�R�P���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���F�R�Q�W�D�L�Q�L�Q�J���Q�L�W�U�D�W�H�V�����%�D�F�W�H�U�L�D���X�V�H���V�R�P�H���R�I���W�K�H���R�U�J�D�Q�L�F�V���W�R���G�U�L�Y�H���W�K�H���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q��
�S�U�R�F�H�V�V�����F�R�Q�Y�H�U�W�L�Q�J���Q�L�W�U�D�W�H���L�Q�W�R���Q�L�W�U�R�J�H�Q���J�D�V�����7�K�L�V���S�U�R�F�H�V�V���R�F�F�X�U�V���L�Q���D�Q���D�Q�R�[�L�F���H�Q�Y�L�U�R�Q�P�H�Q�W���Z�K�H�U�H���W�K�H�U�H��
�L�V���P�L�Q�L�P�D�O���R�[�\�J�H�Q�����$�V���V�X�F�K���D���S�X�P�S���D�Q�G���H�G�X�F�W�R�U�V���D�U�H���X�V�H�G���W�R���P�L�[���W�K�H���W�D�Q�N���W�R���S�U�H�Y�H�Q�W���D�G�G�L�W�L�R�Q���R�I���R�[�\�J�H�Q����
�7�K�H�� �G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q�� �S�U�R�F�H�V�V�� �L�V�� �X�V�H�G�� �W�R �P�H�H�W�� �W�K�H�� �H�I�I�O�X�H�Q�W�� �Q�L�W�U�D�W�H�R�S�H�U�D�W�L�R�Q�D�O�� �W�D�U�J�H�W���� �U�H�G�X�F�H�� �R�[�\�J�H�Q��
�U�H�T�X�L�U�H�P�H�Q�W�V���D�Q�G���W�R���U�H�F�R�Y�H�U���D�O�N�D�O�L�Q�L�W�\�����W�K�X�V���U�H�G�X�F�L�Q�J���F�K�H�P�L�F�D�O���F�R�Q�V�X�P�S�W�L�R�Q����

�0�L�[�H�G�� �O�L�T�X�R�U�� �I�U�R�P�� �W�K�H�� �D�Q�R�[�L�F�� �W�D�Q�N�� �I�O�R�Z�V�� �E�\�� �J�U�D�Y�L�W�\�� �W�R�� �W�K�H�� �I�L�U�V�W�� �D�H�U�R�E�L�F�� �W�D�Q�N�� �I�R�O�O�R�Z�H�G�� �E�\�� �W�K�H�� �V�H�F�R�Q�G��
�D�H�U�D�W�L�R�Q���W�D�Q�N���I�R�U �D�H�U�R�E�L�F���E�L�R�O�R�J�L�F�D�O���G�H�J�U�D�G�D�W�L�R�Q���R�I���W�K�H���L�Q�I�O�X�H�Q�W���F�R�Q�V�W�L�W�X�H�Q�W�V�����R�U�J�D�Q�L�F�V���D�Q�G���D�P�P�R�Q�L�D�������,�Q��
�W�K�H�� �D�H�U�R�E�L�F�� �W�D�Q�N�V�� �W�K�H�� �Q�L�W�U�L�I�L�F�D�W�L�R�Q�� �S�U�R�F�H�V�V�� �F�R�Q�Y�H�U�W�V�� �D�P�P�R�Q�L�D�� �W�R�� �Q�L�W�U�D�W�H�� �L�Q�� �R�U�G�H�U�� �W�R�� �P�H�H�W�� �W�K�H�� �H�I� I�O�X�H�Q�W��
�D�P�P�R�Q�L�D���R�S�H�U�D�W�L�R�Q�D�O���W�D�U�J�H�W�����7�K�L�V���S�U�R�F�H�V�V���F�R�Q�V�X�P�H�V���D�O�N�D�O�L�Q�L�W�\�����V�R���D���F�D�X�V�W�L�F���V�R�G�D���R�U���V�R�G�D���D�V�K���G�R�V�L�Q�J��
�S�X�P�S���L�V���X�V�H�G���W�R���F�R�Q�W�U�R�O���W�K�H���S�+�����$�G�G�L�W�L�R�Q�D�O�O�\�����O�L�T�X�L�G���D�O�X�P���L�V���G�R�V�H�G���L�Q�W�R���W�K�H���D�Q�R�[�L�F�� �]�R�Q�H���W�R���S�U�H�F�L�S�L�W�D�W�H��
�S�K�R�V�S�K�R�U�X�V���L�Q���R�U�G�H�U���W�R���P�H�H�W���W�K�H���H�I�I�O�X�H�Q�W���S�K�R�V�S�K�R�U�X�V���R�S�H�U�D�W�L�R�Q�D�O���W�D�U�J�H�W�����0�L�[�H�G���O�L�T�X�R�U���I�O�R�Z�V���E�\���J�U�D�Y�L�W�\��
�I�U�R�P���W�K�H���V�H�F�R�Q�G���D�H�U�D�W�L�R�Q���W�D�Q�N���W�R���W�K�H���S�R�V�W���D�Q�R�[�L�F���W�D�Q�N���I�R�U���I�L�Q�D�O���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�R�O�L�V�K�L�Q�J�����,�Q���W�K�H���S�R�V�W���D�Q�R�[�L�F��
�W�D�Q�N�� �W�K�H�U�H�� �D�U�H�� �P�L�Q�L�P�D�O�� �G�L�V�V�R�O�Y�H�G�� �L�Q�I�O�X�H�Q�W�� �R�U�J�D�Q�L�F�V�� �W�R�� �G�U�L�Y�H�� �W�K�H�� �G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q�� �S�U�R�F�H�V�V���� �$�V�� �V�X�F�K���� �D�Q��
�H�[�W�H�U�Q�D�O�� �F�D�U�E�R�Q�� �V�R�X�U�F�H�� �L�Q�� �W�K�H�� �I�R�U�P�� �R�I�� �0�L�F�U�R�&�� �L�V�� �G�R�V�H�G�� �W�R�� �V�X�S�S�O�H�P�H�Q�W�� �W�K�H�� �R�U�J�D�Q�L�F�V�� �D�Q�G�� �G�U�L�Y�H�� �W�K�H��
�G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V��

�0�L�[�H�G���O�L�T�X�R�U���L�V���S�X�P�S�H�G���I�U�R�P���W�K�H���S�R�V�W���D�Q�R�[�L�F���W�D�Q�N���W�R���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�V�����7�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�V���V�H�U�Y�H��
�D�V�� �D�G�G�L�W�L�R�Q�D�O�� �Y�R�O�X�P�H�� �I�R�U�� �D�H�U�R�E�L�F�� �E�L�R�O�R�J�L�F�D�O�� �W�U�H�D�W�P�H�Q�W�� �W�R�� �U�H�P�R�Y�H�� �D�Q�\�� �H�[�F�H�V�V�� �0�L�F�U�R�&�� ���Z�K�L�F�K�� �Z�R�X�O�G��
�R�W�K�H�U�Z�L�V�H���L�Q�F�U�H�D�V�H���%�2�' �L�Q���W�K�H���H�I�I�O�X�H�Q�W�����D�Q�G���K�R�X�V�H���W�K�H���P�H�P�E�U�D�Q�H���I�L�O�W�H�U�V���X�V�H�G���I�R�U���V�R�O�L�G���O�L�T�X�L�G���V�H�S�D�U�D�W�L�R�Q����
�$���W�U�H�D�W�H�G���H�I�I�O�X�H�Q�W���L�V���G�U�D�Z�Q���W�K�U�R�X�J�K���W�K�H���P�H�P�E�U�D�Q�H�V���E�\���Y�D�F�X�X�P���S�X�P�S�V����

�6�L�Q�F�H���W�K�H���V�R�O�L�G���O�L�T�X�L�G���V�H�S�D�U�D�W�L�R�Q���S�U�R�F�H�V�V���U�H�V�X�O�W�V���L�Q���D�Q���D�F�F�X�P�X�O�D�W�L�R�Q���R�I���V�R�O�L�G�V���L�Q���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�����W�K�H��
�P�L�[�H�G���O�L�T�X�R�U�����F�R�Q�W�D�L�Q�L�Q�J���E�R�W�K���V�R�O�L�G�V���D�Q�G���I�L�O�W�U�D�W�H�����L�V���F�R�Q�W�L�Q�X�R�X�V�O�\���U�H�F�\�F�O�H�G���W�R���W�K�H���I�L�U�V�W���D�H�U�D�W�L�R�Q���W�D�Q�N�����7�K�L�V��
�S�U�H�Y�H�Q�W�V�� �H�[�F�H�V�V�L�Y�H�� �V�R�O�L�G�V�� �E�X�L�O�G���X�S�� �L�Q�� �W�K�H�� �P�H�P�E�U�D�Q�H�� �W�D�Q�N���� �D�Q�G�� �P�D�L�Q�W�D�L�Q�V�� �V�X�I�I�L�F�L�H�Q�W�� �E�L�R�P�D�V�V�� �L�Q�� �W�K�H��
�D�Q�R�[�L�F���D�Q�G���D�H�U�D�W�L�R�Q���W�D�Q�N�V�����7�K�H���V�R�O�L�G�V���W�K�D�W���D�F�F�X�P�X�O�D�W�H���L�Q���W�K�H���V�\�V�W�H�P���F�R�Q�V�L�V�W���R�I���E�L�R�P�D�V�V���W�K�D�W���K�D�V���J�U�R�Z�Q��
�I�U�R�P���W�K�H���L�Q�I�O�X�H�Q�W���R�U�J�D�Q�L�F�V���D�Q�G���D�P�P�R�Q�L�D�����D�V���Z�H�O�O���D�V���Q�R�Q���E�L�R�G�H�J�U�D�G�D�E�O�H���V�R�O�L�G�V���I�U�R�P���W�K�H���L�Q�I�O�X�H�Q�W���V�H�Z�D�J�H����
�,�Q���R�U�G�H�U���W�R���P�D�L�Q�W�D�L�Q���D�Q�� �R�S�W�L�P�D�O���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I�� �P�L�[�H�G���O�L�T�X�R�U���V�X�V�S�H�Q�G�H�G���V�R�O�L�G�V�����0�/�6�6���� ���W�\�S�L�F�D�O�O�\�� ������
�J���/������ �D�� �S�R�U�W�L�R�Q�� �R�I�� �W�K�H�� �P�L�[�H�G�� �O�L�T�X�R�U�� �L�V�� �S�H�U�L�R�G�L�F�D�O�O�\�� �Z�D�V�W�H�G�� �E�\�� �S�X�P�S�L�Q�J�� �I�U�R�P�� �W�K�H�� �$�H�U�D�W�L�R�Q�� �7�D�Q�N�� �W�R�� �W�K�H��
�V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N�����:�D�V�W�H�G���V�O�X�G�J�H���L�Q���W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N���L�V���W�K�L�F�N�H�Q�H�G���E�\���G�H�F�D�Q�W�L�Q�J���V�X�S�H�U�Q�D�W�D�Q�W��
�E�D�F�N���W�R���W�K�H���V�F�U�H�H�Q���W�D�Q�N�����7�K�L�F�N�H�Q�H�G���V�O�X�G�J�H���D�F�F�X�P�X�O�D�W�H�V���L�Q���W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N�V���X�Q�W�L�O���L�W���L�V���H�Y�H�Q�W�X�D�O�O�\��
�S�X�P�S�H�G���R�X�W���I�R�U���G�L�V�S�R�V�D�O��

�7�K�H���6�7�3 �J�H�Q�H�U�D�O���I�O�R�Z���G�L�D�J�U�D�P���L�V���L�O�O�X�V�W�U�D�W�H�G���L�Q���)�L�J�X�U�H���� �D�Q�G �3�L�S�L�Q�J���D�Q�G���,�Q�V�W�U�X�P�H�Q�W�D�W�L�R�Q���'�L�D�J�U�D�P�����3�,�'��
�L�Q���)�L�J�X�U�H�V �� �W�R������ �7�K�H���I�R�O�O�R�Z�L�Q�J���V�H�F�W�L�R�Q�V���G�H�V�F�U�L�E�H���W�K�H���6�7�3���F�R�P�S�R�Q�H�Q�W�V��
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�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O��
�6�H�Z�D�J�H���W�U�H�D�W�P�H�Q�W���S�O�D�Q�W

�)�H�E�U�X�D�U�\����������

2.1.2 Process description

�2�L�O���D�Q�G���*�U�H�D�V�H ���2���*�� �U�H�P�R�Y�D�O
�5�D�Z���V�H�Z�D�J�H���I�U�R�P���W�K�H���N�L�W�F�K�H�Q�V���H�Q�W�H�U�L�Q�J���W�K�H���V�\�V�W�H�P���F�D�Q���F�R�Q�W�D�L�Q���K�L�J�K���O�H�Y�H�O�V���R�I���I�D�W�V�����R�L�O�V���D�Q�G���J�U�H�D�V�H���W�K�D�W��
�F�D�Q���G�D�P�D�J�H���H�T�X�L�S�P�H�Q�W���D�Q�G���P�H�P�E�U�D�Q�H�V���G�R�Z�Q�V�W�U�H�D�P�����7�R���U�H�P�R�Y�H���W�K�H���R�L�O���D�Q�G���J�U�H�D�V�H���I�U�R�P���W�K�H���V�\�V�W�H�P��
�D�� �G�R�X�E�O�H�� �W�U�D�S�� �J�U�H�D�V�H�� �L�Q�W�H�U�F�H�S�W�R�U�� �L�V�� �L�Q�V�W�D�O�O�H�G�� �S�U�L�R�U�� �W�R�� �W�K�H�� �N�L�W�F�K�H�Q�� �V�H�Z�D�J�H�� �H�Q�W�H�U�L�Q�J�� �W�K�H�� �I�L�Q�H�� �V�F�U�H�H�Q����
�)�O�R�D�W�L�Q�J�� �J�U�H�D�V�H�� �L�V�� �U�H�P�R�Y�H�G�� �Y�L�D�� �D�� �Y�D�F�X�X�P�� �W�U�X�F�N�� �K�R�R�N�X�S�� �W�K�D�W�� �Z�L�O�O���E�H�� �X�V�H�G�� �Z�K�H�Q�� �W�K�H�� �V�O�X�G�J�H�� �W�D�Q�N�� �L�V��
�H�P�S�W�L�H�G�����$���S�L�S�H���D�Q�G���Y�D�F�X�X�P���W�U�X�F�N���K�R�R�N�X�S���D�U�H �D�O�V�R���X�V�H�G �W�R���U�H�P�R�Y�H���D�Q�\���G�H�E�U�L�V���W�K�D�W���V�X�Q�N���W�R���W�K�H���E�R�W�W�R�P��
�R�I���W�K�H���W�D�Q�N�V�� �9�D�F�X�X�P�H�G���G�H�E�U�L�V�����R�L�O���D�Q�G���J�U�H�D�V�H���D�U�H���W�R���E�H���G�L�V�S�R�V�H�G���D�W���W�K�H���0�H�D�G�R�Z�E�D�Q�N�¶�V �W�D�L�O�L�Q�J�V���V�W�R�U�D�J�H��
�I�D�F�L�O�L�W�\�����7�6�)����

�)�L�Q�H���6�F�U�H�H�Q�L�Q�J
�5�D�Z�� �V�H�Z�D�J�H�� �H�Q�W�H�U�L�Q�J�� �W�K�H�� �0�%�5�� �V�\�V�W�H�P�� �F�R�Q�W�D�L�Q�V�� �S�D�U�W�L�F�X�O�D�W�H�V�� �D�Q�G�� �V�R�O�L�G�V�� �W�K�D�W�� �F�R�X�O�G�� �G�D�P�D�J�H�� �W�K�H��
�H�T�X�L�S�P�H�Q�W���D�Q�G���P�H�P�E�U�D�Q�H�V���G�R�Z�Q�V�W�U�H�D�P�����������P�P���Z�H�G�J�H���Z�L�U�H���I�L�Q�H���V�F�U�H�H�Q�L�Q�J���S�U�R�W�H�F�W�V���W�K�H���G�R�Z�Q�V�W�U�H�D�P��
�H�T�X�L�S�P�H�Q�W���E�\���U�H�P�R�Y�L�Q�J���O�D�U�J�H���V�R�O�L�G�V���D�Q�G���I�L�E�U�R�X�V���P�D�W�H�U�L�D�O�����7�Z�R���V�F�U�H�H�Q�V���D�U�H���X�V�H�G �I�R�U���U�H�G�X�Q�G�D�Q�F�\���V�R���W�K�D�W��
�Q�R���X�Q�V�F�U�H�H�Q�H�G���L�Q�I�O�X�H�Q�W���H�Q�W�H�U�V���W�K�H���(�4���W�D�Q�N�����5�H�G�X�Q�G�D�Q�W���S�X�P�S�V���D�U�H���X�V�H�G �W�R���P�R�Y�H���W�K�H���V�F�U�H�H�Q�H�G���L�Q�I�O�X�H�Q�W��
�W�R���W�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N��

�)�O�R�Z���(�T�X�D�O�L�]�D�W�L�R�Q
�7�K�U�R�X�J�K�R�X�W���W�K�H���G�D�\���W�K�H���I�O�R�Z���D�Q�G���V�W�U�H�Q�J�W�K���R�I���W�K�H���V�H�Z�D�J�H���Z�L�O�O���Y�D�U�\�����7�R���D�F�F�R�P�P�R�G�D�W�H���W�K�L�V�� �D�Q���H�T�X�D�O�L�]�D�W�L�R�Q��
�W�D�Q�N���Z�L�O�O���E�X�I�I�H�U���W�K�H���I�O�R�Z���D�Q�G���K�R�P�R�J�H�Q�L�]�H���W�K�H���O�R�D�G�L�Q�J�����7�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N���L�V���D�H�U�D�W�H�G���W�R���P�D�L�Q�W�D�L�Q���D�Q��
�D�H�U�R�E�L�F���H�Q�Y�L�U�R�Q�P�H�Q�W���W�R���U�H�G�X�F�H���R�G�R�U�V���D�Q�G���W�R���P�D�L�Q�W�D�L�Q���V�X�V�S�H�Q�V�L�R�Q���R�I���V�R�O�L�G�V���D�Q�G���S�X�P�S�V���W�U�D�Q�V�I�H�U���V�H�Z�D�J�H��
�W�R�� �E�L�R�O�R�J�L�F�D�O�� �W�U�H�D�W�P�H�Q�W���� �7�K�L�V�� �W�D�Q�N �L�V�� �S�U�R�Y�L�G�H�G�� �Z�L�W�K�� �W�D�Q�N�� �K�H�D�W�H�U�V���� �$�O�O�� �Z�H�W�W�H�G�� �P�D�W�H�U�L�D�O�V�� �L�Q�� �W�K�L�V�� �W�D�Q�N�� �D�U�H��
�H�L�W�K�H�U���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���R�U���S�R�O�\�S�U�R�S�\�O�H�Q�H���W�R���H�O�L�P�L�Q�D�W�H���W�K�H���S�R�V�V�L�E�L�O�L�W�\���R�I���F�R�U�U�R�V�L�R�Q�����,�Q���D�G�G�L�W�L�R�Q�����W�K�H���W�D�Q�N���K�D�V��
�W�Z�R���O�L�Q�H�U�V�����R�Q�H���S�U�L�P�D�U�\�����R�Q�H���V�H�F�R�Q�G�D�U�\�����Z�L�W�K���L�Q�W�H�U�V�W�L�W�L�D�O���P�R�Q�L�W�R�U�L�Q�J�����S�U�R�Y�L�G�L�Q�J���W�K�H���S�U�R�W�H�F�W�L�R�Q���R�I���D���G�R�X�E�O�H��
�Z�D�O�O���W�D�Q�N��

�%�L�R�O�R�J�L�F�D�O���7�U�H�D�W�P�H�Q�W
�,�Q���W�K�H���D�Q�R�[�L�F���]�R�Q�H�����W�K�H���S�U�H���W�U�H�D�W�H�G���V�H�Z�D�J�H���L�V���F�R�P�E�L�Q�H�G���Z�L�W�K���U�H�W�X�U�Q���D�F�W�L�Y�D�W�H�G���V�O�X�G�J�H���I�U�R�P���W�K�H���D�H�U�R�E�L�F��
�W�D�Q�N���D�Q�G���L�V���N�H�S�W���P�L�[�H�G���Z�K�L�O�H���P�D�L�Q�W�D�L�Q�L�Q�J���D���O�R�Z���O�H�Y�H�O���R�I���G�L�V�V�R�O�Y�H�G���R�[�\�J�H�Q�����'�2�������'�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���R�F�F�X�U�V��
�D�V���V�S�H�F�L�I�L�F�� �P�L�F�U�R�R�U�J�D�Q�L�V�P�V���F�R�Q�Y�H�U�W�� �Q�L�W�U�D�W�H�V���W�R�� �Q�L�W�U�R�J�H�Q���J�D�V�� �± �U�H�G�X�F�L�Q�J�� �W�K�H���W�R�W�D�O�� �Q�L�W�U�R�J�H�Q�����7�1���� �L�Q���W�K�H��
�P�L�[�H�G���O�L�T�X�R�U�����$�G�G�L�W�L�R�Q�D�O�O�\�����W�K�H���D�Q�R�[�L�F���V�W�D�J�H���R�S�W�L�P�L�]�H�V���W�K�H���E�L�R�O�R�J�L�F�D�O���W�U�H�D�W�P�H�Q�W���S�U�R�F�H�V�V�����Z�K�L�F�K���U�H�F�R�Y�H�U�V��
�D�O�N�D�O�L�Q�L�W�\�����D�L�G�V���L�Q���V�W�D�E�L�O�L�]�L�Q�J���S�+�����D�Q�G���L�P�S�U�R�Y�H�V���H�Q�H�U�J�\���H�I�I�L�F�L�H�Q�F�\���E�\���U�H�G�X�F�L�Q�J���R�Y�H�U�D�O�O���D�H�U�D�W�L�R�Q���G�H�P�D�Q�G����
�,�Q���W�K�H���D�H�U�R�E�L�F���]�R�Q�H�����I�L�Q�H���E�X�E�E�O�H���G�L�I�I�X�V�H�U�V���F�U�H�D�W�H���D�Q���D�H�U�R�E�L�F���H�Q�Y�L�U�R�Q�P�H�Q�W���Z�K�H�U�H���W�K�H���R�U�J�D�Q�L�F�V���F�R�Q�W�U�L�E�X�W�L�Q�J��
�W�R�� �E�L�R�O�R�J�L�F�D�O�� �R�[�\�J�H�Q�� �G�H�P�D�Q�G�� ���%�2�'���� �D�Q�G�� �D�P�P�R�Q�L�D�� �D�U�H�� �R�[�L�G�L�]�H�G�� �E�\�� �W�K�H�� �E�L�R�O�R�J�\���� �'�L�V�V�R�O�Y�H�G�� �R�[�\�J�H�Q�� �L�V��
�F�R�Q�W�L�Q�X�R�X�V�O�\���P�H�D�V�X�U�H�G���D�Q�G���D�H�U�D�W�L�R�Q���E�O�R�Z�H�U�V���F�R�Q�W�U�R�O�O�H�G���W�R���P�D�L�Q�W�D�L�Q���L�W���L�Q���W�K�H���U�D�Q�J�H���R�I�������W�R�������P�J���/���I�R�U��
�S�U�R�F�H�V�V�� �R�S�W�L�P�L�]�D�W�L�R�Q�� �D�Q�G�� �H�Q�H�U�J�\�� �V�D�Y�L�Q�J�V���� �,�Q�� �W�K�H�� �S�R�V�W���D�Q�R�[�L�F�� �]�R�Q�H���� �U�H�W�X�U�Q�� �D�F�W�L�Y�D�W�H�G�� �V�O�X�G�J�H�� �I�U�R�P�� �W�K�H��
�D�H�U�R�E�L�F���W�D�Q�N���L�V���N�H�S�W���P�L�[�H�G���Z�K�L�O�H���P�D�L�Q�W�D�L�Q�L�Q�J���D���O�R�Z���O�H�Y�H�O���R�I���G�L�V�V�R�O�Y�H�G���R�[�\�J�H�Q�����'�2�������7�K�H���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q��
�S�U�R�F�H�V�V���F�R�Q�W�L�Q�X�H�V���L�Q���W�K�H���S�R�V�W���D�Q�R�[�L�F���]�R�Q�H���W�R���U�H�G�X�F�H���W�K�H���7�1���H�Y�H�Q���I�X�U�W�K�H�U��

�3�K�R�V�S�K�R�U�R�X�V���5�H�G�X�F�W�L�R�Q
�&�K�H�P�L�F�D�O���S�U�H�F�L�S�L�W�D�W�L�R�Q���L�V���X�V�H�G���W�R���U�H�P�R�Y�H���L�Q�R�U�J�D�Q�L�F���S�K�R�V�S�K�D�W�H�����$�Q���D�O�X�P�L�Q�X�P���V�X�O�S�K�D�W�H���R�U���³�$�O�X�P�´���V�R�O�X�W�L�R�Q��
�L�V�� �G�R�V�H�G�� �L�Q�W�R�� �W�K�H�� �P�L�[�H�G�� �O�L�T�X�R�U�� �F�D�X�V�L�Q�J�� �G�L�V�V�R�O�Y�H�G�� �S�K�R�V�S�K�D�W�H�� �W�R�� �S�U�H�F�L�S�L�W�D�W�H�� �D�Q�G�� �F�R�D�J�X�O�D�W�H���� �7�K�H��
�V�X�V�S�H�Q�G�H�G�� �S�K�R�V�S�K�D�W�H���F�D�Q�Q�R�W�� �S�D�V�V���W�K�U�R�X�J�K���W�K�H�� �1�H�Z�W�H�U�U�D���0�L�F�U�R�&�O�H�D�U�8�O�W�U�D���)�L�O�W�U�D�W�L�R�Q���P�H�P�E�U�D�Q�H�����8�)������
�D�Q�G���W�K�H���S�K�R�V�S�K�D�W�H���L�V���H�Y�H�Q�W�X�D�O�O�\���U�H�P�R�Y�H�G���I�U�R�P���W�K�H���V�\�V�W�H�P���D�V���D���V�R�O�L�G���Z�L�W�K �W�K�H���Z�D�V�W�H���D�F�W�L�Y�D�W�H�G���V�O�X�G�J�H��
���:�$�6����

�0�H�P�E�U�D�Q�H���)�L�O�W�U�D�W�L�R�Q
�$�I�W�H�U���E�H�L�Q�J���W�U�H�D�W�H�G���E�L�R�O�R�J�L�F�D�O�O�\�����W�K�H���W�U�H�D�W�H�G���H�I�I�O�X�H�Q�W���L�V���V�H�S�D�U�D�W�H�G���I�U�R�P���W�K�H���P�L�[�H�G���O�L�T�X�R�U���D�Q�G���V�R�O�L�G�V���E�\���W�K�H��
�1�H�Z�W�H�U�U�D�� �0�L�F�U�R�&�O�H�D�U�� �P�H�P�E�U�D�Q�H�� �P�R�G�X�O�H�V�� �D�Q�G�� �W�K�H�� �S�H�U�P�H�D�W�H�� �H�[�W�U�D�F�W�L�R�Q�� �V�\�V�W�H�P���� �7�K�H�� �P�H�P�E�U�D�Q�H��
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�P�R�G�X�O�H�V���D�U�H���F�R�Q�W�L�Q�X�D�O�O�\���D�L�U���V�F�R�X�U�H�G���W�R���L�Q�G�X�F�H���I�O�R�Z���R�I���P�L�[�H�G���O�L�T�X�R�U���R�Y�H�U���W�K�H���I�O�D�W���V�K�H�H�W���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H��
�D�Q�G���S�U�H�Y�H�Q�W���I�R�X�O�L�Q�J���D�Q�G���E�X�L�O�G�X�S���R�I���V�R�O�L�G�V���R�Q���W�K�H���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H���Z�L�W�K�R�X�W���W�K�H���X�V�H���R�I���F�K�H�P�L�F�D�O�V�����7�K�H��
�P�L�[�H�G���O�L�T�X�R�U���L�V���W�K�H�Q���W�U�D�Q�V�I�H�U�U�H�G���W�R���W�K�H���L�Q�O�H�W���R�I���W�K�H���E�L�R�O�R�J�L�F�D�O���W�U�H�D�W�P�H�Q�W���W�R���P�D�L�Q�W�D�L�Q���H�Y�H�Q���G�L�V�W�U�L�E�X�W�L�R�Q���R�I��
�V�R�O�L�G�V�� �W�K�U�R�X�J�K�R�X�W�� �W�K�H�� �V�\�V�W�H�P�� �D�Q�G�� �W�R�� �L�Q�W�U�R�G�X�F�H�� �D�F�W�L�Y�D�W�H�G�� �E�L�R�O�R�J�\�� �W�R�� �W�K�H�� �U�D�Z�� �V�H�Z�D�J�H���� �1�H�Z�W�H�U�U�D��
�0�L�F�U�R�&�O�H�D�U���P�H�P�E�U�D�Q�H�V���D�U�H���S�U�R�G�X�F�H�G���Z�L�W�K���W�U�X�H���X�O�W�U�D�I�L�O�W�U�D�W�L�R�Q���P�H�P�E�U�D�Q�H���P�D�W�H�U�L�D�O���Z�L�W�K�������������—�P���S�R�U�H���V�L�]�H����
�Z�K�L�F�K���E�O�R�F�N�V���D�O�O���E�D�F�W�H�U�L�D���D�Q�G���P�R�V�W���Y�L�U�X�V�H�V�����6�H�F�R�Q�G�D�U�\�� �G�L�V�L�Q�I�H�F�W�L�R�Q���L�V���Q�R�W���U�H�T�X�L�U�H�G���W�R���H�[�F�H�H�G���H�I�I�O�X�H�Q�W��
�U�H�T�X�L�U�H�P�H�Q�W�V�����)�L�J�X�U�H���� �S�U�H�V�H�Q�W�V���D���V�F�K�H�P�D�W�L�F���Y�L�H�Z���R�I���W�K�H���8�)���S�U�R�F�H�V�V����

�)�L�J�X�U�H���� �± �0�H�P�E�U�D�Q�H���I�L�O�W�U�D�W�L�R�Q���F�R�Q�F�H�S�W

2.1.3 Sludge Management Strategy

�$�V���V�R�O�L�G���O�D�G�H�Q���V�H�Z�D�J�H���H�Q�W�H�U�V���W�K�H���V�\�V�W�H�P���D�Q�G���V�R�O�L�G���I�U�H�H���H�I�I�O�X�H�Q�W���L�V���G�L�V�F�K�D�U�J�H�G�����W�K�H���V�X�V�S�H�Q�G�H�G���V�R�O�L�G�V��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���L�Q���W�K�H���P�L�[�H�G���O�L�T�X�R�U���V�X�V�S�H�Q�G�H�G���V�R�O�L�G�V�����0�/�6�6�����Z�L�O�O���L�Q�F�U�H�D�V�H�����7�R���P�D�L�Q�W�D�L�Q���W�K�H���S�U�R�S�H�U���O�H�Y�H�O��
�R�I���0�/�6�6�����V�R�O�L�G�V���P�X�V�W���E�H���U�H�P�R�Y�H�G���I�U�R�P���W�K�H���V�\�V�W�H�P���D�V���:�D�V�W�H���$�F�W�L�Y�D�W�H�G���6�O�X�G�J�H�����:�$�6�����Z�K�L�F�K���L�V���P�L�[�H�G��
�O�L�T�X�R�U���G�L�V�F�K�D�U�J�H�G���I�U�R�P���W�K�H���D�H�U�R�E�L�F���W�D�Q�N���D�W���D�S�S�U�R�[�L�P�D�W�H�O�\�������������G�U�\�� �:�$�6���L�V���G�L�V�F�K�D�U�J�H�G���W�R���D���W�D�Q�N���I�R�U��
�K�R�O�G�L�Q�J���D�Q�G���G�H�F�D�Q�W�L�Q�J�����7�K�H���K�R�O�G�L�Q�J���W�D�Q�N���L�V���D�H�U�D�W�H�G���W�R���P�D�L�Q�W�D�L�Q���D�Q���D�H�U�R�E�L�F���H�Q�Y�L�U�R�Q�P�H�Q�W���W�R���U�H�G�X�F�H���R�G�R�U�V����
�,�Q���W�K�H���G�H�F�D�Q�W�L�Q�J���S�U�R�F�H�V�V���W�K�H���:�$�6���L�V���D�O�O�R�Z�H�G���W�R���V�H�W�W�O�H���D�Q�G���V�X�S�H�U�Q�D�W�D�Q�W���L�V���S�X�P�S�H�G���R�I�I�����D�Q�G���U�H�W�X�U�Q�H�G���W�R��
�W�K�H���0�%�5�����W�K�L�F�N�H�Q�L�Q�J���W�K�H���V�O�X�G�J�H���L�Q���W�K�H���K�R�O�G�L�Q�J���W�D�Q�N�����%�\���W�K�L�F�N�H�Q�L�Q�J���W�K�H���V�O�X�G�J�H���W�R���D�S�S�U�R�[�L�P�D�W�H�O�\���������G�U�\��
�V�R�O�L�G�V���E�\���Z�H�L�J�K�W�����W�K�H���W�R�W�D�O���Y�R�O�X�P�H���W�K�D�W���P�X�V�W���E�H���G�L�V�S�R�V�H�G���R�I���L�V���G�H�F�U�H�D�V�H�G�����H�[�W�H�Q�G�L�Q�J���K�R�O�G�L�Q�J���W�L�P�H���D�Q�G��
�U�H�G�X�F�L�Q�J���R�S�H�U�D�W�L�R�Q�D�O���F�R�V�W�V�����/�H�Y�H�O���F�R�Q�W�U�R�O���L�Q���W�K�H���W�D�Q�N���L�Q�G�L�F�D�W�H�V���Z�K�H�Q���W�K�H���W�D�Q�N���V�K�R�X�O�G���E�H���G�H�F�D�Q�W�H�G���R�U���D��
�Y�D�F�X�X�P���W�U�X�F�N���V�K�R�X�O�G���E�H���V�F�K�H�G�X�O�H�G���W�R���G�L�V�S�R�V�H���R�I���W�K�H���:�$�6��
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�� �2�3�( �5�$�7�, �2�1�� �$�1�' �� �0 �$�, �1�7�( �1 �$�1�&�(

������ �3�8�0�3�,�1�*

�7�K�H���V�\�V�W�H�P���L�Q�F�O�X�G�H�V���V�H�Y�H�U�D�O �S�X�P�S�V���I�R�U���W�K�H���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���6�7�3�����$�O�O���S�X�P�S�V���D�U�H���U�H�J�X�O�D�U�O�\���L�Q�V�S�H�F�W�H�G���E�\��
�W�K�H�� �2�S�H�U�D�W�R�U�� �Z�K�R�� �Z�L�O�O�� �H�Q�V�X�U�H�� �W�K�H�� �S�X�P�S�V�� �F�R�Q�W�L�Q�X�H�� �W�R�� �R�S�H�U�D�W�H�� �H�I�I�L�F�L�H�Q�W�O�\�� �D�Q�G�� �Z�L�O�O�� �D�G�G�U�H�V�V�� �D�Q�\��
�G�H�I�L�F�L�H�Q�F�L�H�V���� �,�I�� �W�K�H�� �S�X�P�S�V�� �U�H�T�X�L�U�H�� �P�D�L�Q�W�H�Q�D�Q�F�H���� �W�K�H�� �2�S�H�U�D�W�R�U�� �Z�L�O�O�� �U�H�S�R�U�W�� �W�K�H�� �V�L�W�X�D�W�L�R�Q�� �D�Q�G�� �W�D�N�H��
�D�S�S�U�R�S�U�L�D�W�H�� �D�F�W�L�R�Q���� �6�R�P�H���R�I�� �W�K�H�� �S�X�P�S�V�� �D�U�H�� �L�Q�V�W�D�O�O�H�G�� �Z�L�W�K�� �D�� �V�W�D�Q�G�E�\�� �X�Q�L�W�� �W�K�D�W�� �D�O�O�R�Z�V�� �W�K�H�� �2�S�H�U�D�W�R�U�� �W�R��
�V�Z�L�W�F�K���I�U�R�P���R�Q�H���S�X�P�S���W�R���W�K�H�� �R�W�K�H�U���L�I�� �Q�H�F�H�V�V�D�U�\���� �,�Q���V�R�P�H�� �V�S�H�F�L�I�L�F�� �V�L�W�X�D�W�L�R�Q�V���� �L�W�� �P�D�\�� �E�H���Q�H�F�H�V�V�D�U�\�� �W�R��
�W�H�P�S�R�U�D�U�L�O�\���V�K�X�W�G�R�Z�Q���W�K�H���6�7�3���I�R�U���V�H�U�Y�L�F�L�Q�J���R�I���W�K�H���H�T�X�L�S�P�H�Q�W��

�$���S�U�H�Y�H�Q�W�D�W�L�Y�H���P�D�L�Q�W�H�Q�D�Q�F�H���S�U�R�J�U�D�P�����D�V���U�H�F�R�P�P�H�Q�G�H�G���E�\���W�K�H���S�X�P�S���V�X�S�S�O�L�H�U�����Z�L�O�O���E�H���I�R�O�O�R�Z�H�G���W�R���H�Q�V�X�U�H��
�W�K�H���S�X�P�S�V���D�U�H���D�O�Z�D�\�V���N�H�S�W���L�Q���J�R�R�G���Z�R�U�N�L�Q�J���R�U�G�H�U������

������ �6�(�:�$�*�(���&�2�/�/�(�&�7�,�2�1

�7�K�H���V�H�Z�D�J�H���I�U�R�P���W�K�H���N�L�W�F�K�H�Q �P�X�V�W���S�D�V�V���W�K�U�R�X�J�K���D���J�U�H�D�V�H���W�U�D�S�����R�U���V�L�P�L�O�D�U���I�D�F�L�O�L�W�\���I�R�U���J�U�H�D�V�H���I�D�W���U�H�P�R�Y�D�O����
�7�K�H���O�D�U�J�H���D�P�R�X�Q�W���R�I���R�L�O���D�Q�G���I�D�W���F�D�Q���K�D�U�P���W�U�H�D�W�P�H�Q�W���I�D�F�L�O�L�W�\�����H���J�������F�O�R�J�J�L�Q�J���S�X�P�S�V���D�Q�G���S�L�S�L�Q�J���D�Q�G���F�D�X�V�H��
�I�R�D�P�L�Q�J�� �L�Q���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N������ �7�R���D�Y�R�L�G�� �S�U�H�P�D�W�X�U�H���P�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J���� �P�D�[�L�P�X�P���2���* �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V��
�V�K�R�X�O�G���Q�R�W���H�[�F�H�H�G���������P�J���/��

�7�K�H �U�D�Z���Z�D�V�W�H�Z�D�W�H�U���V�K�R�X�O�G���Q�R�W���F�R�Q�W�D�L�Q���D�Q�\���R�I���W�K�H���I�R�O�O�R�Z�L�Q�J���V�X�E�V�W�D�Q�F�H�V����

�x �+�\�G�U�R�F�D�U�E�R�Q�V���± �O�X�E�U�L�F�D�Q�W�V�����J�D�V�R�O�L�Q�H�����G�L�H�V�H�O�����H�W�F������
�x �3�D�L�Q�W�V�����V�R�O�Y�H�Q�W�V�����V�L�O�L�F�D�����V�L�O�L�F�R�Q���D�Q�G���S�R�O�\�P�H�U�V����
�x �$�Q�W�L�E�D�F�W�H�U�L�D�O���V�R�O�X�W�L�R�Q�V���D�Q�G���S�U�R�G�X�F�W�V���Z�L�W�K���T�X�D�W�H�U�Q�D�U�\���D�P�P�R�Q�L�D����
�x �/�D�U�J�H�� �T�X�D�Q�W�L�W�L�H�V�� �R�I�� �F�K�H�P�L�F�D�O�V�� �V�X�F�K�� �D�V�� �Z�D�W�H�U�� �V�R�I�W�H�Q�H�U���� �G�L�V�L�Q�I�H�F�W�D�Q�W�V���� �V�W�U�R�Q�J�� �D�F�L�G�V�� �	�� �D�O�N�D�O�L�V����

�S�H�V�W�L�F�L�G�H�V���R�U���S�K�R�W�R�J�U�D�S�K�L�F���F�K�H�P�L�F�D�O�V����
�x �6�L�O�L�F�R�Q�H���E�D�V�H�G���G�H�I�R�D�P�H�U�V����
�x �1�R�Q���E�L�R�G�H�J�U�D�G�D�E�O�H���V�R�O�L�G���Z�D�V�W�H�����S�O�D�V�W�L�F�����U�X�E�E�H�U���S�U�R�G�X�F�W�V�����G�L�V�S�R�V�D�E�O�H���G�L�D�S�H�U�V�����H�W�F��������
�x �+�L�J�K���D�P�R�X�Q�W���R�I���P�H�W�D�O�V�����V�X�F�K���D�V���L�U�R�Q�����P�D�J�Q�H�V�L�X�P�����F�D�O�F�L�X�P�����E�D�U�L�X�P���D�Q�G���V�W�U�R�Q�W�L�X�P����
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�6�O�X�G�J�H�� �Z�L�O�O�� �E�H�� �G�L�V�S�R�V�H�G�� �D�W�� �$�P�D�U�X�T�� �R�U�� �0�H�D�G�R�Z�E�D�Q�N�� �V�L�W�H�� �L�Q�� �W�K�H�� �:�D�V�W�H�� �5�R�F�N�� �6�W�R�U�D�J�H�� �)�D�F�L�O�L�W�\�� �R�U�� �W�K�H��
�7�D�L�O�L�Q�J�V���6�W�R�U�D�J�H���)�D�F�L�O�L�W�\�����0�H�D�G�R�Z�E�D�Q�N���R�Q�O�\�����R�U���L�Q���D���O�D�Q�G�I�D�U�P���D�V���D���Q�X�W�U�L�H�Q�W���D�P�H�Q�G�P�H�Q�W���D�V���S�H�U���W�K�H���:�D�W�H�U��
�/�L�F�H�Q�V�H���3�D�U�W���)���,�W�H�P������

������ �&�2�1�7�5�2�/

�0�%�5�����0�H�P�E�U�D�Q�H���%�L�R�U�H�D�F�W�R�U�����W�U�H�D�W�P�H�Q�W���W�H�F�K�Q�R�O�R�J�\���L�V���D�Q���H�I�I�H�F�W�L�Y�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���D�Q���D�F�W�L�Y�D�W�H�G���V�O�X�G�J�H��
�E�L�R�O�R�J�L�F�D�O���W�U�H�D�W�P�H�Q�W���S�U�R�F�H�V�V���Z�L�W�K���0�%�5���P�H�P�E�U�D�Q�H���I�L�O�W�U�D�W�L�R�Q���W�H�F�K�Q�R�O�R�J�\�����7�K�H �6�7�3 �F�D�Q���E�H���R�S�H�U�D�W�H�G���L�Q��
�H�L�W�K�H�U���P�D�Q�X�D�O���R�U���D�X�W�R�P�D�W�L�F �P�R�G�H���� �7�K�H���V�\�V�W�H�P���L�V���G�H�V�L�J�Q�H�G���W�R���D�O�Z�D�\�V���U�X�Q�� �L�Q���D�X�W�R���P�R�G�H���� �7�K�H���P�D�Q�X�D�O��
�R�S�W�L�R�Q���L�V���S�U�R�Y�L�G�H�G���P�D�L�Q�O�\���I�R�U���P�D�L�Q�W�H�Q�D�Q�F�H���S�X�U�S�R�V�H�V��

�6�7�3�¶�V���F�R�Q�W�U�R�O���D�Q�G���D�X�W�R�P�D�W�L�R�Q���V�\�V�W�H�P���L�V���E�D�V�H�G���R�Q���V�H�Y�H�U�D�O���L�Q�V�W�U�X�P�H�Q�W�V �P�H�D�V�X�U�L�Q�J���N�H�\���S�D�U�D�P�H�W�H�U���R�I���W�K�H��
�S�U�R�F�H�V�V�����F�R�P�E�L�Q�H�G���Z�L�W�K���D���3�/�&�����7�K�H���6�7�3���G�R�Q�¶�W���U�H�T�X�L�U�H���F�R�Q�W�L�Q�X�R�X�V���R�S�H�U�D�W�R�U���L�Q�W�H�U�Y�H�Q�W�L�R�Q���H�[�F�H�S�W���I�R�U���G�D�L�O�\��
�L�Q�V�S�H�F�W�L�R�Q�� �D�Q�G�� �P�D�L�Q�W�H�Q�D�Q�F�H���� �7�K�H�� �X�V�H�U�� �L�Q�W�H�U�I�D�F�H�� �F�D�Q�� �E�H�� �D�F�F�H�V�V�H�G���R�Q���V�L�W�H�� �I�U�R�P�� �W�K�H�� �F�R�Q�W�U�R�O�� �S�D�Q�H�O��
�P�R�X�Q�W�H�G�� �W�R�X�F�K���V�F�U�H�H�Q�� �+�0�,�V�� �R�U�� �U�H�P�R�W�H�O�\�� �I�U�R�P�� �D�� �F�R�P�S�X�W�H�U���� �$�O�D�U�P�� �P�H�V�V�D�J�H�V�� �F�D�Q�� �E�H�� �V�H�W �X�S�� �W�R�� �D�O�H�U�W��
�R�S�H�U�D�W�R�U�V���W�R���L�V�V�X�H�V��
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�6�H�Z�D�J�H���7�U�H�D�W�P�H�Q�W���3�O�D�Q�W
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�7�K�H���6�7�3���3�/�& �L�V���S�U�R�J�U�D�P�P�H�G���W�R����
�x �5�H�F�H�L�Y�H���D�Q�D�O�R�J�X�H �D�Q�G���G�L�J�L�W�D�O���L�Q�S�X�W���V�L�J�Q�D�O�V���I�U�R�P���W�K�H���V�Z�L�W�F�K�H�V���D�Q�G���W�U�D�Q�V�P�L�W�W�H�U�V���E�H�L�Q�J���F�R�Q�W�U�R�O�O�H�G����
�x �3�U�R�F�H�V�V���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q���X�V�L�Q�J���W�K�H���V�W�U�X�F�W�X�U�H���D�Q�G���U�X�O�H�V���H�Q�W�H�U�H�G���L�Q�W�R���W�K�H���S�U�R�J�U�D�P����
�x �*�H�Q�H�U�D�W�H���R�X�W�S�X�W�V���W�K�D�W���F�R�Q�W�U�R�O���W�K�H���H�T�X�L�S�P�H�Q�W���� �W�X�U�Q���H�T�X�L�S�P�H�Q�W���2�)�)���R�U���2�1����
�x �*�H�Q�H�U�D�W�H���D�O�D�U�P�V���L�I���F�U�L�W�L�F�D�O���F�R�Q�G�L�W�L�R�Q�V���D�U�H���S�U�H�V�H�Q�W��
�x �3�U�R�Y�L�G�H���D���+�0�,�����+�X�P�D�Q���0�D�F�K�L�Q�H���,�Q�W�H�U�I�D�F�H�����W�R�X�F�K���V�F�U�H�H�Q���I�R�U���X�V�H �R�I���R�S�H�U�D�W�R�U���S�U�R�F�H�V�V���P�R�Q�L�W�R�U�L�Q�J��

�D�Q�G���F�R�Q�W�U�R�O����

�0�R�U�H���L�Q�I�R�U�P�D�W�L�R�Q���D�U�H���S�U�R�Y�L�G�H�G���L�Q���W�K�H���2�S�H�U�D�W�L�R�Q���D�Q�G���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O �L�Q���$�S�S�H�Q�G�L�[��

������ �5�(�$�*�(�1�7�6

�6�R�P�H���F�K�H�P�L�F�D�O�V���D�U�H���U�H�T�X�L�U�H�G���I�R�U���W�U�H�D�W�P�H�Q�W���R�S�H�U�D�W�L�R�Q���D�Q�G���D�O�V�R���I�R�U���0�H�P�E�U�D�Q�H���F�O�H�D�Q�L�Q�J�����&�K�H�P�L�F�D�O�V �Z�L�O�O��
�E�H���X�V�H�G���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���0�6�'�6���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�����0�6�'�6���D�U�H���S�U�R�Y�L�G�H�G�L�Q���$�S�S�H�Q�G�L�[�����7�D�E�O�H���� �S�U�H�V�H�Q�W�V��
�W�K�H���H�V�W�L�P�D�W�H�G���F�K�H�P�L�F�D�O �F�R�Q�V�X�P�S�W�L�R�Q���S�H�U���\�H�D�U����

�7�D�E�O�H���������&�K�H�P�L�F�D�O���F�R�Q�V�X�P�S�W�L�R�Q

�6�R�G�L�X�P���&�D�U�E�R�Q�D�W�H���6�R�G�D���$�V�K�����L�V���X�V�H�G���I�R�U���S�+���D�G�M�X�V�W�P�H�Q�W���L�Q���F�D�V�H���W�K�H�U�H���L�V���D���G�H�I�L�F�L�H�Q�F�\���L�Q���D�O�N�D�O�L�Q�L�W�\���L�Q��
�L�Q�I�O�X�H�Q�W���V�H�Z�D�J�H���D�Q�G���S�+���G�U�R�S�V�����,�W���L�V���K�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���V�N�L�Q���F�R�Q�W�D�F�W�����L�U�U�L�W�D�Q�W�������R�I���H�\�H���F�R�Q�W�D�F�W�����L�U�U�L�W�D�Q�W������
�R�I���L�Q�J�H�V�W�L�R�Q�����R�I���L�Q�K�D�O�D�W�L�R�Q�����O�X�Q�J���L�U�U�L�W�D�Q�W������

�6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���1�D�2�&�O�����D�Q�G���&�L�W�U�L�F���$�F�L�G���&���+���2�������D�U�H���X�V�H�G���I�R�U���F�O�H�D�Q�L�Q�J���W�K�H���P�H�P�E�U�D�Q�H�V����
�x �6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���L�V���D���F�R�P�P�R�Q���G�L�V�L�Q�I�H�F�W�D�Q�W�����Z�K�L�F�K���F�D�Q���E�H���D�Q���L�U�U�L�W�D�Q�W���R�U���F�R�U�U�R�V�L�Y�H�����G�H�S�H�Q�G�L�Q�J��

�R�Q���L�W�V���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����,�W���F�D�Q�Q�R�W���E�H���P�L�[�H�G���Z�L�W�K���R�U�J�D�Q�L�F�V�����D�P�P�R�Q�L�D���F�R�P�S�R�X�Q�G�V���R�U���D�F�L�G�V�����&�R�Q�W�D�F�W��
�Z�L�W�K���D�F�L�G�V���S�U�R�G�X�F�H�V���K�L�J�K�O�\���W�R�[�L�F���F�K�O�R�U�L�Q�H���J�D�V�����,�W���K�D�V���W�R���E�H���P�L�[�H�G���R�Q�O�\���Z�L�W�K���S�X�U�H���Z�D�W�H�U����

�x �&�L�W�U�L�F���$�F�L�G���L�V���K�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���V�N�L�Q���F�R�Q�W�D�F�W�����L�U�U�L�W�D�Q�W�����V�H�Q�V�L�W�L�]�H�U�V�������R�U���L�Q�J�H�V�W�L�R�Q�����H�\�H���F�R�Q�W�D�F�W��
���L�U�U�L�W�D�Q�W�����D�Q�G���L�Q�K�D�O�D�W�L�R�Q�����O�X�Q�J���L�U�U�L�W�D�Q�W�V������

�$�O�X�P�L�Q�X�P���6�X�O�I�D�W�H���$�O�����6�2�����������L�V���X�V�H�G���I�R�U���3�K�R�V�S�K�R�U�X�V���5�H�P�R�Y�D�O�����0�L�O�G���W�R���P�R�G�H�U�D�W�H���L�U�U�L�W�D�W�L�R�Q���F�D�Q���R�F�F�X�U��
�I�U�R�P���X�Q�S�U�R�W�H�F�W�H�G���F�R�Q�W�D�F�W�����$�O�X�P�L�Q�X�P���L�V���Y�H�U�\���S�R�R�U�O�\���D�E�V�R�U�E�H�G���W�K�U�R�X�J�K �W�K�H���V�N�L�Q���D�Q�G���W�R�[�L�F���H�I�I�H�F�W�V���Z�R�X�O�G��
�Q�R�W���E�H���H�[�S�H�F�W�H�G���I�R�O�O�R�Z�L�Q�J���V�K�R�U�W���W�H�U�P���V�N�L�Q���F�R�Q�W�D�F�W�����,�Q�K�D�O�D�W�L�R�Q���R�I���P�L�V�W�V���F�D�Q���E�H���L�U�U�L�W�D�W�L�Q�J���W�R���W�K�H���U�H�V�S�L�U�D�W�R�U�\��
�W�U�D�F�W���D�Q�G���O�X�Q�J�V����

�0�L�F�U�R�&�����������L�V���X�V�H�G���I�R�U���Q�L�W�U�D�W�H���U�H�P�R�Y�D�O�����(�[�S�R�V�X�U�H���W�R���H�\�H�V���P�D�\���F�D�X�V�H���V�O�L�J�K�W���L�U�U�L�W�D�W�L�R�Q�����(�[�S�R�V�X�U�H �W�R���6�N�L�Q��
�P�D�\�� �F�D�X�V�H�� �V�O�L�J�K�W�� �L�U�U�L�W�D�W�L�R�Q���� �,�Q�K�D�O�D�W�L�R�Q�� �R�I�� �K�L�J�K�� �P�L�V�W�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �P�D�\�� �F�D�X�V�H�� �L�U�U�L�W�D�W�L�R�Q�� �R�I�� �U�H�V�S�L�U�D�W�R�U�\��
�W�U�D�F�W����

Consumable Usage Rate 

Purpose Name Value Unit Value Unit 

Supplemental Alkalinity Dry Soda Ash 6.28 kg/d 2292 Kg/year

Phosphorus Removal Liquid Alum, 48% 14.6 L/d 5346 L/year

Nitrate Removal MicroC 2000 16.5 L/d 6025 L/year

Membrane Cleaning Sodium Hyprochlorite, 12% �� L/d 150 L/year
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������ �%�,�2�/�2�*�,�&�$�/���2�3�(�5�$�7�,�2�1

�7�K�H���I�R�O�O�R�Z�L�Q�J���W�D�E�O�H���S�U�H�V�H�Q�W�V���W�D�U�J�H�W���S�D�U�D�P�H�W�H�U�V���U�H�T�X�L�U�H�G���I�R�U���D���J�R�R�G���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���6�7�3��

�7�D�E�O�H������ �%�L�R�O�R�J�L�F�D�O���V�\�V�W�H�P���W�D�U�J�H�W�V �R�S�H�U�D�W�L�R�Q�D�O���S�D�U�D�P�H�W�H�U�V

�3�D�U�D�P�H�W�H�U��
 

�5�H�F�R�P�P�H�Q�G�H�G��
 

�5�D�Q�J�H��
 

�1�R�W�H�V��
 

MLSS (mg/L): Mixed 
Liquor Suspended Solids10,000 8,000 – 15,000 

Never operate the membranes if MLSS < 
3,000 mg/l. Sludge wasting should be 
undertaken as required to maintain target 
MLSS 

Temperature (°C) 15 - 35 10 – 35
Avoid sudden changes in temperature. 
Minimum operating temperature is 15 °C 

pH 6.8 - 8.5 6.0 – 9.0 

Membrane module can handle a change in 
pH. However it is recommended to keep pH 
between 6.8 - 8.5 

Aeration Tank, DO (mg/L) �•���������� 1.0 – 8.0 
This can be maintained by adjusting the 
volume of air supplied to the aeration tank 

Viscosity (mPa-s) Not applicable 0 – 300
Aeration Tank to Anoxic 
Tank Recirculation 400% 200 – 500% 
Membrane Tank to 
Aeration Tank 
Recirculation 400% 200 – 600% 

F:M (kg BOD/kg MLSS/d) 0.1 0.03 – 0.2 
F:M = [Flow (m3/d) x BOD conc (mg/l)] / 
[Process volume (m3) x MLSS conc (mg/l)] 

F:M (kg COD/kg MLSS/d) 0.15 0.05 – 0.3 
F:M = [Flow (m3/d) x COD conc (mg/l)] / 
[Process volume (m3) x MLSS conc (mg/l)] 

SRT : sludge retention 
time (days) > 15 12 – 50

������ �0�(�0�%�5�$�1�(���2�3�(�5�$�7�,�2�1

�7�K�L�V�� �V�H�F�W�L�R�Q�� �R�X�W�O�L�Q�H�V�� �W�K�H�� �R�S�H�U�D�W�L�Q�J�� �F�R�Q�G�L�W�L�R�Q�V�� �W�K�D�W�� �D�U�H�� �U�H�T�X�L�U�H�G�� �I�R�U�� �S�U�R�S�H�U�� �V�H�Z�D�J�H �W�U�H�D�W�P�H�Q�W���� �D�Q�G��
�O�R�Q�J�H�Y�L�W�\���R�I���W�K�H���P�H�P�E�U�D�Q�H�V����

�*�H�Q�H�U�D�O�O�\�����W�K�H���I�R�O�O�R�Z�L�Q�J���S�R�L�Q�W�V���F�D�Q���E�H���X�V�H�G���W�R���R�S�H�U�D�W�H���W�K�H���0�%�5���V�\�V�W�H�P���S�U�R�S�H�U�O�\����
�x �7�K�H���0�%�5���V�\�V�W�H�P���L�V���G�H�V�L�J�Q�H�G���W�R���W�U�H�D�W���Z�D�V�W�H�Z�D�W�H�U���Z�L�W�K���V�S�H�F�L�I�L�H�G���L�Q�I�O�X�H�Q�W���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V����
�x �1�H�Y�H�U���R�S�H�U�D�W�H���W�K�H���0�%�5���W�D�Q�N���E�H�O�R�Z���W�K�H���P�L�Q�L�P�X�P���P�H�P�E�U�D�Q�H���V�X�E�P�H�U�J�H�G���O�H�Y�H�O�����,�W���L�V���Q�H�F�H�V�V�D�U�\��

�W�R���P�D�L�Q�W�D�L�Q���D���P�L�Q�L�P�X�P���R�I�����������P�P���O�L�T�X�L�G���O�H�Y�H�O���D�E�R�Y�H���W�K�H���P�H�P�E�U�D�Q�H���P�R�G�X�O�H�V���W�R���H�Q�V�X�U�H���W�K�H�\��
�D�U�H���Z�H�W���D�W���D�O�O���W�L�P�H�V���D�Q�G���W�R���D�O�O�R�Z���I�R�U���S�U�R�S�H�U���I�L�O�W�U�D�W�L�R�Q����

�x �$�O�Z�D�\�V���V�X�S�S�O�\���W�K�H���U�H�T�X�L�U�H�G���D�P�R�X�Q�W���R�I���D�L�U���I�R�U���V�F�R�X�U�L�Q�J���W�R���W�K�H���P�H�P�E�U�D�Q�H���P�R�G�X�O�H����
�x �$�O�Z�D�\�V���I�L�O�W�H�U���V�H�Z�D�J�H �D�W���R�U���E�H�O�R�Z���G�H�V�L�J�Q���I�O�R�Z���U�D�W�H����
�x �3�H�U�L�R�G�L�F�D�O�O�\���� �U�H�O�D�[�� �W�K�H���P�H�P�E�U�D�Q�H�V���E�\�� �H�Q�G�L�Q�J�� �I�L�O�W�U�D�W�L�R�Q�� �Z�K�L�O�H���D�O�O�R�Z�L�Q�J�� �W�K�H���P�H�P�E�U�D�Q�H���D�H�U�D�W�L�R�Q��

�V�F�R�X�U�� �W�R�� �R�S�H�U�D�W�H�� �F�R�Q�W�L�Q�X�R�X�V�O�\�� �D�Q�G�� �L�Q�L�W�L�D�W�H�� �E�D�F�N�Z�D�V�K�� �R�S�H�U�D�W�L�R�Q�� �G�X�U�L�Q�J�� �P�H�P�E�U�D�Q�H�� �U�H�O�D�[�D�W�L�R�Q��
���G�H�I�D�X�O�W���U�H�O�D�[�D�W�L�R�Q���P�R�G�H���S�U�H�V�H�W���L�Q���3�/�&���� �S�H�U�P�H�D�W�L�R�Q���F�R�Q�W�L�Q�X�H�V���I�R�U�������P�L�Q���D�Q�G���V�W�R�S�V���I�R�U�������P�L�Q������

�x �$�O�Z�D�\�V���R�S�H�U�D�W�H���W�K�H���0�%�5���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���S�D�U�D�P�H�W�H�U�V���O�L�V�W�H�G���L�Q���W�K�H���V�X�S�S�O�L�H�U���2�	�0���0�D�Q�X�D�O����
�x �&�O�H�D�Q�� �W�K�H�� �P�H�P�E�U�D�Q�H�V�� �L�Q���S�O�D�F�H�� �Z�L�W�K�� �D�� �G�L�O�X�W�H�� �F�K�H�P�L�F�D�O�� �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �W�K�H �V�X�S�S�O�L�H�U �2�	�0��

�0�D�Q�X�D�O����

����



�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O��
�6�H�Z�D�J�H���7�U�H�D�W�P�H�Q�W���3�O�D�Q�W

�'�H�F�H�P�E�H�U����������

������ �0�(�0�%�5�$�1�(���&�/�(�$�1�,�1�*

�,�Q���R�U�G�H�U���W�R���H�Q�K�D�Q�F�H���O�L�I�H���G�X�U�D�W�L�R�Q���R�I���W�K�H���P�H�P�E�U�D�Q�H�����V�H�Y�H�U�D�O���F�O�H�D�Q�L�Q�J���D�U�H���U�H�T�X�L�U�H�G���D�V���S�U�H�V�H�Q�W�H�G���E�H�O�R�Z����

�,�Q���V�L�W�X���&�K�H�P�L�F�D�O�O�\���(�Q�K�D�Q�F�H�G���%�D�F�N�I�O�X�V�K�����&�(�%��
�,�W �L�V���U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���L�Q���V�L�W�X���&�(�%���E�H���F�D�U�U�L�H�G���R�X�W���E�H�I�R�U�H���W�K�H���W�U�D�Q�V���P�H�P�E�U�D�Q�H���S�U�H�V�V�X�U�H�����7�0�3�� �H�[�F�H�H�G�V��
���������� �E�D�U�� ���R�U�� �S�H�U�P�H�D�E�L�O�L�W�\�� �G�U�R�S�V�� �U�D�S�L�G�O�\�� �W�R�� ������ �/�0�+���E�D�U���� �7�K�L�V�� �L�V���W�\�S�L�F�D�O�O�\�� �G�R�Q�H�� �R�Q�F�H�� �H�Y�H�U�\�� �F�R�X�S�O�H��
�Z�H�H�N�V���P�R�Q�W�K�V�� �G�H�S�H�Q�G�L�Q�J�� �R�Q�� �E�L�R�P�D�V�V�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �D�Q�G�� �V�\�V�W�H�P�� �R�S�H�U�D�W�L�Q�J�� �F�R�Q�G�L�W�L�R�Q���� �2�Q�� �F�H�U�W�D�L�Q��
�R�F�F�D�V�L�R�Q�V�����P�H�P�E�U�D�Q�H���P�R�G�X�O�H���F�D�V�V�H�W�W�H���P�D�\���Q�H�H�G���W�R���E�H���S�K�\�V�L�F�D�O�O�\���L�Q�V�S�H�F�W�H�G���I�R�U���P�H�P�E�U�D�Q�H���L�Q�W�H�J�U�L�W�\���L�I��
�P�H�P�E�U�D�Q�H�� �S�H�U�P�H�D�E�L�O�L�W�\�� �S�H�U�I�R�U�P�D�Q�F�H�� �L�V�� �Q�R�W�� �U�H�F�R�Y�H�U�H�G�� �D�I�W�H�U�� �W�K�H�� �F�O�H�D�Q�L�Q�J�� ���L���H������ �V�X�V�S�H�F�W�� �R�I�� �P�H�P�E�U�D�Q�H��
�G�H�W�H�U�L�R�U�D�W�L�R�Q���� �+�\�S�R�F�K�O�R�U�L�W�H���L�V���X�V�H�G���I�R�U���R�U�J�D�Q�L�F���I�R�R�O�L�Q�J���D�Q�G���F�L�W�U�L�F���D�F�L�G���I�R�U���L�Q�R�U�J�D�Q�L�F���D�F�L�G����

�0�H�P�E�U�D�Q�H���5�H�F�R�Y�H�U�\���&�O�H�D�Q�L�Q�J��
�7�K�H�� �P�H�P�E�U�D�Q�H�� �U�H�F�R�Y�H�U�\�� �F�O�H�D�Q�L�Q�J�� �L�V�� �W�R�� �E�H �G�R�Q�H�� �R�Q�F�H�� �D�� �\�H�D�U�� �D�W�� �D�� �P�L�Q�L�P�X�P���� �2�Q�� �F�H�U�W�D�L�Q�� �R�F�F�D�V�L�R�Q�V����
�P�H�P�E�U�D�Q�H�� �F�D�V�V�H�W�W�H�� �P�D�\�� �Q�H�H�G�� �W�R�� �E�H�� �L�Q�V�S�H�F�W�H�G�� �I�R�U�� �P�H�P�E�U�D�Q�H�� �L�Q�W�H�J�U�L�W�\�� ���V�X�V�S�H�F�W�� �R�I�� �P�H�P�E�U�D�Q�H��
�G�H�W�H�U�L�R�U�D�W�L�R�Q�����P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\���S�H�U�I�R�U�P�D�Q�F�H���G�R�H�V���Q�R�W���U�H�F�R�Y�H�U���D�I�W�H�U���W�K�H���F�O�H�D�Q�L�Q�J�����H�W�F��������

�x �&�O�H�D�Q�L�Q�J���Z�L�W�K���+�L�J�K���S�+ �6�R�O�X�W�L�R�Q���7�K�L�V���V�W�H�S���L�V���W�R���E�H���G�R�Q�H���L�I���P�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J���L�V���D���U�H�V�X�O�W���R�I��
�K�L�J�K���I�D�W�����R�L�O���D�Q�G���J�U�H�D�V�H�� �6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���F�D�Q���E�H���X�V�H�G���I�R�U���W�K�L�V���F�O�H�D�Q�L�Q�J�������������P�J���/�����S�+��������������
�W�R�������K�R�X�U�V����

�x �&�O�H�D�Q�L�Q�J���Z�L�W�K���6�R�G�L�X�P���+�\�S�R�F�K�O�R�U�L�W�H�����������P�J���/���I�U�H�H���&�O�������������K�R�X�U�V��
�x �&�O�H�D�Q�L�Q�J���Z�L�W�K���&�L�W�U�L�F���$�F�L�G�R�Q�O�\���L�Q���F�D�V�H���R�I���L�Q�R�U�J�D�Q�L�F���I�R�X�O�L�Q�J���������W�R���������J���/���G�X�U�L�Q�J�������K����
�x �&�K�H�F�N�L�Q�J���3�H�U�P�H�D�E�L�O�L�W�\��

������ �6�(�5�9�,�&�(���:�$�7�(�5

�)�R�U���E�H�W�W�H�U���F�O�H�D�Q�L�Q�J���S�H�U�I�R�U�P�D�Q�F�H�����L�W���L�V���U�H�F�R�P�P�H�Q�G�H�G �W�R���X�V�H��
�x �3�R�W�D�E�O�H���Z�D�W�H�U�����S�H�U�P�H�D�W�H���L�V���D�F�F�H�S�W�D�E�O�H���L�I���S�R�W�D�E�O�H���Z�D�W�H�U���L�V���X�Q�D�Y�D�L�O�D�E�O�H �I�R�U���W�K�H���&�(�%���F�O�H�D�Q�L�Q�J����
�x �:�D�W�H�U���W�H�P�S�H�U�D�W�X�U�H���L�V���D�E�R�Y�H���������&��

�������� �2�3�(�5�$�7�,�2�1�1�$�/���3�(�5�)�2�5�0�$�1�&�(���7�$�5�*�(�7�6

�7�K�H���S�O�D�Q�W���L�V���G�H�V�L�J�Q�H�G���W�R���P�H�H�W���W�K�H���I�R�O�O�R�Z�L�Q�J���F�U�L�W�H�U�L�D���S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H���������1�R�W�H���W�K�D�W���W�K�H���W�U�H�D�W�H�G���Z�D�W�H�U��
�I�U�R�P�� �6�7�3�� �L�V�� �Q�R�W�� �G�L�U�H�F�W�O�\�� �G�L�V�F�K�D�U�J�H�G �W�R�� �W�K�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �7�K�H�� �W�D�U�J�H�W�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V �S�U�H�V�H�Q�W�H�G�� �L�Q�� �W�K�H��
�I�R�O�O�R�Z�L�Q�J���W�D�E�O�H���I�R�U���W�K�H���W�U�H�D�W�H�G���Z�D�W�H�U���I�U�R�P���6�7�3�����D�U�H���V�H�W���W�R���O�L�P�L�W���H�I�I�H�F�W���R�Q���W�K�H���U�H�F�H�L�Y�L�Q�J���(�Q�Y�L�U�R�Q�P�H�Q�W �D�I�W�H�U��
�P�L�[�L�Q�J���Z�L�W�K���V�X�U�I�D�F�H���Z�D�W�H�U���L�Q�W�R���W�K�H���:�K�D�O�H���7�D�L�O���D�W�W�H�Q�X�D�W�L�R�Q���S�R�Q�G���D�Q�G���W�U�H�D�W�P�H�Q�W���L�Q���W�K�H���$�V�:�7�3�����7�K�H�U�H���D�U�H��
�Q�R���:�D�W�H�U���/�L�F�H�Q�F�H �F�U�L�W�H�U�L�D���I�R�U���W�K�H�� �6�7�3�� �W�U�H�D�W�H�G�� �Z�D�W�H�U���� �5�H�D�F�K�L�Q�J�� �W�K�H�V�H�� �Y�D�O�X�H�V���D�V�V�X�U�H���$�J�Q�L�F�R���(�D�J�O�H���W�R��
�R�S�H�U�D�W�H���W�K�H���6�7�3���D�W �D���K�L�J�K�H�V�W���O�H�Y�H�O���R�I���H�I�I�L�F�L�H�Q�F�\��

����



�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O��
�6�H�Z�D�J�H���7�U�H�D�W�P�H�Q�W���3�O�D�Q�W

�'�H�F�H�P�E�H�U����������

�7�D�E�O�H���������6�7�3���W�U�H�D�W�H�G���Z�D�W�H�U���T�X�D�O�L�W�\���R�S�H�U�D�W�L�R�Q�D�O���W�D�U�J�H�W

Parameters Unit Effluent 

pH s.u. 6.5 – 9.5

Oil, Grease mg/L <5

Biological Oxygen Demand (BOD) mg/L <25

Total Suspended Solids (TSS) mg/L <25

Total Kjeldahl Nitrogen (TKN) mgN/L -

Unionized Ammonia Nitrogen (NH3-N) mgN/L <1.25

Nitrate Nitrogen (NO3-N) mgN/L <5

Total Phosphorus (TP) mgP/L <0.5

Fecal Coliform CFU/100 ml <200

Total Residual Chlorine mg/L <0.02

�������� �*�(�1�(�5�$�/�� �2�3�(�5�$�7�,�2�1�� �	�� �0�$�,�1�7�(�1�$�1�&�(���� �6�$�0�3�/�,�1�*�� �3�5�2�&�(�'�8�5�(�6�� �$�1�'��
�)�5�(�4�8�(�1�&�<

�7�R���H�Q�V�X�U�H���H�I�I�L�F�L�H�Q�F�\���R�I���6�7�3�����V�D�P�S�O�H�V �R�I���Z�D�W�H�U �P�X�V�W���E�H���F�R�O�O�H�F�W�H�G���S�H�U�L�R�G�L�F�D�O�O�\�� �7�D�E�O�H�������S�U�H�V�H�Q�W�V���V�D�P�S�O�L�Q�J��
�V�F�K�H�G�X�O�H���W�R���D�V�V�H�V�V �W�K�D�W���6�7�3���S�H�U�I�R�U�P�D�Q�F�H���F�R�P�S�O�\���Z�L�W�K���R�S�H�U�D�W�L�R�Q�D�O���W�D�U�J�H�W���Y�D�O�X�H�V����

�0�R�U�H���V�D�P�S�O�H�V �F�D�Q���E�H���W�D�N�H�Q���D�W���G�L�I�I�H�U�H�Q�W���O�R�F�D�W�L�R�Q�V �L�Q���W�K�H���S�O�D�Q�W���W�R���D�V�V�H�V�V �D�Q�\���G�H�I�D�X�O�W���R�Q���6�7�3���R�S�H�U�D�W�L�R�Q����

�9�L�V�X�D�O���L�Q�V�S�H�F�W�L�R�Q���L�V���D�O�V�R���L�P�S�R�U�W�D�Q�W���W�R���Y�H�U�L�I�\���6�7�3���R�S�H�U�D�W�L�R�Q�����7�K�H���I�R�O�O�R�Z�L�Q�J���V�L�J�Q���P�X�V�W���E�H���U�H�S�R�U�W�H�G���D�V���V�R�R�Q��
�D�V���S�R�V�V�L�E�O�H��

�x �3�O�D�Q�W���9�L�V�X�D�O���&�K�H�F�N�V���1�R�L�V�H
�'�X�U�L�Q�J���Q�R�U�P�D�O���R�S�H�U�D�W�L�R�Q�����W�K�H�U�H���L�V���D���X�Q�L�I�R�U�P���K�X�P�P�L�Q�J���V�R�X�Q�G���D�W���W�K�H���S�O�D�Q�W�����,�Q���F�D�V�H���R�I���D�Q���X�Q�X�V�X�D�O��
�Q�R�L�V�H�����L�W���F�R�X�O�G���E�H���D�Q���L�Q�G�L�F�D�W�L�R�Q���W�K�D�W���W�K�H���E�O�R�Z�H�U���Q�H�H�G�V���P�D�L�Q�W�H�Q�D�Q�F�H���R�U���U�H�S�D�L�U�V

�x �6�P�H�O�O
�7�K�H���0�%�5���L�V���D�Q���D�H�U�R�E�L�F���V�\�V�W�H�P�����'�X�U�L�Q�J���Q�R�U�P�D�O���R�S�H�U�D�W�L�R�Q�����W�K�H���V�\�V�W�H�P���K�D�V���D�Q���H�D�U�W�K�\���V�P�H�O�O���V�L�P�L�O�D�U��
�W�R���W�K�D�W���R�I���D���Z�H�O�O���P�D�L�Q�W�D�L�Q�H�G���F�R�P�S�R�V�W���S�L�O�H�����,�I���R�W�K�H�U���R�G�R�U�V �D�U�H���Q�R�W�L�F�H�G�����W�K�H���D�H�U�D�W�L�R�Q���S�U�R�F�H�V�V���P�D�\��
�Q�R�W���E�H���R�S�H�U�D�W�L�Q�J���R�U���W�K�H���V�\�V�W�H�P���K�D�V���E�H�H�Q���R�Y�H�U�O�R�D�G�H�G�����&�K�H�F�N���W�K�H���'�2���P�D�Q�X�D�O�O�\���D�Q�G���W�K�H���E�O�R�Z�H�U��
�W�R���Y�H�U�L�I�\���W�K�H���S�U�R�S�H�U���R�S�H�U�D�W�L�R�Q��

�x �(�I�I�O�X�H�Q�W���$�V�S�H�F�W
�1�R�U�P�D�O�O�\���� �W�K�H�� �H�I�I�O�X�H�Q�W�� �L�V�� �U�H�D�V�R�Q�D�E�O�\�� �F�O�H�D�U���� �F�R�O�R�U�O�H�V�V���� �D�Q�G�� �R�G�R�U�O�H�V�V���� �,�I�� �W�K�H�� �H�I�I�O�X�H�Q�W�� �E�H�F�R�P�H�V��
�W�X�U�E�L�G���� �W�K�H�U�H�� �L�V�� �D�� �S�L�Q�� �K�R�O�H�� �L�Q�� �W�K�H�� �P�H�P�E�U�D�Q�H�� �R�U�� �D�� �O�H�D�N�D�J�H�� �L�Q�� �W�K�H�� �S�L�S�L�Q�J���� �7�D�N�H�� �W�K�H�� �X�Q�L�W�� �R�X�W�� �R�I��
�R�S�H�U�D�W�L�R�Q���D�Q�G���L�Q�Y�H�V�W�L�J�D�W�H�����&�K�H�F�N���X�Q�L�I�R�U�P�L�W�\���R�I���P�H�P�E�U�D�Q�H �D�L�U���G�L�V�W�U�L�E�X�W�L�R�Q���S�H�U�L�R�G�L�F�D�O�O�\���W�R���H�Q�V�X�U�H��
�D�L�U���V�F�R�X�U�L�Q�J���L�V���H�I�I�H�F�W�L�Y�H���D�F�U�R�V�V���D�O�O���P�H�P�E�U�D�Q�H���S�O�D�W�H�V��

����



�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O��
�6�H�Z�D�J�H���7�U�H�D�W�P�H�Q�W���3�O�D�Q�W

�'�H�F�H�P�E�H�U����������

�7�D�E�O�H���������0�R�Q�L�W�R�U�L�Q�J���S�U�R�J�U�D�P���I�R�U���R�S�H�U�D�W�L�R�Q�D�O���H�I�I�L�F�L�H�Q�F�\���D�V�V�H�V�V�P�H�Q�W��

Parameters Sewage 
Aeration 

tank 
Membrane  

tank 
Effluent 

Flow daily daily

Oil and Grease As required As required

Alkalinity As required

Biological Oxygen Demand Weekly Weekly

Total Suspended Solids Weekly Weekly

Total Kjeldahl Nitrogen / Total Nitrogen Monthly As required

Ammonia Nitrogen As required

Nitrate As required

Total Phosphorus Weekly Weekly

Mixed Liquor Suspended Solids (MLSS) Weekly

Mixed Liquor Volatile Suspended Solids (MLVSS) As required

Temperature daily

pH As required daily Weekly

Dissolved Oxygen daily

Filterability 3 times weekly

Turbidity As required

Fecal Coliform / E-Coli Weekly

�7�D�E�O�H�������V�X�P�P�D�U�L�]�H�V �D�O�V�R���5�R�X�W�L�Q�H���2�S�H�U�D�W�L�R�Q���D�Q�G���0�D�L�Q�W�H�Q�D�Q�F�H���&�K�H�F�N�X�S�V�� �0�R�U�H���G�H�W�D�L�O�V���D�U�H���S�U�R�Y�L�G�H�G��
�L�Q���W�K�H���V�X�S�S�O�L�H�U���2�	�0���0�D�Q�X�D�O��

�$�F�F�R�U�G�L�Q�J���W�R���W�K�H���Z�D�W�H�U���O�L�F�H�Q�F�H�����*�U�R�X�S�������3�D�U�D�P�H�W�H�U�V���V�K�D�O�O �E�H���D�Q�D�O�\�]�H�G �I�R�X�U���W�L�P�H�V���S�H�U���F�D�O�H�Q�G�D�U���\�H�D�U��
�G�X�U�L�Q�J���R�S�H�U�D�W�L�R�Q���D�Q�G���F�O�R�V�X�U�H�����7�K�H���S�D�U�D�P�H�W�H�U�V �D�U�H���S�U�H�V�H�Q�W�H�G���K�H�U�H�L�Q��

�� �S�+�����W�X�U�E�L�G�L�W�\�����K�D�U�G�Q�H�V�V�����D�O�N�D�O�L�Q�L�W�\�����F�K�O�R�U�L�G�H�����I�O�X�R�U�L�G�H�����V�X�O�S�K�D�W�H�����W�R�W�D�O���G�L�V�V�R�O�Y�H�G���V�R�O�L�G�V�����7�'�6�������W�R�W�D�O��
�V�X�V�S�H�Q�G�H�G���V�R�O�L�G�V�����7�6�6�������D�P�P�R�Q�L�D���Q�L�W�U�R�J�H�Q�����Q�L�W�U�L�W�H�����Q�L�W�U�D�W�H�� �R�U�W�K�R�S�K�R�V�S�K�D�W�H�����W�R�W�D�O���S�K�R�V�S�K�R�U�X�V��
�7�R�W�D�O���0�H�W�D�O�V�����D�O�X�P�L�Q�X�P�����D�U�V�H�Q�L�F�����E�D�U�L�X�P�����F�D�G�P�L�X�P�����F�K�U�R�P�L�X�P�����F�R�S�S�H�U�����L�U�R�Q�����O�H�D�G�����P�D�Q�J�D�Q�H�V�H����
�P�H�U�F�X�U�\�����P�R�O�\�E�G�H�Q�X�P�����Q�L�F�N�H�O�����V�H�O�H�Q�L�X�P�����V�L�O�Y�H�U�����W�K�D�O�O�L�X�P���D�Q�G���]�L�Q�F����
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�7�D�E�O�H���������5�R�X�W�L�Q�H���2�S�H�U�D�W�L�R�Q���D�Q�G���0�D�L�Q�W�H�Q�D�Q�F�H���&�K�H�F�N�X�S�V

Location Item Action Comments 

Grease trap Periodic cleaning As needed Waste sent to Meadowbank TSF

Process

Visual check Daily Performance evaluation

Flow rate in and out Daily

Sampling Daily / as requested For water quality and performance evaluation

Vacuum pressure on membraneDaily Evaluate Membrane fouling

Mechanical 
& process

Inspect Membrane Weekly

Sensor cleaning and calibrationWeekly / yearly

Valves, fittings Weekly Prevent spill

Membrane Cleaning Quarterly/Yearly Permeability recovery

Aeration diffuser Yearly Process efficiency

Pumps Quarterly Prevent spill

Blower Monthly Process efficiency

Screening device
Daily/ Weekly/ 
Quarterly

Prevent clogging, remove solid waste and 
dispose it

Dosing pumps Quarterly Prevent spill

Fan and heaters Yearly Health and safety of operator

Electrical

Leads Quarterly Health and safety of operator and Process 
efficiency

Panel fan filter, inspection 
breaker, fuses, motor bold, clean 
dust

Monthly
Health and safety of operator Process 
efficiency

PLC functionality Weekly Process efficiency
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�0�%�5���R�S�H�U�D�W�L�R�Q���U�H�O�L�H�V���F�U�L�W�L�F�D�O�O�\���R�Q���W�K�H���D�E�L�O�L�W�\���R�I���W�K�H���P�H�P�E�U�D�Q�H���X�Q�L�W���W�R���S�D�V�V���D�O�O���I�O�R�Z���L�Q�F�R�P�L�Q�J���W�R���W�K�H���S�O�D�Q�W����
�,�I���P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\���L�V���L�P�S�D�L�U�H�G�����W�K�H���0�%�5���S�O�D�Q�W���F�D�Q�Q�R�W���S�U�R�F�H�V�V���D�O�O���I�O�R�Z���Z�L�W�K���S�R�W�H�Q�W�L�D�O�O�\���Q�H�J�D�W�L�Y�H
�U�H�V�X�O�W�V�� �H�Y�H�Q�� �W�K�R�X�J�K�� �H�I�I�O�X�H�Q�W�� �T�X�D�O�L�W�\�� �U�H�P�D�L�Q�V�� �F�R�Q�V�L�V�W�H�Q�W�O�\�� �K�L�J�K���� �0�H�P�E�U�D�Q�H�� �I�R�X�O�L�Q�J�� ���D�Q�G�� �D�V�V�R�F�L�D�W�H�G��
�U�H�G�X�F�W�L�R�Q���R�I���I�O�X�[���R�U���L�Q�F�U�H�D�V�H���R�I���7�0�3�����U�H�P�D�L�Q�V���D�V���D�Q���R�S�H�U�D�W�L�R�Q�D�O���F�K�D�O�O�H�Q�J�H����

�0�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J���L�Q���0�%�5���L�V���D���U�H�V�X�O�W���R�I���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H���L�Q�F�R�P�L�Q�J���Z�D�W�H�U���T�X�D�O�L�W�\�����P�L�[�H�G���O�L�T�X�R�U��
�I�L�O�W�H�U�D�E�L�O�L�W�\���� �V�\�V�W�H�P�� �R�S�H�U�D�W�L�R�Q�� �F�R�Q�G�L�W�L�R�Q���� �D�Q�G�� �P�H�P�E�U�D�Q�H�� �P�D�W�H�U�L�D�O���� �7�K�H�U�H�� �D�U�H�� �I�R�X�U�� �F�D�W�H�J�R�U�L�H�V�� �R�I��
�P�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J����
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�0�L�F�U�R�E�L�D�O���%�L�R�O�R�J�L�F�D�O���)�R�X�O�L�Q�J��
�0�L�F�U�R�E�L�D�O���I�R�X�O�L�Q�J���L�V���D���U�H�V�X�O�W���R�I���W�K�H���I�R�U�P�D�W�L�R�Q���R�I���E�L�R�I�L�O�P�V���R�Q���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H�V�����7�K�L�V���V�W�U�X�F�W�X�U�H��
�S�U�R�W�H�F�W�V���E�D�F�W�H�U�L�D�O���F�H�O�O�V���I�U�R�P���K�\�G�U�D�X�O�L�F���V�K�H�D�U�L�Q�J���D�Q�G���I�U�R�P���F�K�H�P�L�F�D�O���D�W�W�D�F�N�V���R�I���E�L�R�F�L�G�H�V���V�X�F�K���D�V��
�F�K�O�R�U�L�Q�H�����&�K�H�P�L�F�D�O���F�O�H�D�Q�L�Q�J���Z�R�X�O�G���E�H���U�H�T�X�L�U�H�G���W�R���U�H�V�W�R�U�H���S�H�U�P�H�D�E�L�O�L�W�\��

�3�D�U�W�L�F�X�O�D�W�H���&�R�O�O�R�L�G���)�R�X�O�L�Q�J��
�7�K�L�V���W�\�S�H���R�I���I�R�X�O�L�Q�J���P�D�\���E�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���K�L�J�K���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���F�R�O�O�R�L�G�D�O���V�R�O�L�G�V���S�U�H�V�H�Q�W���L�Q��
�P�L�[�H�G���O�L�T�X�R�U�����,�Q���P�R�V�W���F�D�V�H�V�����S�D�U�W�L�F�O�H�V���D�Q�G���F�R�O�O�R�L�G�V���G�R���Q�R�W���U�H�D�O�O�\���I�R�X�O���W�K�H���P�H�P�E�U�D�Q�H���E�H�F�D�X�V�H��
�W�K�H���I�O�X�[���G�H�F�O�L�Q�H���F�D�X�V�H�G���E�\���W�K�H�L�U���D�F�F�X�P�X�O�D�W�L�R�Q���R�Q���W�K�H���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H���L�V���O�D�U�J�H�O�\���U�H�Y�H�U�V�L�E�O�H���E�\��
�K�\�G�U�D�X�O�L�F���F�O�H�D�Q�L�Q�J���P�H�D�V�X�U�H�V���V�X�F�K���D�V���E�D�F�N�Z�D�V�K���D�Q�G���D�L�U���V�F�R�X�U�L�Q�J�����+�R�Z�H�Y�H�U�����W�K�H���D�F�F�X�P�X�O�D�W�L�R�Q��
�R�I���V�R�O�L�G�V���E�H�W�Z�H�H�Q���W�K�H���P�H�P�E�U�D�Q�H�V���F�D�Q���F�U�H�D�W�H���L�Q�F�U�H�D�V�H�G���P�H�P�E�U�D�Q�H���U�H�V�L�V�W�D�Q�F�H���W�R���S�H�U�P�H�D�W�L�R�Q��
�D�Q�G���S�H�U�P�D�Q�H�Q�W���S�K�\�V�L�F�D�O���P�H�P�E�U�D�Q�H���G�D�P�D�J�H����

�,�Q�R�U�J�D�Q�L�F���)�R�X�O�L�Q�J��
�,�Q�R�U�J�D�Q�L�F���I�R�X�O�L�Q�J���R�U���S�U�H�F�L�S�L�W�D�W�L�Y�H���I�R�X�O�L�Q�J���L�V���F�D�X�V�H�G���E�\���W�K�H���D�F�F�X�P�X�O�D�W�L�R�Q���R�I���L�Q�R�U�J�D�Q�L�F���S�U�H�F�L�S�L�W�D�W�H�V��
�V�X�F�K�� �D�V�� �P�H�W�D�O�� �K�\�G�U�R�[�L�G�H�V���� �D�Q�G�� �³�V�F�D�O�H�V�´�� �R�Q�� �P�H�P�E�U�D�Q�H�� �V�X�U�I�D�F�H�� �R�U�� �Z�L�W�K�L�Q�� �S�R�U�H�� �V�W�U�X�F�W�X�U�H����
�&�K�H�P�L�F�D�O���F�O�H�D�Q�L�Q�J���Z�L�O�O���E�H���U�H�T�X�L�U�H�G���L�Q���W�K�D�W���F�D�V�H����

�2�U�J�D�Q�L�F���)�R�X�O�L�Q�J��
�2�U�J�D�Q�L�F���I�R�X�O�L�Q�J���L�V���W�K�H���D�W�W�D�F�K�P�H�Q�W���R�I���P�D�W�H�U�L�D�O�V���V�X�F�K���D�V���R�L�O���R�U���J�U�H�D�V�H���W�R���W�K�H���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H����
�2�L�O���D�Q�G���J�U�H�D�V�H���W�U�D�S���Z�L�O�O���S�U�H�Y�H�Q�W���W�K�L�V���W�\�S�H���R�I���I�R�X�O�L�Q�J���D�Q�G���F�K�H�P�L�F�D�O���F�O�H�D�Q�L�Q�J���L�V���D�O�V�R���D�F�K�L�H�Y�D�E�O�H���W�R��
�U�H�V�W�R�U�H���S�H�U�P�H�D�E�L�O�L�W�\����

�(�[�F�H�V�V�L�Y�H�� �I�R�D�P�L�Q�J�� ���Z�K�L�W�H �I�R�D�P�� �D�F�F�X�P�X�O�D�W�L�Q�J�� �R�Y�H�U�� �W�K�H�� �O�L�T�X�L�G�� �V�X�U�I�D�F�H���� �L�Q�� �D�H�U�D�W�L�R�Q�� �D�Q�G���R�U�� �P�H�P�E�U�D�Q�H��
�W�D�Q�N�V���F�R�X�O�G���D�O�V�R���U�H�G�X�F�H���S�H�U�I�R�U�P�D�Q�F�H���R�I���W�K�H���6�7�3�����5�H�P�H�G�L�D�W�L�R�Q���V�K�R�X�O�G���E�H���W�D�N�H�Q���W�R���H�O�L�P�L�Q�D�W�H���I�R�D�P�L�Q�J��
�D�J�H�Q�W���R�U���U�H�V�W�R�U�H���G�H�V�L�J�Q���S�D�U�D�P�H�W�H�U�V �R�I���W�K�H���S�O�D�Q�W������

�3�H�U�P�H�D�W�H �E�D�G���T�X�D�O�L�W�\���F�D�Q���D�O�V�R���L�Q�G�L�F�D�W�H���G�H�I�D�X�O�W���L�Q���0�%�5���P�H�P�E�U�D�Q�H���D�Q�G���R�S�H�U�D�W�L�R�Q����

�)�L�Q�D�O�O�\�����E�L�R�O�R�J�L�F�D�O���V�\�V�W�H�P���F�D�Q���D�O�V�R���L�Q�G�L�F�D�W�H���G�H�I�D�X�O�W���L�Q���R�S�H�U�D�W�L�R�Q����
�x �%�O�D�F�N���F�R�O�R�U���R�I���E�L�R�P�D�V�V���L�Q�G�L�F�D�W�H�V �D���O�D�F�N���R�I���D�H�U�D�W�L�R�Q��
�x �,�Q�F�U�H�D�V�H���R�I���E�D�F�W�H�U�L�D���T�X�D�Q�W�L�W�\���L�Q���W�K�H���U�H�D�F�W�R�U���L�Q�G�L�F�D�W�H�V �D���O�R�Z���V�O�X�G�J�H���Z�D�V�W�L�Q�J����
�x �8�Q�S�O�H�D�V�D�Q�W���R�G�R�U���F�D�Q���L�Q�G�L�F�D�W�H���R�Y�H�U�O�R�D�G���R�I���W�K�H���V�\�V�W�H�P�����E�O�R�Z�H�U���I�D�L�O�X�U�H�����H�W�F��
�x �:�D�W�H�U�� �T�X�D�O�L�W�\�� �Q�R�W�� �D�F�K�L�H�Y�H�G���� �0�L�[�H�G�� �O�L�T�X�R�U�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �D�U�H�� �Q�R�W�� �Z�L�W�K�L�Q�� �S�U�R�S�H�U�� �R�S�H�U�D�W�L�Q�J��

�V�W�D�Q�G�D�U�G�V����

�)�X�U�W�K�H�U���G�H�W�D�L�O�V���D�U�H���D�Y�D�L�O�D�E�O�H���L�Q���W�K�H���P�D�Q�X�I�D�F�W�X�U�H�U�¶���R�S�H�U�D�W�L�Q�J���P�D�Q�X�D�O�V���L�Q���$�S�S�H�Q�G�L�[��

�������� �5�(�&�2�5�'���.�(�(�3�,�1�*

�5�H�F�R�U�G�V���R�I���W�K�H���R�S�H�U�D�W�L�R�Q�D�O�����P�D�L�Q�W�H�Q�D�Q�F�H���D�Q�G���V�D�P�S�O�L�Q�J���S�U�R�F�H�G�X�U�H�V���Z�L�O�O���E�H���N�H�S�W���G�D�L�O�\���L�Q���R�U�G�H�U���W�R �D�V�V�L�V�W��
�L�Q���W�K�H���H�Y�D�O�X�D�W�L�R�Q���R�I���W�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V���R�I���W�K�H���6�7�3��

�7�K�H���I�R�O�O�R�Z�L�Q�J���Z�L�O�O���E�H���U�H�F�R�U�G�H�G���R�Q���D���G�D�L�O�\���E�D�V�L�V��
�x �9�R�O�X�P�H���R�I���H�I�I�O�X�H�Q�W���G�L�V�F�K�D�U�J�H�G���W�R���W�K�H���Z�K�D�O�H���W�D�L�O �D�W�W�H�Q�X�D�W�L�R�Q���S�R�Q�G��
�x �6�H�Z�D�J�H���Y�R�O�X�P�H���F�R�O�O�H�F�W�H�G����
�x �'�H�W�D�L�O�V���R�I���D�Q�\���P�D�L�Q�W�H�Q�D�Q�F�H���X�Q�G�H�U�W�D�N�H�Q���D�W���V�L�W�H��
�x �9�R�O�X�P�H���R�I���V�H�Z�D�J�H���V�O�X�G�J�H���U�H�P�R�Y�H�G���I�U�R�P���W�K�H���6�7�3��
�x �/�R�F�D�W�L�R�Q�V���D�Q�G���P�H�W�K�R�G�V���R�I���V�H�Z�D�J�H���V�O�X�G�J�H���G�L�V�S�R�V�D�O��
�x �:�D�W�H�U���T�X�D�O�L�W�\���S�D�U�D�P�H�W�H�U���U�H�V�X�O�W�V���U�H�T�X�L�U�H�G���W�R���I�R�O�O�R�Z���W�K�H���6�7�3���S�H�U�I�R�U�P�D�Q�F�H��

����
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�'�H�F�H�P�E�H�U����������

�7�K�H���U�H�F�R�U�G���V�K�H�H�W�V���Z�L�O�O���E�H���N�H�S�W���L�Q���W�K�H���6�7�3���R�I�I�L�F�H��

�������� �6�$�)�(�7�<���3�5�2�&�(�'�8�5�(�6���)�2�5���2�3�(�5�$�7�2�5�6

�2�S�H�U�D�W�R�U�V���Z�R�U�N�L�Q�J���L�Q���W�K�H���6�7�3 �I�D�F�L�O�L�W�\���P�X�V�W���E�H���W�U�D�L�Q�H�G���S�U�L�R�U���W�R �Z�R�U�N���V�R���W�K�D�W���W�K�H�\���D�U�H���D�Z�D�U�H���R�I���W�K�H���K�H�D�O�W�K��
�D�Q�G�� �V�D�I�H�W�\�� �U�L�V�N�V�� �D�V�� �Z�H�O�O�� �D�V�� �W�K�H�� �R�S�H�U�D�W�L�R�Q�D�O�� �S�U�R�F�H�G�X�U�H�V�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�H�� �6�7�3���� �7�K�H�� �I�R�O�O�R�Z�L�Q�J�� �D�U�H��
�L�P�S�R�U�W�D�Q�W���V�D�I�H�W�\���F�R�Q�V�L�G�H�U�D�W�L�R�Q�V��

�x �7�K�H�� �Z�D�V�W�H�Z�D�W�H�U�� �F�R�Q�W�D�L�Q�V�� �D�� �P�L�[�W�X�U�H�� �R�I�� �Y�L�D�E�O�H�� �E�D�F�W�H�U�L�D�� �D�Q�G�� �R�W�K�H�U���E�L�R�O�R�J�L�F�D�O�� �R�U�J�D�Q�L�V�P�V���� �$��
�Z�D�V�W�H�Z�D�W�H�U���W�U�H�D�W�P�H�Q�W���S�O�D�Q�W���S�R�V�H�V���D���Q�X�P�E�H�U���R�I���E�D�F�W�H�U�L�D�O���K�D�]�D�U�G�V���D�Q�G���F�R�Q�V�H�T�X�H�Q�W�O�\�� �S�R�W�H�Q�W�L�D�O��
�K�H�D�O�W�K�� �U�L�V�N���� �,�P�P�X�Q�L�]�D�W�L�R�Q�� �S�U�R�W�H�F�W�V�� �R�S�H�U�D�W�R�U�� �D�J�D�L�Q�V�W�� �L�Q�I�H�F�W�L�R�Q�����7�K�H�� �X�V�H�� �R�I�� �S�U�R�S�H�U�� �K�\�J�L�H�Q�H��
�P�H�D�V�X�U�H�V�����S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W�����J�R�R�G���K�R�X�V�H�N�H�H�S�L�Q�J���D�Q�G���F�R�P�P�R�Q���V�H�Q�V�H���S�U�H�Y�H�Q�W���F�R�Q�W�D�F�W���Z�L�W�K��
�S�D�W�K�R�J�H�Q�V�����(�Q�V�X�U�H���W�K�D�W���K�D�Q�G�V���D�U�H���Z�D�V�K�H�G���Z�L�W�K���D�Q���D�Q�W�L�E�D�F�W�H�U�L�D�O���V�R�D�S���D�Q�G���Z�D�U�P���Z�D�W�H�U���D�Q�G���G�U�L�H�G
�E�\���G�L�V�S�R�V�D�E�O�H���W�R�Z�H�O�V���R�Q���D���U�H�J�X�O�D�U���E�D�V�L�V�����H�V�S�H�F�L�D�O�O�\���S�U�L�R�U���H�D�W�L�Q�J�����'�R���Q�R�W���H�[�S�R�V�H���F�X�W�V���R�U���R�S�H�Q��
�V�R�U�H�V���W�R���Z�D�V�W�H�Z�D�W�H�U�����$�Q�\���F�R�Q�F�H�U�Q���D�E�R�X�W���S�R�V�V�L�E�O�H���L�Q�I�H�F�W�L�R�Q���V�K�R�X�O�G���E�H���E�U�R�X�J�K�W���W�R���W�K�H���D�W�W�H�Q�W�L�R�Q��
�R�I���P�H�G�L�F�D�O���S�K�\�V�L�F�L�D�Q���L�P�P�H�G�L�D�W�H�O�\��

�x �)�R�O�O�R�Z���O�R�F�D�O���O�D�Z�V���D�Q�G���U�H�J�X�O�D�W�L�R�Q�V �Z�L�W�K���U�H�V�S�H�F�W���W�R���H�Q�W�H�U�L�Q�J���D���F�R�Q�I�L�Q�H�G���V�S�D�F�H��
�x �:�R�U�N�L�Q�J�� �Z�L�W�K�L�Q�� �W�K�H�� �S�O�D�Q�W���� �H�V�S�H�F�L�D�O�O�\�� �Z�L�W�K�� �F�K�H�P�L�F�D�O�V���� �U�H�T�X�L�U�H�V�� �D�G�H�T�X�D�W�H�� �S�H�U�V�R�Q�D�O�� �S�U�R�W�H�F�W�L�Y�H��

�H�T�X�L�S�P�H�Q�W�� ���3�3�(�� �I�R�U�� �2�S�H�U�D�W�R�U�V���� �7�K�L�V�� �L�Q�F�O�X�G�H�V�� �Z�H�D�U�L�Q�J�� �V�W�H�H�O�� �W�R�H�G���E�R�R�W�V���� �K�D�U�G�� �K�D�W���� �U�X�E�E�H�U��
�D�S�U�R�Q�V�����V�D�I�H�W�\���J�O�D�V�V�H�V �Z�L�W�K���V�L�G�H���V�K�L�H�O�G�V���D�Q�G���J�O�R�Y�H�V��

�x �2�S�H�U�D�W�R�U�V �D�U�H���U�H�T�X�L�U�H�G���W�R���F�R�Q�G�X�F�W���J�R�R�G���K�R�X�V�H�N�H�H�S�L�Q�J���R�I���W�K�H �Z�R�U�N�L�Q�J���D�U�H�D���W�R���P�L�Q�L�P�L�]�H���W�K�H���U�L�V�N��
�R�I���L�Q�F�L�G�H�Q�W�V��

�x �/�R�F�N���R�X�W���W�D�J���R�X�W���S�U�R�F�H�G�X�U�H�V���P�X�V�W �E�H �D�S�S�O�L�H�G �Z�K�H�Q���V�H�U�Y�L�F�L�Q�J���H�T�X�L�S�P�H�Q�W��
�x �7�K�H���0�6�'�6���I�R�U���U�H�D�J�H�Q�W�V �X�V�H�G���L�Q���W�K�H���6�7�3 �Z�L�O�O���E�H���U�H�D�G�L�O�\���D�Y�D�L�O�D�E�O�H���I�R�U���W�K�H���R�S�H�U�D�W�R�U �D�W���D�O�O���W�L�P�H�V��
�x �(�\�H�Z�D�V�K �V�W�D�W�L�R�Q�V �D�U�H���O�R�F�D�W�H�G���Z�L�W�K�L�Q���S�U�R�[�L�P�L�W�\���R�I���U�H�D�J�H�Q�W �V�\�V�W�H�P�V���L�Q���W�K�H���6�7�3��

�������� �&�2�1�7�5�2�/�/�,�1�*���$�&�&�(�6�6���7�2 �7�+�(���6�7�3

�$�F�F�H�V�V�� �W�R�� �W�K�H�� �6�7�3 �Z�L�O�O�� �E�H�� �U�H�V�W�U�L�F�W�H�G�� �W�R�� �D�X�W�K�R�U�L�]�H�G�� �S�H�U�V�R�Q�Q�H�O�� �R�Q�O�\���� �6�L�J�Q�V�� �Z�L�O�O�� �E�H�� �S�R�V�W�H�G�� �D�W�� �W�K�H�� �6�7�3
�H�Q�W�U�D�Q�F�H��

����
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�,�Q���F�D�V�H���R�I���I�L�U�H���D�W���W�K�H���6�7�3�����W�K�H���R�Q���V�L�W�H���H�P�H�U�J�H�Q�F�\���U�H�V�S�R�Q�V�H���W�H�D�P�����(�5�7�� �Z�L�O�O���E�H���Q�R�W�L�I�L�H�G���D�V���S�H�U���$�J�Q�L�F�R��
�(�D�J�O�H�¶�V �S�U�R�W�R�F�R�O�� �,�Q�V�W�U�X�F�W�L�R�Q�V�� �I�U�R�P�� �W�K�H�� �R�Q���V�L�W�H�� �H�P�H�U�J�H�Q�F�\�� �U�H�V�S�R�Q�V�H�� �W�H�D�P�� �Z�L�O�O�� �E�H�� �I�R�O�O�R�Z�H�G�� �E�\�� �D�O�O��
�S�H�U�V�R�Q�Q�H�O�� �D�W�� �W�K�H�� �6�7�3���� �)�X�U�W�K�H�U�� �G�H�W�D�L�O�V�� �R�I�� �I�L�U�H�� �U�H�V�S�R�Q�V�H�� �D�U�H�� �S�U�R�Y�L�G�H�G�� �L�Q�� �W�K�H�� �³Risk Management &
Emergency Response Plan�´�� �7�K�H�� �6�7�3 �Z�L�O�O�� �L�Q�F�O�X�G�H�� �W�K�H�� �Q�H�F�H�V�V�D�U�\�� �I�L�U�H�� �V�D�I�H�W�\�� �S�U�R�W�H�F�W�L�R�Q�� �P�H�D�V�X�U�H�V�� �L�Q��
�D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�X�Q�D�Y�X�W���D�Q�G���1�R�U�W�K���:�H�V�W���7�H�U�U�L�W�R�U�L�H�V���0�L�Q�H���$�F�W��

������ �6�3�,�/�/

�,�Q���W�K�H���H�Y�H�Q�W���R�I���D���V�S�L�O�O���D�W���W�K�H �6�7�3�����W�K�H �(�Q�Y�L�U�R�Q�P�H�Q�W���'�H�S�D�U�W�P�H�Q�W���Z�L�O�O���E�H���Q�R�W�L�I�L�H�G���L�P�P�H�G�L�D�W�H�O�\���D�Q�G���S�U�R�Y�L�G�H��
�V�X�S�S�R�U�W�����D�V���U�H�T�X�L�U�H�G�����,�Q���W�K�H���H�Y�H�Q�W���R�I���D���O�D�U�J�H���V�S�L�O�O�����W�K�H �R�Q���V�L�W�H���(�5�7���Z�L�O�O���E�H���Q�R�W�L�I�L�H�G���D�V���S�H�U���$�J�Q�L�F�R���(�D�J�O�H�¶�V
�S�U�R�W�R�F�R�O�� �,�Q�V�W�U�X�F�W�L�R�Q�V���I�U�R�P���W�K�H���(�5�7 �Z�L�O�O���E�H���I�R�O�O�R�Z�H�G���E�\���D�O�O���S�H�U�V�R�Q�Q�H�O���D�W���W�K�H���6�7�3�� �$�O�O���V�S�L�O�O���Z�L�O�O���E�H���U�H�S�R�U�W�H�G��
�D�Q�G���W�U�H�D�W�H�G���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���³Spill Contingency Plan”.   
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�,�I���W�K�H�U�H���L�V���D �P�D�M�R�U���S�U�R�E�O�H�P���R�U���I�D�L�O�X�U�H���L�Q���W�K�H���6�7�3���L�W���Z�R�X�O�G���E�H���P�R�V�W���O�L�N�H�O�\���G�X�H���W�R���F�K�D�Q�J�H�V���L�Q���W�K�H���L�Q�I�O�X�H�Q�W
���U�D�Z���V�H�Z�D�J�H�������L���H�����K�L�J�K���V�W�U�H�Q�J�W�K���V�H�Z�D�J�H�����%�2�'���K�L�J�K�����N�L�O�O�L�Q�J���E�D�F�W�H�U�L�D���L�Q���W�K�H���6�7�3�� �R�U���P�H�P�E�U�D�Q�H���I�D�L�O�X�U�H��
�,�Q�� �W�K�L�V�� �F�D�V�H���� �W�K�H�U�H �Z�R�X�O�G�� �E�H�� �Y�L�V�L�E�O�H�� �H�I�I�O�X�H�Q�W�� �S�U�R�E�O�H�P�V�� ���S�D�U�W�� �R�I���G�D�L�O�\�� �R�S�H�U�D�W�L�R�Q�D�O�� �F�K�H�F�N�V������ �S�R�R�U�� �Z�D�W�H�U��
�T�X�D�O�L�W�\�� �D�Q�G���L�Q�F�U�H�D�V�H�G���R�G�R�X�U�V���W�K�D�W���W�K�H���R�S�H�U�D�W�R�U���Z�R�X�O�G���Q�R�W�H�����,�I���W�K�L�V���R�F�F�X�U�V�����D���V�D�P�S�O�H �Z�L�O�O���E�H���W�D�N�H�Q���W�R���W�U�\��
�W�R���G�H�W�H�U�P�L�Q�H���W�K�H���V�R�X�U�F�H���R�I���W�K�H���S�U�R�E�O�H�P��

�7�K�H���I�R�O�O�R�Z�L�Q�J���R�W�K�H�U���F�R�Q�W�L�Q�J�H�Q�W���P�H�D�V�X�U�H�V���F�D�Q���E�H���D�S�S�O�L�H�G���E�\���$�J�Q�L�F�R���(�D�J�O�H���L�Q���W�K�H���H�Y�H�Q�W���R�I���D �P�D�O�I�X�Q�F�W�L�R�Q��
�D�W���W�K�H���6�7�3��

�x �&�X�W���E�D�F�N���R�Q���D�O�O�R�Z�D�E�O�H���F�D�P�S���Z�D�W�H�U���X�Q�W�L�O���W�K�H���P�D�O�I�X�Q�F�W�L�R�Q���L�V���F�R�U�U�H�F�W�H�G���D�Q�G���X�V�H���W�K�H���H�T�X�D�O�L�]�D�W�L�R�Q
�W�D�Q�N���W�R���U�H�W�D�U�G���W�K�H �S�H�D�N���I�O�R�Z��

�x �6�K�X�W���G�R�Z�Q���W�K�H���P�D�O�I�X�Q�F�W�L�R�Q�L�Q�J���X�Q�L�W���X�Q�W�L�O���W�K�H���P�D�O�I�X�Q�F�W�L�R�Q���L�V���U�H�S�D�L�U�H�G���D�Q�G���X�V�H���R�Q�O�\���R�Q�H���R�I���W�K�H �W�Z�R��
�S�D�U�D�O�O�H�O���X�Q�L�W�V���X�Q�W�L�O���U�H�S�D�L�U�V���D�U�H���F�R�P�S�O�H�W�H�G ���I�R�U���H�T�X�L�S�P�H�Q�W���L�Q���S�D�U�D�O�O�H�O����

�x �%�\�S�D�V�V�L�Q�J�� �X�Q�W�U�H�D�W�H�G�� �6�7�3�� �L�Q�I�O�X�H�Q�W�� �D�U�R�X�Q�G�� �W�K�H�� �P�D�O�I�X�Q�F�W�L�R�Q�L�Q�J �X�Q�L�W���� �6�X�F�N�H�U�� �W�U�X�F�N�� �F�D�Q�� �F�R�O�O�H�F�W��
�V�H�Z�D�J�H���I�U�R�P���W�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N���D�Q�G���F�D�U�U�\���L�W���W�R���0�H�D�G�R�Z�E�D�Q�N���I�D�F�L�O�L�W�L�H�V�����6�H�Z�D�J�H���Z�R�X�O�G���W�K�H�Q��
�E�H���V�W�R�U�H�G���L�Q�W�R���W�K�H���7�D�L�O�L�Q�J���V�W�R�U�D�J�H���I�D�F�L�O�L�W�\���R�U���Z�R�X�O�G���E�H���W�U�H�D�W�H�G���L�Q�W�R���W�K�H���V�H�Z�D�J�H���W�U�H�D�W�P�H�Q�W���S�O�D�Q�W��
���6�7�3�����D�W���0�H�D�G�R�Z�E�D�Q�N���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���D�Y�D�L�O�D�E�O�H���F�D�S�D�F�L�W�\���U�H�P�D�L�Q�L�Q�J��

�x �6�K�X�W���G�R�Z�Q���W�H�P�S�R�U�D�U�L�O�\���D�O�O���Z�D�W�H�U���X�V�H���L�Q���W�K�H���F�D�P�S���X�Q�W�L�O���W�K�H���U�H�S�D�L�U�V���D�U�H���F�R�P�S�O�H�W�H�G��
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�$�S�S�H�Q�G�L�[���$�� �5�H�D�J�H�Q�W���0�6�'�6���6�K�H�H�W�V
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�3�H�U�V�R�Q�D�O���S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W�����3�3�(�����U�H�I�H�U�V���W�R���S�U�R�W�H�F�W�L�Y�H���F�O�R�W�K�L�Q�J�����J�O�R�Y�H�V�����K�H�O�P�H�W�V�����J�R�J�J�O�H�V�����R�U��
�R�W�K�H�U���J�D�U�P�H�Q�W�V���R�U���H�T�X�L�S�P�H�Q�W���G�H�V�L�J�Q�H�G���W�R���S�U�R�W�H�F�W���W�K�H���Z�H�D�U�H�U�
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biohazards, and airborne particulate matter.  ”Protective clothing" is applied to traditional 
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�7�K�H���S�X�U�S�R�V�H���R�I���S�H�U�V�R�Q�D�O���S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W���L�V���W�R���U�H�G�X�F�H���H�P�S�O�R�\�H�H���H�[�S�R�V�X�U�H���W�R���K�D�]�D�U�G�V���Z�K�H�Q��
�H�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���D�G�P�L�Q�L�V�W�U�D�W�L�Y�H���F�R�Q�W�U�R�O�V���D�U�H���Q�R�W���I�H�D�V�L�E�O�H���R�U���H�I�I�H�F�W�L�Y�H���W�R���U�H�G�X�F�H���W�K�H�V�H���U�L�V�N�V���W�R��
�D�F�F�H�S�W�D�E�O�H���O�H�Y�H�O�V�����3�3�(���L�V���Q�H�H�G�H�G���Z�K�H�Q���W�K�H�U�H���D�U�H���K�D�]�D�U�G�V���S�U�H�V�H�Q�W�����3�3�(���K�D�V���W�K�H���V�H�U�L�R�X�V��
�O�L�P�L�W�D�W�L�R�Q���W�K�D�W���L�W���G�R�H�V���Q�R�W���H�O�L�P�L�Q�D�W�H���W�K�H���K�D�]�D�U�G���D�W���V�R�X�U�F�H���D�Q�G���P�D�\���U�H�V�X�O�W���L�Q���H�P�S�O�R�\�H�H�V���E�H�L�Q�J��
�H�[�S�R�V�H�G���W�R���W�K�H���K�D�]�D�U�G���L�I���W�K�H���H�T�X�L�S�P�H�Q�W���I�D�L�O�V����
�7�K�H���I�R�O�O�R�Z�L�Q�J���O�L�V�W���L�Q�F�O�X�G�H�V���W�K�H���P�L�Q�L�P�X�P���V�F�R�S�H���R�I���3�3�(���W�K�D�W���V�K�R�X�O�G���E�H���D�Y�D�L�O�D�E�O�H���W�R���V�\�V�W�H�P��
�R�S�H�U�D�W�R�U�V����
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������������ �+�H�D�G���S�U�R�W�H�F�W�L�R�Q��
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�+�D�U�G���K�D�W�V�����E�X�P�S���F�D�S�V�����R�U���K�H�O�P�H�W�V���D�U�H���W�\�S�H�V���R�I���S�U�R�W�H�F�W�L�R�Q���W�K�D�W���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���L�I���W�K�H�U�H���L�V���D��
�K�D�]�D�U�G���R�I���K�H�D�G���L�Q�M�X�U�\�����+�H�D�G���L�Q�M�X�U�L�H�V���F�D�Q���R�F�F�X�U���X�Q�G�H�U���Y�D�U�L�R�X�V���F�L�U�F�X�P�V�W�D�Q�F�H�V���L�Q�F�O�X�G�L�Q�J���D�V���W�K�H��
�U�H�V�X�O�W���R�I���D���V�O�L�S���R�U���I�D�O�O�����Z�R�U�N�L�Q�J���L�Q���F�R�Q�I�L�Q�H�G���D�U�H�D�V���R�U���Z�K�H�U�H���W�K�H�U�H���D�U�H���O�R�Z���F�H�L�O�L�Q�J�V�����Z�K�H�U�H���W�K�H�U�H��
�P�D�\���E�H���I�D�O�O�L�Q�J���R�E�M�H�F�W�V�������+�D�U�G���K�D�W�V���V�K�R�X�O�G���E�H���Z�R�U�Q���D�W���D�O�O���W�L�P�H�V���Z�K�H�Q���R�Y�H�U�K�H�D�G���Z�R�U�N���L�V���E�H�L�Q�J��
�F�R�Q�G�X�F�W�H�G����
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������������ �(�\�H���D�Q�G���)�D�F�H���3�U�R�W�H�F�W�L�R�Q��
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�(�\�H���S�U�R�W�H�F�W�L�R�Q���Z�L�W�K���V�L�G�H���V�K�L�H�O�G�V���V�K�R�X�O�G���E�H���X�V�H�G���D�W���D�O�O���W�L�P�H�V���Z�K�L�O�H���L�Q�V�L�G�H���W�K�H���Q�H�Z�W�H�U�U�D���V�\�V�W�H�P���D�V��
�W�K�H�U�H���P�D�\���E�H���D���G�D�Q�J�H�U���R�I���I�O�\�L�Q�J���R�E�M�H�F�W�V�����S�D�U�W�L�F�O�H�V�����O�L�T�X�L�G�V�����V�S�U�D�\�V���R�U���R�W�K�H�U���P�D�W�W�H�U���H�Q�W�H�U�L�Q�J���W�K�H��
�H�\�H�V�����3�U�R�W�H�F�W�L�R�Q���F�D�Q���W�D�N�H���P�D�Q�\���I�R�U�P�V���L�Q�F�O�X�G�L�Q�J����

�x�� �V�D�I�H�W�\���J�O�D�V�V�H�V����

�x�� �J�R�J�J�O�H�V�����R�U��

�x�� �I�X�O�O���I�D�F�H���S�U�R�W�H�F�W�L�R�Q�������7�K�L�V���V�K�R�X�O�G���E�H���X�V�H�G���L�I���K�D�Q�G�O�L�Q�J���F�K�H�P�L�F�D�O�V�����Z�D�V�W�H���S�U�R�G�X�F�W���R�U���Z�R�U�N�L�Q�J��
�D�U�R�X�Q�G���S�U�H�V�V�X�U�L�]�H�G���O�L�Q�H�V�����D�L�U���R�I���O�L�T�X�L�G������
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�P�H�W�K�R�G���I�R�U���W�U�D�L�Q�L�Q�J���Z�R�U�N�H�U�V�����D�Q�G�����D�Q���H�Q�W�U�\���S�H�U�P�L�W���V�\�V�W�H�P����
��
�������� �)�L�U�H���6�D�I�H�W�\��
��
�(�[�S�R�V�H�G���K�R�W���V�X�U�I�D�F�H�V���F�D�Q���F�U�H�D�W�H���S�R�W�H�Q�W�L�D�O���E�X�U�Q���L�J�Q�L�W�L�R�Q���K�D�]�D�U�G�V�������%�O�R�Z�H�U�V���D�Q�G���D�L�U���F�R�P�S�U�H�V�V�R�U�V��
�F�R�P�S�U�H�V�V���D�P�E�L�H�Q�W���D�L�U�����F�D�X�V�L�Q�J���K�H�D�W���W�R���E�H���J�H�Q�H�U�D�W�H�G�������7�K�L�V���K�H�D�W���F�D�Q���E�U�L�Q�J���W�K�H���W�H�P�S�H�U�D�W�X�U�H���R�I���W�K�H��
�D�L�U���F�R�P�S�U�H�V�V�R�U���K�H�D�G���D�Q�G���E�O�R�Z�H�U���S�L�S�L�Q�J���W�R���D���O�H�Y�H�O���W�K�D�W���F�D�Q���F�D�X�V�H���E�X�U�Q�V���W�R���H�[�S�R�V�H�G���I�O�H�V�K����
�)�R�O�O�R�Z���O�R�F�D�O���O�D�Z�V���D�Q�G���U�H�J�X�O�D�W�L�R�Q�V���Z�L�W�K���U�H�V�S�H�F�W���W�R���)�L�U�H���6�D�I�H�W�\���D�Q�G���U�H�J�X�O�D�W�L�R�Q�V����
��
�������� �5�H�V�S�R�Q�V�L�E�L�O�L�W�\���I�R�U���6�D�I�H�W�\����
��
������������ �0�D�Q�D�J�H�P�H�Q�W��
��
�0�D�Q�D�J�H�P�H�Q�W���L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���S�U�R�Y�L�G�L�Q�J���D���V�D�I�H���Z�R�U�N�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�����7�K�L�V���L�V���D�F�F�R�P�S�O�L�V�K�H�G��
�S�D�U�W�O�\���E�\����

�x�� �(�Q�V�X�U�L�Q�J���W�K�D�W���D�O�O���I�D�F�L�O�L�W�L�H�V���D�Q�G���H�T�X�L�S�P�H�Q�W���D�U�H���E�X�L�O�W���D�Q�G���P�D�L�Q�W�D�L�Q�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H��
�D�S�S�U�R�S�U�L�D�W�H���V�D�I�H�W�\���V�W�D�Q�G�D�U�G�V��

�x�� �3�U�R�Y�L�G�L�Q�J���D�G�H�T�X�D�W�H���I�X�Q�G�V���I�R�U���H�T�X�L�S�P�H�Q�W���D�Q�G���S�O�D�Q�W���P�D�L�Q�W�H�Q�D�Q�F�H����

�x�� �(�V�W�D�E�O�L�V�K�L�Q�J�����S�U�R�P�R�W�L�Q�J�����D�Q�G���H�Q�I�R�U�F�L�Q�J���D��safety policy ��

�x�� �(�V�W�D�E�O�L�V�K�L�Q�J���D���V�D�I�H�W�\���W�U�D�L�Q�L�Q�J���S�U�R�J�U�D�P��

�x�� �6�X�S�S�O�\�L�Q�J���H�D�V�\���D�F�F�H�V�V�L�E�O�H���H�\�H�Z�D�V�K���D�Q�G���I�L�U�V�W���D�L�G���V�W�D�W�L�R�Q�V���D�Q�G���S�U�R�S�H�U���S�H�U�V�R�Q�D�O���S�U�R�W�H�F�W�L�Y�H��
�H�T�X�L�S�P�H�Q�W�����3�3�(�����I�R�U���S�H�U�V�R�Q�Q�H�O���V�H�U�Y�L�F�L�Q�J���Z�D�V�W�H�Z�D�W�H�U���W�U�H�D�W�P�H�Q�W���I�D�F�L�O�L�W�\����

��

������������ �:�R�U�N�H�U��

�x�� �7�R���G�H�Y�H�O�R�S���D���S�R�V�L�W�L�Y�H���D�Q�G���S�U�R�I�H�V�V�L�R�Q�D�O���D�W�W�L�W�X�G�H���W�R�Z�D�U�G�V���V�D�I�H�W�\����

�x�� �7�R�� �D�Y�R�L�G�� �P�L�V�W�D�N�H�V�� �F�D�X�V�H�G�� �E�\�� �L�Q�G�L�I�I�H�U�H�Q�F�H�� �W�R�� �V�D�I�H�W�\���� �S�R�R�U�� �Z�R�U�N���K�D�E�L�W�V���� �O�D�F�N�� �R�I��
�D�W�W�H�Q�W�L�Y�H�Q�H�V�V�����U�X�V�K�L�Q�J���W�K�H���M�R�E�����I�D�L�O�X�U�H���W�R���R�E�V�H�U�Y�H���H�V�W�D�E�O�L�V�K�H�G���V�D�I�H�W�\���S�U�R�F�H�G�X�U�H�V���D�Q�G���S�R�R�U��
�S�K�\�V�L�F�D�O���F�R�Q�G�L�W�L�R�Q����

��

 
 
Remembe r the “ABC” of accident prevention ������
�$�/�:�$�<�6���%�(���&�$�5�(�)�8�/��������
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�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��

�,�Q���D�G�G�L�W�L�R�Q���W�R��“being careful ”, ���L�W���L�V���W�K�H���U�H�V�S�R�Q�V�L�E�L�O�L�W�\���R�I���D�O�O���Z�R�U�N�H�U�V���W�R����

�x�� �:�R�U�N���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���H�V�W�D�E�O�L�V�K�H�G���V�D�I�H�W�\���S�U�R�F�H�G�X�U�H�V��

�x�� �)�R�O�O�R�Z���W�K�H���H�V�W�D�E�O�L�V�K�H�G���V�D�I�H�W�\���U�X�O�H�V��

�x�� �:�H�D�U���D�S�S�U�R�S�U�L�D�W�H���S�H�U�V�R�Q�D�O���S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W�����3�3�(����

�x�� �5�H�S�R�U�W���D�O�O���D�F�F�L�G�H�Q�W�V�����Q�R���P�D�W�W�H�U���K�R�Z���P�L�Q�R�U��

�x�� �5�H�S�R�U�W���S�R�W�H�Q�W�L�D�O���V�D�I�H�W�\���K�D�]�D�U�G�V��

�x�� �3�D�U�W�L�F�L�S�D�W�H���L�Q���V�D�I�H�W�\���S�U�R�J�U�D�P�V��

��

������������ �3�O�D�Q�W���6�D�I�H�W�\��–���6�L�P�S�O�H���5�X�O�H�V���W�R���)�R�O�O�R�Z��
��

��
�&�R�P�P�R�Q���V�H�Q�V�H���S�O�D�\�V���D���Y�H�U�\���L�P�S�R�U�W�D�Q�W���S�D�U�W���L�Q����
�W�K�H���V�D�I�H���R�S�H�U�D�W�L�R�Q���R�I���D�Q�\���W�\�S�H���R�I���S�O�D�Q�W����
��
��
��
��

�x�� �:�H�D�U���W�K�H���D�S�S�U�R�S�U�L�D�W�H���S�H�U�V�R�Q�D�O���S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W���D�W���D�O�O���W�L�P�H�V��������

�x�� �.�H�H�S���Z�D�O�N�Z�D�\�V���F�O�H�D�U���R�I���V�Q�R�Z���D�Q�G���L�F�H�����D�Q�G���O�R�R�V�H���R�E�M�H�F�W�V���V�X�F�K���D�V���S�D�L�O�V�����V�K�R�Y�H�O�V�����W�R�R�O�V�����H�W�F����

�x�� �&�O�H�D�Q���X�S���V�S�L�O�O�V���R�I���R�L�O�����J�U�H�D�V�H�����F�K�H�P�L�F�D�O�V�����R�U���R�W�K�H�U���V�X�E�V�W�D�Q�F�H�V���L�P�P�H�G�L�D�W�H�O�\����

�x�� �.�H�H�S���D�O�O���W�R�R�O�V���D�Q�G���V�L�P�L�O�D�U���H�T�X�L�S�P�H�Q�W���F�O�H�D�Q�����L�Q���J�R�R�G���F�R�Q�G�L�W�L�R�Q�����D�Q�G���S�U�R�S�H�U�O�\���V�W�R�U�H�G���Z�K�H�Q��
�Q�R�W���L�Q���X�V�H����

�x�� �5�H�S�O�D�F�H���D�O�O���P�D�Q�K�R�O�H���F�R�Y�H�U�V�����D�F�F�H�V�V���W�U�D�S���G�R�R�U�V�����H�W�F�����D�V���V�R�R�Q���D�V���S�R�V�V�L�E�O�H�����(�U�H�F�W���D���V�D�I�H�W�\��
�E�D�U�U�L�H�U���L�I���L�W���L�V���Q�H�F�H�V�V�D�U�\���W�R���O�H�D�Y�H���W�K�H���R�S�H�Q�L�Q�J���X�Q�F�R�Y�H�U�H�G����

�x�� �:�H�D�U�� �D�� �V�D�I�H�W�\�� �E�H�O�W�� �Z�K�H�Q�H�Y�H�U�� �W�K�H�U�H�� �L�V�� �W�K�H�� �S�R�V�V�L�E�L�O�L�W�\�� �R�I�� �I�D�O�O�L�Q�J�� �H�Y�H�Q�� �D�� �V�K�R�U�W�� �G�L�V�W�D�Q�F�H���� �R�U��
�Z�K�H�Q���Z�R�U�N�L�Q�J���R�Y�H�U���Z�D�W�H�U����

�x�� �/�R�F�N���R�X�W���D�Q�G���W�D�J���H�O�H�F�W�U�L�F�D�O���H�T�X�L�S�P�H�Q�W���E�H�I�R�U�H���Z�R�U�N�L�Q�J���R�Q���L�W���R�U���W�K�H���D�V�V�R�F�L�D�W�H�G���H�T�X�L�S�P�H�Q�W����

�x�� �(�Q�V�X�U�H�� �W�K�D�W�� �P�R�Y�L�Q�J�� �P�D�F�K�L�Q�H�U�\�� �L�V�� �S�U�R�S�H�U�O�\�� �J�X�D�U�G�H�G���� �:�H�D�U�� �H�D�U�� �S�U�R�W�H�F�W�L�R�Q�� �L�Q�� �Q�R�L�V�\��
�H�Q�Y�L�U�R�Q�P�H�Q�W�V����

�x�� �(�Q�V�X�U�H���W�K�D�W���I�L�U�H���I�L�J�K�W�L�Q�J���H�T�X�L�S�P�H�Q�W���L�V���L�Q���J�R�R�G���Z�R�U�N�L�Q�J���F�R�Q�G�L�W�L�R�Q����
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�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�������� �+�D�]�D�U�G���:�D�U�Q�L�Q�J���6�L�J�Q�V���6�\�P�E�R�O�V����
��
�%�H�O�R�Z���L�V���D���V�D�P�S�O�H���R�I���S�R�V�V�L�E�O�H���K�D�]�D�U�G���Z�D�U�Q�L�Q�J���V�L�J�Q�V���V�\�P�E�R�O�V���W�K�D�W���P�D�\���E�H���S�U�R�Y�L�G�H�G���Z�L�W�K���W�K�H��
�Q�H�Z�W�H�U�U�D���V�\�V�W�H�P�������,�W���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���W�K�H���R�S�H�U�D�W�R�U���E�H�F�R�P�H���I�D�P�L�O�L�D�U���Z�L�W�K���W�K�H���Z�D�U�Q�L�Q�J���V�L�J�Q�V���L�Q��
�W�K�H���V�\�V�W�H�P����
��
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�Q�H�Z�W�H�U�U�D���O�W�G����
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���������� �)�L�U�V�W���D�L�G��
��
�)�L�U�V�W���D�L�G���L�V���H�P�H�U�J�H�Q�F�\���F�D�U�H���J�L�Y�H�Q���L�P�P�H�G�L�D�W�H�O�\���W�R���D�Q���L�Q�M�X�U�H�G���S�H�U�V�R�Q�����7�K�H���S�X�U�S�R�V�H���R�I���I�L�U�V�W���D�L�G���L�V���W�R��
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�:�$�5�1�,�1�*����Always check with the local utility companies for the location of 

water lines, electrical and telephone ca bles, or any additi onal hazards below 

grade, prior to excavation. Fa ilure to do so could result in severe bodily injury or 

death. 
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�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�x�� �,�Q�V�S�H�F�W�� �W�K�H�� �F�R�Q�W�D�L�Q�H�U�V�� �W�R�� �H�Q�V�X�U�H�� �W�K�D�W�� �Q�R�� �F�R�P�S�R�Q�H�Q�W�V�� �R�U�� �S�D�U�W�V�� �D�U�H�� �P�L�V�V�L�Q�J�� ���U�H�I�H�U�� �W�R�� �W�K�H��
�3�D�F�N�L�Q�J�� �/�L�V�W��–�� �V�H�H�� �$�S�S�H�Q�G�L�[�� �%������ �$�O�V�R���� �L�Q�V�S�H�F�W�� �I�R�U�� �Y�L�V�X�D�O�� �G�D�P�D�J�H�� �R�I�� �W�K�H�� �W�D�Q�N�V��� � �S�X�P�S�V� �� �
�E�O�R�Z�H�U�V�����S�L�S�L�Q�J�����D�Q�G���F�R�Q�W�U�R�O���S�D�Q�H�O������

�x�� �,�I�� �W�K�H�� �F�R�Q�W�D�L�Q�H�U�V���� �H�T�X�L�S�P�H�Q�W�� �L�Q�V�L�G�H�� �D�Q�G�� �D�Q�\�� �S�D�U�W�V�� �V�K�L�S�S�H�G�� �O�R�R�V�H�� �D�U�H�� �I�U�H�H�� �R�I�� �G�D�P�D�J�H����
�S�U�R�F�H�H�G���Z�L�W�K���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q����

��
�)�R�U���D�Q�\���G�D�P�D�J�H�V���R�U���O�R�V�V���R�I���H�T�X�L�S�P�H�Q�W�����S�O�H�D�V�H���Q�R�W�L�I�\���Q�H�Z�W�H�U�U�D���O�W�G�����D�W��������������������������������
�L�P�P�H�G�L�D�W�H�O�\����
��
��
�������� �3�O�D�Q�W���,�Q�L�W�L�D�O���6�H�W���X�S��
��

���:�$�5�1�,�1�*����The installer must ensure that the installation site is safe from 

hazards. These could include exca vations left open overnight, debris left lying around, 

and tanks & equipment not proper ly blocked. Provisions must  be made to eliminate the 

potential hazards by roping of f and proper shoring around th e excavations, cleaning up 

at the end of each workday, and proper storage of equipmen t. Failure to do so could 

result in severe in jury or death. 

��

������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���&�K�H�F�N�O�L�V�W��
��
�$�W���$�S�S�H�Q�G�L�[���&���L�V���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���F�R�P�P�L�V�V�L�R�Q�L�Q�J���F�K�H�F�N�O�L�V�W���I�R�U���W�K�H���V�\�V�W�H�P�������%�H�O�R�Z���L�V���D��
�V�X�P�P�D�U�\���R�I���L�Q�V�W�D�O�O�D�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V����
��

����������������Customer’s Scope List ��
��
�x�� �3�O�D�F�H�P�H�Q�W���D�Q�G���D�Q�F�K�R�U�L�Q�J�����L�I���U�H�T�X�L�U�H�G�����R�I���H�T�X�L�S�P�H�Q�W��
�x�� �,�Q�W�H�U�F�R�Q�Q�H�F�W�L�Q�J���S�L�S�L�Q�J���V�X�S�S�O�\���D�Q�G���L�Q�V�W�D�O�O�D�W�L�R�Q��
�x�� �,�Q�W�H�U�F�R�Q�Q�H�F�W�L�Q�J���H�O�H�F�W�U�L�F�D�O���D�Q�G���F�R�Q�W�U�R�O�V���V�X�S�S�O�\���D�Q�G���L�Q�V�W�D�O�O�D�W�L�R�Q���L�Q�F�O�X�G�L�Q�J���F�R�Q�Q�H�F�W�L�R�Q���L�Q�V�L�G�H��

newterra’s control panel��
�x�� �(�O�H�F�W�U�L�F�D�O���S�R�Z�H�U���V�X�S�S�O�\���W�R���R�X�U���H�O�H�F�W�U�L�F�D�O���S�D�Q�H�O�����O�L�J�K�W�Q�L�Q�J�����J�U�R�X�Q�G�L�Q�J�����H�W�F������
�x� � � 3� H� U� P� L� W� W� L� Q� J� �
�x�� �3�R�W�D�E�O�H���Z�D�W�H�U���V�X�S�S�O�\���W�R���W�K�H���S�O�D�Q�W���V�L�W�H���I�R�U���S�O�D�Q�W���K�\�G�U�D�X�O�L�F���W�H�V�W���G�X�U�L�Q�J���V�W�D�U�W�X�S��
�x�� �6�H�H�G���V�O�X�G�J�H��
�x�� �:�D�V�W�H�Z�D�W�H�U���W�H�V�W�L�Q�J��
�x�� �&�K�H�P�L�F�D�O�V���V�X�S�S�O�\���D�Q�G���V�W�R�U�D�J�H��
�x�� �7�U�H�D�W�H�G���H�I�I�O�X�H�Q�W���D�Q�G���Z�D�V�W�H���V�O�X�G�J�H���G�L�V�S�R�V�D�O��
�x�� �$�O�O���V�L�W�H���F�L�Y�L�O���Z�R�U�N���L�Q�F�O�X�G�L�Q�J���G�H�V�L�J�Q��
��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
�����������������&�L�Y�L�O���&�K�H�F�N�O�L�V�W��

�x�� �(�Q�V�X�U�H���W�K�D�W���D���S�R�W�D�E�O�H���Z�D�W�H�U���V�X�S�S�O�\���L�V���D�Y�D�L�O�D�E�O�H�����X�V�H�G���I�R�U���K�\�G�U�D�X�O�L�F���W�H�V�W�L�Q�J���G�X�U�L�Q�J���V�W�D�U�W��
�X�S�����P�H�P�E�U�D�Q�H���F�O�H�D�Q�L�Q�J�����Z�D�V�K�L�Q�J���K�D�Q�G�V���D�Q�G���I�R�U���S�H�U�I�R�U�P�L�Q�J���R�Q�V�L�W�H���W�H�V�W�L�Q�J��������

�x�� �(�Q�V�X�U�H���D�Y�D�L�O�D�E�L�O�L�W�\���R�I���R�Q���V�L�W�H���H�P�H�U�J�H�Q�F�\���H�\�H�Z�D�V�K���V�W�D�W�L�R�Q���D�Q�G���S�H�U�V�R�Q�D�O���S�U�R�W�H�F�W�L�R�Q��
�H�T�X�L�S�P�H�Q�W����

�x�� �5�H�P�R�Y�H���K�D�W�F�K���F�R�Y�H�U�V���I�U�R�P���W�K�H���L�Q�W�H�U�F�R�Q�Q�H�F�W�L�Q�J���S�R�U�W�V����

�x�� �$�O�O���G�R�R�U�V���D�U�H���F�O�R�V�L�Q�J�����O�D�W�F�K�L�Q�J���D�Q�G���O�R�F�N�L�Q�J��

�x�� �:�H�D�W�K�H�U���V�W�U�L�S�S�L�Q�J���K�D�V���E�H�H�Q���L�Q�V�W�D�O�O�H�G���D�U�R�X�Q�G���H�D�F�K���G�R�R�U��

�x�� �'�R�R�U���V�Z�H�H�S�V���K�D�Y�H���E�H�H�Q���L�Q�V�W�D�O�O�H�G���R�Q���H�D�F�K���G�R�R�U��

�x�� �/�R�X�Y�H�U�V���D�Q�G���K�R�R�G�V���K�D�Y�H���E�H�H�Q���L�Q�V�W�D�O�O�H�G���D�Q�G���V�H�D�O�H�G��

�x�� �,�Q�V�W�D�O�O���/�L�T�X�L�G���5�X�E�E�H�U���&�R�Q�W�D�L�Q�H�U���6�H�D�O���D�V���S�H�U���G�U�D�Z�L�Q�J���D�W���$�S�S�H�Q�G�L�[���&��������

��

�����������������(�O�H�F�W�U�L�F�D�O���&�K�H�F�N�O�L�V�W��
��

�x�� �&�R�Q�Q�H�F�W���H�O�H�F�W�U�L�F�D�O���S�R�Z�H�U���W�R���W�K�H���0�D�L�Q���'�L�V�F�R�Q�Q�H�F�W���I�U�R�P���D�Y�D�L�O�D�E�O�H���V�R�X�U�F�H���H�Q�V�X�U�L�Q�J���F�R�U�U�H�F�W��
�S�K�D�V�H���U�R�W�D�W�L�R�Q�����6�H�H���(�O�H�F�W�U�L�F�D�O���'�U�D�Z�L�Q�J�V���D�W���$�S�S�H�Q�G�L�[���$���I�R�U���S�R�Z�H�U���V�R�X�U�F�H���V�S�H�F�L�I�L�F�D�W�L�R�Q�V������

�x�� �&�R�Q�Q�H�F�W���H�O�H�F�W�U�L�F�D�O���S�R�Z�H�U���W�R���W�K�H���&�R�Q�W�U�R�O���3�D�Q�H�O�����6�H�H���6�\�V�W�H�P���/�D�\�R�X�W���G�U�D�Z�L�Q�J���L�Q��
�$�S�S�H�Q�G�L�F�H�V���$���I�R�U���O�R�F�D�W�L�R�Q�V����

�x�� �(�Q�V�X�U�H���W�K�D�W���S�U�R�S�H�U���H�O�H�F�W�U�L�F�D�O���J�U�R�X�Q�G�L�Q�J���D�Q�G���O�L�J�K�W�Q�L�Q�J���S�U�R�W�H�F�W�L�R�Q���L�V���D�Y�D�L�O�D�E�O�H����

�x�� Switch Main Switch Panel’s isolator �W�R���W�K�H���2�1���S�R�V�L�W�L�R�Q����

�x�� �&�K�H�F�N���D�O�O���L�Q�W�H�U�Q�D�O���O�L�J�K�W�L�Q�J���D�Q�G���K�H�D�W�L�Q�J���I�R�U���F�R�U�U�H�F�W���R�S�H�U�D�W�L�R�Q����

�x�� �,�Q�V�W�D�O�O���S�D�F�N�H�G���H�[�W�H�U�Q�D�O���O�L�J�K�W�L�Q�J���L�Q�W�R���E�U�D�F�N�H�W�V���D�E�R�Y�H���W�K�H���G�R�R�U�Z�D�\�V����

�x�� �$�O�O���L�Q�W�H�U�Q�D�O���H�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V���K�D�Y�H���E�H�H�Q���W�H�U�P�L�Q�D�W�H�G��

�x�� �&�R�Q�I�L�U�P���3�K�D�V�H���0�R�Q�L�W�R�U���L�V���Q�R�W���L�Q���D�O�D�U�P��

�x�� �6�L�W�H���Y�R�O�W�D�J�H���P�H�D�V�X�U�H�G����

o�� �/�����/���������/�����/���������/�����/���������/�����*�5�'�������/�����*�5�'�������/�����*�5�'����

�x�� �&�K�H�F�N���I�L�H�O�G���Z�L�U�L�Q�J���D�Q�G���S�L�S�L�Q�J���D�V���S�H�U���G�U�D�Z�L�Q�J�V��

�x�� �&�K�H�F�N���S�D�Q�H�O���I�R�U���O�R�R�V�H���Z�L�U�L�Q�J�����&�R�U�U�H�F�W���D�V���U�H�T�X�L�U�H�G��

�x�� �&�K�H�F�N���Y�R�O�W�D�J�H���R�Q���$�&���W�U�D�Q�V�I�R�U�P�H�U��

�x�� �&�K�H�F�N���Y�R�O�W�D�J�H���R�Q���'�&���W�U�D�Q�V�I�R�U�P�H�U��

�x�� �&�K�H�F�N���,���6�����E�D�U�U�L�H�U���L�V���J�U�R�X�Q�G�H�G���D�V���S�H�U���L�Q�S�X�W���G�U�D�Z�L�Q�J��

� � � �
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��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��

�����������������0�H�F�K�D�Q�L�F�D�O���&�K�H�F�N�O�L�V�W��
��
�x�� �$�O�O���K�R�V�H�V���D�Q�G���P�H�F�K�D�Q�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V���K�D�Y�H���E�H�H�Q���K�R�R�N�H�G���X�S����

�x�� �(�Q�V�X�U�H���D�O�O���X�Q�L�R�Q�V���D�Q�G���I�L�W�W�L�Q�J�V���D�U�H���W�L�J�K�W�����D�V���V�R�P�H���D�U�H���O�R�R�V�H�Q�H�G���W�R���S�U�H�Y�H�Q�W���V�W�U�H�V�V���L�Q���V�K�L�S�S�L�Q�J��

�x�� �&�K�H�F�N���D�O�L�J�Q�P�H�Q�W���R�I���P�R�W�R�U�V�����&�R�U�U�H�F�W���D�V���U�H�T�X�L�U�H�G��

�x�� �&�K�H�F�N���D�O�O���P�R�W�R�U���E�H�O�W���W�H�Q�V�L�R�Q�V�����&�R�U�U�H�F�W���D�V���U�H�T�X�L�U�H�G��

�x�� �&�K�H�F�N���D�O�L�J�Q�P�H�Q�W���R�I���S�X�O�O�H�\�V���I�R�U���D�O�O���E�H�O�W���G�U�L�Y�H�Q���E�O�R�Z�H�U�V��

�x�� �9�H�U�L�I�\���P�H�P�E�U�D�Q�H���P�R�G�X�O�H�V���D�U�H���V�H�F�X�U�H���Z�L�W�K�L�Q���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�V��–���L���H�����Y�H�U�L�I�\���Z�K�H�H�O���F�K�R�F�N�V��
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�P�R�G�X�O�H���F�D�V�V�H�W�W�H����
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�x�� �5�H�F�H�L�Y�H�� �D�Q�D�O�R�J�� �D�Q�G�� �G�L�J�L�W�D�O�� �L�Q�S�X�W�� �V�L�J�Q�D�O�V�� �I�U�R�P�� �W�K�H�� �V�Z�L�W�F�K�H�V�� �D�Q�G���W�U�D�Q�V�P�L�W�W�H�U�V�� �E�H�L�Q�J��
�F�R�Q�W�U�R�O�O�H�G����

�x�� �3�U�R�F�H�V�V���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q���X�V�L�Q�J���W�K�H���V�W�U�X�F�W�X�U�H���D�Q�G���U�X�O�H�V���H�Q�W�H�U�H�G���L�Q�W�R���W�K�H���S�U�R�J�U�D�P����
�x�� �*�H�Q�H�U�D�W�H���R�X�W�S�X�W�V���W�K�D�W���F�R�Q�W�U�R�O���W�K�H���H�T�X�L�S�P�H�Q�W�������W�X�U�Q���H�T�X�L�S�P�H�Q�W���2�)�)���R�U���2�1����
�x�� �*�H�Q�H�U�D�W�H���D�O�D�U�P�V���L�I���F�U�L�W�L�F�D�O���F�R�Q�G�L�W�L�R�Q�V���D�U�H���S�U�H�V�H�Q�W��
�x�� �3�U�R�Y�L�G�H�� �D�� �+�0�,�� ���+�X�P�D�Q�� �0�D�F�K�L�Q�H�� �,�Q�W�H�U�I�D�F�H���� �W�R�X�F�K���V�F�U�H�H�Q�� �I�R�U�� �H�D�V�H�� �R�I�� �R�S�H�U�D�W�R�U�� �S�U�R�F�H�V�V��

�P�R�Q�L�W�R�U�L�Q�J���D�Q�G���F�R�Q�W�U�R�O����
��
�������������+�0�,���&�R�Q�W�U�R�O���6�F�U�H�H�Q��
��
�$�Q���H�[�D�P�S�O�H���R�I���D�Q���+�0�,���&�R�Q�W�U�R�O���6�F�U�H�H�Q���L�V���S�U�R�Y�L�G�H�G���E�H�O�R�Z����
��

��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
�6�\�V�W�H�P���2�S�H�U�D�W�L�R�Q����

�x�� ���5�8�1�1�,�1�*���6�7�2�3�3�(�'�����,�Q�G�L�F�D�W�H�V���Z�K�H�W�K�H�U���W�K�H���V�\�V�W�H�P���L�V���F�X�U�U�H�Q�W�O�\���L�Q���W�K�H���5�8�1���P�R�G�H���R�U��
�W�X�U�Q�H�G���R�I�I����

�x�� �6�7�$�5�7���E�X�W�W�R�Q���S�X�W�V���W�K�H���V�\�V�W�H�P���L�Q���5�8�1���P�R�G�H���D�V���O�R�Q�J���D�V���W�K�H�U�H���D�U�H���Q�R���D�O�D�U�P�V���S�U�H�Y�H�Q�W�L�Q�J��
�W�K�H���V�W�D�U�W���X�S���R�I���W�K�H���V�\�V�W�H�P��

�x�� �6�7�2�3���E�X�W�W�R�Q���V�W�R�S�V���W�K�H���V�\�V�W�H�P���R�S�H�U�D�W�L�R�Q����

�x�� �5�(�6�(�7���E�X�W�W�R�Q���L�V���X�V�H�G���W�R���F�O�H�D�U���D�O�D�U�P�V���D�I�W�H�U���W�K�H�\���K�D�Y�H���E�H�H�Q���D�G�G�U�H�V�V�H�G��

�x�� �&�O�D�U�L�I�L�H�U���E�O�R�Z�H�U�V�����H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N���E�O�R�Z�H�U�V���D�Q�G���W�K�H���E�X�L�O�G�L�Q�J���I�D�Q���L�I���R�Q�����F�R�Q�W�L�Q�X�H���W�R���U�X�Q���H�Y�H�Q��
�D�I�W�H�U���W�K�H���6�7�2�3���E�X�W�W�R�Q���K�D�V���E�H�H�Q���S�U�H�V�V�H�G��

��
�7�K�H���0�%�5���Z�L�O�O���D�O�Z�D�\�V���U�H�P�D�L�Q���L�Q���D�X�W�R���U�X�Q���P�R�G�H�����X�Q�O�H�V�V���W�K�H���N�L�O�O���V�Z�L�W�F�K���L�V���S�U�H�V�V�H�G���R�U���S�R�Z�H�U���L�V��
�G�R�Z�Q����
��
�7�K�H���0�%�5���Z�L�O�O���D�X�W�R�P�D�W�L�F�D�O�O�\���U�H�V�W�D�U�W���D�I�W�H�U���S�R�Z�H�U���I�D�L�O�X�U�H����
��
�$���P�H�Q�X���W�R���Q�D�Y�L�J�D�W�H���W�K�U�R�X�J�K���W�K�H���S�U�R�F�H�V�V���D�Q�G���G�D�W�D���L�Q�I�R�U�P�D�W�L�R�Q���V�F�U�H�H�Q�V���L�V���S�U�R�Y�L�G�H�G���D�W���W�K�H���E�R�W�W�R�P��
�U�L�J�K�W���F�R�U�Q�H�U���R�I���W�K�H���+�0�,���V�F�U�H�H�Q��������
��
�:�K�H�Q���W�K�H���0�(�1�8���E�X�W�W�R�Q���L�V���S�U�H�V�V�H�G�����L�W���V�K�R�Z�V���D���O�L�V�W���R�I���L�Q�G�L�Y�L�G�X�D�O���V�F�U�H�H�Q�V���Z�L�W�K���D���V�F�U�R�O�O���E�D�U����

�x�� �7�R���J�R���W�R���D�Q�\���R�I���W�K�H���O�L�V�W�H�G���V�F�U�H�H�Q�V�����W�R�X�F�K���W�K�H���L�F�R�Q����

�x�� �7�R���J�R���E�D�F�N���W�R���W�K�H���P�D�L�Q���V�F�U�H�H�Q�����W�R�X�F�K���W�K�H���; ���E�X�W�W�R�Q����
��

��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

����
�6�F�U�H�H�Q���V�K�R�W�V���S�U�H�V�H�Q�W�H�G���L�Q���W�K�L�V���P�D�Q�X�D�O���D�U�H���I�R�U���H�[�D�P�S�O�H���R�Q�O�\��
�D�Q�G���P�D�\���Q�R�W���E�H���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���R�I���L�G�H�D�O���R�S�H�U�D�W�L�R�Q����

��

��
��
�������������+�2�$�����+�D�Q�G���2�I�I���$�X�W�R�����6�F�U�H�H�Q��
��
�7�K�L�V���V�F�U�H�H�Q���G�L�V�S�O�D�\�V���D�O�O���G�H�Y�L�F�H�V���F�R�Q�W�U�R�O�O�H�G���E�\���W�K�H���3�/�&�������8�Q�G�H�U���Q�R�U�P�D�O���R�S�H�U�D�W�L�R�Q�����D�X�W�R���P�R�G�H�������D�O�O��
�G�H�Y�L�F�H�V���D�U�H���V�H�W���L�Q���W�K�H���$�8�7�2���S�R�V�L�W�L�R�Q����
��

�x�� �(�D�F�K���3�/�&���F�R�Q�W�U�R�O�O�H�G���P�R�W�R�U���R�U���Y�D�O�Y�H���L�Q���W�K�H���V�\�V�W�H�P���K�D�V���D���+�D�Q�G���2�I�I���$�X�W�R�����+�2�$�����6�Z�L�W�F�K���W�R��
�F�R�Q�W�U�R�O���L�W�V���R�S�H�U�D�W�L�R�Q������

�x�� �7�K�H���+�$�1�'�����+�����S�R�V�L�W�L�R�Q���R�I���D���V�Z�L�W�F�K���L�V���X�V�H�G���I�R�U���W�H�V�W�L�Q�J���D�Q�G���W�U�R�X�E�O�H�V�K�R�R�W�L�Q�J���R�I���W�K�H���V�\�V�W�H�P����
�$�V���D���V�D�I�H�W�\���S�U�H�F�D�X�W�L�R�Q���W�R���S�U�H�Y�H�Q�W���G�D�P�D�J�H���W�R���H�T�X�L�S�P�H�Q�W�����W�K�H���H�T�X�L�S�P�H�Q�W���Z�L�O�O���R�S�H�U�D�W�H���I�R�U��
�W�Z�R���P�L�Q�X�W�H�V���L�Q���K�D�Q�G���P�R�G�H���D�Q�G���Z�L�O�O���W�K�H�Q���W�X�U�Q���2�)�)���D�Q�G���U�H�Y�H�U�W���W�R���W�K�H�����2�����S�R�V�L�W�L�R�Q����
�2�S�H�U�D�W�R�U�V���P�X�V�W���E�H���S�U�H�V�H�Q�W���Z�K�H�Q���H�T�X�L�S�P�H�Q�W���L�V���R�S�H�U�D�W�H�G���L�Q���W�K�H���P�D�Q�X�D�O���P�R�G�H����
��

��
����������

� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
�������������3�U�R�F�H�V�V���6�F�U�H�H�Q�V��
��
�7�K�H���P�D�L�Q���S�U�R�F�H�V�V���V�F�U�H�H�Q�V���D�U�H���D�F�F�H�V�V�H�G���I�U�R�P���W�K�H���P�D�L�Q���P�H�Q�X���R�I���W�K�H���+�0�,���F�R�Q�W�U�R�O���V�F�U�H�H�Q���������7�K�H�V�H��
�S�U�R�F�H�V�V���V�F�U�H�H�Q�V���D�U�H����
��

�x�� �,�Q�O�H�W��
�x�� �(�4���	���$�Q�R�[��
�x�� �$�H�U�D�W�L�R�Q��
�x� � � 0� %� 5� �

��
�1�R�W�H�������,�Q���W�K�H���I�R�O�O�R�Z�L�Q�J���V�H�F�W�L�R�Q�V���D�U�H���W�K�H���G�H�W�D�L�O�H�G���G�H�V�F�U�L�S�W�L�R�Q�V���R�I���W�K�H���P�D�L�Q���S�U�R�F�H�V�V�H�V����
��

��
��
��
�6�Z�L�W�F�K�H�V���D�U�H���L�Q�G�L�F�D�W�H�G���R�Q���W�K�H���+�0�,���D�V���I�R�O�O�R�Z�V����

�x�� �/�6�+�+��–���O�H�Y�H�O���V�Z�L�W�F�K���K�L�J�K���K�L�J�K����
�x� � � /� 6� +� �–���O�H�Y�H�O���V�Z�L�W�F�K���K�L�J�K��
�x� � � /� 6� /� /� �–���O�H�Y�H�O���V�Z�L�W�F�K���O�R�Z���O�R�Z��
�x� � � 7� 6� /� /� �–���W�H�P�S�H�U�D�W�X�U�H���V�Z�L�W�F�K���O�R�Z���O�R�Z��
�x� � � /� 6� /� �–���O�H�Y�H�O���V�Z�L�W�F�K���O�R�Z��
�x�� �3�6�/��–���S�U�H�V�V�X�U�H���V�Z�L�W�F�K���O�R�Z��

��
�6�W�D�W�X�V���R�I���W�K�H���V�Z�L�W�F�K�H�V���D�U�H���L�Q�G�L�F�D�W�H�G���D�V���I�R�O�O�R�Z�V����

�*�U�H�\���Z�K�H�Q���2�)�)��
�*�U�H�H�Q���Z�K�H�Q���2�1��
�5�(�' ���Z�K�H�Q���L�Q���$�O�D�U�P����

��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�7�D�Q�N���O�H�Y�H�O�V���D�U�H���L�Q�G�L�F�D�W�H�G���E�\���O�H�Y�H�O���V�Z�L�W�F�K���S�R�V�L�W�L�R�Q�V���D�Q�G���S�H�U�F�H�Q�W���I�X�O�O���Y�D�O�X�H�V���Z�K�H�U�H���O�H�Y�H�O��
�W�U�D�Q�V�P�L�W�W�H�U�V���D�U�H���S�U�R�Y�L�G�H�G�����)�R�U���H�[�D�P�S�O�H�����W�K�H���I�R�O�O�R�Z�L�Q�J���V�F�U�H�H�Q���V�K�R�Z�V���/�6�/�/���D�V���J�U�H�H�Q�����/�6�+�+���D�V��
�J�U�H�\���D�Q�G���W�K�H���S�H�U�F�H�Q�W���I�X�O�O���D�V���������������L�Q���7�1�.�������������7�K�L�V���L�Q�G�L�F�D�W�H�V���W�K�D�W���W�K�H���W�D�Q�N���L�V���������������I�X�O�O�����D�Q�G���W�K�H��
�Z�D�W�H�U���O�H�Y�H�O���L�V���D�E�R�Y�H���/�6�/�/���D�Q�G���E�H�O�R�Z���/�6�+�+����
��

��
��

�1�2�7�(�������7�R�X�F�K�L�Q�J���D���G�H�Y�L�F�H���R�Q���W�K�H���S�U�R�F�H�V�V���V�F�U�H�H�Q���Z�L�O�O���R�S�H�Q���D�Q���+�2�$���S�R�S�X�S���I�R�U���W�K�D�W���G�H�Y�L�F�H����

�x�� �7�K�H���G�H�Y�L�F�H���V�W�D�W�X�V���L�Q�G�L�F�D�W�R�U���F�R�O�R�U���F�R�G�L�Q�J���L�V���D�V���I�R�O�O�R�Z�V������������
��

�,�Q�G�L�F�D�W�R�U��
�&�R�O�R�U��

�2�S�H�U�D�W�L�R�Q�D�O���6�W�D�W�X�V��

�<�H�O�O�R�Z�� �0�D�Q�X�D�O���R�S�H�U�D�W�L�R�Q��

�2�U�D�Q�J�H�� �,�Q�W�H�U�O�R�F�N��

�5�H�G�� �)�D�L�O�X�U�H��

�*�U�H�H�Q�� �2�1�������2�.��

�3�X�U�S�O�H���,�Q�W�H�U�O�R�F�N�������&�R�P�P�X�Q�L�F�D�W�L�R�Q���I�D�L�O�X�U�H��

�3�L�Q�N�� �8�Q�N�Q�R�Z�Q��

�%�O�D�F�N�� �)�D�X�O�W�\���F�R�Q�W�D�F�W�R�U��

�*�U�H�\�� �2�I�I��

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
�������������+�0�,���$�O�D�U�P���6�F�U�H�H�Q��
��

�x�� �:�K�H�Q���W�K�H���$�/�$�5�0�6���E�X�W�W�R�Q���L�V���I�O�D�V�K�L�Q�J���U�H�G�����L�W���L�Q�G�L�F�D�W�H�V���D�Q���D�O�D�U�P���L�V���S�U�H�V�H�Q�W���L�Q���W�K�H���V�\�V�W�H�P����
�3�U�H�V�V���W�K�H���$�/�$�5�0�6���E�X�W�W�R�Q���W�R���E�H���U�R�X�W�H�G���W�R���W�K�H���$�F�W�L�Y�H���$�O�D�U�P�V���6�F�U�H�H�Q����

�x�� �7�R���F�O�H�D�U���D�O�D�U�P�V�����I�L�U�V�W���S�U�H�V�V���W�K�H���\�H�O�O�R�Z���5�(�6�(�7���E�X�W�W�R�Q���W�K�H�Q���S�U�H�V�V���W�K�H���I�O�D�V�K�L�Q�J���$�/�$�5�0�6��

�E�X�W�W�R�Q���W�R���Y�H�U�L�I�\���W�K�D�W���W�K�H���F�R�Q�G�L�W�L�R�Q���F�D�X�V�L�Q�J���W�K�H���D�O�D�U�P���K�D�V���E�H�H�Q���F�O�H�D�U�H�G������
��
�$�O�O���D�O�D�U�P�V���D�U�H���Y�L�V�X�D�O�O�\���L�Q�G�L�F�D�W�H�G���R�Q���D���E�H�D�F�R�Q���V�W�D�F�N���R�Q���W�K�H���U�R�R�I���R�I���W�K�H���H�[�W�H�U�L�R�U���R�I���W�K�H���F�R�Q�W�D�L�Q�H�U��
�D�Q�G���D�Q���D�O�D�U�P���O�L�J�K�W���R�Q���W�K�H���V�\�V�W�H�P���F�R�Q�W�U�R�O���S�D�Q�H�O����
��

�x� � � *� U� H� H� Q� �–���6�\�V�W�H�P���2�.��
�x�� �5�H�G���6�R�O�L�G��–���:�D�U�Q�L�Q�J���$�O�D�U�P��
�x� � � 5� H� G� �� )� O� D� V� K� L� Q� J� �–���&�U�L�W�L�F�D�O���$�O�D�U�P����
�x�� �1�R���/�L�J�K�W��–���/�R�V�V���R�I���3�R�Z�H�U��

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
��

��
��

��
��

�1�2�7�(�������$�O�O���K�L�J�K���O�H�Y�H�O���D�O�D�U�P�V�����L�G�H�Q�W�L�I�L�H�G���D�V���/�6�+�+���R�Q���3�	�,�'���D�Q�G���+�0�,�����L�Q�G�L�F�D�W�H���D���F�U�L�W�L�F�D�O��
�V�L�W�X�D�W�L�R�Q���I�R�U���L�P�P�L�Q�H�Q�W���W�D�Q�N���R�Y�H�U�I�O�R�Z���D�Q�G���F�R�X�O�G���U�H�V�X�O�W���L�Q���S�X�P�S���V�����V�K�X�W�W�L�Q�J���R�I�I���W�R���D�Y�R�L�G���R�Y�H�U�I�O�R�Z��
�V�L�W�X�D�W�L�R�Q�V����
��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

���������:�:�7�3���%�X�L�O�G�L�Q�J�V���8�W�L�O�L�W�L�H�V����
��
�������������3�R�Z�H�U���6�X�S�S�O�\��
��
�$���S�R�Z�H�U���P�R�Q�L�W�R�U���K�D�V���E�H�H�Q���L�Q�V�W�D�O�O�H�G���L�Q���W�K�H���P�D�L�Q���S�R�Z�H�U���G�L�V�W�U�L�E�X�W�L�R�Q���S�D�Q�H�O���W�R���H�Q�V�X�U�H���S�U�R�S�H�U���S�R�Z�H�U��
�D�Q�G���S�K�D�V�H���U�R�W�D�W�L�R�Q���L�V���G�H�O�L�Y�H�U�H�G���W�R���W�K�H���V�\�V�W�H�P��������
��
�$�O�D�U�P�V��
��

�$�O�D�U�P�� �$�O�D�U�P���'�H�V�F�U�L�S�W�L�R�Q�����$�F�W�X�D�W�L�R�Q���&�R�Q�W�U�R�O���'�H�O�D�\��
�6�H�O�I��

�5�H�V�H�W�W�L�Q�J����
���<����

�(�6�$������������ �(�P�H�U�J�H�Q�F�\���6�W�R�S���$�O�D�U�P���(�6�$������������� ���$�F�W�L�Y�H���,�P�P�H�G�L�D�W�H���<��

�3�:�5���)�$�,�/�� �3�R�Z�H�U���)�D�L�O�X�U�H�� ���� �,�P�P�H�G�L�D�W�H���<��

�3�/�&���)�/�7�� �3�/�&���)�D�X�O�W���'�H�W�H�F�W�H�G�� ���� �,�P�P�H�G�L�D�W�H���<��

�3�:�5���)�/�7�� �3�K�D�V�H���0�R�Q�L�W�R�U���)�D�X�O�W�����-�$������������� ���$�F�W�L�Y�H���,�P�P�H�G�L�D�W�H���<��

��
��
�������������(���6�W�R�S��
��
�(�P�H�U�J�H�Q�F�\���V�W�R�S���E�X�W�W�R�Q�V���D�U�H���O�R�F�D�W�H�G����

�x�� �2�Q���W�K�H���0�D�L�Q���&�R�Q�W�U�R�O���3�D�Q�H�O���L�Q���H�D�F�K���R�I���W�K�H���6�F�U�H�H�Q���%�X�L�O�G�L�Q�J�V��
�x�� �2�Q���W�K�H���&�R�Q�W�U�R�O���3�D�Q�H�O���L�Q�V�W�D�O�O�H�G���L�Q���H�D�F�K���S�U�R�F�H�V�V���W�U�D�L�Q��
�x�� �2�Q���W�K�H���0�D�L�Q���&�R�Q�W�U�R�O���3�D�Q�H�O���L�Q���W�K�H���6�O�X�G�J�H���%�X�L�O�G�L�Q�J��
�x�� �0�D�L�Q���&�R�Q�W�U�R�O���3�D�Q�H�O���L�Q���H�D�F�K���R�I���W�K�H���5�H�F�H�L�Y�L�Q�J���6�W�D�W�L�R�Q�V��
�x�� �7�K�H�U�H���L�V���D�Q���(���6�W�R�S���3�/�&���D�O�D�U�P���L�I���S�U�H�V�V�H�G����
��
��

��
�������������%�X�L�O�G�L�Q�J���7�H�P�S�H�U�D�W�X�U�H���&�R�Q�W�U�R�O����
��
�7�K�H���H�O�H�F�W�U�L�F���K�H�D�W�H�U�V���U�H�V�S�R�Q�G���W�R���W�K�H���W�H�P�S�H�U�D�W�X�U�H���V�H�W���S�R�L�Q�W���V�H�W���R�Q���W�K�H���L�Q�G�L�Y�L�G�X�D�O���K�H�D�W�H�U���7�6�/��
�W�H�P�S�H�U�D�W�X�U�H���V�Z�L�W�F�K�H�V�������,�I���W�K�H���E�X�L�O�G�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���I�D�O�O�V���E�H�O�R�Z���W�K�H���W�H�P�S�H�U�D�W�X�U�H���V�Z�L�W�F�K���V�H�W�W�L�Q�J�V����
�H�O�H�F�W�U�L�F���K�H�D�W�H�U�V���Z�L�O�O���W�X�U�Q���R�Q����������
��
�����������������/�R�J�L�F��
��

�7�$�*�� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F���� �2�X�W�S�X�W��
�7�\�S�H��

�+������������ �%�X�L�O�G�L�Q�J��
�+�H�D�W�H�U��

�$�O�Z�D�\�V���R�Q���L�Q�W�H�U�Q�D�O�O�\���F�R�Q�W�U�R�O�O�H�G���'�L�U�H�F�W�����Q�R�W���3�/�&���F�R�Q�W�U�R�O�H�G����

�+������������ �%�X�L�O�G�L�Q�J��
�+�H�D�W�H�U��

�$�O�Z�D�\�V���R�Q���L�Q�W�H�U�Q�D�O�O�\���F�R�Q�W�U�R�O�O�H�G���'�L�U�H�F�W�����Q�R�W���3�/�&���F�R�Q�W�U�R�O�H�G����

�+������������
�%�X�L�O�G�L�Q�J��
�+�H�D�W�H�U�� �$�O�Z�D�\�V���R�Q���L�Q�W�H�U�Q�D�O�O�\���F�R�Q�W�U�R�O�O�H�G���'�L�U�H�F�W�����Q�R�W���3�/�&���F�R�Q�W�U�R�O�H�G����

�+������������ �%�X�L�O�G�L�Q�J��
�+�H�D�W�H�U�� �$�O�Z�D�\�V���R�Q���L�Q�W�H�U�Q�D�O�O�\���F�R�Q�W�U�R�O�O�H�G���'�L�U�H�F�W�����Q�R�W���3�/�&���F�R�Q�W�U�R�O�H�G����

�+������������ �%�X�L�O�G�L�Q�J��
�+�H�D�W�H�U��

�$�O�Z�D�\�V���R�Q���L�Q�W�H�U�Q�D�O�O�\���F�R�Q�W�U�R�O�O�H�G���'�L�U�H�F�W�����Q�R�W���3�/�&���F�R�Q�W�U�R�O�H�G����

�+������������
�%�X�L�O�G�L�Q�J��
�+�H�D�W�H�U�� �$�O�Z�D�\�V���R�Q���L�Q�W�H�U�Q�D�O�O�\���F�R�Q�W�U�R�O�O�H�G���'�L�U�H�F�W�����Q�R�W���3�/�&���F�R�Q�W�U�R�O�H�G����



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�����������������$�O�D�U�P�V��
��

�$�O�D�U�P�� �$�O�D�U�P���'�H�V�F�U�L�S�W�L�R�Q�����$�F�W�X�D�W�L�R�Q���&�R�Q�W�U�R�O���'�H�O�D�\��
�6�H�O�I��

�5�H�V�H�W�W�L�Q�J����
���<����

�7�$�/�/������������ �7�H�P�S�H�U�D�W�X�U�H���$�O�D�U�P���/�R�Z���/�R�Z�� �7�6�/�/������������� ���$�F�W�L�Y�H�� ���V�� �<��

�7�$�/�/������������ �7�H�P�S�H�U�D�W�X�U�H���$�O�D�U�P���/�R�Z���/�R�Z�� �7�6�/�/������������� ���$�F�W�L�Y�H�� ���V�� �<��

�7�$�/�/������������ �/�R�Z���/�R�Z���7�H�P�S���$�D�O�U�P���� �/�6�/�/������������� ���$�F�W�L�Y�H�� ���� ����

��
��
�������������9�H�Q�W�L�O�D�W�L�R�Q��
��
�$���V�L�Q�J�O�H���I�D�Q�����)���������������O�R�F�D�W�H�G���L�Q���W�K�H���0�%�5���3�U�R�F�H�V�V���F�R�Q�W�D�L�Q�H�U���D�F�W�V���W�R���H�[�K�D�X�V�W���W�K�H���F�R�Q�W�D�L�Q�H�U���G�X�U�L�Q�J��
�W�K�H���Z�D�U�P�H�U���P�R�Q�W�K�V�������7�H�P�S�H�U�D�W�X�U�H���L�V���P�R�Q�L�W�R�U�H�G���E�\���W�K�H���W�H�P�S�H�U�D�W�X�U�H���V�H�Q�V�R�U���D�Q�G���D���K�L�J�K���V�H�W�S�R�L�Q�W��
�W�X�U�Q�V���W�K�H���H�[�K�D�X�V�W���I�D�Q���R�Q�������7�K�H�U�H���D�U�H���D�O�V�R���H�[�K�D�X�V�W���E�O�R�Z�H�U�V���W�R���G�H���U�D�W�H���F�O�D�V�V�L�I�L�H�G���D�U�H�D�V����
��
�����������������/�R�J�L�F��
��
��

�7�D�J�������0�R�G�H���'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F����
�2�X�W�S�X�W��
�7�\�S�H��

�+�2�$��
�&�R�Q�W�U�R�O����

�%������������ �9�H�Q�W�L�O�D�W�L�R�Q��
�%�O�R�Z�H�U��

�7�K�H���F�R�Q�W�L�Q�X�R�X�V���Y�H�Q�W�L�O�D�W�L�R�Q���E�O�R�Z�H�U���Z�L�O�O���D�O�Z�D�\�V���E�H���2�1������
�7�K�L�V���E�O�R�Z�H�U���L�V���X�V�H�G���D�V���P�H�D�Q�V���W�R���G�H���U�D�W�H���W�K�H���V�F�U�H�H�Q��

�E�X�L�O�G�L�Q�J���W�R���D���&�O�D�V�V�������'�L�Y�L�V�L�R�Q�������D�U�H�D�������$�L�U���H�[�F�K�D�Q�J�H�V���P�X�V�W��
�E�H���D���P�L�Q�L�P�X�P���R�I���������S�H�U���K�R�X�U����

�'�L�U�H�F�W�����Q�R�W��
�3�/�&���F�R�Q�W�U�R�O�H�G����

����

�%������������ �$�H�U�D�W�L�R�Q���(�[�K�D�X�V�W��
�%�O�R�Z�H�U�� �2�Q���Z�K�H�Q���%�������������������L�V���R�Q���2�5���%�������������������L�V���R�Q�����'�L�V�F�U�H�W�H�� �$�X�W�R��

�)������������ �%�X�L�O�G�L�Q�J���)�D�Q���$�O�Z�D�\�V���R�Q���F�R�Q�W�U�R�O�O�H�G���E�\���:�D�O�O���0�R�X�Q�W���7�H�U�P�R�V�W�D�W���'�L�U�H�F�W�����Q�R�W��
�3�/�&���F�R�Q�W�U�R�O�H�G����

����

��
�����������������$�O�D�U�P�V��
��

�$�O�D�U�P�� �$�O�D�U�P���'�H�V�F�U�L�S�W�L�R�Q���� �$�F�W�X�D�W�L�R�Q��
�&�R�Q�W�U�R�O�� �'�H�O�D�\��

�6�H�O�I��
�5�H�V�H�W�W�L�Q�J����

���<����
�1�R�W�H�V��

�3�$�/������������ �3�U�H�V�V�X�U�H���$�O�D�U�P���/�R�Z��
�3�6�/������������� ��

�,�Q�$�F�W�L�Y�H�� ���V�� �<��

�$�O�D�U�P���L�Q�G�L�F�D�W�H�V���S�R�V�V�L�E�O�H��
�F�R�Q�W�L�Q�X�R�X�V���Y�H�Q�W�L�O�D�W�L�R�Q��
�I�D�L�O�X�U�H�����L�Q�G�L�F�D�W�L�Q�J���U�L�V�N���W�K�D�W��
�W�K�H���U�R�R�P���P�D�\���E�H�F�R�P�H��
�&�O�D�V�V�������'�L�Y�L�V�L�R�Q�������U�D�W�H�G��������

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
���������3�U�R�F�H�V�V���1�D�U�U�D�W�L�Y�H��
��
��

��
��
�7�K�H���Z�D�V�W�H�Z�D�W�H�U���W�U�H�D�W�P�H�Q�W���S�O�D�Q�W���U�H�F�H�L�Y�H�V���W�Z�R���V�W�U�H�D�P�V���R�I���Z�D�V�W�H�Z�D�W�H�U�����7�K�H���I�L�U�V�W���V�R�X�U�F�H���L�V��
�G�R�P�H�V�W�L�F���Z�D�V�W�H�Z�D�W�H�U�����Z�K�L�F�K���L�V���I�H�G���G�L�U�H�F�W�O�\���W�R���W�K�H���I�L�Q�H���W�R���U�H�P�R�Y�H���D�Q�\���I�L�E�H�U�V���R�U���G�H�E�U�L�V���W�K�D�W���P�L�J�K�W��
�G�D�P�D�J�H���W�K�H���P�H�P�E�U�D�Q�H�V�����7�K�H���V�H�F�R�Q�G���V�R�X�U�F�H���L�V���N�L�W�F�K�H�Q���Z�D�V�W�H�Z�D�W�H�U���Z�K�L�F�K���L�V���S�U�H���W�U�H�D�W�H�G���L�Q���W�K�H��
�R�L�O���D�Q�G���J�U�H�D�V�H���W�D�Q�N�V���W�R���U�H�P�R�Y�H���R�L�O���D�Q�G���J�U�H�D�V�H���S�U�L�R�U���W�R���E�H�L�Q�J���I�H�G���L�Q�W�R���W�K�H���I�L�Q�H���V�F�U�H�H�Q�V�����7�K�H��
�F�R�P�E�L�Q�H�G���V�F�U�H�H�Q�H�G���Z�D�V�W�H�Z�D�W�H�U���L�V���S�X�P�S�H�G���W�R���W�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N�����7�1�.���������������7�K�H���H�T�X�D�O�L�]�D�W�L�R�Q��
�W�D�Q�N���E�X�I�I�H�U�V���Y�D�U�L�D�E�L�O�L�W�\���L�Q���W�K�H���L�Q�I�O�X�H�Q�W���I�O�R�Z���U�D�W�H���D�Q�G���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���L�Q�I�O�X�H�Q�W���F�R�Q�V�W�L�W�X�H�Q�W�V����
�P�D�L�Q�W�D�L�Q�L�Q�J���D���F�R�Q�V�L�V�W�H�Q�W���I�O�R�Z���U�D�W�H���D�Q�G���Z�D�V�W�H�Z�D�W�H�U���V�W�U�H�Q�J�W�K���W�K�U�R�X�J�K���W�K�H���0�%�5���V�\�V�W�H�P����
�:�D�V�W�H�Z�D�W�H�U���L�V���W�K�H�Q���S�X�P�S�H�G���I�U�R�P���W�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N���W�R���W�K�H���S�U�H���D�Q�R�[�L�F���W�D�Q�N�����7�1�.�������������I�R�U��
�G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q������
��
�,�Q���W�K�H���S�U�H���D�Q�R�[�L�F���W�D�Q�N���V�F�U�H�H�Q���Z�D�V�W�H�Z�D�W�H�U���F�R�Q�W�D�L�Q�L�Q�J���R�U�J�D�Q�L�F�V���L�V���F�R�P�E�L�Q�H�G���Z�L�W�K���U�H�F�\�F�O�H�G���P�L�[�H�G��
�O�L�T�X�R�U���I�U�R�P���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���F�R�Q�W�D�L�Q�L�Q�J���Q�L�W�U�D�W�H�V�����%�D�F�W�H�U�L�D���X�V�H���V�R�P�H���R�I���W�K�H���R�U�J�D�Q�L�F�V���W�R���G�U�L�Y�H���W�K�H��
�G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V�����F�R�Q�Y�H�U�W�L�Q�J���Q�L�W�U�D�W�H���L�Q�W�R���Q�L�W�U�R�J�H�Q���J�D�V�����7�K�L�V���S�U�R�F�H�V�V���R�F�F�X�U�V���L�Q���D�Q���D�Q�R�[�L�F��
�H�Q�Y�L�U�R�Q�P�H�Q�W���Z�K�H�U�H���W�K�H�U�H���L�V���P�L�Q�L�P�D�O���R�[�\�J�H�Q�����$�V���V�X�F�K���D���S�X�P�S���D�Q�G���H�G�X�F�W�R�U�V���D�U�H���X�V�H�G���W�R���P�L�[���W�K�H��
�W�D�Q�N���W�R���S�U�H�Y�H�Q�W���D�G�G�L�W�L�R�Q���R�I���R�[�\�J�H�Q�����7�K�H���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V���L�V���X�V�H�G���W�R���P�H�H�W���W�K�H���H�I�I�O�X�H�Q�W��
�Q�L�W�U�D�W�H���O�L�P�L�W�����U�H�G�X�F�H���R�[�\�J�H�Q���U�H�T�X�L�U�H�P�H�Q�W�V���D�Q�G���W�R���U�H�F�R�Y�H�U���D�O�N�D�O�L�Q�L�W�\�����W�K�X�V���U�H�G�X�F�L�Q�J���F�K�H�P�L�F�D�O��
�F�R�Q�V�X�P�S�W�L�R�Q������
��
�0�L�[�H�G���O�L�T�X�R�U���I�U�R�P���W�K�H���D�Q�R�[�L�F���W�D�Q�N���I�O�R�Z�V���E�\���J�U�D�Y�L�W�\���W�R���W�K�H���I�L�U�V�W���D�H�U�R�E�L�F���W�D�Q�N�����7�1�.�������������I�R�O�O�R�Z�H�G���E�\��
�W�K�H���V�H�F�R�Q�G���D�H�U�D�W�L�R�Q���W�D�Q�N�����7�1�.�������������I�R�U���D�H�U�R�E�L�F���E�L�R�O�R�J�L�F�D�O���G�H�J�U�D�G�D�W�L�R�Q���R�I���W�K�H���L�Q�I�O�X�H�Q�W��
�F�R�Q�V�W�L�W�X�H�Q�W�V�����R�U�J�D�Q�L�F�V���D�Q�G���D�P�P�R�Q�L�D�������,�Q���W�K�H���D�H�U�R�E�L�F���W�D�Q�N�V���W�K�H���Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V���F�R�Q�Y�H�U�W�V��
�D�P�P�R�Q�L�D���W�R���Q�L�W�U�D�W�H���L�Q���R�U�G�H�U���W�R���P�H�H�W���W�K�H���H�I�I�O�X�H�Q�W���D�P�P�R�Q�L�D���O�L�P�L�W�����7�K�L�V���S�U�R�F�H�V�V���F�R�Q�V�X�P�H�V��
�D�O�N�D�O�L�Q�L�W�\�����V�R���D���F�D�X�V�W�L�F���G�R�V�L�Q�J���S�X�P�S���L�V���X�V�H�G���W�R���F�R�Q�W�U�R�O���W�K�H���S�+�����$�G�G�L�W�L�R�Q�D�O�O�\�����O�L�T�X�L�G���D�O�X�P���L�V���G�R�V�H�G��
�L�Q�W�R���W�K�H���D�Q�R�[�L�F���]�R�Q�H���W�R���S�U�H�F�L�S�L�W�D�W�H���S�K�R�V�S�K�R�U�X�V���L�Q���R�U�G�H�U���W�R���P�H�H�W���W�K�H���H�I�I�O�X�H�Q�W���S�K�R�V�S�K�R�U�X�V���O�L�P�L�W����
�0�L�[�H�G���O�L�T�X�R�U���I�O�R�Z�V���E�\���J�U�D�Y�L�W�\���I�U�R�P���W�K�H���V�H�F�R�Q�G���D�H�U�D�W�L�R�Q���W�D�Q�N���W�R���W�K�H���S�R�V�W���D�Q�R�[�L�F���W�D�Q�N�����7�1�.������������
�I�R�U���I�L�Q�D�O���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�R�O�L�V�K�L�Q�J�����,�Q���W�K�H���S�R�V�W���D�Q�R�[�L�F���W�D�Q�N���W�K�H�U�H���D�U�H���P�L�Q�L�P�D�O���G�L�V�V�R�O�Y�H�G���L�Q�I�O�X�H�Q�W��
�R�U�J�D�Q�L�F�V���W�R���G�U�L�Y�H���W�K�H���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V�����$�V���V�X�F�K�����D�Q���H�[�W�H�U�Q�D�O���F�D�U�E�R�Q���V�R�X�U�F�H���L�Q���W�K�H���I�R�U�P���R�I��
�0�L�F�U�R���&���L�V���G�R�V�H�G���W�R���V�X�S�S�O�H�P�H�Q�W���W�K�H���R�U�J�D�Q�L�F�V���D�Q�G���G�U�L�Y�H���W�K�H���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V����
��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�0�L�[�H�G���O�L�T�X�R�U���L�V���S�X�P�S�H�G���I�U�R�P���W�K�H���S�R�V�W���D�Q�R�[�L�F���W�D�Q�N���W�R���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�V�����7�1�.�����������D�Q�G���7�1�.��
�������������7�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�V���V�H�U�Y�H���D�V���D�G�G�L�W�L�R�Q�D�O���Y�R�O�X�P�H���I�R�U���D�H�U�R�E�L�F���E�L�R�O�R�J�L�F�D�O���W�U�H�D�W�P�H�Q�W���W�R��
�U�H�P�R�Y�H���D�Q�\���H�[�F�H�V�V���0�L�F�U�R�&�����Z�K�L�F�K���Z�R�X�O�G���R�W�K�H�U���F�D�X�V�H���%�2�'���L�Q���W�K�H���H�I�I�O�X�H�Q�W�����D�Q�G���K�R�X�V�H���W�K�H��
�P�H�P�E�U�D�Q�H���I�L�O�W�H�U�V���X�V�H�G���I�R�U���V�R�O�L�G���O�L�T�X�L�G���V�H�S�D�U�D�W�L�R�Q�����7�U�H�D�W�H�G���H�I�I�O�X�H�Q�W���L�V���G�U�D�Z�Q���W�K�U�R�X�J�K���W�K�H��
�P�H�P�E�U�D�Q�H�V���E�\���Y�D�F�X�X�P���S�X�P�S�V����
��
�6�L�Q�F�H���W�K�H���V�R�O�L�G���O�L�T�X�L�G���V�H�S�D�U�D�W�L�R�Q���S�U�R�F�H�V�V���U�H�V�X�O�W�V���L�Q���D�Q���D�F�F�X�P�X�O�D�W�L�R�Q���R�I���V�R�O�L�G�V���L�Q���W�K�H���P�H�P�E�U�D�Q�H��
�W�D�Q�N�����W�K�H���P�L�[�H�G���O�L�T�X�R�U�����F�R�Q�W�D�L�Q�L�Q�J���E�R�W�K���V�R�O�L�G�V���D�Q�G���I�L�O�W�U�D�W�H�����L�V���F�R�Q�W�L�Q�X�R�X�V�O�\���U�H�F�\�F�O�H�G���W�R���W�K�H���I�L�U�V�W��
�D�H�U�D�W�L�R�Q���W�D�Q�N�����7�1�.���������������7�K�L�V���S�U�H�Y�H�Q�W�V���H�[�F�H�V�V�L�Y�H���V�R�O�L�G�V���E�X�L�O�G���X�S���L�Q���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�����D�Q�G��
�P�D�L�Q�W�D�L�Q�V���V�X�I�I�L�F�L�H�Q�W���E�L�R�P�D�V�V���L�Q���W�K�H���D�Q�R�[�L�F���D�Q�G���D�H�U�D�W�L�R�Q���W�D�Q�N�V�����7�K�H���V�R�O�L�G�V���W�K�D�W���D�F�F�X�P�X�O�D�W�H���L�Q���W�K�H��
�V�\�V�W�H�P���F�R�Q�V�L�V�W���R�I���E�L�R�P�D�V�V���W�K�D�W���K�D�Y�H���J�U�R�Z�Q���I�U�R�P���W�K�H���L�Q�I�O�X�H�Q�W���R�U�J�D�Q�L�F�V���D�Q�G���D�P�P�R�Q�L�D�����D�V���Z�H�O�O���D�V��
�Q�R�Q���E�L�R�G�H�J�U�D�G�D�E�O�H���V�R�O�L�G�V���I�U�R�P���W�K�H���L�Q�I�O�X�H�Q�W���Z�D�V�W�H�Z�D�W�H�U�����,�Q���R�U�G�H�U���W�R���P�D�L�Q�W�D�L�Q���D�Q���R�S�W�L�P�D�O��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���P�L�[�H�G���O�L�T�X�R�U���V�X�V�S�H�Q�G�H�G���V�R�O�L�G�V�����0�/�6�6�������W�\�S�L�F�D�O�O�\���������J���/�������D���S�R�U�W�L�R�Q���R�I���W�K�H���P�L�[�H�G��
�O�L�T�X�R�U���L�V���S�H�U�L�R�G�L�F�D�O�O�\���Z�D�V�W�H�G���E�\���S�X�P�S�L�Q�J���I�U�R�P���W�K�H���$�H�U�D�W�L�R�Q���7�D�Q�N�����7�1�.�������������W�R���W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J��
�W�D�Q�N�����7�1�.���������������:�D�V�W�H�G���V�O�X�G�J�H���L�Q���W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N���L�V���W�K�L�F�N�H�Q�H�G���E�\���G�H�F�D�Q�W�L�Q�J��
�V�X�S�H�U�Q�D�W�D�Q�W���E�D�F�N���W�R���W�K�H���V�F�U�H�H�Q���W�D�Q�N�����7�K�L�F�N�H�Q�H�G���V�O�X�G�J�H���D�F�F�X�P�X�O�D�W�H�V���L�Q���W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N�V��
�X�Q�W�L�O���L�W���L�V���H�Y�H�Q�W�X�D�O�O�\���S�X�P�S�H�G���R�X�W���I�R�U���G�L�V�S�R�V�D�O����
��
��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

���������.�L�W�F�K�H�Q���,�Q�O�H�W���0�R�G�X�O�H�����7�1�.�����������������������0�R�G�X�O�H��
��
�$���V�F�K�H�P�D�W�L�F���R�I���W�K�H���.�L�W�F�K�H�Q���,�Q�O�H�W���0�R�G�X�O�H���L�V���O�R�F�D�W�H�G���R�Q���W�K�H���,�1�/�(�7���+�0�,���V�F�U�H�H�Q���D�Q�G���V�K�R�Z�Q���E�H�O�R�Z����
��

��
��
�������������)�X�Q�F�W�L�R�Q��
��
�7�K�H���:�D�V�W�H���:�D�W�H�U���7�U�H�D�W�P�H�Q�W���3�O�D�Q�W���D�F�F�H�S�W�V���Z�D�V�W�H���Z�D�W�H�U���I�U�R�P���W�K�H���O�R�F�D�O���N�L�W�F�K�H�Q���Z�K�L�F�K���F�R�Q�W�D�L�Q�V��
�N�L�W�F�K�H�Q���R�L�O�V���D�Q�G���J�U�H�D�V�H�V�������7�K�H�V�H���Q�H�H�G���W�R���E�H���U�H�P�R�Y�H�G���S�U�L�R�U���W�R���E�H�L�Q�J���I�H�G���L�Q�W�R���W�K�H���I�L�Q�H���V�F�U�H�H�Q�V������
�7�K�L�V���L�V���G�R�Q�H���E�\���X�V�L�Q�J���7�1�.�������������������D�V���J�U�H�D�V�H���W�U�D�S�V�������7�K�H���N�L�W�F�K�H�Q���Z�D�V�W�H���Z�D�W�H�U���H�Q�W�H�U�V���7�1�.������������
�W�K�H���V�R�O�L�G���I�R�R�G���S�D�U�W�L�F�O�H�V���V�L�Q�N���W�R���W�K�H���E�R�W�W�R�P�����Z�K�L�O�H���O�L�J�K�W�H�U���J�U�H�D�V�H���D�Q�G���R�L�O���I�O�R�D�W�V���W�R���W�K�H���W�R�S�����7�K�H��
�U�H�O�D�W�L�Y�H�O�\���J�U�H�D�V�H���I�U�H�H���Z�D�W�H�U���L�V���W�K�H�Q���I�H�G���L�Q�W�R���7�1�.�����������Z�K�H�U�H���W�K�H���S�U�R�F�H�V�V���L�V���U�H�S�H�D�W�H�G���W�R���I�X�U�W�K�H�U��
�V�H�S�D�U�D�W�H���W�K�H���R�L�O�V���D�Q�G���J�U�H�D�V�H�V���I�U�R�P���W�K�H���Z�D�V�W�H���Z�D�W�H�U�������7�K�H���V�D�P�H���D�S�S�O�L�H�V���W�R���7�1�.�������������7�K�H���Z�D�V�W�H��
�Z�D�W�H�U���L�V���W�K�H�Q���I�H�G���W�R���W�K�H���I�L�Q�H���V�F�U�H�H�Q�V����
��
�������������,�Q�S�X�W�V��
��

�7�$�*�� �'�H�V�F�U�L�S�W�L�R�Q���,�Q�S�X�W���7�\�S�H��
�+�0�,��

�'�L�V�S�O�D�\��
�8�Q�L�W�V��

�'�H�Y�L�F�H��
�5�D�Q�J�H���D�Q�G��

�8�Q�L�W�V��

�'�H�Y�L�F�H��
�6�S�D�Q���3�/�&��

�6�F�D�O�H��

�'�D�W�D�O�R�J����
���<����

�7�U�H�Q�G�L�Q�J����
���<����

�)�,�7���������� �)�O�R�Z���,�Q�G�L�F�D�W�L�Q�J���7�U�D�Q�V�P�L�W�W�H�U���$�Q�D�O�R�J�� �*�3�0�� �����������O�S�P�� �����������O�S�P�� �<�� �<��

�)�4�,���������� �)�O�R�Z���7�R�W�D�O�L�]�H�U�� �'�L�V�F�U�H�W�H��
�1���2����

�3�X�O�V�H���*�D�O�������O�L�W�H�U����
�3�X�O�V�H��

���� ���� ����

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K�� �'�L�V�F�U�H�W�H��
�1���&���� ����

���� ���� ���� ����

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K��
�'�L�V�F�U�H�W�H��

�1���&���� ����
���� ���� ���� ����

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K�� �'�L�V�F�U�H�W�H��
�1���&���� ����

���� ���� ���� ����



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�������������6�H�W�S�R�L�Q�W�V��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q���� �)�D�F�W�R�U�\��
�6�H�W�S�R�L�Q�W��

�6�H�W�S�R�L�Q�W���5�D�Q�J�H��
�D�Q�G���8�Q�L�W�V��

�6�H�W�S�R�L�Q�W���&�K�D�Q�J�H��
�&�R�Q�W�U�R�O��

�$�O�D�U�P���V�H�W�S�R�L�Q�W��
���<���1����

�)�7�$�+����������
�6�3��

�)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P��
�+�L�J�K���6�H�W�S�R�L�Q�W�� ������ �������������*�3�0�� �2�S�H�Q�� �<��

��
�������������/�R�J�L�F��
��

�7�$�*�� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F����
�$�O�D�U�P��

�,�Q�W�H�U�D�F�W�L�R�Q�V��
�+�2�$��

�&�R�Q�W�U�R�O����

�<�&���������� �5�H�D�G�\���&�R�Q�W�D�F�W��
�2�Q���Z�K�H�Q���/�6�+�+��������������������������
���������D�Q�G���/�6�+�+����������������������

�D�Q�G���/�6�+�+�����������D�U�H���Q�R�W���2�1��

�$�O�O���/�6�+�+�
�V���L�Q��
�W�K�H���L�Q�O�H�W���D�U�H�D��

�+�2�$��

��
�������������$�O�D�U�P�V��
��

�$�O�D�U�P�� �$�O�D�U�P���'�H�V�F�U�L�S�W�L�R�Q���� �$�F�W�X�D�W�L�R�Q���&�R�Q�W�U�R�O���'�H�O�D�\��
�6�H�O�I��

�5�H�V�H�W�W�L�Q�J����
���<����

�)�7�$�+���������� �)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P��
�+�L�J�K��

�)�,�7�����������!���)�7�$�+�����������6�3�� �����V�� ����

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� �<��

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� �<��

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� �<��

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
���������)�L�Q�H���6�F�U�H�H�Q�V�����6�&�5�����������������������0�R�G�X�O�H��
��
�$���V�F�K�H�P�D�W�L�F���R�I���W�K�H���)�L�Q�H���6�F�U�H�H�Q�V���D�U�H���O�R�F�D�W�H�G���R�Q���W�K�H���,�1�/�(�7���+�0�,���V�F�U�H�H�Q���D�Q�G���V�K�R�Z�Q���E�H�O�R�Z����
��

��
��
�������������)�X�Q�F�W�L�R�Q��
��
�&�D�P�S���G�R�P�H�V�W�L�F���D�Q�G���N�L�W�F�K�H�Q���Z�D�V�W�H�Z�D�W�H�U���L�V���L�Q�W�R���W�K�H���I�L�Q�H���V�F�U�H�H�Q�V�����6�&�5�������������������������7�K�H���V�F�U�H�H�Q�L�Q�J��
�S�U�R�F�H�V�V���L�V���S�U�R�Y�L�G�H�G���W�R���U�H�P�R�Y�H���K�D�L�U�����D�Q�G���I�L�E�U�R�X�V���P�D�W�H�U�L�D�O�V���I�U�R�P���W�K�H���V�X�S�S�O�L�H�G���Z�D�V�W�H�Z�D�W�H�U���W�K�D�W��
�P�L�J�K�W���G�D�P�D�J�H���W�K�H���P�H�P�E�U�D�Q�H�V�������7�K�H���V�F�U�H�H�Q�L�Q�J���D�U�H���F�R�O�O�H�F�W�H�G���L�Q���E�X�U�O�D�S���E�D�J�V���W�K�D�W���Q�H�H�G���W�R���E�H��
�U�H�P�R�Y�H�G���G�D�L�O�\�����7�K�H���Z�D�V�W�H���Z�D�W�H�U���L�V���W�K�H�Q���S�X�P�S�H�G���W�R���W�K�H���(�4���7�D�Q�N����
��
�������������,�Q�S�X�W�V��
��

�7�$�*�� �'�H�V�F�U�L�S�W�L�R�Q�� �,�Q�S�X�W���7�\�S�H���+�0�,���'�L�V�S�O�D�\��
�8�Q�L�W�V��

�'�H�Y�L�F�H��
�5�D�Q�J�H���D�Q�G��

�8�Q�L�W�V��

�'�H�Y�L�F�H��
�6�S�D�Q���3�/�&��

�6�F�D�O�H��

�'�D�W�D�O�R�J����
���<����

�7�U�H�Q�G�L�Q�J����
���<����

�)�,�7���������� �)�O�R�Z���,�Q�G�L�F�D�W�L�Q�J���7�U�D�Q�V�P�L�W�W�H�U���$�Q�D�O�R�J�� �*�3�0�� �����������O�S�P�� �����������O�S�P�� �<�� �<��

�)�4�,���������� �)�O�R�Z���7�R�W�D�O�L�]�H�U�� �'�L�V�F�U�H�W�H���1���2�����3�X�O�V�H���*�D�O�������O�L�W�H�U����
�3�X�O�V�H�� ���� ���� ����

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K�� �'�L�V�F�U�H�W�H���1���&�������� ���� ���� ���� ����

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K���'�L�V�F�U�H�W�H���1���&�������� ���� ���� ���� ����

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K�� �'�L�V�F�U�H�W�H���1���&�������� ���� ���� ���� ����

�/�6�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K�� �'�L�V�F�U�H�W�H���1���&����
����

���� ���� ���� ����

�/�6�/���������� �/�H�Y�H�O���6�Z�L�W�F�K���/�R�Z���/�R�Z�� �'�L�V�F�U�H�W�H���1���2����
����

���� ���� ���� ����



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�������������6�H�W�S�R�L�Q�W�V��
��

�7�$�*�� �'�H�V�F�U�L�S�W�L�R�Q���� �)�D�F�W�R�U�\��
�6�H�W�S�R�L�Q�W��

�6�H�W�S�R�L�Q�W���5�D�Q�J�H��
�D�Q�G���8�Q�L�W�V��

�6�H�W�S�R�L�Q�W���&�K�D�Q�J�H��
�&�R�Q�W�U�R�O��

�$�O�D�U�P���V�H�W�S�R�L�Q�W��
���<���1����

�)�7�$�+����������
�6�3��

�)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P��
�+�L�J�K���6�H�W�S�R�L�Q�W�� ������ �������������*�3�0�� �2�S�H�Q�� �<��

��
�������������/�R�J�L�F��
��

�7�$�*�� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F����
�$�O�D�U�P��

�,�Q�W�H�U�D�F�W�L�R�Q�V��
�2�X�W�S�X�W��
�7�\�S�H��

�+�R�X�U��
�0�H�W�H�U��

�+�2�$��
�&�R�Q�W�U�R�O����

�<�&���������� �5�H�D�G�\���&�R�Q�W�D�F�W��
�2�Q���Z�K�H�Q�����/�6�+�����������������������D�Q�G���/�6�+�+��

���������D�U�H���Q�R�W���2�1�� ���� ���� ���� �+�2�$��

�6�&�5���������� �,�Q�O�H�W���6�F�U�H�H�Q��

�7�K�H���L�Q�O�H�W���V�F�U�H�H�Q���Z�L�O�O���E�H���2�1���Z�K�H�Q��
�L�Q�I�O�X�H�Q�W���I�O�R�Z���L�V���G�H�W�H�F�W�H�G���Y�L�D���I�O�R�Z��

�W�U�D�Q�V�P�L�W�W�H�U���)�,�7�������������7�K�H���V�F�U�H�H�Q���Z�L�O�O��
�U�X�Q���I�R�U�������P�L�Q�X�W�H���D�I�W�H�U���L�Q�I�O�X�H�Q�W���I�O�R�Z��

�K�D�V���V�W�R�S�S�H�G���Y�L�D���I�O�R�Z���W�U�D�Q�V�P�L�W�W�H�U���)�,�7��
����������

�,�I���W�K�H���K�L�J�K���K�L�J�K���O�H�Y�H�O���V�Z�L�W�F�K���/�6�+�+��
���������R�Q���W�K�H���V�F�U�H�H�Q���L�V���2�1���W�K�H�Q���W�K�H��
�L�Q�O�H�W���V�F�U�H�H�Q���6�&�5�����������Z�L�O�O���E�H���2�1����

���� �'�L�V�F�U�H�W�H���<�� �+�2�$��

�6�&�5���������� �,�Q�O�H�W���6�F�U�H�H�Q�� �6�D�P�H���D�V���6�&�5���������� ���� �'�L�V�F�U�H�W�H���<�� �+�2�$��

�3���������� �6�F�U�H�H�Q���7�U�D�Q�V�I�H�U��
�3�X�P�S��

�7�K�H���S�X�P�S���Z�L�O�O���E�H���2�1���Z�K�H�Q���W�K�H���/�6�+��
���������W�X�U�Q���R�Q���D�V���O�R�Q�J���D�V���/�7��������������

�/�7�+�����������V�S���V�H�W�S�R�L�Q�W����
�W�K�H���S�X�P�S���Z�L�O�O���W�X�U�Q���R�I�I���Z�K�H�Q���W�K�H���/�6�/��

���������W�X�U�Q�V���R�I�I��

�/�$�+�+���������� �'�L�V�F�U�H�W�H���<�� �+�2�$��

�3����������
�6�F�U�H�H�Q���7�U�D�Q�V�I�H�U��

�3�X�P�S��
�7�K�L�V���S�X�P�S���U�X�Q�V���G�X�W�\���V�W�D�Q�G�E�\���Z�L�W�K���3��

���������Z�L�W�K���D�����������U�D�W�R���/�$�+�+���������� �'�L�V�F�U�H�W�H���<�� �+�2�$��

��
�������������$�O�D�U�P�V��
��

�$�O�D�U�P�� �$�O�D�U�P���'�H�V�F�U�L�S�W�L�R�Q���� �$�F�W�X�D�W�L�R�Q���&�R�Q�W�U�R�O���'�H�O�D�\��
�6�H�O�I��

�5�H�V�H�W�W�L�Q�J����
���<����

�)�7�$�+����������
�)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P��
�+�L�J�K�� �)�,�7�����������!���)�7�$�/�����������6�3�� �����V�� ����

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� �<��

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� �<��

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� �<��

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

���������(�T�X�D�O�L�]�D�W�L�R�Q���7�D�Q�N�����7�1�.���������������0�R�G�X�O�H��
��
�$���V�F�K�H�P�D�W�L�F���R�I���W�K�H���(�T�X�D�O�L�]�D�W�L�R�Q���7�D�Q�N�����7�1�.�������������L�V���O�R�F�D�W�H�G���R�Q���W�K�H���(�4���	���3�5�(���$�1�2�;�,�&���+�0�,��
�V�F�U�H�H�Q���D�Q�G���V�K�R�Z�Q���E�H�O�R�Z����
��

��
��
�������������)�X�Q�F�W�L�R�Q��
��
�7�K�H���(�4���7�D�Q�N�����7�1�.�������������E�X�I�I�H�U�V���Y�D�U�L�D�E�L�O�L�W�\���L�Q���W�K�H���L�Q�I�O�X�H�Q�W���I�O�R�Z���U�D�W�H���W�R���P�D�L�Q�W�D�L�Q���D���F�R�Q�V�L�V�W�H�Q�W���I�O�R�Z��
�U�D�W�H���W�K�U�R�X�J�K���W�K�H���P�H�P�E�U�D�Q�H�V���D�Q�G���W�R���U�H�G�X�F�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���I�O�X�F�W�X�D�W�L�R�Q�V���R�I���L�Q�I�O�X�H�Q�W���F�R�Q�V�W�L�W�X�H�Q�W�V��
���L���H�����%�2�'�����7�6�6���H�W�F�������W�K�U�R�X�J�K���W�K�H���0�%�5���W�U�H�D�W�P�H�Q�W���V�\�V�W�H�P�������:�D�V�W�H�Z�D�W�H�U���H�Q�W�H�U�L�Q�J���W�K�H���Q�H�Z�W�H�U�U�D��
�0�%�5���Z�L�O�O���I�L�U�V�W���K�D�Y�H���X�Q�G�H�U�J�R�Q�H���S�U�H���W�U�H�D�W�P�H�Q�W���E�\���I�L�Q�H���V�F�U�H�H�Q�V���D�Q�G���J�U�H�D�V�H���W�U�D�S�V�����N�L�W�F�K�H�Q���Z�D�V�W�H��������
�7�K�H���Z�D�V�W�H���Z�D�W�H�U���L�V���W�K�H�Q���S�X�P�S�H�G���W�R���W�K�H���3�U�H���$�Q�R�[���7�D�Q�N����
��
�������������,�Q�S�X�W�V��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q���,�Q�S�X�W���7�\�S�H��
�+�0�,��

�'�L�V�S�O�D�\��
�8�Q�L�W�V��

�'�H�Y�L�F�H��
�5�D�Q�J�H���D�Q�G��

�8�Q�L�W�V��

�'�H�Y�L�F�H��
�6�S�D�Q���3�/�&��

�6�F�D�O�H��

�'�D�W�D�O�R�J����
���<����

�7�U�H�Q�G�L�Q�J����
���<����

�1�R�W�H�V��

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K��
�+�L�J�K���+�L�J�K��

�'�L�V�F�U�H�W�H��
�1���&���� ����

���� ���� ���� ���� ����

�/�7����������
�/�H�Y�H�O��
�7�U�D�Q�V�P�L�W�W�H�U���$�Q�D�O�R�J�� ���� �����������I�W�:�&�� �����������I�W�:�&�� �<�� �<�� ����

�7�7���������� �7�H�P�S�H�U�D�W�X�U�H��
�7�U�D�Q�V�P�L�W�W�H�U�� �$�Q�D�O�R�J�� �ƒ�&�� �����������F�� �����������F�� �Q�� �Q�� �$�G�G�H�G���W�R���6�\�V�W�H�P����

�/�6�/�/���������� �/�H�Y�H�O���6�Z�L�W�F�K��
�/�R�Z���/�R�Z��

�'�L�V�F�U�H�W�H��
�1���2���� ���� ���� ���� ���� ����

�0�X�V�W���E�H���D�E�R�Y�H��
�D�O�O���L�P�P�H�U�V�L�R�Q��
�K�H�D�W�H�U�V���L�Q���7�D�Q�N��

�3�6�/����������
�3�U�H�V�V�X�U�H���6�Z�L�W�F�K��
�/�R�Z��

�'�L�V�F�U�H�W�H��
�1���&���� ����

�����������:�&�� ���� ���� ���� ����



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�������������6�H�W�S�R�L�Q�W�V��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q�����)�D�F�W�R�U�\��
�6�H�W�S�R�L�Q�W��

�6�H�W�S�R�L�Q�W���5�D�Q�J�H��
�D�Q�G���8�Q�L�W�V��

�6�H�W�S�R�L�Q�W��
�&�K�D�Q�J�H��
�&�R�Q�W�U�R�O��

�$�O�D�U�P��
�V�H�W�S�R�L�Q�W��

���<���1����
�1�R�W�H�V��

�/�7�/�����������6�3��
�/�H�Y�H�O��

�7�U�D�Q�V�P�L�W�W�H�U���/�R�Z��
�6�H�W�S�R�L�Q�W��

�������� �������������� �2�S�H�Q�� ���� ����

�/�7�+�)�/�8�;��
���������6�3��

�+�L�J�K���)�O�X�[���/�H�Y�H�O��
�6�H�W�W�L�Q�J��

�������� �������������� ���� ����

�3�X�W�V���W�K�H���0�%�5��
�3�H�U�P�H�D�W�H���S�X�P�S�V��
�L�Q�W�R���+�L�J�K���)�O�X�[��
�0�R�G�H��

�/�7�+����������
�6�3��

�/�H�Y�H�O��
�7�U�D�Q�V�P�L�W�W�H�U���+�L�J�K��

�6�H�W�S�R�L�Q�W��
�������� ���������������� �2�S�H�Q�� ���� ����

��
�������������/�R�J�L�F��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F�����$�O�D�U�P��
�,�Q�W�H�U�D�F�W�L�R�Q�V��

�2�X�W�S�X�W��
�7�\�S�H��

�+�R�X�U��
�0�H�W�H�U��

�+�2�$��
�&�R�Q�W�U�R�O����

�+���������� �7�D�Q�N���+�H�D�W�H�U��
�2�Q���Z�K�H�Q���7�7�������������������&��
�2�I�I���Z�K�H�Q���7�7�����������!�����&�� �/�$�/�/���������� �'�L�V�F�U�H�W�H�� ���� ����

�+���������� �7�D�Q�N���+�H�D�W�H�U���6�D�P�H���D�V���+���������� �/�$�/�/���������� �'�L�V�F�U�H�W�H�� ���� ����

�3���������� �(�4���7�U�D�Q�V�I�H�U��
�3�X�P�S��

�7�K�H���(�4���S�X�P�S���Z�L�O�O���E�H���2�1��
�Z�K�H�Q���W�K�H���(�4���O�H�Y�H�O��

�W�U�D�Q�V�P�L�W�W�H�U���/�7�����������!���/�7�/��
���������6�3���D�Q�G���W�K�H���D�H�U�D�W�L�R�Q��
�W�D�Q�N���O�H�Y�H�O���W�U�D�Q�V�P�L�W�W�H�U���/�7��

�������������/�7�+�����������6�3��
�7�K�H���(�4���S�X�P�S���Z�L�O�O���E�H���2�)�)��

�Z�K�H�Q���W�K�H���(�4���O�H�Y�H�O��
�W�U�D�Q�V�P�L�W�W�H�U�����/�7���������������/�7�/��
���������6�3���2�5���/�6�/�/����������� ��
�,�Q�$�F�W�L�Y�H���2�5���W�K�H���D�H�U�D�W�L�R�Q��
�W�D�Q�N���O�H�Y�H�O���W�U�D�Q�V�P�L�W�W�H�U���/�7��
���������!���/�7�+�����������6�3���2�5��

�/�6�+�+�����������L�V���D�F�W�L�Y�H��
�5�X�Q�V���'�X�W�\���Z�L�W�K���3�����������D�V��

�6�W�D�Q�G�E�\����

�7�X�U�Q�V���2�)�)����
�/�$�+�+����������
�/�$�+�+����������
�/�$�/�/����������

�'�L�V�F�U�H�W�H�� �<�� �+�2�$��

�3���������� �(�4���7�U�D�Q�V�I�H�U��
�3�X�P�S��

�7�K�L�V���S�X�P�S���U�X�Q�V���G�X�W�\��
�V�W�D�Q�G�E�\���Z�L�W�K���3�����������Z�L�W�K���D��

���������U�D�W�R��
���� �'�L�V�F�U�H�W�H�� �<�� �+�2�$��

�%���������� �(�4���%�O�R�Z�H�U��
�7�K�H���(�4���E�O�R�Z�H�U���Z�L�O�O���E�H���2�1��

�Z�K�H�Q���W�K�H���6�\�V�W�H�P���L�V���L�Q��
�5�X�Q���	���/�6�/�/�����������L�V���D�F�W�L�Y�H����

���� �'�L�V�F�U�H�W�H�� �<�� �+�2�$��

�%���������� �(�4���%�O�R�Z�H�U��
�5�X�Q�V���'�X�W�\���V�W�D�Q�G�E�\���Z�L�W�K��

�%�����������V�Z�L�W�F�K�L�Q�J���H�Y�H�U�\����������
�K�R�X�U�V��

���� �'�L�V�F�U�H�W�H�� �<�� �+�2�$��

��
��
��
��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�������������$�O�D�U�P�V��
��

�$�O�D�U�P�� �$�O�D�U�P���'�H�V�F�U�L�S�W�L�R�Q���� �$�F�W�X�D�W�L�R�Q��
�&�R�Q�W�U�R�O�� �'�H�O�D�\��

�6�H�O�I��
�5�H�V�H�W�W�L�Q�J����

���<����

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K��
�/�6�+�+����������� ��

�$�F�W�L�Y�H�� ���V�� �<��

�/�$�/�/���������� �/�H�Y�H�O���$�O�D�U�P���/�R�Z���/�R�Z�� �/�6�/�/����������� ���2�I�I�� ���V�� �<��

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
���������3�U�H���$�Q�R�[���7�D�Q�N�����7�1�.�������������0�R�G�X�O�H��
��
�$���V�F�K�H�P�D�W�L�F���R�I���W�K�H���3�U�H���$�Q�R�[���7�D�Q�N�����7�1�.�������������L�V���O�R�F�D�W�H�G���R�Q���W�K�H���(�4���	���3�5�(���$�1�2�;�,�&���+�0�,���V�F�U�H�H�Q��
�D�Q�G���V�K�R�Z�Q���E�H�O�R�Z����
��

��
��
�������������)�X�Q�F�W�L�R�Q��
��
�,�Q���W�K�H���S�U�H���D�Q�R�[�L�F���W�D�Q�N�����7�1�.���������������W�K�H���Z�D�V�W�H�Z�D�W�H�U���F�R�Q�W�D�L�Q�L�Q�J���R�U�J�D�Q�L�F�V���L�V���F�R�P�E�L�Q�H�G���Z�L�W�K���U�H�F�\�F�O�H�G��
�P�L�[�H�G���O�L�T�X�R�U���I�U�R�P���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���F�R�Q�W�D�L�Q�L�Q�J���Q�L�W�U�D�W�H�V�����%�D�F�W�H�U�L�D���X�V�H���V�R�P�H���R�I���W�K�H���R�U�J�D�Q�L�F�V���W�R��
�G�U�L�Y�H���W�K�H���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V�����F�R�Q�Y�H�U�W�L�Q�J���Q�L�W�U�D�W�H���L�Q�W�R���Q�L�W�U�R�J�H�Q���J�D�V�����7�K�L�V���S�U�R�F�H�V�V���R�F�F�X�U�V���L�Q���D�Q��
�D�Q�R�[�L�F���H�Q�Y�L�U�R�Q�P�H�Q�W���Z�K�H�U�H���W�K�H�U�H���L�V���P�L�Q�L�P�D�O���R�[�\�J�H�Q�����$�V���V�X�F�K�����D���S�X�P�S���D�Q�G���H�G�X�F�W�R�U�V���D�U�H���X�V�H�G���W�R��
�P�L�[���W�K�H���W�D�Q�N���W�R���S�U�H�Y�H�Q�W���D�G�G�L�W�L�R�Q���R�I���R�[�\�J�H�Q�����7�K�H���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V���L�V���X�V�H�G���W�R���P�H�H�W���W�K�H��
�H�I�I�O�X�H�Q�W���Q�L�W�U�D�W�H���O�L�P�L�W�����U�H�G�X�F�H���R�[�\�J�H�Q���U�H�T�X�L�U�H�P�H�Q�W�V���D�Q�G���W�R���U�H�F�R�Y�H�U���D�O�N�D�O�L�Q�L�W�\�����W�K�X�V���U�H�G�X�F�L�Q�J��
�F�K�H�P�L�F�D�O���F�R�Q�V�X�P�S�W�L�R�Q������
��
�������������,�Q�S�X�W�V��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q�� �,�Q�S�X�W���7�\�S�H��

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K�� �'�L�V�F�U�H�W�H���1���&����

�7�6�/���������� �7�H�P�S�H�U�D�W�X�U�H���6�Z�L�W�F�K���/�R�Z�� �'�L�V�F�U�H�W�H���1���&����

�/�6�/�/���������� �/�H�Y�H�O���6�Z�L�W�F�K���/�R�Z���/�R�Z�� �'�L�V�F�U�H�W�H���1���2����

��
��
��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�������������6�H�W�S�R�L�Q�W�V��
��
�1�R�Q�H��
��
�������������/�R�J�L�F��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F�����$�O�D�U�P��
�,�Q�W�H�U�D�F�W�L�R�Q�V��

�2�X�W�S�X�W��
�7�\�S�H��

�+�R�X�U��
�0�H�W�H�U��

�+�2�$��
�&�R�Q�W�U�R�O����

�3���������� �3�U�H���$�Q�R�[���0�L�[�L�Q�J��
�3�X�P�S��

�7�K�H���S�X�P�S���Z�L�O�O���E�H���2�1��
�Z�K�H�Q���W�K�H���6�\�V�W�H�P���L�V���L�Q���5�X�Q��

�	���/�6�/�/�����������L�V���D�F�W�L�Y�H����

�/�$�/�/����������
�3�8�0�3���,�6��

�2�)�)��
�'�L�V�F�U�H�W�H���<�� �+�2�$��

�3����������
�3�U�H���$�Q�R�[���0�L�[�L�Q�J��

�3�X�P�S��

�5�X�Q�V���'�X�W�\���V�W�D�Q�G�E�\���Z�L�W�K���3��
���������V�Z�L�W�F�K�L�Q�J���H�Y�H�U�\����������

�K�R�X�U�V��
���� �'�L�V�F�U�H�W�H���<�� �+�2�$��

�+���������� �7�D�Q�N���+�H�D�W�H�U���2�Q���Z�K�H�Q���7�6�/�����������L�V���2�)�)�� �/�$�/�/������������ �'�L�V�F�U�H�W�H������ ����

�+���������� �7�D�Q�N���+�H�D�W�H�U���2�Q���Z�K�H�Q���7�6�/�����������L�V���2�)�)�� �/�$�/�/������������ �'�L�V�F�U�H�W�H������ ����

��
�������������$�O�D�U�P�V��
��

�$�O�D�U�P�� �$�O�D�U�P���'�H�V�F�U�L�S�W�L�R�Q���� �$�F�W�X�D�W�L�R�Q���&�R�Q�W�U�R�O���'�H�O�D�\��
�6�H�O�I��

�5�H�V�H�W�W�L�Q�J����
���<����

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� �<��

�/�$�/�/���������� �/�H�Y�H�O���$�O�D�U�P���/�R�Z���/�R�Z�� �/�6�/�/����������� ���2�)�)�� ���V�� �<��

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
���������$�H�U�D�W�L�R�Q���7�D�Q�N�V�����7�1�.�������������������������%�L�R�O�R�J�L�F�D�O���7�U�H�D�W�P�H�Q�W���0�R�G�X�O�H��
��
�7�K�H���V�F�K�H�P�D�W�L�F���R�I���W�K�H���$�H�U�D�W�L�R�Q���7�D�Q�N�V�����7�1�.���������������������L�V���O�R�F�D�W�H�G���R�Q���W�K�H���$�(�5�$�7�,�2�1���+�0�,���V�F�U�H�H�Q��
�D�Q�G���V�K�R�Z�Q���E�H�O�R�Z����
��

��
��

��
�������������)�X�Q�F�W�L�R�Q��
��
�0�L�[�H�G���O�L�T�X�R�U���I�U�R�P���W�K�H���D�Q�R�[�L�F���W�D�Q�N�����7�1�.�������������I�O�R�Z�V���E�\���J�U�D�Y�L�W�\���W�R���W�K�H���I�L�U�V�W���D�H�U�R�E�L�F���W�D�Q�N�����7�1�.������������
�I�R�O�O�R�Z�H�G���E�\���W�K�H���V�H�F�R�Q�G���D�H�U�D�W�L�R�Q���W�D�Q�N�����7�1�.�������������I�R�U���D�H�U�R�E�L�F���E�L�R�O�R�J�L�F�D�O���G�H�J�U�D�G�D�W�L�R�Q���R�I���W�K�H���L�Q�I�O�X�H�Q�W��
�F�R�Q�V�W�L�W�X�H�Q�W�V�����R�U�J�D�Q�L�F�V���D�Q�G���D�P�P�R�Q�L�D�������,�Q���W�K�H���D�H�U�R�E�L�F���W�D�Q�N�V�����7�1�.�����������������������W�K�H���Q�L�W�U�L�I�L�F�D�W�L�R�Q��
�S�U�R�F�H�V�V���F�R�Q�Y�H�U�W�V���D�P�P�R�Q�L�D���W�R���Q�L�W�U�D�W�H���L�Q���R�U�G�H�U���W�R���P�H�H�W���W�K�H���H�I�I�O�X�H�Q�W���D�P�P�R�Q�L�D���O�L�P�L�W�����7�K�L�V���S�U�R�F�H�V�V��
�F�R�Q�V�X�P�H�V���D�O�N�D�O�L�Q�L�W�\�����V�R���F�D�X�V�W�L�F���L�V���G�R�V�H�G���L�Q�W�R���7�1�.�������������E�\���S�X�P�S���3���������������W�R���F�R�Q�W�U�R�O���W�K�H���S�+����
�$�G�G�L�W�L�R�Q�D�O�O�\�����O�L�T�X�L�G���D�O�X�P���L�V���G�R�V�H�G�����E�\���S�X�P�S���3���������������L�Q�W�R���W�K�H���D�Q�R�[�L�F���]�R�Q�H���W�R���S�U�H�F�L�S�L�W�D�W�H��
�S�K�R�V�S�K�R�U�X�V���L�Q���R�U�G�H�U���W�R���P�H�H�W���W�K�H���H�I�I�O�X�H�Q�W���S�K�R�V�S�K�R�U�X�V���O�L�P�L�W������
��
�S�+���P�H�D�V�X�U�H�G���E�\���D���S�+���S�U�R�E�H�����3�+�������������L�Q���7�1�.������������
��
�%�O�R�Z�H�U�V�����%���������������������V�X�S�S�O�\���D�L�U���W�R���W�K�H���V�X�E�P�H�U�J�H�G���I�L�Q�H���E�X�E�E�O�H���G�L�I�I�X�V�H�U�V���W�R���H�Q�V�X�U�H���V�X�I�I�L�F�L�H�Q�W��
�G�L�V�V�R�O�Y�H�G���R�[�\�J�H�Q�����'�2�����L�V���D�Y�D�L�O�D�E�O�H���I�R�U���E�L�R�O�R�J�L�F�D�O���R�[�L�G�D�W�L�R�Q���D�Q�G���W�R���N�H�H�S���V�R�O�L�G�V���L�Q���W�K�H���Z�D�W�H�U��
�V�X�V�S�H�Q�G�H�G�����������'�L�V�V�R�O�Y�H�G���2�[�\�J�H�Q�����'�2�����L�V���P�H�D�V�X�U�H�G���E�\���D���'�2���3�U�R�E�H�����'�2�������������L�Q���7�1�.������������
��
�,�Q���R�U�G�H�U���W�R���P�D�L�Q�W�D�L�Q���D�Q���R�S�W�L�P�D�O���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���P�L�[�H�G���O�L�T�X�R�U���V�X�V�S�H�Q�G�H�G���V�R�O�L�G�V�����0�/�6�6�������W�\�S�L�F�D�O�O�\��
�������J���/�������D���S�R�U�W�L�R�Q���R�I���W�K�H���P�L�[�H�G���O�L�T�X�R�U���L�V���S�H�U�L�R�G�L�F�D�O�O�\���Z�D�V�W�H�G���E�\���S�X�P�S�L�Q�J���I�U�R�P���W�K�H���$�H�U�D�W�L�R�Q���7�D�Q�N��
���7�1�.�������������W�R���W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N�����7�1�.�������������E�\���3��������������
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�������������,�Q�S�X�W�V��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q���,�Q�S�X�W���7�\�S�H��
�+�0�,��

�'�L�V�S�O�D�\��
�8�Q�L�W�V��

�'�H�Y�L�F�H��
�5�D�Q�J�H���D�Q�G��

�8�Q�L�W�V��

�'�D�W�D�O�R�J����
���<����

�7�U�H�Q�G�L�Q�J����
���<����

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K�� �'�L�V�F�U�H�W�H��
�1���&���� ����

���� ���� ����

�/�6�/�/���������� �/�H�Y�H�O���6�Z�L�W�F�K���/�R�Z���/�R�Z�� �'�L�V�F�U�H�W�H��
�1���2���� ����

���� ���� ����

�3�+���������� �S�+���7�U�D�Q�V�P�L�W�W�H�U�� �$�Q�D�O�R�J��
����

�����������S�+�� �<�� �<��

�'�2�� �������� �'�L�V�V�R�O�Y�H�G���2�[�\�J�H�Q��
�7�U�D�Q�V�P�L�W�W�H�U��

�0�R�G�E�X�V�� �S�S�P�� ���������� �<�� �<��

�7�7���������� �7�H�P�S�H�U�D�W�X�U�H���7�U�D�Q�V�P�L�W�W�H�U���0�R�G�E�X�V�� �ƒ�&�� ���������� �� ���� ����

�/�7���������� �/�H�Y�H�O���7�U�D�Q�V�P�L�W�W�H�U�� �$�Q�D�O�R�J�� ���� �����������I�W�� �<�� �<��

�3�6�/���������� �3�U�H�V�V�X�U�H���6�Z�L�W�F�K���/�R�Z�� �'�L�V�F�U�H�W�H��
�1���&����

����
�����������:�&�� ���� ����

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K�� �'�L�V�F�U�H�W�H��
�1���&���� ����

���� ���� ����

�/�6�/�/���������� �/�H�Y�H�O���6�Z�L�W�F�K���/�R�Z���/�R�Z��
�'�L�V�F�U�H�W�H��

�1���2����
����

���� ���� ����

�7�6�/���������� �7�H�P�S�H�U�D�W�X�U�H���6�Z�L�W�F�K���/�R�Z���'�L�V�F�U�H�W�H��
�1���&����

����
���� ���� ����

��
��
�������������6�H�W�S�R�L�Q�W�V��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q�����)�D�F�W�R�U�\��
�6�H�W�S�R�L�Q�W��

�6�H�W�S�R�L�Q�W���5�D�Q�J�H���D�Q�G��
�8�Q�L�W�V��

�6�H�W�S�R�L�Q�W��
�&�K�D�Q�J�H��
�&�R�Q�W�U�R�O��

�$�O�D�U�P��
�V�H�W�S�R�L�Q�W��

���<���1����

�/�7�/�����������6�3�� �/�H�Y�H�O���7�U�D�Q�V�P�L�W�W�H�U���/�R�Z��
�6�H�W�S�R�L�Q�W�� ������ �� �������������� �2�S�H�Q�� ����

�/�7�+�����������6�3�� �/�H�Y�H�O���7�U�D�Q�V�P�L�W�W�H�U���+�L�J�K��
�6�H�W�S�R�L�Q�W�� ������ �� �������������� �2�S�H�Q�� ����

�/�7���������6�/�8�'�*�(��
�6�3�� �:�D�V�W�H���/�H�Y�H�O���I�R�U���3���������� ������ �� �������������� �2�S�H�Q�� ����

�/�7���������3�(�5�0��
�6�3��

�/�H�Y�H�O���&�R�Q�W�U�R�O���I�R�U���3�H�U�P�H�D�W�H��
�3�X�P�S�V�� ������ �� �������������� �2�S�H�Q�� ����

�3���������:�$�6�7�(��
�+�2�8�5��

�:�K�H�Q���3�����������Z�L�O�O���Z�D�V�W�H�������S�P�� ���������� ���� ����

�3���������:�$�6�7�(��
�6�3�� �7�L�P�H���W�K�D�W���3�����������Z�D�V�W�H�V���I�R�U�������P�L�Q�� ���������� ���� ����

�3�+�����������6�3�� �S�+���1�R�U�P�D�O���6�H�W�S�R�L�Q�W�� �����S�+�� �������S�+�� �2�S�H�Q�� ����

�3�+�$�+�����������6�3�� �S�+���$�O�D�U�P���+�L�J�K���6�H�W�S�R�L�Q�W�������S�+�� ���������������S�+�� �2�S�H�Q�� �<��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q�����)�D�F�W�R�U�\��
�6�H�W�S�R�L�Q�W��

�6�H�W�S�R�L�Q�W���5�D�Q�J�H���D�Q�G��
�8�Q�L�W�V��

�6�H�W�S�R�L�Q�W��
�&�K�D�Q�J�H��
�&�R�Q�W�U�R�O��

�$�O�D�U�P��
�V�H�W�S�R�L�Q�W��

���<���1����

�3�+�$�/�����������6�3�� �S�+���$�O�D�U�P���/�R�Z���6�H�W�S�R�L�Q�W�������S�+�� ���������S�+�� �2�S�H�Q�� �<��

�'�2�����������6�3��
�'�L�V�V�R�O�Y�H�G���2�[�\�J�H�Q���1�R�U�P�D�O��

�6�H�W�S�R�L�Q�W�� �����S�S�P�� ���������S�S�P�� �2�S�H�Q�� ����

�%���������,���6�3�� �,�Q�W�H�J�U�D�O���*�D�L�Q���V�H�W�W�L�Q�J���'�2��
�3�,�'���/�R�R�S�� �����V�� ���������� ���� ����

�%���������3���6�3�� �3�U�R�S�R�U�W�L�R�Q�D�O���*�D�L�Q���V�H�W�W�L�Q�J��
�'�2���3�,�'���/�R�R�S��

���������� ���������� ���� ����

�%���������0�$�1���6�3�� �0�D�Q�X�D�O���6�S�H�H�G���%���������� ������ �� ������������ ���� ����

�%���������0�$�1���6�3�� �0�D�Q�X�D�O���6�S�H�H�G���%���������� ������ �� ������������ ���� ����

�'�2�$�/�����������6�3��
�'�L�V�V�R�O�Y�H�G���2�[�\�J�H�Q���$�O�D�U�P��

�/�R�Z���6�H�W�S�R�L�Q�W�����������S�S�P�� ���������S�S�P�� �2�S�H�Q�� �<��

�$�/�8�0���'�2�6�(��
�$�O�X�P���'�R�V�H���V�H�W�W�L�Q�J�����[�*�D�O��

�S�H�U���3�X�O�V�H����
������

�*�D�O�O�R�Q�V�� �����������*�D�O�O�R�Q�V�� �2�S�H�Q�� ����

�0�,�&�5�2�&���'�2�6�(��
�0�L�F�U�R���&���'�R�V�H���V�H�W�W�L�Q�J�����[�*�D�O��

�S�H�U���3�X�O�V�H����
������

�*�D�O�O�R�Q�V�� �����������*�D�O�O�R�Q�V�� �2�S�H�Q�� ����

�7�$�/�/�����������6�3��
�7�H�P�S�H�U�D�W�X�U�H���$�O�D�U�P���/�R�Z��

�/�R�Z��
�������G�H�J��

�&�� ���������������G�H�J���&�� �3�D�V�V�Z�R�U�G�� �<��

�7�7�/�����������6�3�� �7�H�P�S�H�U�D�W�X�U�H���7�U�D�Q�V�P�L�W�W�H�U��
�/�R�Z���6�H�W�S�R�L�Q�W��

�������G�H�J��
�&��

�����������G�H�J���&�� �2�S�H�Q�� ����

�3�$�/�����������6�3�� �3�U�H�V�V�X�U�H���$�O�D�U�P���/�R�Z��
�6�H�W�S�R�L�Q�W��

�������:�&��
�����3�6�,�*���� ���� �2�Q���'�H�Y�L�F�H�� �<��

�7�$�/�/�����������6�3��
�7�H�P�S�H�U�D�W�X�U�H���$�O�D�U�P���/�R�Z��

�/�R�Z��
�������G�H�J��

�&�� ���������������G�H�J���&�� �3�D�V�V�Z�R�U�G�� �<��

��
�������������/�R�J�L�F��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F����
�$�O�D�U�P��

�,�Q�W�H�U�D�F�W�L�R�Q�V��
�2�X�W�S�X�W��
�7�\�S�H��

�+�R�X�U��
�0�H�W�H�U��

�+�2�$��
�&�R�Q�W�U�R�O����

�3������������ �$�O�X�P���'�R�V�L�Q�J��
�3�X�P�S��

�$�O�X�P���'�R�V�L�Q�J���3�X�P�S���3������������
�E�H���2�1���Z�K�H�Q���)�,�7�����������K�D�V��
�U�H�D�F�K�H�G���D���X�V�H�U���D�G�M�X�V�W�D�E�O�H��
�Y�R�O�X�P�H���R�I���S�H�U�P�H�D�W�H���Y�L�D��

�)�7�����������'�2�6�(���V�H�W�S�R�L�Q�W�������3��
�����������Z�L�O�O���E�H���2�1���I�R�U���R�Q�H��

�S�X�O�V�H������

���� �'�L�V�F�U�H�W�H�� ���� �+�2�$��

�3������������ �&�D�X�V�W�L�F���'�R�V�L�Q�J��
�3�X�P�S��

�&�D�X�V�W�L�F���'�R�V�L�Q�J���3�X�P�S���3��
�����������Z�L�O�O���E�H���2�1���Z�K�H�Q���3�+��

�������������3�+�����������6�3�������7�K�H��
�S�X�P�S���Z�L�O�O���E�H���2�1���I�R�U�������V��
�D�Q�G���2�)�)���I�R�U�������V���D�Q�G���Z�L�O�O��
�R�S�H�U�D�W�H���L�Q���S�D�X�V�H���P�R�G�H��

���� �'�L�V�F�U�H�W�H�� ���� �+�2�$��

�+���������� �7�D�Q�N���+�H�D�W�H�U���2�Q���Z�K�H�Q���7�6�/�����������L�V���2�)�)�� �/�$�/�/���������� �'�L�V�F�U�H�W�H�� ���� ����



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F�����$�O�D�U�P��
�,�Q�W�H�U�D�F�W�L�R�Q�V��

�2�X�W�S�X�W��
�7�\�S�H��

�+�R�X�U��
�0�H�W�H�U��

�+�2�$��
�&�R�Q�W�U�R�O����

�+���������� �7�D�Q�N���+�H�D�W�H�U���2�Q���Z�K�H�Q���7�6�/�����������L�V���2�)�)�� �/�$�/�/���������� �'�L�V�F�U�H�W�H�� ���� ����

�3���������� �:�D�V�W�H���$�F�W�L�Y�D�W�H�G��
�6�O�X�G�J�H���3�X�P�S��

�7�K�H���Z�D�V�W�H���D�F�W�L�Y�D�W�H�G���V�O�X�G�J�H��
�S�X�P�S���Z�L�O�O���E�H���2�1���D�W���W�L�P�H���R�I��

�G�D�\���V�H�W�W�L�Q�J���6�/�8�'�*�(��
�:�$�6�7�(���7�2�'���,�)���O�H�Y�H�O��

�V�Z�L�W�F�K���/�7���������6�/�8�'�*�( ���6�3����

�/�$�+�+������������
�3�X�P�S���Z�L�O�O���E�H��

�2�)�)�� �'�L�V�F�U�H�W�H�� ���� �+�2�$��

�+���������� �7�D�Q�N���+�H�D�W�H�U���2�Q���Z�K�H�Q���7�6�/�����������L�V���2�)�)�� �/�$�/�/���������� �'�L�V�F�U�H�W�H�� ���� ����

�+���������� �7�D�Q�N���+�H�D�W�H�U���2�Q���Z�K�H�Q���7�6�/�����������L�V���2�)�)�� �/�$�/�/���������� �'�L�V�F�U�H�W�H�� ���� ����

�3����������
�$�H�U�D�W�L�R�Q���5�H�F�L�U�F��

�3�X�P�S��
�7�K�H���S�X�P�S���Z�L�O�O���U�X�Q���D�V���O�R�Q�J��

�D�V���/�6�/�/�����������L�V���$�F�W�L�Y�H��

�/�$�/�/������������
�3�X�P�S���Z�L�O�O���E�H��

�2�)�)��
�'�L�V�F�U�H�W�H�� �<�� �+�2�$��

�3����������
�$�H�U�D�W�L�R�Q���5�H�F�L�U�F��

�3�X�P�S��

�5�X�Q�V���'�X�W�\���V�W�D�Q�G�E�\���Z�L�W�K���S��
���������V�Z�L�W�F�K�L�Q�J���H�Y�H�U�\����������

�K�R�X�U�V��
���� �'�L�V�F�U�H�W�H�� �<�� �+�2�$��

�%���������� �$�H�U�D�W�L�R�Q���7�D�Q�N��
�$�H�U�D�W�L�R�Q���%�O�R�Z�H�U��

�2�1�������$�O�Z�D�\�V�5�X�Q�V���Y�L�D���3�,�'��
�O�R�R�S���W�R���P�D�L�Q�W�D�L�Q���'�2����������

�6�3�5�X�Q�V���'�X�W�\���6�W�D�Q�G�E�\����������
�K�R�X�U�V���Z�L�W�K���%������������

���� �'�L�U�H�F�W�� �<�� �+�2�$��

�%���������� �$�H�U�D�W�L�R�Q���7�D�Q�N��
�$�H�U�D�W�L�R�Q���%�O�R�Z�H�U��

�5�X�Q�V���Y�L�D���V�D�P�H���O�R�J�L�F���D�V���%��
����������

�5�X�Q�V���'�X�W�\���6�W�D�Q�G�E�\���H�Y�H�U�\��
���������K�R�X�U�V���Z�L�W�K���%������������

���� �'�L�U�H�F�W�� �<�� �+�2�$��

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
�������������$�O�D�U�P�V��
��

�$�O�D�U�P�� �$�O�D�U�P���'�H�V�F�U�L�S�W�L�R�Q���� �$�F�W�X�D�W�L�R�Q���&�R�Q�W�U�R�O���'�H�O�D�\��
�6�H�O�I��

�5�H�V�H�W�W�L�Q�J����
���<����

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� �<��

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� �<��

�3�+�$�+���������� �S�+���$�O�D�U�P���+�L�J�K�� �S�+�����������!���3�+�$�+�����������6�3�� �����V�� ����

�3�+�$�/���������� �S�+���$�O�D�U�P���/�R�Z�� �S�+���������������3�+�$�/�����������6�3�� �����V�� ����

�'�2�$�/ ���������� �'�L�V�V�R�O�Y�H�G���2�[�\�J�H�Q���$�O�D�U�P��
�/�R�Z�� �'�2���������������'�2�$�/�����������6�3�� �����P�� ����

�'�2�$�/�/ ���������� �'�L�V�V�R�O�Y�H�G���2�[�\�J�H�Q���$�O�D�U�P��
�/�R�Z���/�R�Z��

�'�2���������������'�2�$�/�����������6�3�� ���K�U�V�� ����

�7�7�$�/���������� �/�R�Z���7�H�P�S���7�1�.������������ �7�7�����������7�7�$�/�����������6�3�� ���� ����

�3�$�/���������� �3�U�H�V�V�X�U�H���$�O�D�U�P���/�R�Z�� �3�6�/����������� ���,�Q�$�F�W�L�Y�H�� ���V�� �<��

�9�)�'�$���������� �9�)�'���)�D�X�O�W� � � �� � � �� � � �� �

�9�)�'�$���������� �9�)�'���)�D�X�O�W� � � �� � � �� � � �� �

�/�$�/�/���������� �/�R�Z���/�R�Z���/�H�Y�H�O���7�1�.���������� �/�6�/�/����������� ���2�)�)�� ���� ����

�/�$�/�/���������� �/�R�Z���/�R�Z���/�H�Y�H�O���7�1�.���������� �/�6�/�/����������� ���2�)�)�� ���� ����

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

���������3�R�V�W���$�Q�R�[���7�D�Q�N�����7�1�.�������������0�R�G�X�O�H��
��
�7�K�H���V�F�K�H�P�D�W�L�F���R�I���W�K�H���3�R�V�W���$�Q�R�[���7�D�Q�N�����7�1�.�������������L�V���O�R�F�D�W�H�G���R�Q���W�K�H���$�(�5�$�7�,�2�1���+�0�,���V�F�U�H�H�Q���D�Q�G��
�V�K�R�Z�Q���E�H�O�R�Z����
��
��

��
��
�������������)�X�Q�F�W�L�R�Q��
��
�0�L�[�H�G���O�L�T�X�R�U���I�O�R�Z�V���E�\���J�U�D�Y�L�W�\���I�U�R�P���W�K�H���V�H�F�R�Q�G���D�H�U�D�W�L�R�Q���W�D�Q�N�����7�1�.�������������W�R���W�K�H���S�R�V�W���D�Q�R�[�L�F���W�D�Q�N��
���7�1�.�������������I�R�U���I�L�Q�D�O���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�R�O�L�V�K�L�Q�J�����,�Q���W�K�H���S�R�V�W���D�Q�R�[�L�F���W�D�Q�N�����W�K�H�U�H���D�U�H���P�L�Q�L�P�D�O���G�L�V�V�R�O�Y�H�G��
�L�Q�I�O�X�H�Q�W���R�U�J�D�Q�L�F�V���W�R���G�U�L�Y�H���W�K�H���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V�����$�V���V�X�F�K�����D�Q���H�[�W�H�U�Q�D�O���F�D�U�E�R�Q���V�R�X�U�F�H���L�Q���W�K�H��
�I�R�U�P���R�I���0�L�F�U�R���&���L�V���G�R�V�H�G�����E�\���3���������������W�R���V�X�S�S�O�H�P�H�Q�W���W�K�H���R�U�J�D�Q�L�F�V���D�Q�G���G�U�L�Y�H���W�K�H���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q��
�S�U�R�F�H�V�V����
��
�������������,�Q�S�X�W�V��
��
�1�R�Q�H��
��
�������������6�H�W�S�R�L�Q�W�V��
��
�1�R�Q�H��
��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�������������/�R�J�L�F��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F�����$�O�D�U�P��
�,�Q�W�H�U�D�F�W�L�R�Q�V��

�2�X�W�S�X�W��
�7�\�S�H��

�+�R�X�U��
�0�H�W�H�U��

�+�2�$��
�&�R�Q�W�U�R�O����

�3����������
�3�R�V�W���$�Q�R�[���0�L�[��

�3�X�P�S��
�7�K�H���S�X�P�S���Z�L�O�O���U�X�Q���D�V���O�R�Q�J��

�D�V���/�6�/�/�����������L�V���$�F�W�L�Y�H��

�/�$�/�/������������
�3�X�P�S���Z�L�O�O���E�H��

�2�)�)��
�'�L�V�F�U�H�W�H�� �<�� �+�2�$��

�3���������� �3�R�V�W���$�Q�R�[���0�L�[��
�3�X�P�S��

�5�X�Q�V���'�X�W�\���V�W�D�Q�G�E�\���Z�L�W�K���S��
���������V�Z�L�W�F�K�L�Q�J���H�Y�H�U�\����������

�K�R�X�U�V��
���� �'�L�V�F�U�H�W�H�� �<�� �+�2�$��

�3������������ �0�L�F�U�R���&���'�R�V�L�Q�J��
�3�X�P�S��

���'�R�V�L�Q�J���3�X�P�S���Z�L�O�O���E�H���2�1��
�Z�K�H�Q���)�,�7�����������R�U���)�7����������

�K�D�V���U�H�D�F�K�H�G���D���X�V�H�U��
�D�G�M�X�V�W�D�E�O�H���Y�R�O�X�P�H���R�I��
�S�H�U�P�H�D�W�H���Y�L�D���'�2�6�(��

�V�H�W�S�R�L�Q�W������

���� �'�L�V�F�U�H�W�H�� ���� �+�2�$��

�3����������
�$�H�U�D�W�L�R�Q��

�7�U�D�Q�V�I�H�U���3�X�P�S��
�)�H�H�G���W�R���0�%�5������

�7�K�H���D�H�U�D�W�L�R�Q���S�X�P�S���Z�L�O�O��
�I�H�H�G���0�%�5���W�D�Q�N���7���������������7�K�H��

�S�X�P�S���Z�L�O�O���E�H���2�1���Z�K�H�Q��
�O�H�Y�H�O���W�U�D�Q�V�P�L�W�W�H�U���/�7�����������!��

�/�7�/�����������6�3���D�Q�G���/�6�/�/����������
� ���$�F�W�L�Y�H���D�Q�G���/�6�/�/����������� ��

�$�F�W�L�Y�H���D�Q�G�����0�%�5�������L�V��
�(�Q�D�E�O�H�G����

�7�K�H���D�H�U�D�W�L�R�Q���S�X�P�S���Z�L�O�O���E�H��
�F�\�F�O�H���2�1���2�)�)���Z�K�H�Q���/�7��

�������������/�7�/�����������6�3���D�Q�G���E�H��
�2�)�)���L�I���/�6�/�/����������� ���,�Q�$�F�W�L�Y�H��

�2�5���/�6�/�/����������� ���,�Q�$�F�W�L�Y�H��

�/�$�+�+������������
�3�X�P�S���Z�L�O�O���E�H��

�2�)�)��
�0�%�5������

�'�L�V�D�E�O�H�G��

�'�L�V�F�U�H�W�H�� �<�� �+�2�$��

�3����������
�$�H�U�D�W�L�R�Q��

�7�U�D�Q�V�I�H�U���3�X�P�S��
�)�H�H�G���W�R���0�%�5������

�7�K�H���D�H�U�D�W�L�R�Q���S�X�P�S���Z�L�O�O��
�I�H�H�G���0�%�5���W�D�Q�N���7���������������7�K�H��

�S�X�P�S���Z�L�O�O���E�H���2�1���Z�K�H�Q��
�O�H�Y�H�O���W�U�D�Q�V�P�L�W�W�H�U���/�7�����������!��

�/�7�/�����������6�3���D�Q�G���/�6�/�/����������
� ���$�F�W�L�Y�H���D�Q�G���/�6�/�/����������� ��

�$�F�W�L�Y�H���D�Q�G�����0�%�5�������L�V��
�(�Q�D�E�O�H�G����

�7�K�H���D�H�U�D�W�L�R�Q���S�X�P�S���Z�L�O�O��
�F�\�F�O�H���2�1���2�)�)���Z�K�H�Q���/�7��

�������������/�7�/�����������6�3���D�Q�G���E�H��
�2�)�)���L�I���/�6�/�/����������� ���,�Q�$�F�W�L�Y�H��

�2�5���/�6�/�/����������� ���,�Q�$�F�W�L�Y�H��

��
�/�$�+�+������������

�3�X�P�S���Z�L�O�O���E�H��
�2�)�)��

�0�%�5������
�'�L�V�D�E�O�H�G��

�'�L�V�F�U�H�W�H�� �<�� �+�2�$��

��
�������������$�O�D�U�P�V��
��
�1�R�Q�H�� ��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�����������0�H�P�E�U�D�Q�H���D�Q�G���3�H�U�P�H�D�W�H���0�R�G�X�O�H����
��
�7�K�H���V�F�K�H�P�D�W�L�F���R�I���W�K�H���0�H�P�E�U�D�Q�H�����7�1�.���������������������D�Q�G���3�H�U�P�H�D�W�H�����3���������������������0�R�G�X�O�H���L�V���O�R�F�D�W�H�G��
�R�Q���W�K�H���0�%�5�������	���0�%�5�������+�0�,���V�F�U�H�H�Q���D�Q�G���V�K�R�Z�Q���E�H�O�R�Z����
��

��
��
���������������)�X�Q�F�W�L�R�Q��
��
�0�L�[�H�G���O�L�T�X�R�U���I�L�O�W�U�D�W�L�R�Q���D�Q�G���V�X�S�S�O�H�P�H�Q�W�D�O���E�L�R�O�R�J�L�F�D�O���R�[�L�G�D�W�L�R�Q����
��
�6�L�Q�F�H���W�K�H���V�R�O�L�G���O�L�T�X�L�G���V�H�S�D�U�D�W�L�R�Q���S�U�R�F�H�V�V���U�H�V�X�O�W�V���L�Q���D�Q���D�F�F�X�P�X�O�D�W�L�R�Q���R�I���V�R�O�L�G�V���L�Q���W�K�H���P�H�P�E�U�D�Q�H��
�W�D�Q�N�����W�K�H���P�L�[�H�G���O�L�T�X�R�U�����F�R�Q�W�D�L�Q�L�Q�J���E�R�W�K���V�R�O�L�G�V���D�Q�G���I�L�O�W�U�D�W�H�����L�V���F�R�Q�W�L�Q�X�R�X�V�O�\���U�H�F�\�F�O�H�G���W�R���W�K�H���I�L�U�V�W��
�D�H�U�D�W�L�R�Q���W�D�Q�N�����7�1�.���������������7�K�L�V���S�U�H�Y�H�Q�W�V���H�[�F�H�V�V�L�Y�H���V�R�O�L�G�V���E�X�L�O�G���X�S���L�Q���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�����D�Q�G��
�P�D�L�Q�W�D�L�Q�V���V�X�I�I�L�F�L�H�Q�W���E�L�R�P�D�V�V���L�Q���W�K�H���D�Q�R�[�L�F���D�Q�G���D�H�U�D�W�L�R�Q���W�D�Q�N�V�����7�K�H���V�R�O�L�G�V���W�K�D�W���D�F�F�X�P�X�O�D�W�H���L�Q���W�K�H��
�V�\�V�W�H�P���F�R�Q�V�L�V�W���R�I���E�L�R�P�D�V�V���W�K�D�W���K�D�Y�H���J�U�R�Z�Q���I�U�R�P���W�K�H���L�Q�I�O�X�H�Q�W���R�U�J�D�Q�L�F�V���D�Q�G���D�P�P�R�Q�L�D�����D�V���Z�H�O�O���D�V��
�Q�R�Q���E�L�R�G�H�J�U�D�G�D�E�O�H���V�R�O�L�G�V���I�U�R�P���W�K�H���L�Q�I�O�X�H�Q�W���Z�D�V�W�H�Z�D�W�H�U������
��
�9�D�F�X�X�P���S�X�P�S�V�����3�����������D�Q�G���3�������������G�U�D�Z���W�K�H���Z�D�W�H�U���W�K�U�R�X�J�K���W�K�H���P�H�P�E�U�D�Q�H�V���X�Q�G�H�U���D���O�R�Z���Y�D�F�X�X�P��
�R�I�������������W�R�������������E�D�U������
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

���������������,�Q�S�X�W�V��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q�� �,�Q�S�X�W���7�\�S�H�� �+�0�,���'�L�V�S�O�D�\��
�8�Q�L�W�V��

�'�H�Y�L�F�H��
�5�D�Q�J�H���D�Q�G��

�8�Q�L�W�V��

�'�D�W�D�O�R�J����
���<����

�7�U�H�Q�G�L�Q�J����
���<����

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K�� �'�L�V�F�U�H�W�H���1���&���� ���� ���� ���� ����

�/�6�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K�� �'�L�V�F�U�H�W�H���1���2���� ���� ���� ���� ����

�/�6�+�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���+�L�J�K�� �'�L�V�F�U�H�W�H���1���&���� ���� ���� ���� ����

�/�6�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K�� �'�L�V�F�U�H�W�H���1���2���� ���� ���� ���� ����

�3�6�/���������� �3�U�H�V�V�X�U�H���6�Z�L�W�F�K���/�R�Z�� �'�L�V�F�U�H�W�H���1���&����
����

�����������:�&�� ���� ����

�3�6�/���������� �3�U�H�V�V�X�U�H���6�Z�L�W�F�K���/�R�Z�� �'�L�V�F�U�H�W�H���1���&����
����

�����������:�&�� ���� ����

�9�7���������� �9�D�F�X�X�P���7�U�D�Q�V�P�L�W�W�H�U�� �$�Q�D�O�R�J�� �%�D�U��
����������������������

�%�D�U�� �<�� �<��

�9�7���������� �9�D�F�X�X�P���7�U�D�Q�V�P�L�W�W�H�U�� �$�Q�D�O�R�J�� �%�D�U��
����������������������

�%�D�U�� �<�� �<��

�9�)�'���������� �9�)�'���6�W�D�W�X�V�� �&�R�P�P�X�Q�F�D�W�L�R�Q��
���� ���� ���� ����

�9�)�'���������� �9�)�'���6�W�D�W�X�V�� �&�R�P�P�X�Q�F�D�W�L�R�Q��
���� ���� ���� ����

�)�,�7���������� �)�O�R�Z���,�Q�G�L�F�D�W�L�Q�J���7�U�D�Q�V�P�L�W�W�H�U���$�Q�D�O�R�J�� �*�3�0�� �����������O�S�P�� �<�� �<��

�)�4�,���������� �)�O�R�Z���7�R�W�D�O�L�]�H�U�� �'�L�V�F�U�H�W�H���1���2�����3�X�O�V�H���*�D�O�����O�L�W�H�U������
�3�X�O�V�H��

���� ����

�)�,�7���������� �)�O�R�Z���,�Q�G�L�F�D�W�L�Q�J���7�U�D�Q�V�P�L�W�W�H�U���$�Q�D�O�R�J�� �*�3�0�� �����������O�S�P�� �<�� �<��

�)�4�,���������� �)�O�R�Z���7�R�W�D�O�L�]�H�U�� �'�L�V�F�U�H�W�H���1���2�����3�X�O�V�H���*�D�O��
���O�L�W�H�U������
�3�X�O�V�H�� ���� ����

�/�6�+���������� �/�H�Y�H�O���6�Z�L�W�F�K���+�L�J�K���� �'�L�V�F�U�H�W�H���1���&����
����

���� ���� ����

�/�6�/���������� �/�H�Y�H�O���6�Z�L�W�F�K���/�R�Z���/�R�Z�� �'�L�V�F�U�H�W�H���1���2����
����

���� ���� ����

��
���������������6�H�W�S�R�L�Q�W�V��
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q����
�)�D�F�W�R�U�\��
�6�H�W�S�R�L�Q�W��

�6�H�W�S�R�L�Q�W���5�D�Q�J�H��
�D�Q�G���8�Q�L�W�V��

�6�H�W�S�R�L�Q�W��
�&�K�D�Q�J�H��
�&�R�Q�W�U�R�O��

�$�O�D�U�P��
�V�H�W�S�R�L�Q�W��

���<���1����
�1�R�W�H�V��

�9�7�����������6�3�� �0�%�5�������9�D�F���0�R�G�H��
�3�H�U�P�H�D�W�H���6�H�W�S�R�L�Q�W�������������E�D�U�� �������������������E�D�U�� �2�S�H�Q�� ���� ����

�9�7����������
�+�)�6�3��

�0�%�5�������9�D�F���0�R�G�H��
�3�H�U�P�H�D�W�H���+�L�J�K���)�O�X�[��

�6�H�W�S�R�L�Q�W��
�������������E�D�U�� �������������������E�D�U�� �2�S�H�Q�� ���� ����

�9�7�$�+����������
�6�3��

���0�%�5�������9�D�F�X�X�P��
�7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P���+�L�J�K��

�����������E�D�U�� �������������������E�D�U�� �2�S�H�Q�� �<�� ����

�9�7�����������6�3�� ���0�%�5�������9�D�F���0�R�G�H��
�3�H�U�P�H�D�W�H���6�H�W�S�R�L�Q�W��

�����������E�D�U�� �������������������E�D�U�� �2�S�H�Q�� ���� ����

�9�7����������
�+�)�6�3��

�0�%�5�������9�D�F���0�R�G�H��
�3�H�U�P�H�D�W�H���+�L�J�K���)�O�X�[��

�6�H�W�S�R�L�Q�W��
�������������E�D�U�� �������������������E�D�U�� �2�S�H�Q�� ���� ����



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q����
�)�D�F�W�R�U�\��
�6�H�W�S�R�L�Q�W��

�6�H�W�S�R�L�Q�W���5�D�Q�J�H��
�D�Q�G���8�Q�L�W�V��

�6�H�W�S�R�L�Q�W��
�&�K�D�Q�J�H��
�&�R�Q�W�U�R�O��

�$�O�D�U�P��
�V�H�W�S�R�L�Q�W��

���<���1����
�1�R�W�H�V��

�9�7�$�+����������
�6�3��

�0�%�5�������9�D�F�X�X�P��
�7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P���+�L�J�K�������������E�D�U�� �������������������E�D�U�� �2�S�H�Q�� �<�� ����

�)�7�����������6�3�� �0�%�5�������)�O�R�Z���0�R�G�H��
�3�H�U�P�H�D�W�H���6�H�W�S�R�L�Q�W���������*�3�0�� ������������ �2�S�H�Q�� ���� ����

�)�7����������
�+�)�6�3��

�0�%�5�������)�O�R�Z���0�R�G�H��
�3�H�U�P�H�D�W�H���+�L�J�K���)�O�X�[��

�6�H�W�S�R�L�Q�W��
�������� ������������ �2�S�H�Q�� ���� ����

�)�7�$�+����������
�6�3��

�0�%�5�������)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U��
�$�O�D�U�P���+�L�J�K���6�H�W�S�R�L�Q�W��

�������� ������������ �2�S�H�Q�� �<�� ����

�)�7�$�/����������
�6�3��

�0�%�5�������)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U��
�$�O�D�U�P���/�R�Z���6�H�W�S�R�L�Q�W��

������ ������������ �2�S�H�Q�� �<�� ����

�)�7�����������6�3��
�0�%�5�������)�O�R�Z���0�R�G�H��
�3�H�U�P�H�D�W�H���6�H�W�S�R�L�Q�W���������*�3�0�� ������������ �2�S�H�Q�� ���� ����

�)�7����������
�+�)�6�3��

�0�%�5�������)�O�R�Z���0�R�G�H��
�3�H�U�P�H�D�W�H���+�L�J�K���)�O�X�[��

�6�H�W�S�R�L�Q�W��
�����*�3�0 �� ������������ �2�S�H�Q�� ���� ����

�)�7�$�+����������
�6�3��

�0�%�5�������)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U��
�$�O�D�U�P���+�L�J�K���6�H�W�S�R�L�Q�W�� �������� ������������ �2�S�H�Q�� �<�� ����

�)�7�$�/����������
�6�3��

�0�%�5�������)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U��
�$�O�D�U�P���/�R�Z���6�H�W�S�R�L�Q�W�� ������ ������������ �2�S�H�Q�� �<�� ����

�%�.�:�6�+��
�7�,�0�(���6�3��

�%�D�F�N�Z�D�V�K���7�L�P�H���6�H�W�S�R�L�Q�W���������V�� �������������V�� �2�S�H�Q�� ���� ����

�5�(�/�$�;���6�3�� �1�X�P�E�H�U���R�I���5�H�O�D�[�H�V���%�H�I�R�U�H��
�%�D�F�N�Z�D�V�K��

���� ������������ �2�S�H�Q�� ���� ����

�3�(�5�0��
�3�8�/�/���7�,�0�(�� �3�H�U�P�H�D�W�H���3�X�O�O���7�L�P�H�� ���P�� ���������P�� �2�S�H�Q�� ���� ����

�5�(�/�$�;��
�7�,�0�(�� �0�H�P�E�U�D�Q�H���5�H�O�D�[���7�L�P�H�������V�� �������������V�� �2�S�H�Q�� ���� ����

�)�/�8�;���6�3�� �+�L�J�K���)�O�X�[���6�H�W�S�R�L�Q�W���� �������� ���������������� �2�S�H�Q�� ���� �5�H�D�G�L�Q�J���E�D�V�H�G��
�R�Q���/�7����������

�6�/�8�'�*�(��
�:�$�6�7�(��

�7�2�'��

�7�L�P�H���R�I���'�D�\���W�R���6�W�D�U�W��
�6�O�X�G�J�H���:�D�V�W�L�Q�J�������K�U�� �����������K�U�� �2�S�H�Q�� ���� ����

�6�/�8�'�*�(��
�:�$�6�7�(��

�7�,�0�(��

�'�X�U�D�W�L�R�Q���R�I���6�O�X�G�J�H��
�:�D�V�W�L�Q�J��

�����P�� �������������P�� �2�S�H�Q�� ���� ����

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
���������������/�R�J�L�F��
����

�7�D�J���� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F����
�$�O�D�U�P��

�,�Q�W�H�U�D�F�W�L�R�Q�V��
�2�X�W�S�X�W��
�7�\�S�H��

�+�R�X�U��
�0�H�W�H�U��

�%����������
�0�%�5���7�D�Q�N��

�%�O�R�Z�H�U��

���7�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N���E�O�R�Z�H�U���Z�L�O�O���E�H��
�2�1���Z�K�H�Q���W�K�H���6�\�V�W�H�P���L�V���L�Q���5�X�Q�����$�Q�G��

�W�K�H���0�%�5�������L�V���H�Q�D�E�O�H�G��

��
�0�%�5�������'�L�V�D�E�O�H�G���'�L�V�F�U�H�W�H�� �<��

�%���������� �0�%�5���7�D�Q�N��
�%�O�R�Z�H�U��

���7�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N���E�O�R�Z�H�U���Z�L�O�O���E�H��
�2�1���Z�K�H�Q���W�K�H���6�\�V�W�H�P���L�V���L�Q���5�X�Q�����$�Q�G��

�W�K�H���0�%�5�������L�V���H�Q�D�E�O�H�G��

��
�0�%�5�������'�L�V�D�E�O�H�G���'�L�V�F�U�H�W�H�� �<��

�3����������
�3�H�U�P�H�D�W�H��

�7�U�D�Q�V�I�H�U���3�X�P�S��

�7�K�H���S�H�U�P�H�D�W�H���S�X�P�S���Z�L�O�O���E�H���2�1���Z�K�H�Q��
�0�%�5�������L�V���(�Q�D�E�O�H�G���	���O�H�Y�H�O���V�Z�L�W�F�K��
�/�6�+����������� ���$�F�W�L�Y�H���	�����/�7�����������!��

�/�7���������3�(�5�0���6�3��
�7�K�H���3�X�P�S���Z�L�O�O���S�H�U�I�R�U�P���D��

�3�8�/�/���5�(�/�$�;���&�\�F�O�H�������7�K�H���S�X�P�S���Z�L�O�O��
�E�H���2�1���I�R�U���W�K�H���G�X�U�D�W�L�R�Q���V�S�H�F�L�I�L�H�G���E�\��
�W�K�H���3�(�5�0���3�8�/�/���7�,�0�(���V�H�W�S�R�L�Q�W���D�Q�G��
�W�K�H�Q���E�H���2�)�)���I�R�U���W�K�H���G�X�U�D�W�L�R�Q���R�I���W�K�H��

�5�(�/�$�;���7�,�0�(���V�H�W�S�R�L�Q�W�������7�K�L�V���Z�L�O�O��
�J�H�Q�H�U�D�W�H���R�Q�H���3�8�/�/���5�(�/�$�;���&�\�F�O�H����
�7�K�H���9�)�'���6�S�H�H�G���R�I���W�K�H���S�X�P�S���Z�L�O�O��
�R�S�H�U�D�W�H���E�D�V�H�G���R�Q���W�K�H���I�R�O�O�R�Z�L�Q�J����

�,�Q���)�/�2�:���0�2�'�(����
�7�K�H���9�)�'���6�S�H�H�G���Z�L�O�O���R�S�H�U�D�W�H���E�D�V�H�G��

�R�Q���D���3�,�'���O�R�R�S���W�R���P�D�L�Q�W�D�L�Q���W�K�H��
�I�O�R�Z�U�D�W�H���V�H�W�S�R�L�Q�W���)�7�����������6�3��������

�,�)���W�K�H���Y�D�F�X�X�P���W�U�D�Q�V�P�L�W�W�H�U���9�7�����������!����
�����������E�D�U���W�K�H�Q���W�K�H���S�X�P�S���Z�L�O�O���V�Z�L�W�F�K���W�R��

�9�$�&���0�2�'�(����
�,�)���W�K�H���O�H�Y�H�O���W�U�D�Q�V�P�L�W�W�H�U���/�7�����������!��

�)�/�8�;���6�3�����W�K�H���S�X�P�S���Z�L�O�O���U�X�Q���Y�L�D���3�,�'��
�O�R�R�S���W�R���P�D�L�Q�W�D�L�Q���D���K�L�J�K���I�O�R�Z���V�H�W�S�R�L�Q�W��

�)�7�����������+�)�6�3��
�,�Q���9�$�&���0�2�'�(����

�7�K�H���9�)�'���6�S�H�H�G���Z�L�O�O���R�S�H�U�D�W�H���E�D�V�H�G��
�R�Q���D���3�,�'���O�R�R�S���W�R���P�D�L�Q�W�D�L�Q���W�K�H��
�Y�D�F�X�X�P���V�H�W�S�R�L�Q�W���9�7�����������6�3����

�,�)���W�K�H���O�H�Y�H�O���W�U�D�Q�V�P�L�W�W�H�U���/�7�����������!��
�)�/�8�;���6�3�����W�K�H���S�X�P�S���Z�L�O�O���U�X�Q���Y�L�D���3�,�'��
�O�R�R�S���W�R���P�D�L�Q�W�D�L�Q���D���K�L�J�K���I�O�R�Z���V�H�W�S�R�L�Q�W��

�9�7�����������+�)�6�3��
�3�����������Z�L�O�O���E�H���2�)�)���L�I���3�����������L�V���2�)�)����

�9�)�'�$������������
�3�X�P�S���:�L�O�O���E�H���2�I�I���&�R�P�P�X�Q�L�F�D�W�L�R�Q���<��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�7�D�J���� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F���� �$�O�D�U�P��
�,�Q�W�H�U�D�F�W�L�R�Q�V��

�2�X�W�S�X�W��
�7�\�S�H��

�+�R�X�U��
�0�H�W�H�U��

�3���������� �3�H�U�P�H�D�W�H��
�7�U�D�Q�V�I�H�U���3�X�P�S��

�7�K�H���S�H�U�P�H�D�W�H���S�X�P�S���Z�L�O�O���E�H���2�1���Z�K�H�Q��
�0�%�5�������L�V���(�Q�D�E�O�H�G���	���O�H�Y�H�O���V�Z�L�W�F�K��
�/�6�+����������� ���$�F�W�L�Y�H���	���	���/�7�����������!��

�/�7���������3�(�5�0���6�3��
�7�K�H���3�X�P�S���Z�L�O�O���S�H�U�I�R�U�P���D��

�3�8�/�/���5�(�/�$�;���&�\�F�O�H�������7�K�H���S�X�P�S���Z�L�O�O��
�E�H���2�1���I�R�U���W�K�H���G�X�U�D�W�L�R�Q���V�S�H�F�L�I�L�H�G���E�\��
�W�K�H���3�(�5�0���3�8�/�/���7�,�0�(���V�H�W�S�R�L�Q�W���D�Q�G��
�W�K�H�Q���E�H���2�)�)���I�R�U���W�K�H���G�X�U�D�W�L�R�Q���R�I���W�K�H��

�5�(�/�$�;���7�,�0�(���V�H�W�S�R�L�Q�W�������7�K�L�V���Z�L�O�O��
�J�H�Q�H�U�D�W�H���R�Q�H���3�8�/�/���5�(�/�$�;���&�\�F�O�H����
�7�K�H���9�)�'���6�S�H�H�G���R�I���W�K�H���S�X�P�S���Z�L�O�O��
�R�S�H�U�D�W�H���E�D�V�H�G���R�Q���W�K�H���I�R�O�O�R�Z�L�Q�J����

�,�Q���)�/�2�:���0�2�'�(����
�7�K�H���9�)�'���6�S�H�H�G���Z�L�O�O���R�S�H�U�D�W�H���E�D�V�H�G��

�R�Q���D���3�,�'���O�R�R�S���W�R���P�D�L�Q�W�D�L�Q���W�K�H��
�I�O�R�Z�U�D�W�H���V�H�W�S�R�L�Q�W���)�7�����������6�3��������

�,�)���W�K�H���Y�D�F�X�X�P���W�U�D�Q�V�P�L�W�W�H�U���9�7�����������!����
�����������E�D�U���W�K�H�Q���W�K�H���S�X�P�S���Z�L�O�O���V�Z�L�W�F�K���W�R��

�9�$�&���0�2�'�(����
�,�)���W�K�H���O�H�Y�H�O���W�U�D�Q�V�P�L�W�W�H�U���/�7�����������!��

�)�/�8�;���6�3�����W�K�H���S�X�P�S���Z�L�O�O���U�X�Q���Y�L�D���3�,�'��
�O�R�R�S���W�R���P�D�L�Q�W�D�L�Q���D���K�L�J�K���I�O�R�Z���V�H�W�S�R�L�Q�W��

�)�7�����������+�)�6�3��
�,�Q���9�$�&���0�2�'�(����

�7�K�H���9�)�'���6�S�H�H�G���Z�L�O�O���R�S�H�U�D�W�H���E�D�V�H�G��
�R�Q���D���3�,�'���O�R�R�S���W�R���P�D�L�Q�W�D�L�Q���W�K�H��
�Y�D�F�X�X�P���V�H�W�S�R�L�Q�W���9�7�����������6�3����

�,�)���W�K�H���O�H�Y�H�O���W�U�D�Q�V�P�L�W�W�H�U���/�7�����������!��
�)�/�8�;���6�3�����W�K�H���S�X�P�S���Z�L�O�O���U�X�Q���Y�L�D���3�,�'��
�O�R�R�S���W�R���P�D�L�Q�W�D�L�Q���D���K�L�J�K���I�O�R�Z���V�H�W�S�R�L�Q�W��

�9�7�����������+�)�6�3��
�3�����������Z�L�O�O���E�H���2�)�)���L�I���3�����������L�V���2�)�)����

�9�)�'�$������������
�3�X�P�S���:�L�O�O���E�H���2�I�I��

�&�R�P�P�X�Q�L�F�D�W�L�R�Q���<��

�6�9����������
�&�O�H�D�Q���,�Q���3�O�D�F�H��

�7�D�Q�N���)�L�O�O��
�6�R�O�H�Q�R�L�G���9�D�O�Y�H��

�7�K�H���6�R�O�H�Q�R�L�G���9�D�O�Y�H���6�9�����������Z�L�O�O���E�H��
�2�S�H�Q�����(�Q�H�U�J�L�]�H�G�����Z�K�H�Q���O�H�Y�H�O���V�Z�L�W�F�K��
�/�6�+�����������L�V���,�Q�$�F�W�L�Y�H���D�Q�G���0�%�5�������2�5��

�0�%�5�������D�U�H���Q�R�W���L�Q���%�D�F�N�Z�D�V�K����
�7�K�H���6�R�O�H�Q�R�L�G���9�D�O�Y�H���6�9���������Z�L�O�O���E�H��

�&�O�R�V�H�G�����'�H���(�Q�J�H�U�J�L�]�H�G�����Z�K�H�Q���/�6�+��
���������L�V���$�F�W�L�Y�H���R�U���,�)���0�%�5�������2�5���0�%�5������

�D�U�H���L�Q���%�D�F�N�Z�D�V�K����

���� �'�L�V�F�U�H�W�H�� ����

�0�9���������� �%�D�F�N�Z�D�V�K��
�$�F�W�X�D�W�H�G���9�D�O�Y�H��

�$���%�D�F�N�Z�D�V�K���L�V���H�Q�D�E�O�H�G���R�Q�F�H���W�K�H��
�S�H�U�P�H�D�W�H���S�X�P�S�V���I�R�U���0�%�5�������U�H�D�F�K��
�W�K�H���Q�X�P�E�H�U���R�I���3�8�/�/���5�(�/�$�;���F�\�F�O�H�V��

�G�H�V�L�J�Q�D�W�H�G���E�\���W�K�H���5�(�/�$�;���6�3���R�Q���W�K�H��
�+�0�,���W�K�H���7�K�H���D�F�W�X�D�W�H�G���Y�D�O�Y�H���Z�L�O�O���E�H��
�2�3�(�1���Z�K�H�Q���0�%�5�������L�V���L�Q���%�D�F�N�Z�D�V�K��

�D�Q�G���O�H�Y�H�O���V�Z�L�W�F�K���/�6�+�����������L�V���$�F�W�L�Y�H�����,�I��
�0�%�5�������L�V���D�O�U�H�D�G�\���L�Q���E�D�F�N�Z�D�V�K�����0�%�5��

�����Z�L�O�O���F�R�P�S�O�H�W�H�������D�G�G�L�W�L�R�Q�D�O��
�3�8�/�/���5�(�/�$�;���&�\�F�O�H���E�H�I�R�U�H���V�W�D�U�W�L�Q�J���D��

�%�D�F�N�Z�D�V�K���&�\�F�O�H����

���� �'�L�V�F�U�H�W�H�� ����

�0�9���������� �%�D�F�N�Z�D�V�K��
�$�F�W�X�D�W�H�G���9�D�O�Y�H��

�$���%�D�F�N�Z�D�V�K���L�V���H�Q�D�E�O�H�G���R�Q�F�H���W�K�H��
�S�H�U�P�H�D�W�H���S�X�P�S�V���I�R�U���0�%�5�������U�H�D�F�K��
�W�K�H���Q�X�P�E�H�U���R�I���3�8�/�/���5�(�/�$�;���F�\�F�O�H�V��

�G�H�V�L�J�Q�D�W�H�G���E�\���W�K�H���5�(�/�$�;���6�3���R�Q���W�K�H��
�+�0�,����

�W�K�H���7�K�H���D�F�W�X�D�W�H�G���Y�D�O�Y�H���Z�L�O�O���E�H���2�3�(�1��
�Z�K�H�Q���0�%�5�������L�V���L�Q���%�D�F�N�Z�D�V�K���D�Q�G��
�O�H�Y�H�O���V�Z�L�W�F�K���/�6�+�����������L�V���$�F�W�L�Y�H����

�,�I���0�%�5�������L�V���D�O�U�H�D�G�\���L�Q���E�D�F�N�Z�D�V�K����
�0�%�5�������Z�L�O�O���F�R�P�S�O�H�W�H�������D�G�G�L�W�L�R�Q�D�O��

�3�8�/�/���5�(�/�$�;���&�\�F�O�H���E�H�I�R�U�H���V�W�D�U�W�L�Q�J���D��
�%�D�F�N�Z�D�V�K���&�\�F�O�H����

���� �'�L�V�F�U�H�W�H�� ����



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�7�D�J���� �'�H�V�F�U�L�S�W�L�R�Q�� �&�R�Q�W�U�R�O���/�R�J�L�F���� �$�O�D�U�P��
�,�Q�W�H�U�D�F�W�L�R�Q�V��

�2�X�W�S�X�W��
�7�\�S�H��

�+�R�X�U��
�0�H�W�H�U��

�3���������� �%�D�F�N�Z�D�V�K��
�7�U�D�Q�V�I�H�U���3�X�P�S��

�7�K�H���E�D�F�N�Z�D�V�K���W�U�D�Q�V�I�H�U���S�X�P�S���Z�L�O�O���E�H��
�2�1���Z�K�H�Q���0�%�5�������2�5���0�%�5�������D�U�H���L�Q��

�%�D�F�N�Z�D�V�K���D�Q�G���O�H�Y�H�O���V�Z�L�W�F�K���/�6�+����������
�L�V���$�F�W�L�Y�H����

�7�K�H���E�D�F�N�Z�D�V�K���W�U�D�Q�V�I�H�U���S�X�P�S���Z�L�O�O���E�H��
�2�)�)���D�I�W�H�U���W�K�H���G�X�U�D�W�L�R�Q���R�I���%�.�:�6�+��
�7�,�0�(���6�3���2�5���O�H�Y�H�O���V�Z�L�W�F�K���/�6�/����������

�E�H�F�R�P�H�V���,�Q�$�F�W�L�Y�H����

���� �'�L�V�F�U�H�W�H�� ����

��
���������������$�O�D�U�P�V��
��

�$�O�D�U�P�� �$�O�D�U�P���'�H�V�F�U�L�S�W�L�R�Q���� �$�F�W�X�D�W�L�R�Q���&�R�Q�W�U�R�O���'�H�O�D�\��
�(�P�D�L�O��

�1�R�W�L�I�L�F�D�W�L�R�Q��
���<����

�6�H�O�I��
�5�H�V�H�W�W�L�Q�J����

���<����

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� ���� �<��

�/�$�+�+���������� �/�H�Y�H�O���$�O�D�U�P���+�L�J�K���+�L�J�K�� �/�6�+�+����������� ���$�F�W�L�Y�H�� ���V�� ���� �<��

�3�$�/���������� �3�U�H�V�V�X�U�H���$�O�D�U�P���/�R�Z�� �3�6�/����������� ���,�Q�$�F�W�L�Y�H�� ���V�� ���� �<��

�3�$�/���������� �3�U�H�V�V�X�U�H���$�O�D�U�P���/�R�Z�� �3�6�/����������� ���,�Q�$�F�W�L�Y�H�� ���V�� ���� �<��

�9�7�$�+���������� �9�D�F�X�X�P���7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P��
�+�L�J�K�� �9�7���������������9�7�$�+�����������6�3�� ���V�� ���� �<��

�9�7�$�+���������� �9�D�F�X�X�P���7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P��
�+�L�J�K�� �9�7���������������9�7�$�+�����������6�3�� ���V�� ���� �<��

�9�)�'�$���������� �9�)�'���)�D�X�O�W��
���� ���� ���� ����

�9�)�'�$���������� �9�)�'���)�D�X�O�W��
���� ���� ���� ����

�)�7�$�+����������
�)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P��
�+�L�J�K�� �)�,�7�����������!���)�7�$�+�����������6�3�� �����V��

���� ����

�)�7�$�/����������
�)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P��
�/�R�Z�� �)�,�7���������������)�7�$�/�����������6�3�� �����V��

���� ����

�)�7�$�+���������� �)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P��
�+�L�J�K�� �)�,�7�����������!���)�7�$�+�����������6�3�� �����V��

���� ����

�)�7�$�/���������� �)�O�R�Z���7�U�D�Q�V�P�L�W�W�H�U���$�O�D�U�P��
�/�R�Z�� �)�,�7���������������)�7�$�/�����������6�3�� �����V��

���� ����

��
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
���������������%�O�R�Z�H�U���&�R�Q�W�U�R�O��
��
��
��
��
��
��
��
��
��
���������������&�,�3���&�O�H�D�Q�L�Q�J��
��
Note:  At design flow when the membrane discharge vacuum exceeds 0.2 bar (80” WC), as 
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�$�U�U�D�Q�J�H���I�R�U���G�H�O�L�Y�H�U�\���R�I���I�U�H�V�K���V�H�H�G���V�O�X�G�J�H���I�U�R�P���D�Q���D�F�W�L�Y�D�W�H�G���V�O�X�G�J�H���V�\�V�W�H�P���H�P�S�O�R�\�L�Q�J��
�D���V�X�V�S�H�Q�G�H�G���J�U�R�Z�W�K���W�\�S�H���S�U�R�F�H�V�V�����,�I���L�W���L�V���S�R�V�V�L�E�O�H�����R�E�W�D�L�Q���V�H�H�G���V�O�X�G�J�H���I�U�R�P���D���I�D�F�L�O�L�W�\��
�W�U�H�D�W�L�Q�J���V�L�P�L�O�D�U���Z�D�V�W�H�Z�D�W�H�U���D�Q�G���R�S�H�U�D�W�H�G���Z�L�W�K���V�L�P�L�O�D�U���S�U�R�F�H�V�V�H�V�����Q�L�W�U�L�I�L�F�D�W�L�R�Q���H�W�F��������
��

�E���� �,�I���S�R�V�V�L�E�O�H���G�U�D�L�Q���W�K�H���Z�D�W�H�U���X�V�H�G���I�R�U���F�O�H�D�Q���Z�D�W�H�U���W�H�V�W�L�Q�J���I�U�R�P���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N�����7�K�L�V���Z�L�O�O��
�P�L�Q�L�P�L�]�H���G�L�O�X�W�L�R�Q���R�I���W�K�H���V�H�H�G���E�D�F�W�H�U�L�D����

�F���� �3�X�P�S�� �V�H�H�G�� �V�O�X�G�J�H�� �W�K�U�R�X�J�K�� �W�K�H�� �V�F�U�H�H�Q�� �P�R�G�X�O�H�� �W�R�� �U�H�P�R�Y�H�� �D�Q�\�� �G�H�E�U�L�V�� �W�K�D�W�� �P�L�J�K�W��
�G�D�P�D�J�H���W�K�H���P�H�P�E�U�D�Q�H�V�����7�K�L�V���F�D�Q���X�V�X�D�O�O�\���E�H���G�R�Q�H���E�\���V�O�R�Z�O�\���G�X�P�S�L�Q�J���W�K�H���V�H�H�G���L�Q�W�R��
�W�K�H���F�O�R�V�H�V�W���O�L�I�W���V�W�D�W�L�R�Q�����(�Q�V�X�U�H���V�F�U�H�H�Q���S�U�R�F�H�V�V���D�Q�G���I�H�H�G���S�X�P�S�V���W�R���D�H�U�D�W�L�R�Q���W�D�Q�N���D�U�H���L�Q��
“AUTO” mode. ��

�G���� �,�I���D���S�U�L�P�D�U�\���F�O�D�U�L�I�L�H�U���L�V���L�Q�F�O�X�G�H�G���D�Q�G���W�K�H�U�H���L�V���D���V�F�U�H�H�Q���E�H�W�Z�H�H�Q���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���D�Q�G��
�P�H�P�E�U�D�Q�H���W�D�Q�N�����$�G�G���V�H�H�G���V�O�X�G�J�H���G�L�U�H�F�W�O�\���W�R���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N������

�H���� �2�Q�F�H���D�H�U�D�W�L�R�Q���W�D�Q�N���O�L�T�X�L�G���O�H�Y�H�O���K�D�V���I�L�O�O�H�G���D�E�R�Y�H�����������Z�L�W�K���V�H�H�G���V�O�X�G�J�H�����W�X�U�Q���D�H�U�D�W�L�R�Q��
tank blowers to “AUTO” mode.��

�I���� �&�R�Q�W�L�Q�X�H���D�G�G�L�Q�J���U�H�P�D�L�Q�L�Q�J���V�H�H�G���V�O�X�G�J�H����

�J���� �2�Q�F�H���D�O�O���V�H�H�G���V�O�X�G�J�H���K�D�V���E�H�H�Q���S�X�P�S�H�G���L�Q�W�R���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���W�D�N�H���Q�R�W�H���R�I���W�K�H���O�L�T�X�L�G��
�O�H�Y�H�O�����,�I���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���L�V���I�X�O�O���W�K�H�Q���F�R�Q�W�L�Q�X�H���W�R���6�W�H�S���������,�I���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���L�V���Q�R�W���I�X�O�O��
�W�K�H�Q�� �F�R�Q�W�L�Q�X�H�� �W�R�� �I�L�O�O�� �W�K�H�� �D�H�U�D�W�L�R�Q�� �W�D�Q�N�� �������� �R�I�� �L�W�V�� �W�R�W�D�O�� �Y�R�O�X�P�H� � � S� H� U� � � G� D� \� � � X� V� L� Q� J� � � U� D� Z� �
�Z�D�V�W�H�Z�D�W�H�U�����7�K�L�V���L�V���W�R���D�Y�R�L�G���V�K�R�F�N�L�Q�J���W�K�H���E�D�F�W�H�U�L�D���Z�L�W�K���H�[�F�H�V�V���%�2�'�����U�H�G�X�F�L�Q�J���W�K�H���U�L�V�N��
�R�I���I�R�U�P�L�Q�J���I�R�D�P���F�D�X�V�L�Q�J���E�D�F�W�H�U�L�D���D�Q�G���U�H�G�X�F�L�Q�J���W�K�H���L�P�S�D�F�W���R�I���X�Q���P�H�W�D�E�R�O�L�]�H�G���%�2�'���R�Q��
�W�K�H���P�H�P�E�U�D�Q�H�V����

��
�'�U�\���6�H�H�G��

��
�D���� �,�I���S�R�V�V�L�E�O�H���G�U�D�L�Q���W�K�H���Z�D�W�H�U���L�Q���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���X�V�H�G���I�R�U���F�O�H�D�Q���Z�D�W�H�U���W�H�V�W�����7�K�L�V���Z�L�O�O��

�P�L�Q�L�P�L�]�H���G�L�O�X�W�L�R�Q���R�I���W�K�H���V�H�H�G���E�D�F�W�H�U�L�D����
��

�E���� �7�X�U�Q���V�F�U�H�H�Q���P�R�G�X�O�H���D�Q�G���I�H�H�G���S�X�P�S���V�����W�R���D�H�U�D�W�L�R�Q���W�D�Q�N��to “AUTO”. ��
��

�F���� �$�O�O�R�Z���D�H�U�D�W�L�R�Q���W�D�Q�N���W�R���I�L�O�O���W�R�����������Z�L�W�K���U�D�Z���Z�D�V�W�H�Z�D�W�H�U�����D�Q�G���W�K�H�Q���W�X�U�Q���R�I�I���V�F�U�H�H�Q��
�P�R�G�X�O�H���D�Q�G���I�H�H�G���S�X�P�S���V������

�G���� �5�H�P�R�Y�H���W�K�H���D�F�F�H�V�V���F�R�Y�H�U���I�U�R�P���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N������
��

�H���� �$�G�M�X�V�W���W�K�H���'�2���S�U�R�E�H���D�Q�G���S�+���S�U�R�E�H���S�R�V�L�W�L�R�Q�L�Q�J���L�Q���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���X�Q�W�L�O���E�R�W�K���S�U�R�E�H�V��
�D�U�H���V�X�E�P�H�U�J�H�G���L�Q���W�K�H���Z�D�V�W�H�Z�D�W�H�U����

��
�I����Turn aeration tank blowers to “HAND” to ensure vigorous mixing when adding dry 

seed bacteria. Note: When set to “HAND” the blowers will only run for 2 minutes. If 
�W�K�L�V���W�L�P�H���U�X�Q�V���R�X�W���E�H�I�R�U�H���D�O�O���W�K�H���G�U�\���E�D�F�W�H�U�L�D���K�D�Y�H���E�H�H�Q���D�G�G�H�G�����W�K�H�Q���W�K�H���E�O�R�Z�H�U�V���P�X�V�W��
be set to “OFF” and then back to “HAND”.��
��
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������ �$�I�W�H�U���������P�L�Q�X�W�H�V���R�I���I�L�O�W�U�D�W�L�R�Q�����U�H�F�R�U�G���W�K�H���O�H�Y�H�O���R�I���I�L�O�W�U�D�W�H���L�Q���W�K�H���J�U�D�G�X�D�W�H�G���F�\�O�L�Q�G�H�U����
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�)�L�O�W�H�U�D�E�L�O�L�W�\�����)�7�����$�F�W�L�R�Q���� �6�W�D�W�H���R�I���X�U�J�H�Q�F�\��

�!���������P�O���� Excellent, no action req’�� ��

���������������P�O�� �7�Z�H�D�N���S�U�R�F�H�V�V���R�S�H�U�D�W�L�R�Q����

���������P�O�� �3�U�R�F�H�V�V���D�G�M�X�V�W�P�H�Q�W���U�H�T���&�R�Q�W�D�F�W���Q�H�Z�W�H�U�U�D���O�W�G����

 
��
�������������6�X�J�J�H�V�W�H�G���7�H�V�W���(�T�X�L�S�P�H�Q�W���I�R�U���0�R�Q�L�W�R�U�L�Q�J������
��
The following test equipment’s will assist in the monitoring of the MWWTP but are not provided 
�Z�L�W�K���W�K�H���V�\�V�W�H�P����������
��
�����������������)�L�O�W�H�U�D�E�L�O�L�W�\�������/�D�E�R�U�D�W�R�U�\���*�O�D�V�V�Z�D�U�H���D�Q�G���)�L�O�W�H�U���3�D�S�H�U��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
�$�S�S�D�U�D�W�X�V����
��

�x�� �)�L�O�W�H�U���S�D�S�H�U�������$�0�'���0�D�Q�X�I�D�F�W�X�U�L�Q�J�����3�D�U�W���1�X�P�E�H�U���1�2���&�����������&�0���R�U���H�T�X�L�Y�D�O�H�Q�W����
�x�� �)�X�Q�Q�H�O�����������P�P���G�L�D�P�H�W�H�U���U�H�F�R�P�P�H�Q�G�H�G������
�x�� �������P�/���J�U�D�G�X�D�W�H�G���F�\�O�L�Q�G�H�U�������&�R�O�H���3�D�U�P�H�U���*�U�D�G�X�D�W�H�G���&�\�O�L�Q�G�H�U�����3�D�U�W���1�X�P�E�H�U���5�.��������������������

�R�U���H�T�X�L�Y�D�O�H�Q�W����
�x�� �%�H�D�N�H�U�����P�L�Q�����������P�O���V�L�]�H�����D�Q�G���V�W�L�U���U�R�G��
�x�� �:�D�W�F�K���Z�L�W�K���V�H�F�R�Q�G�V���G�L�V�S�O�D�\���R�U���H�T�X�L�Y�D�O�H�Q�W��

� � � �
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�7�K�H���K�D�Q�G���K�H�O�G���'�5�����������D�O�O�R�Z�V���T�X�L�F�N���D�Q�G���H�D�V�\���D�F�F�H�V�V���W�R��
�P�R�V�W���X�V�H�G���W�H�V�W�L�Q�J���P�H�W�K�R�G�V�����7�K�L�V���F�R�O�R�U�L�P�H�W�H�U���L�V���Z�D�W�H�U�S�U�R�R�I����
�G�X�V�W�S�U�R�R�I���D�Q�G���I�L�H�O�G���G�X�U�D�E�O�H�����:�L�W�K���D�Q���L�Q�W�X�L�W�L�Y�H���X�V�H�U���L�Q�W�H�U�I�D�F�H����
�H�D�V�\���G�D�W�D���W�U�D�Q�V�I�H�U���D�E�L�O�L�W�L�H�V�����D�Q�G���W�K�H���D�E�L�O�L�W�\���W�R���W�H�V�W���X�S���W�R���������R�I��
�W�K�H���P�R�V�W���F�R�P�P�R�Q�O�\���W�H�V�W�H�G���Z�D�W�H�U���P�H�W�K�R�G�V����
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��
�����������������'�2���D�Q�G���S�+�������+�D�F�K���+�4�����G���Z�L�W�K���S�U�R�E�H���R�U���(�T�X�L�Y�D�O�H�Q�W��

��
�'�H�V�L�J�Q�H�G���I�R�U���Z�D�W�H�U���D�S�S�O�L�F�D�W�L�R�Q�V�����W�K�H���+�D�F�K���+�4�����G���S�R�U�W�D�E�O�H��
�P�H�W�H�U���L�V���D�Q���D�G�Y�D�Q�F�H�G���P�H�W�H�U������HQd™ meters connect with 
�V�P�D�U�W���S�U�R�E�H�V���W�K�D�W���D�X�W�R�P�D�W�L�F�D�O�O�\���U�H�F�R�J�Q�L�]�H���W�K�H���W�H�V�W�L�Q�J��
�S�D�U�D�P�H�W�H�U�����F�D�O�L�E�U�D�W�L�R�Q���K�L�V�W�R�U�\�����D�Q�G���P�H�W�K�R�G���V�H�W�W�L�Q�J�V���W�R��
�P�L�Q�L�P�L�]�H���H�U�U�R�U�V���D�Q�G���V�H�W�X�S���W�L�P�H����
�3�R�U�W�D�E�O�H���P�H�W�H�U���P�H�D�V�X�U�H�V���F�U�L�W�L�F�D�O���Z�D�W�H�U���T�X�D�O�L�W�\���S�D�U�D�P�H�W�H�U�V������
�Z�L�W�K�R�X�W���W�K�H���Q�H�H�G���I�R�U���P�X�O�W�L�S�O�H���L�Q�V�W�U�X�P�H�Q�W�V����
�,�Q�W�X�L�W�L�Y�H���X�V�H�U���L�Q�W�H�U�I�D�F�H���I�R�U���V�L�P�S�O�H���R�S�H�U�D�W�L�R�Q���D�Q�G���D�F�F�X�U�D�W�H��
�U�H�V�X�O�W�V����
�0�H�W�H�U���N�L�W���L�Q�F�O�X�G�H�V���I�L�H�O�G���F�D�V�H���������$�$���E�D�W�W�H�U�L�H�V�����S�U�R�W�H�F�W�L�Y�H���P�H�W�H�U��
�J�O�R�Y�H�����S�R�Z�H�U���D�G�D�S�W�H�U�����8�6�%���'�&���S�R�Z�H�U���D�G�D�S�W�H�U���I�R�U���G�D�W�D��
�W�U�D�Q�V�I�H�U�����T�X�L�F�N���V�W�D�U�W���J�X�L�G�H�����X�V�H�U���P�D�Q�X�D�O�����D�Q�G���G�R�F�X�P�H�Q�W�D�W�L�R�Q��
�&�'����
�'�2���D�Q�G���S�+���S�U�R�E�H�V���U�H�T�X�L�U�H�G����
��
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�����������������6�O�X�G�J�H���6�H�W�W�O�L�Q�J�������6�H�W�W�O�H�R�P�H�W�H�U��

��
��
�7�K�H���D�E�L�O�L�W�\���W�R���R�E�V�H�U�Y�H���D�Q�G���P�H�D�V�X�U�H���W�K�H���U�D�W�H���D�Q�G��
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�E�L�R�O�R�J�L�F�D�O���W�U�H�D�W�P�H�Q�W���S�U�R�F�H�V�V�H�V���W�K�D�W���S�U�R�G�X�F�H���V�O�X�G�J�H����
��
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��
��

��
�����������������7�6�6�������$�\�V�L�[���P�R�G�H�O�������������K�D�Q�G���K�H�O�G���7�6�6���P�H�W�H�U���R�U���(�T�X�L�Y�D�O�H�Q�W��

��
��
�3�R�U�W�D�E�O�H���6�X�V�S�H�Q�G�H�G���6�R�O�L�G�V���$�Q�D�O�\�V�H�U��
��
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��
��
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��
�����������������+�D�F�K���&�(�/���$�G�Y�D�Q�F�H�G���:�D�V�W�H�Z�D�W�H�U���/�D�E�R�U�D�W�R�U�\��
��
��

��
�,�Q�F�O�X�G�H�V���W�K�H���'�5�����������&�R�O�R�U�L�P�H�W�H�U�����+�4�G���P�X�O�W�L���P�H�W�H�U���Z�L�W�K��
�S�+���S�U�R�E�H�����U�H�D�J�H�Q�W���V�H�W�V�����D�S�S�D�U�D�W�X�V�����L�O�O�X�V�W�U�D�W�H�G��
�L�Q�V�W�U�X�P�H�Q�W���D�Q�G���S�U�R�F�H�G�X�U�H�V���P�D�Q�X�D�O�V�����D�Q�G���D���U�X�J�J�H�G��
�F�D�U�U�\�L�Q�J���F�D�V�H��
��
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�������������5�H�F�R�U�G���.�H�H�S�L�Q�J����
 
�$�Q���H�V�V�H�Q�W�L�D�O���F�R�P�S�R�Q�H�Q�W���R�I���T�X�D�O�L�W�\���F�R�Q�W�U�R�O���L�Q���D�Q�\���I�D�F�L�O�L�W�\���L�V���V�R�X�Q�G���U�H�F�R�U�G���N�H�H�S�L�Q�J�����$���O�R�J���E�R�R�N��
�F�R�Y�H�U�L�Q�J���W�K�H���H�Q�W�L�U�H���W�U�H�D�W�P�H�Q�W���V�\�V�W�H�P���S�H�U�I�R�U�P�D�Q�F�H���V�K�R�X�O�G���E�H���P�D�L�Q�W�D�L�Q�H�G�����X�S�G�D�W�H�G�����D�Q�G���U�H�D�G�L�O�\��
�D�F�F�H�V�V�L�E�O�H���W�R���D�O�O���R�S�H�U�D�W�R�U�V�����7�K�H���O�R�J���E�R�R�N���V�K�R�X�O�G���E�H���X�V�H�G���W�R���U�H�F�R�U�G���R�E�V�H�U�Y�D�W�L�R�Q�V�����V�H�W���S�R�L�Q�W��
�D�O�W�H�U�D�W�L�R�Q�V�����D�Q�G���X�Q�X�V�X�D�O���F�R�Q�G�L�W�L�R�Q�V����
��
�)�R�U���H�D�F�K���Z�H�W���F�K�H�P�L�V�W�U�\���S�D�U�D�P�H�W�H�U���D�Q�D�O�\�V�L�V�����D���V�H�S�D�U�D�W�H���Z�R�U�N���V�K�H�H�W���K�D�V���W�R���E�H���S�U�H�S�D�U�H�G�����:�R�U�N��
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3” (5 – �����������F�P�����D�E�R�Y�H���W�K�H���W�R�S���U�R�Z���R�I���P�H�P�E�U�D�Q�H�V���D�Q�G���O�R�R�N�L�Q�J���W�K�U�X���W�K�H���W�D�Q�N���Y�L�H�Z�S�R�U�W���R�U��
�L�Q�V�S�H�F�W�L�R�Q���R�S�H�Q�L�Q�J�����V�H�H���E�H�O�R�Z������
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�D�Q�\���I�R�R�G���S�D�U�W�L�F�O�H�V��
�I�U�R�P���W�K�H���E�R�W�W�R�P���R�I��
�W�D�Q�N�V����

��
��
��
��

�3�5�2�&�(�6�6��
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�P�H�P�E�U�D�Q�H�V�� �;�� �� �� �� ��

�1�R�U�P�D�O���U�D�Q�J�H����
����������–�������������E�D�U��
(28” ��100” WC) ��

Note: When the vacuum at the membranes reache s 0.25 bar/3.5 psig/100" WC), it may be 
necessary to stop the permeati on and perform recovery cleaning (please see Section 7.6.1 for 
membrane fouling troubleshooting  and subsection 7.3 for me mbrane cleaning procedures ) ��
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�P�D�Q�X�D�O����
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�Y�H�Q�G�R�U���P�D�Q�X�D�O���L�Q��
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hand (“H”) until backwash tank is filled with required volume for chemical 
�E�D�F�N�Z�D�V�K�� �����/�� �S�H�U�� �F�D�V�V�H�W�W�H�� �;�� ������ �F�D�V�V�H�W�W�H�V�� �S�H�U�� �P�R�G�X�O�H�� � �� ������ �/�� �2�5�� �D�S�S�U�R�[���� ��������
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�E���� �7�X�U�Q���6�9����������series solenoid valves off (“O”)��
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�F���� �6�N�L�S���W�R���V�W�H�S������
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�E���� �7�X�U�Q���6�9����������solenoid valves to off (“O”)��

�F���� �7�X�U�Q���0�9���������������������G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���P�H�P�E�U�D�Q�H�V���W�R���E�H���F�O�H�D�Q�H�G�����P�R�W�R�U�L�]�H�G���Y�D�O�Y�H�V��
to hand (“H”)��

�G���� �7�X�U�Q���S�X�P�S���3����������to hand (“H”) until the backwash tank has drained to the required 
�Y�R�O�X�P�H���I�R�U���F�K�H�P�L�F�D�O���E�D�F�N�Z�D�V�K�������/���S�H�U���F�D�V�V�H�W�W�H���;���������F�D�V�V�H�W�W�H�V���S�H�U���P�R�G�X�O�H��� ��������
�/���2�5���D�S�S�U�R�[�������������F�D�S�D�F�L�W�\���R�I���7�1�.������������–���W�K�H���H�[�D�F�W���Y�R�O�X�P�H���F�D�Q���E�H���G�H�W�H�U�P�L�Q�H�G���E�\��
�E�D�F�N�Z�D�V�K���W�D�Q�N���O�H�Y�H�O���G�U�R�S�������1�R�W�H���7�1�.�����������F�D�S�D�F�L�W�\���L�V���������/����

�H���� �7�X�U�Q���3��801 to off (“O”)��
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�����������������3�U�R�F�H�G�X�U�H��–���2�U�J�D�Q�L�F���)�R�X�O�L�Q�J���6�R�O�X�W�L�R�Q��
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�2�U�J�D�Q�L�F���)�R�X�O�L�Q�J�������1�D�2�&�O�������������P�J���/���V�R�O�X�W�L�R�Q�����D�F�F�H�S�W�D�E�O�H���U�D�Q�J�H���R�I�����������W�R�������������P�J���/�������8�V�H�G���I�R�U��
�U�H�P�R�Y�D�O���R�I���R�U�J�D�Q�L�F���I�R�X�O�L�Q�J�����Z�K�L�F�K���L�V���W�K�H���P�R�V�W���F�R�P�P�R�Q���W�\�S�H���R�I���I�R�X�O�L�Q�J���L�Q���0�%�5�V����

�9�R�O�X�P�H���R�I���F�R�Q�F�H�Q�W�U�D�W�H�G���1�D�2�&�,���U�H�T�X�L�U�H�G���F�D�Q���E�H���F�D�O�F�X�O�D�W�H�G���Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J��
�I�R�U�P�X�O�D����
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�‚ �“ �����9�R�O�X�P�H���R�I���W�K�H���V�R�O�X�W�L�R�Q�����*�D�O�O�R�Q�����R�U���/�L�W�U�H�������H�T�X�D�O���W�R�������/���P�X�O�W�L�S�O�\�L�Q�J���W�K�H���Q�X�P�E�H�U���R�I���0�&�;�/��
�F�D�V�V�H�W�W�H�V���������������/���S�H�U���P�R�G�X�O�H��������
�o�™�������&�R�Q�F�H�Q�W�U�D�W�H�G���1�D�2�&�,���F�R�Q�F�H�Q�W�U�D�W�L�R�Q��������������������������������������������
�‚ �ž�����9�R�O�X�P�H���R�I���F�R�Q�F�H�Q�W�U�D�W�H�G���1�D�2�&�,���U�H�T�X�L�U�H�G�����*�D�O�O�R�Q�����R�U���/�L�W�U�H����
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Turn all equipment back to Automatic mode “A”,���D�Q�G���H�Q�D�E�O�H���W�K�H���P�H�P�E�U�D�Q�H�V����
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�:�$�5�1�,�1�*: A membrane cassette that has been in operation weighs more 
than dry membrane cassette before installation.                                   
Failure to comply with the instructions provided in this manual can cause 
equipment & property damage or severe personal injury, and will render 
the warranty null and void.  
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�)�L�O�D�P�H�Q�W�R�X�V���E�D�F�W�H�U�L�D���9�� �9�L�V�F�R�V�L�W�\���9 => �P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\���;��

�$�L�U���V�F�R�X�U���L�Q�W�H�Q�V�L�W�\���9�� �P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\���9��
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��
�������������0�%�5���$�O�D�U�P���7�U�R�X�E�O�H���6�K�R�R�W�L�Q�J��
��
��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

PLC ALM�� �&�3��
�6�+�8�7�'�2�:

�1���3�/�&��
�)�D�X�O�W��

�)�/�$�6�+��

�7�X�U�Q���R�I�I���H�Q�W�L�U�H��
�V�\�V�W�H�P�����:�D�L�W��������
�V�H�F�R�Q�G�V���E�H�I�R�U�H��

�U�H�V�W�R�U�L�Q�J���S�R�Z�H�U����

�3�O�H�D�V�H���F�R�Q�W�D�F�W��
�Q�H�Z�W�H�U�U�D�����3�/�&��

�S�U�R�E�O�H�P��

PWR FAIL 
ALM�� �&�3��

�:�$�5�1�,�1�*
�����3�R�Z�H�U���)�D�L�O���6�2�/�,�'��

�3�R�Z�H�U���K�D�V���I�D�L�O�H�G��
�W�R���W�K�H���X�Q�L�W���3�U�H�V�V���5�H�V�H�W��

�(�6�7�2�3��
�$�/�0 

�3�D�Q�H�O�� �(���6�W�R�S���)�/�$�6�+��

�&�K�H�F�N���D�O�O��
�O�R�F�D�W�L�R�Q�V���R�I���(��
�6�W�R�S���%�X�W�W�R�Q�V���W�R��
�H�Q�V�X�U�H���W�K�H�\���D�U�H��
�Q�R�W���S�X�V�K�H�G���L�Q����

�3�X�O�O���R�X�W���(���6�W�R�S��

TALL-201 �&�O�D�U�L�I�L�H�U��
�7�H�P�S�H�U�D�W�X�U
�H���D�O�D�U�P���O�R�Z��

�O�R�Z��
�)�/�$�6�+��

�&�K�H�F�N���I�R�U��
�E�X�L�O�G�L�Q�J���K�H�D�W�H�U��
�P�D�O�I�X�Q�F�W�L�R�Q����

�$�V�V�H�V�V���L�Q�I�O�X�H�Q�W��
�Z�D�W�H�U���W�H�P�S�H�U�D�W�X�U�H��

�5�H�S�O�D�F�H���K�H�D�W�H�U����
�7�D�N�H���D�F�W�L�R�Q���W�R��

�L�Q�F�U�H�D�V�H���L�Q�I�O�X�H�Q�W��
�Z�D�W�H�U���W�H�P�S�H�U�D�W�X�U�H����

B-201/ 
B-202 Fail 

�&�O�D�U�L�I�L�H�U��

�%�O�R�Z�H�U��
�%�����������%��
���������K�D�V��

�S�R�W�H�Q�W�L�D�O�O�\��
�I�D�L�O�H�G��

�)�/�$�6�+��
�&�K�H�F�N���E�O�R�Z�H�U���I�R�U��
�I�D�L�O�X�U�H�������&�K�H�F�N��

�E�U�H�D�N�H�U��

�5�H�S�O�D�F�H���E�O�R�Z�H�U��
�%�����������%������������

LAHH-401��
�6�&�5�(�(�1��

�'�,�6�&�+�$�5�*
�(��

�+�L�J�K���K�L�J�K��
�O�H�Y�H�O���D�O�D�U�P��
�L�Q���6�F�U�H�H�Q��
�0�R�G�X�O�H��

�G�L�V�F�K�D�U�J�H��
�W�D�Q�N��

�)�/�$�6�+��

�3�R�W�H�Q�W�L�D�O��
�G�L�V�F�K�D�U�J�H���W�D�Q�N��

�S�X�P�S��
�3�����������3����������
�I�D�L�O�X�U�H���&�K�H�F�N��

�%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���S�X�P�S��

P-401 or 
P-402 FAIL 

�6�&�5�(�(�1��
�3�8�0�3��

�3�����������3��
���������K�D�V��

�S�R�W�H�Q�W�L�D�O�O�\��
�I�D�L�O�H�G��

�)�/�$�6�+��
�3�����������3�����������I�R�U��
�I�D�L�O�X�U�H�����&�K�H�F�N��

�%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���S�X�P�S��
�3�����������3����������



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

SCN-401 
Or SCN-402 

FAIL 
�6�&�5�(�(�1��

�3�R�W�H�Q�W�L�D�O��
�V�F�U�H�H�Q��
�S�D�G�G�O�H��
�Z�K�H�H�O��
�P�R�W�R�U��
�I�D�L�O�X�U�H����

�)�/�$�6�+��
�&�K�H�F�N���V�F�U�H�H�Q��

�P�R�W�R�U���I�R�U���I�D�L�O�X�U�H����
�&�K�H�F�N���%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���P�R�W�R�U��

LAHH-301�� �(�4���7�D�Q�N��

�/�H�Y�H�O��
�$�O�D�U�P���+�L�J�K��
�+�L�J�K�������������(�4��

�7�D�Q�N��

�)�/�$�6�+��

�,�Q�Y�H�V�W�L�J�D�W�H���L�I��
�S�X�P�S���3�������������3��

���������K�D�V���I�D�L�O�H�G�����R�U��
�V�\�V�W�H�P���L�V��

�U�H�F�H�L�Y�L�Q�J���K�L�J�K�H�U��
�W�K�D�Q���G�H�V�L�J�Q���I�O�R�Z����
�R�U���P�H�P�E�U�D�Q�H���L�V��

�I�R�X�O�L�Q�J����

�5�H�S�O�D�F�H���S�X�P�S�����G�L�Y�H�U�W��
�I�O�R�Z�����S�H�U�I�R�U�P��

�P�H�P�E�U�D�Q�H���F�K�H�P�L�F�D�O��
�F�O�H�D�Q�L�Q�J����

LALL-301�� �(�4���7�$�1�.��
�/�R�Z���/�R�Z��

�/�H�Y�H�O��
�$�O�D�U�P��

��
�:�$�5�1��

�&�K�H�F�N���I�R�U���O�H�Y�H�O��
�W�U�D�Q�V�P�L�W�W�H�U��
�R�S�H�U�D�W�L�R�Q���R�U��

�X�S�V�W�U�H�D�P���S�L�S�H��
�R�E�V�W�U�X�F�W�L�R�Q���R�U��
�S�X�P�S���I�D�L�O�X�U�H����

�&�O�H�D�U���R�E�V�W�U�X�F�W�L�R�Q���R�U��
�U�H�S�D�L�U���U�H�S�O�D�F�H���I�D�X�O�W�\��

�H�T�X�L�S�P�H�Q�W����

P-301 or P-
302 FAIL�� �(�4���3�8�0�3��

�3�X�P�S���3����������
�K�D�V��

�S�R�W�H�Q�W�L�D�O�O�\��
�I�D�L�O�H�G��

�)�/�$�6�+��

�&�K�H�F�N���S�X�P�S���3��
���������R�U���3�����������I�R�U��
�I�D�L�O�X�U�H���R�U���L�I���L�W���L�V��

�X�Q�S�O�X�J�J�H�G�����&�K�H�F�N��
�%�U�H�D�N�H�U��

�3�O�X�J���L�Q���R�U���U�H�S�O�D�F�H��
�S�X�P�S���3�����������R�U���3������������

PAL-301�� �(�4���7�$�1�.��

�3�U�H�V�V�X�U�H��
�$�O�D�U�P���O�R�Z��
�R�Q���D�L�U���L�Q�O�H�W��

�W�R���(�4��
�7�D�Q�N�V��

�)�/�$�6�+��

�&�K�H�F�N���L�I���E�O�R�Z�H�U��
�%�����������R�U���%����������

�K�D�Y�H���I�D�L�O�H�G����
�&�K�H�F�N���%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���E�O�R�Z�H�U�V���L�I��
�U�H�T�X�L�U�H�G����

LAHH-501 or 
LAHH-502��

�$�(�5�$�7�,�2�1��
�7�$�1�.��

�+�L�J�K���+�L�J�K��
�O�H�Y�H�O���D�O�D�U�P��
�L�Q���$�H�U�D�W�L�R�Q��

�7�D�Q�N��

�)�/�$�6�+��
�&�K�H�F�N���S�X�P�S���3��
���������3�����������I�R�U��

�I�D�L�O�X�U�H��
�5�H�S�O�D�F�H���I�D�X�O�W�\���S�X�P�S��

LALL-501�� �$�(�5�$�7�,�2�1��
�7�$�1�.��

�/�R�Z���/�R�Z��
�/�H�Y�H�O��
�$�O�D�U�P��

��
�:�$�5�1��

�&�K�H�F�N���O�H�Y�H�O���L�Q���W�K�H��
�W�D�Q�N���D�Q�G���H�Q�V�X�U�H��
�/�H�Y�H�O���V�Z�L�W�F�K���R�U��
�W�U�D�Q�V�P�L�W�W�H�U���L�V��
�I�X�Q�F�W�L�R�Q�L�Q�J��
�F�R�U�U�H�F�W�O�\����

�&�O�H�D�U���R�E�V�W�U�X�F�W�L�R�Q���R�U���U�H�S�D�L�U����
�U�H�S�O�D�F�H���I�D�X�O�W�\���H�T�X�L�S�P�H�Q�W��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

PHAL-501��
�$�(�5�$�7�,�2�1��
�7�$�1�.�$�(�5�$
�7�,�2�1���7�$�1�.��

�/�R�Z���S�+��
�$�O�D�U�P�/�R�Z��

�O�R�Z���L�Q��
�$�H�U�D�W�L�R�Q��

�7�D�Q�N��

�:�$�5�1
�:�$�5�1��

�&�K�H�F�N���L�I���F�D�X�V�W�L�F��
�L�Q�M�H�F�W�L�R�Q���V�\�V�W�H�P��
�L�V���Z�R�U�N�L�Q�J���D�Q�G���R�U��

�Q�H�H�G�V���U�H�I�L�O�O��
�&�K�H�F�N���L�I���W�K�H���S�+��

�S�U�R�E�H���L�V���I�R�X�O�H�G���R�U��
�L�I���W�K�H���S�U�R�E�H��

�U�H�T�X�L�U�H�V��
�F�D�O�L�E�U�D�W�L�R�Q�����&�K�H�F�N��

�V�H�W�S�R�L�Q�W��
�W�H�P�S�H�U�D�W�X�U�H����

��

�5�H�S�O�D�F�H���F�D�X�V�W�L�F��
�L�Q�M�H�F�W�L�R�Q���V�\�V�W�H�P���R�U��
�U�H�I�L�O�O�������&�O�H�D�Q���S�+��

�S�U�R�E�H�����&�D�O�L�E�U�D�W�H���S�+��
�S�U�R�E�H�����$�G�M�X�V�W���V�H�W��
�S�R�L�Q�W���W�H�P�S�H�U�D�W�X�U�H����

��

PHAH-501��
�$�(�5�$�7�,�2�1��
�7�$�1�.�$�(�5�$
�7�,�2�1���7�$�1�.��

�+�L�J�K���S�+��
�D�O�D�U�P��

�:�$�5�1
�:�$�5�1��

�&�K�H�F�N���L�I���F�D�X�V�W�L�F����
�L�Q�M�H�F�W�L�R�Q���V�\�V�W�H�P��
�L�V���P�D�O�I�X�Q�F�W�L�R�Q�L�Q�J��
�R�U���L�I���3�+���S�U�R�E�H���L�V��

�F�D�O�L�E�U�D�W�H�G���R�U��
�I�R�X�O�H�G����

�5�H�S�O�D�F�H���F�D�X�V�W�L�F���V�R�G�D��
�L�Q�M�H�F�W�L�R�Q�����&�D�O�L�E�U�D�W�H��
�S�+���S�U�R�E�H���R�U���F�O�H�D�Q��

�V�H�Q�V�R�U��

DOAL-501��
�$�(�5�$�7�,�2�1��
�7�$�1�.�$�(�5�$
�7�,�2�1���7�$�1�.��

�'�L�V�V�R�O�Y�H�G��
�2�[�\�J�H�Q��

�$�O�D�U�P���O�R�Z��

�:�$�5�1
�:�$�5�1��

�,�Q�Y�H�V�W�L�J�D�W�H���L�I��
�W�K�H�U�H���L�V���V�H�S�W�L�F��

�V�P�H�O�O���	���F�K�H�F�N���W�K�H��
�P�L�[�L�Q�J���S�D�W�W�H�U�Q�����,�I��

�V�\�V�W�H�P���V�P�H�O�O�V��
�V�H�S�W�L�F���Z�L�W�K���Q�R��

�X�Q�L�I�R�U�P���P�L�[�L�Q�J����
�D�L�U���G�L�I�I�X�V�H�U���P�L�J�K�W��

�E�H���F�O�R�J�J�H�G����
�E�O�R�Z�H�U�V���P�D�\���Q�R�W��
�Z�R�U�N���R�U���S�O�D�Q�W���L�V��

�R�Y�H�U�O�R�D�G�H�G����
�(�Q�V�X�U�H���'�2���S�U�R�E�H��
�L�V���F�D�O�L�E�U�D�W�H�G���D�Q�G��

�F�O�H�D�Q����

�,�Q�F�U�H�D�V�H���D�H�U�D�W�L�R�Q���U�D�W�H��
�W�R���P�D�L�Q�W�D�L�Q���'�2���D�E�R�Y�H��
���������P�J���/�����R�U���U�H�S�O�D�F�H��
�F�O�R�J�J�H�G���G�L�I�I�X�V�H�U�����R�U��
�F�K�D�Q�J�H���E�O�R�Z�H�U�����R�U��

�F�D�O�L�E�U�D�W�H���R�U���F�O�H�D�Q���'�2��
�S�U�R�E�H�������5�H�S�O�D�F�H��

�F�D�X�V�W�L�F���V�R�G�D���L�Q�M�H�F�W�L�R�Q����
�&�D�O�L�E�U�D�W�H���S�+���S�U�R�E�H���R�U��

�F�O�H�D�Q���V�H�Q�V�R�U��

P-501 or 
P-502 FAIL��

�$�(�5�$�7�,�2�1��
�7�$�1�.��

�3�X�P�S���3����������
�R�U���3����������

�K�D�V��
�S�R�W�H�Q�W�L�D�O�O�\��

�I�D�L�O�H�G��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���S�X�P�S���3��
���������R�U���3�����������I�R�U��
�I�D�L�O�X�U�H�����&�K�H�F�N��

�%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���S�X�P�S���3����������
�R�U���3������������



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

P-503 FAIL�� �$�(�5�$�7�,�2�1��
�7�$�1�.��

�3�X�P�S���3����������
�K�D�V��

�S�R�W�H�Q�W�L�D�O�O�\��
�I�D�L�O�H�G��

�)�/�$�6�+
�)�/�$�6�+��

�&�K�H�F�N���S�X�P�S���3��
���������I�R�U���I�D�L�O�X�U�H����
�&�K�H�F�N���%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���S�X�P�S���3����������

PAL-501�� �$�(�5�$�7�,�2�1��

�%�O�R�Z�H�U��
�P�R�W�R�U��

�W�U�L�S�S�H�G���R�I�I��
�R�Q���R�Y�H�U�O�R�D�G��

�3�U�H�V�V�X�U�H��

�:�$�5�1
�)�/�$�6�+
�)�/�$�6�+��

�&�K�H�F�N���E�O�R�Z�H�U���D�L�U��
�O�L�Q�H���H�T�X�L�S�P�H�Q�W��

�D�Q�G���E�O�R�Z�H�U���P�R�W�R�U��
�&�K�H�F�N���L�I����������
�V�H�U�L�H�V���E�O�R�Z�H�U�V��

�K�D�Y�H���I�D�L�O�H�G��

�5�H�S�O�D�F�H���I�D�X�O�W�\��
�H�T�X�L�S�P�H�Q�W���5�H�S�O�D�F�H��
�E�O�R�Z�H�U�V���L�I���U�H�T�X�L�U�H�G��

PAL-601 or 
PAL-602��

�0�(�0�%�5�$�1
�(���7�$�1�.��

�3�U�H�V�V�X�U�H��
�$�O�D�U�P���O�R�Z��
�R�Q���D�L�U���L�Q�O�H�W��

�W�R��
�F�R�U�U�H�V�S�R�Q�G�L

�Q�J��
�0�H�P�E�U�D�Q�H��

�7�D�Q�N����
�%�O�R�Z�H�U��
�P�R�W�R�U��

�W�U�L�S�S�H�G���R�I�I��
�R�Q���R�Y�H�U�O�R�D�G��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���L�I���E�O�R�Z�H�U��
�%�����������R�U���%����������

�K�D�V���I�D�L�O�H�G�����&�K�H�F�N��
�E�O�R�Z�H�U���D�L�U���O�L�Q�H��
�H�T�X�L�S�P�H�Q�W���D�Q�G��
�E�O�R�Z�H�U���P�R�W�R�U��

�5�H�S�O�D�F�H���E�O�R�Z�H�U���L�I��
�U�H�T�X�L�U�H�G�����5�H�S�O�D�F�H��
�I�D�X�O�W�\���H�T�X�L�S�P�H�Q�W����

LAHH-601 or 
LAHH-602��

�0�(�0�%�5�$�1
�(���7�$�1�.��

�+�L�J�K���+�L�J�K��
�O�H�Y�H�O���D�O�D�U�P��

�L�Q��
�0�H�P�E�U�D�Q�H��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���S�X�P�S���3��
���������I�R�U���I�D�L�O�X�U�H��

�5�H�S�O�D�F�H���S�X�P�S�����3����������
�5�H�S�O�D�F�H���I�D�X�O�W�\��

�H�T�X�L�S�P�H�Q�W��

FLT-701 or 
702��

�3�(�5�0���9�)�'��
�����R�U������ �9�)�'���)�D�X�O�W��

�)�/�$�6�+
�:�$�5�1�� �&�K�H�F�N�����9�)�'���I�D�X�O�W��

�5�H�S�O�D�F�H���S�X�P�S���D�Q�G��
�9�)�'���5�H�S�O�D�F�H���I�D�X�O�W�\��

�H�T�X�L�S�P�H�Q�W��

VTAL-701 or 
702 

��

�0�(�0�%�5�$�1
�(�������R�U���7�$�1�.��

����

�/�R�Z��
�Y�D�F�X�X�P��
�D�O�D�U�P���R�Q��
�S�H�U�P�H�D�W�H��
�O�L�Q�H���I�U�R�P��
�0�%�5�������R�U��

�0�%�5����

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���I�R�U��
�Y�D�F�X�X�P���O�H�D�N���D�Q�G����

�P�H�P�E�U�D�Q�H���R�U��
�S�X�P�S���I�D�L�O��

�5�H�S�D�L�U���D�Q�G���U�H�S�O�D�F�H���D�V��
�U�H�T�X�L�U�H�G��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

VTAH-701 or 
702 

 

�0�(�0�%�5�$�1
�(�������R�U���7�$�1�.��

����

�+�L�J�K��
�Y�D�F�X�X�P��
�D�O�D�U�P���R�Q��
�S�H�U�P�H�D�W�H��
�O�L�Q�H���I�U�R�P��
�0�%�5�����R�U��
�0�%�5����

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���I�R�U���F�O�R�V�H�G��
�Y�D�O�Y�H���R�Q���S�H�U�P�H�D�W�H��

�V�L�G�H���R�U���F�K�H�F�N��
�P�H�P�E�U�D�Q�H�V���I�R�U��
�V�H�Y�H�U�H���I�R�X�O�L�Q�J��

�2�S�H�Q���Y�D�O�Y�H���R�U���F�O�H�D�Q��
�P�H�P�E�U�D�Q�H�V���5�H�S�D�L�U��

�D�Q�G���U�H�S�O�D�F�H���D�V��
�U�H�T�X�L�U�H�G��

FTAL-701 or 
702 

 

�0�(�0�%�5�$�1
�(�������R�U���7�$�1�.��

����

�/�R�Z��
�S�H�U�P�H�D�W�H��

�I�O�R�Z���D�O�D�U�P��
�R�Q���S�H�U�P�H�D�W�H��

�O�L�Q�H���I�U�R�P��
�0�%�5�����R�U��
�0�%�5����

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���I�R�U���F�O�R�V�H�G��
�Y�D�O�Y�H���R�U���S�H�U�P�H�D�W�H��

�S�X�P�S���I�D�L�O�X�U�H��
�&�K�H�F�N���I�R�U���F�O�R�V�H�G��

�Y�D�O�Y�H���R�Q���S�H�U�P�H�D�W�H��
�V�L�G�H���R�U���F�K�H�F�N��

�P�H�P�E�U�D�Q�H�V���I�R�U��
�V�H�Y�H�U�H���I�R�X�O�L�Q�J��

�2�S�H�Q���Y�D�O�Y�H���R�U���U�H�S�D�L�U����
�U�H�S�O�D�F�H���S�H�U�P�H�D�W�H��

�S�X�P�S���2�S�H�Q���Y�D�O�Y�H���R�U��
�F�O�H�D�Q���P�H�P�E�U�D�Q�H�V��

�5�H�S�D�L�U���D�Q�G���U�H�S�O�D�F�H���D�V��
�U�H�T�X�L�U�H�G��

FTAH-701 or 
702 

�0�(�0�%�5�$�1
�(�������R�U���7�$�1�.��

����

�+�L�J�K��
�S�H�U�P�H�D�W�H��

�I�O�R�Z���D�O�D�U�P��
�R�Q���S�H�U�P�H�D�W�H��

�O�L�Q�H���I�U�R�P��
�0�%�5�����R�U��
�0�%�5����

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���I�R�U��
�Y�D�F�X�X�P���O�H�D�N���R�U��

�P�H�P�E�U�D�Q�H���I�D�L�O�X�U�H��
�D�Q�G���R�S�H�U�D�W�L�R�Q���R�I��
�S�H�U�P�H�D�W�H���S�X�P�S��

�5�H�S�D�L�U���D�Q�G���U�H�S�O�D�F�H���D�V��
�U�H�T�X�L�U�H�G���2�S�H�Q���Y�D�O�Y�H��

�R�U���U�H�S�D�L�U�����U�H�S�O�D�F�H��
�S�H�U�P�H�D�W�H���S�X�P�S���2�S�H�Q��

�Y�D�O�Y�H���R�U���F�O�H�D�Q��
�P�H�P�E�U�D�Q�H�V��

UVA-811 or 
812 

�3�(�5�0��
�8�9�����������R�U��
�8�9�����������K�D�V��

�I�D�L�O�H�G����

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���L�I���8�9���O�D�P�S��
�K�D�V���I�D�L�O�H�G��

�&�K�D�Q�J�H���8�9���O�D�P�S��

UVA-BOTH�� �3�(�5�0�(�$�7�(��

�8�9���O�L�J�K�W��
���������D�Q�G��
�8�9����������

�K�D�Y�H���I�D�L�O�H�G��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���L�I���8�9���O�D�P�S��
�K�D�V���I�D�L�O�H�G���&�K�H�F�N��
�L�I���8�9���O�D�P�S���K�D�V��
�I�D�L�O�H�G���&�K�H�F�N���L�I��
�8�9���O�D�P�S���K�D�V��

�I�D�L�O�H�G��

�&�K�D�Q�J�H���8�9���O�D�P�S��
�&�K�D�Q�J�H���8�9���O�D�P�S��
�&�K�D�Q�J�H���8�9���O�D�P�S��

�5�H�S�D�L�U���D�Q�G���U�H�S�O�D�F�H���D�V��
�U�H�T�X�L�U�H�G��

BACKWASH1 
or 

BACKWASH2 
FAILED��

�%�$�&�.�:�$�6
�+���3�(�5�0�����R�U��

�3�(�5�0����

�%�D�F�N�Z�D�V�K��
�W�R���7�1�.����������
�R�U���7�1�.����������

�I�D�L�O�H�G��

�)�/�$�6�+
�:�$�5�1��

�%�D�F�N�Z�D�V�K���G�L�G���Q�R�W��
�F�R�P�S�O�H�W�H��–��

�V�\�V�W�H�P���V�N�L�S�S�H�G��
�E�D�F�N�Z�D�V�K��

�&�K�H�F�N���I�X�Q�F�W�L�R�Q���R�I��
�E�D�F�N���Z�D�V�K���S�X�P�S���D�Q�G��

�Y�D�O�Y�H��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

P-901 FAIL�� �0�(�0�%�5�$�1
�(���3�(�5�0������
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��
�3�H�U�P�D�Q�H�Q�W���V�K�X�W���G�R�Z�Q���L�V���U�H�T�X�L�U�H�G���L�I���V�\�V�W�H�P���R�S�H�U�D�W�L�R�Q���V�W�R�S�V���I�R�U���D�W���O�H�D�V�W�������Z�H�H�N�V���Z�L�W�K�R�X�W���L�Q�I�O�R�Z����
�3�H�U�P�D�Q�H�Q�W���V�K�X�W���G�R�Z�Q���L�Q�F�O�X�G�H�V���W�K�H���I�R�O�O�R�Z�L�Q�J���S�U�R�F�H�G�X�U�H����
��
�������������3�U�R�F�H�V�V���6�K�X�W���'�R�Z�Q���3�U�R�F�H�G�X�U�H��
��

�x�� �&�R�Q�G�X�F�W���D��“Backwash Now” operation on the system��
�x�� �6�W�R�S���L�Q�I�O�X�H�Q�W���I�O�R�Z���L�Q�W�R���W�K�H���6�\�V�W�H�P��
�x�� Ensure all pumps are in the “OFF” position using the HOA HMI screen��
�x�� Ensure all Blowers are in the “AUTO” position using the HOA HMI screen.  This is to be 

�G�R�Q�H���X�Q�W�L�O���D���Y�D�F�X�X�P���W�U�X�F�N���F�D�Q���E�H���S�U�R�Y�L�G�H�G���R�U���F�R�Q�W�U�D�F�W�H�G���O�R�F�D�O�O�\���W�R���F�O�H�D�Q���R�X�W���W�K�H���W�D�Q�N�V����
�x�� Ensure all automated valves are in the “OFF” position using the HOA HMI screen.��
�x�� �(�Q�V�X�U�H���W�K�D�W���W�K�H���0�%�5���L�V���G�L�V�D�E�O�H�G���X�V�L�Q�J���W�K�H���+�0�,���V�F�U�H�H�Q���E�X�W�W�R�Q��
�x�� �&�R�Q�G�X�F�W���D�O�O���P�D�L�Q�W�H�Q�D�Q�F�H���S�U�R�F�H�G�X�U�H�V���R�Q���6�H�F�W�L�R�Q�������7�D�E�O�H��–���U�H�J�D�U�G�O�H�V�V���R�I���V�F�K�H�G�X�O�H���W�L�P�H��

��
�������������&�O�H�D�Q�L�Q�J�������*�H�Q�H�U�D�O��
��

�x�� �&�R�Q�G�X�F�W���J�H�Q�H�U�D�O���V�\�V�W�H�P���L�Q�W�H�U�L�R�U���F�O�H�D�Q�L�Q�J��
�x�� �2�S�H�Q���D�O�O���W�D�Q�N�V�����Z�D�V�K���R�X�W���Z�L�W�K���D���J�D�U�G�H�Q���K�R�V�H���D�Q�G���9�D�F�X�X�P���R�X�W����
�x�� �&�O�H�D�Q���D�O�O���V�H�Q�V�R�U�V���D�Q�G���O�H�Y�H�O���V�Z�L�W�F�K�H�V��

��
�������������0�H�P�E�U�D�Q�H�V��
��
�x�� �(�Q�V�X�U�H���W�K�D�W���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�V�����7�1�.���������������������D�U�H���G�U�D�L�Q�H�G���E�H�I�R�U�H���R�S�H�Q�L�Q�J���W�K�H���P�H�P�E�U�D�Q�H��

�W�D�Q�N�V����
�x�� �2�S�H�Q���7�1�.�������������������G�R�R�U�V���Z�L�W�K���K�D�Q�G���S�R�Z�H�U���W�R�R�O�V����

��
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�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����
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�x�� �8�V�L�Q�J���D���J�D�U�G�H�Q���K�R�V�H�����Z�D�V�K���W�K�H���L�Q�V�L�G�H���R�I���W�K�H���W�D�Q�N�V���D�Q�G���Y�D�F���R�X�W���D�Q�\���U�H�P�D�L�Q�L�Q�J���Z�D�V�W�H��
�Z�D�W�H�U�������'�2���1�2�7���8�6�(���$���3�5�(�6�6�8�5�(���:�$�6�+�(�5����

�x�� �'�L�V�F�R�Q�Q�H�F�W���W�K�H���S�H�U�P�H�D�W�H���K�R�V�H�V���I�U�R�P���W�K�H���W�R�S���R�I���P�H�P�E�U�D�Q�H���W�K�H���P�H�P�E�U�D�Q�H���V�W�D�F�N����
�x�� �5�H�P�R�Y�H���W�K�H���P�H�P�E�U�D�Q�H�V���I�U�R�P���W�K�H���P�H�P�E�U�D�Q�H���I�U�D�P�H���X�V�L�Q�J���K�D�Q�G���W�R�R�O�V������
��

��
��
�x�� �&�$�8�7�,�2�1��–���W�K�H���P�H�P�E�U�D�Q�H�V���D�U�H���F�R�Q�W�D�P�L�Q�D�W�H�G���Z�L�W�K���Z�D�V�W�H���Z�D�W�H�U�������3�3�(���U�H�T�X�L�U�H�G������
�x�� �1�2�7�(�������7�K�H���P�H�P�E�U�D�Q�H�V���D�U�H���G�R�X�E�O�H���V�W�D�F�N�H�G�������7�K�H���E�R�W�W�R�P���P�H�P�E�U�D�Q�H���K�D�V���D���S�O�X�J���L�Q���W�K�H��

�E�R�W�W�R�P���R�S�H�Q�L�Q�J�������'�R���Q�R�W���U�H�P�R�Y�H���W�K�L�V���S�O�X�J�������1�R�W�H���W�K�H���P�H�P�E�U�D�Q�H���R�U�L�H�Q�W�D�W�L�R�Q�V���I�R�U���U�H��
�L�Q�V�W�D�O�O�D�W�L�R�Q���������7�K�H���P�H�P�E�U�D�Q�H�V���D�U�H���M�R�L�Q�H�G���W�R�J�H�W�K�H�U���Z�L�W�K���H�L�W�K�H�U���D���3�9�&���X�Q�L�R�Q���Z�L�W�K���W�Z�R���2��
�5�L�Q�J�V���R�Q���H�D�F�K���V�L�G�H���2�5���F�O�H�D�U���3�9�&���K�R�V�H���D�Q�G���K�R�V�H���F�O�D�P�S�V����

��

�� �7�K�L�V���P�H�P�E�U�D�Q�H���K�D�V���D��
�S�O�D�V�W�L�F���S�O�X�J�������'�R���Q�R�W��
�U�H�P�R�Y�H���L�W����

�&�R�Q�Q�H�F�W�H�G���Z�L�W�K���H�L�W�K�H�U���3�9�&���X�Q�L�R�Q��
�Z�L�W�K���W�Z�R���2���5�L�Q�J�V���R�Q���H�D�F�K���V�L�G�H��
�2�5���F�O�H�D�U���3�9�&���K�R�V�H���D�Q�G���K�R�V�H��
�F�O�D�P�S�V����

�&�R�Q�Q�H�F�W�H�G���W�R���W�K�H��
�S�H�U�P�H�D�W�H���K�R�V�H�V����
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�Q�H�Z�W�H�U�U�D���O�W�G����
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��

�x�� �$�I�W�H�U���P�H�P�E�U�D�Q�H�V���D�U�H���V�H�S�D�U�D�W�H�G�����Z�D�V�K���Z�L�W�K���F�O�H�D�Q���Z�D�W�H�U�������5�H�P�R�Y�H���W�K�H���E�O�X�H���E�D�F�N�L�Q�J���S�O�D�W�H��
�D�Q�G���J�H�Q�W�O�\���V�H�S�D�U�D�W�H���W�K�H���P�H�P�E�U�D�Q�H���S�O�D�W�H�V���D�Q�G���F�O�H�D�Q���Z�L�W�K���Z�D�W�H�U���W�R���U�H�P�R�Y�H���D�Q�\���G�H�E�U�L�V����

��

������������������ ��
��

�x�� �5�H�S�O�D�F�H���E�D�F�N�L�Q�J���S�O�D�W�H���D�Q�G���O�H�W���W�K�H���P�H�P�E�U�D�Q�H�V���G�U�\���R�X�W����
�x�� �6�K�U�L�Q�N���Z�U�D�S���W�K�H���P�H�P�E�U�D�Q�H���F�D�V�V�H�W�W�H�V���L�Q���P�X�O�W�L�S�O�H���I�L�O�P���O�D�\�H�U�V���D�Q�G���V�H�D�O���W�K�H���P�H�P�E�U�D�Q�H�V��

�F�D�V�V�H�W�W�H�V���Z�L�W�K���W�D�S�H�������1�R�W�H���D�Q�G���P�D�U�N���Z�K�L�F�K���P�H�P�E�U�D�Q�H�V���K�D�Y�H���W�K�H���E�R�W�W�R�P���S�O�X�J���L�Q���W�K�H�P����
�x�� �6�W�R�U�H���W�K�H���S�U�H�V�H�U�Y�H�G���P�H�P�E�U�D�Q�H���F�D�V�V�H�W�W�H�V���D�W���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H�����Q�H�Y�H�U���H�[�S�R�V�H���W�K�H��

�P�H�P�E�U�D�Q�H���F�D�V�V�H�W�W�H�V���W�R���I�U�R�V�W�����G�X�V�W�����R�U���G�L�U�H�F�W���V�X�Q�O�L�J�K�W������
��
���������*�H�Q�H�U�D�O���&�R�P�S�R�Q�H�Q�W�V��
��

�x�� �&�R�Q�G�X�F�W���D�O�O���S�U�H�Y�H�Q�W�D�W�L�Y�H���P�D�L�Q�W�H�Q�D�Q�F�H���D�V���O�L�V�W�H�G���L�Q���6�H�F�W�L�R�Q��������
�x�� �'�U�D�L�Q���9�D�F�X�X�P���2�X�W���D�Q�G���Z�D�V�K���R�X�W���D�O�O���W�D�Q�N�V����
�x�� �&�O�H�D�Q���D�Q�G���:�D�V�K���R�X�W���6�&�5������������������
�x�� �'�L�V�D�V�V�H�P�E�O�H���D�O�O���3�9�&���E�D�O�O���Y�D�O�Y�H�V���D�Q�G���G�U�D�L�Q���D�Q�\���Z�D�W�H�U���L�Q�V�L�G�H�����R�S�H�Q���D�Q�G���F�O�R�V�H���W�R���H�Q�V�X�U�H��

�W�U�D�S�S�H�G���Z�D�W�H�U���H�V�F�D�S�H�V������
�x�� �/�H�D�Y�H���D�O�O���Y�D�O�Y�H�V���ò���R�S�H�Q���G�X�U�L�Q�J���U�H�L�Q�V�W�D�O�O�D�W�L�R�Q��
�x�� �2�S�H�Q���D�O�O���G�U�D�L�Q���Y�D�O�Y�H�V���D�Q�G���O�H�D�Y�H���R�S�H�Q����
�x�� �)�L�Q�G���D�O�O���F�K�H�F�N���Y�D�O�Y�H�V���D�Q�G���P�D�N�H���V�X�U�H���Z�D�W�H�U���L�V���Q�R�W���E�H�L�Q�J���K�H�O�G���E�\���Y�D�O�Y�H�����:�H�W���'�U�\���9�D�F��

�Z�R�U�N�V���Z�H�O�O���K�H�U�H������
�x�� �'�U�D�L�Q�������U�H�P�R�Y�H���D�O�O���S�X�P�S�V���I�U�R�P���W�D�Q�N�V�����H�Q�V�X�U�H���Q�R���Z�D�W�H�U���L�V���O�H�I�W���L�Q�V�L�G�H���W�K�H���S�X�P�S����
�x�� �8�V�H���5�9���$�Q�W�L�I�U�H�H�]�H���W�K�D�W���L�V���V�X�L�W�D�E�O�H���I�R�U���S�R�W�D�E�O�H���Z�D�W�H�U���V�\�V�W�H�P�V��

o�� �5�H�I�L�O�O���D�Q�\���F�K�H�F�N���Y�D�O�Y�H��
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o�� �'�X�P�S���L�Q���������T�W�\���������/���E�R�W�W�O�H�V���L�Q���H�D�F�K���W�D�Q�N��
�x�� �5�H�P�R�Y�H���S�R�Z�H�U���I�U�R�P���V�\�V�W�H�P����
�x�� �'�R�X�E�O�H���F�K�H�F�N���D�Q�G���H�Q�V�X�U�H���W�K�D�W���W�K�H�U�H���L�V���Q�R���Z�D�W�H�U���O�H�I�W���L�Q���D�Q�\���S�L�S�H�V�����I�L�W�W�L�Q�J�V���H�W�F�����,�I���L�W���L�V���Q�R�W��

�S�R�V�V�L�E�O�H���W�R���U�H�P�R�Y�H���W�K�H���Z�D�W�H�U���I�L�O�O���Z�L�W�K���D�Q�W�L�I�U�H�H�]�H����
�x�� �'�U�D�L�Q���W�K�H���F�K�H�P�L�F�D�O���W�D�Q�N�V��and dispose of chemicals in accordance with manufacturer’s 
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�� �����������	�������� �
�����	���� ���������� �������������������������������������������������������������	��������������������� �!�"�����������������#
�� �����������	�������� �
�����	���� �������$�� ���������������������%�����&�����������'���(�������������)�������������*
�� �����������	�������� �
�����	���� ���������� �+� �*�����
�������	�,�-�������������	���.���������-�/�0���������(���1������(���*�*���,
�� �����������	�������� �
�����	���� ���������� ����2�����/�*�%�����"�������-�����!�*�/�*�"��������� �"�'� �"�������!�"���/�!�*�/�%���(�(�1�������&�������������/����
�� �����������	�������� �
�����	���� ���������� ����!�"���%�"�������3�-�����1�*�����4�������!���#���5�����*�/�!�6�����7�	�3�	����4���������	�3�	����4�������������(�����3���������4

�� �����������	�������� �
�����	���� ���������$ ����0�)�/�!���"�/���!�����"�����"����������� �*�)�������-���'������� �!�"
�� �����������	�������� �
�����	���� ���$���7�. ���7�������$�������������8�������9�����:���2���*���������!�/�"����
�� �����������	�������� �
�����	���� ���$�.���� �������;�����!�%���!�<���*�%���!�"���������<�/� �0�������*��������������/�5��
�� �����������	�������� �
�����	���� ���7�����7 �����������������������������������������������������������	�������(�"�����!�����������������#
�� �����������	�������� �
�����	���� ���7���.�� ����0�)�/�!���"�/���!�����"�����"�������������	�������9�����������*���������:���=���:�����8��
�� �����������	�������� �
�����	���� ���7���.�7 ����0�)�/�!���"�/���!�����"�����"�����������������#�����<�1�������������+��� �(�"���	� �>�=������!�"���%�"�������<� �(��

�� �����������	�������� �
�����	���� ���7������ ����0�)�/�!���"�/���!�����"�����"���������-�����1�*�������"���!�<�����<������!�"�����(�����!�/�"�����=���������=���	����������������%���/�(

�� �����������	�������� �
�����	���� �������.�7 �+� �*�����
�������
�������:�����������0�	�������������+���*�"���	�%�"�/�!�6�������/�!�/���"� ���������>�����0�0
�� �����������	�������� �
�����	���� �������7�� ����0�)�/�!���"�/���!�����"�����"���������-�����1�*�������"���!�<�����<������!�"�����(�����!�/�"�����=���������=���	�����������:�.���0�	��

������%���/�(
�� �����������	�������� �
�����	���� �����$�$�� �#���(���1���������-���#�?�����	�����+���������/�!�/���"� �������#���(���1�����������-�������������	������.�	���%���!�"���%�"�*

�� �����������	�������� �
�����	���� �����$�$�$ �#���(���1���������-���#�?�����	���������������/�!�/���"� �������#���(���1�����������-��������������������.�	���%���!�"���%�"�*

�� �����������	�������� �
�����	���� �����$�$�7 �#���(���1���������-���#�?�@�����������������������*���:�����%�����"���&�������#�?�������������#���(���1�*
�� �����������	�������� �
�����	���� ���������� �#���(���1���������-���#�?�����	���������������/�!�/���"� �������#���(���1���������-�������������
�� �����������	�������� �
�����	���� ���������. �#���(���1���������-���#�?�@�����������$�����������*���:�����%�����"���&�������#�?�������������#���(���1�*
�� �����������	�������� �
�����	���� ���������. ��� �*�)�����������-�����1�*�������"�����"�����*�����A�.�	�;�
���.���	�����	�?
�� �����������	�������� �
�����	���� ���������. ����0�)�/�!���"�/���!�����"�����"���������-�����1�*�������"���!�<�����<������!�"�����(�����!�/�"�����������	�����������:�.���0�	�������

�%���/�(
�� �����������	�������� �
�����	���� ���������� ����2�������9��������� �'�'�(�1���������������������0�	
�� �����������	�������� �
�����	���� ���������� �#���(���1�����������-�������������������/�(
�� �����������	�������� �
�����	���� ���.�$���7 �$�
�������/�%���������������B���1
�� �����������	�������� �
�����	���� ���$���$�� ��������������!�"�����(�(����������� ���(�����"�2�����!���"
�� �����������	�������� �
�����	���� ���7������ ���;����������*�1�������������	���:����(�(���#��� �"������������������������9����
�� �����������	�������� �
�����	���� ���������� ����������������9��������� �'�'�(�1�����������;�������	
�� �����������	�������� �
�����	���� ���.���$�� �-���������.���������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� ���.���$�$ �-���������.���������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� ���.���$�7 �-�����������%�2���!�!���(���	�������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� ���.���7�� �-�������$���%�2���!�!���(���	�������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� ���.�����. �-��� �%�2�*�%�������!���������=���C���-������8�������	�#�-�������������	�D
�� �����������	�������� �
�����	���� ���.�����. ���-�����#�������	�<���'�"�����������"�2�����!���"
�� �����������	�������� �
�����	���� ���.������ �-�������$���'���/�!�"�����������>�'���!�*�/���!�������<� �(��
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�� �����������	�������� �
�����	���� ���.������ �-�����������%�2���!�!���(���	�������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� ���.������ �+� �*���������.���0�	�������������+���*�"���	�%�"�/�!�6�������/�!�/���"� ���������>�����0�0
�� �����������	�������� �
�����	���� ���.������ �-��������� �*���-�����!�*�0�/�"�"�����������<� �(��
�� �����������	�������� �
�����	���� ���.�����$ �-��������� �*���#���%���/�5�����������<� �(��
�� �����������	�������� �
�����	���� �������7�. �-���������.���'���/�!�"�����������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� �����7���. ���$�C���>�����.�C���>�������C���������	���������"�����(�����!�%�(���*� ����
�� �����������	�������� �
�����	���� ���$���.�7 ��������������������� �(�"�/�7�����$���:�����������������	����������������-���/�'���� ���5�������������������#
�� �����������	�������� �
�����	���� ���$������ ��������������������� �(�"�/�7�����$���:�����������������	����������������-���/�'���� ���5�������������������#
�� �����������	�������� �
�����	���� ���$������ ��������������������� �(�"�/�7�����$���:�����������������	����������������-���/�'���� ���5�������������������#
�� �����������	�������� �
�����	���� ���$���7�� ��������������������� �(�"�/�7�������$���:�����������������	����������������-���/�'���� ���5�������������������#
�� �����������	�������� �
�����	���� ���$���7�� �������/���)�(�����+�����E� ���!�%�1�������/�5�����������!�&���*�*���+��������������B���������+�������$���������8���������=���	�������8����

�������������9�:�����/�!�������/�<�����+� �*�/�)�(�������/�*�%
�� �����������	�������� �
�����	���� ���$���7�� �������/���)�(�����+�����E� ���!�%�1�������/�5�����������!�&���*�*���+����������������B�������+�������$�����������8�����������	��

�����8�����������������9�:�����/�!�������/�<�����+� �*�/�)�(�������/�*�%
�� �����������	�������� �
�����	���� ���$�����. ���������������������������������	�������������
�� �����������	�������� �
�����	���� ���$������ ���������������������������������	�������������
�� �����������	�������� �
�����	���� ���$�����$ ���������������������������������	�������������
�� �����������	�������� �
�����	���� ���$�����7 ���������������������������������	�������������
�� �����������	�������� �
�����	���� ���$������ �;���(�(�������%�����������;�����������%�:�9�����2���"�����1��
�� �����������	�������� �
�����	���� ���$�����7 �-���������.�#�������>�'���!�*�/���!�������<� �(��
�� �������������������� �
�����	���� �7�7�7�7 ��� �0�'���������"�����/�!�6�����������0�/�!���!�"�����#���)� �/�(�<���B�/�"�������-�����������$�����-�������������������	��������

�+�(���9�F�����=�$�$�
���8���:�����=�������:�8�����������*�*� �����F�����������������:���������	�#

�� �������������������� �
�����	���� ���������$ ���(���9����������� �"�����)�/�(�"���������<���(���������#�8�
�� �������������������� ���������������������� ���������7 �+�/�(�"�����������(���0���!�"���������(�)�����6�������������������'���������(���0���!�"�����&�������!���9�"�����������������������7�.

�� �������������������� �
�����	���� ���������� ���(���9���������������"���������(�"���<���/�5�����������2�'
�� �������������������� ���������������������� �������7�� �+�/�(�"�����������(���0���!�"���������(�)�����6���������������������'���������(���0���!�"���&�������!���9�"�����������������������$�7

�� �������������������� ���������������������� ���������� �+�/�(�"�����������(���0���!�"���������(�)�����6�������$�����������'���������(���0���!�"�����&�������!���9�"�������������������������.

�� �������������������� �
�����	���� ���������. �����"���������-���%���������2�'�������$�������'�0�����������-
�� �������������������� ���������������������� �����7���� ���/�(�������(���9���������	�����!���������)�(���9���������/�(
�� �������������������� �
�����	���� �������$�� �����"���������-���%�����������2�'�������.�������'�0�����������-
�� �������������������� �
�����	���� ���.���7�. �
��� �6�������������*�*� �����������������'�*�/�������!�<� �0�����"���������.�-�����+�
������
�� �������������������� �
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1151 Ardmore Ave. �Œ Itasca, IL  60143 USA 
Tel: +1 630 616 4900 �Œ Fax: +1 630 773 2643 

E-mail: sales@solbergmfg.com �Œ Web Site: www.solbergmfg.comSolberg …  Discover the Possibilities 

with with DIMENSIONS - mm Screw, No. of
Polyester Paper BSPT Blower, Element Silencing Approx.
Element Element Outlet A B C Piston Fan Rating Tubes Wt. Kg

I FS-05-025 FS-04-025 1/4" 70 16 64 7 7 14 1 0.11
I FS-05-038 FS-04-038 3/8" 70 16 64 10 14 14 1 0.11
S FS-07-038 FS-06-038 3/8" 90 16 83 14 14 20 1 0.23
I FS-05-050 FS-04-050 1/2" 76 22 64 10 14 14 1 0.11
I FS-07-050 FS-06-050 1/2" 97 22 83 17 20 20 1 0.23
S FS-11-050 FS-10-050 1/2" 105 22 105 20 20 60 1 0.45
I FS-07-075 FS-06-075 3/4" 106 32 83 20 20 20 1 0.23

I FS-11-075 FS-10-075 3/4" 114 32 105 34 43 60 1 0.45
I FS-11-100 FS-10-100 1" 114 32 105 43 60 60 1 0.45

Rated Flow m3/h

�Œ  Industrial & Severe Duty��
�Œ  Piston Compressors 
�Œ  Screw Compressors 
�Œ  Blowers - Side Channel & Roots 
�Œ  Hydraulic Breathers … fine filtration

�Œ  Various media available 
�Œ  Epoxy coated housings

SMALL COMPACT FILTER SILENCERS 
w/ •Hockey PuckŽ Patented Element
"FS" Series  1/4Ž - 1Ž BSPT

I = Industrial Duty   S = Severe Duty  

Dimension tolerance + 6 mm

EFS15-105

�Œ  Engines 
�Œ  Construction\Contractor Industry 
�Œ  Workshop 
�Œ  Medical\Dental Industry 
�Œ  Hobby

�Œ  Pneumatic Conveying 
�Œ  Waste Water Aeration 
�Œ  Nailers and Staplers

�Œ  Polyester: 99%+ removal efficiency standard to 5 micron 
�Œ  Paper: 99%+ removal efficiency standard to 2 micron 
�Œ  Interchangeable media:  Polyester, Paper, HEPA 
�Œ  Temp (continuous): min -26°C (-15°F) max 104°C (220°F) 
�Œ  Filter change out differential: 255-380 mm H2O
 over initial delta P 
�Œ  A single noise attenuation graph is insufficient; please  
 inquire for your specific requirement

�Œ  Straight Through Design (Vertical) 
�Œ  Custom connections

�Œ  Patented high grade element w/Built-in Butterfly gasket seal  
 Creates positive seal between housing hemispheres 
 New seal with each element, Minimizes parts 
�Œ  Fully drawn weatherhood - no welds to rust or vibrate apart 
�Œ  Tubular silencing design - tube is positioned to maximize  
  attenuation and air flow while minimizing pressure drop 
�Œ  Durable Compact  carbon steel construction with black 
 powder coated finish 
�Œ  Ability to mount vertically, horizontally 

pg. 5 

APPLICATIONS & EQUIPMENT 

FEATURES & SPECIFICATIONS 

OPTIONS (Inquiries Encouraged)

CONFIGURATION       DRAWING

�Œ  Noise attenuation may vary due to the wide range of  
 applications and machines
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with with DIMENSIONS - mm Screw, No. of
Polyester Paper BSPT Blower, Element Silencing Approx.
Element Element Outlet A B C Piston Fan Rating Tubes Wt. Kg

I FS-15-050 FS-14-050 1/2" 102 38 152 17 17 60 1 0.8
I FS-15-075 FS-14-075 3/4" 102 38 152 34 43 60 2 0.9
I FS-15-100 FS-14-100 1" 102 38 152 43 60 60 3 0.9
S FS-19P-100 FS-18P-100 1" 168 41 152 60 94 170 3 1.4
I FS-19P-126 FS-18P-126 1 1/4" 168 41 152 94 119 170 5 1.5
I FS-19P-151 FS-18P-151 1 1/2" 168 41 152 119 145 170 5 2
I FS-31P-201 FS-30P-201 2" 184 57 254 145 230 332 5 4
S FS-231P-201 FS-230P-201 2" 311 57 254 230 230 510 5 6
I FS-31P-251 FS-30P-251 2 1/2" 191 64 254 170 332 332 5 4
S FS-231P-251 FS-230P-251 2 1/2" 318 64 254 332 332 510 9 7
I FS-231P-301 FS-230P-301 3" 330 76 254 340 510 510 9 7

Rated Flow m3/h

EFS25-105

Dimension tolerance + 6 mm

�Œ  Industrial & Severe Duty��
�Œ  Piston Compressors 
�Œ  Screw Compressors 
�Œ  Blowers - Side Channel & Roots 
�Œ  Hydraulic Breathers … fine filtration

�Œ  1/8Ž tap holes 
�Œ  Pressure Drop Indicator

�Œ  Fully drawn weatherhood - no welds to rust or vibrate apart 
�Œ  Tubular silencing design - tube is positioned to maximize  
  attenuation and air flow while minimizing pressure drop 
�Œ  Durable carbon steel construction with baked enamel  
 finish and powder coated weatherhood 
�Œ  Polyester: 99%+ removal efficiency standard to 5 micron 
�Œ  Paper: 99%+ removal efficiency standard to 2 micron��

�Œ  Engines 
�Œ  Construction\Contractor Industry 
�Œ  Workshop 
�Œ  Medical\Dental Industry 
�Œ  Pneumatic Conveying

�Œ  Waste Water Aeration 
�Œ  Nailers and Staplers 
�Œ  Vacuum Vent Breathers

�Œ  Interchangeable media:  Polyester, Paper, HEPA��
�Œ  Several element sizes available per given connection 
 (safety factor) 
�Œ  Temp (continuous): min -26°C (-15°F) max 104°C (220°F) 
�Œ  Filter change out differential: 255-380 mm H2O
 over initial delta P 
�Œ  Pressure drop graphs available upon request

�Œ  Available in Stainless Steel 
�Œ  Epoxy coated housings 

SMALL COMPACT FILTER SILENCERS 
w/ Standard Filter Design
"FS" Series  1/2Ž - 3Ž BSPT

�Œ  Various media available 
�Œ  Custom connections, MPT

�Œ  Noise attenuation may vary due to the wide range of  
 applications and machines

I = Industrial Duty   S = Severe Duty  

APPLICATIONS & EQUIPMENT 

FEATURES & SPECIFICATIONS 

OPTIONS (Inquiries Encouraged)

CONFIGURATION       DRAWING
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with with DIMENSIONS - mm Screw, No. of
Polyester Paper BSPT Blower, Element Silencing Approx.
Element Element Outlet A B C Piston Fan Rating Tubes Wt. Kg

S FS-235P-301 FS-234P-301 3" 330 76 406 340 510 970 9 13
S FS-245P-301 FS-244P-301 3" 330 76 406 340 510 1500 9 14
E FS-275P-301 FS-274P-301 3" 330 76 406 340 510 1870 9 15
I FS-235P-401 FS-234P-401 4" 356 102 406 510 885 970 9 14
S FS-245P-401 FS-244P-401 4" 356 102 406 765 885 1500 9 14
E FS-275P-401 FS-274P-401 4" 356 102 406 765 885 1870 9 15
I FS-245P-501 FS-244P-501 5" 356 102 406 850 1360 1500 14 15
S FS-275P-501 FS-274P-501 5" 356 102 406 1105 1360 1870 14 16
I FS-275P-601 FS-274P-601 6" 394 133 406 1105 1870 1870 18 17

Rated Flow m3/h

EFS35-105

Dimension tolerance + 6 mm

�Œ  Industrial & Severe Duty 
�Œ  Blowers - Side Channel & Roots��
�Œ  Piston Compressors 
�Œ  Screw Compressors 
�Œ  Hydraulic Breathers … fine filtration

�Œ  Various media available 
�Œ  Pressure Drop Indicator 
�Œ  Epoxy coated housings

�Œ  Fully drawn weatherhood - no welds to rust or vibrate apart 
�Œ  Tubular silencing design - tube is positioned to maximize  
  attenuation and air flow while minimizing pressure drop 
�Œ  Durable carbon steel construction with gray baked enamel  
 finish and powder coated weatherhood 
�Œ  Low pressure drop center bracket and outlet pipe design 
�Œ  1/8Ž  tap hole 
�Œ  Polyester: 99%+ removal efficiency standard to 5 micron 
�Œ  Paper: 99%+ removal efficiency standard to 2 micron 

�Œ  Engines 
�Œ  Fans 
�Œ  Construction\Contractor Industry 
�Œ  Medical 
�Œ  Pneumatic Conveying

�Œ  Waste Water Aeration 
�Œ  Sparging 
�Œ  Factory Air 
�Œ  Vacuum Vent Breathers

�Œ  Interchangeable media:  Polyester, Paper, HEPA��
�Œ  Several element sizes available per given connection 
 (safety factor) 
�Œ  Temp (continuous): min -26°C (-15°F) max 104°C (220°F) 
�Œ  Filter change out differential: 255-380mm H2O
 over initial delta P 
�Œ  Pressure drop graphs available upon request 

�Œ  Available in Stainless Steel 
�Œ  Custom connections, NPT

COMPACT FILTER SILENCERS
"FS" Series  3Ž - 6Ž BSPT

�Œ  Side Access QB Series Filters for 
 space restricted enclosures 
 (Selected models)

�Œ  Noise attenuation may vary due to the wide range of  
 applications and machines

I = Industrial Duty   S = Severe Duty  E = Extreme Duty

APPLICATIONS & EQUIPMENT 

FEATURES & SPECIFICATIONS 

OPTIONS (Inquiries Encouraged)

CONFIGURATION       DRAWING
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with with DIMENSIONS - mm Screw, No. of
Polyester Paper Flange Blower, Element Silencing Approx.
Element Element Outlet A B C Piston Fan Rating Tubes Wt. Kg

S FS-235P-DN80 FS-234P-DN80 DN80 330 76 406 340 510 970 9 13
S FS-245P-DN80 FS-244P-DN80 DN80 330 76 406 340 510 1500 9 14
E FS-275P-DN80 FS-274P-DN80 DN80 330 76 406 340 510 1870 9 15
I FS-235P-DN100 FS-234P-DN100 DN100 356 102 406 510 885 970 9 15
S FS-245P-DN100 FS-244P-DN100 DN100 356 102 406 765 885 1500 9 16
E FS-275P-DN100 FS-274P-DN100 DN100 356 102 406 765 885 1870 9 18
I FS-245P-DN125 FS-244P-DN125 DN125 356 102 406 850 1360 1500 14 17
S FS-275P-DN125 FS-274P-DN125 DN125 356 102 406 1105 1360 1870 14 18
I FS-275P-DN150 FS-274P-DN150 DN150 394 133 406 1105 1870 1870 18 19

Rated Flow m3/h

EFS45-105

Dimension tolerance + 6 mm

�Œ  Industrial & Severe Duty 
�Œ  Blowers - Side Channel & Roots��
�Œ  Piston Compressors 
�Œ  Screw Compressors 
�Œ  Hydraulic Breathers … fine filtration

�Œ  Various media available 
�Œ  Pressure Drop Indicator 
�Œ  Epoxy coated housings

�Œ  Fully drawn weatherhood - no welds to rust or vibrate apart 
�Œ  Tubular silencing design - tube is positioned to maximize  
  attenuation and air flow while minimizing pressure drop 
�Œ  Durable carbon steel construction with gray baked enamel  
 finish and powder coated weatherhood 
�Œ  Low pressure drop center bracket and outlet pipe design 
�Œ  1/8Ž  tap hole 
�Œ  Polyester: 99%+ removal efficiency standard to 5 micron 
�Œ  Paper: 99%+ removal efficiency standard to 2 micron 

�Œ  Engines 
�Œ  Fans 
�Œ  Construction\Contractor Industry 
�Œ  Medical 
�Œ  Pneumatic Conveying

�Œ  Waste Water Aeration 
�Œ  Sparging 
�Œ  Factory Air 
�Œ  Vacuum Vent Breathers

�Œ  Interchangeable media:  Polyester, Paper, HEPA��
�Œ  Several element sizes available per given connection 
 (safety factor) 
�Œ  Temp (continuous): min -26°C (-15°F) max 104°C (220°F) 
�Œ  Filter change out differential: 255-380 mm H2O
 over initial delta P 
�Œ  Pressure drop graphs available upon request

�Œ  Available in Stainless Steel 
�Œ  Custom connections, NPT

COMPACT FILTER SILENCERS
"FS" Series  DN80 - DN150 PN10 Pattern Flange

�Œ  Side Access QB Series Filters for 
 space restricted enclosures 
 (Selected models)

�Œ  Noise attenuation may vary due to the wide range of  
 applications and machines

I = Industrial Duty   S = Severe Duty  E = Extreme Duty

PN10 DIMENSIONS - mm No. of Thickness
Pattern Flg O.D. B.C. B.H. Holes Flg - mm

DN80 200 160 18 8 10
DN100 220 180 18 8 10
DN125 250 210 18 8 10
DN150 285 240 22 8 10

APPLICATIONS & EQUIPMENT 

FEATURES & SPECIFICATIONS 

OPTIONS (Inquiries Encouraged)

CONFIGURATION       DRAWING
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with with DIMENSIONS - mm Screw, No. of
Polyester Paper Flange Blower, Element Silencing Approx.
Element Element Outlet A B C Piston Fan Rating Tubes Wt. Kg

I FS-377P-DN200 FS-376P-DN200 DN200 584 152 572 2450 3060 3105 12 54
S FS-385P-DN200 FS-384P-DN200 DN200 584 152 724 2450 3060 5605 12 56
E FS-485P-DN200 FS-484P-DN200 DN200 787 152 724 3060 3060 8000 12 62
I FS-385P-DN250 FS-384P-DN250 DN250 584 152 724 3060 5610 5610 16 59
S FS-485P-DN250 FS-484P-DN250 DN250 787 152 724 4420 5610 8000 16 64
E FS-685P-DN250 FS-384P(2)-DN250 DN250 965 152 724 4900 5610 11220 16 74
I FS-385P-DN300 FS-384P-DN300 DN300 584 152 724 4420 5610 5610 24 61

S FS-485P-DN300 FS-484P-DN300 DN300 787 152 724 4420 7990 8000 24 70
E FS-685P-DN300 FS-384P(2)-DN300 DN300 965 152 724 5950 7990 11220 24 79
E FS-485P(2)-DN300 FS-484P(2)-DN300 DN300 1346 152 724 7345 7990 16000 24 88

Rated Flow m3/h

EFS55-105

Dimension tolerance + 6 mm 

�Œ  Industrial & Severe Duty 
�Œ  Blowers - Side Channel & Roots��
�Œ  Piston Compressors 
�Œ  Screw Compressors 
�Œ  Hydraulic Breathers … fine filtration

�Œ  Various media available 
�Œ  Pressure Drop Indicator 
�Œ  Epoxy coated housings

�Œ  Engines 
�Œ  Fans 
�Œ  Construction Industry 
�Œ  Medical 
�Œ  Pneumatic Conveying

�Œ  Waste Water Aeration 
�Œ  Sparging 
�Œ  Cement
�Œ  Power Plants 
�Œ  Vacuum Vent Breathers

�Œ  Available in Stainless Steel 
�Œ  Custom connections, NPT

•BIG BOYŽ FILTER SILENCERS
"FS" Series  DN200-DN300 PN10 Pattern Flange

�Œ  Side Access QB Series Filters for 
 space restricted enclosures 
 (Selected models)

�Œ  Tubular silencing design - tube is positioned to maximize  
  attenuation and air flow while minimizing pressure drop 
�Œ  Durable carbon steel construction with gray baked  
 enamel finish  
�Œ  Low pressure drop center bracket and outlet pipe design 
�Œ  1/8Ž tap hole 
�Œ  Polyester: 99%+ removal efficiency standard to 5 micron 
�Œ  Paper: 99%+ removal efficiency standard to 2 micron 

�Œ  Several element sizes available per given connection 
 (safety factor) 
�Œ  Interchangeable media:  Polyester, Paper, HEPA 
�Œ  Temp (continuous): min -26°C (-15°F) max 104°C (220°F) 
�Œ  Filter change out differential: 255-380 mm H2O
 over initial delta P 
�Œ  Pressure drop graphs available upon request

I = Industrial Duty   S = Severe Duty  E = Extreme Duty

PN10 DIMENSIONS - mm No. of Thickness
Pattern Flg O.D. B.C. B.H. Holes Flg - mm

DN200 340 295 22 8 14
DN250 395 350 22 12 14
DN300 445 400 22 12 14

�Œ  Noise attenuation may vary due to the wide range of  
 applications and machines

APPLICATIONS & EQUIPMENT 

FEATURES & SPECIFICATIONS 

OPTIONS (Inquiries Encouraged)

CONFIGURATION       DRAWING
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Fig. 1: Design of gas-ring 
vacuum 
pump/compressor 

 

1 Vacuum pump/compressor 
housing 

2 Vacuum pump/compressor cover 

3 Inlet connection with muffler 

4 Discharge connection with 
muffler 

5 Base 

6 Flow direction arrow 

7 Rotating direction arrow 

8 Drive motor 

9 Fan guard (over external fan) 

10 Terminal box 
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1 Safety 

1.1 Definitions 

To point out dangers and important information, 
the following signal words and symbols are used 
in these operating instructions: 
 

 

1.1.1 Safety alert symbol 

The safety alert symbol  ��  is located in the 
safety precautions in the highlighted heading field 
on the left next to the signal word (DANGER, 
WARNING, CAUTION). 

Safety precautions with  a safety alert symbol 
indicate a danger of injuries . 
Be sure to follow these safety precautions to 
protect against injuries or death ! 

Safety precautions without  a safety alert symbol 
indicate a danger of damage . 

 

 

1.1.2 Signal words 

DANGER 

WARNING 

CAUTION 

NOTICE 

NOTE 

The signal words  are located in 
the safety precautions in the 
highlighted heading field. 

They follow a certain hierarchy and 
indicate (in conjunction with the 
safety alert symbol, see 
Chapter 1.1.1) the seriousness of 
the danger  and the type of 
warning. 
See the following explanations: 
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1.3 Residual risks 
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2 Intended Use 

These operating instructions 

�x apply to gas-ring vacuum pumps/compressors 
of the G-BH7 series, models 2BH72, 2BH73, 
2BH74, 2BH75 and 2BH76, 

�x contains instructions concerning transport and 
handling, installation, commissioning, 
operation, shut-down, storage, servicing and 
disposal of the G-BH7, 

�x must be completely read and understood by 
all operating and servicing personnel before 
beginning to work with or on the G-BH7, 

�x must be strictly observed, 

�x must be available at the site of operation of 
the G-BH7. 

 

About the operating and servicing personnel of 
the G-BH7 

�x These persons must be trained and 
authorized for the work to be carried out. 

�x Work on electrical installations may be carried 
out by trained and authorized electricians 
only. 

 

The G-BH7s 

�x are pump-motor units for generating vacuum 
or gauge pressure; 

�x are used to extract, pump and compress 
the following  gases :  
– Air, 

– Non-flammable, non-aggressive, non-toxic 
and non-explosive gases or gas-air 
mixtures. 

– For differing gases/gas-air mixtures, 
inquire with the Service Department. 

�x are equipped with one of the following kind of 
drive motors:  

– 3-phase AC drive motor with a standard or 
explosion-protected design 

– Single-phase AC drive motor 

These operating instructions apply only to 
pump-motor units with a standard design . 

For the explosion-protected design 
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3 Technical Data 

3.1 Mechanical data  

Weight 

Single-impeller design 

Model Weight 

 [kg] 
approx. 

[lbs] 
approx. 

2BH7210-0..1.-. 16 35 

2BH7310-0..1.-. 16 35 

2BH7310-0..2.-. 17 38 

2BH7410-0..1.-. 23 51 

2BH7510-0..1.-. 26 57 

2BH7510-0..2.-. 29 64 

2BH7610-0..1.-. 32 71 

2BH7610-0..3.-. 35 77 
 

Two-impeller design 

Model Weight 

 [kg] 
approx. 

[lbs] 
approx. 

2BH7220-0..2.-. 24 53 

2BH7220-0..5.-. 28 62 

2BH7320-0..5.-. 30 66 

2BH7420-0..2.-. 33 73 

2BH7420-0..5.-. 39 86 

2BH7520-0..2.-. 40 88 

2BH7520-0..7.-. 51 112 

2BH7620-0..3.-. 48 106 

2BH7620-0..5.-. 65 143 
 

Three-impeller design 

Model Weight 

 [kg] 
approx. 

[lbs] 
approx. 

2BH7530-0..8.-. 68 150 

2BH7630-0..6.-. 94 207 

 

 
 

 

 
 

 

Minimum distances 

Minimum distance to fan guard (for sucking in 
cooling air): 

Model [mm] 
approx. 

[inches] 
approx. 

2BH72 34 1.34 

2BH73 34 1.34 

2BH74 52 2.05 

2BH75 52 2.05 

2BH76 53 2.09 

 

Minimum distance to face of vacuum 
pump/compressor cover: 

Model [mm] 
approx. 

[inches] 
approx. 

2BH7… 30 1.18 

 

Vibrations 

The following table provides information on the 
maximum permissible loading due to vibrations. 

Model Vibration velocity 
Veff 

 [mm/s] 
�” 

[ft/s] 
�” 

2BH72.. - 2BH75.. 3.0 0.010 

2BH76.. 3.5 0.011 
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Noise level 

Measuring-surface sound-pressure level as per 
EN ISO 3744, measured at a distance of 1 m 
[3.28 ft] at an operating point of approximately 
2/3 of the permissible total pressure difference 
with the lines connected without a vacuum or 
pressure relief valve, tolerance ±3 dB (A). 

Single-impeller design 

Model 1-m measuring-surface 
sound pressure level L  

[dB (A)] 

 50 Hz 60 Hz 

2BH7210-0..1.-. 70 

2BH7310-0..1.-. 70 

2BH7310-0..2.-. 70 

2BH7410-0..1.-. 70 

2BH7510-0..1.-. 70 

2BH7510-0..2.-. 70 

2BH7610-0..1.-. 71 

2BH7610-0..3.-. 

70 

71 
 

Two-impeller design 

Model 1-m measuring-surface 
sound pressure level L  

[dB (A)] 

 50 Hz 60 Hz 

2BH7220-0..2.-. 70 

2BH7220-0..5.-. 70 

2BH7320-0..5.-. 70 

2BH7420-0..2.-. 70 

2BH7420-0..5.-. 70 

2BH7520-0..2.-. 70 

2BH7520-0..7.-. 71 

2BH7620-0..3.-. 71 

2BH7620-0..5.-. 

70 

72 
 

Three-impeller design 

Model 1-m measuring-surface 
sound pressure level L  

[dB (A)] 

 50 Hz 60 Hz 

2BH7530-0..8.-. 67 73 

2BH7630-0..6.-. 77 80 

 

 
 

 

Temperature increase 

The information listed in the following tables 
corresponds to the heating of vacuum 
pump/compressor housings and the air exiting 
compared to the ambient temperature during 
operation with a permissible total pressure 
difference and an air pressure of 1,013 mbar  
[14.7 psi]. At lower air pressures these values 
increase. 

Single-impeller design 

Model Temperature increase 

 �¨T [K] 
approx. 

�¨�-�- [F] 
approx. 

 50 Hz 60 Hz 50 Hz 60 Hz

2BH7210-0..1.-. 52 61 94 110 

2BH7310-0..1.-. 61 61 110 110 

2BH7310-0..2.-. 81 86 146 155 

2BH7410-0..1.-. 90 101 162 182 

2BH7510-0..1.-. 93 111 167 200 

2BH7510-0..2.-. 120 112 216 202 

2BH7610-0..1.-. 118 124 212 223 

2BH7610-0..3.-. 118 124 212 223 
 

Two-impeller design 

Model Temperature increase 

 �¨T [K] 
approx. 

�¨�- [F] 
approx. 

 50 Hz 60 Hz 50 Hz 60 Hz

2BH7220-0..2.-. 55 77 99 139 

2BH7220-0..5.-. 74 110 133 198 

2BH7320-0..5.-. 81 124 146 223 

2BH7420-0..2.-. 89 80 160 144 

2BH7420-0..5.-. 121 117 218 211 

2BH7520-0..2.-. 89 102 160 184 

2BH7520-0..7.-. 125 110 225 198 

2BH7620-0..3.-. 124 126 223 227 

2BH7620-0..5.-. 124 128 223 230 
 

Three-impeller design 

Model Temperature increase 

 �¨T [K] 
approx. 

�¨�- [F] 
approx. 

 50 Hz 60 Hz 50 Hz 60 Hz

2BH7530-0..8.-. 120 120 216 216 

2BH7630-0..6.-. 120 120 216 216 
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Tightening torques for screw connections 

The following values apply if no other information 
is available. 

With non-electrical connections, property classes 
of 8.8 and 8 or higher as per ISO 898-1 are 
assumed. 



Technical Data 
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3.2 Electrical data 

See rating plate. 

 

 

3.3 Operating conditions 

Temperatures 
 

max. permissible temperature: 

+40°C [+104°F] 
 

Nominal value: 

+15°C  [+59°F] 

Temperature of 
pumped gases: 

Pump-motor units for higher fluid 
temperatures on request. 

max. permissible temperature: 

+40°C [+104°F] 
 

min. permissible temperature: 

-15°C  [+5°F]  
 

Nominal value: 

+25°C  [+77°F]  

Ambient 
temperature  
(standard 
design)1: 

Ambient temperatures between 
25°C [+77°F] and 40°C [+104°F] 
affect the permissible total 
pressure difference (see Section 
"Permissible total pressure 
difference").  

At higher temperatures the 
winding may be damaged and 
the grease change interval may 
be shortened. 

 

 

                                                      
1 For design with frequency converter, see 
separate operating instructions. 

Pressures 

Min. inlet 
pressure: 

See rating plate. 

Max. discharge 
pressure during 
compressor 
operation: 

See rating plate. 

Max. permissible 
pressure in 
pump-motor unit:

2.5 bar abs.  [36.2 psia] 
 

At this pressure the operation of 
the pump-motor unit may be 
considerably impaired.  
Provide a corresponding 
protective device (e.g. pressure 
relief valve) if necessary. 

Permissible total 
pressure 
difference:  

The total pressure difference 
specified on the rating plate only 
applies under the following 
conditions: 

�x Ambient temperature: 
25°C [77°F]. 

�x Inlet temperature  
(temperature of pumped 
gases at inlet connection): 
15°C [59°F]. 

�x Pressure: 
during vacuum-pump 
operation: 
1,013 mbar  [14.7 psia] at 
discharge connection; 
 
during compressor 
operation: 
1,013 mbar  [14.7 psia] at 
inlet connection; 

At an ambient temperature of 
40°C [104°F] the total pressure 
difference specified on the rating 
plate must be reduced by 10%.  

If the ambient temperature is 
between 25°C [77°F] and 40°C 
[104°F], then the total pressure 
difference specified on the rating 
plate must be reduced linearly to 
the temperature by between 0 
and 10 %. 

 

Installation altitude 

Max. of 1,000 m [3,280 ft] above sea level.  

 

When installing the pump-motor unit at an 
altitude of more than 1,000 m [3,280 ft] above 
sea level, first inquire with the Service 
department. 
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4 Transport and Handling 



Installation 
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5 Installation 



Installation 
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The pump-motor unit is ready to connect on 
delivery. 

 

However, if the time from delivery to 
commissioning of the pump-motor unit exceeds a 
certain period, the lubrication of the rolling 
bearings must be renewed. 
See Chapter 8.2, "Storage conditions", 
Section "Lubrication of rolling bearings after 
longer storage", Pg. 23 for information on this 
topic. 

 

Carry out the following work to install the pump-
motor unit: 

�x Installation and securing, 

�x Attachment of the included loose muffler if 
necessary, 

�x Attachment of threaded flange or hose flange 
(available as accessories)  
for the connection of inlet or discharge pipe to 
the muffler, 

�x Electrical connection, 

�x Connection of inlet and discharge connection 
to the system. 

 
 

5.1 Installation 



Installation 
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Components for reducing noise on the pump-
motor unit: 

�x Mufflers  (included as standard equipment): 
On delivery the pump-motor units are 
equipped with attached mufflers as standard. 
The noise radiation is considerably reduced 
by the mufflers. See Fig. 2 to Fig. 4, Pg. 18 ff. 

�x Additional mufflers  (available as an option): 
The additional mufflers enable a further noise 
reduction. They may only be used with free 
entry and exit of gases, i.e. with direct intake 
out of or direct feeding into the atmosphere 
without piping . 

�x Noise protection hoods  (available as an 
option): 
Noise protection hoods are suitable for 
installation in rooms and in the open. They 
reduce both the total sound pressure level 
and tonal components that are perceived as 
particularly annoying. 

 

Installation variants/axis position:  

Basically, when installing the pump-motor unit, 
the following variants are possible with a different 
axis position (horizontal or vertical): 

�x Horizontal installation 

�x Vertical installation on the vacuum 
pump/compressor cover ("cover installation") 

�x Vertical mounting on the wall. 

Basically, all variants are possible with all 
models.  

 
However, a distinction must be made between a 
design with and a design without a condensed 
water opening for the axis position: 

�x The pump-motor units without a condensed 
water opening can be installed and secured in 
any axis position. 

�x The pump-motor unit with a condensed water 
opening may only be installed and secured 
horizontally with the base at the bottom. 

 

Horizontal installation 

Screw the base of the pump-motor unit to the 
surface with suitable mounting elements. 
Proceed as follows: 

�x Provide the base of the pump-motor unit with 
mounting holes. 

�x Select the suitable screw type. 

�x Screw the base of the pump-motor unit to the 
surface with the screws. 
When doing so, be sure to provide all  
mounting holes with screws! 

 

Vertical installation on the vacuum 
pump/compressor cover ("cover installation") 

With vertical installation of the pump-motor unit 
with the vacuum pump/compressor cover facing 
downward, rubber feet must be used. 

Proceed as follows: 

�x The rubber feet are available as accessories. 
They are delivered in a set of 3. 
On the upper section they are provided with 
stud bolts and on the lower section with a 
threaded hole. 

�x Mount the rubber feet on the pump-motor unit: 
Screw the stud bolts of the rubber feed into 
the holes on the face of the vacuum 
pump/compressor cover and tighten them. 

�x Mount the pump-motor unit together with the 
rubber feet on the installation surface: 
Select suitable mounting elements for the 
threaded hole. 
Screw the rubber feet to the surface or 
foundation via the threaded hole. 

 

Vertical mounting on the wall 

With vertical mounting of the pump-motor unit on 
the wall, the pump-motor unit is mounted via the 
holes in the base. 

Proceed as follows: 

�x Position the pump-motor unit as close to the 
wall as possible on a stable supporting plate 
with sufficient load-bearing capacity. 
The pump-motor unit must be positioned with 
the base toward the wall. 

�x Provide the base of the pump-motor unit with 
mounting holes. 

�x Select the suitable screw type. 

�x Screw the base of the pump-motor unit to the 
wall with the screws. 
When doing so, be sure to provide all  
mounting holes with screws! 

�x Remove the supporting plate. 

 

Eye bolt:  

Following installation, the eye bolt must be either 
firmly tightened or removed. 
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5.2 Electrical connection (motor) 



Installation 
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�x For the tightening torques for terminal board 
connections (except terminal strips), see 
Chapter 3.1, "Mechanical data", 
Section "Tightening torques for screw 
connections", Pg. 10. 

�x For terminals with clamping straps (e.g. as per 
DIN 46282), the conductors must be inserted 
so that approximately the same clamping 
height results on both sides of the bar. 
Individual conductors must therefore be bent 
into a U-shape or connected with a cable lug 
(DIN 46234).  

 

This also applies to: 

�x the protective conductor, 

�x the outer ground conductor. 

Both conductors can be recognized from their 
color (green/yellow). 



Installation 
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5.3 Connecting pipes/hoses (vacuum 
pump/compressor) 

Mufflers: 

The pump-motor units are delivered with mufflers 
(indicated with arrows in the following 
illustrations) for the inlet and discharge 
connections as standard equipment. 
 

With single-impeller pump-motor units , the 
mufflers are already mounted on delivery. 
 

 
 

Fig. 2: 2BH721 ... 2BH761 (single-impeller pump-
motor units) 

 

With two-impeller and three-impeller pump-
motor units , the inlet-side muffler is included 
loose for packaging-related reasons and must be 
mounted by the operator. 
 

 
 

Fig. 3: 2BH722 ... 2BH762 (two-impeller pump-
motor units with two-stage design) 

 
 

 
 

Fig. 4: 2BH723 ... 2BH763 (three-impeller pump-
motor units with three-stage design) 

 



Installation 
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6 Commissioning 



Commissioning 
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Operation 
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6.2 Start-up and shut-down 

Start-up 

�x Open shut-off device in intake/discharge pipe. 

�x Switch on power supply for drive motor. 

 

Shut-down: 

�x Switch off power supply for drive motor. 

�x Close shut-off device in intake/discharge pipe. 

 

 

7 Operation 



Servicing 
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�x Provide mufflers on inlet and discharge side 
with sealing plugs. 

 

 

8.2 Storage conditions 

To prevent standstill damage during storage, the 
environment must provide the following 
conditions: 

�x dry, 

�x dust-free, 

�x low-vibration (effective value of vibration speed 
veff �” 2.8 mm/s).  

�x Ambient temperature: max. +40°C [+104°F]. 
 



Servicing 
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9.1 Repairs/troubleshooting 

Fault Cause Remedy Carried out by

Motor does not 
start; 
no motor 
noise. 

At least two power supply 
leads interrupted. 

Eliminate interruption by fuses, terminals or 
power supply cables. 

Electrician 

One power supply lead 
interrupted. 

Eliminate interruption by fuses, terminals or 
power supply cables. 

Electrician 

Open vacuum pump/compressor cover, 
remove foreign body, clean. 

Service*) Impeller is jammed. 

Check or correct impeller gap setting if 
necessary. 

Service 

Impeller defective. Replace impeller. Service*) 

Motor does not 
start; humming 
noise. 

Rolling bearing on drive 
motor side or vacuum 
pump/compressor side 
defective. 

Replace motor bearing or vacuum 
pump/compressor bearing. 

Service*) 

Winding short-circuit. Have winding checked. Electrician 

Reduce throttling. Service*) Motor overloaded. Throttling 
does not match specification 
on rating plate. Clean filters, mufflers and connection pipes 

if necessary. 
Service*) 

Protective 
motor switch 
trips when 
motor is 
switched on. 
Power 
consumption 
too high. 

Compressor is jammed. See fault: "Motor does not start; humming 
noise" with cause: "Impeller is jammed.". 

Service*) 

Leak in system. Seal leak in the system. Operator 

Wrong direction of rotation. Reverse direction of rotation by 
interchanging two connecting leads. 

Electrician 

Incorrect frequency (on 
pump-motor units with 
frequency converter). 

Correct frequency. Electrician 

Shaft seal defective. Replace shaft seal. Service*) 

Different density of pumped 
gas. 

Take conversion of pressure values into 
account. Inquire with Service Department. 

Service 

Pump-motor 
unit does not 
generate any 
or generates 
insufficient 
pressure 
difference. 

Change in blade profile due 
to soiling. 

Clean impeller, check for wear and replace 
if necessary. 

Service*) 

Flow speed too high. Clean pipes. Use pipe with larger cross-
section if necessary. 

Operator Abnormal flow 
noises. 

Muffler soiled. Clean muffler inserts, check condition and 
replace if necessary. 

Service*) 

Abnormal 
running noise. 

Ball bearing lacking grease 
or defective. 

Regrease or replace ball bearing. Service*) 

Seals on muffler defective. Check muffler seals and replace if 
necessary. 

Service*) Compressor 
leaky. 

Seals in motor area 
defective. 

Check motor seals and replace if 
necessary. 

Service 

*) Only when the maintenance manual is at hand: rectification by the operator. 
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9.2 Service/After-sales service 

Our Service is available for work (in particular the 
installation of spare parts, as well as 
maintenance and repair work), not described in 
these operating instruction. 

 

A list of spare parts with an exploded drawing is 
available on the Internet at  
www.gd-elmorietschle.com. 

 
Observe the following when returning  pump-
motor unit: 

�x The pump-motor unit must be delivered 
complete, i.e. not dismantled. 

�x The pump-motor unit may not present a 
danger to the workshop personnel. 
If the pump-motor unit has come into contact 
with dangerous substances, then the 
procedure described in Chapter 9.3, 
"Decontamination and Declaration of 
Clearance", Pg. 25, must be used. 

�x The original rating plate of the pump-motor 
unit must be properly mounted, intact and 
legible. 
All warranty claims are voided for pump-motor 
units delivered for a damage expertise without 
the original rating plate or with a destroyed 
original rating plate. 

�x In case of warranty claims, the manufacturer 
must be informed of the operating conditions, 
operating duration etc. and additional detailed 
information provided on request if necessary. 

 

 

9.3 Decontamination and Declaration of 
Clearance 
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EU declaration of conformity 

 

EU declaration of conformity 

Manufacturer: Gardner Denver Deutschland GmbH 
Industriestraße 26 
97616 Bad Neustadt • Germany 

Representative for the com-
pilation of technical docu-
ments: 

Holger Krause 
Industriestraße 26 
97616 Bad Neustadt • Germany 
Vacuum pumps/Compressors (Side channel blower) 
Series G-BH7 

Description and identification 
of the machine: 

Types 2BH72..-.....-.   2BH73..-.....-.   
2BH74..-.....-.   2BH75..-.....-.   
2BH76..-.....-.  

 

The machine described above meets the following applicable Community harmonisation legislation:  

2006/42/EC European Parliament and Council Directive 2006/42/EC from 17th May 2006 on machinery 
and amending Directive 95/16/EC. 

2004/108/EC*) Directive 2004/108/EC of the European Parliament and Council from 15th December 2004 
for the application of the legal regulations of the EU member states concerning electrical 
devices and repealing Directive 89/336/EEC 

  

  

Harmonised standards applied:  

EN 1012-1:2010 Compressors and vacuum pumps - Safety requirements��  - Part 1: Compressors 

EN 1012-2:1996 
+A1:2009 

Compressors and vacuum pumps - Safety requirements��  - Part 2: Vacuum pumps 

EN ISO 12100:2010 Safety of machinery - General principles for design -  
Risk assessment and risk reduction (ISO 12100:2010) 

EN 60204-1:2006 Safety of machinery - Electrical equipment of machines Part 1:  
General requirements IEC 60204-1:2005 (amended) 

EN 60034-1:2010/ 
AC:2010 

Rotating electrical machines - Part 1:  
Rating and performance IEC 60034-1:2010 (amended) 

  

  

Bad Neustadt, 18.04.2012 
(Place and date of issue) 
 

 

 

 Andreas Bernklau, product management/attorney  Dr. Rudi Dittmar, development  
 (Name and function)  (Name and function)  
*) Only applicable for version with frequency converter 2FC 664.44436.40.000 
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 Form for statement on safety  

  

 
Statement on health safety and on the protection of the environment  

  

�x For the safety of our employees and to comply with statutory requirements on handling substances harmful to the health and 
the environment, this statement must be enclosed, fully completed, with each unit/system sent. 

�x Without the fully completed statement, repair/disposal is not possible and delays are unavoidable! 
�x The statement is to be completed and signed by suitably qualified, authorised personnel at the operating organisation. 
�x In the case of shipment to Germany, the statement is to be completed in German or English. 
�x The statement is to be attached to the outside of the packing on shipment. 
�x If necessary, the carrier is to be informed.  

 1. Product designation (type):   

 2. Serial number (no. BN):   

 3. Reason for sending:   

 4. The unit/system  

  
 has not  come into contact with hazardous substances. There will be no hazards for personnel or the environment during 
repair/disposal. Continue with "6. Legally binding statement“  

   has come into contact with hazardous substances. Continue with "5. Information on the contamination“  

 5. Information on the contamination (if necessary provide more information on an additional sheet) 

  The unit/system was used in the following application:  

    
    

  and has come into contact with the following classifiable substances or substances presenting a hazard to health/environment:  
    

  Trade name: Chemical designation: 
Hazardous 
substance class: 

Properties (e.g. toxic, inflammable, 
caustic, radioactive):  

       

       

       
     

   The unit/system has been emptied in accordance with the operating instructions, flushed and cleaned externally.  
     

   Safety data sheets in accordance with the applicable regulations are enclosed (  sheet).  
     

   The following safety precautions are necessary for handling (e.g. personal protective equipment):  

     

     

 6. Legally binding statement  

  

I herewith guarantee that the details specified are true and complete and that I, as signatory, am in a position to judge that this is 
so.  
We are aware that we are liable to the contractor for any damages arising from incomplete or incorrect specifications. We are 
obliged to indemnify the contractor against claims for damages by third parties arising from incomplete or incorrect specifications. 
We are aware that, irrespective of this statement, we are directly liable to third parties - in particular including the contractor's 
employees tasked with repair/disposal.  

  Company/institute:   

  Name, position:   Phone:   

  Street:   Fax:   

  Post code, city:      

  Country:   Stamp:   

  Date, signature:      
   
   

 © Gardner Denver Deutschland GmbH   610.44436.40.000 

 P.O. box 1510 Phone: +49 7622 392 0 E-mail: er.de@gardnerdenver.com Edition: 04.2012 

 97605 Bad Neustadt Fax: +49 7622 392 300 Internet: www.gd-elmorietschle.com English 
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Blower speed, line losses, elevation, and increased inlet temperatures will affect the maximum 
operating limitations.  The minimum RPM for the blowers is based on lubrication only.  The blowers 
may only be operated down to the minimum RPM, when the temperature rise and discharge 
temperature are below the maximum limitations as shown. ��
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1 Introduction

1.1 Purpose of the Operating Guide

This operating guide provides information for safe instal-
lation and commissioning of the frequency converter.

The operating guide is intended for use by quali�ed
personnel.
Read and follow the instructions to use the frequency
converter safely and professionally, and pay particular
attention to the safety instructions and general warnings.
Always keep this operating guide available with the
frequency converter.

VLT�p is a registered trademark.

1.2 Additional Resources

Other resources are available to understand advanced
frequency converter functions and programming.

€ The VLT�p AQUA Drive FC 202 Programming Guide
provides greater detail on working with
parameters and many application examples.

€ The VLT�p AQUA Drive FC 202 Design Guide
provides detailed information about capabilities
and functionality to design motor control
systems.

€ Instructions for operation with optional
equipment.

Supplementary publications and manuals are available
from Danfoss. See www.vlt-drives.danfoss.com/Support/
Technical-Documentation/ for listings.

1.3 Manual and Software Version

This manual is regularly reviewed and updated. All
suggestions for improvement are welcome.

Table 1.1 shows the manual version and the corresponding
software version.

Edition Remarks Software

version

MG20MDxx The parameter list is updated to

re�ect software version 2.6x. Editorial

update.

2.6x

Table 1.1 Manual and Software Version

1.4 Product Overview

1.4.1 Intended Use

The frequency converter is an electronic motor controller
intended for:

€ Regulation of motor speed in response to system
feedback or to remote commands from external
controllers. A power drive system consists of the
frequency converter, the motor, and equipment
driven by the motor.

€ System and motor status surveillance.

Depending on con�guration, the frequency converter can
be used in standalone applications or form part of a larger
appliance or installation.

The frequency converter is allowed for use in residential,
industrial, and commercial environments in accordance
with local laws, standards, and emission limits as described
in the design guide.

Single-phase frequency converters (S2 and S4) installed
in the EU

The following limitations apply:

€ Units with an input current below 16 A and an
input power above 1 kW (1.5 hp) are only
intended for professional use in trades,
professions, or industries and not for sale to the
general public.

€ Designated application areas are public pools,
public water supplies, agriculture, commercial
buildings, and industries. All other single-phase
units are only intended for use in private low-
voltage systems interfacing with public supply
only at a medium or high-voltage level.

€ Operators of private systems must ensure that
the EMC environment complies with IEC
610000-3-6 and/or the contractual agreements.

NOTICE
In a residential environment, this product can cause
radio interference, in which case supplementary
mitigation measures may be required.

Foreseeable misuse
Do not use the frequency converter in applications, which
are non-compliant with speci�ed operating conditions and
environments. Ensure compliance with the conditions
speci�ed in chapter 8 Speci�cations.

Introduction VLT�p�p AQUA Drive FC 202
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1.4.2 Features

The VLT�p AQUA Drive FC 202 is designed for water and
wastewater applications. The range of standard and
optional features includes:

€ Cascade control.

€ Dry run detection.

€ End-of-curve detection.

€ SmartStart.

€ Motor alternation.

€ Deragging.

€ 2-step ramps.

€ Flow con�rmation.

€ Check valve protection.

€ Safe Torque O�.

€ Low �ow detection.

€ Pre/post lubrication.

€ Pipe �ll mode.

€ Sleep mode.

€ Real-time clock.

€ User-con�gurable info texts.

€ Warnings and alarms.

€ Password protection.

€ Overload protection.

€ Smart logic control.

€ Dual power rating (high/normal overload).

Introduction Operating Guide
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1.4.3 Exploded Views

1

2
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17

18

13
0B

B
49

2.
11

1 Local control panel (LCP) 10 Motor output terminals 96 (U), 97 (V), 98 (W)

2 RS485 �eldbus connector (+68, -69) 11 Relay 2 (01, 02, 03)

3 Analog I/O connector 12 Relay 1 (04, 05, 06)

4 LCP input plug 13 Brake (-81, +82) and load sharing (-88, +89) terminals

5 Analog switches (A53), (A54) 14 Mains input terminals 91 (L1), 92 (L2), 93 (L3)

6 Cable shield connector 15 USB connector

7 Ground termination plate 16 Fieldbus terminal switch

8 Grounding clamp (PE) 17 Digital I/O and 24 V supply

9 Shielded cable grounding clamp and strain relief 18 Cover

Illustration 1.1 Exploded View Enclosure Size A, IP20
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Remove jumper to activate Safe Stop
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ax. 24 Volt !
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61 68 6969 39 42 50 535 54 555555555555555555555555555555

1 Local control panel (LCP) 11 Relay 2 (04, 05, 06)

2 Cover 12 Lifting ring

3 RS485 �eldbus connector 13 Mounting slot

4 Digital I/O and 24 V supply 14 Grounding clamp (PE)

5 Analog I/O connector 15 Cable shield connector

6 Cable shield connector 16 Brake terminal (-81, +82)

7 USB connector 17 Load sharing terminal (DC bus) (-88, +89)

8 Fieldbus terminal switch 18 Motor output terminals 96 (U), 97 (V), 98 (W)

9 Analog switches (A53), (A54) 19 Mains input terminals 91 (L1), 92 (L2), 93 (L3)

10 Relay 1 (01, 02, 03) … …

Illustration 1.2 Exploded View Enclosure Sizes B and C, IP55 and IP66
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Illustration 1.3 is a block diagram of the internal
components of the frequency converter.

Area Title Functions

1 Mains input
€ 3-phase AC mains supply to the

frequency converter.

2 Recti�er

€ The recti�er bridge converts the

AC input to DC current to supply

inverter power.

3 DC bus
€ The intermediate DC bus circuit

handles the DC current.

4 DC reactors

€ Filter the intermediate DC circuit

voltage.

€ Prove mains transient protection. 

€ Reduce RMS current.

€ Raise the power factor re�ected

back to the line.

€ Reduce harmonics on the AC

input.

5 Capacitor bank

€ Stores the DC power.

€ Provides ride-through protection

for short power losses.

6 Inverter

€ Converts the DC into a controlled

PWM AC waveform for a

controlled variable output to the

motor.

7 Output to motor
€ Regulated 3-phase output power

to the motor.

8 Control circuitry

€ Input power, internal processing,

output, and motor current are

monitored to provide e�cient

operation and control. 

€ User interface and external

commands are monitored and

performed. 

€ Status output and control can be

provided.

Illustration 1.3 Frequency Converter Block Diagram

1.4.4 Enclosure Sizes and Power Ratings

For enclosure sizes and power ratings of the frequency
converters, refer to chapter 8.9 Power Ratings, Weight, and
Dimensions.

1.5 Approvals and Certi�cations

Table 1.2 Approvals and Certi�cations

More approvals and certi�cations are available. Contact the
local Danfoss partner. Frequency converters of enclosure
size T7 (525…690 V) are UL certi�ed for only 525…600 V.

The frequency converter complies with UL 508C thermal
memory retention requirements. For more information,
refer to the section Motor Thermal Protection in the
product-speci�c design guide.

For compliance with the European Agreement concerning
International Carriage of Dangerous Goods by Inland
Waterways (ADN), refer to ADN-compliant Installation in the
product-speci�c design guide.

1.6 Disposal

Do not dispose of equipment containing

electrical components together with

domestic waste.

Collect it separately in accordance with

local and currently valid legislation.

Introduction VLT�p AQUA Drive FC 202
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2 Safety

2.1 Safety Symbols

The following symbols are used in this guide:

WARNING
Indicates a potentially hazardous situation that could
result in death or serious injury.

CAUTION
Indicates a potentially hazardous situation that could
result in minor or moderate injury. It can also be used to
alert against unsafe practices.

NOTICE
Indicates important information, including situations that
can result in damage to equipment or property.

2.2 Quali�ed Personnel

Correct and reliable transport, storage, installation,
operation, and maintenance are required for the trouble-
free and safe operation of the frequency converter. Only
quali�ed personnel are allowed to install and operate this
equipment.

Quali�ed personnel are de�ned as trained sta�, who are
authorized to install, commission, and maintain equipment,
systems, and circuits in accordance with pertinent laws and
regulations. Also, the quali�ed personnel must be familiar
with the instructions and safety measures described in this
manual.

2.3 Safety Precautions

WARNING
HIGH VOLTAGE
Frequency converters contain high voltage when
connected to AC mains input, DC supply, or load sharing.
Failure to perform installation, start-up, and maintenance
by quali�ed personnel can result in death or serious
injury.

€ Only quali�ed personnel must perform instal-
lation, start-up, and maintenance.

WARNING
UNINTENDED START
When the frequency converter is connected to AC mains,
DC supply, or load sharing, the motor may start at any
time. Unintended start during programming, service, or
repair work can result in death, serious injury, or
property damage. The motor can start via an external
switch, a �eldbus command, an input reference signal
from the LCP, or after a cleared fault condition.

To prevent unintended motor start:

€ Disconnect the frequency converter from the
mains.

€ Press [O�/Reset] on the LCP before
programming parameters.

€ Completely wire and assemble the frequency
converter, motor, and any driven equipment
before connecting the frequency converter to
AC mains, DC supply, or load sharing.

WARNING
DISCHARGE TIME
The frequency converter contains DC-link capacitors,
which can remain charged even when the frequency
converter is not powered. High voltage can be present
even when the warning LED indicator lights are o�.
Failure to wait the speci�ed time after power has been
removed before performing service or repair work can
result in death or serious injury.

€ Stop the motor.

€ Disconnect AC mains and remote DC-link power
supplies, including battery back-ups, UPS, and
DC-link connections to other frequency
converters.

€ Disconnect or lock PM motor.

€ Wait for the capacitors to discharge fully. The
minimum duration of waiting time is speci�ed
in Table 2.1.

€ Before performing any service or repair work,
use an appropriate voltage measuring device to
make sure that the capacitors are fully
discharged.

Safety Operating Guide
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Voltage [V]
Minimum waiting time (minutes)

4 7 15

200…240 0.25…3.7 kW

(0.34…5 hp)

… 5.5…45 kW

(7.5…60 hp)

380…480 0.37…7.5 kW

(0.5…10 hp)

… 11…90 kW

(15…121 hp)

525…600 0.75…7.5 kW

(1…10 hp)

… 11…90 kW

(15…121 hp)

525…690 … 1.1…7.5 kW

(1.5…10 hp)

11…90 kW

(15…121 hp)

Table 2.1 Discharge Time

WARNING
LEAKAGE CURRENT HAZARD
Leakage currents exceed 3.5 mA. Failure to ground the
frequency converter properly can result in death or
serious injury.

€ Ensure the correct grounding of the equipment
by a certi�ed electrical installer.

WARNING
EQUIPMENT HAZARD
Contact with rotating shafts and electrical equipment
can result in death or serious injury.

€ Ensure that only trained and quali�ed personnel
perform installation, start-up, and maintenance.

€ Ensure that electrical work conforms to national
and local electrical codes.

€ Follow the procedures in this guide.

WARNING
UNINTENDED MOTOR ROTATION
WINDMILLING
Unintended rotation of permanent magnet motors
creates voltage and can charge the unit, resulting in
death, serious injury, or equipment damage.

€ Ensure that permanent magnet motors are
blocked to prevent unintended rotation.

CAUTION
INTERNAL FAILURE HAZARD
An internal failure in the frequency converter can result
in serious injury when the frequency converter is not
properly closed.

€ Ensure that all safety covers are in place and
securely fastened before applying power.

Safety VLT�p�p AQUA Drive FC 202
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3 Mechanical Installation

3.1 Unpacking

3.1.1 Items Supplied

Items supplied may vary according to product con�gu-
ration.

€ Make sure the items supplied and the information
on the nameplate correspond to the order con�r-
mation.

€ Check the packaging and the frequency converter
visually for damage caused by inappropriate
handling during shipment. File any claim for
damage with the carrier. Retain damaged parts
for clari�cation.

13
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D
66

6.
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CHASSIS/ IP20 Tamb.45  C/113  F

VLT

MADE IN 
DENMARK

R

P/N: 131F6653                 S/N: 038010G502

45kW(400V) / 60HP(460V)

IN: 3x380-480V 50/60Hz  82/73A 

OUT: 3x0-Vin 0-590Hz  90/80A
o

CAUTION:
See manual for special condition/mains fuse
voir manual de conditions speclales/fusibles

WARNING:
Stored charge, wait 15 min.
Charge residuelle, attendez 15 min.

* 1 3 1 F 6 6 5 3 0 3 8 0 1 0 G 5 0 2 *

`

AQUA Drive
www.danfoss.com

T/C: FC-202P45KT4E20H1XGXXXXSXXXXAXBXCXXXXDX

Listed 76X1 E134261 Ind. Contr. Eq.

o

`

1

2

4

5

6

7 8

9

10

3

1 Type code

2 Ordering number

3 Serial number

4 Power rating

5
Input voltage, frequency, and current (at low/high

voltages)

6
Output voltage, frequency, and current (at low/high

voltages)

7 Enclosure type and IP rating

8 Maximum ambient temperature

9 Certi�cations

10 Discharge time (Warning)

Illustration 3.1 Product Nameplate (Example)

NOTICE
Do not remove the nameplate from the frequency
converter. Removing the nameplate voids the warranty.

3.1.2 Storage

Ensure that the requirements for storage are ful�lled. Refer
to chapter 8.4 Ambient Conditions for further details.

3.2 Installation Environments

NOTICE
In environments with airborne liquids, particles, or
corrosive gases, ensure that the IP/type rating of the
equipment matches the installation environment. Failure
to meet requirements for ambient conditions can reduce
the lifetime of the frequency converter. Ensure that
requirements for air humidity, temperature, and altitude
are met.

Vibration and shock
The frequency converter complies with requirements for
units mounted on the walls and �oors of production
premises, and in panels bolted to walls or �oors.

For detailed ambient conditions speci�cations, refer to 
chapter 8.4 Ambient Conditions.

Mechanical Installation Operating Guide
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3.3 Mounting

NOTICE
Improper mounting can result in overheating and
reduced performance.

Cooling

€ Ensure that top and bottom clearance for air
cooling is provided. See Illustration 3.2 for
clearance requirements.

a

a

13
0B

D
52

8.
10

Enclosure A2…A5 B1…B4 C1, C3 C2, C4

a [mm (in)] 100 (3.9) 200 (7.9) 200 (7.9) 225 (8.9)

Illustration 3.2 Top and Bottom Cooling Clearance

Lifting

€ To determine a safe lifting method, check the
weight of the unit, see chapter 8.9 Power Ratings,
Weight, and Dimensions.

€ Ensure that the lifting device is suitable for the
task.

€ If necessary, plan for a hoist, crane, or forklift with
the appropriate rating to move the unit.

€ For lifting, use the hoist rings on the unit, when
provided.

Mounting
1. Ensure that the strength of the mounting location

supports the unit weight. The frequency
converter allows side-by-side installation.

2. Locate the unit as near to the motor as possible.
Keep the motor cables as short as possible.

3. Mount the unit vertically to a solid �at surface or
to the optional backplate to provide cooling
air�ow.

4. Use the slotted mounting holes on the unit for
wall mounting, when provided.

Mounting with backplate and railings

13
0B

D
50

4.
10

Illustration 3.3 Proper Mounting with Backplate

NOTICE
A backplate is required when mounted on railings.

C

a

b

13
0B

A
64

8.
12

f

e

B

A

a

d

e

b

c

Illustration 3.4 Top and Bottom Mounting Holes (See

chapter 8.9 Power Ratings, Weight, and Dimensions)

Mechanical Installation VLT�p�p AQUA Drive FC 202
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a

e

f
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Illustration 3.5 Top and Bottom Mounting Holes (B4, C3, and

C4)

Mechanical Installation Operating Guide
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4 Electrical Installation

4.1 Safety Instructions

See chapter 2 Safety for general safety instructions.

WARNING
INDUCED VOLTAGE
Induced voltage from output motor cables that run
together can charge equipment capacitors, even with the
equipment turned o� and locked out. Failure to run
output motor cables separately or to use shielded cables
could result in death or serious injury.

€ Run output motor cables separately, or

€ Use shielded cables.

CAUTION
SHOCK HAZARD
The frequency converter can cause a DC current in the
PE conductor. Failure to follow the recommendation may
lead to the RCD not providing the intended protection.

€ When a residual current-operated protective
device (RCD) is used for protection against
electrical shock, only an RCD of Type B is
allowed on the supply side.

Overcurrent protection

€ Extra protective equipment, such as short-circuit
protection or motor thermal protection between
frequency converter and motor, is required for
applications with multiple motors.

€ Input fusing is required to provide short circuit
and overcurrent protection. If not factory-
supplied, the installer must provide fuses. See
maximum fuse ratings in chapter 8.8 Fuses and
Circuit Breakers.

Wire type and ratings

€ All wiring must comply with local and national
regulations regarding cross-section and ambient
temperature requirements.

€ Power connection wire recommendation:
Minimum 75 �rC (167 �rF) rated copper wire.

See chapter 8.1 Electrical Data and chapter 8.5 Cable Speci�-
cations for recommended wire sizes and types.

4.2 EMC-compliant Installation

To obtain an EMC-compliant installation, follow the
instructions provided in chapter 4.3 Grounding, 
chapter 4.4 Wiring Schematic, chapter 4.6 Motor Connection,
and chapter 4.8 Control Wiring.

4.3 Grounding

WARNING
LEAKAGE CURRENT HAZARD
Leakage currents exceed 3.5 mA. Failure to ground the
frequency converter properly could result in death or
serious injury.

€ Ensure the correct grounding of the equipment
by a certi�ed electrical installer.

For electrical safety

€ Ground the frequency converter in accordance
with applicable standards and directives.

€ Use a dedicated ground wire for input power,
motor power, and control wiring.

€ Do not ground 1 frequency converter to another
in a daisy-chain fashion (see Illustration 4.1).

€ Keep the ground wire connections as short as
possible.

€ Follow motor manufacturer wiring requirements.

€ Minimum cable cross-section: 10 mm2 (7 AWG).
Separately terminate 2 ground wires, both
complying with the dimension requirements.

13
0B

C
50

0.
10

FC 1

FC 1

FC 2

FC 2

FC 3

FC 3

PE

PE

Illustration 4.1 Grounding Principle

Electrical Installation VLT�p AQUA Drive FC 202
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For EMC-compliant installation

€ Establish electrical contact between the cable
shield and the frequency converter enclosure by
using metal cable glands or by using the clamps
provided on the equipment (see chapter 4.6 Motor
Connection).

€ Use high-strand wire to reduce burst transient.

€ Do not use pigtails.

NOTICE
POTENTIAL EQUALIZATION
Risk of burst transient when the ground potential
between the frequency converter and the control system
is di�erent. Install equalizing cables between the system
components. Recommended cable cross-section: 16 mm2

(6 AWG).

Electrical Installation Operating Guide
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4.4 Wiring Schematic

13
0B

D
55

2.
12

3-phase
power
input

DC bus Switch Mode
Power Supply

Motor

Analog Output

Interface

relay1

relay2

ON=Terminated
OFF=Open

Brake
resistor

91 (L1)
92 (L2)
93 (L3)

PE

88 (-)
89 (+)

50 (+10 V OUT)

53 (A IN)

54 (A IN)

55 (COM A IN)
0/4-20 mA

12 (+24 V OUT)

13 (+24 V OUT)

37 (D IN)

18 (D IN)

20 (COM D IN)

10 V DC
15 mA 200 mA

+ - + -

(U) 96
(V) 97
(W) 98
(PE) 99

(COM A OUT) 39

(A OUT) 42

(P RS-485) 68

(N RS-485) 69

(COM RS-485) 61

0 V

5V

S801

0/4-20 mA

RS-485RS-485

03 

+10 V DC
0/-10 V DC -

+10 V DC

+10 V DC
0/4-20 mA

0/-10 V DC-

240 V AC, 2 A

24 V DC

02

01

05

04

06

24 V (NPN)
 0 V (PNP)

 0 V (PNP)
24 V (NPN)

19 (D IN)

24 V (NPN)
 0 V (PNP)27

24 V

 0 V

(D IN/OUT)

 0 V (PNP)
24 V (NPN)

(D IN/OUT)

 0 V

24 V
29

24 V (NPN)
 0 V (PNP)

0 V (PNP)
24 V (NPN)

33 (D IN)

32 (D IN)

1
2

O
N

A53

O
N2

1A54
ON=0/4-20 mA
OFF=0/-10 V DC -
          +10 V DC

95

P 5-00

2
1 O

N

S801

(R+) 82

(R-) 81

: Chassis

: PE

**

240 V AC, 2 A

400 V AC, 2 A

* : Ground 1

: Ground 2

: Ground

Illustration 4.2 Basic Wiring Schematic

A=Analog, D=Digital

*Terminal 37 (optional) is used for Safe Torque O�. For Safe Torque O� installation instructions, refer to the VLT�p Frequency
Converters - Safe Torque O� Operating Guide.
**Do not connect cable shield.

NOTICE
Actual con�gurations vary with unit types and optional equipment.

Electrical Installation VLT�p�p AQUA Drive FC 202
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1

2

3

4

5

6

7

8

9

L1
L2
L3
PE

10 11 PE

u

v

w

1 PLC 6 Cable gland

2 Frequency converter 7 Motor, 3-phase, and PE

3 Output contactor 8 Mains, 3-phase, and reinforced PE

4 Grounding rail (PE) 9 Control wiring

5 Cable insulation (stripped) 10 Equalizing minimum 16 mm2 (5 AWG)

Illustration 4.3 EMC-compliant Connection of Mains

NOTICE
EMC INTERFERENCE
Use shielded cables for motor and control wiring and separate cables for input power, motor wiring, and control wiring.
Failure to isolate power, motor, and control cables can result in unintended behavior or reduced performance. Minimum
clearance requirement between power, motor, and control cables is 200 mm (7.9 in).

Electrical Installation Operating Guide
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4.5 Access

1. Remove the cover with a screwdriver (See
Illustration 4.4) or by loosening the attaching
screws (See Illustration 4.5).
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Illustration 4.4 Access to Wiring for IP20 and IP21 Enclosures
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T3
34

.1
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Illustration 4.5 Access to Wiring for IP55 and IP66 Enclosures

Tighten the cover screws using the tightening
torques speci�ed in Table 4.1.

Enclosure IP55 IP66

A4/A5 2 (18) 2 (18)

B1/B2 2.2 (19) 2.2 (19)

C1/C2 2.2 (19) 2.2 (19)

No screws to tighten for A2/A3/B3/B4/C3/C4.

Table 4.1 Tightening Torques for Covers [N�µm (in-lb)]

4.6 Motor Connection

WARNING
INDUCED VOLTAGE
Induced voltage from output motor cables that run
together can charge equipment capacitors, even with the
equipment turned o� and locked out. Failure to run
output motor cables separately or use shielded cables
could result in death or serious injury.

€ Run output motor cables separately, or

€ Use shielded cables.

€ Comply with local and national electrical codes
for cable sizes. For maximum wire sizes, see 
chapter 8.1 Electrical Data.

€ Follow motor manufacturer wiring requirements.

€ Motor wiring knockouts or access panels are
provided at the base of IP21 (NEMA1/12) and
higher units.

€ Do not wire a starting or pole-changing device
(for example Dahlander motor or slip ring
asynchronous motor) between the frequency
converter and the motor.

Procedure

1. Strip a section of the outer cable insulation.

2. Position the stripped wire under the cable clamp
to establish mechanical �xation and electrical
contact between the cable shield and ground.

3. Connect the ground wire to the nearest
grounding terminal in accordance with the
grounding instructions provided in 
chapter 4.3 Grounding, see Illustration 4.6.

4. Connect the 3-phase motor wiring to terminals
96 (U), 97 (V), and 98 (W), see Illustration 4.6.

5. Tighten the terminals in accordance with the
information provided in chapter 8.7 Connection
Tightening Torques.

Electrical Installation VLT�p AQUA Drive FC 202
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U
V

W

96
97

98

Illustration 4.6 Motor Connection

Illustration 4.7 shows mains input, motor, and grounding
for basic frequency converters. Actual con�gurations vary
with unit types and optional equipment.

+DC BR- B

M
A

I
N

S
L1    L2     L391    92     93

R
E

L
A

Y
  
1
  
 R

E
L
A

Y
 

2

99 U V W

MOTOR

99

13
0

BF
9

48
.1

0

Illustration 4.7 Example of Motor, Mains, and Ground Wiring

4.7 AC Mains Connection

€ Size the wiring based on the input current of the
frequency converter. For maximum wire sizes, see 
chapter 8.1 Electrical Data.

€ Comply with local and national electrical codes
for cable sizes.

Procedure
1. Connect the 3-phase AC input power wiring to

terminals L1, L2, and L3 (see Illustration 4.7).

2. Depending on the con�guration of the
equipment, connect the input power to the
mains input terminals or the input disconnect.

3. Ground the cable in accordance with the
grounding instructions provided in 
chapter 4.3 Grounding.

4. When supplied from an isolated mains source (IT
mains or �oating delta) or TT/TN-S mains with a
grounded leg (grounded delta), ensure that
parameter 14-50 RFI Filter is set to [0] O�  to avoid
damage to the DC link and to reduce ground
capacity currents in accordance with IEC 61800-3.

4.8 Control Wiring

€ Isolate the control wiring from the high-power
components in the frequency converter.

€ When the frequency converter is connected to a
thermistor, ensure that the thermistor control
wiring is shielded and reinforced/double
insulated. A 24 V DC supply voltage is
recommended. See Illustration 4.8.

4.8.1 Control Terminal Types

Illustration 4.8 and Illustration 4.9 show the removable
frequency converter connectors. Terminal functions and
default settings are summarized in Table 4.2.

1

4
3

2

13
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B9
21
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2

Illustration 4.8 Control Terminal Locations
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1

32

Illustration 4.9 Terminal Numbers

€ Connector 1 provides:

- 4 programmable digital inputs terminals.

- 2 extra digital terminals programmable
as either input or output.

- 24 V DC terminal supply voltage.

- Optional customer supplied 24 V DC
voltage.

€ Connector 2 terminals (+)68 and (-)69 are for an
RS485 serial communication connection. 

€ Connector 3 provides:

- 2 analog inputs.

- 1 analog output.

- 10 V DC supply voltage.

- Commons for the inputs and output.

€ Connector 4 is a USB port available for use with
the MCT 10 Set-up Software.

Terminal description

Terminal Parameter

Default

setting Description

Digital Inputs/Outputs

12, 13 … +24 V DC 24 V DC supply voltage

for digital inputs and

external transducers.

Maximum output

current 200 mA for all

24 V loads.

Terminal description

Terminal Parameter

Default

setting Description

18

Parameter 5

-10 Termina

l 18 Digital

Input [8] Start

Digital inputs.

19 Parameter 5

-11 Termina

l 19 Digital

Input

[0] No

operation

32 Parameter 5

-14 Termina

l 32 Digital

Input

[0] No

operation

33 Parameter 5

-15 Termina

l 33 Digital

Input

[0] No

operation

27 Parameter 5

-12 Termina

l 27 Digital

Input

[2] Coast

inverse
For digital input or

output. Default setting

is input.
29 Parameter 5

-13 Termina

l 29 Digital

Input

[14] Jog

20 … … Common for digital

inputs and 0 V

potential for 24 V

supply.

37 … Safe Torque

O� (STO)

Safe input (optional).

Used for STO.

Analog Inputs/Outputs

39 …
…

Common for analog

output

42 Parameter 6

-50 Termina

l 42 Output

Speed 0 …

High Limit

Programmable analog

output. 0…20 mA or 4…

20 mA at a maximum

of 500 �Ö

50 … +10 V DC 10 V DC analog supply

voltage for potenti-

ometer or thermistor.

15 mA maximum

53

Parameter

group 6-1*

Analog

Input 53 Reference

Analog input. For

voltage or current.

Switches A53 and A54

select mA or V.

54 Parameter

group 6-2*

Analog

Input 54

Feedback

55 …
…

Common for analog

input

Serial Communication

Electrical Installation VLT�p�p AQUA Drive FC 202
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Terminal description

Terminal Parameter

Default

setting Description

61 … … Integrated RC-Filter for

cable shield. ONLY for

connecting the shield if

EMC problems occur.

68 (+)

Parameter

group 8-3*

FC Port

Settings

…

RS485 Interface. A

control card switch is

provided for

termination resistance.

69 (-) Parameter

group 8-3*

FC Port

Settings

…

Relays

01, 02, 03

Parameter 5

-40 Functio

n Relay [0] [9] Alarm

Form C relay output.

For AC or DC voltage

and resistive or

inductive loads.

04, 05, 06 Parameter 5

-40 Functio

n Relay [1]

[5] Running

Table 4.2 Terminal Description

Extra terminals

€ 2 form C relay outputs. Location of the outputs
depends on frequency converter con�guration.

€ Terminals on built-in optional equipment. See the
manual provided with the equipment option.

4.8.2 Wiring to Control Terminals

Control terminal connectors can be unplugged from the
frequency converter for ease of installation, as shown in
Illustration 4.10.

NOTICE
Keep control wires as short as possible and separate
from high-power cables to minimize interference.

1. Open the contact by inserting a small screwdriver
into the slot above the contact and push the
screwdriver slightly upwards.
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Illustration 4.10 Connecting Control Wires

2. Insert the bare control wire into the contact.

3. Remove the screwdriver to fasten the control wire
into the contact.

4. Ensure that the contact is �rmly established and
not loose. Loose control wiring can be the source
of equipment faults or less than optimal
operation.

See chapter 8.5 Cable Speci�cations for control terminal
wiring sizes and chapter 6 Application Set-up Examples for
typical control wiring connections.

4.8.3 Enabling Motor Operation
(Terminal 27)

A jumper wire is required between terminal 12 (or 13) and
terminal 27 for the frequency converter to operate when
using factory default programming values.

€ Digital input terminal 27 is designed to receive
24 V DC external interlock command.

€ When no interlock device is used, wire a jumper
between control terminal 12 (recommended) or
13 to terminal 27. The jumper provides an
internal 24 V signal on terminal 27.

€ When the status line at the bottom of the LCP
reads AUTO REMOTE COAST, it indicates that the
unit is ready to operate but is missing an input
signal on terminal 27.

€ When factory installed optional equipment is
wired to terminal 27, do not remove that wiring.

Electrical Installation Operating Guide
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4.8.4 Voltage/Current Input Selection
(Switches)

The analog input terminals 53 and 54 allow setting of
input signal to voltage (0…10 V) or current (0/4…20 mA).

Default parameter setting

€ Terminal 53: Speed reference signal in open loop
(see parameter 16-61 Terminal 53 Switch Setting).

€ Terminal 54: Feedback signal in closed loop (see
parameter 16-63 Terminal 54 Switch Setting).

NOTICE
Disconnect power to the frequency converter before
changing switch positions.

1. Remove the LCP (see Illustration 4.11).

2. Remove any optional equipment covering the
switches.

3. Set switches A53 and A54 to select the signal
type. U selects voltage, I selects current.
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D
53

0.
10

1
2
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VLT
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OFF-ON

A53 A54
U- I    U- I

Illustration 4.11 Location of Terminal 53 and 54 Switches

To run STO, more wiring for the frequency converter is

required. Refer to VLT�p Frequency Converters Safe Torque O�
Operating Guide for further information.

4.8.5 RS485 Serial Communication

Connect RS485 serial communication wiring to terminals
(+)68 and (-)69.

€ Use shielded serial communication cable
(recommended).

€ See chapter 4.3 Grounding for proper grounding.

61

68

69

 +

13
0B

B4
89

.1
0

RS485

Illustration 4.12 Serial Communication Wiring Diagram

For basic serial communication set-up, select the following:
1. Protocol type in parameter 8-30 Protocol.

2. Frequency converter address in
parameter 8-31 Address.

3. Baud rate in parameter 8-32 Baud Rate.

€ 2 communication protocols are internal to the
frequency converter:

- Danfoss FC.

- Modbus RTU.

€ Functions can be programmed remotely using
the protocol software and RS485 connection or in
parameter group 8-** Communications and
Options.

€ Selecting a speci�c communication protocol
changes various default parameter settings to
match that protocol•s speci�cations and makes
more protocol-speci�c parameters available.

€ Option cards for the frequency converter are
available to provide extra communication
protocols. See the option card documentation for
installation and operation instructions.
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4.9 Installation Check List

Before completing installation of the unit, inspect the entire installation as detailed in Table 4.3. Check and mark the items
when completed.

Inspect for Description �ò�ò

Auxiliary equipment € Look for auxiliary equipment, switches, disconnects, or input fuses/circuit breakers, residing on the input

power side of the frequency converter, or output side to the motor. Ensure that they are ready for full-

speed operation.

€ Check the function and installation of any sensors used for feedback to the frequency converter.

€ Remove any power factor correction caps on the motor.

€ Adjust any power factor correction caps on the mains side and ensure that they are dampened.

 

Cable routing € Ensure that the motor wiring and control wiring are separated, shielded, or in 3 separate metallic conduits

for high frequency interference isolation.

 

Control wiring € Check for broken or damaged wires and loose connections.

€ Check that the control wiring is isolated from power and motor wiring for noise immunity.

€ Check the voltage source of the signals, if necessary.

The use of shielded cable or twisted pair is recommended. Ensure that the shield is terminated correctly.

 

Cooling clearance € Ensure that the top and bottom clearance is adequate to ensure proper air�ow for cooling, see 

chapter 3.3 Mounting.

 

Ambient conditions € Check that requirements for ambient conditions are met.  

Fusing and circuit

breakers
€ Check for proper fusing or circuit breakers.

€ Check that all fuses are inserted �rmly and are in operational condition, and that all circuit breakers are in

the open position.

 

Grounding € Check for su�cient ground connections and ensure that those connections are tight and free of oxidation.

€ Grounding to conduit, or mounting the back panel to a metal surface, is not a suitable grounding.

 

Input and output

power wiring
€ Check for loose connections.

€ Check that the motor and mains cables are in separate conduit or separated shielded cables.

 

Panel interior € Inspect that the unit interior is free of dirt, metal chips, moisture, and corrosion.

€ Check that the unit is mounted on an unpainted metal surface.

 

Switches € Ensure that all switch and disconnect settings are in the proper positions.  

Vibration € Check that the unit is mounted solidly, or that shock mounts are used, as necessary.

€ Check for an unusual amount of vibration.

 

Table 4.3 Installation Check List

CAUTION
POTENTIAL HAZARD IN THE EVENT OF INTERNAL FAILURE
Risk of personal injury if the frequency converter is not properly closed.

€ Before applying power, ensure that all safety covers are in place and securely fastened.
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5 Commissioning

5.1 Safety Instructions

See chapter 2 Safety for general safety instructions.

WARNING
HIGH VOLTAGE
Frequency converters contain high voltage when
connected to AC mains input power. Failure to perform
installation, start-up, and maintenance by quali�ed
personnel could result in death or serious injury.

€ Installation, start-up, and maintenance must be
performed by quali�ed personnel only.

Before applying power:
1. Close the cover properly.

2. Check that all cable glands are �rmly tightened.

3. Ensure that input power to the unit is o� and
locked out. Do not rely on the frequency
converter disconnect switches for input power
isolation.

4. Verify that there is no voltage on input terminals
L1 (91), L2 (92), and L3 (93), phase-to-phase, and
phase-to-ground.

5. Verify that there is no voltage on output
terminals 96 (U), 97 (V), and 98 (W), phase-to-
phase, and phase-to-ground.

6. Con�rm continuity of the motor by measuring �Ö
values on U…V (96…97), V…W (97…98), and W…U
(98…96).

7. Check for proper grounding of the frequency
converter and the motor.

8. Inspect the frequency converter for loose
connections on the terminals.

9. Con�rm that the supply voltage matches the
voltage of the frequency converter and the
motor.

5.2 Applying Power

Apply power to the frequency converter using the
following steps:

1. Con�rm that the input voltage is balanced within
3%. If not, correct the input voltage imbalance
before proceeding. Repeat this procedure after
the voltage correction.

2. Ensure that any optional equipment wiring
matches the installation application.

3. Ensure that all operator devices are in the OFF
position. Panel doors must be closed and covers
securely fastened.

4. Apply power to the unit. Do not start the
frequency converter now. For units with a
disconnect switch, turn it to the ON position to
apply power to the frequency converter.

5.3 Local Control Panel Operation

The local control panel (LCP) is the combined display and
keypad on the front of the unit.

The LCP has several user functions:

€ Start, stop, and control speed when in local
control.

€ Show operational data, status, warnings, and
cautions.

€ Program frequency converter functions. 

€ Manually reset the frequency converter after a
fault when auto reset is inactive.

An optional numeric LCP (NLCP) is also available. The NLCP
operates in a manner similar to the LCP. See the product
relevant programming guide for details on use of the NLCP.

NOTICE
For commissioning via PC, install the MCT 10 Set-up
Software. The software is available for download (basic
version) or for ordering (advanced version, code number
130B1000). For more information and downloads, see
www.danfoss.com/BusinessAreas/DrivesSolutions/Software
+MCT10/MCT10+Downloads.htm.

5.3.1 Graphic Local Control Panel Layout

The graphic local control panel (GLCP) is divided into 4
functional groups (see Illustration 5.1).

A. Display area.

B. Display menu keys.

C. Navigation keys and indicator lights.

D. Operation keys and reset.
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Illustration 5.1 GLCP

A. Display area
The display area is activated when the frequency converter
receives power from the mains voltage, a DC bus terminal,
or a 24 V DC external supply.

The information shown on the LCP can be customized for
user applications. Select options in the Quick Menu Q3-13
Display Settings.

Display Parameter Default setting

1 Parameter 0-20 Display

Line 1.1 Small

[1617] Speed [RPM]

2 Parameter 0-21 Display

Line 1.2 Small

[1614] Motor Current

3 Parameter 0-22 Display

Line 1.3 Small

[1610] Power [kW]

4 Parameter 0-23 Display

Line 2 Large

[1613] Frequency

5 Parameter 0-24 Display

Line 3 Large

[1602] Reference %

Table 5.1 Legend to Illustration 5.1, Display Area

B. Display menu keys
Menu keys are used for menu access for parameter set-up,
toggling through status display modes during normal
operation, and viewing fault log data.

 Key Function

6 Status Shows operational information.

7 Quick Menu Allows access to programming parameters

for initial set-up instructions and many

detailed application instructions.

8 Main Menu Allows access to all programming

parameters.

9 Alarm Log Shows a list of current warnings, the last

10 alarms, and the maintenance log.

Table 5.2 Legend to Illustration 5.1, Display Menu Keys

C. Navigation keys and indicator lights (LEDs)
Navigation keys are used for programming functions and
moving the display cursor. The navigation keys also
provide speed control in local operation. There are also 3
frequency converter status indicator lights in this area.

 Key Function

10 Back Reverts to the previous step or list in the

menu structure.

11 Cancel Cancels the last change or command as long

as the display mode is not changed.

12 Info Press for a de�nition of the function being

showed.

13 Navigation

Keys

Press the navigation keys to move between

items in the menu.

14 OK Press to access parameter groups or to

enable a selection.

Table 5.3 Legend to Illustration 5.1, Navigation Keys

 Indicator Color Function

15 On Green The ON indicator light activates

when the frequency converter

receives power from the mains

voltage, a DC bus terminal, or a

24 V external supply.

16 Warn Yellow When warning conditions are met,

the yellow WARN indicator light

comes on and text appears in the

display area identifying the

problem.

17 Alarm Red A fault condition causes the red

alarm LED to �ash and an alarm

text is shown.

Table 5.4 Legend to Illustration 5.1, Indicator Lights (LEDs)
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D. Operation keys and reset
Operation keys are at the bottom of the LCP.

 Key Function

18 [Hand On] Starts the frequency converter in local

control.

€ An external stop signal by control input

or serial communication overrides the

local hand on.

19 O� Stops the motor but does not remove power

to the frequency converter.

20 [Auto On] Puts the system in remote operational mode.

€ Responds to an external start command

by control terminals or serial communi-

cation.

21 Reset Resets the frequency converter manually

after a fault has been cleared.

Table 5.5 Legend to Illustration 5.1, Operation Keys and Reset

NOTICE
The display contrast can be adjusted by pressing [Status]
and the [�£�£]/[ �] keys.

5.3.2 Parameter Settings

Establishing the correct programming for applications
often requires setting functions in several related
parameters. Details for parameters are provided in 
chapter 9.2 Parameter Menu Structure.

Programming data is stored internally in the frequency
converter.

€ For back-up, upload data into the LCP memory.

€ To download data to another frequency
converter, connect the LCP to that unit and
download the stored settings.

€ Restoring factory default settings does not
change data stored in the LCP memory.

5.3.3 Uploading/Downloading Data to/from
the LCP

1. Press [O�] to stop the motor before uploading or
downloading data.

2. Press [Main Menu], select parameter 0-50 LCP Copy
and press [OK].

3. Select [1] All to LCP to upload data to the LCP or
select [2] All from LCP to download data from the
LCP.

4. Press [OK]. A progress bar shows the uploading or
downloading progress.

5. Press [Hand On] or [Auto On] to return to normal
operation.

5.3.4 Changing Parameter Settings

Access and change parameter settings from the Quick
Menu or from the Main Menu. The Quick Menu only gives
access to a limited number of parameters.

1. Press [Quick Menu] or [Main Menu] on the LCP.

2. Press [�£] [�] to browse through the parameter
groups, press [OK] to select a parameter group.

3. Press [�£] [�] to browse through the parameters,
press [OK] to select a parameter.

4. Press [�£] [�] to change the value of a parameter
setting.

5. Press [�µ] [�«] to shift digit when a decimal
parameter is in the editing state.

6. Press [OK] to accept the change.

7. Press either [Back] twice to enter Status, or press
[Main Menu] once to enter the Main Menu.

View changes
Quick Menu Q5 - Changes Made lists all parameters
changed from default settings.

€ The list only shows parameters, which are
changed in the current edit set-up.

€ Parameters, which were reset to default values,
are not listed.

€ The message Empty indicates that no parameters
are changed.

5.3.5 Restoring Default Settings

NOTICE
Risk of losing programming, motor data, localization, and
monitoring records by restoration of default settings. To
provide a back-up, upload data to the LCP before initiali-
zation.

Restoring the default parameter settings is done by initiali-
zation of the frequency converter. Initialization is carried
out through parameter 14-22 Operation Mode
(recommended) or manually.

€ Initialization using parameter 14-22 Operation
Mode does not reset frequency converter settings
such as hours run, serial communication
selections, personal menu settings, fault log,
alarm log, and other monitoring functions.

€ Manual initialization erases all motor,
programming, localization, and monitoring data
and restores factory default settings.
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Recommended initialization procedure via
parameter 14-22 Operation Mode

1. Press [Main Menu] twice to access parameters.

2. Scroll to parameter 14-22 Operation Mode and
press [OK].

3. Scroll to [2] initialization and press [OK].

4. Remove power to the unit and wait for the
display to turn o�.

5. Apply power to the unit.

Default parameter settings are restored during start-up.
The start-up may take slightly longer than normal.

6. Alarm 80, Drive initialized to default value is shown.

7. Press [Reset] to return to operating mode.

Manual initialization procedure

1. Remove power to the unit and wait for the
display to turn o�.

2. Press and hold [Status], [Main Menu], and [OK] at
the same time while applying power to the unit
(approximately 5 s or until audible click and fan
starts).

Factory default parameter settings are restored during
start-up. The start-up may take slightly longer than usual.

Manual initialization does not reset the following
frequency converter information:

€ Parameter 15-00 Operating hours.

€ Parameter 15-03 Power Up's.

€ Parameter 15-04 Over Temp's.

€ Parameter 15-05 Over Volt's.

5.4 Basic Programming

5.4.1 Commissioning with SmartStart

The SmartStart wizard enables fast con�guration of basic
motor and application parameters.

€ SmartStart starts automatically at �rst power-up
or after initialization of the frequency converter.

€ Follow the on-screen instructions to complete the
commissioning of the frequency converter.
Always reactivate SmartStart by selecting Quick
Menu Q4 - SmartStart.

€ For commissioning without use of the SmartStart
wizard, refer to chapter 5.4.2 Commissioning via
[Main Menu] or the programming guide.

NOTICE
Motor data is required for the SmartStart set-up. The
required data is normally available on the motor
nameplate.

The SmartStart con�gures the frequency converter in 3
phases, each consisting of several steps, see Table 5.6.

Phase Action

1 Basic Programming Perform the programming

2 Application Section

Select and program

appropriate application:

€ Single pump/motor.

€ Motor alternation.

€ Basic cascade control.

€ Master/slave.

3 Water and Pump Features
Go to water and pump

dedicated parameters.

Table 5.6 SmartStart, Setup in 3 Phases

5.4.2 Commissioning via [Main Menu]

Recommended parameter settings are intended for start-
up and check-out purposes. Application settings may vary.

Enter data with power ON, but before operating the
frequency converter.

1. Press [Main Menu] on the LCP.

2. Press the navigation keys to scroll to parameter
group 0-** Operation/Display and press [OK].

13
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6.
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1107 RPM

0 - **  Operation/Display

1 - **  Load/Motor

2 - **  Brakes

3 - **  Reference / Ramps

3.84 A 1 (1)

Main menu

Illustration 5.2 Main Menu

3. Press the navigation keys to scroll to parameter
group 0-0* Basic Settings and press [OK].

0-**Operation / Display
0.0%

0-0* Basic Settings
0-1* Set-up Operations
0-2* LCP Display
0-3* LCP Custom Readout

0.00A 1(1)
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Illustration 5.3 Operation/Display
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4. Press the navigation keys to scroll to
parameter 0-03 Regional Settings and press [OK].

                          0-0*Basic Sett ings
0.0%

0-03 Regional Sett ings

[0] International

      0.00A                            1(1)

13
0B

P
08

8.
10

Illustration 5.4 Basic Settings

5. Press the navigation keys to select [0] Interna-
tional or [1] North America as appropriate and
press [OK]. (This changes the default settings for
several basic parameters).

6. Press [Main Menu] on the LCP.

7. Press the navigation keys to scroll to
parameter 0-01 Language.

8. Select the language and press [OK].

9. If a jumper wire is in place between control
terminals 12 and 27, leave
parameter 5-12 Terminal 27 Digital Input at factory
default. Otherwise, select [0] No operation in
parameter 5-12 Terminal 27 Digital Input. 

10. Make the application-speci�c settings in the
following parameters:

10a Parameter 3-02 Minimum Reference.

10b Parameter 3-03 Maximum Reference.

10c Parameter 3-41 Ramp 1 Ramp Up Time.

10d Parameter 3-42 Ramp 1 Ramp Down
Time.

10e Parameter 3-13 Reference Site. Linked to
Hand/Auto Local Remote.

5.4.3 Asynchronous Motor Set-up

Enter the following motor data. Find the information on
the motor nameplate.

1. Parameter 1-20 Motor Power [kW] or
parameter 1-21 Motor Power [HP].

2. Parameter 1-22 Motor Voltage.

3. Parameter 1-23 Motor Frequency.

4. Parameter 1-24 Motor Current.

5. Parameter 1-25 Motor Nominal Speed.

For optimum performance in VVC+ mode, extra motor data
is required to set up the following parameters. Find the
data in the motor datasheet (this data is typically not

available on the motor nameplate). Run a complete
automatic motor adaptation (AMA) using
parameter 1-29 Automatic Motor Adaptation (AMA) [1]
Enable Complete AMA or enter the parameters manually.
Parameter 1-36 Iron Loss Resistance (Rfe) is always entered
manually.

6. Parameter 1-30 Stator Resistance (Rs).

7. Parameter 1-31 Rotor Resistance (Rr).

8. Parameter 1-33 Stator Leakage Reactance (X1).

9. Parameter 1-34 Rotor Leakage Reactance (X2).

10. Parameter 1-35 Main Reactance (Xh).

11. Parameter 1-36 Iron Loss Resistance (Rfe).

Application-speci�c adjustment when running VVC+

VVC+ is the most robust control mode. In most situations,
it provides optimum performance without further
adjustments. Run a complete AMA for best performance.

5.4.4 PM Motor Setup in VVC+

NOTICE
Only use permanent magnet (PM) motor with fans and
pumps.

Initial programming steps

1. Activate PM motor operation
Parameter 1-10 Motor Construction, select [1] PM,
non salient SPM.

2. Set parameter 0-02 Motor Speed Unit to [0] RPM.

Programming motor data
After selecting PM motor in parameter 1-10 Motor
Construction, the PM motor-related parameters in
parameter groups 1-2* Motor Data, 1-3* Adv. Motor Data
and 1-4* are active.
The necessary data can be found on the motor nameplate
and in the motor datasheet.

Program the following parameters in the listed order:
1. Parameter 1-24 Motor Current.

2. Parameter 1-26 Motor Cont. Rated Torque.

3. Parameter 1-25 Motor Nominal Speed.

4. Parameter 1-39 Motor Poles.

5. Parameter 1-30 Stator Resistance (Rs).
Enter line to common stator winding resistance
(Rs). If only line-line data is available, divide the
line-line value with 2 to achieve the line to
common (startpoint) value.

6. Parameter 1-37 d-axis Inductance (Ld).
Enter line to common direct axis inductance of
the PM motor.
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If only line-line data is available, divide the line-
line value by 2 to achieve the line-common
(startpoint) value.

7. Parameter 1-40 Back EMF at 1000 RPM.
Enter line-to-line back EMF of the PM motor at
1000 RPM mechanical speed (RMS value). Back
EMF is the voltage generated by a PM motor
when no frequency converter is connected and
the shaft is turned externally. Back EMF is
normally speci�ed for nominal motor speed or for
1000 RPM measured between 2 lines. If the value
is not available for a motor speed of 1000 RPM,
calculate the correct value as follows: If back EMF
is for example 320 V at 1800 RPM, it can be
calculated at 1000 RPM as follows: Back EMF =
(Voltage / RPM)*1000 = (320/1800)*1000 = 178.
This is the value that must be programmed for
parameter 1-40 Back EMF at 1000 RPM.

Test motor operation

1. Start the motor at low speed (100…200 RPM). If
the motor does not turn, check installation,
general programming, and motor data.

2. Check if the start function in parameter 1-70 PM
Start Mode �ts the application requirements.

Rotor detection
This function is the recommended choice for applications
where the motor starts from standstill, for example pumps
or conveyors. On some motors, a sound is heard when the
impulse is sent out. This does not harm the motor.

Parking
This function is the recommended choice for applications
where the motor is rotating at slow speed, for example
windmilling in fan applications. Parameter 2-06 Parking
Current and parameter 2-07 Parking Time can be adjusted.
Increase the factory setting of these parameters for
applications with high inertia.

Start the motor at nominal speed. If the application does
not run well, check the VVC+ PM settings. Recommended
settings in di�erent applications can be found in Table 5.7.

Application Settings

Low inertia applications

ILoad/IMotor <5

Parameter 1-17 Voltage �lter time

const. to be increased by factor 5…

10.

Parameter 1-14 Damping Gain should

be reduced.

Parameter 1-66 Min. Current at Low

Speed should be reduced (<100%).

Low inertia applications

50>ILoad/IMotor >5

Keep calculated values.

High inertia applications

ILoad/IMotor > 50

Parameter 1-14 Damping Gain,

parameter 1-15 Low Speed Filter Time

Const., and parameter 1-16 High

Speed Filter Time Const. should be

increased.

High load at low speed

<30% (rated speed)

Parameter 1-17 Voltage �lter time

const. should be increased.

Parameter 1-66 Min. Current at Low

Speed should be increased (>100%

for a prolonged time can overheat

the motor).

Table 5.7 Recommended Settings in Di�erent Applications

If the motor starts oscillating at a certain speed, increase
parameter 1-14 Damping Gain. Increase the value in small
steps. Depending on the motor, a good value for this
parameter can be 10% or 100% higher than the default
value.

The starting torque can be adjusted in parameter 1-66 Min.
Current at Low Speed. 100% provides nominal torque as
starting torque.

5.4.5 SynRM Motor Set-up with VVC+

This section describes how to set up a SynRM motor with
VVC+.

NOTICE
The SmartStart wizard covers the basic con�guration of
SynRM motors.

Initial programming steps
To activate SynRM motor operation, select [5] Sync.
Reluctance in parameter 1-10 Motor Construction.

Programming motor data
After performing the initial programming steps, the SynRM
motor-related parameters in parameter groups 1-2* Motor
Data, 1-3* Adv. Motor Data, and 1-4* Adv. Motor Data II are
active.

Use the motor nameplate data and the motor datasheet to
program the following parameters in the order listed:
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1. Parameter 1-23 Motor Frequency.

2. Parameter 1-24 Motor Current.

3. Parameter 1-25 Motor Nominal Speed.

4. Parameter 1-26 Motor Cont. Rated Torque.

Run a complete AMA using parameter 1-29 Automatic
Motor Adaptation (AMA) [1] Enable Complete AMA or enter
the following parameters manually:

1. Parameter 1-30 Stator Resistance (Rs).

2. Parameter 1-37 d-axis Inductance (Ld).

3. Parameter 1-44 d-axis Inductance Sat. (LdSat).

4. Parameter 1-45 q-axis Inductance Sat. (LqSat).

5. Parameter 1-48 Inductance Sat. Point.

Application-speci�c adjustments
Start the motor at nominal speed. If the application does
not run well, check the VVC+ SynRM settings. Table 5.8
provides application-speci�c recommendations:

Application Settings

Low-inertia applications

ILoad/IMotor<5

Increase parameter 1-17 Voltage �lter

time const. by factor 5…10.

Reduce parameter 1-14 Damping

Gain.

Reduce parameter 1-66 Min. Current

at Low Speed (<100%).

Low-inertia applications

50>ILoad/IMotor>5

Keep the default values.

High-inertia applications

ILoad/IMotor>50

Increase parameter 1-14 Damping

Gain, parameter 1-15 Low Speed Filter

Time Const., and parameter 1-16 High

Speed Filter Time Const.

High-load at low speed

<30% (rated speed)

Increase parameter 1-17 Voltage �lter

time const.

Increase parameter 1-66 Min. Current

at Low Speed to adjust the starting

torque. 100% current provides

nominal torque as starting torque.

Working at a current level higher

than 100% for a prolonged time can

cause the motor to overheat.

Application Settings

Dynamic applications Increase parameter 14-41 AEO

Minimum Magnetisation for highly

dynamic applications. Adjusting

parameter 14-41 AEO Minimum

Magnetisation ensures a good

balance between energy e�ciency

and dynamics. Adjust

parameter 14-42 Minimum AEO

Frequency to specify the minimum

frequency at which the frequency

converter should use minimum

magnetization.

Motor sizes less than 18

kW (24 hp)

Avoid short ramp-down times.

Table 5.8 Recommendations for Various Applications

If the motor starts oscillating at a certain speed, increase
parameter 1-14 Damping Gain. Increase the damping gain
value in small steps. Depending on the motor, this
parameter can be set to 10…100% higher than the default
value.

5.4.6 Automatic Energy Optimization (AEO)

NOTICE
AEO is not relevant for permanent magnet motors.

AEO is a procedure which minimizes voltage to the motor,
as a result of that reducing energy consumption, heat, and
noise.

To activate AEO, set parameter 1-03 Torque Characteristics to
[2] Auto Energy Optim. CT or [3] Auto Energy Optim. VT.

5.4.7 Automatic Motor Adaptation (AMA)

AMA is a procedure which optimizes compatibility
between the frequency converter and the motor.

€ The frequency converter builds a mathematical
model of the motor for regulating output motor
current. The procedure also tests the input phase
balance of electrical power. It compares the
motor characteristics with the entered nameplate
data.

€ The motor shaft does not turn and no harm is
done to the motor while running the AMA.

€ Some motors may be unable to run the complete
version of the test. In that case, select [2] Enable
reduced AMA.

€ If an output �lter is connected to the motor,
select [2] Enable reduced AMA.
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€ If warnings or alarms occur, see chapter 7.4 List of
Warnings and Alarms.

€ Run this procedure on a cold motor for best
results.

To run AMA
1. Press [Main Menu] to access parameters.

2. Scroll to parameter group 1-** Load and Motor and
press [OK].

3. Scroll to parameter group 1-2* Motor Data and
press [OK].

4. Scroll to parameter 1-29 Automatic Motor
Adaptation (AMA) and press [OK].

5. Select [1] Enable complete AMA and press [OK].

6. Follow the on-screen instructions.

7. The test runs automatically and indicates when it
is complete.

8. The advanced motor data is entered in parameter
group 1-3* Adv. Motor Data.

5.5 Checking Motor Rotation

NOTICE
Risk of damage to pumps/compressors caused by motor
running in wrong direction. Before running the
frequency converter, check the motor rotation.

The motor runs brie�y at 5 Hz or the minimum frequency
set in parameter 4-12 Motor Speed Low Limit [Hz].

1. Press [Main Menu].

2. Scroll to parameter 1-28 Motor Rotation Check and
press [OK].

3. Scroll to [1] Enable.

The following text appears: Note! Motor may run in wrong
direction.

4. Press [OK].

5. Follow the on-screen instructions.

NOTICE
To change the direction of rotation, remove power to the
frequency converter and wait for power to discharge.
Reverse the connection of any 2 of the 3 motor wires on
the motor or frequency converter side of the connection.

5.6 Local-control Test

1. Press [Hand On] to provide a local start command
to the frequency converter.

2. Accelerate the frequency converter by pressing
[�£] to full speed. Moving the cursor left of the
decimal point provides quicker input changes.

3. Note any acceleration problems.

4. Press [O�]. Note any deceleration problems.

If acceleration or deceleration problems occur, see 
chapter 7.5 Troubleshooting. See chapter 7.4 List of Warnings
and Alarms for resetting the frequency converter after a
trip.

5.7 System Start-up

The procedure in this section requires wiring and
application programming to be completed. The following
procedure is recommended after application set-up is
completed.

1. Press [Auto On].

2. Apply an external run command.

3. Adjust the speed reference throughout the speed
range.

4. Remove the external run command.

5. Check the sound and vibration levels of the
motor to ensure that the system is working as
intended.

If warnings or alarms occur, see chapter 7.3 Warning and
Alarm Types or chapter 7.4 List of Warnings and Alarms.
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6 Application Set-up Examples

The examples in this section are intended as a quick reference for common applications.

€ Parameter settings are the regional default values unless otherwise indicated (selected in parameter 0-03 Regional
Settings).

€ Parameters associated with the terminals and their settings are shown next to the drawings.

€ Required switch settings for analog terminals A53 or A54 are also shown.

NOTICE
When using the optional STO feature, a jumper wire may be required between terminal 12 (or 13) and terminal 37 for
the frequency converter to operate with factory default programming values.

6.1 Application Examples

6.1.1 Feedback

 Parameters

FC

4-20 mA

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A 54

U - I

+

-

13
0B

B
67

5.
10 Function Setting

Parameter 6-22 Terminal

54 Low Current

4 mA*

Parameter 6-23 Terminal

54 High Current

20

mA*

Parameter 6-24 Terminal

54 Low Ref./Feedb.

Value

0*

Parameter 6-25 Terminal

54 High Ref./Feedb.

Value

50*

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.1 Analog Current Feedback Transducer

 Parameters

  FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A54

U - I

0 - 10V

+

-

13
0B

B
67

6.
10

Function Setting

Parameter 6-20 Ter

minal 54 Low

Voltage

0.07 V*

Parameter 6-21 Ter

minal 54 High

Voltage

10 V*

Parameter 6-24 Ter

minal 54 Low Ref./

Feedb. Value

0*

Parameter 6-25 Ter

minal 54 High Ref./

Feedb. Value

50*

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.2 Analog Voltage Feedback Transducer (3-wire)
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 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A54

U - I

0 - 10V

+

-

13
0B

B
67

7.
10 Function Setting

Parameter 6-20 Ter

minal 54 Low

Voltage

0.07 V*

Parameter 6-21 Ter

minal 54 High

Voltage

10 V*

Parameter 6-24 Ter

minal 54 Low Ref./

Feedb. Value

0*

Parameter 6-25 Ter

minal 54 High Ref./

Feedb. Value

50*

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.3 Analog Voltage Feedback Transducer (4-wire)

6.1.2 Speed

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A53

U - I

-10 - +10V

+

-

13
0B

B9
26

.1
0 Function Setting

Parameter 6-10 Ter

minal 53 Low

Voltage

0.07 V*

Parameter 6-11 Ter

minal 53 High

Voltage

10 V*

Parameter 6-14 Ter

minal 53 Low Ref./

Feedb. Value

0 Hz

Parameter 6-15 Ter

minal 53 High Ref./

Feedb. Value

50 Hz

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.4 Analog Speed Reference (Voltage)

 Parameters

13
0B

B
92

7.
10

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A53

U - I

4 - 20mA

+

-

Function Setting

Parameter 6-12 Ter

minal 53 Low

Current

4 mA*

Parameter 6-13 Ter

minal 53 High

Current

20 mA*

Parameter 6-14 Ter

minal 53 Low Ref./

Feedb. Value

0 Hz

Parameter 6-15 Ter

minal 53 High Ref./

Feedb. Value

50 Hz

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.5 Analog Speed Reference (Current)

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A53

U - I

� 5k�

13
0B

B
68

3.
10 Function Setting

Parameter 6-10 Ter

minal 53 Low

Voltage

0.07 V*

Parameter 6-11 Ter

minal 53 High

Voltage

10 V*

Parameter 6-14 Ter

minal 53 Low Ref./

Feedb. Value

0 Hz

Parameter 6-15 Ter

minal 53 High Ref./

Feedb. Value

50 Hz

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.6 Speed Reference (Using a Manual Potentiometer)
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6.1.3 Run/Stop

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

13
0B

B
68

0.
10 Function Setting

Parameter 5-10 T

erminal 18

Digital Input

[8] Start*

Parameter 5-12 T

erminal 27

Digital Input

[7] External

interlock

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.7 Run/Stop Command with External Interlock

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

R1
R2

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

01

02

03

04

05

06

13
0B

B
68

1.
10 Function Setting

Parameter 5-10 T

erminal 18

Digital Input

[8] Start*

Parameter 5-12 T

erminal 27

Digital Input

[7] External

interlock

* = Default value

Notes/comments:

If parameter 5-12 Terminal 27

Digital Input is set to [0] No

operation, a jumper wire to

terminal 27 is not needed.

D IN 37 is an option.

Table 6.8 Run/Stop Command without External Interlock

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

R1
R2

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

01

02

03

04

05

06

13
0B

B
68

4.
10 Function Setting

Parameter 5-10 T

erminal 18

Digital Input

[8] Start*

Parameter 5-11 T

erminal 19

Digital Input

[52] Run

Permissive

Parameter 5-12 T

erminal 27

Digital Input

[7] External

interlock

Parameter 5-40 F

unction Relay

[167] Start

command

act.

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.9 Run Permissive

6.1.4 External Alarm Reset

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

13
0B

B
68

2.
10 Function Setting

Parameter 5-11 T

erminal 19

Digital Input

[1] Reset

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.10 External Alarm Reset
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6.1.5 RS485

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

R1
R2

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

01

02

03

04

05

06

-

61
68
69

RS-485

+

13
0B

B
68

5.
10

Function Setting

Parameter 8-30 P

rotocol FC*

Parameter 8-31 A

ddress

1*

Parameter 8-32 B

aud Rate

9600*

* = Default value

Notes/comments:

Select protocol, address, and

baud rate in the above-

mentioned parameters.

D IN 37 is an option.

Table 6.11 RS485 Network Connection

6.1.6 Motor Thermistor

CAUTION
THERMISTOR INSULATION
Risk of personal injury or equipment damage.

€ Use only thermistors with reinforced or double
insulation to meet PELV insulation
requirements.

 Parameters

13
0B

B
68

6.
12

VLT

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

50

53

54

55

42

39

A53

U - I

D IN 37

Function Setting

Parameter 1-90 

Motor Thermal

Protection

[2] Thermistor

trip

Parameter 1-93 T

hermistor Source

[1] Analog

input 53

* = Default value

Notes/comments:

If only a warning is required,

set parameter 1-90 Motor

Thermal Protection to [1]

Thermistor warning.

D IN 37 is an option.

Table 6.12 Motor Thermistor
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7 Maintenance, Diagnostics, and Troubleshooting

This chapter includes:

€ Maintenance and service guidelines.

€ Status messages.

€ Warnings and alarms.

€ Basic troubleshooting.

7.1 Maintenance and Service

Under normal operating conditions and load pro�les, the
frequency converter is maintenance-free throughout its
designed lifetime. To prevent breakdown, danger, and
damage, examine the frequency converter at regular
intervals depending on the operating conditions. Replace
worn or damaged parts with original spare parts or
standard parts. For service and support, contact the local
Danfoss supplier.

WARNING
UNINTENDED START
When the frequency converter is connected to AC mains,
DC supply, or load sharing, the motor may start at any
time. Unintended start during programming, service, or
repair work can result in death, serious injury, or
property damage. The motor can start via an external
switch, a �eldbus command, an input reference signal
from the LCP or LOP, via remote operation using MCT 10
Set-up Software, or after a cleared fault condition.

7.2 Status Messages

When the frequency converter is in Status mode, status
messages are generated automatically and appear in the
bottom line of the display (see Illustration 7.1).

Status
799RPM                     7.83A                              36.4kW

0.000

  53.2%

1(1)

Auto
Hand
O�

Remote
Local

Ramping
Stop
Running
Jogging
.
.
.
Stand by

13
0B

B
03

7.
11

1 2 3

1 Operating mode (see Table 7.1)

2 Reference site (see Table 7.2)

3 Operation status (see Table 7.3)

Illustration 7.1 Status Display

Table 7.1 to Table 7.3 describe the status messages shown.

O� The frequency converter does not react to any

control signal until [Auto On] or [Hand On] is

pressed. 

Auto On The frequency converter is controlled from the

control terminals and/or the serial communi-

cation. 

Hand On Control the frequency converter via the

navigation keys on the LCP. Stop commands,

reset, reversing, DC brake, and other signals

applied to the control terminals override local

control.

Table 7.1 Operating Mode

Remote The speed reference is given from external

signals, serial communication, or internal

preset references. 

Local The frequency converter uses [Hand On]

control or reference values from the LCP. 

Table 7.2 Reference Site

AC Brake [2] AC brake is selected in parameter 2-10 Brake

Function. The AC brake overmagnetizes the

motor to achieve a controlled slow down.

AMA �nish OK AMA was carried out successfully.

AMA ready AMA is ready to start. Press [Hand On] to start.

AMA running AMA process is in progress.

Braking The brake chopper is in operation. Generative

energy is absorbed by the brake resistor.

Maintenance, Diagnostics, a... VLT�p�p AQUA Drive FC 202
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Braking max. The brake chopper is in operation. The power

limit for the brake resistor de�ned in

parameter 2-12 Brake Power Limit (kW) has

been reached.

Coast € [2] Coast inverse was selected as a function

for a digital input (parameter group 5-1*

Digital Inputs). The corresponding terminal

is not connected.

€ Coast activated by serial communication.

Ctrl. ramp-down [1] Control Ramp-down was selected in

parameter 14-10 Mains Failure.

€ The mains voltage is below the value set

in parameter 14-11 Mains Voltage at Mains

Fault at mains fault.

€ The frequency converter ramps down the

motor using a controlled ramp down.

Current High The frequency converter output current is

above the limit set in parameter 4-51 Warning

Current High.

Current Low The frequency converter output current is

below the limit set in parameter 4-52 Warning

Speed Low.

DC Hold [1] DC hold is selected in

parameter 1-80 Function at Stop and a stop

command is active. The motor is held by a DC

current set in parameter 2-00 DC Hold/Preheat

Current.

DC Stop The motor is held with a DC current

(parameter 2-01 DC Brake Current) for a

speci�ed time (parameter 2-02 DC Braking

Time).

€ The DC brake cut-in speed is reached in

parameter 2-03 DC Brake Cut In Speed [RPM]

and a stop command is active.

€ [5] DC-brake inverse is selected as a

function for a digital input (parameter

group 5-1* Digital Inputs). The

corresponding terminal is not active.

€ The DC brake is activated via serial

communication.

Feedback high The sum of all active feedbacks is above the

feedback limit set in parameter 4-57 Warning

Feedback High.

Feedback low The sum of all active feedbacks is below the

feedback limit set in parameter 4-56 Warning

Feedback Low.

Freeze output The remote reference is active, which holds

the present speed.

€ [20] Freeze output is selected as a function

for a digital input (parameter group 5-1*

Digital Inputs). The corresponding terminal

is active. Speed control is only possible via

the terminal options [21] Speed up and [22]

Speed down.

€ Hold ramp is activated via serial communi-

cation.

Freeze output

request

A freeze output command was given, but the

motor remains stopped until a run permissive

signal is received. 

Freeze ref. [19] Freeze reference is selected as a function

for a digital input (parameter group 5-1* Digital

Inputs). The corresponding terminal is active.

The frequency converter saves the actual

reference. Changing the reference is now only

possible via terminal options [21] Speed up

and [22] Speed down.

Jog request A jog command was given, but the motor

remains stopped until a run permissive signal

is received via a digital input.

Jogging The motor is running as programmed in

parameter 3-19 Jog Speed [RPM].

€ [14] Jog was selected as a function for a

digital input (parameter group 5-1* Digital

Inputs). The corresponding terminal (for

example, terminal 29) is active.

€ The jog function is activated via the serial

communication.

€ The jog function is selected as a reaction

for a monitoring function (for example, for

the no signal function). The monitoring

function is active.

Motor check In parameter 1-80 Function at Stop, [2] Motor

Check is selected. A stop command is active.

To ensure that a motor is connected to the

frequency converter, a permanent test current

is applied to the motor.

OVC control Overvoltage control is activated via

parameter 2-17 Over-voltage Control, [2]

Enabled. The connected motor supplies the

frequency converter with generative energy.

The overvoltage control adjusts the V/Hz ratio

to run the motor in controlled mode and to

prevent the frequency converter from tripping.

PowerUnit O� (Only frequency converters with a 24 V

external supply installed).

Mains supply to the frequency converter was

removed, and the control card is supplied by

the external 24 V.
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MG20MD02 Danfoss A/S © 10/2016 All rights reserved. 37

7 7

�(����������



Protection md Protection mode is active. The unit detected a

critical status (overcurrent or overvoltage).

€ To avoid tripping, switching frequency is

reduced to 4 kHz. 

€ If possible, protection mode ends after

approximately 10 s.

€ Protection mode can be restricted in

parameter 14-26 Trip Delay at Inverter Fault.

Qstop The motor is decelerating using

parameter 3-81 Quick Stop Ramp Time.

€ [4] Quick stop inverse is selected as a

function for a digital input (parameter

group 5-1* Digital Inputs). The

corresponding terminal is not active.

€ The quick stop function is activated via

serial communication.

Ramping The motor is accelerating/decelerating using

the active ramp up/down. The reference, a

limit value, or a standstill is not yet reached. 

Ref. high The sum of all active references is above the

reference limit set in parameter 4-55 Warning

Reference High.

Ref. low The sum of all active references is below the

reference limit set in parameter 4-54 Warning

Reference Low.

Run on ref. The frequency converter is running in the

reference range. The feedback value matches

the setpoint value.

Run request A start command was given, but the motor

remains stopped until a run permissive signal

is received via digital input.

Running The frequency converter drives the motor.

Sleep Mode The energy-saving function is enabled. The

motor has stopped, but restarts automatically

when required.

Speed high Motor speed is above the value set in

parameter 4-53 Warning Speed High.

Speed low Motor speed is below the value set in

parameter 4-52 Warning Speed Low.

Standby In auto-on mode, the frequency converter

starts the motor with a start signal from a

digital input or serial communication.

Start delay In parameter 1-71 Start Delay, a delay starting

time was set. A start command is activated,

and the motor starts after the start delay time

expires.

Start fwd/rev [12] Enable start forward and [13] Enable start

reverse are selected as options for 2 di�erent

digital inputs (parameter group 5-1* Digital

Inputs). The motor starts in forward or reverse

direction depending on which terminal is

activated.

Stop The frequency converter received a stop

command from the LCP, digital input, or serial

communication.

Trip An alarm occurred and the motor is stopped.

Once the cause of the alarm is cleared, the

frequency converter can be reset manually by

pressing [Reset] or remotely by control

terminals or serial communication.

Trip lock An alarm occurred, and the motor is stopped.

When the cause of the alarm is cleared, cycle

power to the frequency converter. The

frequency converter can then be reset

manually by pressing [Reset], or remotely by

control terminals or serial communication.

Table 7.3 Operation Status

NOTICE
In auto/remote mode, the frequency converter requires
external commands to execute functions.

7.3 Warning and Alarm Types

Warnings
A warning is issued when an alarm condition is impending,
or when an abnormal operating condition is present and
may result in the frequency converter issuing an alarm. A
warning clears by itself when the abnormal condition
ceases.

Alarms
An alarm indicates a fault that requires immediate
attention. The fault always triggers a trip or a trip lock.
Reset the system after an alarm.

Trip
An alarm is issued when the frequency converter is
tripped, meaning that the frequency converter suspends
operation to prevent frequency converter or system
damage. The motor coasts to a stop. The frequency
converter logic continues to operate and monitor the
frequency converter status. After the fault condition is
remedied, the frequency converter can be reset. It is then
ready to start operation again.

Resetting the frequency converter after trip/trip lock
A trip can be reset in any of 4 ways:

€ Press [Reset] on the LCP.

€ Digital reset input command.

€ Serial communication reset input command.

€ Auto reset.

Trip lock
Input power is cycled. The motor coasts to a stop. The
frequency converter continues to monitor the frequency
converter status. Remove input power to the frequency
converter, correct the cause of the fault, and reset the
frequency converter.
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Warning and alarm displays

€ A warning is shown in the LCP along with the
warning number.

€ An alarm �ashes along with the alarm number.

13
0B

P
08

6.
11

Status
0.0Hz                              0.000kW                        0.00A

0.0Hz
0

Earth Fault [A14]
Auto Remote Trip

1(1)

Illustration 7.2 Alarm Example

In addition to the text and alarm code in the LCP, there are
3 status indicator lights.

Bac
k Cancel

InfoOKOn

Alarm

Warn.

13
0B

B
46

7.
11

 Warning indicator light Alarm indicator light

Warning On O�

Alarm O� On (�ashing)

Trip lock On On (�ashing)

Illustration 7.3 Status Indicator Lights

7.4 List of Warnings and Alarms

The warning/alarm information in this chapter de�nes each
warning/alarm condition, provides the probable cause for
the condition, and details a remedy or troubleshooting
procedure.

WARNING 1, 10 Volts low
The control card voltage from terminal 50 is <10 V.
Remove some of the load from terminal 50, as the 10 V
supply is overloaded. Maximum 15 mA or minimum 590 5.

A short circuit in a connected potentiometer or improper
wiring of the potentiometer can cause this condition.

Troubleshooting

€ Remove the wiring from terminal 50.

€ If the warning clears, the problem is with the
customer wiring.

€ If the warning does not clear, replace the control
card.

WARNING/ALARM 2, Live zero error
This warning or alarm only appears if programmed in
parameter 6-01 Live Zero Timeout Function. The signal on 1
of the analog inputs is less than 50% of the minimum
value programmed for that input. Broken wiring or signals
from a faulty device cause this condition.

Troubleshooting

€ Check connections on all the analog input
terminals. Control card terminals 53 and 54 for

signals, terminal 55 common. VLT�p General
Purpose I/O MCB 101 terminals 11 and 12 for

signals, terminal 10 common. VLT�p Analog I/O
Option MCB 109 terminals 1, 3, 5 for signals,
terminals 2, 4, 6 common). 

€ Check that the frequency converter programming
and switch settings match the analog signal type.

€ Perform an input terminal signal test.

WARNING/ALARM 3, No motor
No motor has been connected to the output of the
frequency converter.

WARNING/ALARM 4, Mains phase loss
A phase is missing on the supply side, or the mains
voltage imbalance is too high. This message also appears
in case of a fault in the input recti�er on the frequency
converter. Options are programmed in
parameter 14-12 Function at Mains Imbalance. 

Troubleshooting

€ Check the supply voltage and supply currents to
the frequency converter.

WARNING 5, DC link voltage high
The DC-link voltage is higher than the high-voltage
warning limit. The limit depends on the frequency
converter voltage rating. The unit is still active. 

WARNING 6, DC link voltage low
The DC-link voltage is lower than the low-voltage warning
limit. The limit depends on the frequency converter
voltage rating. The unit is still active.

WARNING/ALARM 7, DC overvoltage
If the DC-link voltage exceeds the limit, the frequency
converter trips after some time.

Troubleshooting

€ Connect a brake resistor.

€ Extend the ramp time.

€ Change the ramp type.

€ Activate the functions in parameter 2-10 Brake
Function.

€ Increase parameter 14-26 Trip Delay at Inverter
Fault.

WARNING/ALARM 8, DC under voltage
If the DC-link voltage drops below the undervoltage limit,
the frequency converter checks if a 24 V DC back-up
supply is connected. If no 24 V DC back-up supply is
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connected, the frequency converter trips after a �xed time
delay. The time delay varies with unit size.

Troubleshooting

€ Check that the supply voltage matches the
frequency converter voltage.

€ Perform an input voltage test.

€ Perform a soft charge circuit test.

WARNING/ALARM 9, Inverter overload
The frequency converter is about to cut out because of an
overload (too high current for too long). The counter for
electronic thermal inverter protection issues a warning at
98% and trips at 100%, while issuing an alarm. The
frequency converter cannot be reset until the counter is
below 90%.

Troubleshooting

€ Compare the output current shown on the LCP
with the frequency converter rated current.

€ Compare the output current shown on the LCP
with measured motor current.

€ Show the thermal load on the LCP and monitor
the value. When running above the frequency
converter continuous current rating, the counter
should increase. When running below the
frequency converter continuous current rating,
the counter should decrease.

WARNING/ALARM 10, Motor overload temperature
According to the electronic thermal protection (ETR), the
motor is too hot. Select whether the frequency converter
issues a warning or an alarm when the counter reaches
100% in parameter 1-90 Motor Thermal Protection. The fault
occurs when the motor overload exceeds 100% for too
long.

Troubleshooting

€ Check for motor overheating.

€ Check if the motor is mechanically overloaded.

€ Check that the motor current set in
parameter 1-24 Motor Current is correct.

€ Ensure the motor data in parameters 1-20
through 1-25 is set correctly.

€ If an external fan is used, check that it is selected
in parameter 1-91 Motor External Fan.

€ Running AMA in parameter 1-29 Automatic Motor
Adaptation (AMA) tunes the frequency converter
to the motor more accurately and reduces
thermal loading. 

WARNING/ALARM 11, Motor thermistor overtemp
The thermistor may be disconnected. Select whether the
frequency converter issues a warning or an alarm in
parameter 1-90 Motor Thermal Protection.

Troubleshooting

€ Check for motor overheating.

€ Check if the motor is mechanically overloaded.

€ Check that the thermistor is connected correctly
between either terminal 53 or 54 (analog voltage
input) and terminal 50 (+10 V supply) and that
the terminal switch for 53 or 54 is set for voltage.
Check parameter 1-93 Thermistor Source selects
terminal 53 or 54.

€ When using digital inputs 18 or 19, check that
the thermistor is connected correctly between
either terminal 18 or 19 (digital input PNP only)
and terminal 50.

€ If a KTY sensor is used, check for correct
connection between terminals 54 and 55.

€ If using a thermal switch or thermistor, check that
the programming if parameter 1-93 Thermistor
Source matches sensor wiring.

WARNING/ALARM 12, Torque limit
The torque has exceeded the value in
parameter 4-16 Torque Limit Motor Mode or the value in
parameter 4-17 Torque Limit Generator Mode.
Parameter 14-25 Trip Delay at Torque Limit can change this
from a warning-only condition to a warning followed by an
alarm.

Troubleshooting

€ If the motor torque limit is exceeded during
ramp-up, extend the ramp-up time.

€ If the generator torque limit is exceeded during
ramp down, extend the ramp-down time.

€ If torque limit occurs while running, possibly
increase the torque limit. Be sure that the system
can operate safely at a higher torque.

€ Check the application for excessive current draw
on the motor.

WARNING/ALARM 13, Over current
The inverter peak current limit (approximately 200% of the
rated current) is exceeded. The warning lasts about 1.5 s,
then the frequency converter trips and issues an alarm.
Shock loading or fast acceleration with high-inertia loads
can cause this fault. If extended mechanical brake control
is selected, the trip can be reset externally.

Troubleshooting

€ Remove power and check if the motor shaft can
be turned.

€ Check that the motor size matches the frequency
converter.

€ Check parameters 1-20 to 1-25 for correct motor
data.
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ALARM 14, Earth (ground) fault
There is current from the output phases to ground, either
in the cable between the frequency converter and the
motor, or in the motor itself.

Troubleshooting

€ Remove power from the frequency converter and
repair the ground fault.

€ Check for ground faults in the motor by
measuring the resistance to ground of the motor
cables and the motor with a megohmmeter.

€ Perform current sensor test.

ALARM 15, Hardware mismatch
A �tted option is not operational with the present control
board hardware or software.

Record the value of the following parameters and contact
the local Danfoss supplier:

€ Parameter 15-40 FC Type.

€ Parameter 15-41 Power Section.

€ Parameter 15-42 Voltage.

€ Parameter 15-43 Software Version.

€ Parameter 15-45 Actual Typecode String.

€ Parameter 15-49 SW ID Control Card.

€ Parameter 15-50 SW ID Power Card.

€ Parameter 15-60 Option Mounted.

€ Parameter 15-61 Option SW Version (for each
option slot).

ALARM 16, Short circuit
There is short-circuiting in the motor or motor wiring.

Troubleshooting

€ Remove power from the frequency converter and
repair the short circuit.

WARNING/ALARM 17, Control word timeout
There is no communication to the frequency converter.
The warning is only active when parameter 8-04 Control
Timeout Function is NOT set to [0] O�.
If parameter 8-04 Control Timeout Function is set to [5] Stop
and trip, a warning appears and the frequency converter
ramps down until it trips, then it shows an alarm.

Troubleshooting

€ Check the connections on the serial communi-
cation cable.

€ Increase parameter 8-03 Control Timeout Time.

€ Check the operation of the communication
equipment.

€ Verify a proper installation based on EMC
requirements.

WARNING/ALARM 22, Hoist mechanical brake
When this warning is active, the LCP shows the type of
issue.
0 = The torque ref. was not reached before timeout.
1 = There was no brake feedback before timeout.

WARNING 23, Internal fan fault
The fan warning function is an extra protective function
that checks if the fan is running/mounted. The fan warning
can be disabled in parameter 14-53 Fan Monitor ([0]
Disabled).

Troubleshooting

€ Check the fan resistance.

€ Check the soft charge fuses.

WARNING 24, External fan fault
The fan warning function is an extra protective function
that checks if the fan is running/mounted. The fan warning
can be disabled in parameter 14-53 Fan Monitor ([0]
Disabled).

Troubleshooting

€ Check the fan resistance.

€ Check the soft charge fuses.

WARNING 25, Brake resistor short circuit
The brake resistor is monitored during operation. If a short
circuit occurs, the brake function is disabled and the
warning appears. The frequency converter is still
operational but without the brake function. Remove power
from the frequency converter and replace the brake
resistor (see parameter 2-15 Brake Check).

WARNING/ALARM 26, Brake resistor power limit
The power transmitted to the brake resistor is calculated as
a mean value over the last 120 s of run time. The
calculation is based on the DC-link voltage and the brake
resistance value set in parameter 2-16 AC brake Max.
Current. The warning is active when the dissipated braking
is higher than 90% of the brake resistance power. If [2] Trip
is selected in parameter 2-13 Brake Power Monitoring, the
frequency converter trips when the dissipated braking
power reaches 100%.

WARNING/ALARM 27, Brake chopper fault
The brake transistor is monitored during operation. If a
short circuit occurs, the brake function is disabled and a
warning is issued. The frequency converter is still
operational, but since the brake transistor has short-
circuited, substantial power is transmitted to the brake
resistor, even if it is inactive.
Remove power from the frequency converter and remove
the brake resistor.

This alarm/warning could also occur if the brake resistor
overheats. Terminals 104 and 106 are available as brake
resistor Klixon inputs, see Brake Resistor Temperature Switch
in the design guide.

WARNING/ALARM 28, Brake check failed
The brake resistor is not connected or not working.
Check parameter 2-15 Brake Check.
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ALARM 29, Heat Sink temp
The maximum temperature of the heat sink has been
exceeded. The temperature fault does not reset until the
temperature drops below a de�ned heatsink temperature.
The trip and reset points vary based on the frequency
converter power size.

Troubleshooting
Check for the following conditions:

€ Ambient temperature too high.

€ Motor cable too long.

€ Incorrect air�ow clearance above and below the
frequency converter.

€ Blocked air�ow around the frequency converter.

€ Damaged heat sink fan.

€ Dirty heat sink.

This alarm is based on the temperature measured by the
heat sink sensor mounted inside the IGBT modules.

Troubleshooting

€ Check the fan resistance.

€ Check the soft charge fuses.

€ Check the IGBT thermal sensor.

ALARM 30, Motor phase U missing
Motor phase U between the frequency converter and the
motor is missing.

Troubleshooting

€ Remove power from the frequency converter and
check motor phase U.

ALARM 31, Motor phase V missing
Motor phase V between the frequency converter and the
motor is missing.

Troubleshooting

€ Remove power from the frequency converter and
check motor phase V.

ALARM 32, Motor phase W missing
Motor phase W between the frequency converter and the
motor is missing.

Troubleshooting

€ Remove power from the frequency converter and
check motor phase W.

ALARM 33, Inrush fault
Too many power-ups have occurred within a short time
period. Let the unit cool to operating temperature.

WARNING/ALARM 34, Fieldbus communication fault
The �eldbus on the communication option card is not
working.

WARNING/ALARM 36, Mains failure
This warning/alarm is only active if the supply voltage to
the frequency converter is lost and parameter 14-10 Mains
Failure is NOT set to [0] No Function.

Troubleshooting

€ Check the fuses to the frequency converter and
mains power supply to the unit.

ALARM 38, Internal fault
When an internal fault occurs, a code number de�ned in
Table 7.4 is shown.

Troubleshooting

€ Cycle power.

€ Check that the option is properly installed.

€ Check for loose or missing wiring.

Contact the Danfoss supplier or Danfoss service if
necessary. Note the code number for further trouble-
shooting directions.

Number Text

0 The serial port cannot be initialized. Contact the

Danfoss supplier or Danfoss Service.

256…258 Power EEPROM data is defective or too old.

512 The control board EEPROM data is defective or too

old.

513 Communication timeout reading EEPROM data.

514 Communication timeout reading EEPROM data.

515 Application-oriented control cannot recognize the

EEPROM data.

516 Cannot write to the EEPROM because a write

command is in progress.

517 Write command is under timeout.

518 Failure in the EEPROM.

519 Missing or invalid barcode data in EEPROM.

783 Parameter value outside of minimum/maximum

limits.

1024…1279 Sending a CAN telegram failed.

1281 Digital signal processor �ash timeout.

1282 Power micro software version mismatch.

1283 Power EEPROM data version mismatch.

1284 Cannot read digital signal processor software

version.

1299 The option SW in slot A is too old.

1300 The option SW in slot B is too old.

1301 The option SW in slot C0 is too old.

1302 The option SW in slot C1 is too old.

1315 The option SW in slot A is not supported (not

allowed).

1316 The option SW in slot B is not supported (not

allowed).

1317 The option SW in slot C0 is not supported (not

allowed).

1318 The option SW in slot C1 is not supported (not

allowed).

1379 The option A did not respond when calculating

the platform version.

1380 The option B did not respond when calculating

the platform version.
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Number Text

1381 The option C0 did not respond when calculating

the platform version.

1382 The option C1 did not respond when calculating

the platform version.

1536 An exception in the application-oriented control is

registered. Debug information written in LCP.

1792 The DSP watchdog is active. Debugging of power

part data, motor-oriented control data not

transferred correctly.

2049 Power data restarted.

2064…2072 H081x: Option in slot x restarted.

2080…2088 H082x: Option in slot x issued a power-up wait.

2096…2104 H983x: Option in slot x issued a legal power-up

wait.

2304 Could not read any data from power EEPROM.

2305 Missing SW version from power unit.

2314 Missing power unit data from power unit.

2315 Missing SW version from power unit.

2316 Missing lo_statepage from power unit.

2324 The power card con�guration is determined to be

incorrect at power-up.

2325 A power card has stopped communicating while

main power is applied.

2326 The power card con�guration is determined to be

incorrect after the delay for power cards to

register.

2327 Too many power card locations are registered as

present.

2330 Power size information between the power cards

does not match.

2561 No communication from DSP to ATACD.

2562 No communication from ATACD to DSP (state

running).

2816 Stack over�ow control board module.

2817 Scheduler slow tasks.

2818 Fast tasks.

2819 Parameter thread.

2820 LCP stack over�ow.

2821 Serial port over�ow.

2822 USB port over�ow.

2836 cfListMempool too small.

3072…5122 Parameter value is outside its limits.

5123 Option in slot A: Hardware incompatible with

control board hardware.

5124 Option in slot B: Hardware incompatible with

control board hardware.

5125 Option in slot C0: Hardware incompatible with

control board hardware.

5126 Option in slot C1: Hardware incompatible with

control board hardware.

5376…6231 Out of memory.

Table 7.4 Code Numbers for Internal Faults

ALARM 39, Heat sink sensor
No feedback from the heat sink temperature sensor.

The signal from the IGBT thermal sensor is not available on
the power card. The problem could be in the power card,
in the gatedrive card, or the ribbon cable between the
power card and the gatedrive card.

WARNING 40, Overload of digital output terminal 27
Check the load connected to terminal 27 or remove the
short circuit connection. Check parameter 5-00 Digital I/O
Mode and parameter 5-01 Terminal 27 Mode.

WARNING 41, Overload of digital output terminal 29
Check the load connected to terminal 29 or remove the
short circuit connection. Check parameter 5-00 Digital I/O
Mode and parameter 5-02 Terminal 29 Mode.

WARNING 42, Overload of digital output on X30/6 or
overload of digital output on X30/7
For X30/6, check the load connected to X30/6 or remove
the short circuit connection. Check parameter 5-32 Term
X30/6 Digi Out (MCB 101).

For X30/7, check the load connected to X30/7 or remove
the short circuit connection. Check parameter 5-33 Term
X30/7 Digi Out (MCB 101).

ALARM 46, Power card supply
The supply on the power card is out of range.

There are 3 supplies powered by the switch mode power
supply (SMPS) on the power card: 24 V, 5 V, �s18 V. When

powered with 24 V DC with the VLT�p 24V DC Supply MCB
107 option, only the 24 V and 5 V supplies are monitored.
When powered with 3-phase mains voltage, all 3 supplies
are monitored.

WARNING 47, 24 V supply low
The 24 V DC supply is measured on the control card. The
external 24 V DC back-up supply may be overloaded,
otherwise contact the Danfoss supplier.

WARNING 48, 1.8 V supply low
The 1.8 V DC supply used on the control card is outside of
the allowable limits. The supply is measured on the control
card. Check for a defective control card. If an option card is
present, check for an overvoltage condition.

WARNING 49, Speed limit
When the speed is not within the speci�ed range in
parameter 4-11 Motor Speed Low Limit [RPM] and
parameter 4-13 Motor Speed High Limit [RPM], the frequency
converter shows a warning. When the speed is below the
speci�ed limit in parameter 1-86 Trip Speed Low [RPM]
(except when starting or stopping) the frequency converter
trips.

ALARM 50, AMA calibration failed
Contact the Danfoss supplier or Danfoss Service.

ALARM 51, AMA check Unom and Inom

The settings for motor voltage, motor current, and motor
power are wrong. Check the settings in parameters 1-20 to
1-25.
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ALARM 52, AMA low Inom

The motor current is too low. Check the settings.

ALARM 53, AMA motor too big
The motor is too big for the AMA to operate.

ALARM 54, AMA motor too small
The motor is too small for the AMA to operate.

ALARM 55, AMA parameter out of range
The parameter values of the motor are outside of the
acceptable range. AMA does not run.

ALARM 56, AMA interrupted by user
The user has interrupted the AMA.

ALARM 57, AMA internal fault
Try to restart AMA several times, until the AMA is carried
out. Repeated runs may heat the motor to a level where
the resistance Rs and Rr are increased. Usually this is not
critical.

ALARM 58, AMA Internal fault
Contact the Danfoss supplier.

WARNING 59, Current limit
The current is higher than the value in
parameter 4-18 Current Limit. Ensure that motor data in
parameters 1-20 to 1-25 are set correctly. Possibly increase
the current limit. Be sure that the system can operate
safely at a higher limit.

WARNING 60, External interlock
External interlock has been activated. To resume normal
operation:

1. Apply 24 V DC to the terminal programmed for
external interlock.

2. Reset the frequency converter via

2a Serial communication.

2b Digital I/O.

2c The [Reset] key.

WARNING 62, Output frequency at maximum limit
The output frequency is higher than the value set in
parameter 4-19 Max Output Frequency.

WARNING 64, Voltage Limit
The load and speed combination demands a motor
voltage higher than the actual DC-link voltage.

WARNING/ALARM 65, Control card over temperature
The control card has reached its trip temperature of 75 �rC
(167 �rF).

WARNING 66, Heat sink temperature low
The frequency converter is too cold to operate. This
warning is based on the temperature sensor in the IGBT
module. Also, a trickle amount of current can be supplied
to the frequency converter whenever the motor is stopped
by setting parameter 2-00 DC Hold/Preheat Current at 5%
and parameter 1-80 Function at Stop.

Troubleshooting

€ Check the temperature sensor.

€ Check the sensor wire between the IGBT and the
gatedrive card.

ALARM 67, Option module con�guration has changed
One or more options have either been added or removed
since the last power-down. Check that the con�guration
change is intentional and reset the unit.

ALARM 68, Safe Stop activated
STO is activated.

Troubleshooting

€ To resume normal operation, apply 24 V DC to
terminal 37, then send a reset signal (via bus,
digital I/O, or by pressing [Reset]).

ALARM 69, Power card temperature
The temperature sensor on the power card is either too
hot or too cold.

Troubleshooting

€ Check the operation of the door fans.

€ Check that the �lters for the door fans are not
blocked.

€ Check that the gland plate is properly installed
on IP21/IP54 (NEMA 1/12) frequency converters.

ALARM 70, Illegal FC con�guration
The control card and power card are incompatible.

Troubleshooting

€ Contact the supplier with the type code of the
unit from the nameplate and the part numbers of
the cards to check compatibility.

ALARM 71, PTC 1 safe stop

Safe Torque O� is activated from the VLT�p PTC Thermistor
Card MCB 112 (motor too warm). Normal operation can be
resumed when the MCB 112 applies 24 V DC to T37 again
(when the motor temperature reaches an acceptable level)
and when the digital input from the MCB 112 is
deactivated. When that happens, a reset signal must be is
be sent (via bus, digital I/O, or by pressing [Reset]).

NOTICE
If automatic restart is enabled, the motor may start
when the fault is cleared.

ALARM 72, Dangerous failure
Safe Torque O� (STO) with trip lock. Unexpected signal
levels on Safe Torque O� (STO) and digital input from the

VLT�p PTC Thermistor Card MCB 112.

WARNING 73, Safe Stop auto restart
Safe Torque O� (STO). With automatic restart enabled, the
motor can start when the fault is cleared.
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WARNING 76, Power unit setup
The required number of power units does not match the
detected number of active power units. When replacing an
enclosure size F module, this warning occurs if the power-
speci�c data in the module power card does not match
the rest of the frequency converter. If the power card
connection is lost, the unit also triggers this warning.

Troubleshooting

€ Con�rm that the spare part and its power card
are the correct part number.

€ Ensure that the 44-pin cables between the MDCIC
and power cards are mounted properly.

WARNING 77, Reduced power mode
This warning indicates that the frequency converter is
operating in reduced power mode (that is, less than the
allowed number of inverter sections). This warning is
generated on power cycle when the frequency converter is
set to run with fewer inverters and remains on.

ALARM 79, Illegal power section con�guration
The scaling card is the incorrect part number or not
installed. Also, the MK102 connector on the power card
could not be installed.

ALARM 80, Drive initialised to default value
Parameter settings are initialized to default settings after a
manual reset.

Troubleshooting

€ Reset the unit to clear the alarm.

ALARM 81, CSIV corrupt
CSIV (Customer-speci�c initialization values) �le has syntax
errors.

ALARM 82, CSIV parameter error
CSIV (Customer-speci�c initialization values) failed to
initialize a parameter.

ALARM 85, Dang fail PB
PROFIBUS/PROFIsafe error.

ALARM 92, No �ow
A no-�ow condition is detected in the system.
Parameter 22-23 No-Flow Function is set for alarm.

Troubleshooting

€ Troubleshoot the system and reset the frequency
converter after clearing the fault.

ALARM 93, Dry pump
A no-�ow condition in the system with the frequency
converter operating at high speed can indicate a dry
pump. Parameter 22-26 Dry Pump Function is set for alarm.

Troubleshooting

€ Troubleshoot the system and reset the frequency
converter after clearing the fault.

ALARM 94, End of curve
The feedback is lower than the setpoint. This condition can
indicate leakage in the system. Parameter 22-50 End of
Curve Function is set for alarm.

Troubleshooting

€ Troubleshoot the system and reset the frequency
converter after clearing the fault.

ALARM 95, Broken belt
Torque is below the torque level set for no load, indicating
a broken belt. Parameter 22-60 Broken Belt Function is set
for alarm.

Troubleshooting

€ Troubleshoot the system and reset the frequency
converter after clearing the fault.

ALARM 100, Derag limit fault
The Deragging feature failed during execution. Check the
pump impeller for blockage.

WARNING/ALARM 104, Mixing fan fault
The fan monitor checks that the fan is spinning at
frequency converter power-up or whenever the mixing fan
is turned on. If the fan is not operating, the fault is issued.
The mixing-fan fault can be con�gured as a warning or an
alarm trip by parameter 14-53 Fan Monitor.

Troubleshooting

€ Cycle power to the frequency converter to
determine if the warning/alarm returns.

WARNING 250, New spare part
A component in the frequency converter has been
replaced. To resume normal operation, reset the frequency
converter.

WARNING 251, New typecode
The power card or other components have been replaced
and the type code changed.

Troubleshooting

€ Reset to remove the warning and resume normal
operation.
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7.5 Troubleshooting

Symptom Possible cause Test Solution

Display

dark/No

function

Missing input power. See Table 4.3. Check the input power source.

Missing or open fuses, or circuit

breaker tripped.

See Open fuses and tripped circuit breaker in

this table for possible causes.

Follow the recommendations provided.

No power to the LCP. Check the LCP cable for proper connection

or damage.

Replace the faulty LCP or connection cable.

Shortcut on control voltage

(terminal 12 or 50) or at control

terminals.

Check the 24 V control voltage supply for

terminals 12/13 to 20-39 or 10 V supply for

terminals 50…55.

Wire the terminals properly.

Incompatible LCP (LCP from

VLT�p 2800 or 5000/6000/8000/

FCD or FCM).

…

Use only LCP 101 (P/N 130B1124) or LCP

102 (P/N 130B1107).

Wrong contrast setting.
…

Press [Status] + [�£]/[�] to adjust the

contrast.

Display (LCP) is defective. Test using a di�erent LCP. Replace the faulty LCP or connection cable.

Internal voltage supply fault or

SMPS is defective.
…

Contact supplier.

Intermittent

display

Overloaded supply (SMPS) due

to improper control wiring or a

fault within the frequency

converter.

To rule out a problem in the control wiring,

disconnect all control wiring by removing

the terminal blocks.

If the display stays lit, the problem is in

the control wiring. Check the wiring for

short circuits or incorrect connections. If

the display continues to cut out, follow the

procedure for display dark.

Motor not

running

Service switch is open or

missing motor connection.

Check if the motor is connected and the

connection is not interrupted (by a service

switch or other device).

Connect the motor and check the service

switch.

No mains power with 24 V DC

option card.

If the display is functioning but no output,

check that mains power is applied to the

frequency converter.

Apply mains power to run the unit.

LCP stop. Check if [O�] has been pressed. Press [Auto On] or [Hand On] (depending

on operating mode) to run the motor.

Missing start signal (Standby). Check parameter 5-10 Terminal 18 Digital

Input for correct setting for terminal 18 (use

default setting).

Apply a valid start signal to start the

motor.

Motor coast signal active

(Coasting).

Check parameter 5-12 Terminal 27 Digital

Input for correct setting for terminal 27 (use

default setting).

Apply 24 V on terminal 27 or program this

terminal to No operation.

Wrong reference signal source. Check the following:

€ Reference signal: Local, remote, or bus

reference.

€ Preset reference.

€ Terminal connection.

€ Scaling of terminals.

€ Reference signal availability.

Program the correct settings. Check

parameter 3-13 Reference Site. Set preset

reference active in parameter group 3-1*

References.

Motor running

in wrong

direction

Motor rotation limit. Check that parameter 4-10 Motor Speed

Direction is programmed correctly.

Program the correct settings.

Active reversing signal. Check if a reversing command is

programmed for the terminal in parameter

group 5-1* Digital inputs.

Deactivate reversing signal.

Wrong motor phase

connection.
…

See chapter 5.5 Checking Motor Rotation.
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Symptom Possible cause Test Solution

Motor is not

reaching

maximum

speed

Frequency limits are set

incorrectly.

Check the output limits in

parameter 4-13 Motor Speed High Limit

[RPM], parameter 4-14 Motor Speed High

Limit [Hz] and parameter 4-19 Max Output

Frequency.

Program the correct limits.

Reference input signal is not

scaled correctly.

Check the reference input signal scaling in

parameter group 6-0* Analog I/O Mode and

parameter group 3-1* References. Check the

reference limits in parameter group 3-0*

Reference Limit.

Program the correct settings.

Motor speed

unstable

Possible incorrect parameter

settings.

Check the settings of all motor parameters,

including all motor compensation settings.

For closed-loop operation, check the PID

settings.

Check the settings in parameter group 1-6*

Load Depen. Setting. For closed-loop

operation, check the settings in parameter

group 20-0* Feedback.

Motor runs

rough

Possible overmagnetization. Check for incorrect motor settings in all

motor parameters.

Check the motor settings in parameter

groups 1-2* Motor Data, 1-3* Adv Motor

Data, and 1-5* Load Indep. Setting.

Motor does

not brake

Possible incorrect settings in

the brake parameters. Possible

too short ramp-down times.

Check the brake parameters. Check the

ramp time settings.

Check parameter groups 2-0* DC Brake and

3-0* Reference Limits.

Open power

fuses or circuit

breaker trip

Phase-to-phase short circuit. The motor or panel has a short phase-to-

phase. Check the motor and panel phase

for short circuits.

Eliminate any short circuits detected.

Motor overload. Motor is overloaded for the application. Perform a start-up test and verify that the

motor current is within the speci�cations. If

the motor current exceeds the nameplate

full load current, the motor may run only

with reduced load. Review the speci�-

cations for the application.

Loose connections. Perform a pre-startup check for loose

connections.

Tighten any loose connections.

Mains current

imbalance

>3%

Problem with the mains power

(See alarm 4, Mains phase loss

description).

Rotate input power leads into the

frequency converter 1 position: A to B, B to

C, C to A.

If imbalanced leg follows the wire, it is a

power problem. Check the mains supply.

Problem with the frequency

converter.

Rotate input power leads into the

frequency converter 1 position: A to B, B to

C, C to A.

If imbalance leg stays on the same input

terminal, it is a problem with the unit.

Contact the supplier.

Motor current

imbalance

>3%

Problem with the motor or

motor wiring.

Rotate output motor cables 1 position: U to

V, V to W, W to U.

If imbalanced leg follows the wire, the

problem is in the motor or motor wiring.

Check the motor and motor wiring.

Problem with the frequency

converter.

Rotate output motor cables 1 position: U to

V, V to W, W to U.

If imbalance leg stays on same output

terminal, it is a problem with the

frequency converter. Contact the Danfoss

supplier.

Frequency

converter

acceleration

problems

Motor data was entered

incorrectly.

If warnings or alarms occur, see 

chapter 7.4 List of Warnings and Alarms.

Check that motor data is entered correctly.

Increase the ramp-up time in

parameter 3-41 Ramp 1 Ramp Up Time.

Increase the current limit in

parameter 4-18 Current Limit. Increase the

torque limit in parameter 4-16 Torque Limit

Motor Mode. 

Frequency

converter

deceleration

problems

Motor data was entered

incorrectly.

If warnings or alarms occur, see 

chapter 7.4 List of Warnings and Alarms.

Check that motor data is entered correctly.

Increase the ramp-down time in

parameter 3-42 Ramp 1 Ramp Down Time.

Enable overvoltage control in

parameter 2-17 Over-voltage Control.
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Symptom Possible cause Test Solution

Acoustic noise

or vibration

Resonances. Bypass critical frequencies by using

parameters in parameter group 4-6* Speed

Bypass.

Check if noise and/or vibration have been

reduced to an acceptable limit.

Turn o� overmodulation in

parameter 14-03 Overmodulation.

Change the switching pattern and

frequency in parameter group 14-0* Inverter

Switching.

Increase resonance dampening in

parameter 1-64 Resonance Damping.

Table 7.5 Troubleshooting
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8 Speci�cations

8.1 Electrical Data

8.1.1 Mains Supply 1x200…240 V AC

Type designation P1K1 P1K5 P2K2 P3K0 P3K7 P5K5 P7K5 P15K P22K

Typical shaft output [kW] 1.1 1.5 2.2 3.0 3.7 5.5 7.5 15 22

Typical shaft output at 240 V [hp] 1.5 2.0 2.9 4.0 4.9 7.5 10 20 30

Protection rating IP20/Chassis A3 … … … … … … … …

Protection rating IP21/Type 1 … B1 B1 B1 B1 B1 B2 C1 C2

Protection rating IP55/Type 12 A5 B1 B1 B1 B1 B1 B2 C1 C2

Protection rating IP66/NEMA 4X A5 B1 B1 B1 B1 B1 B2 C1 C2

Output current

Continuous (3x200…240 V) [A] 6.6 7.5 10.6 12.5 16.7 24.2 30.8 59.4 88

Intermittent (3x200…240 V) [A] 7.3 8.3 11.7 13.8 18.4 26.6 33.4 65.3 96.8

Continuous kVA at 208 V [kVA] 2.4 2.7 3.8 4.5 6.0 8.7 11.1 21.4 31.7

Maximum input current

Continuous (1x200…240 V) [A] 12.5 15 20.5 24 32 46 59 111 172

Intermittent (1x200…240 V) [A] 13.8 16.5 22.6 26.4 35.2 50.6 64.9 122.1 189.2

Maximum pre-fuses [A] 20 30 40 40 60 80 100 150 200

Additional speci�cations

Maximum cable cross-section (mains, motor, brake)

[mm2 (AWG)]
0.2…4 (4…10) 10 (7) 35 (2) 50 (1/0) 95 (4/0)

Maximum cable cross-section for mains with

disconnect switch [mm2 (AWG)]

5.26

(10)
16 (6) 16 (6) 16 (6) 16 (6) 16 (6) 25 (3) 50 (1/0)

2 x 50 (2

x 1/0)9) 10)

Maximum cable cross-section for mains without

disconnect switch [mm2 (AWG)]

5.26

(10)
16 (6) 16 (6) 16 (6) 16 (6) 16 (6) 25 (3) 50 (1/0) 95 (4/0)

Cable insulation temperature rating [�rC (�rF)] 75

(167)

75

(167)

75

(167)

75

(167)

75

(167)
75 (167) 75 (167) 75 (167) 75 (167)

Estimated power loss3) at rated maximum load [W]4) 44 30 44 60 74 110 150 300 440

E�ciency 5) 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

Table 8.1 Mains Supply 1x200…240 V AC, Normal Overload 110% for 1 Minute, P1K1…P22K
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8.1.2 Mains Supply 3x200…240 V AC

Type designation PK25 PK37 PK55 PK75

High/normal overload1) HO NO HO NO HO NO HO NO

Typical shaft output [kW] 0.25 0.37 0.55 0.75

Typical shaft output at 208 V [hp] 0.34 0.5 0.75 1

Protection rating IP20/Chassis6)

Protection rating IP21/Type 1
A2 A2 A2 A2

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
A4/A5 A4/A5 A4/A5 A4/A5

Output current

Continuous (3x200…240 V) [A] 1.8 2.4 3.5 4.6

Intermittent (3x200…240 V) [A] 2.7 2.0 3.6 2.6 5.3 3.9 6.9 5.1

Continuous kVA at 208 V [kVA] 0.65 0.86 1.26 1.66

Maximum input current

Continuous (3x200…240 V) [A] 1.6 2.2 3.2 4.1

Intermittent (3x200…240 V) [A] 2.4 1.8 3.3 2.4 4.8 3.5 6.2 4.5

Maximum pre-fuses [A] 10 10 10 10

Additional speci�cations

Maximum cable cross-section2) for mains, motor, brake,

and load sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

(minimum 0.2 (24))

Maximum cable cross-section2) for mains disconnect

[mm2 (AWG)]
6, 4, 4 (10, 12, 12)

Estimated power loss3) at rated maximum load [W (hp)]4) 21 (0.03) 29 (0.04) 42 (0.06) 54 (0.07)

E�ciency 5) 0.94 0.94 0.95 0.95

Table 8.2 Mains Supply 3x200…240 V AC, PK25…PK75

Type designation P1K1 P1K5 P2K2 P3K0 P3K7

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 1.1 1.5 2.2 3.0 3.7

Typical shaft output at 208 V [hp] 1.5 2 3 4 5

Protection rating IP20/Chassis6)

Protection rating IP21/Type 1
A2 A2 A2 A3 A3

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
A4/A5 A4/A5 A4/A5 A5 A5

Output current

Continuous (3x200…240 V) [A] 6.6 7.5 10.6 12.5 16.7

Intermittent (3x200…240 V) [A] 9.9 7.3 11.3 8.3 15.9 11.7 18.8 13.8 25 18.4

Continuous kVA at 208 V [kVA] 2.38 2.70 3.82 4.50 6.00

Maximum input current

Continuous (3x200…240 V) [A] 5.9 6.8 9.5 11.3 15.0

Intermittent (3x200…240 V) [A] 8.9 6.5 10.2 7.5 14.3 10.5 17.0 12.4 22.5 16.5

Maximum pre-fuses [A] 20 20 20 32 32

Additional speci�cations

Maximum cable cross-section2) for mains, motor,

brake, and load sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

(minimum 0.2 (24))

Maximum cable cross-section2) for mains disconnect

[mm2] [(AWG)]
6, 4, 4 (10, 12, 12)

Estimated power loss3) at rated maximum load [W

(hp)]4)
63 (0.09) 82 (0.11) 116 (0.16) 155 (0.21) 185 (0.25)

E�ciency 5) 0.96 0.96 0.96 0.96 0.96

Table 8.3 Mains Supply 3x200…240 V AC, P1K1…P3K7

Speci�cations VLT�p�p AQUA Drive FC 202
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Type designation P5K5 P7K5 P11K P15K

High/normal overload1) HO NO HO NO HO NO HO NO

Typical shaft output [kW] 3.7 5.5 5.5 7.5 7.5 11 11 15

Typical shaft output at 208 V [hp] 5.0 7.5 7.5 10 10 15 15 20

IP20/Chassis7) B3 B3 B3 B4

Protection rating IP21/Type 1

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X

B1 B1 B1 B2

Output current

Continuous (3x200…240 V) [A] 16.7 24.2 24.2 30.8 30.8 46.2 46.2 59.4

Intermittent (3x200…240 V) [A] 26.7 26.6 38.7 33.9 49.3 50.8 73.9 65.3

Continuous kVA at 208 V [kVA] 6.0 8.7 8.7 11.1 11.1 16.6 16.6 21.4

Maximum input current

Continuous (3x200…240 V) [A] 15.0 22.0 22.0 28.0 28.0 42.0 42.0 54.0

Intermittent (3x200…240 V) [A] 24.0 24.2 35.2 30.8 44.8 46.2 67.2 59.4

Maximum pre-fuses [A] 63 63 63 80

Additional speci�cations

IP20 maximum cable cross-section2) for mains, brake,

motor, and load sharing [mm2 (AWG)]
10, 10, … (8, 8, …) 10, 10, … (8, 8, …) 10, 10, … (8, 8, …) 35, …, … (2, …, …)

Protection rating IP21 maximum cable cross-section2)

for mains, brake, and load sharing [mm2 (AWG)]
16, 10, 16 (6, 8, 6) 16, 10, 16 (6, 8, 6) 16, 10, 16 (6, 8, 6) 35, …, … (2, …, …)

Protection rating IP21 maximum cable cross-section2)

for motor

[mm2 (AWG)]

10, 10, … (8, 8, …) 10, 10, … (8, 8, …) 10, 10, … (8, 8, …) 35, 25, 25 (2, 4, 4)

Maximum cable cross-section2) for mains disconnect

[mm2 (AWG)]
16, 10, 10 (6, 8, 8) 35 (2)

Estimated power loss3) at rated maximum load [W

(hp)]4)
239 (0.33) 310 (0.42)

239

(0.33)

310

(0.42)

371

(0.51)
514 (0.7)

463

(0.63)

602

(0.82)

E�ciency 5) 0.96 0.96 0.96 0.96

Table 8.4 Mains Supply 3x200…240 V AC, P5K5…P15K
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Type designation P18K P22K P30K P37K P45K

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 15 18.5 18.5 22 22 30 30 37 37 45

Typical shaft output at 208 V [hp] 20 25 25 30 30 40 40 50 50 60

Protection rating IP20/Chassis7) B4 C3 C3 C4 C4

Protection rating IP21/Type 1

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X

C1 C1 C1 C2 C2

Output current

Continuous (3x200…240 V) [A] 59.4 74.8 74.8 88.0 88.0 115 115 143 143 170

Intermittent (3x200…240 V) [A] 89.1 82.3 112 96.8 132 127 173 157 215 187

Continuous kVA at 208 V [kVA] 21.4 26.9 26.9 31.7 31.7 41.4 41.4 51.5 51.5 61.2

Maximum input current

Continuous (3x200…240 V) [A] 54.0 68.0 68.0 80.0 80.0 104 104 130 130 154.0

Intermittent (3x200…240 V) [A] 81.0 74.8 102 88.0 120 114 156 143 195 169.0

Maximum pre-fuses [A] 125 125 160 200 250

Additional speci�cations

Protection rating IP20 maximum cable cross-

section for mains, brake, motor, and load

sharing

[mm2 (AWG)]

35 (2) 50 (1) 50 (1) 150 (300 MCM) 150 (300 MCM)

Protection ratings IP21, IP55, IP66 maximum

cable cross-section for mains and motor

[mm2 (AWG)]

50 (1) 50 (1) 50 (1) 150 (300 MCM) 150 (300 MCM)

Protection ratings IP21, IP55, IP66 maximum

cable cross-section for brake, and load

sharing [mm2 (AWG)]

50 (1) 50 (1) 50 (1) 95 (3/0) 95 (3/0)

Maximum cable cross-section2) for

disconnect [mm2 (AWG)]

50, 35, 35

(1, 2, 2)

95, 70, 70

(3/0, 2/0, 2/0)

185, 150, 120

(350 MCM, 300

MCM, 4/0)

Estimated power loss3) at rated maximum

load [W (hp)]4)

624

(0.85)
737 (1) 740 (1)

845

(1.2)

874

(1.2)

1140

(1.6)

1143

(1.6)

1353

(1.8)
1400 (1.9) 1636 (2.2)

E�ciency 5) 0.96 0.97 0.97 0.97 0.97

Table 8.5 Mains Supply 3x200…240 V AC, P18K…P45K

8.1.3 Mains Supply 1x380…480 V AC

Type designation P7K5 P11K P18K P37K

Typical shaft output [kW] 7.5 11 18.5 37

Typical shaft output at 240 V [hp] 10 15 25 50

Protection rating IP21/Type 1 B1 B2 C1 C2

Protection rating IP55/Type 12 B1 B2 C1 C2

Protection rating IP66/NEMA 4X B1 B2 C1 C2

Output current

Continuous (3x380…440 V) [A] 16 24 37.5 73

Intermittent (3x380…440 V) [A] 17.6 26.4 41.2 80.3

Continuous (3x441…480 V) [A] 14.5 21 34 65

Intermittent (3x441…480 V) [A] 15.4 23.1 37.4 71.5

Continuous kVA at 400 V [kVA] 11.0 16.6 26 50.6

Continuous kVA at 460 V [kVA] 11.6 16.7 27.1 51.8

Maximum input current

Continuous (1x380…440 V) [A] 33 48 78 151

Intermittent (1x380…440 V) [A] 36 53 85.5 166
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Type designation P7K5 P11K P18K P37K

Continuous (1x441…480 V) [A] 30 41 72 135

Intermittent (1x441…480 V) [A] 33 46 79.2 148

Maximum pre-fuses [A] 63 80 160 250

Additional speci�cations

Maximum cable cross-section for mains, motor, and brake

[mm2] (AWG)]
10 (7) 35 (2) 50 (1/0) 120 (4/0)

Estimated power loss3) at rated maximum load [W (hp)]4) 300 (0.41) 440 (0.6) 740 (1) 1480 (2)

E�ciency 5) 0.96 0.96 0.96 0.96

Table 8.6 Mains Supply 1x380…480 V AC, Normal Overload 110% for 1 Minute, P7K5…P37K

8.1.4 Mains Supply 3x380…480 V AC

Type designation PK37 PK55 PK75 P1K1 P1K5

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 0.37 0.55 0.75 1.1 1.5

Typical shaft output at 460 V [hp] 0.5 0.75 1.0 1.5 2.0

Protection rating IP20/Chassis6) A2 A2 A2 A2 A2

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
A4/A5 A4/A5 A4/A5 A4/A5 A4/A5

Output current

Continuous (3x380…440 V) [A] 1.3 1.8 2.4 3.0 4.1

Intermittent (3x380…440 V) [A] 2.0 1.4 2.7 2.0 3.6 2.6 4.5 3.3 6.2 4.5

Continuous (3x441…480 V) [A] 1.2 1.6 2.1 2.7 3.4

Intermittent (3x441…480 V) [A] 1.8 1.3 2.4 1.8 3.2 2.3 4.1 3.0 5.1 3.7

Continuous kVA at 400 V [kVA] 0.9 1.3 1.7 2.1 2.8

Continuous kVA at 460 V [kVA] 0.9 1.3 1.7 2.4 2.7

Maximum input current

Continuous (3x380…440 V) [A] 1.2 1.6 2.2 2.7 3.7

Intermittent (3x380…440 V) [A] 1.8 1.3 2.4 1.8 3.3 2.4 4.1 3.0 5.6 4.1

Continuous (3x441…480 V) [A] 1.0 1.4 1.9 2.7 3.1

Intermittent (3x441…480 V) [A] 1.5 1.1 2.1 1.5 2.9 2.1 4.1 3.0 4.7 3.4

Maximum pre-fuses [A] 10 10 10 10 10

Additional speci�cations

Protection ratings IP20, IP21

maximum cable cross-section2) for

mains, motor, brake, and load

sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

(minimum 0.2 (24))

Protection ratings IP55, IP66

maximum cable cross-section2) for

mains, motor, brake, and load

sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

Maximum cable cross-section2) for

disconnect [mm2 (AWG)]
6, 4, 4 (10, 12, 12)

Estimated power loss3)

at rated maximum load [W (hp)]4)
35 (0.05) 42 (0.06) 46 (0.06) 58 (0.08) 62 (0.08)

E�ciency 5) 0.93 0.95 0.96 0.96 0.97

Table 8.7 Mains Supply 3x380…480 V AC, PK37…P1K5
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Type designation P2K2 P3K0 P4K0 P5K5 P7K5

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 2.2 3.0 4.0 5.5 7.5

Typical shaft output at 460 V [hp] 2.9 4.0 5.3 7.5 10

Protection rating IP20/Chassis6) A2 A2 A2 A3 A3

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
A4/A5 A4/A5 A4/A5 A5 A5

Output current

Continuous (3x380…440 V) [A] 5.6 7.2 10 13 16

Intermittent (3x380…440 V) [A] 8.4 6.2 10.8 7.9 15.0 11.0 19.5 14.3 24.0 17.6

Continuous (3x441…480 V) [A] 4.8 6.3 8.2 11 14.5

Intermittent (3x441…480 V) [A] 7.2 5.3 9.5 6.9 12.3 9.0 16.5 12.1 21.8 16.0

Continuous kVA at 400 V [kVA] 3.9 5.0 6.9 9.0 11.0

Continuous kVA at 460 V [kVA] 3.8 5.0 6.5 8.8 11.6

Maximum input current

Continuous (3x380…440 V) [A] 5.0 6.5 9.0 11.7 14.4

Intermittent (3x380…440 V) [A] 7.5 5.5 9.8 7.2 13.5 9.9 17.6 12.9 21.6 15.8

Continuous(3x441…480 V) [A] 4.3 5.7 7.4 9.9 13.0

Intermittent (3x441…480 V) [A] 6.5 4.7 8.6 6.3 11.1 8.1 14.9 10.9 19.5 14.3

Maximum pre-fuses [A] 20 20 20 30 30

Additional speci�cations

Protection ratings IP20, IP21

maximum cable cross-section2) for

mains, motor, brake, and load

sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

(minimum 0.2 (24))

Protection ratings IP55, IP66

maximum cable cross-section2) for

mains, motor, brake, and load

sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

Maximum cable cross-section2) for

disconnect [mm2 (AWG)]
6, 4, 4 (10, 12, 12)

Estimated power loss3)

at rated maximum load [W (hp)]4)
88 (0.12) 116 (0.16) 124 (0.17) 187 (0.25) 225 (0.31)

E�ciency 5) 0.97 0.97 0.97 0.97 0.97

Table 8.8 Mains Supply 3x380…480 V AC, P2K2…P7K5
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Type designation P11K P15K P18K P22K P30K

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 7.5 11 11 15 15 18.5 22.0 22.0 22.0 30

Typical shaft output at 460 V [hp] 10 15 15 20 20 25 30 30 30 40

Protection rating IP20/Chassis7) B3 B3 B3 B4  B4

Protection rating IP21/Type 1 B1 B1 B1 B2 B2

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
B1 B1 B1 B2 B2

Output current

Continuous (3x380…440 V) [A] … 24 24 32 32 37.5 37.5 44 44 61

Intermittent (60 s overload)

(3x380…440 V) [A]
… 26.4 38.4 35.2 51.2 41.3 60 48.4 70.4 67.1

Continuous (3x441…480 V) [A] … 21 21 27 27 34 34 40 40 52

Intermittent (60 s overload)

(3x441…480 V) [A]
… 23.1 33.6 29.7 43.2 37.4 54.4 44 64 61.6

Continuous kVA at 400 V [kVA] … 16.6 16.6 22.2 22.2 26 26 30.5 30.5 42.3

Continuous kVA at 460 V [kVA] … 16.7 16.7 21.5 21.5 27.1 27.1 31.9 31.9 41.4

Maximum input current

Continuous (3x380…440 V) [A] … 22 22 29 29 34 34 40 40 55

Intermittent (60 s overload)

(3x380…440 V) [A]
… 24.2 35.2 31.9 46.4 37.4 54.4 44 64 60.5

Continuous (3x441…480 V) [A] … 19 19 25 25 31 31 36 36 47

Intermittent (60 s overload)

(3x441…480 V) [A]
… 20.9 30.4 27.5 40 34.1 49.6 39.6 57.6 51.7

Maximum pre-fuses [A] … 63  63  63  63  80

Additional speci�cations

Protection ratings IP21, IP55, IP66

maximum cable cross-section2) for

mains, brake, and load sharing

[mm2 (AWG)]

16, 10, 16 (6, 8, 6) 35, …, … (2, …, …)

Protection ratings IP21, IP55, IP66

maximum cable cross-section2) for

motor [mm2 (AWG)]

10, 10,… (8, 8,…) 35, 25, 25 (2, 4, 4)

Protection rating IP20 maximum

cable cross-section2) for mains,

brake, motor, and load sharing

[mm2 (AWG)]

10, 10,… (8, 8,…) 35, …, … (2, …, …)

Maximum cable cross-section2) for

disconnect [mm2 (AWG)]
16, 10, 10 (6, 8, 8)

Estimated power loss3)

at rated maximum load [W (hp)]4)
291 (0.4)

392

(0.53)
291 (0.4)

392

(0.53)

379

(0.52)

465

(0.63)

444

(0.61)

525

(0.72)

547

(0.75)
739 (1)

E�ciency 5) 0.98 0.98 0.98 0.98 0.98

Table 8.9 Mains Supply 3x380…480 V AC, P11K…P30K
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Type designation P37K P45K P55K P75K P90K

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 30 37 37 45 45 55 55 75 75 90

Typical shaft output at 460 V [hp] 40 50 50 60 60 75 75 100 100 125

Protection rating IP20/Chassis6) B4 C3 C3 C4 C4

Protection rating IP21/Type 1 C1 C1 C1 C2 C2

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
C1 C1 C1 C2 C2

Output current

Continuous (3x380…440 V) [A] 61 73 73 90 90 106 106 147 147 177

Intermittent (60 s overload) (3x380…

440 V) [A]
91.5 80.3 110 99 135 117 159 162 221 195

Continuous (3x441…480 V) [A] 52 65 65 80 80 105 105 130 130 160

Intermittent (60 s overload) (3x441…

480 V) [A]
78 71.5 97.5 88 120 116 158 143 195 176

Continuous kVA at 400 V [kVA] 42.3 50.6 50.6 62.4 62.4 73.4 73.4 102 102 123

Continuous kVA at 460 V [kVA] 41.4 51.8 51.8 63.7 63.7 83.7 83.7 104 103.6 128

Maximum input current

Continuous (3x380…440 V) [A] 55 66 66 82 82 96 96 133 133 161

Intermittent (60 s overload) (3x380…

440 V) [A]
82.5 72.6 99 90.2 123 106 144 146 200 177

Continuous (3x441…480 V) [A] 47 59 59 73 73 95 95 118 118 145

Intermittent (60 s overload) (3x441…

480 V) [A]
70.5 64.9 88.5 80.3 110 105 143 130 177 160

Maximum pre-fuses [A] 100 125 160 250 250

Additional speci�cations

Protection rating IP20 maximum

cable cross-section for mains and

motor [mm2 (AWG)]

35 (2) 50 (1) 50 (1) 150 (300 MCM) 150 (300 MCM)

Protection rating IP20 maximum

cable cross-section for brake and

load sharing

[mm2 (AWG)]

35 (2) 50 (1) 50 (1) 95 (4/0) 95 (4/0)

Protection ratings IP21, IP55, IP66

maximum cable cross-section for

mains and motor

[mm2 (AWG)]

50 (1) 50 (1) 50 (1) 150 (300 MCM) 150 (300 MCM)

Protection ratings IP21, IP55, IP66

maximum cable cross-section for

brake and load sharing [mm2

(AWG)]

50 (1) 50 (1) 50 (1) 95 (3/0) 95 (3/0)

Maximum cable cross-section2) for

mains disconnect

[mm2 (AWG)]

50, 35, 35

(1, 2, 2)

95, 70, 70

(3/0, 2/0, 2/0)

185, 150, 120

(350 MCM, 300

MCM, 4/0)

Estimated power loss3)

at rated maximum load [W (hp)]4)

570

(0.78)

698

(0.95)

697

(0.95)
843 (1.1) 891 (1.2)

1083

(1.5)

1022

(1.4)

1384

(1.9)

1232

(1.7)
1474 (2)

E�ciency 5) 0.98 0.98 0.98 0.98 0.99

Table 8.10 Mains Supply 3x380…480 V AC, P37K…P90K

Speci�cations VLT�p�p AQUA Drive FC 202
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8.1.5 Mains Supply 3x525…600 V AC

Type designation PK75 P1K1 P1K5 P2K2

High/normal overload1) HO NO HO NO HO NO HO NO

Typical shaft output [kW] 0.75 1.1 1.5 2.2

Typical shaft output [hp] 1 1.5 2 3

Protection rating IP20/Chassis

Protection rating IP21/Type 1
A3 A3 A3 A3

Protection rating IP55/Type 12 A5 A5 A5 A5

Output current

Continuous (3x525…550 V) [A] 1.8 2.6 2.9 4.1

Intermittent (3x525…550 V) [A] 2.7 2.0 3.9 2.9 4.4 3.2 6.2 4.5

Continuous (3x551…600 V) [A] 1.7 2.4 2.7 3.9

Intermittent (3x551…600 V) [A] 2.6 1.9 3.6 2.6 4.1 3.0 5.9 4.3

Continuous kVA at 550 V [kVA] 1.7 2.5 2.8 3.9

Continuous kVA at 550 V [kVA] 1.7 2.4 2.7 3.9

Maximum input current

Continuous (3x525…600 V) [A] 1.7 2.4 2.7 4.1

Intermittent (3x525…600 V) [A] 2.6 1.9 3.6 2.6 4.1 3.0 6.2 4.5

Maximum pre-fuses [A] 10 10 10 20

Additional speci�cations

Maximum cable cross-section2) for

mains, motor, brake, and load sharing

[mm2 (AWG)]

4,4,4 (12,12,12)

(minimum 0.2 (24))

Maximum cable cross-section2) for

mains disconnect [mm2 (AWG)]
6,4,4 (10,12,12)

Estimated power loss3)

at rated maximum load [W (hp)]4)
35 (0.05) 50 (0.07) 65 (0.09) 92 (0.13)

E�ciency 5) 0.97 0.97 0.97 0.97

Table 8.11 Mains Supply 3x525…600 V AC, PK75…P2K2
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Type designation P3K0 P4K0 P5K5 P7K5

High/normal overload1) HO NO HO NO HO NO HO NO

Typical shaft output [kW] 3.0 4.0 5.5 7.5

Typical shaft output [hp] 4 5 7.5 10

Protection rating IP20/Chassis

Protection rating IP21/Type 1
A2 A2 A3 A3

IP55/Type 12 A5 A5 A5 A5

Output current

Continuous (3x525…550 V) [A] 5.2 6.4 9.5 11.5

Intermittent (3x525…550 V) [A] 7.8 5.7 9.6 7.0 14.3 10.5 17.3 12.7

Continuous (3x551…600 V) [A] 4.9 6.1 9.0 11.0

Intermittent (3x551…600 V) [A] 7.4 5.4 9.2 6.7 13.5 9.9 16.5 12.1

Continuous kVA at 550 V [kVA] 5.0 6.1 9.0 11.0

Continuous kVA at 550 V [kVA] 4.9 6.1 9.0 11.0

Maximum input current

Continuous (3x525…600 V) [A] 5.2 5.8 8.6 10.4

Intermittent (3x525…600 V) [A] 7.8 5.7 8.7 6.4 12.9 9.5 15.6 11.4

Maximum pre-fuses [A] 20 20 32 32

Additional speci�cations

Maximum cable cross-section2) for

mains, motor, brake, and load sharing

[mm2 (AWG)]

4,4,4 (12,12,12)

(minimum 0.2 (24))

Maximum cable cross-section2) for

mains disconnect [mm2 (AWG)]
6,4,4 (10,12,12)

Estimated power loss3)

at rated maximum load [W (hp)]4)
122 (0.17) 145 (0.2) 195 (0.27) 261 (0.36)

E�ciency 5) 0.97 0.97 0.97 0.97

Table 8.12 Mains Supply 3x525…600 V AC, P3K0…P7K5

Speci�cations VLT�p�p AQUA Drive FC 202

58 Danfoss A/S © 10/2016 All rights reserved. MG20MD02

88

�(����������



Type designation P11K P15K P18K P22K P30K P37K

High/normal overload1) HO NO HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 7.5 11 11 15 15 18.5 18.5 22 22 30 30 37

Typical shaft output [hp] 10 15 15 20 20 25 25 30 30 40 40 50

Protection rating IP20/

Chassis
B3 B3 B3 B4 B4 B4

Protection rating IP21/

Type 1

Protection rating IP55/

Type 12

Protection rating IP66/

NEMA 4X

B1 B1 B1 B2 B2 C1

Output current

Continuous (3x525…550 V)

[A]
11.5 19 19 23 23 28 28 36 36 43 43 54

Intermittent (3x525…

550 V) [A]
18.4 21 30 25 37 31 45 40 58 47 65 59

Continuous (3x551…600 V)

[A]
11 18 18 22 22 27 27 34 34 41 41 52

Intermittent (3x551…

600 V) [A]
17.6 20 29 24 35 30 43 37 54 45 62 57

Continuous kVA at 550 V

[kVA]
11 18.1 18.1 21.9 21.9 26.7 26.7 34.3 34.3 41.0 41.0 51.4

Continuous kVA at 575 V

[kVA]
11 17.9 17.9 21.9 21.9 26.9 26.9 33.9 33.9 40.8 40.8 51.8

Maximum input current

Continuous at 550 V [A] 10.4 17.2 17.2 20.9 20.9 25.4 25.4 32.7 32.7 39 39 49

Intermittent at 550 V [A] 16.6 19 28 23 33 28 41 36 52 43 59 54

Continuous at 575 V [A] 9.8 16 16 20 20 24 24 31 31 37 37 47

Intermittent at 575 V [A] 15.5 17.6 26 22 32 27 39 34 50 41 56 52

Maximum pre-fuses [A] 40 40 50 60 80 100

Additional speci�cations

Protection rating IP20,

maximum cable cross-

section2) for mains, brake,

motor, and load sharing

[mm2 (AWG)]

10, 10,…

(8, 8,…)

35,…,…

(2,…,…)

Protection ratings IP21,

IP55, IP66 maximum cable

cross-section2) for mains,

brake, and load sharing

[mm2 (AWG)]

16, 10, 10

(6, 8, 8)

35,…,…

(2,…,…)

Protection ratings IP21,

IP55, IP66 maximum cable

cross-section2) for motor

[mm2 (AWG)]

10, 10,…

(8, 8,…)

35, 25, 25

(2, 4, 4)

Maximum cable cross-

section2) for mains

disconnect [mm2 (AWG)]

16, 10, 10

(6, 8, 8)

50, 35, 35

(1, 2, 2)

Estimated power loss3)

at rated maximum load

[W (hp)]4)

220

(0.3)

300

(0.41)

220

(0.3)

300

(0.41)

300

(0.41)

370

(0.5)

370

(0.5)

440

(0.6)

440

(0.6)

600

(0.82)

600

(0.82)
740 (1)

E�ciency 5) 0.98 0.98 0.98 0.98 0.98 0.98

Table 8.13 Mains supply 3x525…600 V AC, P11K…P37K
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Type designation P45K P55K P75K P90K

High/normal overload1) HO NO HO NO HO NO HO NO

Typical shaft output [kW] 37 45 45 55 55 75 75 90

Typical shaft output [hp] 50 60 60 75 75 100 100 125

Protection rating IP20/Chassis C3 C3 C4 C4

Protection rating IP21/Type 1

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X

C1 C1 C2 C2

Output current

Continuous (3x525…550 V) [A] 54 65 65 87 87 105 105 137

Intermittent (3x525…550 V) [A] 81 72 98 96 131 116 158 151

Continuous (3x525…600 V) [A] 52 62 62 83 83 100 100 131

Intermittent (3x525…600 V) [A] 78 68 93 91 125 110 150 144

Continuous kVA at 525 V [kVA] 51.4 61.9 61.9 82.9 82.9 100 100.0 130.5

Continuous kVA at 575 V [kVA] 51.8 61.7 61.7 82.7 82.7 99.6 99.6 130.5

Maximum input current

Continuous at 550 V [A] 49 59 59 78.9 78.9 95.3 95.3 124.3

Intermittent at 550 V [A] 74 65 89 87 118 105 143 137

Continuous at 575 V [A] 47 56 56 75 75 91 91 119

Intermittent at 575 V [A] 70 62 85 83 113 100 137 131

Maximum pre-fuses [A] 150 160 225 250

Additional speci�cations

Protection rating IP20 maximum cable

cross-section for mains and motor

[mm2 (AWG)]

50 (1) 150 (300 MCM)

Protection rating IP20 maximum cable

cross-section for brake and load

sharing [mm2 (AWG)]

50 (1) 95 (4/0)

Protection ratings IP21, IP55, IP66

maximum cable cross-section for

mains and motor

[mm2 (AWG)]

50 (1) 150 (300 MCM)

Protection ratings IP21, IP55, IP66

maximum cable cross-section for

brake and load sharing [mm2 (AWG)]

50 (1) 95 (4/0)

Maximum cable cross-section2) for

mains disconnect [mm2 (AWG)]

50, 35, 35

(1, 2, 2)

95, 70, 70

(3/0, 2/0, 2/0)

185, 150, 120

(350 MCM, 300 MCM,

4/0)

Estimated power loss3)

at rated maximum load [W (hp)]4)
740 (1) 900 (1.2) 900 (1.2) 1100 (1.5) 1100 (1.5) 1500 (2) 1500 (2) 1800 (2.5)

E�ciency 5) 0.98 0.98 0.98 0.98

Table 8.14 Mains supply 3x525…600 V AC, P45K…P90K

Speci�cations VLT�p�p AQUA Drive FC 202
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8.1.6 Mains Supply 3x525…690 V AC

Type designation P1K1 P1K5 P2K2 P3K0 P4K0 P5K5 P7K5

High/normal overload1) HO NO HO NO HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 1.1 1.5 2.2 3.0 4.0 5.5 7.5

Typical shaft output [hp] 1.5 2 3 4 5 7.5 10

IP20/Chassis A3 A3 A3 A3 A3 A3 A3

Output current

Continuous (3x525…550 V) [A] 2.1 2.7 3.9 4.9 6.1 9.0 11.0

Intermittent (3x525…550 V) [A] 3.2 2.3 4.1 3.0 5.9 4.3 7.4 5.4 9.2 6.7 13.5 9.9 16.5 12.1

Continuous (3x551…690 V) [A] 1.6 2.2 3.2 4.5 5.5 7.5 10.0

Intermittent (3x551…690 V) [A] 2.4 1.8 3.3 2.4 4.8 3.5 6.8 5.0 8.3 6.1 11.3 8.3 15.0 11.0

Continuous kVA at 525 V [kVA] 1.9 2.5 3.5 4.5 5.5 8.2 10.0

Continuous kVA at 690 V [kVA] 1.9 2.6 3.8 5.4 6.6 9.0 12.0

Maximum input current

Continuous (3x525…550 V) [A] 1.9 2.4 3.5 4.4 5.5 8.1 9.9

Intermittent (3x525…550 V) [A] 2.9 2.1 3.6 2.6 5.3 3.9 6.6 4.8 8.3 6.1 12.2 8.9 14.9 10.9

Continuous (3x551…690 V) [A] 1.4 2.0 2.9 4.0 4.9 6.7 9.0

Intermittent (3x551…690 V) [A] 2.1 1.5 3.0 2.2 4.4 3.2 6.0 4.4 7.4 5.4 10.1 7.4 13.5 9.9

Additional speci�cations

Maximum cable cross…section2)

for mains, motor, brake, and load

sharing [mm2 (AWG)]

4, 4, 4

(12, 12, 12)

(minimum (24)

Maximum cable cross…section2)

for mains disconnect

[mm2 (AWG)]

6, 4, 4

(10, 12, 12)

Estimated power loss3)

at rated maximum load [W (hp)]4) 44 (0.06) 60 (0.08) 88 (0.12) 120 (0.16) 160 (0.22) 220 (0.3) 300 (0.41)

E�ciency 5) 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Table 8.15 A3 Enclosure, Mains Supply 3x525…690 V AC IP20/Protected Chassis, P1K1…P7K5
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Type designation P11K P15K P18K P22K P30K

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output at 550 V [kW] 5.9 7.5 7.5 11 11 15 15 18.5 18.5 22

Typical shaft output at 550 V [hp] 7.5 10 10 15 15 20 20 25 25 30

Typical shaft output at 690 V [kW] 7.5 11 11 15 15 18.5 18.5 22 22 30

Typical shaft output at 690 V [hp] 10 15 15 20 20 25 25 30 30 40

IP20/Chassis B4 B4 B4 B4 B4

IP21/Type 1

IP55/Type 12 B2 B2 B2 B2 B2

Output current

Continuous (3x525…550 V) [A] 11 14 14.0 19.0 19.0 23.0 23.0 28.0 28.0 36.0

Intermittent (60 s overload) (3x525…550 V)

[A]
17.6 15.4 22.4 20.9 30.4 25.3 36.8 30.8 44.8 39.6

Continuous (3x551…690 V) [A] 10 13 13.0 18.0 18.0 22.0 22.0 27.0 27.0 34.0

Intermittent (60 s overload) (3x551…690 V)

[A]
16 14.3 20.8 19.8 28.8 24.2 35.2 29.7 43.2 37.4

Continuous kVA at 550 V [kVA] 10 13.3 13.3 18.1 18.1 21.9 21.9 26.7 26.7 34.3

Continuous kVA at 690 V kVA] 12 15.5 15.5 21.5 21.5 26.3 26.3 32.3 32.3 40.6

Maximum input current

Continuous at 550 V [A] 9.9 15 15.0 19.5 19.5 24.0 24.0 29.0 29.0 36.0

Intermittent (60 s overload) at 550 V [A] 15.8 16.5 23.2 21.5 31.2 26.4 38.4 31.9 46.4 39.6

Continuous (at 690 V) [A] 9 14.5 14.5 19.5 19.5 24.0 24.0 29.0 29.0 36.0

Intermittent (60 s overload) at 690 V [A] 14.4 16 23.2 21.5 31.2 26.4 38.4 31.9 46.4 39.6

Additional speci�cations

Maximum cable cross…section2 for mains,

motor, brake, and load sharing [mm2 (AWG)]

35, 25, 25

(2, 4, 4)

Maximum cable cross…section2) for mains

disconnect [mm2 (AWG)]

16,10,10

(6, 8, 8)

Estimated power loss3)

at rated maximum load [W (hp)]4)

150

(0.2)

220

(0.3)

150

(0.2)

220

(0.3)

220

(0.3)

300

(0.41)

300

(0.41)

370

(0.5)

370

(0.5)

440

(0.6)

E�ciency 5)
0.98 0.98 0.98 0.98 0.98

Table 8.16 B2/B4 Enclosure, Mains Supply 3x525…690 V AC IP20/IP21/IP55 … Chassis/NEMA 1/NEMA 12, P11K…P22K

Speci�cations VLT�p�p AQUA Drive FC 202
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Type designation P37K P45K P55K P75K/N75K8) P90K/N90K8)

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output at 550 V [kW] 22 30 30 37 37 45 45 55 55 75

Typical shaft output at 550 V [hp] 30 40 40 50 50 60 60 75 75 100

Typical shaft output at 690 V [kW] 30 37 37 45 45 55 55 75 75 90

Typical shaft output at 690 V [hp] 40 50 50 60 60 75 75 100 199 125

IP20/Chassis B4 C3 C3 D3h D3h

IP21/Type 1

IP55/Type 12 C2 C2 C2 C2 C2

Output current

Continuous (3x525…550 V) [A] 36.0 43.0 43.0 54.0 54.0 65.0 65.0 87.0 87.0 105

Intermittent (60 s overload) (3x525…550 V) [A] 54.0 47.3 64.5 59.4 81.0 71.5 97.5 95.7 130.5 115.5

Continuous (3x551…690 V) [A] 34.0 41.0 41.0 52.0 52.0 62.0 62.0 83.0 83.0 100

Intermittent (60 s overload) (3x551…690 V) [A] 51.0 45.1 61.5 57.2 78.0 68.2 93.0 91.3 124.5 110

Continuous kVA at 550 V [kVA] 34.3 41.0 41.0 51.4 51.4 61.9 61.9 82.9 82.9 100

Continuous kVA at 690 V [kVA] 40.6 49.0 49.0 62.1 62.1 74.1 74.1 99.2 99.2 119.5

Maximum input current

Continuous at 550 V [A] 36.0 49.0 49.0 59.0 59.0 71.0 71.0 87.0 87.0 99.0

Intermittent (60 s overload) at 550 V [A] 54.0 53.9 72.0 64.9 87.0 78.1 105.0 95.7 129 108.9

Continuous at 690 V [A] 36.0 48.0 48.0 58.0 58.0 70.0 70.0 86.0 … …

Intermittent (60 s overload) at 690 V [A] 54.0 52.8 72.0 63.8 87.0 77.0 105 94.6 … …

Additional speci�cations

Maximum cable cross-section for mains and

motor [mm2 (AWG)]
150 (300 MCM)

Maximum cable cross-section for brake and

load sharing [mm2 (AWG)]
95 (3/0)

Maximum cable cross-section2) for mains

disconnect [mm2 (AWG)]
95 (3/0)

185, 150, 120

(350 MCM, 300

MCM, 4/0)

…

Estimated power loss3)

at rated maximum load [W (hp)]4)

600

(0.82)
740 (1) 740 (1)

900

(1.2)

900

(1.2)

1100

(1.5)

1100

(1.5)

1500

(2)

1500

(2)

1800

(2.5)

E�ciency 5) 0.98 0.98 0.98 0.98 0.98

Table 8.17 B4, C2, C3 Enclosure, Mains Supply 3x525…690 V AC IP20/IP21/IP55 … Chassis/NEMA1/NEMA 12, P30K…P75K

For fuse ratings see chapter 8.8 Fuses and Circuit Breakers.

1) High overload=150% or 160% torque for a duration of 60 s. Normal overload=110% torque for a duration of 60 s.

2) The 3 values for the maximum cable cross-section are for single core, �exible wire, and �exible wire with sleeve, respectively.

3) Applies for dimensioning of frequency converter cooling. If the switching frequency is higher than the default setting, the power losses may

increase. LCP and typical control card power consumptions are included. For power loss data according to EN 50598…2, refer to

www.danfoss.com/vltenergye�ciency.

4) E�ciency measured at nominal current. For energy e�ciency class see chapter 8.4.1 Ambient Conditions. For part load losses see

www.danfoss.com/vltenergye�ciency.

5) Measured using 5 m (16 ft) shielded motor cables at rated load and rated frequency.

6) Enclosure sizes A2+A3 can be converted to IP21 using a conversion kit. See also chapters Mechanical mounting and IP21/Type 1 Enclosure kit in

the design guide.

7) Enclosure sizes B3+B4 and C3+C4 can be converted to IP21 using a conversion kit. See also chapters Mechanical mounting and IP21/Type 1

Enclosure kit in the design guide.

8) Enclosure sizes for N75K, N90K are D3h for IP20/Chassis, and D5h for IP54/Type 12.

9) Two wires are required.

10) Variant not available in IP21.

Speci�cations Operating Guide
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8.2 Mains Supply

Mains supply (L1, L2, L3)
Supply voltage 200…240 V �s10%
Supply voltage 380…480 V �s10%
Supply voltage 525…600 V �s10%
Supply voltage 525…690 V �s10%

Mains voltage low/mains drop-out:
During low mains voltage or a mains drop-out, the frequency converter continues until the DC-link voltage drops below the
minimum stop level. Typically, this corresponds to 15% below the lowest rated supply voltage of the frequency converter. Power-
up and full torque cannot be expected at mains voltage <10% below the lowest rated supply voltage of the frequency converter.

Supply frequency 50/60 Hz +4/-6%

The frequency converter power supply is tested in accordance with IEC61000-4-28, 50 Hz +4/-6%.

Maximum imbalance temporary between mains phases 3.0% of rated supply voltage
True power factor (�è) �0.9 nominal at rated load
Displacement power factor (cos�ó) near unity (>0.98)
Switching on input supply L1, L2, L3 (power-ups) �7.5 kW (10 hp) Maximum 2 times/minute
Switching on input supply L1, L2, L3 (power-ups) 11…90 kW (15…125 hp) Maximum 1 time/minute
Environment according to EN 60664-1 Overvoltage category III/pollution degree 2

The unit is suitable for use on a circuit capable of delivering not more than 100000 RMS symmetrical Amperes,
240/480/600/690 V maximum.

8.3 Motor Output and Motor Data

Motor output (U, V, W)
Output voltage 0…100% of supply voltage

Output frequency 0…590 Hz1)

Switching on output Unlimited
Ramp times 1…3600 s

1) Dependent on power size.

Torque characteristics, normal overload

Starting torque (constant torque) Maximum 110% for 1 minute, once in 10 minutes2)

Overload torque (constant torque) Maximum 110% for 1 minute, once in 10 minutes2)

Torque characteristics, high overload

Starting torque (constant torque) Maximum 150/160% for 1 minute, once in 10 minutes2)

Overload torque (constant torque) Maximum 150/160% for 1 minute, once in 10 minutes2)

2) Percentage relates to the nominal torque of the frequency converter, dependent on power size.
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8.4 Ambient Conditions

Environment
Enclosure size A IP20/Chassis, IP21/Type 1, IP55/Type 12, IP66/Type 4X
Enclosure size B1/B2 IP21/Type 1, IP55/Type 12, IP66/Type 4X
Enclosure size B3/B4 IP20/Chassis
Enclosure size C1/C2 IP21/Type 1, IP55/Type 12, IP66/Type 4X
Enclosure size C3/C4 IP20/Chassis
Enclosure kit available � enclosure size A IP21/TYPE 1/IP4X top
Vibration test enclosure A/B/C 1.0 g
Maximum relative humidity 5…95% (IEC 721-3-3; Class 3K3 (non-condensing) during operation
Aggressive environment (IEC 721-3-3), uncoated Class 3C2
Aggressive environment (IEC 721-3-3), coated Class 3C3
Test method according to IEC 60068-2-43 H2S (10 days)
Ambient temperature Maximum 50 °C (122 °F)

Derating for high ambient temperature, see chapter Special Conditions in the design guide. 

Minimum ambient temperature during full-scale operation 0 °C (32 °F)
Minimum ambient temperature at reduced performance -10 °C (14 °F)
Temperature during storage/transport -25 to +65/70 °C (-13 to 149/158 °F)
Maximum altitude above sea level without derating 1000 m (3281 ft)
Maximum altitude above sea level with derating 3000 m (9843 ft)

Derating for high altitude, see chapter Special Conditions in the design guide.

EMC standards, Emission EN 61800-3
EMC standards, Immunity EN 61800-3

Energy e�ciency class1) IE2

1) Determined according to EN50598-2 at:

€ Rated load.

€ 90% rated frequency.

€ Switching frequency factory setting.

€ Switching pattern factory setting.

8.5 Cable Speci�cations

Maximum motor cable length, shielded/armored 150 m (492 ft)
Maximum motor cable length, unshielded/unarmored 300 m (984 ft)

Maximum cross-section to motor, mains, load sharing, and brake1)

Maximum cross-section to control terminals, rigid wire 1.5 mm2 or 2 x 0.75 mm2 (16 AWG)

Maximum cross-section to control terminals, �exible cable 1 mm2 (18 AWG)

Maximum cross-section to control terminals, cable with enclosed core 0.5 mm2 (20 AWG)

Minimum cross-section to control terminals 0.25 mm2 (24 AWG)

1) See electrical data tables in chapter 8.1 Electrical Data for more information.

It is mandatory to ground the mains connection properly using T95 (PE) of the frequency converter. The ground connection
cable cross-section must be at least 10 mm2 (8 AWG) or 2 rated mains wires terminated separately according to EN 50178.
See alsochapter 4.3.1 Grounding . Use unshielded cable.

8.6 Control Input/Output and Control Data

Control card, RS485 serial communication
Terminal number 68 (P,TX+, RX+), 69 (N,TX-, RX-)
Terminal number 61 Common for terminals 68 and 69

The RS485 serial communication circuit is functionally separated from other central circuits and galvanically isolated from the
supply voltage (PELV).
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Analog inputs
Number of analog inputs 2
Terminal number 53, 54
Modes Voltage or current
Mode select Switches S201 and S202
Voltage mode Switch S201/S202 = OFF (U)
Voltage level 0…10 V (scaleable)
Input resistance, Ri Approximately 10 k5
Maximum voltage �s20 V
Current mode Switch S201/S202=On (I)
Current level 0/4-20 mA (scaleable)
Input resistance, Ri Approximately 200 5
Maximum current 30 mA
Resolution for analog inputs 10 bit (+ sign)
Accuracy of analog inputs Maximum error 0.5% of full scale
Bandwidth 200 Hz

The analog inputs are galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

Mains

Functional
isolation

PELV isolation

Motor

DC-Bus

High
voltage

Control
+24V

RS485

18

37

13
0B

A1
17

.1
0

Illustration 8.1 PELV Isolation of Analog Inputs

Analog output
Number of programmable analog outputs 1
Terminal number 42
Current range at analog output 0/4…20 mA
Maximum resistor load to common at analog output 500 5
Accuracy on analog output Maximum error 0.8% of full scale
Resolution on analog output 8 bit

The analog output is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

Digital inputs
Programmable digital inputs 4 (6)

Terminal number 18, 19, 271), 291), 32, 33,
Logic PNP or NPN
Voltage level 0…24 V DC
Voltage level, logic 0 PNP ��5 V DC
Voltage level, logic 1 PNP �!10 V DC
Voltage level, logic 0 NPN �!19 V DC
Voltage level, logic 1 NPN ��14 V DC
Maximum voltage on input 28 V DC
Input resistance, Ri Approximately 4 k5

All digital inputs are galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.
1) Terminals 27 and 29 can also be programmed as output.
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Digital output
Programmable digital/pulse outputs 2

Terminal number 27, 291)

Voltage level at digital/frequency output 0…24 V
Maximum output current (sink or source) 40 mA
Maximum load at frequency output 1 k5
Maximum capacitive load at frequency output 10 nF
Minimum output frequency at frequency output 0 Hz
Maximum output frequency at frequency output 32 kHz
Accuracy of frequency output Maximum error 0.1% of full scale
Resolution of frequency outputs 12 bit

1) Terminal 27 and 29 can also be programmed as input.
The digital output is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

Pulse inputs
Programmable pulse inputs 2
Terminal number pulse 29, 33
Maximum frequency at terminal 29, 33 110 kHz (push-pull driven)
Maximum frequency at terminal 29, 33 5 kHz (open collector)
Minimum frequency at terminal 29, 33 4 Hz
Voltage level See Digital inputs
Maximum voltage on input 28 V DC
Input resistance, Ri Approximately 4 k5
Pulse input accuracy (0.1…1 kHz) Maximum error 0.1% of full scale

Control card, 24 V DC output
Terminal number 12, 13
Maximum load 200 mA

The 24 V DC supply is galvanically isolated from the supply voltage (PELV), but has the same potential as the analog and digital
inputs and outputs.

Relay outputs
Programmable relay outputs 2
Relay 01 terminal number 1-3 (break), 1-2 (make)

Maximum terminal load (AC-1)1) on 1-3 (NC), 1-2 (NO) (resistive load) 240 V AC, 2 A

Maximum terminal load (AC-15)1) (inductive load �#  cos�ó 0.4) 240 V AC, 0.2 A

Maximum terminal load (DC-1)1) on 1-2 (NO), 1-3 (NC) (resistive load) 60 V DC, 1 A

Maximum terminal load (DC-13)1) (inductive load) 24 V DC, 0.1 A
Relay 02 terminal number 4-6 (break), 4-5 (make)

Maximum terminal load (AC-1)1) on 4-5 (NO) (resistive load)2) 3) 400 V AC, 2 A

Maximum terminal load (AC-15)1) on 4-5 (NO) (inductive load �#  cos�ó 0.4) 240 V AC, 0.2 A

Maximum terminal load (DC-1)1) on 4-5 (NO) (resistive load) 80 V DC, 2 A

Maximum terminal load (DC-13)1) on 4-5 (NO) (inductive load) 24 V DC, 0.1 A

Maximum terminal load (AC-1)1) on 4-6 (NC) (resistive load) 240 V AC, 2 A

Maximum terminal load (AC-15)1) on 4-6 (NC) (inductive load �#  cos�ó 0.4) 240 V AC, 0.2 A

Maximum terminal load (DC-1)1) on 4-6 (NC) (resistive load) 50 V DC, 2 A

Maximum terminal load (DC-13)1) on 4-6 (NC) (inductive load) 24 V DC, 0.1 A
Minimum terminal load on 1-3 (NC), 1-2 (NO), 4-6 (NC), 4-5 (NO) 24 V DC, 10 mA, 24 V AC, 20 mA
Environment according to EN 60664-1 Overvoltage category III/pollution degree 2

1) IEC 60947 parts 4 and 5.
The relay contacts are galvanically isolated from the rest of the circuit by reinforced isolation (PELV).
2) Overvoltage category II.
3) UL applications 300 V AC 2 A.
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Control card, 10 V DC output
Terminal number 50
Output voltage 10.5 V �s0.5 V
Maximum load 25 mA

The 10 V DC supply is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

Control characteristics
Resolution of output frequency at 0…590 Hz �s0.003 Hz
System response time (terminals 18, 19, 27, 29, 32, 33) �72 ms
Speed control range (open loop) 1:100 of synchronous speed
Speed accuracy (open loop) 30…4000 RPM: Maximum error of �s8 RPM

All control characteristics are based on a 4-pole asynchronous motor.

Control card performance
Scan interval 5 ms

Control card, USB serial communication
USB standard 1.1 (full speed)
USB plug USB type B •deviceŽ plug

NOTICE
Connection to a PC is carried out via a standard host/device USB cable.
The USB connection is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.
The USB connection is not galvanically isolated from protective earth. Use only an isolated laptop/PC as a connection to
the USB connector on the frequency converter, or an isolated USB cable/converter.

8.7 Connection Tightening Torques

 Torque [N�µm (in-lb)]

Enclosure Mains Motor
DC

connection
Brake Ground Ground

A2 1.8 (16) 1.8 (16) 1.8 (16) 1.8 (16) 3 (27) 0.6 (5)

A3 1.8 (16) 1.8 (16) 1.8 (16) 1.8 (16) 3 (27) 0.6 (5)

A4 1.8 (16) 1.8 (16) 1.8 (16) 1.8 (16) 3 (27) 0.6 (5)

A5 1.8 (16) 1.8 (16) 1.8 (16) 1.8 (16) 3 (27) 0.6 (5)

B1 1.8 (16) 1.8 (16) 1.5 (13) 1.5 (13.3) 3 (27) 0.6 (5)

B2 4.5 (40) 4.5 (40) 3.7 (33) 3.7 (33) 3 (27) 0.6 (5)

B3 1.8 (16) 1.8 (16) 1.8 (16) 1.8 (16) 3 (27) 0.6 (5)

B4 4.5 (40) 4.5 (40) 4.5 (40) 4.5 (40) 3 (27) 0.6 (5)

C1 10 (89) 10 (89) 10 (89) 10 (89) 3 (27) 0.6 (5)

C2 14/24 (124/221)1) 14/24 (124/221)1) 14 (124) 14 (124) 3 (27) 0.6 (5)

C3 10 (89) 10 (89) 10 (89) 10 (89) 3 (27) 0.6 (5)

C4 14/24 (124/221)1) 14/24 (124/221)1) 14 (124) 14 (124) 3 (27) 0.6 (5)

Table 8.18 Terminal Tightening Torques

1) For di�erent cable dimensions x/y, where x�795 mm2 (3 AWG) and y�895 mm2 (3 AWG).
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8.8 Fuses and Circuit Breakers

Use recommended fuses and/or circuit breakers on the supply side as protection if there is component break-down inside
the frequency converter (�rst fault).

NOTICE
Use of fuses on the supply side is mandatory for IEC 60364 (CE) and NEC 2009 (UL) compliant installations.

Recommendations

€ gG type fuses.

€ Moeller type circuit breakers. For other circuit breaker types, ensure that the energy into the frequency converter is
equal to or lower than the energy provided by Moeller types.

Use of recommended fuses and circuit breakers ensures that possible damage to the frequency converter is limited to
damage inside the unit. For further information, see Application Note Fuses and Circuit Breakers.

The fuses in chapter 8.8.1 CE Compliance to chapter 8.8.2 UL Compliance are suitable for use on a circuit capable of delivering
100000 Arms (symmetrical), depending on the frequency converter voltage rating. With the proper fusing, the frequency
converter short circuit current rating (SCCR) is 100000 Arms.

8.8.1 CE Compliance

Enclosure Power [kW (hp)] Recommended

fuse size

Recommended

maximum fuse

Recommended circuit

breaker

Moeller

Maximum trip level

[A]

A2 0.25…2.2

(0.34…3)

gG-10 (0.25…1.5)

gG-16 (2.2)

gG-25 PKZM0-25 25

A3 3.0…3.7

(4…5)

gG-16 (3)

gG-20 (3.7)

gG-32 PKZM0-25 25

A4 0.25…2.2

(0.34…3)

gG-10 (0.25…1.5)

gG-16 (2.2)

gG-32 PKZM0-25 25

A5 0.25…3.7

(0.34…5)

gG-10 (0.25…1.5)

gG-16 (2.2…3)

gG-20 (3.7)

gG-32 PKZM0-25 25

B1 5.5…11

(7.5…15)

gG-25 (5.5)

gG-32 (7.5)

gG-80 PKZM4-63 63

B2 15 (20) gG-50 gG-100 NZMB1-A100 100

B3 5.5…11

(7.5…15)

gG-25 gG-63 PKZM4-50 50

B4 15…18

(20…24)

gG-32 (7.5)

gG-50 (11)

gG-63 (15)

gG-125 NZMB1-A100 100

C1 18.5…30

(25…40)

gG-63 (15)

gG-80 (18.5)

gG-100 (22)

gG-160 (15…18.5)

aR-160 (22)

NZMB2-A200 160

C2 37…45

(50…60)

aR-160 (30)

aR-200 (37)

aR-200 (30)

aR-250 (37)

NZMB2-A250 250

C3 22…30

(30…40)

gG-80 (18.5)

aR-125 (22)

gG-150 (18.5)

aR-160 (22)

NZMB2-A200 150

C4 37…45

(50…60)

aR-160 (30)

aR-200 (37)

aR-200 (30)

aR-250 (37)

NZMB2-A250 250

Table 8.19 200…240 V, Enclosure Sizes A, B, and C
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Enclosure Power [kW (hp)] Recommended

fuse size

Recommended

maximum fuse

Recommended circuit

breaker

Moeller

Maximum trip level

[A]

A2 1.1…4.0

(1.5…5)

gG-10 (0.37-3)

gG-16 (4)

gG-25 PKZM0-25 25

A3 5.5…7.5

(7.5…10)

gG-16 gG-32 PKZM0-25 25

A4 1.1…4.0

(1.5…5)

gG-10 (0.37-3)

gG-16 (4)

gG-32 PKZM0-25 25

A5 1.1…7.5

(1.5…10)

gG-10 (0.37-3)

gG-16 (4-7.5)

gG-32 PKZM0-25 25

B1 11…18.5

(15…25)

gG-40 gG-80 PKZM4-63 63

B2 22…30

(30…40)

gG-50 (18.5)

gG-63 (22)

gG-100 NZMB1-A100 100

B3 11…18

(15…24)

gG-40 gG-63 PKZM4-50 50

B4 22…37

(30…50)

gG-50 (18.5)

gG-63 (22)

gG-80 (30)

gG-125 NZMB1-A100 100

C1 37…55

(50…75)

gG-80 (30)

gG-100 (37)

gG-160 (45)

gG-160 NZMB2-A200 160

C2 75…90

(100…125)

aR-200 (55)

aR-250 (75)

aR-250 NZMB2-A250 250

C3 45…55

(60…75)

gG-100 (37)

gG-160 (45)

gG-150 (37)

gG-160 (45)

NZMB2-A200 150

C4 75…90

(100…125)

aR-200 (55)

aR-250 (75)

aR-250 NZMB2-A250 250

Table 8.20 380…480 V, Enclosure Sizes A, B, and C
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Enclosure Power [kW (hp)] Recommended

fuse size

Recommended

maximum fuse

Recommended circuit

breaker

Moeller

Maximum trip level

[A]

A2 1.1…4.0

(1.5…5)

gG-10 gG-25 PKZM0-25 25

A3 5.5…7.5

(7.5…10)

gG-10 (5.5)

gG-16 (7.5)

gG-32 PKZM0-25 25

A5 1.1…7.5

(1.5…10)

gG-10 (0.75-5.5)

gG-16 (7.5)

gG-32 PKZM0-25 25

B1 11…18

(15…24)

gG-25 (11)

gG-32 (15)

gG-40 (18.5)

gG-80 PKZM4-63 63

B2 22…30

(30…40)

gG-50 (22)

gG-63 (30)

gG-100 NZMB1-A100 100

B3 11…18.5

(15…25)

gG-25 (11)

gG-32 (15)

gG-63 PKZM4-50 50

B4 22…37

(30…50)

gG-40 (18.5)

gG-50 (22)

gG-63 (30)

gG-125 NZMB1-A100 100

C1 37…55

(50…75)

gG-63 (37)

gG-100 (45)

aR-160 (55)

gG-160 (37-45)

aR-250 (55)

NZMB2-A200 160

C2 75…90

(100…125)

aR-200 (75) aR-250 NZMB2-A250 250

C3 45…55

(60…75)

gG-63 (37)

gG-100 (45)

gG-150 NZMB2-A200 150

C4 75…90

(100…125)

aR-160 (55)

aR-200 (75)

aR-250 NZMB2-A250 250

Table 8.21 525…600 V, Enclosure Sizes A, B, and C

Enclosure Power [kW (hp)] Recommended fuse size Recommended

maximum fuse

Recommended circuit

breaker

Danfoss

Maximum trip

level [A]

A3

1.1 (1.5) gG-6 gG-25 CTI25M 10-16 16

1.5 (2) gG-6 gG-25 CTI25M 10-16 16

2.2 (3) gG-6 gG-25 CTI25M 10-16 16

3 (4) gG-10 gG-25 CTI25M 10-16 16

4 (5) gG-10 gG-25 CTI25M 10-16 16

5.5 (7.5) gG-16 gG-25 CTI25M 10-16 16

7.5 (10) gG-16 gG-25 CTI25M 10-16 16

B2

11 (15) gG-25 gG-63 … …

15 (20) gG-25 gG-63 … …

18 (24) gG-32 … … …

22 (30) gG-32 … … …

C2

30 (40) gG-40 … … …

37 (50) gG-63 gG-80 … …

45 (60) gG-63 gG-100 … …

55 (75) gG-80 gG-125 … …

75 (100) gG-100 gG-160 … …

C3
37 (50) gG-100 gG-125 … …

45 (60) gG-125 gG-160 … …

Table 8.22 525…690 V, Enclosure Sizes A, B, and C

Speci�cations Operating Guide

MG20MD02 Danfoss A/S © 10/2016 All rights reserved. 71

8 8

�(����������



8.8.2 UL Compliance

Recommended maximum fuse

Power

[kW

(hp)]

Maxi-

mum

prefuse

size [A]

Buss-

mann

JFHR2

Buss-

mann

RK1

Buss-

mann

J

Buss-

mann

T

Buss-

mann

CC

Buss-

mann

CC

Buss-

mann

CC

SIBA

RK1

Littelfu

se

RK1

Ferraz-

Shawmut

CC

Ferraz-

Shawmut

RK1

Ferraz-

Shawmut

J

1.1

(1.5) 15 FWX-15 KTN-R15 JKS-15 JJN-15

FNQ-

R-15

KTK-

R-15

LP-

CC-15

5017906-

016

KLN-

R15 ATM-R15 A2K-15R HSJ15

1.5 (2) 20 FWX-20 KTN-R20 JKS-20 JJN-20

FNQ-

R-20

KTK-

R-20

LP-

CC-20

5017906-

020

KLN-

R20 ATM-R20 A2K-20R HSJ20

2.2 (3) 301) FWX-30 KTN-R30 JKS-30 JJN-30

FNQ-

R-30

KTK-

R-30

LP-

CC-30

5012406-

032

KLN-

R30 ATM-R30 A2K-30R HSJ30

3.0 (4) 35 FWX-35 KTN-R35 JKS-35 JJN-35 … … … …

KLN-

R35 … A2K-35R HSJ35

3.7 (5) 50 FWX-50 KTN-R50 JKS-50 JJN-50 … … …

5014006-

050

KLN-

R50 … A2K-50R HSJ50

5.5

(7.5) 602) FWX-60 KTN-R60 JKS-60 JJN-60 … … …

5014006-

063

KLN-

R60 … A2K-60R HSJ60

7.5

(10) 80 FWX-80 KTN-R80 JKS-80 JJN-80 … … …

5014006-

080

KLN-

R80 … A2K-80R HSJ80

15

(20) 150

FWX-

150

KTN-

R150 JKS-150 JJN-150 … … …

2028220-

150

KLN-

R150 … A2K-150R HSJ150

22

(30) 200

FWX-

200

KTN-

R200 JKS-200 JJN-200 … … …

2028220-

200

KLN-

R200 … A2K-200R HSJ200

Table 8.23 1x200…240 V, Enclosure Sizes A, B, and C

1) Siba allowed up to 32 A.

2) Siba allowed up to 63 A.

Recommended maximum fuse

Power

[kW

(hp)]

Maxi-

mum

pre-

fuse

size

[A]

Buss-

mann

JFHR2

Buss-

mann

RK1

Buss-

mann

J

Buss-

mann

T

Buss-

mann

CC

Buss-

mann

CC

Buss-

mann

CC

SIBA

RK1

Littelfus

e

RK1

Ferraz-

Shawmut

CC

Ferraz-

Shawmut

RK1

Ferraz-

Shawmut

J

7.5

(10) 60 FWH-60 KTS-R60 JKS-60 JJS-60 … … …

5014006-

063 KLS-R60 … A6K-60R HSJ60

11 (15) 80 FWH-80 KTS-R80 JKS-80 JJS-80 … … …

2028220-

100 KLS-R80 … A6K-80R HSJ80

22 (30) 150

FWH-

150

KTS-

R150 JKS-150 JJS-150 … … …

2028220-

160 KLS-R150 … A6K-150R HSJ150

37 (50) 200

FWH-

200

KTS-

R200 JKS-200 JJS-200 … … …

2028220-

200 KLS-200 … A6K-200R HSJ200

Table 8.24 1x380…500 V, Enclosure Sizes B and C

€ KTS-fuses from Bussmann may substitute KTN for 240 V frequency converters.

€ FWH-fuses from Bussmann may substitute FWX for 240 V frequency converters.

€ JJS-fuses from Bussmann may substitute JJN for 240 V frequency converters.

€ KLSR fuses from Littelfuse may substitute KLNR fuses for 240 V frequency converters.

€ A6KR fuses from Ferraz-Shawmut may substitute A2KR for 240 V frequency converters.
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 Recommended maximum fuse

Power [kW

(hp)]

Bussmann

Type RK1 1)

Bussmann

Type J

Bussmann

Type T

Bussmann

Type CC

Bussmann Bussmann

Type CC

0.25…0.37

(0.34…0.5)

KTN-R-05 JKS-05 JJN-05 FNQ-R-5 KTK-R-5 LP-CC-5

0.55…1.1

(0.75…1.5)

KTN-R-10 JKS-10 JJN-10 FNQ-R-10 KTK-R-10 LP-CC-10

1.5 (2) KTN-R-15 JKS-15 JJN-15 FNQ-R-15 KTK-R-15 LP-CC-15

2.2 (3) KTN-R-20 JKS-20 JJN-20 FNQ-R-20 KTK-R-20 LP-CC-20

3.0 (4) KTN-R-25 JKS-25 JJN-25 FNQ-R-25 KTK-R-25 LP-CC-25

3.7 (5) KTN-R-30 JKS-30 JJN-30 FNQ-R-30 KTK-R-30 LP-CC-30

5.5…7.5

(7.5…10)

KTN-R-50 JKS-50 JJN-50 … … …

11 (15) KTN-R-60 JKS-60 JJN-60 … … …

15 (20) KTN-R-80 JKS-80 JJN-80 … … …

18.5…22

(25…30)

KTN-R-125 JKS-125 JJN-125 … … …

30 (40) KTN-R-150 JKS-150 JJN-150 … … …

37 (50) KTN-R-200 JKS-200 JJN-200 … … …

45 (60) KTN-R-250 JKS-250 JJN-250 … … …

Table 8.25 3x200…240 V, Enclosure Sizes A, B, and C

Recommended maximum fuse

Power [kW

(hp)]

SIBA

Type RK1

Littelfuse

Type RK1

Ferraz-

Shawmut

Type CC

Ferraz-

Shawmut

Type RK12)

Bussmann

Type JFHR23)

Littelfuse

JFHR2

Ferraz-

Shawmut

JFHR24)

Ferraz-

Shawmut

J

0.25…0.37

(0.34…0.5)

5017906-005 KLN-R-05 ATM-R-05 A2K-05-R FWX-5 … … HSJ-6

0.55…1.1

(0.75…1.5)

5017906-010 KLN-R-10 ATM-R-10 A2K-10-R FWX-10 … … HSJ-10

1.5 (2) 5017906-016 KLN-R-15 ATM-R-15 A2K-15-R FWX-15 … … HSJ-15

2.2 (3) 5017906-020 KLN-R-20 ATM-R-20 A2K-20-R FWX-20 … … HSJ-20

3.0 (4) 5017906-025 KLN-R-25 ATM-R-25 A2K-25-R FWX-25 … … HSJ-25

3.7 (5) 5012406-032 KLN-R-30 ATM-R-30 A2K-30-R FWX-30 … … HSJ-30

5.5…7.5

(7.5…10)

5014006-050 KLN-R-50 … A2K-50-R FWX-50 … … HSJ-50

11 (15) 5014006-063 KLN-R-60 … A2K-60-R FWX-60 … … HSJ-60

15 (20) 5014006-080 KLN-R-80 … A2K-80-R FWX-80 … … HSJ-80

18.5…22

(25…30)

2028220-125 KLN-R-125 … A2K-125-R FWX-125 … … HSJ-125

30 (40) 2028220-150 KLN-R-150 … A2K-150-R FWX-150 L25S-150 A25X-150 HSJ-150

37 (50) 2028220-200 KLN-R-200 … A2K-200-R FWX-200 L25S-200 A25X-200 HSJ-200

45 (60) 2028220-250 KLN-R-250 … A2K-250-R FWX-250 L25S-250 A25X-250 HSJ-250

Table 8.26 3x200…240 V, Enclosure Sizes A, B, and C

1) KTS-fuses from Bussmann may substitute KTN for 240 V frequency converters.

2) A6KR fuses from Ferraz-Shawmut may substitute A2KR for 240 V frequency converters.

3) FWH-fuses from Bussmann may substitute FWX for 240 V frequency converters.

4) A50X fuses from Ferraz-Shawmut may substitute A25X for 240 V frequency converters.
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Recommended maximum fuse

Power

[kW (hp)]

Bussmann

Type RK1

Bussmann

Type J

Bussmann

Type T

Bussmann

Type CC

Bussmann

Type CC

Bussmann

Type CC

… KTS-R-6 JKS-6 JJS-6 FNQ-R-6 KTK-R-6 LP-CC-6

1.1…2.2

(1.5…3)

KTS-R-10 JKS-10 JJS-10 FNQ-R-10 KTK-R-10 LP-CC-10

3 (4) KTS-R-15 JKS-15 JJS-15 FNQ-R-15 KTK-R-15 LP-CC-15

4 (5) KTS-R-20 JKS-20 JJS-20 FNQ-R-20 KTK-R-20 LP-CC-20

5.5 (7.5) KTS-R-25 JKS-25 JJS-25 FNQ-R-25 KTK-R-25 LP-CC-25

7.5 (10) KTS-R-30 JKS-30 JJS-30 FNQ-R-30 KTK-R-30 LP-CC-30

11 (15) KTS-R-40 JKS-40 JJS-40 … … …

15 (20) KTS-R-50 JKS-50 JJS-50 … … …

22 (30) KTS-R-60 JKS-60 JJS-60 … … …

30 (40) KTS-R-80 JKS-80 JJS-80 … … …

37 (50) KTS-R-100 JKS-100 JJS-100 … … …

45 (60) KTS-R-125 JKS-125 JJS-125 … … …

55 (75) KTS-R-150 JKS-150 JJS-150 … … …

75 (100) KTS-R-200 JKS-200 JJS-200 … … …

90 (125) KTS-R-250 JKS-250 JJS-250 … … …

Table 8.27 3x380…480 V, Enclosure Sizes A, B, and C

Recommended maximum fuse

Power

[kW (hp)]

SIBA

Type RK1

Littelfuse

Type RK1

Ferraz-

Shawmut

Type CC

Ferraz-

Shawmut

Type RK1

Bussmann

JFHR2

Ferraz-

Shawmut

J

Ferraz-

Shawmut

JFHR21)

Littelfuse

JFHR2

… 5017906-006 KLS-R-6 ATM-R-6 A6K-6-R FWH-6 HSJ-6 … …

1.1…2.2

(1.5…3)

5017906-010 KLS-R-10 ATM-R-10 A6K-10-R FWH-10 HSJ-10 … …

3 (4) 5017906-016 KLS-R-15 ATM-R-15 A6K-15-R FWH-15 HSJ-15 … …

4 (5) 5017906-020 KLS-R-20 ATM-R-20 A6K-20-R FWH-20 HSJ-20 … …

5.5 (7.5) 5017906-025 KLS-R-25 ATM-R-25 A6K-25-R FWH-25 HSJ-25 … …

7.5 (10) 5012406-032 KLS-R-30 ATM-R-30 A6K-30-R FWH-30 HSJ-30 … …

11 (15) 5014006-040 KLS-R-40 … A6K-40-R FWH-40 HSJ-40 … …

15 (20) 5014006-050 KLS-R-50 … A6K-50-R FWH-50 HSJ-50 … …

22 (30) 5014006-063 KLS-R-60 … A6K-60-R FWH-60 HSJ-60 … …

30 (40) 2028220-100 KLS-R-80 … A6K-80-R FWH-80 HSJ-80 … …

37 (50) 2028220-125 KLS-R-100 … A6K-100-R FWH-100 HSJ-100 … …

45 (60) 2028220-125 KLS-R-125 … A6K-125-R FWH-125 HSJ-125 … …

55 (75) 2028220-160 KLS-R-150 … A6K-150-R FWH-150 HSJ-150 … …

75 (100) 2028220-200 KLS-R-200 … A6K-200-R FWH-200 HSJ-200 A50-P-225 L50-S-225

90 (125) 2028220-250 KLS-R-250 … A6K-250-R FWH-250 HSJ-250 A50-P-250 L50-S-250

Table 8.28 3x380…480 V, Enclosure Sizes A, B, and C

1) Ferraz-Shawmut A50QS fuses may substitute A50P fuses.
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Recommended maximum fuse

Power

[kW

(hp)]

Bussmann

Type RK1

Bussman

n

Type J

Bussmann

Type T

Bussmann

Type CC

Bussman

n

Type CC

Bussman

n

Type CC

SIBA

Type RK1

Littelfuse

Type RK1

Ferraz-

Shawmut

Type RK1

Ferraz-

Shawmut

J

0.75…

1.1

(1…1.5)

KTS-R-5 JKS-5 JJS-6 FNQ-R-5 KTK-R-5 LP-CC-5 5017906-005 KLS-R-005 A6K-5-R HSJ-6

1.5…2.2

(2…3)

KTS-R-10 JKS-10 JJS-10 FNQ-R-10 KTK-R-10 LP-CC-10 5017906-010 KLS-R-010 A6K-10-R HSJ-10

3 (4) KTS-R15 JKS-15 JJS-15 FNQ-R-15 KTK-R-15 LP-CC-15 5017906-016 KLS-R-015 A6K-15-R HSJ-15

4 (5) KTS-R20 JKS-20 JJS-20 FNQ-R-20 KTK-R-20 LP-CC-20 5017906-020 KLS-R-020 A6K-20-R HSJ-20

5.5

(7.5)

KTS-R-25 JKS-25 JJS-25 FNQ-R-25 KTK-R-25 LP-CC-25 5017906-025 KLS-R-025 A6K-25-R HSJ-25

7.5 (10) KTS-R-30 JKS-30 JJS-30 FNQ-R-30 KTK-R-30 LP-CC-30 5017906-030 KLS-R-030 A6K-30-R HSJ-30

11…15

(15…20)

KTS-R-35 JKS-35 JJS-35 … … … 5014006-040 KLS-R-035 A6K-35-R HSJ-35

18 (24) KTS-R-45 JKS-45 JJS-45 … … … 5014006-050 KLS-R-045 A6K-45-R HSJ-45

22 (30) KTS-R-50 JKS-50 JJS-50 … … … 5014006-050 KLS-R-050 A6K-50-R HSJ-50

30 (40) KTS-R-60 JKS-60 JJS-60 … … … 5014006-063 KLS-R-060 A6K-60-R HSJ-60

37 (50) KTS-R-80 JKS-80 JJS-80 … … … 5014006-080 KLS-R-075 A6K-80-R HSJ-80

45 (60) KTS-R-100 JKS-100 JJS-100 … … … 5014006-100 KLS-R-100 A6K-100-R HSJ-100

55 (75) KTS-R-125 JKS-125 JJS-125 … … … 2028220-125 KLS-R-125 A6K-125-R HSJ-125

75

(100)

KTS-R-150 JKS-150 JJS-150 … … … 2028220-150 KLS-R-150 A6K-150-R HSJ-150

90

(125)

KTS-R-175 JKS-175 JJS-175 … … … 2028220-200 KLS-R-175 A6K-175-R HSJ-175

Table 8.29 3x525…600 V, Enclosure Sizes A, B, and C

Recommended maximum fuse

Power

[kW

(hp)]

Maximum

pre-fuse

[A]

Bussmann

E52273

RK1/JDDZ

Bussmann

E4273

J/JDDZ

Bussmann

E4273

T/JDDZ

SIBA

E180276

RK1/JDDZ

Littelfuse

E81895

RK1/JDDZ

Ferraz-

Shawmut

E163267/E2137

RK1/JDDZ

Ferraz-

Shawmut

E2137

J/HSJ

11…15

(15…20)

30 KTS-R-30 JKS-30 JJS-30 5017906-030 KLS-R-030 A6K-30-R HST-30

22 (30) 45 KTS-R-45 JKS-45 JJS-45 5014006-050 KLS-R-045 A6K-45-R HST-45

30 (40) 60 KTS-R-60 JKS-60 JJS-60 5014006-063 KLS-R-060 A6K-60-R HST-60

37 (50) 80 KTS-R-80 JKS-80 JJS-80 5014006-080 KLS-R-075 A6K-80-R HST-80

45 (60) 90 KTS-R-90 JKS-90 JJS-90 5014006-100 KLS-R-090 A6K-90-R HST-90

55 (75) 100 KTS-R-100 JKS-100 JJS-100 5014006-100 KLS-R-100 A6K-100-R HST-100

75 (100) 125 KTS-R-125 JKS-125 JJS-125 2028220-125 KLS-150 A6K-125-R HST-125

90 (125) 150 KTS-R-150 JKS-150 JJS-150 2028220-150 KLS-175 A6K-150-R HST-150

Table 8.30 3x525…690 V, Enclosure Sizes B and C
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8.9 Power Ratings, Weight, and Dimensions

Enclosure size [kW (hp)]  A2 A3 A4 A5

3x525…690 V T7 … … … …

3x525…600 V T6 …
0.75…7.5

(1…10)
… 0.75…7.5 (1…10)

3x380…480 V T4 0.37…4.0 (0.5…5)
5.5…7.5

(7.5…10)

0.37…4.0

(0.5…5)

0.37…7.5 (0.5…

10)

1x380…480 V S4 … …
1.1…4.0

(1.5…5)
…

3x200…240 V T2 0.25…3.0 (0.34…4) 3.7 (0.5)
0.25…2.2 (0.34…

3)

0.25…3.7 (0.34…

5)

1x200…240 V S2 … 1.1 (1.5) 1.1…2.2 (1.5…3) 1.1 (1.5)

IP

NEMA

20

Chassis

21

Type 1

20

Chassis

21

Type 1

55/66

Type 12/4X

55/66

Type 12/4X

Height [mm (in)]

Height of backplate A1) 268 (10.6) 375 (14.8) 268 (10.6) 375 (14.8) 390 (15.4) 420 (16.5)

Height with de-coupling plate for �eldbus

cables
A 374 (14.7) … 374 (14.7) … … …

Distance between mounting holes a 257 (10.1) 350 (13.8) 257 (10.1) 350 (13.8) 401 (15.8) 402 (15.8)

Width [mm (in)]

Width of backplate B 90 (3.5) 90 (3.5) 130 (5.1) 130 (5.1) 200 (7.9) 242 (9.5)

Width of backplate with 1 C option B 130 (5.1) 130 (5.1) 170 (6.7) 170 (6.7) … 242 (9.5)

Width of backplate with 2 C options B 90 (3.5) 90 (3.5) 130 (5.1) 130 (5.1) … 242 (9.5)

Distance between mounting holes b 70 (2.8) 70 (2.8) 110 (4.3) 110 (4.3) 171 (6.7) 215 (8.5)

Depth2) [mm (in)]

Without option A/B C 205 (8.1) 205 (8.1) 205 (8.1) 205 (8.1) 175 (6.9) 200 (7.9)

With option A/B C 220 (8.7) 220 (8.7) 220 (8.7) 220 (8.7) 175 (6.9) 200 (7.9)

Screw holes [mm (in)]

c 8.0 (0.31) 8.0 (0.31) 8.0 (0.31) 8.0 (0.31) 8.25 (0.32) 8.2 (0.32)

d ø11 (0.43) ø11 (0.43) ø11 (0.43) ø11 (0.43) ø12 (0.47) ø12 (0.47)

e ø5.5 (0.22) ø5.5 (0.22) ø5.5 (0.22) ø5.5 (0.22) ø6.5 (0.26) ø6.5 (0.26)

f 9 (0.35) 9 (0.35) 9 (0.35) 9 (0.35) 6 (0.24) 9 (0.35)

Maximum weight [kg (lb)]  4.9 (10.8) 5.3 (11.7) 6.6 (14.6) 7 (15.4) 9.7 (21.4) 14 (31)

1) See Illustration 3.4 and Illustration 3.5 for top and bottom mounting holes.

2) Depth of enclosure varies with di�erent options installed.

Table 8.31 Power Ratings, Weight, and Dimensions, Enclosure Sizes A2-A5
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Enclosure size [kW (hp)]  B1 B2 B3 B4 C1 C2 C3 C4

3x525…690 V T7 …
11…30

(15…40)
… … …

37…90

(50…125)
… …

3x525…600 V T6
11…18.5

(15…25)

22…30

(30…40)

11…18.5

(15…25)

22…37

(30…50)

37…55

(50…75)

75…90

(100…125)

45…55

(60…75)

75…90

(100…

125)

3x380…480 V T4
11…18.5

(15…25)

22…30

(30…40)

11…18.5

(15…25)

22…37

(30…50)

37…55

(50…75)

75…90

(100…125)

45…55

(60…75)

75…90

(100…

125)

1x380…480 V S4 7.5 (10) 11 (15) … … 18 (24) 37 (50) … …

3x200…240 V T2
5.5…11

(7.5…15)
15 (20)

5.5…11

(7.5…15)

15…18.5

(20…25)

18.5…30

(25…40)

37…45

(50…60)

22…30

(30…40)

37…45

(50…60)

1x200…240 V S2
1.5…3.7

(2…5)
7.5 (10) … … 15 (20) 22 (30) … …

IP

NEMA

21/55/66

Type 1/12/4X

21/55/66

Type

1/12/4X

20

Chassis

20

Chassis

21/55/66

Type

1/12/4X

21/55/66

Type

1/12/4X

20

Chassis

20

Chassis

Height [mm (in)]

Height of backplate A1) 480 (18.9) 650 (25.6) 399 (15.7) 520 (20.5) 680 (26.8) 770 (30.3)
550

(21.7)
660 (26)

Height with de-coupling plate for

�eldbus cables
A … … 419 (16.5) 595 (23.4) … …

630

(24.8)

800

(31.5)

Distance between mounting

holes
a 454 (17.9) 624 (24.6) 380 (15) 495 (19.5) 648 (25.5) 739 (29.1)

521

(20.5)

631

(24.8)

Width [mm (in)]

Width of backplate B 242 (9.5) 242 (9.5) 165 (6.5) 231 (9.1) 308 (12.1) 370 (14.6)
308

(12.1)

370

(14.6)

Width of backplate with 1 C

option
B 242 (9.5) 242 (9.5) 205 (8.1) 231 (9.1) 308 (12.1) 370 (14.6)

308

(12.1)

370

(14.6)

Width of backplate with 2 C

options
B 242 (9.5) 242 (9.5) 165 (6.5) 231 (9.1) 308 (12.1) 370 (14.6)

308

(12.1)

370

(14.6)

Distance between mounting

holes
b 210 (8.3) 210 (8.3) 140 (5.5) 200 (7.9) 272 (10.7) 334 (13.1)

270

(10.6)
330 (13)

Depth2)[mm (in)]

Without option A/B C 260 (10.2) 260 (10.2) 248 (9.8) 242 (9.5) 310 (12.2) 335 (13.2)
333

(13.1)

333

(13.1)

With option A/B C 260 (10.2) 260 (10.2) 262 (10.3) 242 (9.5) 310 (12.2) 335 (13.2)
333

(13.1)

333

(13.1)

Screw holes [mm (in)]

c 12 (0.47) 12 (0.47) 8 (0.32) … 12 (0.47) 12 (0.47) … …

d ø19 (0.75) ø19 (0.75) 12 (0.47) … ø19 (0.75) ø19 (0.75) … …

e ø9 (0.35) ø9 (0.35) 6.8 (0.27) 8.5 (0.33) ø9 (0.35) ø9 (0.35) 8.5 (0.33)
8.5

(0.33)

f 9 (0.35) 9 (0.35) 7.9 (0.31) 15 (0.59) 9.8 (0.39) 9.8 (0.39) 17 (0.67)
17

(0.67)

Maximum weight [kg (lb)]  23 (51) 27 (60) 12 (26.5) 23.5 (52) 45 (99) 65 (143) 35 (77) 50 (110)

1) See Illustration 3.4 and Illustration 3.5 for top and bottom mounting holes.

2) Depth of enclosure varies with di�erent options installed.

Table 8.32 Power Ratings, Weight, and Dimensions, Enclosure Sizes B1…B4, C1…C4
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9 Appendix

9.1 Symbols, Abbreviations, and Conventions

�rC Degrees Celsius

�rF Degrees Fahrenheit

AC Alternating current

AEO Automatic energy optimization

AWG American wire gauge

AMA Automatic motor adaptation

DC Direct current

EMC Electro-magnetic compatibility

ETR Electronic thermal relay

fM,N Nominal motor frequency

FC Frequency converter

IINV Rated inverter output current

ILIM Current limit

IM,N Nominal motor current

IVLT,MAX Maximum output current

IVLT,N Rated output current supplied by the frequency converter

IP Ingress protection

LCP Local control panel

MCT Motion control tool

ns Synchronous motor speed

PM,N Nominal motor power

PELV Protective extra low voltage

PCB Printed circuit board

PM Motor Permanent magnet motor

PWM Pulse width modulation

RPM Revolutions per minute

Regen Regenerative terminals

TLIM Torque limit

UM,N Nominal motor voltage

Table 9.1 Symbols and Abbreviations

Conventions
Numbered lists indicate procedures. Bullet lists indicate other information.

Italicized text indicates:

€ Cross-reference.

€ Link.

€ Parameter name.

€ Parameter group name.

€ Parameter option.

€ Footnote.

All dimensions in drawings are in [mm] (in).

9.2 Parameter Menu Structure

NOTICE
The availability of some parameters depends on the hardware con�guration (installed options and power rating).
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DC link....................................................................................................... 39
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Hand on............................................................................................. 26, 36
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Set-up.......................................................................................................  31
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Shock......................................................................................................... 11
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SmartStart...............................................................................................  27

Speci�cations.........................................................................................  22

Start-up....................................................................................................  27

Status display.........................................................................................  36

Status mode...........................................................................................  36

STO............................................................................................................. 22
see also Safe Torque O�

Storage..............................................................................................  11, 65
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SynRM.......................................................................................................  29
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Thermal protection................................................................................  8

Thermistor........................................................................................ 19, 40
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True power factor.................................................................................  64

U
UL compliance.......................................................................................  72
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Voltage level...........................................................................................  66

VVC+.......................................................................................................... 28
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Weight...............................................................................................  76, 77

Windmilling............................................................................................  10

Wire size............................................................................................  14, 18
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Control wiring...................................................................................  21
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schematic............................................................................................ 16
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®

SMALL COMPACT FILTER SILENCERS  
WITH STANDARD FILTER DESIGN  

"FS" Series 1/2" - 3" MPT

 APPLICATIONS

  Blowers-PD Type   Blowers-Side Channel   Compressor-Piston

  Compressor-Screw   Construction\Contractor Industry   Dental

  Engines   Hydraulic Breathers - fine filtration   Industrial & Severe Duty

  Medical   Pneumatic Conveying Systems   Sparging

  Waste Water Aeration   Workshop

 FEATURES & SPECIFICATIONS

  ;99%+ removal efficiency std: Paper=2 micron, Polyester=5 micron   Durable carbon steel construction with powder coated finish or 
galvanized steel

  Filter change out differential: 10"-15" in. H2O above initial delta P   Fully drawn weatherhood - no welds to rust or vibrate apart

  Interchangeable elements: Polyester, Paper, HEPA   Low pressure drop center bracket and outlet pipe design

  Pressure drop graphs available upon request   Temp (continuous): min -15° F ( -26° C) max 220° F (104° C)

  Tubular silencing design - tube is positioned to maximize attenuation 
and air flow while minimizing pressure drop   

Typical noise attenuation up to 15 dB's (due to the wide range of 
applications and machines these units are used on, a single graph is 
insufficient. Please inquire for your specific requirement)

 OPTIONS

  1/8" tap holes for differential pressure gauges   Available in Stainless Steel   Epoxy coated housings

  Hot dipped galvanized housings   Special connections, BSPT/Metric   Various elements available

 Line Drawing  

*All measurements are shown in standards.

Add To 
Order Model Number Element 

Type 

Outlet 
in. 

NPT 
or FLG

Connection
Style

Dim 
A 
in. 

Dim 
B 
in. 

Dim 
C 
in. 

Rated
Flow

Piston
SCFM 

Rated 
Flow 

Screw 
Blower 

Fan 
SCFM 

Element  
Parent 
Flow 

SCFM 

Tube 
Count 

Approx. 
Weight 

lbs. 
CAD

FS-15-050 Polyester 0.5 MPT 4 1.5 6 10 10 35 1 1.8

FS-15-075 Polyester 0.75 MPT 4 1.5 6 20 25 35 2 2

FS-15-100 Polyester 1 MPT 4 1.5 6 25 35 35 3 2.1

FS-19P-100 Polyester 1 MPT 6.63 1.5 6 35 55 100 3 3

FS-19P-125 Polyester 1.25 MPT 6.63 1.63 6.1 55 70 100 5 3.3

FS-19P-150 Polyester 1.5 MPT 6.63 1.5 6 70 85 100 5 3.5

Page 1 of 2View Datasheet

9/23/2008http://www.solbergmfg.biz/View_Datasheet.asp?part_number=SFS_2-2
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Solberg Mfg.  

1151 W. Ardmore Ave.·Itasca, IL 60143·(630)773-1363· Fax: (630)773-0727 

SFS_2-2  

FS-231P-200 Polyester 2 MPT 12.25 2.25 10 135 135 300 5 14

FS-31P-200 Polyester 2 MPT 7.25 2.25 10 85 135 195 5 7.8

FS-231P-250 Polyester 2.5 MPT 12.5 2.5 10 195 195 300 9 14.5

FS-31P-250 Polyester 2.5 MPT 7.5 2.5 10 100 195 195 5 8.2

FS-231P-300 Polyester 3 MPT 13 3 10 200 300 300 9 15

FS-14-050 Paper 0.5 MPT 4 1.5 6 10 10 35 1 1.8

FS-14-075 Paper 0.75 MPT 4 1.5 6 20 25 35 2 2

FS-14-100 Paper 1 MPT 4 1.5 6 25 35 35 3 2.1

FS-18P-100 Paper 1 MPT 6.63 1.5 6 35 55 100 3 3

FS-18P-125 Paper 1.25 MPT 6.63 1.63 6.1 55 70 100 5 3.3

FS-18P-150 Paper 1.5 MPT 6.63 1.5 6 70 85 100 5 3.5

FS-230P-200 Paper 2 MPT 12.25 2.25 10 135 135 300 5 14

FS-30P-200 Paper 2 MPT 7.25 2.25 10 85 135 195 5 8.2

FS-230P-250 Paper 2.5 MPT 12.5 2.5 10 195 195 300 9 14.5

FS-30P-250 Paper 2.5 MPT 7.5 2.5 10 100 195 195 5 8.2

FS-230P-300 Paper 3 MPT 13 3 10 200 300 300 9 15

Page 2 of 2View Datasheet

9/23/2008http://www.solbergmfg.biz/View_Datasheet.asp?part_number=SFS_2-2
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1 Vacuum pump/compressor 
housing 

2 Vacuum pump/compressor cover 
3 Inlet connection with muffler 
4 Discharge connection with 

muffler 
5 Base 
6 Arrow indicating delivery direction
7 Arrow indicating direction of 

rotation 
8 Drive motor 
9 Fan guard (over external fan) 
10 Terminal box 
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���� �6�D�I�H�W�\��

�������� �'�H�I�L�Q�L�W�L�R�Q�V��

To point out dangers and important information, 
the following signal words and symbols are used 
in these operating instructions: 
 

������������ �6�D�I�H�W�\���D�O�H�U�W���V�\�P�E�R�O��

The �V�D�I�H�W�\���D�O�H�U�W���V�\�P�E�R�O �� ��is located in the 
safety precautions in the highlighted heading field 
on the left next to the signal word (DANGER, 
WARNING, CAUTION). 

Safety precautions �Z�L�W�K a safety alert symbol 
indicate a danger of �L�Q�M�X�U�L�H�V. 

Be sure to follow these safety precautions to 
protect against �L�Q�M�X�U�L�H�V���R�U���G�H�D�W�K! 
Safety precautions �Z�L�W�K�R�X�W a safety alert symbol 
indicate a danger of �G�D�P�D�J�H. 

 

������������ �6�L�J�Q�D�O���Z�R�U�G�V��
 

�'�$�1�*�(�5��

�:�$�5�1�,�1�*��

�&�$�8�7�,�2�1��

�1�2�7�,�&�(��

�1�2�7�(��

The �V�L�J�Q�D�O���Z�R�U�G�V are located in 
the safety precautions in the 
highlighted heading field. 
They follow a certain hierarchy 
and indicate (in conjunction with 
the safety alert symbol, see 
Chapter 1.1.1) the �V�H�U�L�R�X�V�Q�H�V�V��
�R�I���W�K�H���G�D�Q�J�H�U and the �W�\�S�H���R�I��
�Z�D�U�Q�L�Q�J����
See the following explanations: 

 

���� �����'�$�1�*�(�5��
�'�D�Q�J�H�U���R�I���L�Q�M�X�U�L�H�V����
Indicates an imminently hazardous situation, 
that �Z�L�O�O result in �G�H�D�W�K���R�U���V�H�U�L�R�X�V���L�Q�M�X�U�\ if the 
corresponding measures are not taken. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���R�I���L�Q�M�X�U�L�H�V����
Indicates a potentially hazardous situation, that 
�F�R�X�O�G result in �G�H�D�W�K���R�U���V�H�U�L�R�X�V���L�Q�M�X�U�\ if the 
corresponding measures are not taken. 

 

�� �����&�$�8�7�,�2�1��
�'�D�Q�J�H�U���R�I���L�Q�M�X�U�L�H�V����
Indicates a potentially hazardous situation, that 
may result in �P�L�Q�R�U���R�U���P�R�G�H�U�D�W�H���L�Q�M�X�U�\ if the 
corresponding measures are not taken. 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���G�D�P�D�J�H����
Indicates a potentially hazardous situation that 
may result in �S�U�R�S�H�U�W�\���G�D�P�D�J�H if the 
corresponding measures are not taken. 

 

�1�2�7�,�&�(��
Indicates a possible �G�L�V�D�G�Y�D�Q�W�D�J�H, i.e. 
undesirable conditions or consequences can 
occur if the corresponding measures are not 
taken. 

 

�1�2�7�(��
Indicates a possible �D�G�Y�D�Q�W�D�J�H if the 
corresponding measures are taken; tip. 
 

 

�������� �*�H�Q�H�U�D�O���V�D�I�H�W�\���S�U�H�F�D�X�W�L�R�Q�V��

�� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
These operating instructions 

�x must have been read completely and 
understood before beginning any work with 
or at the pump-motor unit, 

�x must be strictly observed, 
�x must be available at the operating location of 

the pump-motor unit. 
 

�� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Only operate the pump-motor unit 

�x for the purposes indicated under "Intended 
Use"! 

�x with the fluids indicated under 'Intended Use'!
�x with the values indicated under 'Technical 

Data'! 
 

�� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
All work on and with the pump-motor unit 
(transport, installation, operation, shut-down, 
maintenance, disposal) may only be carried out 
by �W�U�D�L�Q�H�G�����U�H�O�L�D�E�O�H���H�[�S�H�U�W���S�H�U�V�R�Q�Q�H�O! 

 

�(����������
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���� �����:�$�5�1�,�1�*��
�:�K�H�Q���Z�R�U�N�L�Q�J���R�Q���W�K�H���X�Q�L�W�����W�K�H�U�H���L�V���D���G�D�Q�J�H�U��
�R�I���L�Q�M�X�U�\�����H���J�����L�Q���W�K�H���I�R�U�P���R�I���F�X�W�V���F�X�W�W�L�Q�J���R�I�I����
�F�U�X�V�K�L�Q�J���D�Q�G���E�X�U�Q�V����
During all work on and with the pump-motor unit 
(transport, installation, operation, shut-down, 
maintenance, disposal) wear �S�H�U�V�R�Q�D�O���V�D�I�H�W�\��
�H�T�X�L�S�P�H�Q�W�����V�D�I�H�W�\���K�H�O�P�H�W�����S�U�R�W�H�F�W�L�Y�H���J�O�R�Y�H�V����
�V�D�I�H�W�\���V�K�R�H�V��! 

 

�� �����:�$�5�1�,�1�*��
�+�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J���F�D�Q���E�H���S�X�O�O�H�G���L�Q�W�R���W�K�H���X�Q�L�W��
�R�U���F�D�X�J�K�W���D�Q�G���Z�R�X�Q�G���X�S���P�R�Y�L�Q�J���S�D�U�W�V����
Do not wear long, loose hair or wide, loose 
clothes! Use a hair net! 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Work on electrical installations may be carried 
out by trained and authorized electricians only! 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Before beginning work on the unit or system, the 
following measures must be carried out: 

�x Deenergize. 
�x Secure against being switched on again. 
�x Determine whether deenergized. 
�x Ground and short-circuit. 
�x Cover or block off adjacent energized parts. 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Do not open the motor terminal box until 
absence of electricity has been ensured! 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���G�X�H���W�R���Y�D�F�X�X�P���D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H����
�V�X�G�G�H�Q���H�V�F�D�S�H���R�I���I�O�X�L�G�V�����V�N�L�Q���D�Q�G���H�\�H��
�L�Q�M�X�U�L�H�V������
�V�X�G�G�H�Q���G�U�D�Z�L�Q�J���L�Q���R�I���K�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���H�V�F�D�S�L�Q�J���I�O�X�L�G�����%�X�U�Q�V����
Use mounting elements, connections, lines, 
fittings and containers with sufficient freedom 
from leaks and strength for the pressures which 
occur. 

Check the mounting elements, connections, 
lines, fittings and containers for strength, leaks 
and firm seating at regular intervals! 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���S�D�U�W�V�����H�[�W�H�U�Q�D�O���I�D�Q����
�L�P�S�H�O�O�H�U�����V�K�D�I�W������
�&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I�I���R�I���H�[�W�U�H�P�L�W�L�H�V����
�*�U�D�V�S�L�Q�J���Z�L�Q�G�L�Q�J���X�S���R�I���K�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���Y�D�F�X�X�P���D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H����
�V�X�G�G�H�Q���H�V�F�D�S�H���R�I���I�O�X�L�G�V�����V�N�L�Q���D�Q�G���H�\�H��
�L�Q�M�X�U�L�H�V�������V�X�G�G�H�Q���G�U�D�Z�L�Q�J���L�Q���R�I���K�D�L�U���D�Q�G��
�F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���H�V�F�D�S�L�Q�J���I�O�X�L�G�����%�X�U�Q�V����
Start-up and operation only under the following 
conditions: 

�x The pump-motor unit must be completely 
assembled. When doing so, pay particular 
attention to the following components: 
�± the vacuum pump/compressor cover, 
�± the muffler on inlet and discharge 

connections, 
�± the fan guard. 

�x The pipes/hoses must be connected to inlet 
and discharge connections. 

�x Inlet and discharge connections and the 
connected pipes/hoses may not be closed, 
clogged or soiled. 

�x Check the mounting elements, connections 
of the pipe/hose connections, lines, fittings 
and containers for strength, leaks and firm 
seating at regular intervals. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���S�D�U�W�V�����H�[�W�H�U�Q�D�O���I�D�Q����
�L�P�S�H�O�O�H�U�����V�K�D�I�W������
�&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I�I���R�I���H�[�W�U�H�P�L�W�L�H�V����
�*�U�D�V�S�L�Q�J���Z�L�Q�G�L�Q�J���X�S���R�I���K�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���Y�D�F�X�X�P���D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H����
�V�X�G�G�H�Q���H�V�F�D�S�H���R�I���I�O�X�L�G�V�����V�N�L�Q���D�Q�G���H�\�H��
�L�Q�M�X�U�L�H�V�������V�X�G�G�H�Q���G�U�D�Z�L�Q�J���L�Q���R�I���K�D�L�U���D�Q�G��
�F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���H�V�F�D�S�L�Q�J���I�O�X�L�G�����%�X�U�Q�V����
Before beginning work on the pump-motor unit, 
take the following measures: 

�x Shut down pump-motor unit and secure 
against being switched on again. 

�x Attach a sign on the system controller and on 
the control elements for the pump-motor unit: 
"DANGER! Maintenance work on vacuum 
pump/compressor! Do not switch on!" 

�x Wait for pump-motor unit to come to a 
complete stop. Observe run-on time! 

�x Allow pump-motor unit to cool! 
�x Shut-off lines. Release pressure. 
�x Make sure that no vacuum or gauge pressure 

is present in the lines/tanks to be opened. 
�x Make sure that no fluids can escape. 

 

�(����������
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���� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���L�P�S�H�O�O�H�U����
�&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I���R�I�I���H�[�W�U�H�P�L�W�L�H�V����
The rotating impeller is accessible with the inlet 
and discharge connections open! 

Do not reach into the unit through open 
connections! 
Do not insert objects into the unit through the 
openings! 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���L�P�S�H�O�O�H�U����
�&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I���R�I�I���H�[�W�U�H�P�L�W�L�H�V����
The rotating impeller is accessible with the inlet 
and discharge connections open! 
With free entry and exit of gases, i.e. with direct 
intake out of or direct feeding into the 
atmosphere without piping, the following 
therefore applies: 

Provide the inlet and discharge connections of 
the pump-motor unit either with additional 
mufflers or with additional piping of a sufficient 
length to prevent access to the impeller! 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���R�I���E�X�U�Q�V���I�U�R�P���K�R�W���V�X�U�I�D�F�H�V���R�I���W�K�H��
�S�X�P�S���P�R�W�R�U���X�Q�L�W���D�Q�G���I�U�R�P���K�R�W���I�O�X�L�G�V����
High temperatures of up to approx. 160°C 
[320°F] can occur on the surface of the pump-
motor unit. 

Cover the pump-motor unit with a suitable touch 
protection (e.g. perforated plate cover or wire 
cover). Do not touch during operation! 
Allow to cool after shut-down! 

 

 

�������� �5�H�V�L�G�X�D�O���U�L�V�N�V��

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���]�R�Q�H����
Hot surface up to approx. 160°C [320°F]. 

�+�D�]�D�U�G����
Possible burns. 

�3�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V����
Cover the pump-motor unit with a suitable touch 
protection (e.g. perforated plate cover or wire 
cover). 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���]�R�Q�H����
Fan guard 

�+�D�]�D�U�G����
Long, loose hair can be drawn into external fan 
through fan guard grate, even with fan guard 
mounted! 

�3�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V����
Wear hair net! 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���]�R�Q�H����
Missing or defective muffler inlet or discharge 
connection. 

�+�D�]�D�U�G����
Possible serious hearing damage due to emitted 
noise. 

�3�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V����
Have missing or defective mufflers replaced. 
Conduct a noise measurement in the system 
after installing the pump-motor unit. The 
following measures can be taken from 85 dB(A) 
and must be taken from 90 dB(A): 

�x Mark noise area with a warning sign. 
�x Wear hearing protection. 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���]�R�Q�H����
Environment of pump-motor unit. 

�+�D�]�D�U�G����
Possible serious hearing damage due to emitted 
noise. 

�3�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V����
Conduct a noise measurement in the system 
during operation after installing the pump-motor 
unit. 

The following measures can be taken from 
85 dB(A) and must be taken from 90 dB(A): 

�x Mark noise area with a warning sign. 
�x Wear hearing protection. 
�x With free entry and exit of gases, i.e. with 

direct intake out of or direct feeding into the 
atmosphere without piping, attach an 
additional muffler. 

 
 

 

 
 

 

 
 

�(����������
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���� �,�Q�W�H�Q�G�H�G���8�V�H��

�7�K�L�V���R�S�H�U�D�W�L�Q�J���P�D�Q�X�D�O��

�x is intended for side channel compressors of 
the  
G-BH1 and G-BH9 series, types 2BH1 1   
2BH1 2   2BH1 3   2BH1 4   2BH1 5   2BH1 6   
2BH1 8   2BH1 9   2BH9 23, 

�x contains instructions bearing on transport and 
handling, installation, commissioning, 
operation, shut-down, storage, servicing and 
disposal of the G-BH1,G-BH9, 

�x must be completely read and understood by 
all operating and servicing personnel before 
beginning to work with or on the G-BH1,       
G-BH9, 

�x must be strictly observed, 

�x must be available at the site of operation of 
the G-BH1, G-BH9. 

 

�$�E�R�X�W���W�K�H���R�S�H�U�D�W�L�Q�J���D�Q�G���V�H�U�Y�L�F�L�Q�J���S�H�U�V�R�Q�Q�H�O��
�R�I���W�K�H���*���%�+�������*���%�+����

�x These persons must be trained and 
authorized for the work to be carried out. 

�x Work on electrical installations may be carried 
out by trained and authorized electricians 
only. 

 

�7�K�H���*���%�+�����*���%�+����

�x are pump-motor units for generating vacuum 
or gauge pressure; 

�x are used to �H�[�W�U�D�F�W, �S�X�P�S and �F�R�P�S�U�H�V�V 
�W�K�H���I�R�O�O�R�Z�L�Q�J���J�D�V�H�V: 

– Air, 
– Non-flammable, non-aggressive, non-toxic 

and non-explosive gases or gas-air 
mixtures. 

– With differing gases/gas-air mixtures, 
inquire with the Service Department. 

�x are equipped with one of the following kind of 
drive motors: 
– 3-phase AC drive motor 

with a standard or explosion-protected 
design 

– Single-phase AC drive motor 

These operating instructions apply �R�Q�O�\���W�R��
pump-motor units with a �V�W�D�Q�G�D�U�G���G�H�V�L�J�Q. 
For an explosion-protected design (EEx e II), 
see the separate operating instructions. 

 

 
 

 

 

�x are intended for industrial applications, 

�x are designed for continuous operation. 
With increased switch-on frequency (6x per 
hour with equal pauses and operating times) 
or with increased gas inflow and ambient 
temperature, the excess temperature limit of 
the coil and the bearing can be exceeded. 
Consult the manufacturer when using under 
such conditions. 

When operating the G-BH1, G-BH9 the limits 
listed in Chapter 3, "Technical Data", Pg. 7 ff. 
must always be complied with. 

 

�)�R�U�H�V�H�H�D�E�O�H���0�L�V�X�V�H��
 

It is prohibited 

�x to use the G-BH1, G-BH9 in applications other 
than industrial applications unless the 
necessary protection is provided on the 
system, e.g. guards suitable for children's 
fingers; 

�x to use the device in rooms in which explosive 
gases can occur if the G-BH1, G-BH9 is not 
expressly intended for this purpose; 

�x to extract, to deliver and to compress 
explosive, flammable, corrosive or toxic fluids, 
unless the G-BH1, G-BH9 is specifically 
designed for this purpose; 

�x to operate the G-BH1 with values other than 
those specified in Chapter 3, "Technical 
Data", Pg. 7 ff. 

 
Any unauthorized modifications of the G-BH1, 
 G-BH9 are prohibited for safety reasons. 

The operator is only permitted to perform the 
maintenance and service work described in these 
operating instructions.  

Maintenance and servicing work which goes 
beyond this may only be carried out by 
companies which have been authorised by the 
manufacturer (ask the service department for 
details). 

 
 

 

 

�(����������
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���� �7�H�F�K�Q�L�F�D�O���'�D�W�D��

�������� �0�H�F�K�D�Q�L�F�D�O���G�D�W�D��

�:�H�L�J�K�W��

�6�L�Q�J�O�H���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�� �:�H�L�J�K�W��

�7�\�S�H�� �>�N�J�@��
�D�S�S�U�R�[����

�>�O�E�V�@��
�D�S�S�U�R�[����

2BH1100-7..0. 9 20 

2BH1200-7..0. 9 20 

2BH1300-7..0. 9 20 

2BH1300-7..1. 10 22 

2BH1300-7..2. 11 24 

2BH1330-7..0. 10 22 

2BH1330-7..1. 11 24 

2BH1330-7..2. 12 26 

2BH1400-7..0. 13 29 

2BH1400-7..1. 16 35 

2BH1400-7..2. 17 37 

2BH1430-7..0. 14 31 

2BH1430-7..1. 17 37 

2BH1430-7..2. 18 40 

2BH1500-7..0. 20 44 

2BH1500-7..1. 22 49 

2BH1500-7..2. 23 51 

2BH1500-7..3. 25 55 

2BH1530-7..0. 21 46 

2BH1530-7..1. 23 51 

2BH1530-7..2. 24 53 

2BH1530-7..3. 26 57 

2BH1600-7..0. 27 60 

2BH1600-7..1. 30 66 

2BH1600-7..2. 36 79 

2BH1600-7..3. 40 88 

2BH1600-7..6. 32 71 

2BH1600-7..7. 39 86 

2BH1630-7..0. 29 64 

2BH1630-7..1. 32 71 

2BH1630-7..2. 37 82 

2BH1630-7..3. 43 95 

2BH1630-7..6. 34 75 

2BH1630-7..7. 40 88 

�6�L�Q�J�O�H���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�� �:�H�L�J�K�W��

�7�\�S�H�� �>�N�J�@��
�D�S�S�U�R�[����

�>�O�E�V�@��
�D�S�S�U�R�[����

2BH180.-7..0. 117 258 

2BH180.-7..1. 126 278 

2BH180.-7..2. 132 291 

2BH183.-7..0. 120 265 

2BH183.-7..1. 129 284 

2BH183.-7..2. 135 298 

2BH190.-7..0. 179 395 

2BH190.-7..1. 198 437 

2BH190.-7..3. 210 463 

2BH193.-7..0. 179 395 

2BH193.-7..1. 198 437 

2BH193.-7..3. 209 463 

2BH923..-…P 167 368 

2BH923..-…Q 145 320 

2BH923..-…H 151 333 
 

�7�Z�R���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�� �:�H�L�J�K�W��

�7�\�S�H�� �>�N�J�@��
�D�S�S�U�R�[����

�>�O�E�V�@��
�D�S�S�U�R�[����

2BH1310-7..2. 15 33 

2BH1410-7..3. 25 55 

2BH1410-7..4. 27 60 

2BH1510-7..4. 40 88 

2BH1510-7..5. 44 97 

2BH1610-7..1. 43 95 

2BH1610-7..2. 48 106 

2BH1610-7..3. 54 119 

2BH1610-7..4. 66 146 

2BH1610-7..5. 73 161 

2BH1610-7..7. 50 110 

2BH1610-7..8. 62 137 

2BH1640-7..3. 54 119 

2BH1640-7..4. 69 152 

2BH1640-7..5. 75 165 

2BH1640-7..8. 62 137 

2BH181.-7..1. 171 377 

2BH181.-7..2. 177 390 

�(����������
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�7�Z�R���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�� �:�H�L�J�K�W��

�7�\�S�H�� �>�N�J�@��
�D�S�S�U�R�[����

�>�O�E�V�@��
�D�S�S�U�R�[����

2BH181.-7..3. 203 448 

2BH181.-7..4. 215 474 

2BH184.-7..2. 177 390 

2BH184.-7..3. 203 448 

2BH191.-7..1. 274 604 

2BH191.-7..2. 288 635 

2BH191.-7..3. 299 659 

2BH191.-7..4. 309 681 

2BH1940-7B.2. 275 606 

2BH1940-7B.3. 314 692 

2BH1940-7B.4. 324 714 

2BH1943-7..2. 330 728 

2BH1943-7..3. 339 747 

2BH1943-7..4. 349 769 

 

 

�0�L�Q�L�P�X�P���G�L�V�W�D�Q�F�H�V��

Minimum distance to fan guard (for sucking in 
cooling air): 

�7�\�S�H�� �>�P�P�@�� �>�L�Q�F�K�H�V�@��

2BH1 1.. - 2BH1 4 34 1.34 

2BH1 5.. - 2BH1 9 53 2.09 

2BH923… 52 2.05 

 

Minimum distance to face of vacuum 
pump/compressor cover: 

�7�\�S�H�� �>�P�P�@�� �>�L�Q�F�K�H�V�@��

2BH1 1.. - 2BH1 5 20 0.79 

2BH1 6.. 30 1.18 

2BH1 8.. - 2BH1 9 40 1.57 

2BH923.. 52 2.05 

 
 

 

 
 

 
 

 

 
 

�1�R�L�V�H���O�H�Y�H�O��

Measuring-surface sound-pressure level as per 
EN ISO 3744, measured at a distance of 1 m 
[3.28 ft] at an operating point of approximately 
2/3 of the permissible total pressure difference 
with the lines connected without a vacuum or 
pressure relief valve, tolerance �r3 dB (A). 

�6�L�Q�J�O�H���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�7�\�S�H�� �����P���P�H�D�V�X�U�L�Q�J���V�X�U�I�D�F�H��
�V�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O��

�/���>�G�%�����$���@��

 �������+�]��
�D�S�S�U�R�[����

�������+�]��
�D�S�S�U�R�[����

2BH1100-7..0. 52 55 

2BH1200-7..0. 57 61 

2BH1300-7..0. 53 56 

2BH1300-7..1. 53 56 

2BH1300-7..2. 53 56 

2BH1330-7..0. 53 56 

2BH1330-7..1. 53 56 

2BH1330-7..2. 53 56 

2BH1400-7..0. 63 64 

2BH1400-7..1. 63 64 

2BH1400-7..2. 63 64 

2BH1430-7..0. 63 64 

2BH1430-7..1. 63 64 

2BH1430-7..2. 63 64 

2BH1500-7..0. 64 70 

2BH1500-7..1. 64 70 

2BH1500-7..2. 64 70 

2BH1500-7..3. 64 70 

2BH1530-7..0. 64 70 

2BH1530-7..1. 64 70 

2BH1530-7..2. 64 70 

2BH1530-7..3. 64 70 

2BH1600-7..0. 69 72 

2BH1600-7..1. 69 72 

2BH1600-7..2. 69 72 

2BH1600-7..3. 69 72 

2BH1600-7..6. 69 72 

2BH1600-7..7. 69 72 

2BH1630-7..0. 69 72 

�(����������
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�6�L�Q�J�O�H���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�7�\�S�H�� �����P���P�H�D�V�X�U�L�Q�J���V�X�U�I�D�F�H��
�V�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O��

�/���>�G�%�����$���@��

 �������+�]��
�D�S�S�U�R�[����

�������+�]��
�D�S�S�U�R�[����

2BH1630-7..1. 69 72 

2BH1630-7..2. 69 72 

2BH1630-7..3. 69 72 

2BH1630-7..6. 69 72 

2BH1630-7..7. 69 72 

2BH180.-7..0. 70 74 

2BH180.-7..1. 70 74 

2BH180.-7..2. 70 74 

2BH183.-7..0. 70 74 

2BH183.-7..1. 70 74 

2BH183.-7..2. 70 74 

2BH190.-7..0. 74 79 

2BH190.-7..1. 74 79 

2BH190.-7..3. 74 79 

2BH193.-7..0. 75 80 

2BH193.-7..1. 75 80 

2BH193.-7..3. 75 80 

2BH923.. 79 81 
 

�7�Z�R���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�7�\�S�H�� �����P���P�H�D�V�X�U�L�Q�J���V�X�U�I�D�F�H��
�V�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O��

�/���>�G�%�����$���@��

�� �������+�]��
�D�S�S�U�R�[����

�������+�]��
�D�S�S�U�R�[����

2BH1310-7..2. 55 61 

2BH1410-7..3. 66 69 

2BH1410-7..4. 66 69 

2BH1510-7..4. 72 74 

2BH1510-7..5. 72 74 

2BH1610-7..1. 73 76 

2BH1610-7..2. 73 76 

2BH1610-7..3. 73 76 

2BH1610-7..4. 73 76 

2BH1610-7..5. 73 76 

2BH1610-7..7. 73 76 

2BH1610-7..8. 73 76 

2BH1640-7..3. 74 78 

2BH1640-7..4. 74 78 

2BH1640-7..5. 74 78 

2BH1640-7..8. 74 --- 

2BH181.-7..1. 74 --- 

2BH181.-7..2. 74 78 

2BH181.-7..3. 74 78 

2BH181.-7..4. 74 78 

2BH184.-7..2. 74 78 

2BH184.-7..3. 74 78 

2BH191.-7..1. 74 84 

2BH191.-7..2. 74 84 

2BH191.-7..3. 74 84 

2BH1940-7B.2. 75 84 

2BH1940-7B.3. 75 84 

2BH1940-7B.4. 75 84 

2BH1943-7..2. 75 84 

2BH1943-7..3. 75 84 

2BH1943-7..4. 75 84 
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�6�R�X�Q�G���S�R�Z�H�U���O�H�Y�H�O��

Sound power level LW as per EN ISO 3744, 
tolerance �r3 dB (A). 

�7�Z�R���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�� �6�R�X�Q�G���S�R�Z�H�U���O�H�Y�H�O���/�: ��
�>�G�%�����$���@��

�7�\�S�H�� �������+�]�� �������+�]��

2BH191. - 98 

2BH1940 - 98 

2BH1943 - 99 

2BH923.. - 93 

 

 

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H�V���I�R�U���V�F�U�H�Z���F�R�Q�Q�H�F�W�L�R�Q�V��

The following values apply if no other information 
is available.  

With non-electrical connections, property classes 
of 8.8 and 8 or higher as per ISO 898-1 are 
assumed. 

��

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H�V���I�R�U����
�Q�R�Q���H�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V��

�7�K�U�H�D�G�� �>�1�P�@�� �>�I�W���O�E�V�@��

M4 2.7 - 3.3 1.99 - 4.44 

M5 3.6 - 4.4 2.65 - 3.25 

M6 7.2 - 8.8 5.31 -  6.5 

M8 21.6 - 26.4 15.9 - 19.5 

M10 37.8 - 46.2 27.9 - 34.1 

M12 63.0 - 77.0 46.5 - 56.8 

 

The following information for electrical connection 
applies to all terminal board connections with the 
exception of terminal strips. 

��

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H�V���I�R�U����
�H�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V��

�7�K�U�H�D�G�� �>�1�P�@�� �>�I�W���O�E�V�@��

M4 0.8 - 1.2 0.59 - 0.89 

M5 1.8 - 2.5 1.33 - 1.84 

 

Especially for metal and plastic threaded cable 
glands and pipe unions, the following values 
apply: 

��

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H�V���I�R�U���P�H�W�D�O��
�W�K�U�H�D�G�H�G���J�O�D�Q�G�V���X�Q�L�R�Q�V��

�7�K�U�H�D�G�� �>�1�P�@�� �>�I�W���O�E�V�@��

M12x1,5 4 - 6 2.95 - 4.43 

M16x1,5 5 - 7.5 3.69 - 5.53 

M25x1,5 6 - 9 4.43 - 6.64 

M32x1,5 

M40x1,5 
8 - 12 5.9 - 8.85 

 

��

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H�V���I�R�U���S�O�D�V�W�L�F��
�W�K�U�H�D�G�H�G���J�O�D�Q�G�V���X�Q�L�R�Q�V��

�7�K�U�H�D�G�� �>�1�P�@�� �>�I�W���O�E�V�@��

M12x1,5 2 - 3.5 1.48 - 2.58 

M16x1,5 3 - 4 2.21 - 2.95 

M25x1,5 4 - 5 2.95 - 3.69 

M32x1,5 

M40x1,5 
5 - 7 3.69 - 5.16 
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�������� �(�O�H�F�W�U�L�F�D�O���G�D�W�D��

See rating plate. 

 

�������� �2�S�H�U�D�W�L�Q�J���F�R�Q�G�L�W�L�R�Q�V��

�7�H�P�S�H�U�D�W�X�U�H�V��
 

max. permissible temperature: 

+40°C [+104°F] 
 

Nominal value: 

+15°C  [+59°F] 

Temperature of 
pumped gases: 

Pump-motor units for higher fluid 
temperatures on request. 

 

max. permissible temperature: 

+40°C [+104°F] 
 

min. permissible temperature: 

-15°C [+5°F] 
 

Nominal value: 

+25°C [+77°F] 

Ambient 

temperature: 

Ambient temperatures between 
25°C [+77°F] and 40°C [+104°F] 
affect the permissible total 
pressure difference.  

At higher temperatures the winding 
may be damaged and the grease 
change interval may be shortened.

 

�3�U�H�V�V�X�U�H�V��

Min. suction pressure: See rating plate 

Max. discharge pressure 
in compressor mode: 

See rating plate 

* The total pressure difference, shown on the 
rating plate, applies only for the following 
conditions: 

�x Ambient temperature: 25°C  
�x Pressure for vacuum operation: 

1013 mbar at pressure connection; 
�x Pressure for compressor operation: 

1013 mbar at suction connection; 
�x Intake temperature (temperature of conveyed 

gases at suction connection): 15°C  
For ambient temperatures between 25°C and 
40°C, the total pressure difference specified 
on the rating plate must be reduced (at 40°C 
by 10%). 

Consultation with the manufacturer is essential 
for such operational conditions. 

 

 

 

�,�Q�V�W�D�O�O�D�W�L�R�Q���D�O�W�L�W�X�G�H��

Max. of 1,000 m [3,280 ft] above sea level.  

When installing the pump-motor unit at an altitude of 
more than 1,000 m [3,280 ft] above sea level, first 
inquire with the Service department. 
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���� �7�U�D�Q�V�S�R�U�W���D�Q�G���+�D�Q�G�O�L�Q�J��

���� �����:�$�5�1�,�1�*��
�7�L�S�S�L�Q�J���R�U���I�D�O�O�L�Q�J���F�D�Q���O�H�D�G���W�R���F�U�X�V�K�L�Q�J�����E�U�R�N�H�Q��
�E�R�Q�H�V���H�W�F�������6�K�D�U�S���H�G�J�H�V���F�D�Q���F�D�X�V�H���F�X�W�V����
Wear personal safety equipment (gloves, safety 
shoes and protective helmet) during transport! 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���I�U�R�P���W�L�S�S�L�Q�J���R�U���I�D�O�O�L�Q�J���O�R�D�G�V����
Prior to transport and handling make sure that 
all components are securely assembled and 
secure or remove all components the fasteners 
of which have been loosened! 

 

�0�D�Q�X�D�O���K�D�Q�G�O�L�Q�J����

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���I�U�R�P���O�L�I�W�L�Q�J���K�H�D�Y�\���O�R�D�G�V����
Manual handling of the unit is only permitted 
within the following limits: 

�x max. 30 kg [max. 66 lbs] for men 
�x max. 10 kg [max. 22 lbs] for women 
�x max. 5 kg [max. 11 lbs] for pregnant women 
For the weight of the pump-motor unit, see 
Chapter 3.1, "Mechanical data", 
Section "Weight", Pg. 7. For weights above the 
given values use suitable lifting appliances and 
handling equipment! 

 

�+�D�Q�G�O�L�Q�J���E�\���P�H�D�Q�V���R�I���O�L�I�W�L�Q�J���H�T�X�L�S�P�H�Q�W����

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���I�U�R�P���W�L�S�S�L�Q�J���R�U���I�D�O�O�L�Q�J���O�R�D�G�V����
When transporting with lifting equipment, 
observe the following basic rules: 

�x Before each transport, check the tight fit of 
the eye bolt/lifting attachment, see 
"Tightening torques for screw connections", 
p. 10. 

�x The lifting capacity of lifting equipment and 
lifting gear must be at least equal to the unit's 
weight. For the weight of the pump-motor 
unit, see Chapter 3.1, "Mechanical data", 
Section "Weight", Pg. 7. 

�x The pump-motor unit must be secured so 
that it cannot tip or fall. 

�x Do not stand or walk under suspended loads!

 
 

 

 
 

The transport must be carried out in different 
ways depending on the type: 

�x 2BH11., 2BH12., 2BH13., 2BH14., 2BH15. 
(single-impeller): Manual handling 

�x 2BH15. (two-impeller), 2BH16., 2BH18., 
2BH19., 2BH923… 
Transport with crane, hooked onto eye 
bolt/lifting attachment (1 attachment point) 

�x 2BH1943: 
Transport with crane, hooked with lifting belts 
onto eye bolt and onto the holes in the two 
feet of the vacuum pump/compressor housing 
(3 attachment points). 

 

For �W�U�D�Q�V�S�R�U�W���Z�L�W�K���D���F�U�D�Q�H, the pump-motor unit 
can be hooked into the crane hook as follows: 

�x directly on the eye bolt/lifting attachment 
(With 2BH194 the eye bolt and the two foot 
holes should be used) 

 

or possibly 

�x with lifting belts. 

�(�\�H���E�R�O�W���O�L�I�W�L�Q�J���D�W�W�D�F�K�P�H�Q�W����

Types with a weight of up to 30 kg [66 lbs] are 
�Q�R�W equipped with an eye bolt/lifting attachment 
(2BH11., 2BH12., 2BH13., 2BH14., 2BH15 
[single-impeller]). 

Types with a weight of more than 30 kg [66 lbs] 
are equipped with an eye bolt/lifting attachment 
as �V�W�D�Q�G�D�U�G (2BH15. [two-impeller], 2BH16., 
2BH18., 2BH19., 2BH9…). 
The eye bolt/lifting attachment is mounted on the 
vacuum pump/compressor housing. 

In case of possible removal and remounting of 
the eye bolt, it must be ensured that the eye level 
is positioned exactly in the axis direction of the 
pump-motor unit. Lay shims under the eye bolt if 
necessary. 

The eye bolt/lifting attachment must be firmly 
tightened. 
Loads laterally to the ring level are not 
permissible. Heavy impact loads during transport 
must be avoided. 
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���� �,�Q�V�W�D�O�O�D�W�L�R�Q��

���� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Have you read the safety precautions in Chapter 
1, "Safety", Pg. 3 f.?  

Otherwise you many not carry out any work with 
or on the pump-motor unit! 

 

�� �����'�$�1�*�(�5��
�'�D�Q�J�H�U���I�U�R�P���P�L�V�V�L�Q�J���Y�L�H�Z���L�Q�W�R���D�U�H�D���R�I���S�X�P�S��
�P�R�W�R�U���X�Q�L�W����
When operating the control elements without a 
view into the area of the pump-motor unit, there 
is a danger that the pump-motor unit will be 
switched on while other persons are still 
performing work on it. Extreme injuries are 
possible! 

Provide control elements at a location with a 
view of the pump-motor unit. 

 

�� �����'�$�1�*�(�5��

�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
The pump-motor unit must be installed so that 
the electrical device cannot be damaged by 
external influences! 
In particular, the feed pipes must be securely 
routed, e.g. in cable ducts, in the floor etc. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���E�D�O�D�Q�F�H���G�D�P�D�J�H���F�D�X�V�H�G���E�\��
�Y�L�E�U�D�W�L�R�Q����
Vibrating environments can cause balance 
damage! 
Install the pump-motor unit on a solid foundation 
or on a solid mounting surface. 

Check screw glands/unions for mounting the 
pump-motor unit on the mounting surface 
regularly for strength and firm seating. 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���I�U�R�P���F�U�X�V�K�L�Q�J���G�X�H���W�R���S�X�P�S���P�R�W�R�U��
�X�Q�L�W���W�L�S�S�L�Q�J���R�Y�H�U����
Wear personal safety equipment (protective 
gloves and safety shoes). Handle the unit with 
the appropriate care. Install the pump-motor unit 
on a solid foundation or on a solid mounting 
surface! Check screw glands/unions for 
mounting the pump-motor unit on the mounting 
surface regularly for strength. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���R�I���I�L�U�H���I�U�R�P���I�O�D�P�P�D�E�O�H���V�X�E�V�W�D�Q�F�H�V����
The pump-motor unit must never come into 
contact with flammable substances. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���R�I���E�X�U�Q�V���I�U�R�P���K�R�W���V�X�U�I�D�F�H�V���R�I���W�K�H��
�S�X�P�S���P�R�W�R�U���X�Q�L�W���D�Q�G���I�U�R�P���K�R�W���I�O�X�L�G�V����
High temperatures of up to approx. 160°C 
[320°F]  can occur on the surface of the pump-
motor unit. 

The pump-motor unit must be installed so that 
accidental touch of its surface is not possible. 
Cover the pump-motor unit with a suitable touch 
protection (e.g. perforated plate cover or wire 
cover). 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���R�I���L�Q�M�X�U�L�H�V���I�U�R�P���I�O�\�L�Q�J���S�D�U�W�V����
Select installation so that parts that are thrown 
out through the grate if the external fan breaks 
cannot hit persons! 

 

�� �����&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���W�U�L�S�S�L�Q�J���D�Q�G���I�D�O�O�L�Q�J����
Make sure the unit does not present a danger of 
tripping. Lay cables and pipes so that they 
cannot be reached during operation(recessed in 
floor, in ducts on the wall etc.). 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���R�Y�H�U�K�H�D�W�L�Q�J���G�X�H���W�R���K�R�W���V�X�U�I�D�F�H���R�I��
�S�X�P�S���P�R�W�R�U���X�Q�L�W����
High temperatures can occur on the surface of 
the pump-motor unit. 

Temperature sensitive parts, such as lines or 
electronic components, may not come into 
contact with the surface of the pump-motor unit. 

 
The pump-motor unit is ready to connect on 
delivery. However, if the time from delivery to 
commissioning of the pump-motor unit exceeds a 
certain period, the lubrication of the rolling 
bearings must be renewed. 
See Chapter 8.2, "Storage conditions", 
Section "Lubrication of rolling bearings after 
longer storage", Pg. 24 for information on this 
topic. 
 

 

 
 

 
 

�(����������
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Carry out the following work to install the pump-
motor unit: 

�x Installation and securing, 

�x Attachment of the included loose muffler if 
necessary, 

�x Attachment of threaded flange or hose flange 
(available as accessories) 
for the connection of inlet or discharge pipe to 
the muffler, 

�x Electrical connection, 

�x Connection of inlet and discharge connection 
to the system. 

 
 

�������� �,�Q�V�W�D�O�O�D�W�L�R�Q��

���� �����:�$�5�1�,�1�*��
For an installation that differs from the following 
specifications, it is necessary to inquire with the 
Service Department! 

 

�$�P�E�L�H�Q�W���F�R�Q�G�L�W�L�R�Q�V����

The pump-motor unit is suitable for installation in 
the following environments: 

�x In a dusty or damp environment, 

�x in buildings, 

�x in the open. 
When properly installed in the open, the 
pump-motor unit must be protected from 
exposure to intensive sunlight, e.g. by 
attaching a protective roof. Otherwise, no 
special protective devices against the effects 
of weathering are required. 

 

The drive motors of the pump-motor units have 
the following design: 

�x with degree of protection IP55 (see rating 
plate), 

�x with tropicalized insulation. 

 

�,�Q�V�W�D�O�O�D�W�L�R�Q���F�R�Q�G�L�W�L�R�Q�V����

The pump-motor unit must be installed as 
follows: 

�x on level surfaces, 

�x at a maximum height of 1000 m [3280 ft] 
above sea level. 
When installing at an altitude of more than 
1,000 m [3,280 ft] above sea level, first inquire 
with the Service Department. 

 

 

 

�0�L�Q�L�P�X�P���G�L�V�W�D�Q�F�H�V����

To ensure sufficient cooling of the pump-motor 
unit, it is absolutely necessary that the required 
minimum distances to the �I�D�Q���J�X�D�U�G and to the 
�I�D�F�H���R�I���W�K�H���Y�D�F�X�X�P���S�X�P�S���F�R�P�S�U�H�V�V�R�U���F�R�Y�H�U 
be maintained. see Chapter 3.1, "Mechanical 
data", Section "Minimum distances", Pg. 8. 
 

The minimum distances to the face of the 
vacuum pump/compressor cover are especially 
important when installing on the vacuum 
pump/compressor cover or near a wall. 
 

�&�$�8�7�,�2�1��
To ensure sufficient cooling of the pump-motor 
unit, also observe the following: 

�x Ventilation screens and openings must 
remain clear. 

�x Discharge air of other units may not be 
directly sucked in again! 

 

�1�R�L�V�H���U�D�G�L�D�W�L�R�Q����

To reduce the noise radiation, the following must 
be observed: 

�x Do not mount pump-motor unit on noise-
conducting or noise-radiating parts (e.g. thin 
walls or sheet-metal plates).  

�x Provide pump-motor unit with sound-
insulating intermediate layers (e.g. rubber 
buffers under the base of the pump-motor 
unit) if necessary. 

�x Install the pump-motor unit on a stable 
foundation or on a rigid mounting surface. 
This provides for smooth, low-vibration 
running of the pump-motor unit. 

Components for reducing noise on the pump-
motor unit: 

�x �0�X�I�I�O�H�U�V (included as standard equipment): 
On delivery the pump-motor units are 
equipped with attached mufflers as standard. 
The noise radiation is considerably reduced 
by the mufflers. See Fig. 2 to Fig. 9, Pg. 18 ff. 

�x �$�G�G�L�W�L�R�Q�D�O���V�L�O�H�Q�F�H�U (available as an 
accessory for the 2BH1): 
The additional mufflers enable a further noise 
reduction. They may only be used with free 
entry and exit of gases, i.e. with direct intake 
out of or direct feeding into the atmosphere 
�Z�L�W�K�R�X�W���S�L�S�L�Q�J. 

 

 
 

 

 

�(����������
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�x �6�R�X�Q�G���S�U�R�W�H�F�W�L�R�Q���K�R�R�G (available as an 
accessory for the 2BH1): 
Noise protection hoods are suitable for 
installation in rooms and in the open. They 
reduce both the total sound pressure level 
and tonal components that are perceived as 
particularly annoying. 

 

�,�Q�V�W�D�O�O�D�W�L�R�Q���Y�D�U�L�D�Q�W�V���D�[�L�V���S�R�V�L�W�L�R�Q����

Basically, when installing the pump-motor unit, 
the following variants are possible with a different 
axis position (horizontal or vertical): 

�x Horizontal installation 

�x Vertical installation on the vacuum 
pump/compressor cover ("cover installation") 

�x Vertical mounting on the wall 

Basically, all variants are possible with all type. 

 

�(�[�F�H�S�W�L�R�Q�V  

�x For the 2BH1943, vertical axis mounting on 
the compressor cover ("cover position") is 
necessary. 

�x For the 2BH923, only horizontal axis mounting 
and vertical axis mounting on the compressor 
cover are possible. 

�x For units with condensate water opening, 
horizontal axis mounting with a foot below is 
necessary. 

 

�+�R�U�L�]�R�Q�W�D�O���D�[�L�V���P�R�X�Q�W�L�Q�J��

The foot of the unit has fastening holes. 

�x Screw the foot of the unit to the base using 
suitable screws. 
�$�O�O��fastening holes must have screws! 

 

�9�H�U�W�L�F�D�O���D�[�L�V���P�R�X�Q�W�L�Q�J���R�Q���W�K�H���F�R�P�S�U�H�V�V�R�U��
�F�R�Y�H�U�������F�R�Y�H�U���S�R�V�L�W�L�R�Q������

For vertical axis mounting on the compressor 
cover, use spring elements.  
Spring elements are available as accessories 
and come in a set of 3. The upper part has a 
threaded stud and the lower part a threaded hole. 

�x fFastening spring elements to the unit: 
Screw threaded studs of the spring elements 
into the holes on the front side of the 
compressor cover and tighten. 

�x Fastening the unit with spring elements to the 
foundation: 
Select suitable fastening elements for the 
threaded hole. 
Screw spring elements over the threaded hole 
into the base or foundation. 

 

�9�H�U�W�L�F�D�O���D�[�L�V���P�R�X�Q�W�L�Q�J���R�Q���W�K�H���Z�D�O�O���Z�L�W�K���W�K�H��
�F�R�P�S�U�H�V�V�R�U���F�R�Y�H�U���S�R�L�Q�W�L�Q�J���G�R�Z�Q�Z�D�U�G��

For vertical axis mounting of the unit on the wall, 
the unit is fastened using the holes in the foot. 
The foot of the unit has fastening holes. 

�x Place the unit with the foot to the wall on a 
base plate with sufficient load-bearing 
capability in the mounting position. 

�x Screw the foot of the unit to the wall using 
suitable screws. 
�$�O�O��fastening holes must have screws! 

�x Remove the base plate. 
 

�(�\�H���E�R�O�W���O�L�I�W�L�Q�J���D�W�W�D�F�K�P�H�Q�W����

After set-up, the eye bolt/lifting attachment can 
be removed. 

 
 

�������� �(�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�����P�R�W�R�U����

���� �����'�$�1�*�(�5��

�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Malpractice can result in severe injuries and 
material damage! 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
The electrical connection may be carried out by 
trained and authorized electricians only! 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Before beginning work on the unit or system, the 
following measures must be carried out: 

�x Deenergize. 
�x Secure against being switched on again. 
�x Determine whether deenergized. 
�x Ground and short-circuit. 
�x Cover or block off adjacent energized parts. 

 

�&�$�8�7�,�2�1��
Incorrect connection of the motor can lead to 
serious damage to the unit! 

 

�5�H�J�X�O�D�W�L�R�Q�V����

The electrical connection must be carried out as 
follows: 

�x according to the applicable national and local 
laws and regulations, 

�x according to the applicable system-dependent 
prescriptions and requirements, 

�x according to the applicable regulations of the 
utility company. 

�(����������
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�(�O�H�F�W�U�L�F�D�O���S�R�Z�H�U���V�X�S�S�O�\����

Observe the �U�D�W�L�Q�J���S�O�D�W�H. 
It is imperative that the operating conditions 
correspond to the data given on the rating plate! 
Deviations permissible without reduction in 
performance: 

�x ±5 % voltage deviation 

�x ±2 % frequency deviation 
 

�&�R�Q�Q�H�F�W�L�R�Q���W�R���G�U�L�Y�H���P�R�W�R�U���W�H�U�P�L�Q�D�O���E�R�[����

Open the required cable entry openings on the 
terminal box. Here the following two cases are 
differentiated: 

�x The cable entry opening is prefabricated and 
provided with a sealing plug. 

�x Screw out sealing plug. 

OR 

�x The cable entry opening is closed off with a 
casting skin (only on pump-motor units with 
drive-motor axis heights of 100 to 160 in 
standard design). 

�x Break out casting skin using a suitable tool. 
For example, use a metal pin with a 
corresponding diameter or a chisel and 
hammer. 

�&�$�8�7�,�2�1��
When pounding out the casting skin on the 
cable entry openings in the terminal box, the 
terminal box or its parts can be damaged (e.g. 
terminal board, cable connections). 

Proceed with suitable caution and precision 
when doing so! Prevent flash formation! 

 

Mount cable glands on the terminal box. Proceed 
as follows: 

�x Select one cable gland in each case which is 
suitable for the cable diameter. 

�x Insert this cable gland in the opening of the 
terminal box. 
Use a reducer if necessary. 

�x Screw on the cable gland so that no moisture, 
dirt etc. can penetrate into the terminal box. 

 

Carry out the connection and the arrangement of 
the jumpers in accordance with the �F�L�U�F�X�L�W��
�G�L�D�J�U�D�P���L�Q���W�K�H���W�H�U�P�L�Q�D�O���E�R�[. 

Connect the protective conductor to the terminal 
with the following symbol: 

. 

 

 
 

 

The electrical connection must be carried out as 
follows: 

�x The electrical connection must be 
permanently safe. 

�x There may be no protruding wire ends. 

�x Clearance between bare live parts and 
between bare live parts and ground: �• 5.5 mm 
[0.217"] (at a nominal voltage of UN �” 690V). 

�x For the tightening torques for terminal board 
connections (except terminal strips), see 
Chapter 3.1, "Mechanical data", 
Section "Tightening torques for screw 
connections", Pg. 10. 

�x For terminals with clamping straps (e.g. as per 
DIN 46282), the conductors must be inserted 
so that approximately the same clamping 
height results on both sides of the bar. 
Individual conductors must therefore be bent 
into a U-shape or connected with a cable lug 
(DIN 46234). 

 

This also applies to: 

�x the protective conductor, 

�x the outer ground conductor. 

Both conductors can be recognized from their 
color (green/yellow). 
 

���� �����'�$�1�*�(�5��

�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
The terminal box must be free from 

�x foreign bodies, 
�x dirt, 
�x humidity. 
Terminal box cover and cable entries must be 
tightly closed so as to make them dustproof and 
waterproof. Check for tightness at regular 
intervals. 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Clearance between bare live parts and between 
bare live parts and ground: 
at least ���������P�P���>�������������@ (at a nominal voltage 
of UN �” 690V).  

There may be no protruding wire ends! 

 

 
 

 

 
 

 

 

�(����������
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For �P�R�W�R�U���R�Y�H�U�O�R�D�G���S�U�R�W�H�F�W�L�R�Q:��

�x Use motor circuit breakers. 

�x This must be adjusted to the specified 
nominal current (see rating plate).  

 

���� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
There is danger of an electrical shock when a 
defective pump-motor unit is touched! 

Mount motor circuit breaker. 
Have electrical equipment checked regularly by 
an electrician. 

 

�,�Q�W�H�U�I�H�U�H�Q�F�H���L�P�P�X�Q�L�W�\���R�I���G�U�L�Y�H���P�R�W�R�U����

For drive motors with integrated sensors, the 
operator must provide for a sufficient interference 
immunity itself. Select a suitable sensor signal 
cable (e.g. with screening, connection as for a 
motor power-supply cable) and analyzing unit. 
 

�2�S�H�U�D�W�L�R�Q���Z�L�W�K���I�U�H�T�X�H�Q�F�\���F�R�Q�Y�H�U�W�H�U����

�� �����:�$�5�1�,�1�*��
Pump-motor units with a UL approbation may 
not be operated on frequency converters in the 
US without testing by a suitable test agency! 
 

With a power supply by a frequency converter, 
the following must be observed: 

�x High-frequency current and voltage harmonics 
in the motor supply cables can lead to emitted 
electromagnetic interference. This is 
dependent on the converter design (type, 
manufacturer, interference suppression 
measures). 

�x Be sure to observe the EMC notes of the 
converter manufacturer! 

�x Use screened power supply cables if 
necessary. For optimal screening, the screen 
must be conductively connected over a large 
area to the metal terminal box of the drive 
motor with a screwed metal gland. 

�x In the case of drive motors with integrated 
sensors (e.g. PTC thermistors) interference 
voltage can occur on the sensor cable 
depending on the converter type. 

�x Limit speed: 
see specifications on the rating plate.  
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�������� �&�R�Q�Q�H�F�W�L�Q�J���S�L�S�H�V���K�R�V�H�V�����Y�D�F�X�X�P��
�S�X�P�S���F�R�P�S�U�H�V�V�R�U����

�0�X�I�I�O�H�U�V����

The pump-motor units are delivered with mufflers 
(indicated with arrows in the following 
illustrations) for the inlet and discharge 
connections as standard equipment. 
 

On delivery the mufflers are already mounted on 
the following pump-motor units. 
 

 
 

�)�L�J���������� ���%�+���«�����V�L�Q�J�O�H���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U��
�X�Q�L�W�V���������%�+����������

 
 

 
 

�)�L�J���������� ���%�+�������������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U���X�Q�L�W��
�Z�L�W�K���G�R�X�E�O�H���I�O�R�Z���G�H�V�L�J�Q����

 
 

 
 

�)�L�J���������� ���%�+�������������*�����������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U��
�X�Q�L�W���Z�L�W�K���G�R�X�E�O�H���I�O�R�Z���G�H�V�L�J�Q����

 
 

 
 

�)�L�J���������� ���%�+�������������-�����������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U��
�X�Q�L�W���Z�L�W�K���G�R�X�E�O�H���I�O�R�Z���G�H�V�L�J�Q����

 

 

 
 

�)�L�J���������� ���%�+�������������/�����������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U��
�X�Q�L�W���Z�L�W�K���G�R�X�E�O�H���I�O�R�Z���G�H�V�L�J�Q����

 
 

��

 
 

�)�L�J���������� ���%�+�������������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U���X�Q�L�W��
�Z�L�W�K���G�R�X�E�O�H���I�O�R�Z���G�H�V�L�J�Q����

 

On �W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U���X�Q�L�W�V���Z�L�W�K���D���W�Z�R��
�V�W�D�J�H���G�H�V�L�J�Q���R�I���W�K�H���W�\�S�H�V�����%�+�����������W�R��
���%�+�������� the discharge-side muffler is included 
loose for packing-related reasons and must be 
mounted by the customer. 
 

 
 

�)�L�J���������� ���%�+���������������������%�+���������������%�+������������
���W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U���X�Q�L�W�V���Z�L�W�K���D���W�Z�R��
�V�W�D�J�H���G�H�V�L�J�Q����

 
 

 
 

�)�L�J���������� ���%�+�������������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U���X�Q�L�W��
�Z�L�W�K���D���W�Z�R���V�W�D�J�H���G�H�V�L�J�Q����

 

�(
���
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���� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���L�P�S�H�O�O�H�U����
�&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I���R�I�I���H�[�W�U�H�P�L�W�L�H�V����
The rotating impeller is accessible with the inlet 
and discharge connections open! 

With free entry and exit of gases, i.e. with direct 
intake out of or direct feeding into the 
atmosphere without piping, the following 
therefore applies: 

Provide the inlet and discharge connections of 
the pump-motor unit either with additional 
mufflers or with additional piping of a sufficient 
length to prevent access to the impeller! 

 

�&�R�Q�Q�H�F�W�L�R�Q�V����

To prevent foreign bodies from entering the unit, 
all connections are sealed off when delivered. Do 
not remove the sealing plugs until immediately 
before connecting the pipes/hoses. 

 

The following applies for the arrangement of the 
pipe/hose connections: 

The �S�X�P�S�H�G���J�D�V�H�V are sucked in via the inlet 
connection (see Chapter 5.3.1, Pg. 19) and 
discharged via the discharge connection (see 
Chapter 5.3.2, Pg. 19).  

 
The �V�K�D�I�W���U�R�W�D�W�L�Q�J���G�L�U�H�F�W�L�R�Q is marked with an 
arrow on the back of the vacuum 
pump/compressor housing (Fig. 1, Pg. 2, Item 7). 
 

The �G�H�O�L�Y�H�U�\���G�L�U�H�F�W�L�R�Q���R�I���W�K�H���J�D�V�H�V is marked 
with arrows on both connections (Fig. 1, Pg. 2, 
Item 6). 
 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���L�Q�W�H�U�F�K�D�Q�J�L�Q�J���L�Q�O�H�W���D�Q�G��
�S�U�H�V�V�X�U�H���O�L�Q�H����
Interchanged inlet and pressure lines can lead 
to damage to the pump-motor unit and the 
system, and as a result of this to serious 
injuries! 

Make sure that the inlet and pressure line 
cannot be confused when connecting. 
Look for the clear marking with the arrow 
indicating the delivery direction on the inlet and 
discharge connections. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���G�X�H���W�R���Y�D�F�X�X�P���D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H����
�'�D�Q�J�H�U���G�X�H���W�R���H�V�F�D�S�L�Q�J���I�O�X�L�G����
During operation, connected pipes and vessels 
are vacuumized or pressurized! 
Use only mounting elements, connections, lines, 
fittings and containers with sufficient freedom 
from leaks and strength for the pressures which 
occur. 

Make sure that the mounting elements and 
connections are mounted sufficiently firmly and 
leak-free! 

 

�&�$�8�7�,�2�1��
If the pumped gases are passed on on the 
discharge side in a closed pipe system, then it 
must be ensured that the pipe system is 
adapted to the maximum discharge pressure. 
See Chapter 3.3: "Operating conditions", 
Section "Pressures", Pg. 11. Connect a 
pressure relief valve upstream if necessary. 

 

�1�2�7�,�&�(��
Attach pipes/hoses free of mechanical tensions. 
Support the weight of the pipes/hoses. 

 

������������ �,�Q�O�H�W���F�R�Q�Q�H�F�W�L�R�Q��

The inlet connection with the related muffler 
(Fig. 1, Pg. 2, Item 3) is marked with an arrow 
pointing into the vacuum pump/compressor. 
Connect the inlet pipe here. The pumped gases 
are sucked in via this.  
Procedure: see Chapter 5.3.3. 
 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���V�R�O�L�G���E�R�G�L�H�V���D�Q�G���L�P�S�X�U�L�W�L�H�V���L�Q��
�W�K�H���S�X�P�S���P�R�W�R�U���X�Q�L�W����
If solid bodies penetrate into the pump-motor 
unit, blades of the impellers can break and 
broken pieces can be thrown out. 

Install a filter in the inlet pipe. 
Replace filter regularly! 

 

 

������������ �'�L�V�F�K�D�U�J�H���F�R�Q�Q�H�F�W�L�R�Q��

The discharge connection with the related muffler 
(Fig. 1, Pg. 2, Item 4) is marked with an arrow 
pointing out of the vacuum pump/compressor. 
Connect the discharge pipe here. The pumped 
gases are discharged via this. Procedure: see 
Chapter 5.3.3. 

 

 

�(����������
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������������ �3�U�R�F�H�G�X�U�H���Z�K�H�Q���F�R�Q�Q�H�F�W�L�Q�J��
�S�L�S�H�V���K�R�V�H�V��

Attach the pipes/hoses to the unit as described in the 
following. The pipes/hoses are connected differently to 
inlet and discharge connections depending on the 
muffler design and the type of line (pipe or hose): 

�x Muffler with inside threads: 
The pipe is screwed directly into the muffler. 

�x Muffler without inside thread: 

– Screw threaded flange (available as an 
accessory) onto the muffler. 

– Screw the pipe into the threaded flange. 
�x Hose connection: 

– for 2BH1 Screw the hose flange (available 
as an accessory) onto the silencer. 

– Push the hose onto the hose flange and secure 
it with a hose clamp. See Chapter 3.1, 
"Mechanical data", Section "Tightening torques 
for screw connections", Pg. 10 for information on 
this topic. 
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���� �&�R�P�P�L�V�V�L�R�Q�L�Q�J��

���� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V���R�U��
�H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Have you read the safety precautions in Chapter 1, 
"Safety", Pg. 3 f.? Otherwise you many not carry 
out any work with or on the pump-motor unit! 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���S�D�U�W�V�����H�[�W�H�U�Q�D�O���I�D�Q�����L�P�S�H�O�O�H�U����
�V�K�D�I�W�������&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I�I���R�I���H�[�W�U�H�P�L�W�L�H�V������
�*�U�D�V�S�L�Q�J���Z�L�Q�G�L�Q�J���X�S���R�I���K�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���Y�D�F�X�X�P���D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H����
�V�X�G�G�H�Q���H�V�F�D�S�H���R�I���I�O�X�L�G�V�����V�N�L�Q���D�Q�G���H�\�H���L�Q�M�X�U�L�H�V������
�V�X�G�G�H�Q���G�U�D�Z�L�Q�J���L�Q���R�I���K�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J������

�'�D�Q�J�H�U���G�X�H���W�R���H�V�F�D�S�L�Q�J���I�O�X�L�G�����%�X�U�Q�V����
Start-up and operation only under the following conditions: 

�x The pump-motor unit must be completely 
assembled. When doing so, pay particular 
attention to the following components: 
�± the vacuum pump/compressor cover, 
�± the muffler on inlet and discharge 

connections, 
�± the fan guard. 

�x The pipes/hoses must be connected to inlet 
and discharge connections. 

�x Inlet and discharge connections and the 
connected pipes/hoses may not be closed, 
clogged or soiled. 

�x Check the mounting elements, connections 
of the pipe/hose connections, lines, fittings 
and containers for strength, leaks and firm 
seating at regular intervals. 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

�������� �3�U�H�S�D�U�D�W�L�R�Q��

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���F�O�R�V�H�G���F�R�Q�Q�H�F�W�L�R�Q�V����
With closed/soiled intake or discharge 
connections vacuum or gauge pressure results 
in the pump-motor unit. 

This can overheat and damage the drive motor 
winding. 
Before start-up, make sure that the inlet and 
discharge connections are not closed, clogged 
or soiled! 

 

�&�$�8�7�,�2�1��
Before starting up again after a longer standstill:
Measure the insulation resistance of the motor. 
With values �” 1 k�Ÿ per volt of nominal voltage, 
the winding is too dry. 

 

�0�H�D�V�X�U�H�V���E�H�I�R�U�H���V�W�D�U�W���X�S����

�x If a shut-off device is installed in the discharge 
pipe: 
Make sure that the unit is NOT operated with 
the shut-off device closed.  

�x Before starting up the pump-motor unit, 
observe the values specified on the rating 
plate. Specifications on the drive-motor 
nominal current apply at a gas entry and 
ambient temperature of +40° C [104°F].  

�x Adjust the motor circuit breaker to the drive-
motor nominal current. 

 

�&�K�H�F�N���G�L�U�H�F�W�L�R�Q���R�I���U�R�W�D�W�L�R�Q����

�x The intended rotating direction of the shaft is 
marked with arrows on the vacuum 
pump/compressor housing (Fig. 1, Pg. 2, 
Item. 7). 

�x The gas delivery direction is marked with 
arrows on the inlet and discharge connections 
(Fig. 1, Pg. 2, Item 6). 

�x Make sure the pipes/hoses on the inlet and 
discharge connections are properly 
connected. 

�x Switch the pump-motor unit on briefly and 
then off again. 

�x Compare the actual rotating direction of the 
external fan with the intended shaft rotating 
direction indicated with the arrows shortly 
before the pump-motor unit comes to a 
standstill. 

�x If necessary, reverse the direction of rotation 
of the motor. 

 

�(����������
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���� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���G�X�H���W�R���U�R�W�D�W�L�Q�J���S�D�U�W�V�����'�D�Q�J�H�U���G�X�H���W�R��
�Y�D�F�X�X�P �D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H�����'�D�Q�J�H�U���G�X�H���W�R��
�H�V�F�D�S�L�Q�J���I�O�X�L�G����
Test runs may also only be conducted with the 
pump-motor unit completely mounted. 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
The electrical connection may be carried out by 
trained and authorized electricians only! 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Before beginning work on the unit or system, the 
following measures must be carried out: 

�x Deenergize. 
�x Secure against being switched on again. 
�x Determine whether deenergized. 
�x Ground and short-circuit. 
�x Cover or block off adjacent energized parts. 

 

�&�K�H�F�N���R�S�H�U�D�W�L�Q�J���V�S�H�H�G�V����

Observe the operating speed specified on the 
rating plate. This may not be exceeded, as 
otherwise the noise radiation, vibration behavior, 
grease consumption duration and bearing 
change interval worsen. To prevent damage as a 
result of higher speeds, it may be necessary to 
inquire with the Service Department as to the 
maximum speed. 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���R�I���K�H�D�U�L�Q�J���G�D�P�D�J�H���G�X�H���W�R���Q�R�L�V�H��
�U�D�G�L�D�W�L�R�Q����
For the noise emission of the pump-motor unit 
measured by the manufacturer, see Chapter 
3.1, "Mechanical data", Section "Noise level", 
Pg. 8. However, the actual noise emission 
during operation is highly dependent on the 
installation and system conditions. Conduct a 
noise measurement in the system during 
operation after installing the pump-motor unit. 
The following measures can be taken from 
85 dB(A) and must be taken from 90 dB(A): 

�x Mark noise area with a warning sign. 
�x Wear hearing protection. 
�x With free entry and exit of gases, i.e. with 

direct intake out of or direct feeding into the 
atmosphere without piping, attach an 
additional muffler. 

 

 

�������� �6�W�D�U�W���X�S���D�Q�G���V�K�X�W���G�R�Z�Q��

�6�W�D�U�W���X�S��

�x Open shut-off device in intake/discharge pipe. 

�x Switch on power supply for drive motor. 

�6�K�X�W���G�R�Z�Q����

�x Switch off power supply for drive motor. 

�x Close shut-off device in intake/discharge pipe. 
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���� �2�S�H�U�D�W�L�R�Q��

���� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Have you read the safety precautions in Chapter 
1, "Safety", Pg. 3 f.? 
Otherwise you many not carry out any work with 
or on the pump-motor unit! 
Also �E�H���V�X�U�H to read the safety precautions in 
Chapter 6, "Commissioning", Pg. 21! 

 

�6�W�D�U�W�L�Q�J���X�S���D�Q�G���V�K�X�W�W�L�Q�J���G�R�Z�Q��

See Chapter 6, "Commissioning", Sub-
Chapter 6.2, "Start-up and shut-down", Pg. 22. 

Also be sure to observe the following important 
notes especially for operation: 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���R�I���E�X�U�Q�V���I�U�R�P���K�R�W���V�X�U�I�D�F�H�V���R�I���W�K�H��
�S�X�P�S���P�R�W�R�U���X�Q�L�W���D�Q�G���I�U�R�P���K�R�W���I�O�X�L�G�V����
High temperatures of up to approx. 160°C 
[320°F] can occur on the surface of the pump-
motor unit.  
Do not touch during operation! 
Allow to cool after shut-down! 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���R�Y�H�U�K�H�D�W�L�Q�J���G�X�H���W�R���K�R�W���V�X�U�I�D�F�H���R�I��
�S�X�P�S���P�R�W�R�U���X�Q�L�W����
High temperatures of up to approx. 160°C 
[320°F]  can occur on the surface of the pump-
motor unit. 
Temperature sensitive parts, such as lines or 
electronic components, may not come into 
contact with the surface of the pump-motor unit.

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���R�Y�H�U�K�H�D�W�L�Q�J����
During operation the standstill heating may, if 
installed, �Q�R�W be switched on! 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���U�X�V�W�L�Q�J���G�X�H���W�R���F�R�O�O�H�F�W�L�R�Q���R�I��
�F�R�Q�G�H�Q�V�H�G���Z�D�W�H�U���L�Q���G�U�L�Y�H���P�R�W�R�U���D�U�H�D����
On drive motors with closed condensed water 
openings:  
Remove closures occasionally to allow any 
water which has collected to drain off. 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���E�H�D�U�L�Q�J���G�D�P�D�J�H����
Heavy mechanical impacts must be avoided 
during operating and while at a standstill. 
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���� �6�K�X�W���'�R�Z�Q���D�Q�G���/�R�Q�J�H�U���6�W�D�Q�G�V�W�L�O�O�V��

�������� �3�U�H�S�D�U�L�Q�J���I�R�U���V�K�X�W���G�R�Z�Q���R�U���O�R�Q�J�H�U��
�V�W�D�Q�G�V�W�L�O�O��

���� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Have you read the safety precautions in Chapter 
1, "Safety", Pg. 3 f.? 
Otherwise you many not carry out any work with 
or on the pump-motor unit! 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���U�X�V�W�L�Q�J���G�X�H���W�R���F�R�O�O�H�F�W�L�R�Q���R�I��
�F�R�Q�G�H�Q�V�H�G���Z�D�W�H�U���L�Q���G�U�L�Y�H���P�R�W�R�U���D�U�H�D����
On drive motors with closed condensed water 
openings:  
Remove closures occasionally to allow any 
water which has collected to drain off. 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���E�H�D�U�L�Q�J���G�D�P�D�J�H����
Avoid mechanical shocks during operation and 
shut-down. 

 

Prior to shut-down or longer standstill, proceed 
as follows: 

�x Switch off the pump-motor unit. 

�x Close shut-off device in inlet and pressure line 
if installed. 

�x Disconnect pump-motor unit from power 
supply. 

�x Release pressure. 
When doing so, open pipes/hoses slowly and 
carefully so that the vacuum or gauge 
pressure in the pump-motor unit can be 
released. 

�x Remove pipes/hoses. 

�x Provide mufflers on inlet and discharge side 
with sealing plugs. 

 

 

�������� �6�W�R�U�D�J�H���F�R�Q�G�L�W�L�R�Q�V��

To prevent standstill damage during storage, the 
environment must provide the following 
conditions: 

�x dry, 

�x dust-free, 

�x low-vibration (Veff �” 2.8 mm/s [0.11"/sec]). 

�x Ambient temperature:  
min. -30°C [-22°F] 
max. 40°C [+104°F]. 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���R�Y�H�U�K�H�D�W�L�Q�J���G�X�H���W�R���K�L�J�K��
�W�H�P�S�H�U�D�W�X�U�H����
When storing in an environment with a 
temperature of over 40°C [104°F], the winding 
may be damaged and the  grease change 
interval may be shortened. 

 

�/�X�E�U�L�F�D�W�L�R�Q���R�I���U�R�O�O�L�Q�J���E�H�D�U�L�Q�J�V���D�I�W�H�U���O�R�Q�J�H�U��
�V�W�R�U�D�J�H����

The new pump-motor unit may at first be stored 
following delivery. If the time from deliver to 
commissioning exceeds the following periods, the 
lubrication of the rolling bearings must be 
renewed: 

�x Under advantageous storage conditions 
(as specified above): 4 years. 

�x Under disadvantageous storage conditions 
(e.g. high humidity, salty air, sandy or dusty 
air): 2 years. 

In these cases open rolling bearings must be 
relubricated and closed rolling bearings must be 
completely replaced. In this case be sure to 
inquire with the Service Department. In particular, 
exact information with regard to the procedure 
and grease type are required. 

�� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
All maintenance work on the pump-motor unit 
must always be performed by the Service 
Department! 

Maintenance work on the pump-motor unit may 
only be conducted by the operator itself when 
the related �P�D�L�Q�W�H�Q�D�Q�F�H���P�D�Q�X�D�O on hand! 

Inquire with the Service Department! 

 

�&�R�P�P�L�V�V�L�R�Q�L�Q�J���D�I�W�H�U���O�R�Q�J�H�U���V�W�D�Q�G�V�W�L�O�O����

Before recommissioning after a longer standstill, 
measure the insulation resistance of the drive 
motor. With values �” 1 k�Ÿ per volt of nominal 
voltage, the winding is too dry. 
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���� �6�H�U�Y�L�F�L�Q�J��

���� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Have you read the safety precautions in Chapter 
1, "Safety", Pg. 3 f.? 

Otherwise you many not carry out any work with 
or on the pump-motor unit! 

 

 
 

�� �����:�$�5�1�,�1�*��

�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
All maintenance work on the pump-motor unit 
must always be performed by the Service 
Department! 

Maintenance work on the pump-motor unit may 
only be conducted by the operator itself when 
the related �P�D�L�Q�W�H�Q�D�Q�F�H���P�D�Q�X�D�O on hand! 

Inquire with the Service Department! 

 

 

�������� �(�P�S�W�\�L�Q�J���5�L�Q�V�L�Q�J���&�O�H�D�Q�L�Q�J��

Before any maintenance/servicing work, empty, 
rinse and clean the outside of the unit. 

�x Empty unit with air and rinse until all residues 
have been removed. 

�x Clean the outside of the unit with compressed 
air. 

�± Wear gloves and protective safety glasses. 
�± Secure the surrounding area. 
�± Clean the entire surface of the unit and 

exterior fan with compressed air. 
 

 

 
 

 

 
 

 
 

 

 

�������� �5�H�S�D�L�U�V���W�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��

�)�D�X�O�W�� �&�D�X�V�H�� �5�H�P�H�G�\�� �&�D�U�U�L�H�G��
�R�X�W���E�\��

Motor does not 
start; no motor 
noise. 

At least two power 
supply leads 
interrupted. 

Eliminate interruption by fuses, terminals or 
power supply cables. 

Electrician 

One power supply lead 
interrupted. 

Eliminate interruption by fuses, terminals or 
power supply cables. 

Electrician 

Open vacuum pump/compressor cover, 
remove foreign body, clean. 

Service*) Impeller is jammed. 

Check or correct impeller gap setting if 
necessary. 

Service 

Impeller defective. Replace impeller. Service*) 

Motor does not 
start; humming 
noise.. 

Rolling bearing on drive 
motor side or vacuum 
pump/compressor side 
defective. 

Replace motor bearing or vacuum 
pump/compressor bearing. 

Service*) 

Winding short-circuit. Have winding checked. Electrician 

Reduce throttling. Service*) Motor overloaded. 
Throttling does not 
match specification on 
rating plate. 

Clean filters, mufflers and connection pipes if 
necessary. 

Service*) 

Protective motor 
switch trips 
when motor is 
switched on. 
Power 
consumption too 
high. Compressor is jammed. See fault: "Motor does not start; humming 

noise." with cause: "Impeller is jammed.". 
Service*) 

�(����������
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�)�D�X�O�W�� �&�D�X�V�H�� �5�H�P�H�G�\�� �&�D�U�U�L�H�G��
�R�X�W���E�\��

Leak in system. Seal leak in the system. Operator 

Wrong direction of 
rotation. 

Reverse direction of rotation by interchanging 
two connecting leads. 

Electrician 

Incorrect frequency (on 
pump-motor units with 
frequency converter). 

Correct frequency. Electrician 

Shaft seal defective. Replace shaft seal. Service*) 

Different density of 
pumped gas. 

Take conversion of pressure values into 
account. Inquire with Service Department. 

Service 

Pump-motor unit 
does not 
generate any or 
generates 
insufficient 
pressure 
difference. 

Change in blade profile 
due to soiling. 

Clean impeller, check for wear and replace if 
necessary. 

Service*) 

Flow speed too high. Clean pipes. Use pipe with larger cross-
section if necessary. 

Operator Abnormal flow 
noises. 

Muffler soiled. Clean muffler inserts, check condition and 
replace if necessary. 

Service*) 

Abnormal 
running noise. 

Ball bearing lacking 
grease or defective. 

Regrease or replace ball bearing. Service*) 

Seals on muffler 
defective. 

Check muffler seals and replace if necessary. Service*) Compressor 
leaky. 

Seals in motor area 
defective. 

Check motor seals and replace if necessary. Service 

*) Only when the maintenance manual is at hand: rectification by the operator. 
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Disposal 
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�������� �6�H�U�Y�L�F�H���$�I�W�H�U���V�D�O�H�V���V�H�U�Y�L�F�H��

Our Service is available for work (in particular the 
installation of spare parts, as well as 
maintenance and repair work), not described in 
these operating instruction. 

 

A list of spare parts with an exploded drawing is 
available on the Internet at  
www.gd-elmorietschle.com. 

 
Observe the following when �U�H�W�X�U�Q�L�Q�J pump-
motor unit: 

�x The pump-motor unit must be delivered 
complete, i.e. not dismantled. 

�x The pump-motor unit may not present a 
danger to the workshop personnel. 
Each pump motor unit on delivery to the 
workshop must be accompanied with a fully 
completed "Statement on health safety and on 
the protection of the environment", Pg. 29. 

�x The original rating plate of the pump-motor 
unit must be properly mounted, intact and 
legible. 
All warranty claims are voided for pump-motor 
units delivered for a damage expertise without 
the original rating plate or with a destroyed 
original rating plate. 

�x In case of warranty claims, the manufacturer 
must be informed of the operating conditions, 
operating duration etc. and additional detailed 
information provided on request if necessary. 
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������ �'�L�V�S�R�V�D�O��

Have the entire pump-motor unit scrapped by a 
suitable disposal company. No special measures 
are required when doing so.  
For additional information on disposing of the 
unit, ask the Service Department. 

 

 

������ �(�[�S�O�R�V�L�R�Q���3�U�R�W�H�F�W�H�G���'�H�V�L�J�Q��

An additional set of operating instructions with 
supplementary or specific information is provided 
with these pump-motor units. 
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EU declaration of conformity 

 

�(�8���G�H�F�O�D�U�D�W�L�R�Q���R�I���F�R�Q�I�R�U�P�L�W�\��

�0�D�Q�X�I�D�F�W�X�U�H�U���� Gardner Denver Deutschland GmbH 
Industriestraße 26 
97616 Bad Neustadt 
Germany 

�5�H�V�S�R�Q�V�L�E�O�H���I�R�U��
�G�R�F�X�P�H�Q�W�D�W�L�R�Q����

Holger Krause 
Industriestraße 26 
97616 Bad Neustadt 
Germany 
G series Side channel blower 
G-BH1, G-BH9 

�'�H�V�L�J�Q�D�W�L�R�Q����

Types 2BH1 1   2BH1 2   2BH1 3   2BH1 4   
2BH1 5   2BH1 6   2BH1 8   2BH1 9   
2BH9 23 

 

�7�K�H���V�L�G�H���F�K�D�Q�Q�H�O���E�O�R�Z�H�U���G�H�V�F�U�L�E�H�G���D�E�R�Y�H���P�H�H�W�V���W�K�H���I�R�O�O�R�Z�L�Q�J���D�S�S�O�L�F�D�E�O�H���&�R�P�P�X�Q�L�W�\���K�D�U�P�R�Q�L�V�D�W�L�R�Q��
�O�H�J�L�V�O�D�W�L�R�Q����
�������������������(�&����� Directive 2004/108/EC of the European Parliament and of the Council of 15 December 

2004 on the approximation of the laws of the Member States relating to electromagnetic 
compatibility and repealing Directive 89/336/EEC 

�����������������(�&�� Directive 2006/42/EC of the European Parliament and of the Council of 17 May 2006 on 
machinery, and amending Directive 95/16/EC 

�� The protection targets of the directive 2006/95/EC have been met 

��  

�+�D�U�P�R�Q�L�V�H�G���V�W�D�Q�G�D�U�G�V���D�S�S�O�L�H�G�� 

�(�1�������������������������� Compressors and vacuum pumps - Safety requirements - Part 1: Air compressors 

�(�1��������������������������
���$��������������

Compressors and vacuum pumps - Safety requirements - Part 2: Vacuum pumps 

�(�1���,�6�2������������������������ Safety of machinery - General principles for design - Risk assessment and risk reduction 

�(�1���������������������������� Safety of machinery - Electrical equipment of machines Part 1: General requirements 

��  

��  

��  

Bad Neustadt, 26.09.2011   
(Place and date of issue)   
Thomas Kurth, Managing Director   
 (Name and function) (Signature)  
*) Only applicable for version with frequency converter 2FC 664.44434.40.000 
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 Statement on health safety and on the protection of the environment  

  

 
�6�W�D�W�H�P�H�Q�W���R�Q���K�H�D�O�W�K���V�D�I�H�W�\���D�Q�G���R�Q���W�K�H���S�U�R�W�H�F�W�L�R�Q���R�I���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W��  

  

�x For the safety of our employees and to comply with statutory requirements on handling substances harmful to the health and 
the environment, this statement must be enclosed, fully completed, with �H�D�F�K unit/system sent. 

�x �:�L�W�K�R�X�W���W�K�H���I�X�O�O�\���F�R�P�S�O�H�W�H�G���V�W�D�W�H�P�H�Q�W�����U�H�S�D�L�U���G�L�V�S�R�V�D�O���L�V���Q�R�W���S�R�V�V�L�E�O�H���D�Q�G���G�H�O�D�\�V���D�U�H���X�Q�D�Y�R�L�G�D�E�O�H����
�x The statement is to be completed and signed by suitably qualified, authorised personnel at the operating organisation. 
�x In the case of shipment to Germany, the statement is to be completed in German or English. 
�x The statement is to be attached to the outside of the packing on shipment. 
�x If necessary, the carrier is to be informed.  

 ������ �3�U�R�G�X�F�W���G�H�V�L�J�Q�D�W�L�R�Q�����W�\�S�H������  

 ������ �6�H�U�L�D�O���Q�X�P�E�H�U�����Q�R�����%�1������  

 ������ �5�H�D�V�R�Q���I�R�U���V�H�Q�G�L�Q�J����   

 ������ �7�K�H���X�Q�L�W���V�\�V�W�H�P��  

  
 has �Q�R�W come into contact with hazardous substances. There will be �Q�R hazards for personnel or the environment during 
repair/disposal. Continue with "6. Legally binding statement“  

   has come into contact with hazardous substances. Continue with "5. Information on the contamination“  

 ������ �,�Q�I�R�U�P�D�W�L�R�Q���R�Q���W�K�H���F�R�Q�W�D�P�L�Q�D�W�L�R�Q��(if necessary provide more information on an additional sheet) 

  The unit/system was used in the following application:  

    
    

  and has come into contact with the following classifiable substances or substances presenting a hazard to health/environment:  
    

  Trade name: Chemical designation: 
Hazardous 
substance class: 

Properties (e.g. toxic, inflammable, 
caustic, radioactive):  

       

       

       
     

   The unit/system has been emptied in accordance with the operating instructions, flushed and cleaned externally.  
     

   Safety data sheets in accordance with the applicable regulations are enclosed (  sheet).  
     

   The following safety precautions are necessary for handling (e.g. personal protective equipment):  

     

     

 ������ �/�H�J�D�O�O�\���E�L�Q�G�L�Q�J���V�W�D�W�H�P�H�Q�W��  

  

I herewith guarantee that the details specified are true and complete and that I, as signatory, am in a position to judge that this is 
so.  
We are aware that we are liable to the contractor for any damages arising from incomplete or incorrect specifications. We are 
obliged to indemnify the contractor against claims for damages by third parties arising from incomplete or incorrect specifications. 
We are aware that, irrespective of this statement, we are directly liable to third parties - in particular including the contractor's 
employees tasked with repair/disposal.  

  Company/institute:   

  Name, position:   Phone:   

  Street:   Fax:   

  Post code, city:      

  Country:   Stamp:   

  Date, signature:      
   
   

 © Gardner Denver Deutschland GmbH   610.00250.40.905 

 P.O. box 1510 Phone: +49 7622 392 0 E-mail: er.de@gardnerdenver.com 10.2009 

 97605 Bad Neustadt Fax: +49 7622 392 300 Internet: www.gd-elmorietschle.com English 
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Elmo Rietschle is a brand of 
Gardner Denver•s Industrial Products 
Group and part of Blower Operations. 

www.gd-elmorietschle.de
er.de@gardnerdenver.com

Gardner Denver
Schopfheim GmbH
Roggenbachstraße 58 
79650 Schopfheim · Deutschland
Tel. +49 7622 392-0 
Fax +49 7622 392-300

Gardner Denver 
Deutschland GmbH
Industriestraße 26 
97616 Bad Neustadt · Deutschland
Tel. +49 9771 6888-0 
Fax +49 9771 6888-4000
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Installation, Safety, Operation & Maintenance Instructions And Parts List
For Models PB, PBS, SPB, LM and LMF.

Arrangement 4 Blowers

All Cincinnati Fan products are packaged to minimize any damage during shipment. The freight carrier is responsible
for delivering all items in their original condition as received from Cincinnati Fan. The individual receiving this equipment
is responsible for inspecting this unit for any obvious or concealed damage. If any damage is found, it should be noted
on the bill of lading before the freight is accepted and the receiver must file a claim with the freight carrier.

ATTENTION: RECEIVING DEPARTMENT

READ ENTIRE MANUAL, INCLUDING •SECTION IV. INITIAL UNIT STARTUPŽ BEFORE
ATTEMPTING TO INSTALL AND OPERATE THIS EQUIPMENT.

NOTE

LONG TERM STORAGE NOTICE

If this blower will NOT be installed and put into operation within 30 days, refer to the •Long Term Storage
InstructionsŽ on pages 12 and 13. Failure to follow all applicable long term storage instructions, will void your
warranty. This blower should be stored indoors in a clean, dry location.

BLOWER SERIAL NUMBER: ________________________ MFG. DATE: ____________________

NOTE: The serial number above is a required reference for any assistance. It is stamped on the blower nameplate.

BLOWER SPECIFICATIONS:

Model: ________ Arrangement: ________ Rotation: ________ Discharge: ________

Nominal Inlet Size: ________ (in Inches) Wheel Size and Type: ___________________

BLOWER PERFORMANCE DATA: (If entered on order)

CFM: ________ SP: ________ (Inches of Water Gauge) Motor BHP: ________

Density: ________ Altitude: ________ (Ft. above S.L.) Airstream Temperature: ________°F.

Fan RPM: ________ Maximum Safe Fan RPM: ____________ DO NOT EXCEED THIS RPM

MOTOR DATA: (This section is completed only if the motor was supplied by Cincinnati Fan)

HP: __________ RPM: ____________ Voltage: ______________________________ Phase: ________

Hz: ___________ Frame Size: ___________ Enclosure: ____________ Efficiency: ____________

IF Motor is EXP, Class(es) & Group(s) are:_________________________

Manufacturers Model Number: ___________________________ CFV Part Number: ___________

BLOWER SPECIFICATIONS

Form: OMM-01-0509
Effective: 5/4/09
Supersedes OMM-01-0207
Part No.: 01218

�(����������
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I. GENERAL

A. Unpacking:

Be careful not to damage or deform any parts of the blower when removing it from the packaging container. All the
packaging material should be kept in the event the blower needs to be returned.

Handling:
Handling of the blower should be performed by trained personnel and be consistent with all safe handling practices.
Verify that all lifting equipment is in good operating condition and has the proper lifting capacity. The blower should
be lifted using well-padded chains, cables or lifting straps with spreader bars. Some blower models have lifting eye
locations provided in the blower base. NEVER lift the blower by an inlet or discharge flange, motor shaft,
motor eye bolt, or any other part of the blower assembly that could cause distortion of the blower
assembly.

B. Safety Instructions & Accessories:

1. Safety Instructions:
All installers, operators and maintenance personnel should read AMCA Publication 410-96, •Recommended Safety
Practices for Users and Installers of Industrial and Commercial FansŽ. This manual is included with the blower.
Additional copies can be requested by writing us at Cincinnati Fan, 7697 Snider Rd., Mason, OH 45040-9135

2. Sound:
Some blowers can generate sound that could be hazardous to personnel. It is the responsibility of the user to measure
the sound levels of the blower and/or system, determine the degree of personnel exposure, and comply with all appli-
cable safety laws and requirements to protect personnel from excessive noise.

�(����������
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3. Air Pressure and Suction:
In addition to the normal dangers of rotating machinery, the blower can present additional hazards from the suction or
pressure created at the blower inlet or discharge. Suction at the blower inlet can draw materials into the blower where
they become high velocity projectiles at the discharge and cause severe personal injury or death. It can also be
extremely dangerous to persons in close proximity to the inlet or discharge as the forces involved can overcome the
strength of most individuals.

NEVER OPERATE A BLOWER WITH A NON-DUCTED INLET AND/OR DISCHARGE. IF THE BLOWER INLET
AND/OR DISCHARGE IS NON-DUCTED, IT IS THE USERS RESPONSIBILITY TO INSTALL AN

INLET AND/OR DISCHARGE GUARD.

NO GUARANTEE OF ANY LEVEL OF SPARK RESISTANCE IS IMPLIED BY SPARK RESISTANT
CONSTRUCTION. IT HAS BEEN DEMONSTRATED THAT ALUMINUM IMPELLERS RUBBING ON RUSTY

STEEL CAN CAUSE HIGH INTENSITY SPARKS. AIR STREAM MATERIAL AND DEBRIS OR OTHER SYSTEM
FACTORS CAN ALSO CAUSE SPARKS.

4. Temperature:
Many blowers, blower components and all motors operate at temperatures that could burn someone if they come in
contact with them. If this potential hazard could exist in your installation, steps must be taken by the user to protect any-
one from coming in contact with this equipment.

5. Spark Resistance; (Per AMCA Standard 99-0401-86 and ISO 13499)

6. Safety Accessories;
Guards:
All moving parts must be guarded to protect personnel. Safety requirements can vary, so the number and types of
guards required to meet company, local, state and OSHA regulations must be determined and specified by the actual
user or operator of the equipment.

NEVER start any blower without having all required safety guards properly installed. All blowers should be
checked on a regular schedule, for missing or damaged guards. If any required guards are found to be missing
or defective, the power to the blower should be immediately turned off and locked out in accordance with
OSHA regulations. Power to the blower should NOT be tuned back on until the required guards have been
repaired or replaced.

This blower can become dangerous due to a potential •windmillŽ effect, even though all electrical power has been
turned off or disconnected. The blower wheel should be carefully secured to prevent any rotational turning BEFORE
working on any parts of the blower/motor assembly that could move.

7. Access or Inspection Doors:

II. INSTALLATION

A. Vibration:

Before any mounting method is selected, the user should be aware of the effects vibration will have on the blower,
motor and other parts. Improper blower installation can cause excessive vibration causing premature wheel and/or
motor bearing failure, that is not covered under warranty. Vibration eliminator pads, springs or bases should be properly
installed to prevent any blower vibration from transmitting to the foundation, support structure or ducting.

B. Mounting Methods:

1. Floor Mounted Units;

Centrifugal blowers should be mounted on a flat, level, concrete foundation weighing 2-3 times the weight of the com-
plete blower/motor assembly. It is recommended that the foundation be at least 6 inches larger than the base of the
blower. The foundation should include anchor bolts such as shown in Fig. 1 on page 4. Place the blower over the
anchor bolts and shim under each bolt until the blower is level. After shimming, flat washers, lock washers and lock nuts
should be tightened at each anchor bolt. Any gaps between the blower base and the foundation should be grouted. If
the blower will be sitting on some type of vibration pads or mounts, follow the recommended mounting procedures
supplied with the vibration elimination equipment.

WARNING

DANGER

I

SHUT THE BLOWER DOWN IMMEDIATELY IF THERE IS ANY SUDDEN INCREASE IN VIBRATION.

WARNING

NEVER OPEN ANY ACCESS OR INSPECTION DOORS WHILE THE BLOWER IS OPERATING. SERIOUS INJURY OR
DEATH COULD RESULT FROM THE AFFECTS OF AIR PRESSURE, AIR SUCTION OR MATERIAL THAT IS BEING

CONVEYED. DISCONNECT OR LOCK OUT POWER TO THE BLOWER AND LET THE BLOWER WHEEL COME TO A
COMPLETE STOP BEFORE OPENING ANY TYPE OF ACCESS OR INSPECTION DOOR.

DANGER

�(����������



2. Elevated Units;

Improper mounting of elevated blowers can cause vibration problems. The structure that the blower/motor assembly will
be mounted on must be strong enough to support at least 3 times the weight of the entire blower/motor assembly. An
insufficient support will cause excessive vibration and lead to premature wheel and/or motor bearing failure .
Bracing of the support structure must be sufficient enough to prevent any side sway. The entire structure should be weld-
ed at all connection joints to maintain constant alignment of the platform.

OMM-01-0509-page 4

THE IMPROPER DESIGN OF AN ELEVATED PLATFORM STRUCTURE COULD RESULT IN A RESONANT
CONDITION, AND CONSEQUENTLY, CAUSE A LIFE THREATENING, CATASTROPHIC, STRUCTURAL FAILURE.

C. Duct Work Connections:
All duct connections to the blower should include flexible connectors between the ducting and the blower inlet and/or dis-
charge. This will eliminate distortion, noise and vibration from transmitting to the duct and building. The connectors
should be selected to handle the operating conditions for air volume and pressure that the blower will produce. All duct-
ing or accessories, added by the user, should be independently supported. DO NOT use the blower/motor
assembly to support any additional weight. Inlet and/or discharge duct elbows should be located a minimum of 2
blower wheel diameters from the blower. Any duct elbows located closer than 2 wheel diameters to the blower inlet or
discharge WILL reduce the air performance and blower efficiency. Any duct elbows near the blower discharge should be
in the same rotational direction as the blower rotation .

Non-Ducted Blower Inlet:
Any blower with no ducting on the inlet must have an inlet guard. The blower should be located so the blower inlet is, at
least, 1 wheel diameter away from any wall or bulkhead to eliminate a reduction in air flow.

Non-Ducted Blower Discharge:
Any blower with no ducting on the discharge must have a discharge guard.

D. Safety Guards:
Cincinnati Fan offers guards, as optional, to keep your blower in compliance with OSHA safety regulations. These include
inlet or discharge guards. Any blowers built with high temperature construction, a •heat slinger guardŽ is standard. It is
the responsibility of the user to make sure this blower meets all local, state and OSHA safety regulations. If you have a
specific guard requirement not covered by OSHA, please contact the local Cincinnati Fan sales office for assistance.

E. Dampers and Valves: (Airflow control devices)
If the blower is supplied with any type of air flow control device, it should be closed before initial start-up of the blower to
minimize overloading of the motor. Any airflow control device, with bearings, should be maintained in accordance with
the manufacturers instructions. Any air flow control device, with an automatic control mechanism, should be adjusted per
the manufacturers recommendations.

Fig. 1

DANGER
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F. Set Screw and Taper-lock Bushing Torque Values:
All blower wheel set screws are tightened to the proper torque prior to shipment. Some wheels may have taper-lock
hubs and split, taper-lock bushings to secure the wheel to the motor shaft.
NOTE: Check all set screw or taper-lock bushing torques. Forces encountered during shipment, handling, rigging
and temperature can affect factory settings. For correct torque values, see Tables 1 and 2 below.

Set screws should NEVER be used more than once. If the set screws are loosened, they MUST be replaced.
Use only knurled, cup-point, set screws with a nylon locking patch.

CAUTION

ALL WIRING CONNECTIONS, INSPECTION AND MAINTENANCE OF ANY MOTOR MUST BE PERFORMED BY A
LICENSED ELECTRICIAN IN ACCORDANCE WITH THE MOTOR MANUFACTURERS RECOMMENDATIONS, ALL

ELECTRICAL CODES AND OSHA REGULATIONS. FAILURE TO PROPERLY INSTALL, MAKE WIRING
CONNECTIONS, INSPECT OR PERFORM ANY MAINTENANCE TO A MOTOR CAN RESULT IN

MOTOR FAILURE, PROPERTY DAMAGE, EXPLOSION, ELECTRICAL SHOCK AND DEATH.

DANGER

III. ELECTRICAL

A. Disconnect Switches:
All blower motors should have an independent disconnect switch located in close visual proximity to turn off the elec-
trical service to the blower motor. Disconnects must be locked out in accordance with OSHA •lock out-tag outŽ
procedures any time inspection or maintenance is being performed on the blower and/or motor assembly.
The •lock out-tag outŽ procedure should be performed by a licensed electrician or authorized personnel.
All disconnects should be sized in accordance with the latest NEC codes (National Electric Codes) and any local
codes and should be installed only by a licensed electrician. •Slow blowŽ or •time delayŽ fuses or breakers should be
used since the initial start-up time for the blower motor, although rare, can be up to 10 seconds.

B. Motors:

1. DO NOT connect or operate a motor without reading the motor manufacturers instructions supplied with
the blower. The basic principle of motor maintenance is: KEEP THE MOTOR CLEAN AND DRY. This requires
periodic inspections of the motor. The frequency of the inspections depends on the type of motor, the service and
environment it will be subjected to and the motor manufacturers instructions.

2. Cleaning: Cleaning should be limited to exterior surfaces only. Follow motor manufacturers cleaning instruc-
tions.

3. Lubrication: Most small motors have sealed bearings that are permanently lubricated for the life of the motor.
Some larger motors have grease plugs that should be replaced with grease fittings to perform re-lubrication.
These motors, or any motor with grease fittings, should be lubricated in accordance with the motor manufacturers
recommendations. Lubrication frequency depends on the motor horsepower, speed and service. BE SURE you
use compatible grease and DO NOT over grease.

4. Location: If the motor will be outside and subjected to the weather, it is recommended that a weather cover be
installed to keep rain and snow off of the motor. No motors are guaranteed to be •watertightŽ. Be careful to allow
enough openings between the motor and the motor cover to let the motor ŽbreathŽ. If the back end of the motor is
covered, the cover should be no closer than 3Ž to the back of the motor for proper ventilation.

SET SCREW TORQUE VALUES TORQUE VALUES FOR
TAPER-LOCK BUSHINGSDiameter & Number

of Treads/Inch
Hex Wrence Size

(Across Flats)
Required Torque

(Inch Pounds)

1/4-20
5/16-18
3/8-16
7/16-14
1/2-13
5/8-11

1/8Ž
5/32Ž
3/16Ž
7/32Ž
1/4Ž
5/16Ž

65
165
228
348
504

1104

Taper-lock
Bushing Size

Required Torque
(Inch Pounds)

H

B
P
Q
R

95

192
192
350
350

Table 2Table 1

�(����������



5. Wiring Connections: All wiring connections should be made for the proper voltage and phase as shown on the
motor nameplate. Connections should follow the motor manufacturers recommendations as shown on the wiring
schematic. This wiring diagram will be located on the outside of the motor, inside of the motor conduit box or on the
motor nameplate. Reversing some wires might be necessary to get the correct blower rotation.

6. Motors with Thermal Overload Protection: If a motor is equipped with thermal overloads, the thermal overload
must be wired per the wiring schematic to be operable. There are 3 types of thermal overloads:

a. Automatic: These will automatically shut the motor down if the internal temperature exceeds the design limits.

OMM-01-0509-page 6

MAKE SURE YOU LOCK OUT THE POWER TO THE MOTOR BEFORE INSPECTING ANY MOTOR WITH
AUTOMATIC THERMALS. WHEN THE THERMALS COOL DOWN, THEY WILL ALLOW THE MOTOR TO

AUTOMATICALLY START UP AGAIN, UNLESS YOU HAVE LOCKED OUT THE POWER TO THE MOTOR.

DANGER

b. Manual: These motors will have a button on them. If the motor overheats, it will shut down. After you have
inspected the motor and eliminated the over heating problem, you will need to •resetŽ it by pushing the button.
You should still lock out the power BEFORE inspecting the motor.

c. Thermostats: This type of thermal is a temperature sensing device ONLY. If the motor overheats, the thermo-
stats will open or close (depending on the type) and send a •signalŽ to the electrical box. THEY WILL NOT
TURN THE MOTOR OFF. These are pilot circuit devices that must be connected to the magnetic starter
circuit.

7. EXPLOSION PROOF Motors: No motor is explosion proof. Explosion proof (EXP) motors are designed so if there is
an explosion WITHIN the motor, the explosion will be CONTAINED INSIDE the motor and not allowed to get out to
the atmosphere. All explosion proof motors must be selected based on the atmosphere and/or the environment the
motor will be operating in. Explosion proof motors are designed, rated, and labeled for their operating conditions
based on Classes, Groups and •TŽ Codes.The Class, Group and •TŽ Code of an EXP motor MUST be selected
based on the atmosphere and/or environmental conditions the motor will be operating in. Consult the NEC
(National Electric Code) and the NFPA (National Fire Protection Association) for the proper EXP motor
Class, Group and •TŽ Code required for your specific application and location .

NOTICE:
a. All EXP motors have some type of thermal overload as required by UL (Underwriters Laboratories).

Refer to all of Section 6 above.
b. All EXP motors are required to have the UL (Underwriters Laboratories) and CSA (Canadian Standards

Association) listing numbers on the motor name plate or on a separate plate attached to the motor. The
Class, Group and •TŽ Code the motor is designed for must also be listed.

8. Normal Motor Operating Temperatures:
Using your hand to test the normal running temperature of a motor can be a very painful experience;

The normal operating temperature of a fully loaded, open type, electric motor operating in a 70°F. (21° C.)
ambient temperature is 174°F. (79° C.)

C. Maximum Blower Speed and Motor Speed Controllers:
If you will be using any type of motor speed controller with this blower, DO NOT exceed the maximum safe blower
speed . Installing and using a speed control device requires special training and certification as required by the
speed control manufacturer. See the manufacturers instructions for proper use, installation and wiring connections
for the maximum speed settings. It may also be necessary to •block outŽ some speeds to eliminate a resonant vibra-
tion problem. The maximum safe blower speed is shown on the data sheet shipped with the blower. If you have lost
the data sheet, contact Cincinnati Fan or our sales office for your area. You must have the serial number from the
blower name plate for us to determine the maximum safe blower speed. Cincinnati Fan will only extend the motor
manufacturers warranty, when used with a speed controlling device, if the motor has the words •Inverter DutyŽ
marked on the motor name plate. If the motor does not have •Inverter DutyŽ marked on the motor name plate, and
you have a motor failure, you will be required to contact the motor manufacturer for any service or warranty claims.

IF AN EXPLOSION PROOF MOTOR IS USED IN AN AREA CONTAINING VOLITILE LIQUIDS, GASES,
FUMES OR DUST FOR WHICH THE MOTOR WAS NOT DESIGNED TO OPERATE IN, AN

EXPLOSION AND/OR FIRE CAN OCCUR.

DANGER
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IV. INITIAL UNIT STARTUP

A. Pre-Startup & Post-Startup Checks: (Check blocks as each step is completed. Retain this for your records.)
A1. Pre-Startup Checks Completed By: ___________________________________ DATE: ___________________

A2. 8 Hour, Post-Startup Checks Completed By: _______________________ DATE: ___________________
A3. 3 Day, Post-Startup Checks Completed By: _____________________ DATE: ___________________

MAKE SURE POWER TO THE MOTOR IS LOCKED OUT BEFORE STARTING PRE-STARTUP OR POST-STARTUP CHECKS.

1. �� �� �� If possible, CAREFULLY spin the blower wheel by hand to ensure it rotates freely and no rubbing or clicking noise is
heard.

2. �� �� �� Check all blower, foundation and duct work hardware to make sure it is tight.
3. �� �� �� Check all blower wheel set screws to make sure they are tight per Table 1 on page 5.
4. �� �� �� If the wheel has a taper-lock bushing, make sure the bolts are tightened per Table 2 on page 5.
5. �� �� �� Make certain there is no foreign material in the blower or duct work that can become a projectile.
6. �� �� �� Make sure any inspection doors in the duct work are securely bolted or locked.
7. �� �� �� Ensure all electrical power components are properly sized and matched for your electrical system.
8. �� �� �� Check that all required guards are properly secured.
9. �� �� �� Any dampers should be fully opened and closed to make sure there is no binding or interference.

10. �� �� �� If your blower is mounted on an elevated support structure, make sure the structure is welded at all the joint connec-
tions and the structure is properly braced to prevent •side swayŽ.

11. �� �� �� Close any dampers to minimize load on motor. Especially on blowers with high temperature construction. Never sub-
ject a •coldŽ blower to a •hotŽ gas stream. If the blower will be handling •hot gasesŽ greater than 150°F (65°C) it is
imperative that the blower be subjected to a gradual rate of temperature increase, not to exceed 15°F/minute
(8°C/minute). The same temperature limits are also important when the blower is experiencing a drop in temperature
until the temperature drops down to 150°F (65°C). Only, when the entire blower has reached an equilibrium tempera-
ture of 150°F (65°C), or less, should the power be turned off.

12. � � � Make sure the power source connections to the blower motor are per the motor manufacturers instructions.
13. �� �� �� Make sure the blower wheel is stationary prior to startup. Starting a blower with a wheel that is rotating back-

wards can cause wheel damage.
14. �� �� �� Apply power to the blower motor momentarily (i.e. •bump startŽ) to check for proper blower wheel rotation. If the blow-

er is rotating in the wrong direction, reconnect the motor leads per the motor manufacturers wiring schematic. Blower
rotation is determined by viewing the blower from the motor side of the blower, NOT from the inlet side . After
reconnecting the leads, repeat this step. See Fig. 2 below.

NOTICE: Failure to complete and document all the following pre-startup and both post-startup
checks, listed in sections A (below) and B on page 8, could void all warranties.

15. � � � Apply power to the blower motor and let it come up to full speed. Turn off the power. Look and listen for any unusual
noise or mechanical abnormality while the blower wheel is still spinning. If any are noticed, lock out the power, wait for
the blower wheel to come to a complete stop, locate the cause and correct it.

16. � � � Unlock power and start the blower.
17. � � � Measure, record and keep the following motor data for future reference and comparison:

(Single phase motors will only have L1 and L2 leads) 

Amperage draw on each motor lead: L1 _______ L2 _______ L3 _______
(Running amps SHOULD NOT exceed the motor nameplate amps for the voltage being operated on)

Voltage coming to motor leads: L1_______ L2_______ L3_______ 
(Should be about the same input voltage on all leads)

Fig. 2

Clockwise 
(CW) Rotation

Counter-Clockwise
(CCW) Rotation
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VIBRATION METER PROBE POSITIONS
For Arrangement 4 Blowers

B. Vibration:
The blower was balanced at the factory to comply with ANSI/AMCA Standard 204-05, Category BV-2. However, rough
handling in shipment and/or erection, weak and/or non-rigid foundations, and misalignment may cause a vibration prob-
lem after installation. After installation, the vibration levels should be checked by personnel experienced with vibration
analysis and vibration analysis equipment.

NOTE:

The blower SHOULD NOT be operated if the vibration velocity of the fan exceeds 0.50 inches per second, filter
out, if the blower is rigidly mounted. If the blower is mounted on isolators or on an isolator base, it SHOULD
NOT be operated if the vibration velocity of the blower exceeds 0.75 inches per second, filter out. 

Vibration readings for direct driven blowers should be taken on the motor at the top, sides and end as per Fig. 3 below.
After you have taken your vibration readings, write them down in the spaces below and keep for future comparison. 

OMM-01-0509-page 8

If the blower is going to be conveying material, it is the users responsibility to periodically turn the blower off and
lock out the power. The blower wheel should then be checked for material build-up and/or erosion. If material has
built up on any parts of the wheel, it MUST be removed and cleaned before it is put back into service. If any parts
of the wheel have been eroded, the wheel MUST be replaced. Failure to perform this inspection can cause
excessive vibration that will damage the blower and/or motor bearings. When vibration becomes excessive, it will
lead to complete blower failure that could cause property damage, severe personal injury and death. The user
must determine the frequency of this inspection based on the actual circumstances of their operation, BUT
checking the vibration readings should NEVER exceed a 12 month period. For the AMCA/ANSI standard for
vibration limits, see Fig. 4 on page 9.

DANGER

Fig. 3
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Fig. 4 Vibration Severity Chart

BEFORE STARTING ANY INSPECTION OR MAINTENANCE, BE SURE BLOWER IS TURNED OFF, POWER IS LOCKED
OUT AND THE BLOWER WHEEL HAS BEEN CAREFULLY SECURED TO PREVENT WIND MILLING. IF THE

OPERATING CONDITIONS OF THE BLOWER ARE TO BE CHANGED (SPEED, PRESSURE, TEMPERATURE, ETC.)
CONSULT CINCINNATI FAN, OR OUR SALES OFFICE FOR YOUR TERRITORY, TO DETERMINE IF THE UNIT WILL 

OPERATE SAFELY AT THE NEW CONDITIONS.

WARNING

V. ROUTINE INSPECTION & MAINTENANCE

Periodic inspection of all the blower parts is the key to good maintenance and trouble-free operation. The frequency of
inspections must be determined by the user and is dependent upon the severity of the application. BUT, it should
NEVER exceed a 12 month period. The user should prepare an inspection and maintenance schedule and make sure
it is adhered to.
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A. Hardware:

All blower and foundation hardware should be checked to make sure it is tight. Wheel set screws or taper-lock bush-
ings should be tightened to the torque values shown in Tables 1 and 2 on page 5.
NOTE: If any set screws have come loose, they must be thrown away and replaced. NEVER use set screws more

than once. Replace with knurled, cup-point set screws with a nylon locking patch.

B. Motor Bearing Lubrication:

1. Motor Bearings:
Most smaller motors have sealed bearings that never require re-lubrication for the life of the motor. For any motors with
grease fittings, consult the motor manufacturers recommendations with reference to the lubrication frequency and the
type of grease that should be used. 
DO NOT over grease the motor bearings. Generally, 1-2 shots should be enough. Use a hand operated grease gun at
no more than 40 PSI. IF POSSIBLE, CAREFULLY lubricate the motor bearings while the motor is running. 

C. Wheel Balance:

All blower wheels are balanced at the factory. It is not uncommon that additional •trim balancingŽ is required after the
blower is assembled. Trim balancing of the blower assembly, in the field, is typically always necessary for all replace-
ment wheels. After any wheel is installed, the final balance of the entire blower assembly should be checked.
Refer to Section B on page 8 and Fig. 4 on page 9. Air stream material or chemicals can cause abrasion or corrosion
of the blower parts. This wear is generally uneven and, over time, will lead to the wheel becoming unbalanced, causing
excessive vibration. When that happens, the wheel must be rebalanced or replaced. The other air stream components
should also be inspected for wear or structural damage and cleaned or replaced if necessary. After cleaning any
blower wheel, it should be balanced and then •trim balancedŽ on the motor shaft .

There are three ways to balance a blower wheel:

1. Add balancing weights for fabricated aluminum, steel or stainless steel wheels:
Balance weights should be rigidly attached to the wheel at a location that will not interfere with the blower
housing nor disrupt air flow. They should (if at all possible) be welded to the wheel. When trim balancing the
wheel, on the blower, be sure to ground the welder directly to the blower wheel. Otherwise, the welding
current will likely pass through the motor and damage the motor bearings.

2. Grinding off material for cast aluminum wheels:
If you are grinding on the wheel to remove material, be very careful not to grind too much in one area. That
could affect the structural integrity of the wheel.

3. Forward curved wheels, Model LM only (also known as squirrel cage or multivane wheels).
These wheels have balancing clips attached to individual blades around the wheel. That is the only proper
way to balance this type of wheel.
NOTE:
Removing any forward curve wheel from the blower to clean it, requires special attention when reinstalling
the wheel back into the blower housing. Make sure you reinstall the wheel so the proper wheel-to-inlet
clearance is maintained. Failure to do this will affect the blowers airflow (CFM), static pressure (SP) capabil-
ities and efficiency. Consult Cincinnati Fan or our local sales office for your area for assistance if necessary.

D. Vibration:

As mentioned previously in this manual, excessive vibration can cause premature motor bearing failure that could lead
to catastrophic failure of the blower. After performing any routine maintenance, the vibration readings should be taken
again. New readings should be taken (maximum every 12 months) and compared to the readings you recorded in
Figure 3 , on page 8, during the initial startup. If any major differences are present, the cause should be deter-
mined and corrected before the blower is put back into operation.
The most common causes of vibration problems are:

1. Wheel unbalance. 3. Poor blower inlet and/or discharge conditions.
2. Mechanical looseness. 4. Foundation stiffness.

E. Dampers and Valves: (Airflow control devices)

Turn off and lock out power to the blower motor. Any dampers or valves should be periodically inspected to make sure
all parts are still operable within their full range and there is no interference with any other damper or blower compo-
nents. Any bearings or seals should be checked for their proper function. The manufacturers maintenance instructions
should be followed. 

F. Safety Equipment & Accessories:

It is the users responsibility to make sure that all safety guards required by the company, local, state and OSHA regu-
lations are properly attached and fully functional at all times. If any guards become defective or non-functional at any
time, the power to the blower MUST be turned off and locked out until complete repairs and/or replacements have
been made, installed and inspected by authorized personnel.
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Any accessories used in conjunction with the blower should also be inspected to make sure they are functioning
within their intended limits and design specifications. The manufacturers maintenance manuals should be referred to
for correct maintenance procedures. These accessories include, but are not limited to, the following: 

Shaft seals, inspection doors, vibration isolators or vibration bases, air flow or pressure measuring equipment,
hoods, controls, special coatings, silencers, expansion joints, valves, flexible connectors and filters.

VI. ORDERING REPLACEMENT PARTS:

Under normal conditions, you should not need any spare or replacement parts for at least 24 months after shipment
from Cincinnati Fan. That does not include any wear due to abrasion, corrosion, excessive temperatures, abuse, mis-
use, accident or any severe conditions the fan was not designed for.

NOTICE:

1. If this blower is vital to any process that could cost you lost revenue, we strongly recommend that you keep
a replacement blower wheel and motor at your location.

2. If this blower is vital for the safety of any people and/or animals, we strongly recommend that you keep a
complete blower/motor assembly , as originally ordered, at your location.

To order any parts or complete units, contact us for the name of our sales office for your area. Or you can find
them on our website at: www.cincinnatifan.com

WE MUST HAVE THE BLOWER SERIAL NUMBER FROM THE BLOWER NAME PLATE TO IDENTIFY PARTS CORRECTLY.

VII. TROUBLESHOOTING

Troubleshooting should only be performed by trained personnel. Any potential electrical problems should only
be checked by a licensed electrician. All safety rules, regulations and procedures MUST be followed. Failure to

follow proper procedures can cause property damage, severe bodily injury and death.

DANGER

   PROBLEM CAUSE
Excessive Vibration  1. Loose mounting bolts, wheel set screws, taper-lock hubs.
 2. Worn or corroded blower wheel.
 3. Accumulation of foreign material on blower wheel.
 4. Bent motor shaft.
 5. Worn motor bearings.
 6. Motor out of balance.
 7. Inadequate structural support.
 8. Support structure not sufficiently cross braced.
 9. Weak or resonant foundation.
 10. Foundation not flat and level.
Airflow (CFM) Too Low  1. Blower wheel turning in wrong direction (rotation ).
 2. Actual system static pressure (SP) is higher than expected.
 3. Motor speed (RPM) too low.
 4. Dampers or valves not adjusted properly.
 5. Leaks or obstructions in duct work.
 6. Filters dirty.
 7. Inlet and/or discharge guards are clogged.
 8. Duct elbow too close to blower inlet and/or discharge.
 9. Improperly designed duct work
 10. Blower wheel not properly located relative to the inlet bell (LM Model only).
Airflow (CFM) Too High  1. Actual system static pressure (SP) is lower than expected.
 2. Motor speed (RPM) too high.
 3. Filter not in place.
 4. Dampers or valves not adjusted properly.

Potential problems and causes listed below are in no order of importance or priority. The causes are only a list
of the most common items to check to correct a problem. If you find the cause of a problem, DO NOT assume it is
the ONLY cause of that problem. Different problems can have the same causes. 

�(����������



VIII. LONG TERM STORAGE INSTRUCTIONS: (Storage exceeding 30 days after receipt of equipment)

NOTE: Failure to adhere to these instructions voids all warranties in their entirety.

1. Storage site selection:

a. Level, well-drained, firm surface, in clean, dry and warm location. Minimum temperature of 50°F (10°C).
b. Isolated from possibility of physical damage from construction vehicles, erection equipment, etc.
c. Accessible for periodical inspection and maintenance.

2. The blower should be supported under each corner of its base to allow it to •breathŽ. Supports (2 x 4•s, timbers, or
railroad ties) should be placed diagonally under each corner.

3. If the equipment is to be stored for more than three (3) months, the entire blower assembly must be loosely covered
with plastic, but not tightly wrapped .

4. Storage Maintenance:

A periodic inspection and maintenance log, by date and action taken, must be developed and main-
tained for each blower. See example below. Each item must be checked monthly.

EXAMPLE:
Storage / Maintenance Schedule Log
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Long Term Storage instructions continued on page 13.
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5. General Motor Procedure:

If the motor is not put into service immediately, the motor must be stored in a clean, dry, warm location. Minimum
temperature of 50°F. (10°C,). Several precautionary steps must be performed to avoid motor damage during storage.

a. Use a •MeggerŽ each month to ensure that integrity of the winding insulation has been maintained. Record the
Megger readings. Immediately investigate any significant drop in insulation resistance.

b. DO NOT lubricate the motor bearings during storage. Motor bearings are packed with grease at the factory.
c. If the storage location is damp or humid, the motor windings must be protected from moisture. This can be done

by applying power to the motor•s space heaters, (IF AVAILABLE) while the motor is in storage. If the motor does
not have space heaters, storing it in a damp or humid location will, very quickly, cause internal corrosion and
motor failure which is not warranted.

NOTE:
For specific storage instructions, for the actual motor and any accessory parts that were supplied, refer to
the manufacturer•s instructions. 
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IX. LIMITED WARRANTY:

Cincinnati Fan & Ventilator Company (Seller) warrants products of its own manufacture, against defects of material and workmanship
under normal use and service for a period of eighteen (18) months from date of shipment or twelve (12) months from date of installa-
tion, whichever occurs first. This warranty does not apply to any of Seller•s products or any part thereof which has been subject to
extraordinary wear and tear, improper installation, accident, abuse, misuse, overloading, negligence or alteration. This warranty does
not cover systems or materials not of Seller•s manufacture. On products furnished by Seller, but manufactured by others, such as
motors, Seller extends the same warranty as Seller received from the manufacturer thereof. Expenses incurred by Purchaser•s in
repairing or replacing any defective product will not be allowed except where authorized in writing and signed by an officer of the
Seller.

The obligation of the Seller under this warranty shall be limited to repairing or replacing F.O.B. the Seller•s plant, or allowing credit at
Seller•s option. THIS WARRANTY IS EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES EITHER EXPRESSED OR IMPLIED
INCLUDING THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE AND OF ALL OTHER
OBLIGATIONS AND LIABILITIES OF THE SELLER. THE PURCHASER ACKNOWLEDGES THAT NO OTHER REPRESENTA-
TIONS WERE MADE TO PURCHASER OR RELIED UPON BY PURCHASER WITH RESPECT TO THE QUALITY OR FUNCTION
OF THE PRODUCTS HEREIN SOLD.

Removal of the Sellers nameplate or any generic fan nameplate containing the fan serial number voids all warranties, either written or
implied. Failure to complete and document all the pre-startup and post startup checks and perform the suggested routine mainte-
nance checks voids all warranties, either written or implied.

LIMITATION OF LIABILITY:
Notice of any claim, including a claim for defect in material or workmanship, must be given to Seller in writing within 30 days after
receipt of the equipment or other products. Seller reserves the right to inspect any alleged defect at Purchaser•s facility before any
claim can be allowed and before adjustment, credit, allowance replacement or return will be authorized. See RETURNS below.
Seller•s liability with respect to such defects will be limited to the replacement, free of charge, of parts returned at Purchaser•s
expense F.O.B. Seller•s plant and found to be defective by the Seller.

IN NO EVENT WILL SELLER BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES, WHETHER
IN CONTACT, TORT, NEGLIGENCE, STRICT LIABILITY OR OTHERWISE, INCLUDING WITHOUT LIMITATION DAMAGES FOR
INJURY TO PERSONS OR PROPERTY, LOST PROFITS OR REVENUE, LOST SALES OR LOSS OF USE OF ANY PRODUCT
SOLD HEREUNDER. PURCHASER•S SOLE AND EXCLUSIVE REMEDY AGAINST SELLER WILL BE THE REPLACEMENT OF
DEFECTIVE PARTS AS PROVIDED HEREIN OR REFUND OF THE PURCHASE PRICE FOR DEFECTIVE PRODUCTS, AT SELL-
ER•S SOLE OPTION. SELLER•S LIABILITY ON ANY CLAIM, WHETHER IN CONTRACT, TORT, NEGLIGENCE, STRICT LIABILI-
TY OR OTHERWISE, FOR ANY LOSS OR DAMAGE ARISING OUT OF OR IN CONNECTION WITH PURCHASER•S ORDER OR
THE PRODUCTS OR EQUIPMENT PURCHASED HEREUNDER, SHALL IN NO CASE EXCEED THE PURCHASE PRICE OF THE
EQUIPMENT GIVING RISE TO THE CLAIM.

RESPONSIBILITY:
It is the understanding of the Seller that Purchaser and/or User will use this equipment in conjunction with additional equipment or
accessories to comply with all Federal, State and local regulations. The Seller assumes no responsibility for the Purchaser•s or Users
compliance with any Federal, State and local regulations.

RETURNS:
Cincinnati Fan & Ventilator Company assumes no responsibility for any material returned to our plant without our permission. An RMA
(Return Material Authorization) number must be obtained and clearly shown on the outside of the carton or crate and on a packing
slip. Any items returned must be shipped freight prepaid. Failure to comply will result in refusal of the shipment at our receiving
department.
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DISCLAIMER
This manual, and all its content herein, is based on all applicable known material at the time this manual was created. Any parts of
this manual are subject to change at any time and without notice. 
If any statements, diagrams and/or instructions contained herein, for components not manufactured by the Seller, conflict with
instructions in the manufacturer•s manual (i.e.: motors, dampers, etc.), the instructions in the manufacturer•smanual, for that compo-
nent take precedent.
Should you want the latest version of this manual, please contact us or our sales office for your area. Or, you can print a current ver-
sion by going to our website at: www.cincinnatifan.com

7697 Snider Road, Mason, OH 45040-9135
Phone: (513) 573-0600 Fax: (513) 573-0640
E-Mail: sales@cincinnatifan.com
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X. PARTS DRAWING:

Cincinnati Fan manufactures many models and arrangements with special variations. For that
reason, the maintenance manuals contained on our website do not include a parts drawing nor the
completed blower or fan specifications on page 1. For the parts drawing of all the standard
components and specifications for the specific blower or fan that you have, please contact our local
Cincinnati Fan sales office for your area. 

You will need to give them the serial number shown on the blower or fan nameplate so they can
supply you the correct information.

Click on •Contact a Sales RepŽ on our website for the name and contact information for our local
sales office for your area. www.cincinnatifan.com

PLEASE NOTE
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�0�D�[�� �S�R�Z�H�U �F�R�Q�V�X�P�S�W�L�R�Q ���� �P�$ �D�W ���� �9�'�&

�0�H�D�V�X�U�H �F�X�U�U�H�Q�W �� �P�$ �W�\�S�L�F�D�O �D�W ���� �9�'�&

�,�G�O�H �F�X�U�U�H�Q�W ���Q�R �P�H�D�V�X�U�H�P�H�Q�W �R�U
�F�R�P�P�X�Q�L�F�D�W�L�R�Q��

������ �—�$ �W�\�S�L�F�D�O �D�W ���� �9�'�&

�0�D�[�L�P�X�P �F�D�E�O�H �O�H�Q�J�W�K �8�S �W�R ���������� �P ������������ �I�W�� ���I�R�U �0�R�G�E�X�V �D�Q�G �������� �P�$�� �R�U �X�S �W�R���������� �������� �I�W�� �I�R�U �6�'�,������

�&�D�E�O�H �R�S�W�L�R�Q�V
���� �P �I�L�[�H�G �V�W�U�L�S�S�H�G���D�Q�G���W�L�Q�Q�H�G�� �7�Z�L�V�W���O�R�F�N �F�R�Q�Q�H�F�W�R�U �Z�L�W�K �X�V�H�U���V�H�O�H�F�W�D�E�O�H �F�D�E�O�H
�O�H�Q�J�W�K

�,�Q�W�H�U�Q�D�O �P�R�X�Q�W�L�Q�J �W�K�U�H�D�G ���ó �� ���� �ò �1�3�7

�,�3 �U�D�W�L�Q�J �,�3������ �Z�L�W�K �F�D�S �R�I�I�� �,�3������ �Z�L�W�K �F�D�S �L�Q�V�W�D�O�O�H�G

�&�R�P�S�O�L�D�Q�F�H �+�H�D�Y�\ �L�Q�G�X�V�W�U�L�D�O�� �,�(�& ����������������������������

�6�D�O�L�Q�L�W�\ �F�R�P�S�H�Q�V�D�W�L�R�Q �)�L�[�H�G �R�U �U�H�D�O���W�L�P�H �F�D�S�D�E�O�H ���X�V�L�Q�J �F�R�Q�W�U�R�O�O�H�U��

�%�D�U�R�P�H�W�U�L�F �S�U�H�V�V�X�U�H �)�L�[�H�G �R�U �U�H�D�O���W�L�P�H �F�D�S�D�E�O�H ���X�V�L�Q�J �F�R�Q�W�U�R�O�O�H�U��

�0�D�[�L�P�X�P �S�U�H�V�V�X�U�H ������ �S�V�L �I�U�R�P �� �W�R �����ƒ �&�� ������ �S�V�L �# �����ƒ �&

�:�D�U�U�D�Q�W�\
�3�U�R�E�H�� �� �\�H�D�U�V �I�U�R�P �G�D�W�H �R�I �V�K�L�S�P�H�Q�W
�5�'�2���; �6�H�Q�V�R�U �&�D�S�� �� �\�H�D�U�V �L�Q �W�\�S�L�F�D�O �D�S�S�O�L�F�D�W�L�R�Q�V

�0�H�W�K�R�G�V
�6�W�D�Q�G�D�U�G �0�H�W�K�R�G�V �����������2�� �,�Q���6�L�W�X �0�H�W�K�R�G�V ������������������������������������������������ ����������������������
���(�3�$ �D�S�S�U�R�Y�H�G��
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�,�Q�W�U�R�G�X�F�W�L�R�Q

�7�K�H �5�'�2 �3�5�2���; �3�U�R�E�H �L�V �D �U�X�J�J�H�G�� �U�H�O�L�D�E�O�H �L�Q�V�W�U�X�P�H�Q�W �G�H�V�L�J�Q�H�G �W�R �G�H�O�L�Y�H�U �D�F�F�X�U�D�W�H
�G�L�V�V�R�O�Y�H�G �R�[�\�J�H�Q ���'�2�� �G�D�W�D �D�F�U�R�V�V �D �Z�L�G�H �P�H�D�V�X�U�H�P�H�Q�W �U�D�Q�J�H �D�Q�G �W�R �U�H�G�X�F�H
�P�D�L�Q�W�H�Q�D�Q�F�H �F�R�V�W�V�� �7�K�H �S�U�R�E�H �I�H�D�W�X�U�H�V �W�K�H �O�D�W�H�V�W �R�S�W�L�F�D�O �W�H�F�K�Q�R�O�R�J�\ �I�R�U �'�2
�P�H�D�V�X�U�H�P�H�Q�W��

�6�\�V�W�H�P �'�H�V�F�U�L�S�W�L�R�Q

�7�K�H �5�'�2 �3�5�2���; �V�\�V�W�H�P �F�R�Q�V�L�V�W�V �R�I �W�K�H �I�R�O�O�R�Z�L�Q�J �L�W�H�P�V��

�z �%�O�D�F�N �S�U�R�E�H �E�R�G�\ �Z�L�W�K �U�H�P�R�Y�D�E�O�H �Q�R�V�H �F�R�Q�H

�z �2�S�W�L�F�D�O �5�'�2���; �6�H�Q�V�R�U �&�D�S

�z �7�L�W�D�Q�L�X�P �W�K�H�U�P�L�V�W�R�U

�5�X�J�J�H�G�&�D�E�O�H �6�\�V�W�H�P

�z �������P �V�W�D�Q�G�D�U�G �O�H�Q�J�W�K �Z�L�W�K �V�W�U�L�S�S�H�G���D�Q�G���W�L�Q�Q�H�G �H�Q�G�V

�z �&�X�V�W�R�P�L�]�H�G �O�H�Q�J�W�K�V �Z�L�W�K �W�L�W�D�Q�L�X�P �W�Z�L�V�W���O�R�F�N �F�R�Q�Q�H�F�W�R�U�V

�� �&�D�E�O�H �H�Q�G�� �V�W�U�L�S�S�H�G���D�Q�G���W�L�Q�Q�H�G

�� �1�R�V�H �F�R�Q�H

�� �5�'�2���; �6�H�Q�V�R�U �&�D�S

�� �7�K�H�U�P�L�V�W�R�U
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�� �3�U�R�E�H

�� �&�D�E�O�H �H�Q�G�� �W�Z�L�V�W���O�R�F�N �F�R�Q�Q�H�F�W�R�U �D�Q�G �5�X�J�J�H�G�&�D�E�O�H �6�\�V�W�H�P

�6�H�U�L�D�O �1�X�P�E�H�U�V

�7�K�H �S�U�R�E�H �V�H�U�L�D�O �Q�X�P�E�H�U �L�V �H�Q�J�U�D�Y�H�G �R�Q �W�K�H �V�L�G�H �R�I �W�K�H �X�Q�L�W�� �7�K�H �F�D�S �V�H�U�L�D�O �Q�X�P�E�H�U �L�V
�S�U�R�J�U�D�P�P�H�G �R�Q �W�K�H �P�H�P�R�U�\ �F�K�L�S �L�Q�V�L�G�H �W�K�H �F�D�S��

�8�Q�S�D�F�N �W�K�H �3�U�R�E�H

���� �5�H�P�R�Y�H �W�K�H �S�U�R�E�H �I�U�R�P �W�K�H �E�R�[ �D�Q�G �R�W�K�H�U �S�D�F�N�D�J�L�Q�J �P�D�W�H�U�L�D�O�V��

���� �8�Q�V�F�U�H�Z �W�K�H �Q�R�V�H �F�R�Q�H �I�U�R�P �W�K�H �S�U�R�E�H �D�Q�G �U�H�P�R�Y�H �W�K�H �U�H�G �S�U�R�W�H�F�W�L�Y�H �G�X�V�W �F�D� S � I� U� R� P
�W�K�H �V�H�Q�V�R�U�� �6�D�Y�H �W�K�H �G�X�V�W �F�D�S �I�R�U �O�D�W�H�U �X�V�H��

�� �'�X�V�W �F�D�S

�� �1�R�V�H �F�R�Q�H

���� �5�H�P�R�Y�H �W�K�H �5�'�2 �F�D�S �I�U�R�P �W�K�H �V�W�R�U�D�J�H �V�O�H�H�Y�H��

���� �$�O�L�J�Q �W�K�H �D�U�U�R�Z �R�Q �W�K�H �F�D�S �Z�L�W�K �W�K�H �L�Q�G�H�[ �P�D�U�N �R�Q �W�K�H �S�U�R�E�H �D�Q�G �I�L�U�P�O�\ �S�U�H�V�V�W�K�H �F�D�S
�R�Q�W�R �W�K�H �S�U�R�E�H�� �Z�L�W�K�R�X�W �W�Z�L�V�W�L�Q�J�� �X�Q�W�L�O �L�W �V�H�D�O�V �R�Y�H�U �W�K�H �S�U�R�E�H �E�R�G�\��
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�� �$�O�L�J�Q�P�H�Q�W �D�U�U�R�Z �R�Q �F�D�S

�� �&�D�S �L�Q�V�W�D�O�O�H�G �R�Y�H�U �O�H�Q�V

�� �1�R�V�H �F�R�Q�H

�'�R �Q�R�W �D�O�O�R�Z �P�R�L�V�W�X�U�H �R�U �D�W�P�R�V�S�K�H�U�L�F �K�X�P�L�G�L�W�\ �L�Q�V�L�G�H �W�K�H �F�D�S��
�.�H�H�S �W�K�H �F�D�S �L�Q �L�W�V �V�H�D�O�H�G �S�D�F�N�D�J�H �X�Q�W�L�O �\�R�X �D�U�H �U�H�D�G�\ �W�R �L�Q�V�W�D�O�O �L�W��
�,�Q�V�W�D�O�O �S�U�R�P�S�W�O�\�� �(�Q�V�X�U�H �W�K�D�W �2���U�L�Q�J �J�U�R�R�Y�H�V �D�U�H �G�U�\ �D�Q�G �W�K�D�W �W�K�H �2��
�U�L�Q�J �L�V �Q�R�W �U�R�O�O�H�G �R�U �S�L�Q�F�K�H�G �L�Q�V�L�G�H �W�K�H �F�D�S��
�7�K�H �W�\�S�L�F�D�O �F�D�S �O�L�I�H�W�L�P�H �L�V �W�Z�R �\�H�D�U�V �D�I�W�H�U �W�K�H �I�L�U�V�W �U�H�D�G�L�Q�J �K�D�V
�E�H�H�Q �W�D�N�H�Q��

���� �5�H�D�W�W�D�F�K �W�K�H �Q�R�V�H �F�R�Q�H��
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�&�D�O�L�E�U�D�W�H �W�K�H �5�'�2 �3�5�2���; �3�U�R�E�H

�&�D�O�L�E�U�D�W�H �W�K�H �V�H�Q�V�R�U �Z�L�W�K �W�K�H �&�R�P�P �.�L�W �6�R�I�W�Z�D�U�H �D�Q�G �W�K�H �5�'�2 �3�5�2 �&�R�P�P�X�Q�L�F�D�W�L�R�Q
�'�H�Y�L�F�H�� �R�U �F�D�O�L�E�U�D�W�H �W�K�H �V�H�Q�V�R�U �G�L�U�H�F�W�O�\ �Z�L�W�K �\�R�X�U �F�R�Q�W�U�R�O�O�H�U��

�����3�R�L�Q�W �&�D�O�L�E�U�D�W�L�R�Q

�7�K�H �R�S�W�L�F�D�O �5�X�J�J�H�G �'�L�V�V�R�O�Y�H�G �2�[�\�J�H�Q �V�H�Q�V�R�U �L�V �Y�H�U�\ �V�W�D�E�O�H�� �7�K�H �I�D�F�W�R�U�\ �F�D�O�L�E�U�D�W�L�R�Q
�V�K�R�X�O�G �S�U�R�G�X�F�H �U�H�D�G�L�Q�J�V �Z�L�W�K�L�Q ���� �D�F�F�X�U�D�F�\�� �,�I �\�R�X �U�H�T�X�L�U�H �U�H�D�G�L�Q�J�V �Z�L�W�K �J�U�H�D�W�H�U
�D�F�F�X�U�D�F�\ �Z�H �U�H�F�R�P�P�H�Q�G �W�K�D�W �\�R�X �S�H�U�I�R�U�P �D �����S�R�L�Q�W�� �������� �Z�D�W�H�U���V�D�W�X�U�D�W�H�G �D�L�U
�F�D�O�L�E�U�D�W�L�R�Q �D�V �G�H�V�F�U�L�E�H�G �E�H�O�R�Z��

�:�D�W�H�U���6�D�W�X�U�D�W�H�G �$�L�U

���� �5�H�P�R�Y�H �W�K�H �V�W�R�U�D�J�H �F�D�S �I�U�R�P �W�K�H �W�R�S �R�I �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �F�K�D�P�E�H�U �D�Q�G �U�H�S�O�D�F� H � L� W � Z� L� W� K
�W�K�H �Y�H�Q�W�H�G �F�D�O�L�E�U�D�W�L�R�Q �F�D�S��

�� �6�W�R�U�D�J�H �F�D�S

�� �9�H�Q�W�H�G �F�D�O�L�E�U�D�W�L�R�Q �F�D�S

�)�L�J�X�U�H ������ �6�W�R�U�D�J�H �F�D�S �D�Q�G �Y�H�Q�W�H�G �F�D�O�L�E�U�D�W�L�R�Q �F�D�S �V�K�R�Z�Q �W�R�J�H�W�K�H�U

���� �3�O�D�F�H �W�K�H �V�S�R�Q�J�H �Z�D�I�H�U �L�Q �W�K�H �E�R�W�W�R�P �R�I �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �F�K�D�P�E�H�U �D�Q�G �V�D�W�X�U�D�W�H �Z�L�W�K
�D�S�S�U�R�[�L�P�D�W�H�O�\ ���� �P�/ �Z�D�W�H�U��

���� �*�H�Q�W�O�\ �G�U�\ �W�K�H �L�Q�V�W�U�X�P�H�Q�W �D�Q�G �V�H�Q�V�L�Q�J �P�D�W�H�U�L�D�O �Z�L�W�K �D �S�D�S�H�U �W�R�Z�H�O�� �P�D�N�L�Q� J � V� X� U� H
�W�K�H�U�H �L�V �Q�R �Z�D�W�H�U �R�U �G�H�E�U�L�V �R�Q �W�K�H �L�Q�V�W�U�X�P�H�Q�W �R�U �R�Q �W�K�H �V�H�Q�V�L�Q�J �V�X�U�I�D�F�H��

���� �3�O�D�F�H �W�K�H �L�Q�V�W�U�X�P�H�Q�W �L�Q�W�R �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �F�K�D�P�E�H�U �D�E�R�X�W ������ �F�P ���� �L�Q���� �D�E�R�Y�H �W�K�H
�Z�D�W�H�U���V�D�W�X�U�D�W�H�G �V�S�R�Q�J�H��

�)�L�J�X�U�H ������ �&�D�O�L�E�U�D�W�L�R�Q �F�K�D�P�E�H�U �Z�L�W�K �Z�D�W�H�U���V�D�W�X�U�D�W�H�G �V�S�R�Q�J�H

���� �$�O�O�R�Z �� �W�R ���� �P�L�Q�X�W�H�V �I�R�U �W�H�P�S�H�U�D�W�X�U�H �V�W�D�E�L�O�L�]�D�W�L�R�Q �S�U�L�R�U �W�R �V�W�D�U�W�L�Q�J �W�K�H �F�D�O�L�E�U�D�W�L�R�Q
�S�U�R�F�H�G�X�U�H�� �'�R �Q�R�W �O�H�D�Y�H �W�K�H �L�Q�V�W�U�X�P�H�Q�W �L�Q �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �F�K�D�P�E�H�U �I�R�U �P�R�U�H�W�K�D�Q ����
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�P�L�Q�X�W�H�V�� �7�K�L�V �F�D�Q �D�O�O�R�Z �F�R�Q�G�H�Q�V�D�W�L�R�Q �W�R �I�R�U�P �R�Q �W�K�H �V�H�Q�V�L�Q�J �P�D�W�H�U�L�D�O�� �Z�K�L�F�K �Z�L�O�O
�S�U�R�G�X�F�H �I�D�O�V�H �O�R�Z �U�H�D�G�L�Q�J�V �D�I�W�H�U �F�D�O�L�E�U�D�W�L�R�Q�� �,�I �F�R�Q�G�H�Q�V�D�W�L�R�Q �G�R�H�V �R�F�F�X�U�� �U�H�P�R�Y�H �W�K�H
�L�Q�V�W�U�X�P�H�Q�W�� �G�U�\ �W�K�H �V�H�Q�V�L�Q�J �P�D�W�H�U�L�D�O�� �S�O�D�F�H �W�K�H �L�Q�V�W�U�X�P�H�Q�W �L�Q �W�K�H �F�K�D�P�E�H�U�� �D�Q�G
�F�D�O�L�E�U�D�W�H��

�����3�R�L�Q�W �&�D�O�L�E�U�D�W�L�R�Q

�������� �D�Q�G ���� �6�D�W�X�U�D�W�L�R�Q

�:�H �U�H�F�R�P�P�H�Q�G �W�K�D�W �\�R�X �S�H�U�I�R�U�P �W�K�H �� �� �R�[�\�J�H�Q �F�D�O�L�E�U�D�W�L�R�Q �R�Q�O�\ �L�I �\�R�X �L�Q�W�H�Q�G �W�R
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�U�H�J�L�V�W�H�U�V�� �,�I �D �]�H�U�R �F�D�O�L�E�U�D�W�L�R�Q �L�V �Q�R�W �W�R �E�H �S�H�U�I�R�U�P�H�G�� �W�K�H�V�H �U�H�J�L�V�W�H�U�V �F�D� Q � E� H � V� H� W � W� R
�]�H�U�R �R�U �O�H�I�W �D�W �W�K�H�L�U �S�U�H�Y�L�R�X�V �Y�D�O�X�H�V��
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������ �:�U�L�W�H �W�K�H �&�D�O�L�E�U�D�W�L�R�Q �8�S�G�D�W�H �F�R�P�P�D�Q�G �����[�(�������� �W�R �W�K�H �V�H�Q�V�R�U �F�R�P�P�D�Q�G �U�H�J�L�V�W�H�U��
�7�K�H �V�H�Q�V�R�U �Z�L�O�O �F�D�O�F�X�O�D�W�H �D �Q�H�Z �V�O�R�S�H �D�Q�G �R�I�I�V�H�W�� �Z�U�L�W�H �W�K�H �F�X�U�U�H�Q�W �W�L�P�H �W�R �W�K�H �O�D�V�W
�X�V�H�U �F�D�O�L�E�U�D�W�L�R�Q �W�L�P�H �U�H�J�L�V�W�H�U�� �D�Q�G �V�H�W �W�K�H �Q�H�[�W �X�V�H�U �F�D�O�L�E�U�D�W�L�R�Q �W�L�P�H �U�H�J�L�V�W�H�U �W�R �]�H�U�R
���G�L�V�D�E�O�H�G���� �,�I �W�K�H �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V �D�W �������� �D�Q�G ���� �V�D�W�X�U�D�W�L�R�Q �D�U�H �H�T�X�D�O�� �W�K�H�S�U�R�E�H �Z�L�O�O
�U�H�W�X�U�Q �D�Q �H�[�F�H�S�W�L�R�Q �U�H�V�S�R�Q�V�H �Z�L�W�K �F�R�G�H ���[���� ���L�Q�Y�D�O�L�G �F�D�O�L�E�U�D�W�L�R�Q�� �D�Q�G �Q�R�W�D�W�W�H�P�S�W �W�R
�F�R�P�S�X�W�H �D �Q�H�Z �V�O�R�S�H �D�Q�G �R�I�I�V�H�W �G�X�H �W�R �S�R�V�V�L�E�O�H �G�L�Y�L�V�L�R�Q �E�\ �]�H�U�R�� �,�I �W�K�H �V�O�R�S�H�G�R�H�V
�Q�R�W �F�D�O�F�X�O�D�W�H �E�H�W�Z�H�H�Q �������� �D�Q�G �������� �L�Q�F�O�X�V�L�Y�H�� �R�U �L�I �W�K�H �R�I�I�V�H�W �G�R�H�V �Q�R�W �F�D�O�F�X�O�D�W�H
�E�H�W�Z�H�H�Q �������� �D�Q�G �������� �L�Q�F�O�X�V�L�Y�H�� �W�K�H�Q �W�K�H �S�U�R�E�H �Z�L�O�O �U�H�W�X�U�Q �D�Q �H�[�F�H�S�W�L�R�Q �U�H�V�S�R�Q�V�H
�Z�L�W�K �F�R�G�H ���[���� ���L�Q�Y�D�O�L�G �F�D�O�L�E�U�D�W�L�R�Q�����7�K�H �V�O�R�S�H �D�Q�G �R�I�I�V�H�W �Z�L�O�O �E�H �D�Y�D�L�O�D�E�O�H �I�R�U �U�H�D�G
�E�X�W �Z�L�O�O �Q�R�W �E�H �F�R�P�P�L�W�W�H�G �W�R �I�O�D�V�K��

������ �2�S�W�L�R�Q�D�O�� �5�H�D�G �W�K�H �O�D�V�W �X�V�H�U �F�D�O�L�E�U�D�W�L�R�Q �W�L�P�H �U�H�J�L�V�W�H�U�� �D�G�G �W�K�H �Q�H�[�W �F�D�O�L�E�U�D�W�L�R�Q
�L�Q�W�H�U�Y�D�O�� �D�Q�G �Z�U�L�W�H �W�K�H �U�H�V�X�O�W �W�R �W�K�H �Q�H�[�W �X�V�H�U �F�D�O�L�E�U�D�W�L�R�Q �W�L�P�H �U�H�J�L�V�W�H�U��

������ �:�U�L�W�H �W�K�H �&�D�O�L�E�U�D�W�L�R�Q �0�R�G�H �2�I�I �F�R�P�P�D�Q�G �����[�(�������� �W�R �W�K�H �V�H�Q�V�R�U �F�R�P�P�D�Q�G �U�H�J�L�V�W�H�U
�W�R �S�O�D�F�H �W�K�H �V�H�Q�V�R�U �L�Q �Q�R�U�P�D�O �R�S�H�U�D�W�L�R�Q�� �,�I �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �P�R�G�H �L�V �W�X�U�Q�H�G �R�I�I �Z�L�W�K�R�X�W
�D �F�D�O�L�E�U�D�W�L�R�Q �X�S�G�D�W�H �F�R�P�P�D�Q�G�� �R�U �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �F�R�P�P�D�Q�G �U�H�W�X�U�Q�H�G �D�Q �H�[�F�H�S�W�L�R�Q��
�W�K�H �S�U�H�Y�L�R�X�V �F�D�O�L�E�U�D�W�L�R�Q �V�K�D�O�O �E�H �U�H�V�W�R�U�H�G��

������ �2�S�W�L�R�Q�D�O�� �,�I �\�R�X �V�D�Y�H�G �W�K�H �W�H�P�S�H�U�D�W�X�U�H �D�Q�G �V�D�W�X�U�D�W�L�R�Q �S�D�U�D�P�H�W�H�U �X�Q�L�W�V�D�W �W�K�H �V�W�D�U�W �R�I
�W�K�H �S�U�R�F�H�V�V�� �Z�U�L�W�H �W�K�H �R�U�L�J�L�Q�D�O �Y�D�O�X�H�V �E�D�F�N��

������ �2�S�W�L�R�Q�D�O�� �,�I �\�R�X �V�D�Y�H�G �W�K�H �6�H�Q�V�R�U �'�D�W�D �&�D�F�K�H �7�L�P�H�R�X�W �U�H�J�L�V�W�H�U �������� �D�W �W�K� H � V� W� D� U� W � R� I
�W�K�H �S�U�R�F�H�V�V�� �Z�U�L�W�H �W�K�H �R�U�L�J�L�Q�D�O �Y�D�O�X�H �E�D�F�N��

�&�D�O�L�E�U�D�W�L�R�Q �&�D�O�F�X�O�D�W�L�R�Q�V
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�6�H�U�Y�L�F�H

�7�K�H �5�'�2 �3�5�2���; �3�U�R�E�H �F�R�Q�W�D�L�Q�V �Q�R �X�V�H�U���V�H�U�Y�L�F�H�D�E�O�H �S�D�U�W�V�� �'�R �Q�R�W �D�W�W�H�P�S�W �W�R �R�S�H�Q �W�K�H
�S�U�R�E�H �F�D�V�H �R�U �V�H�U�Y�L�F�H �W�K�H �X�Q�L�W �\�R�X�U�V�H�O�I��

�5�'�2���; �6�R�I�W�Z�D�U�H �7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J

�6�H�Q�V�R�U �K�H�D�O�W�K �G�L�D�J�Q�R�V�W�L�F�V �L�Q�G�L�F�D�W�H �Z�K�H�Q �W�K�H �5�'�2 �V�H�Q�V�R�U �K�D�V
�E�H�H�Q �G�D�P�D�J�H�G �L�Q �W�K�H �I�L�H�O�G�� �,�I �W�K�H �V�H�Q�V�R�U �K�D�V �V�X�V�W�D�L�Q�H�G �P�R�G�H�U�D�W�H
�G�D�P�D�J�H�� �W�K�H �S�U�R�E�H �S�U�R�Y�L�G�H�V �D �'�2 �Y�D�O�X�H �W�K�D�W �L�Q�F�O�X�G�H�V �D ���'�,�6 �R�U
�'�D�W�D �4�X�D�O�L�W�\ �,�' ���� �Z�D�U�Q�L�Q�J�� �7�K�H �V�D�P�H �Z�D�U�Q�L�Q�J �L�V �L�Q�F�O�X�G�H�G �Z�L�W�K
�U�H�D�G�L�Q�J�V �W�D�N�H�Q �D�I�W�H�U �W�K�H �V�H�Q�V�R�U �K�D�V �U�H�D�F�K�H�G �L�W�V �������P�R�Q�W�K
�U�H�F�R�P�P�H�Q�G�H�G �O�L�I�H�V�S�D�Q��

�+�R�Z�H�Y�H�U�� �L�I �W�K�H �V�H�Q�V�R�U �K�D�V �E�H�H�Q �V�H�Y�H�U�H�O�\ �G�D�P�D�J�H�G�� �D�Q �H�U�U�R�U
�P�H�V�V�D�J�H �L�V �V�K�R�Z�Q ���(�5�5 �R�U �'�D�W�D �4�X�D�O�L�W�\ �,�' ������ �D �'�2 �Y�D�O�X�H �L�V �Q�R�W
�S�U�R�Y�L�G�H�G �D�Q�G �W�K�H �V�H�Q�W�L�Q�H�O �Y�D�O�X�H �L�V �V�K�R�Z�Q�� �7�K�L�V �S�U�H�Y�H�Q�W�V �\�R�X �I�U�R�P
�U�H�F�H�L�Y�L�Q�J �D�Q �H�U�U�R�Q�H�R�X�V �U�H�D�G�L�Q�J��

�6�H�Q�V�R�U �+�H�D�O�W�K �7�D�E�O�H

�7�K�H �I�R�O�O�R�Z�L�Q�J �H�U�U�R�U �P�H�V�V�D�J�H�V �D�S�S�H�D�U �L�Q �W�K�H �V�R�I�W�Z�D�U�H �D�Q�G �W�K�H �G�D�W�D �I�L�O�H �Z�K�H�Q �D�V�H�Q�V�R�U
�L�V�V�X�H �K�D�V �E�H�H�Q �G�H�W�H�F�W�H�G��

�$�E�E�U�H�Y�L�D�W�L�R�Q �' �D�W�D�4�X�D�O�L�W�\ �,�' �7�H�[�W �' �H�V�F�U�L�S�W�L�R�Q

�1�R�Q�H �� �1�R�Q�H �1�R�U�P�D�O �'�D�W�D �4�X�D�O�L�W�\

�8�& ��
�8�V�H�U �&�D�O
�(�[�S�L�U�H�G

�3�D�U�D�P�H�W�H�U �P�H�D�V�X�U�H�G �Z�L�W�K�R�X�W �H�U�U�R�U�V
�X�V�L�Q�J �D�Q �H�[�S�L�U�H�G �X�V�H�U �F�D�O�L�E�U�D�W�L�R�Q��

�)�& ��
�)�D�F�W�R�U�\ �&�D�O
�(�[�S�L�U�H�G

�3�D�U�D�P�H�W�H�U �P�H�D�V�X�U�H�G �Z�L�W�K�R�X�W �H�U�U�R�U�V
�X�V�L�Q�J �D�Q �H�[�S�L�U�H�G �I�D�F�W�R�U�\ �F�D�O�L�E�U�D�W�L�R�Q��

�(�5�5 �� �8�Q�N�Q�R�Z�Q �(�U�U�R�U
�3�D�U�D�P�H�W�H�U �P�H�D�V�X�U�H�G �Z�L�W�K �H�U�U�R�U��
�V�H�Q�W�L�Q�H�O �Y�D�O�X�H �V�X�S�S�O�L�H�G��

�:�8 ��
�6�H�Q�V�R�U �:�D�U�P��
�X�S

�6�H�Q�V�R�U �L�V �Z�D�U�P�L�Q�J �X�S�� �V�H�Q�W�L�Q�H�O
�Y�D�O�X�H �V�X�S�S�O�L�H�G��

�'�,�6 ��
�6�H�Q�V�R�U
�:�D�U�Q�L�Q�J

�3�D�U�D�P�H�W�H�U �P�H�D�V�X�U�H�G �E�X�W �G�R�H�V �Q�R�W
�P�H�H�W �Q�R�U�P�D�O �T�X�D�O�L�W�\ �F�U�L�W�H�U�L�D�� �7�K�H
�V�H�Q�V�R�U �K�D�V �V�X�V�W�D�L�Q�H�G �P�R�G�H�U�D�W�H
�G�D�P�D�J�H�� �R�U �W�K�H �U�H�F�R�P�P�H�Q�G�H�G
�O�L�I�H�V�S�D�Q �K�D�V �E�H�H�Q �U�H�D�F�K�H�G��
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�$�E�E�U�H�Y�L�D�W�L�R�Q �' �D�W�D�4�X�D�O�L�W�\ �,�' �7�H�[�W �' �H�V�F�U�L�S�W�L�R�Q

�&�$�/ ��
�6�H�Q�V�R�U
�&�D�O�L�E�U�D�W�L�Q�J

�6�H�Q�V�R�U �L�V �F�D�O�L�E�U�D�W�L�Q�J�� �F�D�O�L�E�U�D�W�L�R�Q
�Y�D�O�X�H �V�X�S�S�O�L�H�G��

�2�/ �� �6�H�Q�V�R�U �0�L�V�V�L�Q�J

�6�H�Q�V�R�U �F�R�P�P�X�Q�L�F�D�W�L�R�Q �I�D�L�O�H�G��
�V�H�Q�W�L�Q�H�O �Y�D�O�X�H �V�X�S�S�O�L�H�G�� �0�D�N�H �V�X�U�H
�W�K�H �V�H�Q�V�R�U �F�D�S �L�V �L�Q�V�W�D�O�O�H�G �D�Q�G
�S�U�R�S�H�U�O�\ �V�H�D�W�H�G��
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�$�S�S�H�Q�G�L�[ �$ �� �&�R�P�P�X�Q�L�F�D�W�L�R�Q �'�H�Y�L�F�H

�7�K�H �&�R�P�P�X�Q�L�F�D�W�L�R�Q �'�H�Y�L�F�H �L�V �D�Q �D�F�F�H�V�V�R�U�\ �S�U�R�G�X�F�W �W�K�D�W �F�D�Q �E�H �X�V�H�G �W�R �F�D�O�L�E�U�D�W�H �D�Q�G
�V�H�W �X�S �5�'�2 �S�U�R�E�H�V��

�,�Q�V�W�D�O�O �D�Q�G �2�S�H�Q �W�K�H �6�R�I�W�Z�D�U�H

�7�K�H �&�R�P�P �.�L�W �6�R�I�W�Z�D�U�H �P�X�V�W �E�H �L�Q�V�W�D�O�O�H�G �R�Q �D �F�R�P�S�X�W�H�U �E�H�I�R�U�H �\�R�X �F�R�Q�Q�H�F�W �W�R �W�K�H
�S�U�R�E�H��

�&�R�Q�Q�H�F�W �W�K�H �3�U�R�E�H �W�R �W�K�H �&�R�P�P�X�Q�L�F�D�W�L�R�Q �'�H�Y�L�F�H

�7�K�H �&�R�P�P�X�Q�L�F�D�W�L�R�Q �'�H�Y�L�F�H �F�R�Q�Q�H�F�W�V �D �V�W�U�L�S�S�H�G���D�Q�G���W�L�Q�Q�H�G �S�U�R�E�H �W�R �D �F�R�P�S�X�W�H�U �Y�L�D
�8�6�% �F�R�Q�Q�H�F�W�L�R�Q��

���� �'�L�V�F�R�Q�Q�H�F�W �W�K�H �L�Q�V�W�U�X�P�H�Q�W �I�U�R�P �W�K�H �3�/�&��

���� �7�K�H �F�R�P�P�X�Q�L�F�D�W�L�R�Q �G�H�Y�L�F�H �L�Q�F�O�X�G�H�V �D�Q �H�O�H�F�W�U�L�F�D�O �F�R�Q�Q�H�F�W�L�R�Q �G�L�D�J�U�D�P �O�D�E�H�O�� �7�R
�D�W�W�D�F�K �W�K�H �L�Q�V�W�U�X�P�H�Q�W �W�R �W�K�H �F�R�P�P�X�Q�L�F�D�W�L�R�Q �G�H�Y�L�F�H�� �G�H�S�U�H�V�V �D �O�H�Y�H�U �D�Q�G �L�Q�V�H�U�W �W�K�H
�D�S�S�U�R�S�U�L�D�W�H �Z�L�U�H �L�Q �W�K�H �O�R�F�D�W�L�R�Q �V�S�H�F�L�I�L�H�G �E�\ �W�K�H �G�L�D�J�U�D�P��

���� �$�W�W�D�F�K �W�K�H �8�6�% �F�R�Q�Q�H�F�W�R�U �W�R �D �8�6�% �S�R�U�W �R�Q �W�K�H �F�R�P�S�X�W�H�U�� �)�R�O�O�R�Z �W�K�H �G�L�U�H�F�W�L�R�Q�V
�S�U�R�Y�L�G�H�G �L�Q �W�K�H �&�R�P�P�X�Q�L�F�D�W�L�R�Q �'�H�Y�L�F�H �.�L�W �W�R �V�H�W �X�S �W�K�H �S�U�R�E�H��
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�'�H�F�O�D�U�D�W�L�R�Q �R�I �6�L�P�L�O�D�U�L�W�\
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Important note 
Non-compliance can result in malfunction or interference.

Information 
Supplementary note.

1.2 Warning signs used

CAUTION 
Warning of personal injury.  
Slight reversible injuries may result.

2 Safety instructions
�‡��Please read this document prior to set-up of the unit. Ensure that the product is 

suitable for your application without any restrictions.

�‡��If the operating instructions or the technical data are not adhered to, personal 
injury and/or damage to property can occur.

�‡��Improper or non-intended use may lead to malfunctions of the unit or to un-
wanted effects in your application. That is why installation, electrical connec-
tion, set-up, operation and maintenance of the unit must only be carried out by 
qualified personnel authorised by the machine operator.

�‡��In order to guarantee the correct condition of the device for the operating time it 
is necessary to use the device only for media to which the wetted materials are 
�V�X�I�I�L�F�L�H�Q�W�O�\���U�H�V�L�V�W�D�Q�W�����:���7�H�F�K�Q�L�F�D�O���G�D�W�D����

�‡��The responsibility whether the measurement devices are suitable for the 
respective application lies with the operator. The manufacturer assumes no 
liability for consequences of misuse by the operator. Improper installation and 
use of the devices result in a loss of the warranty claims.

�‡��For medium temperatures above 50 °C some parts of the housing can heat up 
to over 65 °C. Moreover, during installation or in case of a fault (e.g. housing 
damage) media under high pressure or hot media can leak from the system. To 
avoid personal injury, take the following measures:

 �y Install the unit according to the applicable rules and regulations.
 �y Ensure that the system is free of pressure during installation.

�(����������
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 �y Protect the housing against contact with flammable substances and 
unintentional contact. To do so, equip the unit with suitable protection (e.g. 
protective cover).

 �y Do not press the pushbuttons manually; instead use another object (e.g. 
ballpoint pen).

3 Functions and features
Pressure Equipment Directive (PED): The units comply with section 3, article 3 of 
the Directive 97/23/EC and must be designed and manufactured for non-super-
heated liquids of group 2 fluids in accordance with the sound engineering practice.

The unit monitors liquid media.

The unit detects the 3 process categories volumetric flow quantity, consumed 
quantity and medium temperature.

Application area

Conductive liquids with the following properties:

�‡�� �&�R�Q�G�X�F�W�L�Y�L�W�\�����•���������—�6���F�P

�‡��Viscosity: < 70 mm2/s at 40 °C

4 Function

4.1 Measuring principle for volumetric flow monitoring

The magnetic-inductive measuring principle means that a magnetic field is gener-
ated in the measuring pipe via current-carrying coils. When a conductive medium 
flows through the measuring pipe, the ions therein are diverted perpendicularly to 
the magnetic field. Positive and negative charge carriers flow in opposite direc-
tions. The voltage induced is measured by two electrodes that are in contact with 
the medium. This signal voltage is directly proportional to the average flow veloc-
ity. The volumetric flow quantity is derived from the inside pipe diameter.

�(����������
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1

2

4

5

1: Field coil
2: Measuring pipe
3: Electrode
4: Charge carrier in the medium
5: �0�D�J�Q�H�W�L�F���¿�H�O�G

Both electrodes must be wetted by the medium. Otherwise the signal 
[SEnS] for empty pipe is provided, if empty pipe detection is enabled.

4.2 Processing of the measured signals

The unit displays the current process values.

It generates 2 output signals according to the parameter setting. 

OUT1/IO-Link: 5 selection options Parameter setting
 - Switching signal for volumetric flow limit values ���:����������������
 - or frequency signal for volumetric flow quantity ���:����������������
 - or pulse signal for quantity meter ���:����������������
 - or switching signal for preset counter ���:����������������
 - or switching signal for empty pipe detection ���:����������������

OUT2: 6 selection options Parameter setting
 - Switching signal for volumetric flow limit values ���:����������������
 - or switching signal for temperature limit value ���:����������������
 - or analogue signal for volumetric flow quantity ���:����������������
 - or analogue signal for temperature ���:����������������
 - or input for external reset signal (InD) ���:����������������
 - or switching signal for empty pipe detection ���:����������������

�(����������
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4.3 Volumetric flow monitoring

4.3.1 Volumetric flow quantity

The signals for measuring the volumetric flow quantity can be provided as follows:

1. Two switching signals for volumetric flow quantity limit values on output 1 and 
�R�X�W�S�X�W���������2�Q���W�K�H���V�Z�L�W�F�K�L�Q�J���I�X�Q�F�W�L�R�Q�V���:����������

2. A frequency signal (10 Hz...10 kHz) on output 1.  
�2�Q���W�K�H���I�U�H�T�X�H�Q�F�\���I�X�Q�F�W�L�R�Q�V���:����������

3. An analogue signal proportional to the volumetric flow (4...20 mA or 0...10 V) 
�R�Q���R�X�W�S�X�W���������2�Q���W�K�H���D�Q�D�O�R�J�X�H���I�X�Q�F�W�L�R�Q�V���:����������

4.3.2 Direction of flow

In addition to the flow velocity, the unit also detects the flow direction. An arrow on 
the unit indicates the positive flow direction. 

�7�K�H���I�O�R�Z���G�L�U�H�F�W�L�R�Q���F�D�Q���E�H���L�Q�Y�H�U�V�H�G�����:������������������

 �y Use the supplied label to mark the changed flow direction.

Direction of flow in accordance with "flow direction"  
> process value and display positive.

Direction of flow against the "flow direction"  
> process value and display negative.

Only positive process values are processed for the signal output (limit 
values and analogue values for volumetric flow).

4.4 Consumed quantity monitoring (totaliser function)

The unit has an internal mass flow meter which continuously totals the volumetric 
flow. The sum corresponds to the current consumed quantity since the last reset.

�‡��The quantity meter takes account of the flow direction for totalisation.

 - Flow according to the marked flow direction (arrow "flow direction"): meter 
adds. 

 - �)�O�R�Z���D�J�D�L�Q�V�W���W�K�H���P�D�U�N�H�G���I�O�R�Z���G�L�U�H�F�W�L�R�Q�����P�H�W�H�U���V�X�E�W�U�D�F�W�V�����:��������������������

 - Meter pulses are only provided as the sum increases. After subtraction 
(consumed quantity decreases), the pulses are only provided again when the 
consumed quantity has exceeded the previous maximum value.

�(����������



9

UK

�

�

���

V = volumetric flow quantity, Imp = output pulses

�‡�� �7�K�H���F�X�U�U�H�Q�W���P�H�W�H�U���U�H�D�G�L�Q�J���F�D�Q���E�H���G�L�V�S�O�D�\�H�G�����:�������������5�H�D�G�L�Q�J���W�K�H���S�U�R�F�H�V�V��
value).

�‡��In addition the value before the last reset is stored. This value can also be 
�G�L�V�S�O�D�\�H�G�����:�������������5�H�D�G�L�Q�J���W�K�H���S�U�R�F�H�V�V���Y�D�O�X�H���� 

The meter saves the totalled consumed quantity every 10 minutes.  
In the event of a power failure this value is retained as the current meter 
reading. If a time-controlled reset is set, the elapsed time of the set 
reset interval is also stored. So the possible data loss can be maximum 
10  minutes.

There are different ways to reset the meter 

�:�����������������0�D�Q�X�D�O���F�R�X�Q�W�H�U���U�H�V�H�W�� 
�:�����������������7�L�P�H���F�R�Q�W�U�R�O�O�H�G���F�R�X�Q�W�H�U���U�H�V�H�W 
�:�����������������&�R�Q�I�L�J�X�U�H���F�R�X�Q�W�H�U���U�H�V�H�W���X�V�L�Q�J���D�Q���H�[�W�H�U�Q�D�O���V�L�J�Q�D�O

4.4.1 Consumed quantity monitoring with pulse output

Output 1 indicates a counting pulse when the set volumetric flow quantity has 
�E�H�H�Q���U�H�D�F�K�H�G�����:������������������

4.4.2 Consumed quantity monitoring with preset counter

�2�X�W�S�X�W�������V�Z�L�W�F�K�H�V���Z�K�H�Q���W�K�H���V�H�W���Y�R�O�X�P�H�W�U�L�F���I�O�R�Z���T�X�D�Q�W�L�W�\���K�D�V���E�H�H�Q���U�H�D�F�K�H�G�����:��
10.4.2).  
2 types of monitoring are possible:

1. �7�L�P�H���G�H�S�H�Q�G�H�Q�W���T�X�D�Q�W�L�W�\���P�R�Q�L�W�R�U�L�Q�J�����:�����������������7�L�P�H���F�R�Q�W�U�R�O�O�H�G���F�R�X�Q�W�H�U���U�H�V�H�W����

 - If the quantity x is reached during t, output 1 switches and remains switched 
until the meter is reset.

�(����������
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 - If the quantity x is not reached during the time t, the meter is automatically 
reset and counting starts again; output 1 does not switch.

2. �4�X�D�Q�W�L�W�\���P�R�Q�L�W�R�U�L�Q�J���Q�R�W���W�L�P�H���G�H�S�H�Q�G�H�Q�W�����:�����������������'�H�D�F�W�L�Y�D�W�L�R�Q���R�I���W�K�H���F�R�X�Q�W�H�U��
reset).

 - If the quantity x is reached, output 1 switches and remains switched until the 
meter is reset.

4.5 Temperature monitoring

The following signals are provided for temperature monitoring:

�‡��A switching signal for temperature limit values on output 2. On the switching 
�I�X�Q�F�W�L�R�Q�V���:����������

�‡��An analogue signal proportional to the temperature (4...20 mA or 0...10 V) on 
�R�X�W�S�X�W���������2�Q���W�K�H���D�Q�D�O�R�J�X�H���I�X�Q�F�W�L�R�Q�V���:����������

4.6 Empty pipe detection

�7�K�H���X�Q�L�W���G�H�W�H�F�W�V���Z�K�H�Q���W�K�H���W�Z�R���H�O�H�F�W�U�R�G�H�V���D�U�H���Q�R�W���Z�H�W�W�H�G���E�\���W�K�H���P�H�G�L�X�P�����:����������
Measuring principle for volumetric flow monitoring). The empty pipe detection can 
�E�H���D�F�W�L�Y�D�W�H�G���R�U���G�H�D�F�W�L�Y�D�W�H�G�����:���������������������,�I���L�W���L�V���D�F�W�L�Y�H���D�Q�G���W�K�H���S�L�S�H���L�V���H�P�S�W�\�����W�K�H���X�Q�L�W��
reacts as follows:

 > [SEnS] is indicated in the display.

 > The flow is set to zero.

�7�K�H���H�P�S�W�\���S�L�S�H���G�H�W�H�F�W�L�R�Q���F�D�Q���E�H���V�H�W���D�V���W�L�P�H���G�H�S�H�Q�G�L�Q�J���R�U���Q�R�W���W�L�P�H���G�H�S�H�Q�G�L�Q�J�����:��
10.6.10).

�(����������
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4.7 Volumetric flow or temperature monitoring / switching function

OUTx changes its switching state if it is above or below the set switching limits 
(SPx, rPx). The following switching functions can be selected:

4.7.1 Hysteresis function

��

��	

��

�

�

�

�

�
�

�
�

Normally open: [OUx] = [Hno]

Normally closed: [OUx] = [Hnc]

First the set point (SPx) is set, then the 
reset point (rPx) with the requested 
difference.

When SPx is adjusted rPx is 
changed automatically; the 
difference remains constant.

Example of volumetric flow monitoring
HY = hysteresis

4.7.2 Window function

�

�

�

�

�
�

�
�

�� ��

��	

��


Normally open: [OUx] = [Fno]

Normally closed: [OUx] = [Fnc]

The width of the window can be set by 
means of the difference between SPx 
and rPx.  
SPx = upper value 
rPx = lower value.

Example of volumetric flow monitoring
FE = window

When set to the window function the set and reset points have a fixed hys-
teresis of 0.25 % of the final value of the measuring range. This keeps the 
switching state of the output stable if the volumetric flow varies slightly.

�(����������
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4.8 Volumetric flow or temperature monitoring / analogue function

4.8.1 Current output

MEWAEPASP

12

80 100 110-40 -20-50 [°C]

[%]-130 -120 0 100 120 130

[mA]

Characteristics of the analogue output according to the standard IEC 60947-5-7
1: Output current
2: �9�R�O�X�P�H�W�U�L�F���À�R�Z���T�X�D�Q�W�L�W�\
3: Temperature
4: Display range
5: Measuring range
6: Range between analogue start point and analogue end point
7: The unit is in the error state (FOU = OFF).
8: The process value transmitted in an analogue way is therefore below the display range.
9: Curve of the analogue signal at factory setting
10: Curve of the analogue signal with shifted ASP and AEP
11: The process value transmitted in an analogue way is therefore above the display range. 
12: The unit is in the error state (FOU = ON).

ASP = analogue start point: determines at which measured value the output signal is 4 mA
AEP = analogue end point: determines at which measured value the output signal is 20 mA
VMR = final value of the measuring range � ������������

Minimum distance between ASP and AEP = 20 % of the measuring range

In the set scaling range the output signal is between 4 and 20 mA. 

�(����������
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4.8.2 Voltage output

12,0

[ V ]

11,5

10,0

0

MEWAEPASP

80 100 110-20

0

[°C]

[%]100 120 130

11

Characteristics of the analogue output according to the standard IEC 60947-5-7
1: Output voltage
2: �9�R�O�X�P�H�W�U�L�F���À�R�Z���T�X�D�Q�W�L�W�\
3: Temperature
4: Display range
5: Measuring range
6: Range between analogue start point and analogue end point
7: The unit is in the error state (FOU = OFF) or the process value transmitted in an ana-

logue way is below the display range.
8: Curve of the analogue signal at factory setting
9: Curve of the analogue signal with shifted ASP and AEP
10: The process value transmitted in an analogue way is therefore above the display range. 
11: The unit is in the error state (FOU = ON).

ASP = analogue start point: determines at which measured value the output signal is 0 V
AEP = analogue end point: determines at which measured value the output signal is 10 V
VMR = final value of the measuring range � ������������

Minimum distance between ASP and AEP = 20 % of the measuring range

In the set scaling range the output signal is between 0 and 10 V. 

�(����������
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4.9 Volumetric flow monitoring / frequency output

120

120

130

130 [%]

[%]

100

0
0

100

FrEP

FEP

Output curve frequency output
1: Frequency output
2: �9�R�O�X�P�H�W�U�L�F���À�R�Z���T�X�D�Q�W�L�W�\���4
3: The unit is in the error state (FOU = OFF) or the process value transmitted in an ana-

logue way is below the display range.
4: The unit is in the error state (FOU = ON).

�)�U�(�3��� ���F�R�Q�I�L�J�X�U�H�G���I�U�H�T�X�H�Q�F�\���D�W���)�(�3�����:�����������������6�H�W�W�L�Q�J���W�K�H���I�U�H�T�X�H�Q�F�\���Y�D�O�X�H���I�R�U���Y�R�O�X�P�H�W�U�L�F��
flow)

4.10 Start-up delay

The start-up delay dST influences the switching outputs of the volumetric 
flow monitoring.

If the start-up delay is active (dST > 0), note: As soon as the volumetric flow 
�T�X�D�Q�W�L�W�\���H�[�F�H�H�G�V���W�K�H���/�)�&�����/�)�&��� ���O�R�Z���I�O�R�Z���F�X�W���R�I�I���:�����������������W�K�H���I�R�O�O�R�Z�L�Q�J���S�U�R�F�H�V�V�H�V��
are carried out:

 > The start-up delay is activated.

 > The outputs switch as programmed:  
ON for NO function, OFF for NC function.

After the start of the start-up delay there are 3 options:

1. The volumetric flow quantity increases quickly and reaches the set point / good 
range within dST.  
> Outputs remain active.

�(����������
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2. The volumetric flow increases slowly and does not reach the set point /good 
range within dST.  
> Outputs are reset.

3. Volumetric flow quantity falls below LFC within dST.  
> Outputs are reset at once; dST is stopped.

Example: dST for hysteresis function

Condition Reaction
1 Volumetric flow quantity Q reaches LFC dST starts, output becomes active
2 dST elapsed, Q reached SP output remains active
3 Q below SP but above rP output remains active
4 Q below rP output is reset
5 Q reaches again LFC dST starts, output becomes active
6 dST elapsed, Q has not reached SP output is reset
7 Q reaches SP output becomes active

�(����������
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Example: dST for window function

Condition Reaction
1 Volumetric flow quantity Q reaches LFC dST starts, output becomes active.
2 dST elapsed, Q reached good range output remains active
3 Q above SP (leaves good range) output is reset
4 Q again below SP output becomes active again
5 Q below rP (leaves good range) output is reset again
6 Q reaches again LFC dST starts, output becomes active
7 dST elapsed, Q has not reached good 

range
output is reset

8 Q reaches good range output becomes active

4.11 Low flow cut-off (LFC)

�:�L�W�K���W�K�L�V���I�X�Q�F�W�L�R�Q���V�P�D�O�O���Y�R�O�X�P�H�W�U�L�F���I�O�R�Z���T�X�D�Q�W�L�W�L�H�V���F�D�Q���E�H���L�J�Q�R�U�H�G�����:����������������������
Flows below the LFC value are evaluated by the sensor as standstill (Q = 0).

4.12 Simulation

�:�L�W�K���W�K�L�V���I�X�Q�F�W�L�R�Q���V�P�D�O�O���Y�R�O�X�P�H�W�U�L�F���I�O�R�Z���T�X�D�Q�W�L�W�L�H�V���F�D�Q���E�H���V�X�S�S�U�H�V�V�H�G�����:��������������������
The simulation does not have any effect on the totaliser or the current flow. The 
outputs operate as previously set.
When the simulation starts, the value of the totaliser is saved and then the 
simulated totaliser is set to 0. The simulated flow value then has an effect on the 
simulated totaliser. When the simulation is finished, the original totaliser value is 
restored. 

�(����������
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During the simulation the original totaliser value remains saved without any 
changes even if there is a real flow.

5 Installation

 �y Avoid deposits, accumulated gas and air in the pipe system.

5.1 Recommended installation position

Example of an optimised installation:

F

1

 �y Install the unit so that the measuring pipe is completely filled.

 �y Arrange for inlet and outlet pipe lengths. Disturbances caused by bends, 
valves, reductions, etc. are compensated for. It applies in particular: No shut-off 
and control devices are allowed directly in front of the unit.

F

S

2 x D
3

F

S

5 x D
2

S = disturbance; D = pipe diameter; F = flow direction
�(����������
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 �y Install in front of or in a rising pipe:

4

F

F

5

F

F = flow direction

With empty pipe detection: 
 �y Install the unit according to figure 1, 4 or 5.

�(����������
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5.2 Not recommended installation position

 �y Avoid the following installation positions:

F

F
F

Directly in front of a falling pipe. In a falling pipe.

F
F

F

At the highest point of the pipe 
system.

Directly in front of the spout of the 
pipe.

F

On the suction side of a pump. F = flow direction

�(����������
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The unit can be installed independently of the orientation if the following is 
ensured:

 - No air bubbles can form in the pipe system.

 - The pipes are always completely filled.

5.3 Grounding
If installed in an ungrounded pipe system (e.g. plastic pipes), the unit must 
be grounded (functional earth).

Ground brackets for the M12 connector are available as accessories  
���:���Z�Z�Z���L�I�P���F�R�P����

5.4 Installation in pipes

The unit can be installed in pipes using adapters. The adapters have to be ordered 
�V�H�S�D�U�D�W�H�O�\���D�V���D�F�F�H�V�V�R�U�L�H�V�����:���Z�Z�Z���L�I�P���F�R�P����

A AD DC CB B

1. Screw the adapter (B) into the pipe (A). 

2. Place the seals (C) and install the unit according to the marked flow direction. 
 �y To mount the adapters on the process connection of the sensor use 
suitable lubricants.

3. Screw the adapter (B) with the threads (D) until it is hand-tight. 

4. Tighten the two adapters in opposite direction (tightening torque: 30 Nm).

After installation air bubbles in the system can affect the measurement.
Corrective measures: 

 �y Rinse the system after installation for ventilation (rinsing quantity > 15 l/min.).

�(����������
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In case of horizontal installation: As a result of design requirements a small quan-
tity of the medium always remains in the measuring channel after switching off the 
pump.

6 Electrical connection
The unit must be connected by a qualified electrician.
The national and international regulations for the installation of electrical 
equipment must be adhered to.
Voltage supply according to EN 50178, SELV, PELV.

 �y Disconnect power.

 �y Connect the unit as follows:

43

2 1 BK: black
BN: brown
BU: blue
WH: white

BN

WH

BK

BU

4

1

3

2 OUT2

L+

L

OUT1

Colours to DIN EN 60947-5-6

Sample circuits:

2 x positive switching 2 x negative switching

L

L+

3 BU

4 BK

2 WH

1 BN

L

L+

3 BU

4 BK

2 WH

1 BN

1 x positive switching / 1 x analogue 1 x negative switching / 1 x analogue

L+

L
3 BU

4 BK

2 WH

1 BN
L+

L
3 BU

4 BK

2 WH

1 BN

�(����������
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Pin 1 L+
Pin 3 L-

Pin 4  
(OUT1)

�‡��Switching signal: limit values for volumetric flow
�‡��Pulse signal: 1 pulse every time the defined volumetric flow quantity is 

reached.
�‡��Switching signal: quantity meter reached preset value
�‡��Frequency signal for volumetric flow quantity
�‡��Switching signal: empty pipe detection
�‡��IO-Link

Pin 2
(OUT2/
InD)

�‡��Switching signal: limit values for volumetric flow
�‡��Switching signal: limit values for temperature
�‡��Analogue signal for volumetric flow quantity
�‡��Analogue signal for temperature
�‡��Switching signal: empty pipe detection
�‡��Input for external reset signal (InD)

7 Operating and display elements

Enter �x

�z

1 to 8: Indicator LEDs
�‡���/�(�'�V����������� ���8�Q�L�W���R�I���W�K�H���F�X�U�U�H�Q�W�O�\���U�H�S�U�H�V�H�Q�W�H�G���Q�X�P�H�U�L�F�D�O���Y�D�O�X�H���:�������������5�H�D�G�L�Q�J���W�K�H��

process value
�‡��LED 7 = switching state of output OUT2 / of input InD
�‡��LED 8 = switching status of output OUT1
9: Alphanumeric display, 4 digits
�‡��Current volumetric flow quantity (with setting [SELd] = [FLOW])
�‡��Meter reading of the totaliser (with setting [SELd] = [TOTL])
�‡��Current medium temperature (with setting [SELd] = [TEMP])
�‡��Parameters and parameter values

�(����������
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10: [Enter] button
�‡��Selecting the parameters
�‡��Reading the set values
�‡��Confirming the parameter values

�5�H�S�U�H�V�H�Q�W�D�W�L�R�Q���L�Q���:�������0�H�Q�X����
11: Buttons up [ �x ] and down [ �z ]
�‡��Selection of the parameters
�‡��Activation of the setting functions
�‡��Changing the parameter values
�‡��Change of the display unit in the normal operating mode (Run mode)
�‡��Locking / unlocking

�5�H�S�U�H�V�H�Q�W�D�W�L�R�Q���L�Q���:�������0�H�Q�X���� and 

8 Menu 

8.1 Process value display

�������� �������� ������������������������

l/min °Cm3/h l/m3 l/m3*

* Stored totaliser value

�;���0�D�L�Q���P�H�Q�X

�(����������
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8.2 Main menu

�9���3�U�R�F�H�V�V���Y�D�O�X�H���G�L�V�S�O�D�\

�6�3����

�6�3��������������

�2�8����

�U�3����

��������

���������� �U�3����

��������

�+�Q�R �+�Q�F �)�Q�R �)�Q�F �,�P�3�G�2�8

�+�Q�R �+�Q�F �)�Q�R �)�Q�F �, �8�G�2�8

�Q�R�<�(�6

��������

��������

�)�(�3

��������

�;���(�[�W�H�Q�G�H�G���I�X�Q�F�W�L�R�Q�V

* The parameters are only displayed when selected at OU1.
** The parameters are only displayed when selected at OU2.

�(����������
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8.2.1 Explanation main menu

SP1 Maximum limit value for the set process value
rP1 Minimum limit value for the set process value 
ImPS Pulse value
ImPR Pulse reset
FEP Frequency output of the end point of the flow value
FrEP Frequency output of the end point of the frequency
OU1 Output function for OUT1 (volumetric flow or consumed quantity)

OU2
Output function for OUT2 (volumetric flow or temperature)
As an alternative: configure OUT2 (Pin2) as input for external reset signal: 
Setting: [OU2] = [In.D]

Hno Hysteresis normally open
Hnc Hysteresis normally closed
Fno Window normally open
Fnc Window normally closed
ImP Pulse output

FRQ Frequency output
dOU Diagnostic output

I Current output
U Voltage output

In.D External input
ASP2 Analogue start value for the set process value
AEP2 Analogue end value for the set process value
SP2 Maximum limit value for the set process value
rP2 Minimum limit value for the set process value
DIn2 Configuration of the input (Pin2) for counter reset
EF Extended functions / opening of menu level 2

�(����������
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8.3 Extended functions – Basic settings

�9���0�D�L�Q���P�H�Q�X

CFGEF

�U�(�6��

�U�7�R��

��������

��������

��������

�2�)�) �2�8 �2�Q

�2�)�) �2�8 �2�Q

�S�Q�3 �Q�3�Q��������

�U�(�6��

8.1

* The parameters are only displayed when selected at OU1.
** The parameters are only displayed when selected at OU2.

�(����������
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8.3.1 Explanation extended functions (EF)

rES Restore the factory setting
rTo Counter reset: manual reset / time-controlled reset
CFG Submenu basic settings
MEM Submenu min/max memory
EPD Submenu empty pipe
SIM Submenu simulation

8.3.2 Submenu basic settings (CFG)

FOU1 Behaviour of output 1 in case of an error
FOU2 Behaviour of output 2 in case of an error
dST Start-up delay of volumetric flow monitoring
P-n Output logic: pnp / npn
dAP Measured value damping / damping constant in seconds
diS Update rate and orientation of the display

Uni Standard unit of measurement for volumetric flow: litres/minute or cubic 
metres/hour

SELd Standard measuring unit of the display: volumetric flow value / medium 
temperature / meter reading 

SEL2 Standard unit of measurement for evaluation via OUT2
LFC Low flow cut-off
FPro Totaliser: behaviour with negative flow
Fdir Direction of flow

�(����������
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8.4 Extended functions – Min/max memory – Emtpy pipe – 
Simulation

�9���0�D�L�Q���P�H�Q�X

MEM

EF

SIM

�U�(�6��

�U�7�R��

��������

��������

��������

��������

��������

��������

��������

�2�Q �2�I�I

��������

�U�(�6��

8.1

8.1

�2�Q �2�I�I

��������

�������� EPD

��������

��������

�(�3���3�U

�(�3���6�3

* Parameters are only displayed for the selection EP.On = On. 

�(����������
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8.4.1 Explanation extended functions (EF)

rES Restore the factory setting
rTo Counter reset: manual reset / time-controlled reset
CFG Submenu basic settings
MEM Submenu min/max memory
EPD Submenu empty pipe
SIM Submenu simulation

8.4.2 Submenu min/max memory (MEM)

HI.F Max. value flow
LO.F Min. value flow
HI.T Max. value temperature
LO.T Min. value temperature

8.4.3 Submenu empty pipe (EPD)

EP.On Empty pipe detection on / off
dEP.E. Delay time empty signal
dEP.F Delay time full signal
EP.Pr Current measured value of empty pipe detection
EP.SP Switch point of empty pipe detection

8.4.4 Submenu simulation (SIM)

S.FLW Simulation flow value
S.TMP Simulation temperature value
S.TIM Simulation time
S.ON Simulation start

�(����������
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9 Set-up
After power on and expiry of the power-on delay time (approx. 5 seconds) the unit 
is in the normal operating mode. It carries out its measurement and evaluation 
functions and generates output signals according to the set parameters. 

�‡��During the power-on delay time the outputs are switched as programmed:

 - ON with normally open function (Hno / Fno)

 - OFF with normally closed function (Hnc / Fnc). 

�‡��If output 2 is configured as analogue output, the output signal is at 20 mA (cur-
rent output) or 10 V (voltage output).

10 Parameter setting
Parameters can be set before installation and set-up of the unit or during opera-
tion.

If you change parameters during operation, this will influence the function. 

 �y Ensure that there will be no malfunctions in your plant.

During parameter setting the unit remains in the operating mode. It continues to 
monitor with the existing parameter until the parameter setting has been com-
pleted.

CAUTION 

For medium temperatures above 50 °C some parts of the housing can heat up 
to over 65 °C. 

 �y Do not press the pushbuttons manually; instead use another object (e.g. 
ballpoint pen).

�(����������
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10.1 IO-Link

10.1.1 General information

This unit has an IO-Link communication interface which requires an IO-Link-capa-
ble module (IO-Link master) for operation.

The IO-Link interface enables direct access to the process and diagnostic data 
and provides the possibility to set the parameters of the unit during operation.

In addition communication is possible via a point-to-point connection with a USB 
adapter cable.

You will find more detailed information about IO-Link at www.ifm.com/gb/io-link.

10.1.2 Device-specific information

You will find the IODDs necessary for the configuration of the IO-Link unit and 
detailed information about process data structure, diagnostic information and 
parameter addresses at www.ifm.com/gb/io-link. 

10.1.3 Parameter setting tools

You will find all necessary information about the required IO-Link hardware and 
software at  www.ifm.com/gb/io-link.

�(����������
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10.2 Parameter setting in general

Select the parameter
1. Press [Enter] briefly.
2. �3�U�H�V�V���>�x�@���R�U���>�z�@���X�Q�W�L�O���W�K�H���U�H�T�X�H�V�W�H�G��

parameter is displayed.

21

Changing the parameter value
3. Press [Enter] briefly. 

> The currently set value is displayed.
4. �.�H�H�S���>�x�@���R�U���>�z�@���S�U�H�V�V�H�G���I�R�U�������V 

> Display flashes first, then permanent.
5. �&�K�D�Q�J�H���Y�D�O�X�H���E�\���S�U�H�V�V�L�Q�J���>�x�@���R�U���>�z�@��

�>�x�@���R�U���>�z�@���S�U�H�V�V�H�G��
 > Faster cycle of the numerical 

values.

4

5

3

Confirm the parameter value
6. Press [Enter] briefly.

 > The parameter is displayed again. The 
new setting value is saved.

6

Finish parameter setting and change to the process value display:
 �y Wait for 30 seconds

or
 �y Change from the submenu to the main menu, from the main menu to the process value 
�G�L�V�S�O�D�\���Z�L�W�K���>�x�@���R�U���>�z�@��

If [C.Loc] is displayed when an attempt is made to modify a parameter 
value, an IO-Link communication is active (temporary locking). If [S.Loc] is 
displayed, the sensor is permanently locked via software. This locking can 
only be removed using a parameter setting software.

�(����������
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10.2.1 Switching between the menu levels

Change to the 
submenu

Switching to the next submenu via the parameters [EF], [CFG], 
[MEM], [EPD] or [SIM].

 �y �6�H�O�H�F�W���D���V�X�E�P�H�Q�X���Z�L�W�K���>�x�@���R�U���>�z�@���D�Q�G���V�Z�L�W�F�K���W�R���W�K�H���V�X�E�P�H�Q�X��
by pressing [Enter].

Back to the process 
value display

 �y Wait for 30 seconds
or

 �y Change from the submenu to the main menu, from the main 
�P�H�Q�X���W�R���W�K�H���S�U�R�F�H�V�V���Y�D�O�X�H���G�L�V�S�O�D�\���Z�L�W�K���>�x�@���R�U���>�z�@��

10.2.2 Locking / unlocking

The unit can be locked electronically to prevent unintentional settings. Setting at 
the factory: not locked.

Locking is also possible via an IO-Link capable parameter setting tool.

Locking  �y Make sure that the unit is in the normal operating mode.
 �y �3�U�H�V�V���>�x�@���D�Q�G���>�z�@���V�L�P�X�O�W�D�Q�H�R�X�V�O�\���I�R�U���������V��

 > [Loc] is displayed.

During operation: [LOC] is briefly displayed if you try to 
change parameter values.

Unlocking  �y �3�U�H�V�V���>�x�@���D�Q�G���>�z�@���V�L�P�X�O�W�D�Q�H�R�X�V�O�\���I�R�U���������V��
 > [uLoc] is displayed.

10.2.3 Timeout

If no button is pressed for 30 s during parameter setting, the unit returns to the 
operating mode with unchanged parameter.

10.3 Settings for consumed quantity monitoring

10.3.1 Settings for limit value monitoring with OUT1

 �y Select [OU1] and set the switching function: 
 - [Hno] = hysteresis function/NO, 
 - [Hnc] = hysteresis function/NC, 
 - [Fno] = window function/NO, 
 - [Fnc] = window function/NC.

 �y Select [SP1] and set the value at which the output switches.
 �y Select [rP1] and set the value at which the output switches off.

�(����������
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10.3.2 Settings for limit value monitoring with OUT2

 �y Select [SEL2] and set [FLOW].
 �y Select [OU2] and set the switching function. 

 - [Hno] = hysteresis function/NO, 
 - [Hnc] = hysteresis function/NC, 
 - [Fno] = window function/NO, 
 - [Fnc] = window function/NC.

 �y Select [SP2] and set the value at which the output switches.
 �y Select [rP2] and set the value at which the output switches off.

10.3.3 Setting the analogue value for volumetric flow

 �y Select [SEL2] and set [FLOW].
 �y Select [OU2] and set the function: 

 - [I] = current signal proportional to volumetric flow (4…20 mA); 
 - [U] = voltage signal proportional to volumetric flow (0…10 V).

 �y Select [ASP2] and set the value at which the minimum value is provided.
 �y Select [AEP2] and set the value at which the maximum value is pro-
vided.

10.3.4 Setting the frequency value for volumetric flow

 �y Select [OU1] and set [FRQ].
 �y Select [FEP] and set the flow value at which the frequency set in FrEP 
is provided.

 �y Select [FrEP] and set the frequency.

10.4 Settings for consumed quantity monitoring

10.4.1 Settings for quantity monitoring via pulse output

 �y Select [OU1] and set [ImP].
 �y Select [ImPS] and set the volumetric flow quantity at which 1 pulse is 
�S�U�R�Y�L�G�H�G�����:������������������

 �y Select [ImPR] and set [YES].
 > Pulse repetition is active. Output 1 provides a counting pulse each time 

the value set in [ImPS] is reached.

�(����������
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10.4.2 Settings for quantity monitoring via the preset counter

 �y Select [OU1] and set [ImP].
 �y Select [ImPS] and set the volumetric flow quantity at which output 1 
�V�Z�L�W�F�K�H�V�����:������������������

 �y Select [ImPR] and set [no].
 > Pulse repetition is not active. The output switches ON if the value set in 

[ImPS] is reached. It remains set until the counter is reset.

10.4.3 Setting the pulse value

 �y Select [ImPS].
 �y Press [Enter] briefly.

 > The currently set value is displayed.
 �y �.�H�H�S���>�x�@���R�U���>�z�@���S�U�H�V�V�H�G���X�Q�W�L�O�����F�F�F�F" is displayed.
 �y �3�U�H�V�V���>�x�@���R�U���>�z�@���W�R���V�H�O�H�F�W���W�K�H���V�H�W�W�L�Q�J���U�D�Q�J�H��

 > With each press of the pushbutton the display changes to the next set-
ting range (decimal point shifts and / or LED changes).

 �y Press [Enter] to confirm the setting range.
 �y �3�U�H�V�V���>�x�@���R�U���>�z�@���X�Q�W�L�O���W�K�H���U�H�T�X�H�V�W�H�G���Q�X�P�H�U�L�F�D�O���Y�D�O�X�H���L�V���G�L�V�S�O�D�\�H�G��
 �y Press [Enter] briefly.

Setting ranges:

LED* Unit Display Value Step 
increment 

3 l 0.1...999.9 l 0.1 l

4 m³ 0.001...9.999 m³ 0.001 m³
4 m³ 0.01...99.99 m³ 0.01 990 m³
4 m³ 0,1...999,9 990 m³ 0.1 990 m³

4 + 6 m³ x 10³ 1...9999 m³ 1 m³
4 + 6 m³ x 10³ 10...99 990 m³ 10 m³
4 + 6 m³ x 10³ 100...999 900 m³ 100 m³

����L�Q�G�L�F�D�W�R�U���/�(�'���:�������2�S�H�U�D�W�L�Q�J���D�Q�G���G�L�V�S�O�D�\���H�O�H�P�H�Q�W�V

10.4.4 Manual counter reset

 �y Select [rTo] and set [rES.T].
 > The counter is reset to zero.

�(����������
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10.4.5 Time-controlled counter-reset

 �y Select [rTo] and set the requested value (intervals of hours, days or 
weeks).

 > The counter is reset automatically with the value now set. 

10.4.6 Deactivation of the counter reset

 �y Select [rTo] and set [OFF].
 > The meter is only reset after overflow (= factory setting).

10.4.7 Configure counter reset using an external signal

 �y Select [OU2] and set [InD].
 �y Select [DIn2] and set the reset signal: 

 - [HIGH] = reset for high signal, 
 - [LOW] = reset for low signal, 
 - [+EDG] = reset for rising edge, 
 - [-EDG] = reset for falling edge.

10.5 Settings for temperature monitoring

10.5.1 Settings for limit value monitoring with OUT2

 �y Select [SEL2] and set [TEMP].
 �y Select [OU2] and set the switching function. 

 - [Hno] = hysteresis function/NO, 
 - [Hnc] = hysteresis function/NC, 
 - [Fno] = window function/NO, 
 - [Fnc] = window function/NC.

 �y Select [SP2] and set the value at which the output switches.
 �y Select [rP2] and set the value at which the output switches off.

10.5.2 Setting the analogue value for temperature

 �y Select [SEL2] and set [TEMP].
 �y Select [OU2] and set the function: 

 - [I] = temperature-proportional current signal (4…20 mA); 
 - [U] = temperature-proportional voltage signal (0…10 V).

 �y Select [ASP2] and set the value at which the minimum value is provided.
 �y Select [AEP2] and set the value at which the maximum value is pro-
vided.

�(����������
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10.6 User settings (optional)

10.6.1 Setting of the standard unit of measurement for volumetric flow

 �y Select [Uni] and set the unit of measurement: [Lmin] or [m3h].
The setting only has an effect on the volumetric flow value. The 
counter values (consumed quantity) are automatically displayed in 
the unit of measurement providing the highest accuracy.

10.6.2 Configuration of the standard display

 �y Select [SELd] and determine the standard measuring unit:
 - [FLOW] = the current volumetric flow value in the standard unit of 
measurement is displayed.

 - [TOTL] = display indicates the current meter count in l, m3 or 1000 m 3.
 - [TEMP] = the current medium temperature in °C is displayed.

 �y Select [diS] and set the update rate and orientation of the display:
 - [d1] = update of the measured values every 50 ms.
 - [d2] = update of the measured values every 200 ms.
 - [d3] = update of the measured values every 600 ms.
 - [rd1], [rd2], [rd3] = display as for d1, d2, d3; rotated by 180°.
 - [OFF ] = the display is switched off in the operating mode.

10.6.3 Changing the direction of the flow rate measurement

 �y Select [Fdir] and set the direction of flow: 
[+] = flow in the direction of the flow arrow (= factory setting) 
�>���@��� ���I�O�R�Z���D�J�D�L�Q�V�W���W�K�H���I�O�R�Z���D�U�U�R�Z���y���O�D�E�H�O���R�Y�H�U���W�K�H���D�U�U�R�Z

10.6.4 Setting the output logic

 �y Select [P-n] and set [PnP] or [nPn].

10.6.5 Setting the start-up delay

 �y Select [dST] and set the numerical value in seconds.

10.6.6 Setting the measured value damping

 �y �6�H�O�H�F�W���>�G�$�3�@���D�Q�G���V�H�W���W�K�H���G�D�P�S�L�Q�J���F�R�Q�V�W�D�Q�W���L�Q���V�H�F�R�Q�G�V�����2���Y�D�O�X�H��������������
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10.6.7 Setting the error behaviour of the outputs

 �y Select [FOU1] and set the value:
1. Switching output:

 - [On] = output 1 switches ON in case of an error.
 - [OFF] = output 1 switches OFF in case of an error.
 - [OU1] = output 1 switches irrespective of the error as defined with the 
parameters.

2. Frequency output:
 - [On] = 130% of FrEP
 - [OFF] = 0 Hz
 - [OU1] = continues running

 �y Select [FOU2] and set the value:
 - [On] = output 2 switches ON in case of an error, the analogue signal 
goes to the upper error value.

 - [OFF] = output 2 switches OFF in case of an error, the analogue signal 
goes to the lower error value.

 - [OU2] = output 2 switches irrespective of the error as defined with the 
parameters. The analogue signal corresponds to the measured value.

10.6.8 Configuring the empty pipe detection as diagnostic output

 �y Select [OU1] or [OU2] and set [dOU].
 �y Select [P-n] and set [PnP] or [nPn].

The empty pipe detection is only effective if it is activated at [EP.
�2�Q�@���:�������������������:�K�H�Q���W�K�H���H�P�S�W�\���S�L�S�H���V�W�D�W�H���L�V���G�H�W�H�F�W�H�G�����W�K�H���G�L�D�J�Q�R�V�W�L�F��
output is inactive.

10.6.9 Activating / deactivating empty pipe detection

 �y Select [EP.On] and set the function:
 - [OFF] = empty pipe detection deactivated.
 - [On] = empty pipe detection activated.

10.6.10 Time-delay empty pipe detection

 �y Select [dEP.E] and set the delay time from 0…30 s, at which the signal 
should be provided when the pipe is empty. 

 �y Select [dEP.F] and set the delay time from 0…30 s, at which the signal 
should be provided when the pipe is full.  
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10.6.11 Setting of the empty pipe detection

 �y Select [EP.Pr] to display the current value of the empty pipe detection in 
percent. 

 �y Select [EP.SP] and set the switch point of empty pipe detection. 

10.6.12 Setting the counting method of the totaliser

 �y Select [FPro] and set the value: 
[-+] = totalling the volumetric flow values with the correct sign. 
[0+] = totalling only positive volumetric flow values.

10.6.13 Setting the low flow cut-off

 �y Select [LFC] and set the limit value.

10.7 Service functions

10.7.1 Reading the min/max values for the volumetric flow

 �y Select [HI.F] or [LO.F] 
[HI.F] = max. value, [LO.F] = min. value.

Delete memory:
 �y Select [HI.F] or [LO.F].
 �y Press [Enter] briefly.
 �y �.�H�H�S���>�x�@���R�U���>�z�@���S�U�H�V�V�H�G��

 > [----] is displayed.
 �y Press [Enter] briefly.

It makes sense to delete the memories as soon as the unit operates under 
normal operating conditions for the first time.

10.7.2 Reading the min/max values for the temperature

 �y Select [HI.T] or [LO.T]
[HI.T] = max. value, [LO.T] = min. value.

Delete memory:
 �y Select [HI.T] or [LO.T].
 �y Press [Enter] briefly.
 �y �.�H�H�S���>�x�@���R�U���>�z�@���S�U�H�V�V�H�G��

 > [----] is displayed.
 �y Press [Enter] briefly.

It makes sense to delete the memories as soon as the unit operates under 
normal operating conditions for the first time.
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10.7.3 Simulation menu

 �y Select [S.FLW] and set the flow value to be simulated.
 �y Select [S.TMP] and set the temperature value to be simulated.
 �y Select [S.Tim] and set the time of the simulation in minutes.
 �y Select [S.On] and set the function:
 - [On]: The simulation starts. The values are simulated for the time set 
at [S.Tim]. [SIM] is displayed simultaneously with the process values. 
Cancel with [Enter].

 - [OFF]: The simulation is not active.

10.7.4 Resetting all parameters to factory setting

 �y Select [rES].
 �y Press [Enter] briefly.
 �y �.�H�H�S���>�x�@���R�U���>�z�@���S�U�H�V�V�H�G��

 > [----] is displayed.
 �y Press [Enter] briefly.

�)�R�U���W�K�H���I�D�F�W�R�U�\���V�H�W�W�L�Q�J�V���S�O�H�D�V�H���U�H�I�H�U���W�R���W�K�H���H�Q�G���R�I���W�K�H�V�H���L�Q�V�W�U�X�F�W�L�R�Q�V���:��������
We recommend taking down your own settings in that table before carrying 
out a reset.
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11 Operation

11.1 Reading the process value

The LEDs 1-6 signal which process value is currently displayed.The process value 
to be displayed as standard (temperature, flow velocity or meter reading of the 
�W�R�W�D�O�L�V�H�U�����F�D�Q���E�H���S�U�H�V�H�W���:�����������������&�R�Q�I�L�J�X�U�D�W�L�R�Q���R�I���W�K�H���V�W�D�Q�G�D�U�G���G�L�V�S�O�D�\�����$���V�W�D�Q�G�D�U�G��
unit of measurement can be defined for the flow velocity (l/min or m3���K���:��������������������

Further process values can be read in addition to the preset standard display:

 �y Press the buttons �>�x�@��or���>�z�@.

 > The LED of the selected process value display is lit and the current process 
value is displayed.

 > After 30 seconds the display changes to the standard display.

LED Process value display Unit
1 Current flow volume per minute l/min
2 Current flow volume per hour m3 / h
3

To
ta

lis
er

 *

Current consumed quantity since the last reset l
3 Consumed quantity before the last reset L

4 Current consumed quantity since the last reset m3

4 Consumed quantity before the last reset m3

4 + 6 Current consumed quantity since the last reset m3 x 103

4 + 6 Consumed quantity before the last reset m3 x 103

5 Current medium temperature °C

 LED is lit;  LED flashes
* The consumed quantity is automatically displayed in the unit of measurement providing the 
highest accuracy. 
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11.2 Reading the parameter value

To display the currently set parameter value, take the following steps:

Select the parameter
1. Press [Enter] briefly.
2. �3�U�H�V�V���>�x�@���R�U���>�z�@���X�Q�W�L�O���W�K�H���U�H�T�X�H�V�W�H�G��

parameter is displayed.

21

Display the parameter value
3. Press [Enter] briefly. 

 > The currently set value is displayed for 
30 s.

By pressing [Enter] briefly several 
times, the display switches between 
parameter and parameter value.

3

Switching to the process value display
 �y Wait for 30 seconds

or
 �y Change from the submenu to the main menu, from the main menu to the process value 
�G�L�V�S�O�D�\���Z�L�W�K���>�x�@���R�U���>�z�@��
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11.3 Error indications

Warning message

[SC1] Short circuit in OUT1. 
�/�(�'�����I�R�U���2�8�7�����I�O�D�V�K�H�V�����:�������2�S�H�U�D�W�L�Q�J���D�Q�G���G�L�V�S�O�D�\���H�O�H�P�H�Q�W�V����

[SC2] Short circuit in OUT2. 
�/�(�'�����I�R�U���2�8�7�����I�O�D�V�K�H�V�����:�������2�S�H�U�D�W�L�Q�J���D�Q�G���G�L�V�S�O�D�\���H�O�H�P�H�Q�W�V����

[SC] Short circuit in both outputs. 
�/�(�'�����D�Q�G���/�(�'�����I�O�D�V�K�����:�������2�S�H�U�D�W�L�Q�J���D�Q�G���G�L�V�S�O�D�\���H�O�H�P�H�Q�W�V����

[OL] Detection zone of volumetric flow or temperature exceeded. 
Measured value between 120 % and 130 % of the final value of the 
measuring range.

[UL] Below the detection zone of volumetric flow or temperature. 
Measured value between -120 % and -130 % of the final value of the 
measuring range.

[Err] �‡��Unit faulty / malfunction.
�‡��Measured value greater than 130 % of the final value of the meas-

uring range.
�‡��Measured value lower than -130 % of the final value of the measur-

ing range. 
[C.Loc] Setting pushbuttons locked, parameter change rejected. 

Active IO-Link communication.
[S.Loc] Setting pushbuttons locked, parameter change rejected.  

Unlock using parameter setting software.
[SEnS] �‡��Sensor signal invalid.

�‡��Measuring pipe not sufficiently filled. 
�‡��Medium with too low a conductivity.

[IOE.n] Malfunctioning. The unit is faulty and must be replaced.

12 Technical data
Technical data and scale drawing at www.ifm.com.
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13 Factory setting

Factory setting User setting

SP1 20 % *

rP1 19.5 % *

ImPS 0.1

ImPR YES

OU1 Hno

OU2 I

SP2 (FLOW) 40 % *

rP2 (FLOW) 39.5 % *

SP2 (TEMP) 20 °C

rP2 (TEMP) -19.6 °C

ASP2 (FLOW) 0 % *

AEP2 (FLOW) 100 % *

ASP2 (TEMP) -20 °C

AEP2 (TEMP) 80 °C

FEP 100 % *

FrEP 1 kHz

FDir +

FPro - +

LFC 5 l/min

DIn2 +EDG

FOU1 OFF

FOU2 OFF

dST 0

P-n PnP

dAP 0.6 s

rTo OFF

diS d2

�(����������
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Uni Lmin

SELd FLOW

SEL2 FLOW

EP.On OFF

dEP.E 0 s

dEP.F 2 s

EP.SP 75 %

S.FLW 20 %

S.TMP 20 °C

S.Tim 3 min

* of the final value of the measuring range

More information at www.ifm.com
�(����������
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1 Safety instructions

1.1 Designated use
The measuring device described in this Operating Manual is to be used only for measuring 
the flow rate of conductive fluids in closed pipes.

Most liquids can be measured as of a minimum conductivity of 50 �—S/cm.

Examples:
• Acids, alkalis
• Drinking water, wastewater, sewage sludge
• Milk, beer, wine, mineral water, etc.

Resulting from incorrect use or from use other than that designated the operational safety 
of the measuring devices can be suspended. The manufacturer accepts no liability for 
damages being produced from this.

1.2 Installation, commissioning and operation
Please note the following:
• Installation, connection to the electricity supply, commissioning and maintenance of the 

device must be carried out by trained, qualified specialists authorized to perform such work 
by the facility's owner-operator. The specialist must have read and understood this 
Operating Manual and must follow the instructions it contains.

• The device must be operated by persons authorized and trained by the facility's owner-
operator. Strict compliance with the instructions in the Operating Manual is mandatory.

• With regard to special fluids, including fluids used for cleaning, Endress+Hauser will be 
happy to assist in clarifying the corrosion-resistant properties of wetted materials. 
However, minor changes in temperature, concentration or in the degree of contamination 
in the process may result in variations in corrosion resistance. For this reason, 
Endress+Hauser does not accept any responsibility with regard to the corrosion resistance 
of wetted materials in a specific application. 
The user is responsible for the choice of suitable wetted materials in the process.

• If welding work is performed on the piping system, do not ground the welding appliance 
through the Promag flowmeter.

• The installer must ensure that the measuring system is correctly wired in accordance with 
the wiring diagrams. The transmitter must be grounded apart from when special 
protective measures are taken (e.g. galvanically isolated SELV or PELV power supply)

• Invariably, local regulations governing the opening and repair of electrical devices apply.

1.3 Operational safety
Please note the following:
• Measuring systems for use in hazardous environments are accompanied by separate Ex 

documentation, which is an integral part of this Operating Manual. Strict compliance with 
the installation instructions and ratings as stated in this supplementary documentation is 
mandatory. The symbol on the front of this Ex documentation indicates the approval and 
the certification body (e.g.  0 Europe, 2 USA, 1 Canada).

• The measuring device complies with the general safety requirements in accordance with 
EN 61010-1, the EMC requirements of IEC/EN 61326 and NAMUR Recommendations 
NE 21 and NE 43. 

• Depending on the application, the seals of the process connections of the Promag H sensor 
require periodic replacement.

• When hot fluid passes through the measuring tube, the surface temperature of the 
housing increases. In the case of the sensor, in particular, users should expect 
temperatures that can be close to the fluid temperature. If the temperature of the fluid is 
high, implement sufficient measures to prevent burning or scalding.

�(����������
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• The manufacturer reserves the right to modify technical data without prior notice. Your 
Endress+Hauser distributor will supply you with current information and updates to these 
Operating Instructions.

1.4 Return
The measuring device must be returned if repairs or a factory calibration are required, or if 
the wrong measuring device has been ordered or delivered. According to legal regulations, 
Endress+Hauser, as an ISO-certified company, is required to follow certain procedures when 
handling returned products that are in contact with medium.

To ensure swift, safe and professional device returns, please read the return procedures and 
conditions on the Endress+Hauser website at www.services.endress.com/return-material

1.5 Notes on safety conventions and icons
The devices are designed to meet state-of-the-art safety requirements, have been tested, 
and left the factory in a condition in which they are safe to operate. The devices comply with 
the applicable standards and regulations in accordance with EN 61010-1 "Safety 
requirements for electrical equipment for measurement, control and laboratory use".
The devices can, however, be a source of danger if used incorrectly or for anything other than 
the designated use. Consequently, always pay particular attention to the safety instructions 
indicated in this Operating Manual by the following icons:

# Warning! 
"Warning" indicates an action or procedure which, if not performed correctly, can result in 
injury or a safety hazard. Comply strictly with the instructions and proceed with care.

" Caution! 
"Caution" indicates an action or procedure which, if not performed correctly, can result in 
incorrect operation or destruction of the device. Comply strictly with the instructions.

! Note! 
"Note" indicates an action or procedure which, if not performed correctly, can have an indirect 
effect on operation or trigger an unexpected response on the part of the device.

�(����������
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2 Identification

2.1 Device designation
The flow measuring system consists of the following components:

• Promag 10 transmitter
• Promag D/E/H/L/P/W sensor

In the compact version, the transmitter and sensor form a single mechanical unit; in the 
remote version they are installed separately.

2.1.1 Nameplate of the transmitter

A0005395

Fig. 1: Nameplate specifications for the "Promag 10" transmitter (example)

1 Ordering code/serial number: See the specifications on the order confirmation for the meanings of the individual letters and 
digits.

2 Power supply, frequency, power consumption
3 Additional information:

EPD/MSÜ: with Empty Pipe Detection
4 Outputs available:

I-OUT (HART): with current output (HART)
PULSE-OUT: with pulse/status output

5 Reserved for information on special products
6 Observe device documentation
7 Reserved for additional information on device version (approvals, certificates)
8 Permitted ambient temperature range
9 Degree of protection

Promag 10

-20°C (-4°F) <Tamb<+60°C (+140°F)

IP67 / NEMA/Type 4XOrder Code:

Ser.No.:

TAG No.:

10PXX-XXXXXXXXXXXX
12345678901
ABCDEFGHJKLMNPQRST

20-28VAC/11-40VDC
50-60Hz

I-OUT (HART), PULSE-OUT

8VA/6W

i

EPD / MSÜ

2

3

4

5

98

1

N12895

6

7
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2.1.2 Nameplate of the sensor

A0004374

Fig. 2: Nameplate specifications for the "Promag" sensor (example)

1 Ordering code/serial number: See the specifications on the order confirmation for the meanings of the individual letters and 
digits.

2 Calibration factor with zero point
3 Nominal diameter/Pressure rating
4 Fluid temperature range 
5 Materials: lining/measuring electrodes
6 Reserved for information on special products
7 Permitted ambient temperature range
8 Observe device documentation
9 Reserved for additional information on device version (approvals, certificates)
10 Calibration tolerance
11 Additional information (examples):

– EPD/MSÜ: with Empty Pipe Detection electrode
– R/B: with reference electrode

12 Degree of protection
13 Flow direction

2.1.3 Nameplate, connections

A0005394

Fig. 3: Nameplate specifications for transmitter (example)

-20°C (-4°F)<Tamb<+60°C (+140°F) NEMA/Type4X

50PXX-XXXXXXXXXXXX

1.0000/0000

…10 ...150°C/+14 ...300°F°C °F
PFA

12345678901 RY
ABCDEFGHJKLMNPQRST

DN100 DIN EN PN40/ pnom =PS= 40bar

EPD/MSÜ, R/B

TM:

Order Code:

Materials:

K-factor:

Ser.No.:
TAG No.:

PROMAG P

1
2

3

7

13

12

1.4435/316LElectrodes:

0.2% CAL

4

5

6

10

11

i

9

8

IP67

2007

N12895
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2.2 Certificates and approvals
The devices are designed to meet state-of-the-art safety requirements in accordance with 
sound engineering practice. They have been tested and left the factory in a condition in 
which they are safe to operate. 

The devices comply with the applicable standards and regulations in accordance with EN 
61010-1 "Safety requirements for electrical equipment for measurement, control and 
laboratory use" and with the EMC requirements of IEC/EN 61326.

The measuring system described in this Operating Manual is therefore in conformity with 
the statutory requirements of the EC Directives. Endress+Hauser confirms successful testing 
of the device by affixing to it the CE mark.

The measuring system meets the EMC requirements of the "Australian Communications and 
Media Authority (ACMA)".

2.3 Registered trademarks
KALREZ® and VITON®

Registered trademarks of E.I. Du Pont de Nemours & Co., Wilmington, USA

TRI-CLAMP®
Registered trademark of Ladish & Co., Inc., Kenosha, USA

HART®  
Registered trademark of the HART Communication Foundation, Austin, USA

FieldCare®, Fieldcheck®, Applicator®
Registered or registration-pending trademarks of Endress+Hauser Flowtec AG, Reinach, CH

�(����������
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3 Installation

3.1 Incoming acceptance, transport and storage

3.1.1 Incoming acceptance

On receipt of the goods, check the following:
• Check the packaging and the contents for damage.
• Check the shipment, make sure nothing is missing and that the scope of supply matches 

your order.

3.1.2 Transport

The following instructions apply to unpacking and to transporting the device to its final 
location:
• Transport the devices in the containers in which they are delivered.
• Do not remove the protective plates or caps on the process connections until you are ready 

to install the device. This is particularly important in the case of sensors with PTFE linings.

Special notes on flanged devices

" Caution! 
• The wooden covers mounted on the flanges from the factory protect the linings on the 

flanges during storage and transportation. In case of Promag L they are additionally used 
to hold the lap joint flanges in place. Do not remove these covers until immediately before 
the device in the pipe.

• Do not lift flanged devices by the transmitter housing, or the connection housing in the 
case of the remote version.

Transporting flanged devices DN �d 300 (12")

Use webbing slings slung round the two process connections. 
Do not use chains, as they could damage the housing.

# Warning! 
Risk of injury if the measuring device slips. The center of gravity of the assembled measuring 
device might be higher than the points around which the slings are slung.
At all times, therefore, make sure that the device does not unexpectedly turn around its axis 
or slip.

A0005575

Fig. 4: Transporting sensors with DN �d 300 (12")

�(����������
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Transporting flanged devices DN �t 350 (14")

Use only the metal eyes on the flanges for transporting the device, lifting it and positioning 
the sensor in the piping.

" Caution! 
Do not attempt to lift the sensor with the tines of a fork-lift truck beneath the metal casing.
This would buckle the casing and damage the internal magnetic coils.

A0004295

Fig. 5: Transporting sensors with DN �t 350 (14")

3.1.3 Storage

Please note the following:
• Pack the measuring device in such a way as to protect it reliably against impact for storage 

(and transportation). The original packaging provides optimum protection.
• The storage temperature corresponds to the operating temperature range of the 

measuring transmitter and the appropriate measuring sensors �Æ �Ý 86.
• Do not remove the protective plates or caps on the process connections until you are ready 

to install the device. This is particularly important in the case of sensors with PTFE linings.
• The measuring device must be protected against direct sunlight during storage in order to 

avoid unacceptably high surface temperatures.
• Choose a storage location where moisture does not collect in the measuring device. This 

will help prevent fungus and bacteria infestation which can damage the liner.

�(����������



Promag 10 Installation

Endress+Hauser 11

3.2 Installation conditions

3.2.1 Dimensions

The dimensions and installation lengths of the sensor and transmitter can be found in the 
"Technical Information" for the device in question. This document can be downloaded as a 
PDF file from www.endress.com. A list of the "Technical Information" documents available is 
provided in the "Documentation" section on �Æ �Ý 107.

3.2.2 Mounting location

Entrained air or gas bubble formation in the measuring tube can result in an increase in 
measuring errors. 
Avoid the following locations:
• Highest point of a pipeline. Risk of air accumulating!
• Directly upstream from a free pipe outlet in a vertical pipeline.

A0008154

Fig. 6: Mounting location

Installation of pumps

Do  not install the sensor on the intake side of a pump. This precaution is to avoid low 
pressure and the consequent risk of damage to the lining of the measuring tube. Information 
on the lining's resistance to partial vacuum can be found on �Æ �Ý 90.

It might be necessary to install pulse dampers in systems incorporating reciprocating, 
diaphragm or peristaltic pumps. Information on the measuring system's resistance to 
vibration and shock can be found on �Æ �Ý 87.

A0003203

Fig. 7: Installation of pumps

h 2 x DN�
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Partially filled pipes

Partially filled pipes with gradients necessitate a drain-type configuration. 
The Empty Pipe Detection function (EPD �Æ �Ý 68) offers additional protection by detecting 
empty or partially filled pipes. 

" Caution! 
Risk of solids accumulating. Do not install the sensor at the lowest point in the drain. It is 
advisable to install a cleaning valve.

A0008155

Fig. 8: Installation in a partially filled pipe

Down pipes

Install a siphon or a vent valve downstream of the sensor in down pipes whose length 
h �t 5 m (16.4 ft). This precaution is to avoid low pressure and the consequent risk of damage 
to the lining of the measuring tube. 
This measure also prevents the system losing prime, which could cause air pockets. 
Information on the lining's resistance to partial vacuum can be found on �Æ �Ý 90.

A0008157

Fig. 9: Measures for installation in a down pipe

1 Vent valve
2 Pipe siphon
h Length of down pipe

5 x DN

2 x DN

�

�

h

2

1
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3.2.3 Orientation

An optimum orientation position helps avoid gas and air accumulations and deposits in the 
measuring tube. However, Promag offers the additional Empty Pipe Detection (EPD) 
function to ensure the detection of partially filled measuring tubes, e.g. in the case of 
degassing fluids or varying process pressure.

Vertical orientation

This is the ideal orientation for self-emptying piping systems and for use in conjunction with 
Empty Pipe Detection.

A0008158

Fig. 10: Vertical orientation

Horizontal orientation

The measuring electrode plane should be horizontal. This prevents brief insulation of the 
two measuring electrodes by entrained air bubbles.

" Caution! 
Empty Pipe Detection functions correctly only when the measuring device is installed 
horizontally and the transmitter housing is facing upward (�Æ �Þ 10). Otherwise there is no 
guarantee that Empty Pipe Detection will respond if the measuring tube is only partially 
filled or empty.

A0003207

Fig. 11: Horizontal orientation

1 EPD electrode for the detection of empty pipes (not with Promag D and Promag H (DN 2 to 15 / 1/12 to ½"))
2 Measuring electrodes for signal detection
3 Reference electrode for the potential equalization (not with Promag D and H)

A
1

2 2

A

3
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Inlet and outlet run

If possible, install the sensor upstream from fittings such as valves, T-pieces, elbows, etc. 

The following inlet and outlet runs must be observed in order to meet accuracy 
specifications:
• Inlet run: �t 5 × DN
• Outlet run: �t 2 × DN

A0003210

Fig. 12: Inlet and outlet runs

3.2.4 Vibrations

Secure the piping and the sensor if vibration is severe.

" Caution! 
If vibrations are too severe, we recommend the sensor and transmitter be mounted 
separately. Information on resistance to vibration and shock can be found on �Æ �Ý 87.

A0003208

Fig. 13: Measures to prevent vibration of the device (L > 10 m (32.8 ft))

� �5 DN � 2 DN�

L
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3.2.5 Foundations, supports

If the nominal diameter is DN �t 350 (14"), mount the sensor on a foundation of adequate 
load-bearing strength.

" Caution! 
Risk of damage.
Do not support the weight of the sensor on the metal casing: the casing would buckle and 
damage the internal magnetic coils.

A0003209

Fig. 14: Correct support for large nominal diameters (DN �t 350 / 14")

3.2.6 Adapters

Suitable adapters to DIN EN 545 (double-flange reducers) can be used to install the sensor 
in larger-diameter pipes. 
The resultant increase in the rate of flow improves measuring accuracy with very slow-
moving fluids. The nomogram shown here can be used to calculate the pressure loss caused 
by reducers and expanders.

! Note! 
The nomogram only applies to liquids of viscosity similar to water.

1. Calculate the ratio of the diameters d/D.

2. From the nomogram read off the pressure loss as a function of flow velocity 
(downstream from the reduction) and the d/D ratio.

A0003213

Fig. 15: Pressure loss due to adapters

100

10

0.5d / D

[mbar]

0.6 0.7 0.8 0.9

1 m/s

2 m/s

3 m/s

4 m/s

5 m/s

6 m/s

7 m/s

8 m/s

1

Dd

max. 8°
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3.2.7 Nominal diameter and flow rate

The diameter of the pipe and the flow rate determine the nominal diameter of the sensor. 
The optimum velocity of flow is between 2 and 3 m/s (6.5 to 9.8 ft/s)

The velocity of flow (v), moreover, has to be matched to the physical properties of the fluid:
• v < 2 m/s (6.5 ft/s): for abrasive fluids
• v > 2 m/s (6.5 ft/s): for fluids producing buildup

! Note! 
Flow velocity can be increased, if necessary, by reducing the nominal diameter of the sensor
(�Æ �Ý 15).

Recommended flow (SI units)

Nominal diameter Promag D Promag E/P Promag H Promag L Promag W

[mm] Min./max. full scale value (v �|�| 0.3 or 10 m/s) in [dm³/min]

2 – – 0.06 to 1.8 – –

4 – – 0.25 to 7 – –

8 – – 1 to 30 – –

15 – 4 to 100 4 to 100 – –

25 9 to 300 9 to 300 9 to 300 9 to 300 9 to 300

32 – 15 to 500 – 15 to 500 15 to 500

40 25 to 700 25 to 700 25 to 700 25 to 700 25 to 700

50 35 to 1100 35 to 1100 35 to 1100 35 to 1100 35 to 1100

65 60 to 2000 60 to 2000 60 to 2000 60 to 2000 60 to 2000

80 90 to 3000 90 to 3000 90 to 3000 90 to 3000 90 to 3000

100 145 to 4700 145 to 4700 145 to 4700 145 to 4700 145 to 4700

125 – 220 to 7500 – 220 to 7500 220 to 7500

[mm] Min./max. full scale value (v �| 0.3 or 10 m/s) in [m³/h]

150 – 20 to 600 – 20 to 600 20 to 600

200 – 35 to 1100 – 35 to 1100 35 to 1100

250 – 55 to 1700 – 55 to 1700 55 to 1700

300 – 80 to 2400 – 80 to 2400 80 to 2400

350 – 110 to 3300 – 110 to 3300 110 to 3300

375 – – – 140 to 4200 140 to 4200

400 – 140 to 4200 – 140 to 4200 140 to 4200

450 – 180 to 5400 – 180 to 5400 180 to 5400

500 – 220 to 6600 – 220 to 6600 220 to 6600

600 – 310 to 9600 – 310 to 9600 310 to 9600

700 – – – 420 to 13500 420 to 13500

750 – – – 480 to 15200 480 to 15200

800 – – – 550 to 18000 550 to 18000

900 – – – 690 to 22500 690 to 22500

1000 – – – 850 to 28000 850 to 28000

1050 – – – 950 to 40000 950 to 40000

1200 – – – 1250 to 40000 1250 to 40000

1400 – – – – 1700 to 55000

1600 – – – – 2200 to 70000

1800 – – – – 2800 to 90000

2000 – – – – 3400 to 110000

�(����������
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Recommended flow (US units)

Nominal 
diameter

Promag D Promag E/P Promag H Promag L Promag W

[inch] Min./max. full scale value (v �|�| 0.3 or 10 m/s) in [gal/min]

1/12" – – 0.015 to 0.5 – –

1/8" – – 0.07 to 2 – –

8" – – 0.25 to 8 – –

½" – 1.0 to 27 1.0 to 27 – –

1" 2.5 to 80 2.5 to 80 2.5 to 80 2.5 to 80 2.5 to 80

1 ¼" – 4 to 130 – – 4 to 130

1 ½" 7 to 190 7 to 190 7 to 190 7 to 190 7 to 190

2" 10 to 300 10 to 300 10 to 300 10 to 300 10 to 300

2 ½" 16 to 500 16 to 500 16 to 500 16 to 500 16 to 500

3" 24 to 800 24 to 800 24 to 800 24 to 800 24 to 800

4" 40 to 1250 40 to 1250 40 to 1250 40 to 1250 40 to 1250

5" – 60 to 1950 – 60 to 1950 60 to 1950

6" – 90 to 2650 – 90 to 2650 90 to 2650

8" – 155 to 4850 – 155 to 4850 155 to 4850

10" – 250 to 7500 – 250 to 7500 250 to 7500

12" – 350 to 10600 – 350 to 10600 350 to 10600

14" – 500 to 15000 – 500 to 15000 500 to 15000

15" – – – 600 to 19000 600 to 19000

16" – 600 to 19000 – 600 to 19000 600 to 19000

18" – 800 to 24000 – 800 to 24000 800 to 24000

20" – 1000 to 30000 – 1000 to 30000 1000 to 30000

24" – 1400 to 44000 – 1400 to 44000 1400 to 44000

28" – – – 1900 to 60000 1900 to 60000

30" – – – 2150 to 67000 2150 to 67000

32" – – – 2450 to 80000 2450 to 80000

36" – – – 3100 to 100000 3100 to 100000

40" – – – 3800 to 125000 3800 to 125000

42" – – – 4200 to 135000 4200 to 135000

48" – – – 5500 to 175000 5500 to 175000

[inch] Min./max. full scale value (v �| 0.3 or 10 m/s) in [Mgal/d]

54" – – – – 9 to 300

60" – – – – 12 to 380

66" – – – – 14 to 500

72" – – – – 16 to 570

78" – – – – 18 to 650

�(����������
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3.2.8 Length of connecting cable

In order to ensure measuring accuracy, comply with the following instructions when 
installing the remote version:

• Fix cable run or lay in armored conduit. Cable movements can falsify the measuring signal 
especially in the case of low fluid conductivities.

• Route the cable well clear of electrical machines and switching elements.
• Ensure potential equalization between sensor and transmitter, if necessary.
• The permitted connecting cable length Lmax is determined by the fluid conductivity (�Æ �Þ 

16). A minimum conductivity of 50 �—S/cm is needed for all fluids.
• The maximum connecting cable length is 10 m (33 ft) when empty pipe detection (EPD �Æ 

�Ý 68) is switched on.

A0003214

Fig. 16: Permissible cable length for the remote version

Area shaded gray = permitted range
Lmax = connecting cable length in [m]
Fluid conductivity in [�PS/cm]

L max

[ft]
200 6000 400

200

100

50 100 200
[m]

[µS/cm]

L max

50
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3.3 Installation instructions

3.3.1 Installing the Promag D sensor

The sensor is installed between the pipe flanges with a mounting kit. The device is centered 
using recesses on the sensor (�Æ �Ý 20).

! Note! 
A mounting kit consisting of mounting bolts, seals, nuts and washers can be ordered 
separately (�Æ �Ý 70). Centering sleeves are provided with the device if they are required for 
the installation.

" Caution! 
When installing the transmitter in the pipe, observe the necessary torques (�Æ �Ý 21).

a0010714

Fig. 17: Mounting the sensor

1 Nut
2 Washer
3 Mounting bolt
4 Centering sleeve
5 Seal

Seals

When installing the sensor, make sure that the seals used do not project into the pipe cross-
section.

" Caution! 
Risk of short circuit! Do not use electrically conductive sealing compounds such as graphite! 
An electrically conductive layer could form on the inside of the measuring tube and short-
circuit the measuring signal.

! Note! 
Use seals with a hardness rating of 70° Shore A.

5
1

2
3

4
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Arrangement of the mounting bolts and centering sleeves

The device is centered using recesses on the sensor. The arrangement of the mounting bolts 
and the use of the centering sleeves supplied depend on the nominal diameter, the flange 
standard und the pitch circle diameter.

Process connection

EN (DIN) ASME JIS

DN 25 to 40 
(1 to 1 ½")

A0010896 A0010824 A0010896

DN 50 (2")

A0010897 A0010825 A0010825

DN 65 (–)

A0012170

–––––––––––––––––

A0012171

DN 80 (3")

A0010898 A0010827 A0010826

DN 100 (4")

A0012168 A0012168 A0012169

1 = Mounting bolts with centering sleeves
2 = EN (DIN) flanges: 4-hole �o  with centering sleeves
3 = EN (DIN) flanges: 8-hole �o  without centering sleeves

1

1

1

1

1

1

1

1

1

1

1

1

22

2 2

33

33

3

3

3

3

1

1

1

1

1

1

1

1

1 1

1

1

1 1

1

1

1 1

1

1

1 1
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Screw tightening torques (Promag D)

Please note the following:
• The tightening torques listed below are for lubricated threads only. 
• Always tighten the screws uniformly and in diagonally opposite sequence.
• Overtightening the screws will deform the sealing faces or damage the seals.
• The tightening torques listed below apply only to pipes not subjected to tensile stress.

The tightening torques apply to situations where an EPDM soft material flat seal (e.g. 70° 
Shore A) is used. 

Tightening torques, mounting bolts and centering sleeves for EN (DIN) PN 16

Tightening torques, mounting bolts and centering sleeves for JIS 10 K

Tightening torques, mounting bolts and centering sleeves for ASME Class 150

Nominal 
diameter

Mounting bolts
Centering sleeve 

length
Tightening torque [Nm]

with a process flange with a

[mm] [mm] [mm] smooth seal face raised face

25 4 × M12 × 145 54 19 19

40 4 × M16 × 170 68 33 33

50 4 × M16 × 185 82 41 41

65���� 4 × M16 × 200 92 44 44

65���� 8 × M16 × 200 – ���� 29 29

80 8 × M16 × 225 116 36 36

100 8 × M16 × 260 147 40 40
���� EN (DIN) flanges: 4-hole �o  with centering sleeves
���� EN (DIN) flanges: 8-hole �o  without centering sleeves
���� A centering sleeve is not required. The device is centered directly via the sensor housing.

Nominal 
diameter

Mounting bolts
Centering sleeve 

length
Tightening torque [Nm]

with a process flange with a

[mm] [mm] [mm] smooth seal face raised face

25 4 × M16 × 170 54 24 24

40 4 × M16 × 170 68 32 25

50 4 × M16 × 185 – * 38 30

65 4 × M16 × 200 – * 42 42

80 8 × M16 × 225 – * 36 28

100 8 × M16 × 260 – * 39 37

* A centering sleeve is not required. The device is centered directly via the sensor housing.

Nominal 
diameter

Mounting bolts
Centering sleeve 

length
Tightening torque [lbf · ft]

with a process flange with a

[inch] [inch] [inch] smooth seal face raised face

1" 4 × UNC 1/2" × 5.70" – * 14 7

1 ½" 4 × UNC 1/2" × 6.50" – * 21 14

2" 4 × UNC 5/8" × 7.50" – * 30 27

3" 4 × UNC 5/8" × 9.25" – * 31 31

4" 8 × UNC 5/8" × 10.4" 5.79 28 28

* A centering sleeve is not required. The device is centered directly via the sensor housing.

�(����������
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3.3.2 Installing the Promag E sensor

" Caution! 
• The protective covers mounted on the two sensor flanges guard the PTFE, which is turned 

over the flanges. Consequently, do not remove these covers until immediately before the 
sensor is installed in the pipe.

• The covers must remain in place while the device is in storage.
• Make sure that the lining is not damaged or removed from the flanges.

! Note! 
Bolts, nuts, seals, etc. are not included in the scope of supply and must be supplied by the 
customer.

The sensor is designed for installation between the two piping flanges.
• Observe in any case the necessary screw tightening torques on �Æ �Ý 23
• If grounding disks are used, follow the mounting instructions which will be enclosed with the 

shipment

a0004296

Fig. 18: Installing the Promag E sensor

Seals

Comply with the following instructions when installing seals:
• PTFE lining �o  No seals are required!
• For DIN flanges, use only seals according to EN 1514-1.
• Make sure that the seals do not protrude into the piping cross-section.

" Caution! 
Risk of short circuit! Do not use electrically conductive sealing compounds such as graphite! 
An electrically conductive layer could form on the inside of the measuring tube and short-
circuit the measuring signal.

Ground cable

• If necessary, special ground cables for potential equalization can be ordered as an accessory (�Æ �Ý 
70).

• Information on potential equalization and detailed mounting instructions for the use of ground 
cables can be found on �Æ �Ý 50

�(����������
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Tightening torques for threaded fasteners (Promag E)

Please note the following:
• The tightening torques listed below are for lubricated threads only. 
• Always tighten the screws uniformly and in diagonally opposite sequence.
• Overtightening the screws will deform the sealing faces or damage the seals.
• The tightening torques listed below apply only to pipes not subjected to tensile stress.

Tightening torques for:
• EN (DIN) �Æ �Ý 23
• ASME �Æ �Ý 24
• JIS �Æ �Ý 24

Promag E tightening torques for EN (DIN)

Nominal diameter
[mm]

EN (DIN)
Pressure rating [bar]

Threaded 
fasteners

Max. tightening torque 
[Nm]

15 PN 40 4 × M 12 11

25 PN 40 4 × M 12 26

32 PN 40 4 × M 16 41

40 PN 40 4 × M 16 52

50 PN 40 4 × M 16 65

65 * PN 16 8 × M 16 43

80 PN 16 8 × M 16 53

100 PN 16 8 × M 16 57

125 PN 16 8 × M 16 75

150 PN 16 8 × M 20 99

200 PN 10 8 × M 20 141

200 PN 16 12 × M 20 94

250 PN 10 12 × M 20 110

250 PN 16 12 × M 24 131

300 PN 10 12 × M 20 125

300 PN 16 12 × M 24 179

350 PN 6 12 × M 20 200

350 PN 10 16 × M 20 188

350 PN 16 16 × M 24 254

400 PN 6 16 × M 20 166

400 PN 10 16 × M 24 260

400 PN 16 16 × M 27 330

450 PN 6 16 × M 20 202

450 PN 10 20 × M 24 235

450 PN 16 20 × M 27 300

500 PN 6 20 × M 20 176

500 PN 10 20 × M 24 265

500 PN 16 20 × M 30 448

600 PN 6 20 × M 24 242

600 PN 10 20 × M 27 345

600 * PN 16 20 × M 33 658

* Designed acc. to EN 1092-1 (not to DIN 2501)
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Promag E tightening torques for ASME

Promag E tightening torques for JIS

Nominal diameter ASME Max. tightening torque

Pressure rating 
[lbs] Threaded fasteners

PTFE

[mm] [inch] [Nm] [lbf · ft]

15 ½" Class 150 4 × ½" 6 4

25 1" Class 150 4 × ½" 11 8

40 1 ½" Class 150 4 × ½" 24 18

50 2" Class 150 4 × 5/8" 47 35

80 3" Class 150 4 × 5/8" 79 58

100 4" Class 150 8 × 5/8" 56 41

150 6" Class 150 8 × ¾" 106 78

200 8" Class 150 8 × ¾" 143 105

250 10" Class 150 12 × 7/8" 135 100

300 12" Class 150 12 × 7/8" 178 131

350 14" Class 150 12 × 1" 260 192

400 16" Class 150 16 × 1" 246 181

450 18" Class 150 16 × 1 1/8" 371 274

500 20" Class 150 20 × 1 1/8" 341 252

600 24" Class 150 20 × 1 ¼" 477 352

Nominal diameter JIS Max. tightening torque [Nm]

[mm] Pressure rating Threaded fasteners PTFE

15 20K 4 × M 12 16

25 20K 4 × M 16 32

32 20K 4 × M 16 38

40 20K 4 × M 16 41

50 10K 4 × M 16 54

65 10K 4 × M 16 74

80 10K 8 × M 16 38

100 10K 8 × M 16 47

125 10K 8 × M 20 80

150 10K 8 × M 20 99

200 10K 12 × M 20 82

250 10K 12 × M 22 133

300 10K 16 × M 22 99
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3.3.3 Installing the Promag H sensor

The sensor is supplied to order, with or without pre-installed process connections. Pre-
installed process connections are secured to the sensor with 4 or 6 hex-head threaded 
fasteners.

" Caution! 
The sensor might require support or additional attachments, depending on the application 
and the length of the piping run. When plastic process connections are used, the sensor must 
be additionally supported mechanically. A wall-mounting kit can be ordered separately from 
Endress+Hauser as an accessory (�Æ �Ý 70).

a0004301

Fig. 19: Promag H process connections (DN 2 to 25 / 1/12 to 1", DN 40 to 100 / 1½ to 4")

A = DN 2 to 25 / process connections with O-ring
– Flanges (EN (DIN), ASME, JIS ),
– External thread

B = DN 2 to 25 / process connections with aseptic gasket seal
– Weld nipples (DIN 11850, ODT/SMS)
– Tri-Clamp L14AM7
– Coupling (DIN 11851, DIN 11864-1, SMS 1145 (only DN 25)
– Flange DIN 11864-2

C = DN 40 to 100 / process connections with aseptic gasket seal
– Weld nipples (DIN 11850, ODT/SMS)
– Tri-Clamp L14AM7
– Coupling (DIN 11851, DIN 11864-1, SMS 1145)
– Flange DIN 11864-2

Seals

When installing the process connections, make sure that the seals are clean and correctly 
centered.

" Caution! 
• With metal process connections, you must fully tighten the screws. The process 

connection forms a metallic connection with the sensor, which ensures a defined 
compression of the seal.

• With plastic process connections, note the max. torques for lubricated threads (7 Nm / 5.2 
lbf ft). With plastic flanges, always use seals between connection and counter flange.

• The seals must be replaced periodically, depending on the application, particularly in the 
case of gasket seals (aseptic version)!
The period between changes depends on the frequency of cleaning cycles, the cleaning 
temperature and the fluid temperature. Replacement seals can be ordered as accessories 
�Æ �Ý 70.

A

B

C
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Welding the transmitter into the piping (weld nipples)

" Caution! 
Risk of destroying the measuring electronics. Make sure that the welding machine is not 
grounded via the sensor or the transmitter.

1. Tack-weld the sensor into the pipe. A suitable welding jig can be ordered separately as 
an accessory (�Æ �Ý 70).

2. Loosen the screws on the process connection flange and remove the sensor, complete 
with the seal, from the pipe.

3. Weld the process connection to the pipe.

4. Reinstall the sensor in the pipe. Make sure that everything is clean and that the seal is 
correctly seated.

! Note! 
• If thin-walled foodstuffs pipes are not welded correctly, the heat could damage the 

installed seal. It is therefore advisable to remove the sensor and the seal prior to welding.
• The pipe has to be spread approximately 8 mm to permit disassembly.

Cleaning with pigs

If pigs are used for cleaning, it is essential to take the inside diameters of the measuring tube 
and process connection into account. All the dimensions and lengths of the sensor and 
transmitter are provided in the separate documentation "Technical Documentation".
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3.3.4 Installing the Promag L sensor

" Caution! 
• The protective covers mounted on the two sensor flanges (DN 25 to 300 / 1 to 12") are used to 

hold the lap joint flanges in place and to protect the PTFE liner during transportation. 
Consequently, do not remove these covers until immediately before the sensor is installed in the 
pipe.

• The covers must remain in place while the device is in storage.
• Make sure that the lining is not damaged or removed from the flanges.

! Note! 
Bolts, nuts, seals, etc. are not included in the scope of supply and must be supplied by the 
customer.

The sensor is designed for installation between the two piping flanges.
• Observe in any case the necessary screw tightening torques on �Æ �Ý 28
• If grounding disks are used, follow the mounting instructions which will be enclosed with the 

shipment
• To comply with the device specification, a concentrical installation in the measuring section is 

required

a0004296

Fig. 20: Installing the Promag L sensor

Seals

Comply with the following instructions when installing seals:
• Hard rubber lining �o additional seals are always necessary.
• Polyurethane lining �o no seals are required.
• PTFE lining �o no seals are required.
• For DIN flanges, use only seals according to EN 1514-1.
• Make sure that the seals do not protrude into the piping cross-section.

" Caution! 
Risk of short circuit!
Do not use electrically conductive sealing compounds such as graphite! An electrically 
conductive layer could form on the inside of the measuring tube and short-circuit the 
measuring signal.

Ground cable

• If necessary, special ground cables for potential equalization can be ordered as an accessory (�Æ �Ý 
70).

• Information on potential equalization and detailed mounting instructions for the use of ground 
cables can be found on �Æ �Ý 50.
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Screw tightening torques (Promag L)

Please note the following:
• The tightening torques listed below are for lubricated threads only. 
• Always tighten the screws uniformly and in diagonally opposite sequence.
• Overtightening the screws will deform the sealing faces or damage the seals.
• The tightening torques listed below apply only to pipes not subjected to tensile stress.

Promag L tightening torques for EN (DIN)

Nominal diameter EN (DIN) Max. tightening torque

Hard rubber Polyurethane PTFE

[mm] Pressure rating 
[bar]

Threaded 
fasteners

[Nm] [Nm] [Nm]

25 PN 10/16 4 × M 12 - 6 11

32 PN 10/16 4 × M 16 - 16 27

40 PN 10/16 4 × M 16 - 16 29

50 PN 10/16 4 × M 16 - 15 40

65* PN 10/16 8 × M 16 - 10 22

80 PN 10/16 8 × M 16 - 15 30

100 PN 10/16 8 × M 16 - 20 42

125 PN 10/16 8 × M 16 - 30 55

150 PN 10/16 8 × M 20 - 50 90

200 PN 16 12 × M 20 - 65 87

250 PN 16 12 × M 24 - 126 151

300 PN 16 12 × M 24 - 139 177

350 PN 6 12 × M 20 111 120 -

350 PN 10 16 × M 20 112 118 -

400 PN 6 16 × M 20 90 98 -

400 PN 10 16 × M 24 151 167 -

450 PN 6 16 × M 20 112 126 -

450 PN 10 20 × M 24 153 133 -

500 PN 6 20 × M 20 119 123 -

500 PN 10 20 × M 24 155 171 -

600 PN 6 20 × M 24 139 147 -

600 PN 10 20 × M 27 206 219 -

700 PN 6 24 × M 24 148 139 -

700 PN 10 24 × M 27 246 246 -

800 PN 6 24 × M 27 206 182 -

800 PN 10 24 × M 30 331 316 -

900 PN 6 24 × M 27 230 637 -

900 PN 10 28 × M 30 316 307 -

1000 PN 6 28 × M 27 218 208 -

1000 PN 10 28 × M 33 402 405 -

1200 PN 6 32 × M 30 319 299 -

1200 PN 10 32 × M 36 564 568 -

* Designed acc. to EN 1092-1 (not to DIN 2501)
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Promag L tightening torques for ASME

Promag L tightening torques for AWWA

Promag L tightening torques for AS 2129

Nominal dia-
meter

ASME Threaded 
fasteners

Max. tightening torque

Pressure rating Hard rubber Polyurethane PTFE

[mm] [inch]  [lbs] [Nm] [lbf · ft] [Nm] [lbf · ft] [Nm] [lbf · ft]

25 1" Class 150 4 × 5/8" - - 5 4 14 13

40 1 ½" Class 150 8 × 5/8" - - 10 17 21 15

50 2" Class 150 4 × 5/8" - - 15 11 40 29

80 3" Class 150 4 × 5/8" - - 25 18 65 48

100 4" Class 150 8 × 5/8" - - 20 15 44 32

150 6" Class 150 8 × ¾" - - 45 33 90 66

200 8" Class 150 8 × ¾" - - 65 48 87 64

250 10" Class 150 12 × 7/8" - - 126 93 151 112

300 12" Class 150 12 × 7/8" - - 146 108 177 131

350 14" Class 150 12 × 1" 135 100 158 117 - -

400 16" Class 150 16 × 1" 128 94 150 111 - -

450 18" Class 150 16 × 1 1/8" 204 150 234 173 - -

500 20" Class 150 20 × 1 1/8" 183 135 217 160 - -

600 24" Class 150 20 × 1 ¼" 268 198 307 226 - -

Nominal diam-
eter

AWWA Threaded 
fasteners

Max. tightening torque

Pressure rating Hartgummi Polyurethane PTFE

[mm] [inch] [Nm] [lbf · ft] [Nm] [lbf · ft] [Nm] [lbf · ft]

700 28" Class D 28 × 1 ¼" 247 182 292 215 - -

750 30" Class D 28 × 1 ¼" 287 212 302 223 - -

800 32" Class D 28 × 1 ½" 394 291 422 311 - -

900 36" Class D 32 × 1 ½" 419 309 430 317 - -

1000 40" Class D 36 × 1 ½" 420 310 477 352 - -

1050 42" Class D 36 × 1 ½" 528 389 518 382 - -

1200 48" Class D 44 × 1 ½" 552 407 531 392 - -

Nominal 
diameter

AS 2129 Threaded 
fasteners

Max. tightening torque

Pressure rating Hard rubber Polyurethane PTFE

[mm] [Nm] [Nm] [Nm]

350 Table E 12 × M 24 203 - -

400 Table E 12 × M 24 226 - -

450 Table E 16 × M 24 226 - -

500 Table E 16 × M 24 271 - -

600 Table E 16 × M 30 439 - -

700 Table E 20 × M 30 355 - -

750 Table E 20 × M 30 559 - -

800 Table E 20 × M 30 631 - -

900 Table E 24 × M 30 627 - -

1000 Table E 24 × M 30 634 - -

1200 Table E 32 × M 30 727 - -
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Promag L tightening torques for AS 4087

Nominal 
diameter

AS 4087 Threaded 
fasteners

Max. tightening torque

Pressure rating Hard rubber Polyurethane PTFE

[mm] [Nm] [Nm] [Nm]

350 PN 16 12 × M 24 203 - -

375 PN 16 12 × M 24 137 - -

400 PN 16 12 × M 24 226 - -

450 PN 16 12 × M 24 301 - -

500 PN 16 16 × M 24 271 - -

600 PN 16 16 × M 27 393 - -

700 PN 16 20 × M 27 330 - -

750 PN 16 20 × M 30 529 - -

800 PN 16 20 × M 33 631 - -

900 PN 16 24 × M 33 627 - -

1000 PN 16 24 × M 33 595 - -

1200 PN 16 32 × M 33 703 - -
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3.3.5 Installing the Promag P sensor

" Caution! 
• The protective covers mounted on the two sensor flanges guard the PTFE, which is turned 

over the flanges. Consequently, do not remove these covers until immediately before the 
sensor is installed in the pipe.

• The covers must remain in place while the device is in storage.
• Make sure that the lining is not damaged or removed from the flanges.

! Note! 
Bolts, nuts, seals, etc. are not included in the scope of supply and must be supplied by the 
customer.

The sensor is designed for installation between the two piping flanges.
• Observe in any case the necessary screw tightening torques on �Æ �Ý 31
• If grounding disks are used, follow the mounting instructions which will be enclosed with the 

shipment
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Fig. 21: Installing the Promag P sensor

Seals

Comply with the following instructions when installing seals:
• PTFE lining �o  No seals are required!
• For DIN flanges, use only seals according to EN 1514-1.
• Make sure that the seals do not protrude into the piping cross-section.

" Caution! 
Risk of short circuit! Do not use electrically conductive sealing compounds such as graphite! 
An electrically conductive layer could form on the inside of the measuring tube and short-
circuit the measuring signal.

Ground cable

• If necessary, special ground cables for potential equalization can be ordered as an accessory (�Æ �Ý 
70).

• Information on potential equalization and detailed mounting instructions for the use of ground 
cables can be found on �Æ �Ý 50

Tightening torques for threaded fasteners (Promag P)

Please note the following:
• The tightening torques listed below are for lubricated threads only. 
• Always tighten the screws uniformly and in diagonally opposite sequence.
• Overtightening the screws will deform the sealing faces or damage the seals.
• The tightening torques listed below apply only to pipes not subjected to tensile stress.
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Tightening torques for:
• EN (DIN) �Æ �Ý 32
• ASME �Æ �Ý 32
• JIS �Æ �Ý 33
• AS 2129 �Æ �Ý 33
• AS 4087 �Æ �Ý 33

Promag P tightening torques for EN (DIN)

Promag P tightening torques for ASME

Nominal diameter
[mm]

EN (DIN)
Pressure rating [bar]

Threaded 
fasteners

Max. tightening torque 
[Nm]

25 PN 40 4 × M 12 26
32 PN 40 4 × M 16 41
40 PN 40 4 × M 16 52
50 PN 40 4 × M 16 65
65 * PN 16 8 × M 16 43
65 PN 40 8 × M 16 43
80 PN 16 8 × M 16 53
80 PN 40 8 × M 16 53

100 PN 16 8 × M 16 57
100 PN 40 8 × M 20 78
125 PN 16 8 × M 16 75
125 PN 40 8 × M 24 111
150 PN 16 8 × M 20 99
150 PN 40 8 × M 24 136
200 PN 10 8 × M 20 141
200 PN 16 12 × M 20 94
200 PN 25 12 × M 24 138
250 PN 10 12 × M 20 110
250 PN 16 12 × M 24 131
250 PN 25 12 × M 27 200
300 PN 10 12 × M 20 125
300 PN 16 12 × M 24 179
300 PN 25 16 × M 27 204
350 PN 10 16 × M 20 188
350 PN 16 16 × M 24 254
350 PN 25 16 × M 30 380
400 PN 10 16 × M 24 260
400 PN 16 16 × M 27 330
400 PN 25 16 × M 33 488
450 PN 10 20 × M 24 235
450 PN 16 20 × M 27 300
450 PN 25 20 × M 33 385
500 PN 10 20 × M 24 265
500 PN 16 20 × M 30 448
500 PN 25 20 × M 33 533
600 PN 10 20 × M 27 345
600 * PN 16 20 × M 33 658
600 PN 25 20 × M 36 731

* Designed acc. to EN 1092-1 (not to DIN 2501)

Nominal diameter ASME Max. tightening torque

Pressure rating 
[lbs] Threaded fasteners

PTFE

[mm] [inch] [Nm] [lbf · ft]

25 1" Class 150 4 × ½" 11 8

25 1" Class 300 4 × 5/8" 14 10

40 1 ½" Class 150 4 × ½" 24 18

40 1 ½" Class 300 4 × ¾" 34 25

50 2" Class 150 4 × 5/8" 47 35
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Promag P tightening torques for JIS

Promag P tightening torques for AS 2129

Promag P tightening torques for AS 4087

50 2" Class 300 8 × 5/8" 23 17

80 3" Class 150 4 × 5/8" 79 58

80 3" Class 300 8 × ¾" 47 35

100 4" Class 150 8 × 5/8" 56 41

100 4" Class 300 8 × ¾" 67 49

150 6" Class 150 8 × ¾" 106 78

150 6" Class 300 12 × ¾" 73 54

200 8" Class 150 8 × ¾" 143 105

250 10" Class 150 12 × 7/8" 135 100

300 12" Class 150 12 × 7/8" 178 131

350 14" Class 150 12 × 1" 260 192

400 16" Class 150 16 × 1" 246 181

450 18" Class 150 16 × 1 1/8" 371 274

500 20" Class 150 20 × 1 1/8" 341 252

600 24" Class 150 20 × 1 ¼" 477 352

Nominal diameter JIS Max. tightening torque [Nm]

[mm] Pressure rating Threaded fasteners PTFE

25 10K 4 × M 16 32

25 20K 4 × M 16 32

32 10K 4 × M 16 38

32 20K 4 × M 16 38

40 10K 4 × M 16 41

40 20K 4 × M 16 41

50 10K 4 × M 16 54

50 20K 8 × M 16 27

65 10K 4 × M 16 74

65 20K 8 × M 16 37

80 10K 8 × M 16 38

80 20K 8 × M 20 57

100 10K 8 × M 16 47

100 20K 8 × M 20 75

125 10K 8 × M 20 80

125 20K 8 × M 22 121

150 10K 8 × M 20 99

150 20K 12 × M 22 108

200 10K 12 × M 20 82

200 20K 12 × M 22 121

250 10K 12 × M 22 133

250 20K 12 × M 24 212

300 10K 16 × M 22 99

300 20K 16 × M 24 183

Nominal diameter
[mm]

AS 2129
Pressure rating

Threaded 
fasteners

Max. tightening torque [Nm]
PTFE

25 Table E 4 × M 12 21

50 Table E 4 × M 16 42

Nominal diameter
[mm]

AS 4087
Pressure rating

Threaded
fasteners

Max. tightening torque [Nm]
PTFE

50 PN 16 4 × M 16 42

Nominal diameter ASME Max. tightening torque

Pressure rating 
[lbs] Threaded fasteners

PTFE

[mm] [inch] [Nm] [lbf · ft]
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3.3.6 Installing the Promag W sensor

! Note! 
Bolts, nuts, seals, etc. are not included in the scope of supply and must be supplied by the 
customer.

The sensor is designed for installation between the two piping flanges.
• Observe in any case the necessary screw tightening torques on �Æ �Ý 34
• If grounding disks are used, follow the mounting instructions which will be enclosed with the 

shipment

a0004296

Fig. 22: Installing the Promag W sensor

Seals

Comply with the following instructions when installing seals:
• Hard rubber lining �o additional seals are always necessary.
• Polyurethane lining �o no seals are required.
• For DIN flanges, use only seals according to EN 1514-1.
• Make sure that the seals do not protrude into the piping cross-section.

" Caution! 
Risk of short circuit!
Do not use electrically conductive sealing compounds such as graphite! An electrically 
conductive layer could form on the inside of the measuring tube and short-circuit the 
measuring signal.

Ground cable

• If necessary, special ground cables for potential equalization can be ordered as an accessory (�Æ �Ý 
70).

• Information on potential equalization and detailed mounting instructions for the use of ground 
cables can be found on �Æ �Ý 50

Screw tightening torques (Promag W)

Please note the following:
• The tightening torques listed below are for lubricated threads only. 
• Always tighten the screws uniformly and in diagonally opposite sequence.
• Overtightening the screws will deform the sealing faces or damage the seals.
• The tightening torques listed below apply only to pipes not subjected to tensile stress.
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Tightening torques for:
• EN (DIN)�Æ �Ý 35
• JIS�Æ �Ý 37
• ASME�Æ �Ý 36
• AWWA �Æ �Ý 37
• AS 2129 �Æ �Ý 38
• AS 4087 �Æ �Ý 38

Promag W tightening torques for EN (DIN)

Nominal 
diameter

EN (DIN)

Threaded 
fasteners

Max. tightening torque [Nm]

[mm] Pressure rating [bar] Hard rubber Polyurethane

25 PN 40 4 × M 12 - 15

32 PN 40 4 × M 16 - 24

40 PN 40 4 × M 16 - 31

50 PN 40 4 × M 16 48 40

65* PN 16 8 × M 16 32 27

65 PN 40 8 × M 16 32 27

80 PN 16 8 × M 16 40 34

80 PN 40 8 × M 16 40 34

100 PN 16 8 × M 16 43 36

100 PN 40 8 × M 20 59 50

125 PN 16 8 × M 16 56 48

125 PN 40 8 × M 24 83 71

150 PN 16 8 × M 20 74 63

150 PN 40 8 × M 24 104 88

200 PN 10 8 × M 20 106 91

200 PN 16 12 × M 20 70 61

200 PN 25 12 × M 24 104 92

250 PN 10 12 × M 20 82 71

250 PN 16 12 × M 24 98 85

250 PN 25 12 × M 27 150 134

300 PN 10 12 × M 20 94 81

300 PN 16 12 × M 24 134 118

300 PN 25 16 × M 27 153 138

350 PN 6 12 × M 20 111 120

350 PN 10 16 × M 20 112 118

350 PN 16 16 × M 24 152 165

350 PN 25 16 × M 30 227 252

400 PN 6 16 × M 20 90 98

400 PN 10 16 × M 24 151 167

400 PN 16 16 × M 27 193 215

400 PN 25 16 × M 33 289 326

450 PN 6 16 × M 20 112 126

450 PN 10 20 × M 24 153 133

450 PN 16 20 × M 27 198 196

450 PN 25 20 × M 33 256 253

500 PN 6 20 × M 20 119 123

500 PN 10 20 × M 24 155 171

500 PN 16 20 × M 30 275 300

500 PN 25 20 × M 33 317 360

600 PN 6 20 × M 24 139 147

600 PN 10 20 × M 27 206 219

600 * PN 16 20 × M 33 415 443

600 PN 25 20 × M 36 431 516

700 PN 6 24 × M 24 148 139

700 PN 10 24 × M 27 246 246

700 PN 16 24 × M 33 278 318
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Promag W tightening torques for ASME

700 PN 25 24 × M 39 449 507

800 PN 6 24 × M 27 206 182

800 PN 10 24 × M 30 331 316

800 PN 16 24 × M 36 369 385

800 PN 25 24 × M 45 664 721

900 PN 6 24 × M 27 230 637

900 PN 10 28 × M 30 316 307

900 PN 16 28 × M 36 353 398

900 PN 25 28 × M 45 690 716

1000 PN 6 28 × M 27 218 208

1000 PN 10 28 × M 33 402 405

1000 PN 16 28 × M 39 502 518

1000 PN 25 28 × M 52 970 971

1200 PN 6 32 × M 30 319 299

1200 PN 10 32 × M 36 564 568

1200 PN 16 32 × M 45 701 753

1400 PN 6 36 × M 33 430 398

1400 PN 10 36 × M 39 654 618

1400 PN 16 36 × M 45 729 762

1600 PN 6 40 × M 33 440 417

1600 PN 10 40 × M 45 946 893

1600 PN 16 40 × M 52 1007 1100

1800 PN 6 44 × M 36 547 521

1800 PN 10 44 × M 45 961 895

1800 PN 16 44 × M 52 1108 1003

2000 PN 6 48 × M 39 629 605

2000 PN 10 48 × M 45 1047 1092

2000 PN 16 48 × M 56 1324 1261

* Designed acc. to EN 1092-1 (not to DIN 2501)

Nominal 
diameter

ASME Max. tightening torque

Pressure rating 
[lbs]

Threaded 
fasteners

Hard rubber Polyurethane

[mm] [inch] [Nm] [lbf · ft] [Nm] [lbf · ft]

25 1" Class 150 4 × ½" - - 7 5

25 1" Class 300 4 × 5/8" - - 8 6

40 1 ½" Class 150 4 × ½" - - 10 7

40 1 ½" Class 300 4 × ¾" - - 15 11

50 2" Class 150 4 × 5/8" 35 26 22 16

50 2" Class 300 8 × 5/8" 18 13 11 8

80 3" Class 150 4 × 5/8" 60 44 43 32

80 3" Class 300 8 × ¾" 38 28 26 19

100 4" Class 150 8 × 5/8" 42 31 31 23

100 4" Class 300 8 × ¾" 58 43 40 30

150 6" Class 150 8 × ¾" 79 58 59 44

150 6" Class 300 12 × ¾" 70 52 51 38

200 8" Class 150 8 × ¾" 107 79 80 59

250 10" Class 150 12 × 7/8" 101 74 75 55

300 12" Class 150 12 × 7/8" 133 98 103 76

350 14" Class 150 12 × 1" 135 100 158 117

400 16" Class 150 16 × 1" 128 94 150 111

450 18" Class 150 16 × 1 1/8" 204 150 234 173

500 20" Class 150 20 × 1 1/8" 183 135 217 160

600 24" Class 150 20 × 1 ¼" 268 198 307 226

Nominal 
diameter

EN (DIN)

Threaded 
fasteners

Max. tightening torque [Nm]

[mm] Pressure rating [bar] Hard rubber Polyurethane

�(����������



Promag 10 Installation

Endress+Hauser 37

Promag W tightening torques for JIS

Promag W tightening torques for AWWA

Nominal diameter JIS Threaded 
fasteners

Max. tightening torque [Nm]

[mm] Pressure rating Hard rubber Polyurethane

25 10K 4 × M 16 - 19

25 20K 4 × M 16 - 19

32 10K 4 × M 16 - 22

32 20K 4 × M 16 - 22

40 10K 4 × M 16 - 24

40 20K 4 × M 16 - 24

50 10K 4 × M 16 40 33

50 20K 8 × M 16 20 17

65 10K 4 × M 16 55 45

65 20K 8 × M 16 28 23

80 10K 8 × M 16 29 23

80 20K 8 × M 20 42 35

100 10K 8 × M 16 35 29

100 20K 8 × M 20 56 48

125 10K 8 × M 20 60 51

125 20K 8 × M 22 91 79

150 10K 8 × M 20 75 63

150 20K 12 × M 22 81 72

200 10K 12 × M 20 61 52

200 20K 12 × M 22 91 80

250 10K 12 × M 22 100 87

250 20K 12 × M 24 159 144

300 10K 16 × M 22 74 63

300 20K 16 × M 24 138 124

Nominal diameter AWWA Max. tightening torque

Pressure 
rating

Threaded 
fasteners

Hard rubber Polyurethane

[mm] [inch] [Nm] [lbf · ft] [Nm] [lbf · ft]

700 28" Class D 28 × 1 ¼" 247 182 292 215

750 30" Class D 28 × 1 ¼" 287 212 302 223

800 32" Class D 28 × 1 ½" 394 291 422 311

900 36" Class D 32 × 1 ½" 419 309 430 317

1000 40" Class D 36 × 1 ½" 420 310 477 352

1050 42" Class D 36 × 1 ½" 528 389 518 382

1200 48" Class D 44 × 1 ½" 552 407 531 392

1350 54" Class D 44 × 1 ¾" 730 538 633 467

1500 60" Class D 52 × 1 ¾" 758 559 832 614

1650 66" Class D 52 × 1 ¾" 946 698 955 704

1800 72" Class D 60 × 1 ¾" 975 719 1087 802

2000 78" Class D 64 × 2" 853 629 786 580
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Promag W tightening torques for AS 2129

Promag W tightening torques for AS 4087

Nominal diameter
[mm]

AS 2129
Pressure rating

Threaded 
fasteners

Max. tightening torque [Nm]
Hard rubber

50 Table E 4 × M 16 32

80 Table E 4 × M 16 49

100 Table E 8 × M 16 38

150 Table E 8 × M 20 64

200 Table E 8 × M 20 96

250 Table E 12 × M 20 98

300 Table E 12 × M 24 123

350 Table E 12 × M 24 203

400 Table E 12 × M 24 226

450 Table E 16 × M 24 226

500 Table E 16 × M 24 271

600 Table E 16 × M 30 439

700 Table E 20 × M 30 355

750 Table E 20 × M 30 559

800 Table E 20 × M 30 631

900 Table E 24 × M 30 627

1000 Table E 24 × M 30 634

1200 Table E 32 × M 30 727

Nominal diameter
[mm]

AS 4087
Pressure rating

Threaded 
fasteners

Max. tightening torque [Nm]
Hard rubber

50 Table E 4 × M 16 32

80 PN 16 4 × M 16 49

100 PN 16 4 × M 16 76

150 PN 16 8 × M 20 52

200 PN 16 8 × M 20 77

250 PN 16 8 × M 20 147

300 PN 16 12 × M 24 103

350 PN 16 12 × M 24 203

375 PN 16 12 × M 24 137

400 PN 16 12 × M 24 226

450 PN 16 12 × M 24 301

500 PN 16 16 × M 24 271

600 PN 16 16 × M 27 393

700 PN 16 20 × M 27 330

750 PN 16 20 × M 30 529

800 PN 16 20 × M 33 631

900 PN 16 24 × M 33 627

1000 PN 16 24 × M 33 595

1200 PN 16 32 × M 33 703

�(����������



Promag 10 Installation

Endress+Hauser 39

3.3.7 Turning the transmitter housing

1. Loosen the two securing screws.

2. Turn the bayonet lock as far as it will go.

3. Carefully lift the transmitter housing:
– Promag D: approx. 10 mm (0.39 in) above the securing screws
– Promag E/H/L/P/W: to the stop

4. Turn the transmitter housing to the desired position:
– Promag D: max. 180° clockwise or max. 180° counterclockwise
– Promag E/H/L/P/W: max. 280° clockwise or max. 20° counterclockwise

5. Lower the housing into position and re-engage the bayonet catch.

6. Retighten the two securing screws.

a0005393

Fig. 23: Turning the transmitter housing

3.3.8 Turning the onsite display

1. Unscrew cover of the electronics compartment from the transmitter housing.

2. Remove the display module from the transmitter retaining rails.

3. Turn the display to the desired position (max. 4 × 45° in each direction).

4. Fit the display back onto the retaining rails.

5. Screw the cover of the electronics compartment firmly back onto the transmitter 
housing.

A0003237

Fig. 24: Turning the local display
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3.3.9 Mounting the transmitter (remote version)

The transmitter can be mounted in the following ways:
• Wall mounting
• Pipe mounting (with separate mounting kit, accessories �Æ �Ý 70)

The transmitter and the sensor must be mounted separate in the following circumstances:
• Poor accessibility
• Lack of space
• Extreme fluid/ambient temperatures (temperature ranges �Æ �Ý 86)
• Severe vibration (> 2 g/2 h per day; 10 to 100 Hz)

" Caution! 
• The ambient temperature range -20 to +60 °C (–4 to +140 °F) may not be exceeded at the 

mounting location. Avoid direct sunlight.
• If the device is mounted to a warm pipe, make sure that the housing temperature does not 

exceed +60 °C (+140 °F), which is the maximum permissible temperature.

Mount the transmitter as illustrated in �Æ �Þ 25.

A0010719

Fig. 25: Mounting the transmitter (remote version)

A Direct wall mounting
B Pipe mounting

248 ±2
(9.76 ±0.08)

mm (inch)

238 (9.37)

A B

ANSCHLUSSKLEMMEN   -   FIELD  TERMINALS
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3.4 Post-installation check
Perform the following checks after installing the measuring device in the pipe:

Device condition and specifications Notes

Is the device damaged (visual inspection)? –

Does the device correspond to specifications at the measuring point, 
including process temperature and pressure, ambient temperature, minimum 
fluid conductivity, measuring range, etc.?

�Æ �Ý 87

Installation Notes

Does the arrow on the sensor nameplate match the actual direction of flow 
through the pipe?

–

Is the position of the measuring electrode plane correct? �Æ �Ý 13

Is the position of the empty pipe detection electrode correct? �Æ �Ý 13

Were all screws tightened to the specified torques when the sensor was 
installed?

Promag D �Æ �Ý 21
Promag E �Æ �Ý 23
Promag L �Æ �Ý 28
Promag P �Æ �Ý 31
Promag W �Æ �Ý 34

Were the correct seals used (type, material, installation)? Promag D �Æ �Ý 19
Promag E �Æ �Ý 22
Promag H �Æ �Ý 25
Promag L�Æ �Ý 27
Promag P �Æ �Ý 31
Promag W �Æ �Ý 34

Are the measuring point number and labeling correct (visual inspection)? –

Process environment / process conditions Notes

Were the inlet and outlet runs respected? Inlet run �t 5 × DN
Outlet run �t 2 × DN

Is the measuring device protected against moisture and direct sunlight? –

Is the sensor adequately protected against vibration (attachment, support)? Acceleration up to 2 g by 
analogy with IEC 600 68-2-8

�(����������
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4 Wiring

# Warning! 
When using remote versions, only sensors and transmitters with the same serial number can 
be connected up. Measuring errors can occur if the devices are not connected in this way.

! Note! 
The device does not have an internal circuit breaker. For this reason, assign the device a 
switch or power-breaker switch capable of disconnecting the power supply line from the 
mains.

4.1 Connecting the remote version

4.1.1 Connecting Promag D/E/H/L/P/W

# Warning! 
• Risk of electric shock! Switch off the power supply before opening the device. Do not install 

or wire the device while it is connected to the power supply. Failure to comply with this 
precaution can result in irreparable damage to the electronics.

• Risk of electric shock! Connect the protective conductor to the ground terminal on the 
housing before the power supply is applied.

" Caution! 
• Only sensors and transmitters with the same serial number can be connected to one 

another. Communication problems can occur if the devices are not connected in this way.
• Risk of damaging the coil driver. Always switch off the power supply before connecting or 

disconnecting the coil cable.

Procedure

1. Transmitter: Loosen the securing clamp and remove the cover from the connection 
compartment (a).

2. Sensor: Remove the cover from the connection housing (b).

3. Feed the signal cable (c) and the coil cable (d) through the appropriate cable entries.

" Caution! 
Route the connecting cables securely (see "Length of connecting cable" �Æ �Ý 18).

4. Terminate the signal and coil current cable as indicated in the table:
Promag D/E/L/P/W  �o  Refer to the table �Æ �Ý 45
Promag H  �o  Refer to the "Cable termination" table �Æ �Ý 46

5. Establish the wiring between the sensor and the transmitter. 
The electrical wiring diagram that applies to your device can be found:
�¯ In the corresponding graphic:

�Æ �Þ 26 (Promag D); �Æ �Þ 27 (Promag E/L/P/W); �Æ �Þ 28 (Promag H)
�¯ In the cover of the sensor and transmitter

! Note! 
The cable shields of the Promag H sensor are grounded by means of the strain relief 
terminals (see also the "Cable termination" table �Æ �Ý 46)

" Caution! 
Insulate the shields of cables that are not connected to eliminate the risk of short-
circuits with neighboring cable shields inside the connection housing.

6. Transmitter: Secure the cover to the connection compartment (a) and tighten the socket 
head cap screw of the securing clamp.

7. Sensor: Secure the cover on the connection housing (b).
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Promag D

a0010695

Fig. 26: Connecting the remote version of Promag D

a Wall-mount housing connection compartment
b Cover of the sensor connection housing
c Signal cable
d Coil current cable
n.c. Not connected, insulated cable shields

Wire colors/Terminal No.:
5/6 = braun, 7/8 = white, 4 = green, 37/36 = yellow

Promag E/L/P/W

A0012461

Fig. 27: Connecting the remote version of Promag E/L/P/W

a Wall-mount housing connection compartment
b Cover of the sensor connection housing
c Signal cable
d Coil current cable
n.c. Not connected, insulated cable shields

Wire colors/Terminal No.:
5/6 = braun, 7/8 = white, 4 = green, 37/36 = yellow
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Promag H

A0012477

Fig. 28: Connecting the remote version of Promag H

a Wall-mount housing connection compartment
b Cover of the sensor connection housing
c Signal cable
d Coil current cable
n.c. Not connected, insulated cable shields

Wire colors/Terminal No.:
5/6 = braun, 7/8 = white, 4 = green, 37/36 = yellow
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Cable termination for the remote version
Promag D/E/L/P/W

Terminate the signal and coil current cables as shown in the figure below (Detail A).
Ferrules must be provided on the fine-wire cores (Detail B: m = red ferrules, �‡ 1.0 mm; n  = white ferrules, �‡ 0.5 mm).

" Caution! 
When fitting the connectors, pay attention to the following points:
• Signal cable �o  Make sure that the ferrules do not touch the wire shield on the sensor side.

Minimum distance = 1 mm (exception "GND" = green cable)
• Coil current cable �o  Insulate one core of the three-core wire at the level of the core reinforcement; you only require two cores for the connection.

TRANSMITTER

Signal cable Coil current cable

a0005391 a0005390

SENSOR

Signal cable Coil current cable

A0003241 A0003240

A B

80 (3.15)

50 (2.0) 17 (0.67)

8 (0.32)
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n
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Cable termination for the remote version
Promag H

Terminate the signal and coil current cables as shown in the figure below (Detail A).
Ferrules must be provided on the fine-wire cores (Detail B: m = red ferrules, �‡ 1.0 mm; n  = white ferrules, �‡ 0.5 mm).

" Caution! 
When fitting the connectors, pay attention to the following points:
• Signal cable �o  Make sure that the ferrules do not touch the wire shield on the sensor side.

Minimum distance = 1 mm (exception "GND" = green cable).
• Coil current cable �o  Insulate one core of the three-core wire at the level of the core reinforcement; you only require two cores for the connection.
• On the sensor side, reverse both cable shields approx. 15 mm over the outer jacket. The strain relief ensures an electrical connection with the 

connection housing.

TRANSMITTER

Signal cable Coil current cable

a0005391 a0005390

SENSOR

Signal cable Coil current cable

A0002647 A0002648

A B

80 (3.15)

50 (2.0) 17 (0.67)

8 (0.32)
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4.1.2 Cable specifications

Signal cable

• 3 × 0.38 mm² PVC cable with common, braided copper shield (�‡ �a7 mm) and individually 
shielded cores

• With Empty Pipe Detection (EPD): 4 × 0.38 mm² PVC cable with common, braided copper 
shield (�‡ �a 7 mm) and individually shielded cores

• Conductor resistance: �d 50 �:��km
• Capacitance: core/shield: �d 420 pF/m
• Permanent operating temperature: –20 to +80 °C
• Cable cross-section: max. 2.5 mm²

Coil cable

• 2 × 0.75 mm² ��PVC cable with common, braided copper shield (�‡���a 7 mm)
• Conductor resistance: �d 37 �:��km
• Capacitance: core/core, shield grounded: �d120 pF/m
• Operating temperature: –20 to +80 °C
• Cable cross-section: max. 2.5 mm² 
• Test voltage for cable insulation: �t��1433 V AC r.m.s. 50/60 Hz or �t��2026 V DC

F06-5xWxxxxx-04-11-08-xx-003

Fig. 29: Cable cross-section

a Signal cable
b Coil current cable

1 Core
2 Core insulation
3 Core shield
4 Core jacket
5 Core reinforcement
6 Cable shield
7 Outer jacket

Operation in zones of severe electrical interference:

The measuring device complies with the general safety requirements in accordance with EN 
61010 and the EMC requirements of IEC/EN 61326.

" Caution! 
Grounding is by means of the ground terminals provided for the purpose inside the 
connection housing. Ensure that the stripped and twisted lengths of cable shield to the 
ground terminal are as short as possible.

1
2
3
4
5
6
7

a b
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4.2 Connecting the measuring unit

4.2.1 Transmitter

# Warning! 
• Risk of electric shock! 

Switch off the power supply before opening the device. Do not install or wire the device 
while it is connected to the power supply. Failure to comply with this precaution can result 
in irreparable damage to the electronics.

• Risk of electric shock! 
Connect the protective conductor to the ground terminal on the housing before the power 
supply is applied.

• Compare the specifications on the nameplate with the local supply voltage and frequency. 
The national regulations governing the installation of electrical equipment also apply.

• The transmitter must be included in the building fuse system.

1. Unscrew cover of the electronics compartment from the transmitter housing.

2. Press the side latches and flip down the cover of the connection compartment.

3. Feed the cable for the power supply and the signal cable through the appropriate cable 
entries.

4. Remove the terminal connectors from the transmitter housing and connect the cable for 
the power supply and the signal cable:
– Wiring diagram �Æ �Þ 30
– Terminal assignment �Æ �Ý 49

5. Plug the terminal connectors back into the transmitter housing.

! Note! 
The connectors are coded so you cannot mix them up.

6. Secure the ground cable to the ground terminal.

7. Flip up the cover of the connection compartment.

8. Screw the cover of the electronics compartment firmly onto the transmitter housing.

A0003192

Fig. 30: Connecting the transmitter (aluminum field housing). 
Cable cross-section: max. 2.5 mm²

a Electronics compartment cover
b Cable for power supply: 85 to 250 V AC, 11 to 40 V DC, 20 to 28 V AC
c Ground terminal for power supply cable
d Terminal connector for power supply: No. 1–2 �É �ß  49 (terminal assignment)
e Signal cable
f Ground terminal for signal cable
g Terminal connector for signal cable: No. 24–27 �É �ß  49 (terminal assignment)
h Service connector
i Ground terminal for potential equalization

b

a

e e b

2127
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4.2.2 Terminal assignment

! Note! 
Functional values of the outputs and power supply �Æ �Ý 83

4.2.3 HART connection

Users have the following connection options at their disposal:
• Direct connection to transmitter by means of terminals 26(+)  and 27 (��)
• Connection by means of the 4 to 20 mA circuit.
• The measuring loop's minimum load must be at least 250 �: .
• After commissioning, make the following settings:

– CURRENT SPAN function �o  "4–20 mA HART"
– Switch HART write protection on or off �Æ �Ý 60

Connection of the HART handheld communicator

See also the documentation issued by the HART Communication Foundation, and in 
particular HCF LIT 20: "HART, a technical summary".

a0005573

Fig. 31: Electrical connection of HART handheld Field Xpert SFX100

1 HART handheld Field Xpert SFX100
2 Auxiliary energy
3 Shielding
4 Other devices or PLC with passive input

Connection of a PC with an operating software

In order to connect a PC with an operating software (e.g. "FieldCare), a HART modem 
(e.g. Commubox FXA 195) is needed.

a0005574

Fig. 32: Electrical connection of a PC with an operating software

1 PC with an operating software
2 Other evaluation devices or PLC with passive input
3 Shield
4 HART modem, e.g. Commubox FXA 195

Terminal No. (outputs/power supply)

Order version 24 (+) / 25 (–) 26 (+) / 27 (–) 1 (L1/L+) / 2 (N/L–)

10***-***********A Pulse output Current output HART Power supply

+26

� �250 … 27

1
34

2

+26

� �250 …27

RS 232

1

3
4

2
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4.3 Potential equalization

# Warning! 
The measuring system must be included in the potential equalization.

Perfect measurement is only ensured when the fluid and the sensor have the same electrical 
potential. This is ensured by the reference electrode integrated in the sensor as standard.

The following should also be taken into consideration for potential equalization:
• Internal grounding concepts in the company
• Operating conditions, such as the material/grounding of the pipes (see Table)

4.3.1 Potential equalization for Promag D

• No reference electrode is integrated!
For the two ground disks of the sensor an electrical connection to the fluid is always ensured.

• Exampels for connections �Æ �Ý 50

4.3.2 Potential equalization for Promag E/L/P/W

• Reference electrode integrated in the sensor as standard
• Exampels for connections �Æ �Ý 51

4.3.3 Potential equalization for Promag H

No reference electrode is integrated!
For the metal process connections of the sensor an electrical connection to the fluid is always 
ensured.

" Caution! 
If using process connections made of a synthetic material, ground rings have to be used to 
ensure that potential is equalized (�Æ �Ý 25). The necessary ground rings can be ordered 
separately from Endress+Hauser as accessories (�Æ �Ý 70).

4.3.4 Exampels for potential equalization connections for Promag D

Standard case

Operating conditions Potential equalization

When using the measuring device in a:
• Metal, grounded pipe
• Plastic pipe
• Pipe with insulating lining

Potential equalization takes place via the ground terminal 
of the transmitter (standard situation).

! Note! 
When installing in metal pipes, we recommend you connect 
the ground terminal of the transmitter housing with the 
piping. a0010702

Fig. 33: Via the ground terminal of the transmitter
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Special cases

4.3.5 Exampels for potential equalization connections for 
Promag E/L/P/W

Standard case

Operating conditions Potential equalization

When using the measuring device in a:
• Metal pipe that is not grounded

This connection method also applies in situations where:
• Customary potential equalization cannot be ensured
• Excessively high equalizing currents can be expected

Potential equalization takes place via the ground terminal 
of the transmitter and the two pipe flanges. 
Here, the ground cable (copper wire, 6 mm² / 0.0093 in��) is 
mounted directly on the conductive flange coating with 
flange screws.

a0010703

Fig. 34: Via the ground terminal of the transmitter 
and the flanges of the pipe

When using the measuring device in a:
• Pipe with a cathodic protection unit

The device is installed potential-free in the pipe.
Only the two flanges of the pipe are connected with a 
ground cable (copper wire, 6 mm² / 0.0093 in��). Here, the 
ground cable is mounted directly on the conductive flange 
coating with flange screws.

Note the following when installing:
• The applicable regulations regarding potential-free 

installation must be observed.
• There should be no electrically conductive connection 

between the pipe and the device.
• The mounting material must withstand the applicable 

torques.

a0010704

Fig. 35: Potential equalization and cathodic 
protection 

1 Power supply isolation transformer
2 Electrically isolated

Operating conditions Potential equalization

When using the measuring device in a:
• Metal, grounded pipe

Potential equalization takes place via the ground terminal 
of the transmitter (standard situation).

! Note! 
When installing in metal pipes, we recommend you connect 
the ground terminal of the transmitter housing with the 
piping.

a0010702

Fig. 36: Via the ground terminal of the transmitter

1

2 2
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Special cases

Operating conditions Potential equalization

When using the measuring device in a:
• Metal pipe that is not grounded

This connection method also applies in situations where:
• Customary potential equalization cannot be ensured
• Excessively high equalizing currents can be expected

Both sensor flanges are connected to the pipe flange by 
means of a ground cable (copper wire, 6 mm² / 0.0093 in��) 
and grounded. Connect the transmitter or sensor 
connection housing, as applicable, to ground potential by 
means of the ground terminal provided for the purpose.

Ground cable installation depends on the nominal diameter:
• DN �d�� 300: The ground cable is mounted directly on the 

conductive flange coating with the flange screws.
• DN �t�� 350: The ground cable is mounted directly on the 

metal transport bracket.

! Note! 
The ground cable for flange-to-flange connections can be 
ordered separately as an accessory from Endress+Hauser. a0010703

Fig. 37: Via the ground terminal of the transmitter 
and the flanges of the pipe 

When using the measuring device in a:
• Plastic pipe
• Pipe with insulating lining

This connection method also applies in situations where:
• Customary potential equalization cannot be ensured
• Excessively high equalizing currents can be expected

Potential equalization takes place using additional ground 
disks, which are connected to the ground terminal via a 
ground cable (copper wire, min. 6 mm² / 0.0093 in��). When 
installing the ground disks, please comply with the enclosed 
Installation Instructions. a0010702

Fig. 38: Via the ground terminal of the transmitter

When using the measuring device in a:
• Pipe with a cathodic protection unit

The device is installed potential-free in the pipe.
Only the two flanges of the pipe are connected with a 
ground cable (copper wire, 6 mm² / 0.0093 in��). Here, the 
ground cable is mounted directly on the conductive flange 
coating with flange screws.

Note the following when installing:
• The applicable regulations regarding potential-free installation 

must be observed.
• There should be no electrically conductive connection 

between the pipe and the device.
• The mounting material must withstand the applicable 

torques.

a0010704

Fig. 39: Potential equalization and cathodic 
protection

1 Power supply isolation transformer
2 Electrically isolated

DN 300� DN 350�

1

2 2
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4.4 Degree of protection
The devices meet all the requirements of IP 67 degree of protection.

Compliance with the following points is mandatory following installation in the field or 
servicing in order to ensure that IP 67 protection is maintained:
• The housing seals must be clean and undamaged when inserted into their grooves. The 

seals must be dried, cleaned or replaced if necessary.
• All threaded fasteners and screw covers must be firmly tightened.
• The cables used for connection must be of the specified outside diameter �Æ �Ý 47.
• Firmly tighten the cable entries.
• The cables must loop down before they enter the cable entries ("water trap"). This 

arrangement prevents moisture penetrating the entry. Always install the measuring 
device in such a way that the cable entries do not point up.

• Remove all unused cable entries and insert plugs instead.
• Do not remove the grommet from the cable entry.

a0001914

Fig. 40: Installation instructions, cable entries

" Caution! 
Do not loosen the threaded fasteners of the sensor housing, as otherwise the degree of 
protection guaranteed by Endress+Hauser no longer applies.

! Note! 
The Promag E/L/P/W sensors can be supplied with IP 68 rating (permanent immersion in 
water to a depth of 3 meters (10 ft)). In this case the transmitter must be installed remote 
from the sensor.
The Promag L sensors with IP 68 rating are only available with stainless steel flanges.

a b
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4.5 Post-connection check
Perform the following checks after completing electrical installation of the measuring 
device:

Device condition and specifications Notes

Are cables or the device damaged (visual inspection)? –

Electrical connection Notes

Does the supply voltage match the specifications on the nameplate? • 85 to 250 V AC (50 to 60 Hz)
• 20 to 28 V AC (50 to 60 Hz),

11 to 40 V DC

Do the cables used comply with the necessary specifications? �Æ �Ý 47

Do the cables have adequate strain relief? –

Is the cable type route completely isolated?
Without loops and crossovers?

–

Are the power-supply and signal cables correctly connected? See the wiring diagram inside 
the cover of the terminal 
compartment

Only remote version:
Is the flow sensor connected to the matching transmitter electronics?

Check serial number on
nameplates of sensor and
connected transmitter.

Only remote version:
Is the connecting cable between sensor and transmitter connected correctly?

�Æ �Ý 42

Are all screw terminals firmly tightened? –

Have the measures for grounding/potential equalization been correctly 
implemented?

�Æ �Ý 50

Are all cable entries installed, firmly tightened and correctly sealed?
Cables looped as "water traps"?

�Æ �Ý 53

Are all housing covers installed and firmly tightened? –
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5 Operation

5.1 Display and operating elements
The local display enables you to read all important parameters directly at the measuring 
point and configure the device.
The display area consists of two lines; this is where measured values are displayed, and/or 
status variables (partially filled pipe, etc.). The assignment of the display lines in operating 
mode is specified. The top line displays the volume flow and the bottom line displays the 
totalizer status.

A0001141

Fig. 41: Display and operating elements

1 Liquid crystal display
The two-line liquid-crystal display shows measured values, dialog texts, error messages and information messages. The 
display as it appears when normal measuring is in progress is known as the HOME position (operating mode).
– Upper display line: Shows primary measured values, e.g. volume flow [e.g. in ml/min]
– Lower display line: Shows the totalizer status, [e.g. in m3]

2 Plus/minus keys
– Enter numerical values, select parameters
– Select different function groups within the function matrix
Press the +/- keys simultaneously to trigger the following functions:
– Exit the function matrix step by step�o HOME position
– Press and hold down +/- keys for longer than 3 seconds�o Return directly to HOME position
– Cancel data entry

3 Enter key
– HOME position �o Entry into the function matrix
– Save the numerical values you input or settings you change

Esc

E+-

1

32

+48.25 xx/yy
+3702.6 x
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5.2 Brief operating instructions on the function matrix

! Note! 
• See the general notes on �Æ �Ý 57.
• Function matrix overview �Æ �Ý 108
• Detailed description of all functions �Æ �Ý 109 ff.

The function matrix comprises two levels, namely the function groups and the functions of 
the function groups. 
The groups are the highest-level grouping of the control options for the device. A number of 
functions is assigned to each group. You select a group in order to access the individual 
functions for operating and configuring the device.

1. HOME position �o  F  �o��Enter the function matrix

2. Select a function group (e.g. OPERATION)

3. Select a function (e.g. LANGUAGE)
Change parameter/enter numerical values:
P  �o  select or enter enable code, parameters, numerical values
F  �o  save your entries

4. Exit the function matrix:
– Press and hold down Esc key (X ) for longer than 3 seconds �o��HOME position
– Repeatedly press Esc key (X ) �o��return step by step to HOME position

A0001142

Fig. 42: Selecting functions and configuring parameters (function matrix)
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5.2.1 General notes

The brief commissioning guide (�Æ �Ý 66) is adequate for commissioning in most instances. 
Complex measuring operations on the other hand necessitate additional functions that you 
can configure as necessary and customize to suit your process parameters. The function 
matrix, therefore, comprises a multiplicity of additional functions which, for the sake of 
clarity, are arranged in a number of function groups.

Comply with the following instructions when configuring functions:
• You select functions as described on �Æ �Ý 56.
• You can switch off certain functions (OFF). If you do so, related functions in other function 

groups will no longer be displayed.
• Certain functions prompt you to confirm your data entries. 

Press P  to select "SURE [ YES ]" and press F  again to confirm. This saves your setting or 
starts a function, as applicable.

• Return to the HOME position is automatic if no key is pressed for 5 minutes.

! Note! 
• The transmitter continues to measure while data entry is in progress, i.e. the current 

measured values are output via the signal outputs in the normal way.
• If the power supply fails, all preset and configured values remain safely stored in the 

EEPROM.

5.2.2 Enabling the programming mode

The function matrix can be disabled. Disabling the function matrix rules out the possibility 
of inadvertent changes to device functions, numerical values or factory settings. A numerical 
code (factory setting = 10) has to be entered before settings can be changed.
If you use a code of your choice, you exclude the possibility of unauthorized persons 
accessing data, see ACCESS CODE function �Æ �Ý 111.

Comply with the following instructions when entering codes:
• If programming is disabled and the P  operating elements are pressed in any function, a 

prompt for the code automatically appears on the display.
• If "0" is specified as the customer's code, programming is always enabled.
• The Endress+Hauser service organization can be of assistance if you mislay your personal 

code.

" Caution! 
Changing certain parameters such as all sensor characteristics, for example, influences 
numerous functions of the entire measuring system, particularly measuring accuracy.
Normally, such parameters may not be changed! Please contact Endress+Hauser if you have 
any questions.

5.2.3 Disabling the programming mode

Programming is disabled if you do not press the operating elements within 60 seconds 
following automatic return to the HOME position.
You can also disable programming in the "ACCESS CODE" function by entering any number 
(other than the customer's code).
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5.3 Displaying error messages

5.3.1 Type of error

Errors which occur during commissioning or measuring operation are displayed 
immediately. If two or more system or process errors occur, the error with the highest 
priority is the one shown on the display.

The measuring system distinguishes between two types of error:
• System errors �É �ß  74:

This group comprises all device errors, e.g. communication errors, hardware faults, etc.
• Process errors �Æ �Ý 76:

This group comprises all application errors, e.g. empty pipe, etc.

A0000991

Fig. 43: Error messages on the display (example)

1 Error type: 
– P = process error
– S = system error

2 Error message type: 
– $ = fault message
– ! = notice message

3 Error designation: e.g. EMPTY PIPE = measuring tube is only partly filled or completely empty
4 Error number: e.g. #401
5 Duration of most recent error occurrence (in hours, minutes and seconds)

5.3.2 Error message types

Notice message (!)

• Displayed as �o��Exclamation mark (!), error type (S: system error, P: process error)
• The error in question has no effect on the outputs of the measuring device.

Fault message ($$)

• Displayed as �o��Lightning flash ( $), error type (S: system error, P: process error).
• The error in question has a direct effect on the outputs.

The response of the individual outputs (failsafe mode) can be defined in the function 
matrix using the "FAILSAFE MODE" function �Æ �Ý 129.

! Note! 
For security reasons, error messages should be output via the status output.

1

2 4 5 3

XXXXXXXXXX
#000   00:00:05

P
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5.4 Communication
In addition to local operation, the measuring device can be configured and measured values 
can be obtained by means of the HART protocol. Digital communication takes place using the 
4–20 mA current output HART �Æ �Ý 49.

The HART protocol allows the transfer of measuring and device data between the HART 
master and the field devices for configuration and diagnostics purposes. 
The HART master, e.g. a handheld terminal or PC-based operating programs (such as 
FieldCare), require device description (DD) files which are used to access all the information 
in a HART device. Information is exclusively transferred using so-called "commands". There 
are three different command classes:

• Universal commands:
All HART device support and use universal commands. 
The following functionalities are linked to them:
– Identify HART devices
– Reading digital measured values (volume flow, totalizer, etc.)

• Common practice commands:
Common practice commands offer functions which are supported and can be executed by 
most but not all field devices.

• Device-specific commands:
These commands allow access to device-specific functions which are not HART standard. 
Such commands access individual field device information, amongst other things, such as 
empty/full pipe calibration values, low flow cutoff settings, etc.

! Note! 
The device has access to all three command classes. A list of all the "Universal commands" 
and "Common practice commands" is provided on �Æ �Ý 61.

5.4.1 Operating options

For the complete operation of the measuring device, including device-specific commands, 
there are DD files available to the user to provide the following operating aids and programs:

Field Xpert HART Communicator

Selecting device functions with a HART Communicator is a process involving a number of 
menu levels and a special HART function matrix.
The HART manual in the carrying case of the HART Communicator contains more detailed 
information on the device.

Operating program "FieldCare"

FieldCare is Endress+Hauser’s FDT-based plant Asset Management Tool and allows the 
configuration and diagnosis of intelligent field devices. By using status information, you also 
have a simple but effective tool for monitoring devices. The Proline flow measuring devices 
are accessed via a service interface or via the service interface FXA193.

Operating program "SIMATIC PDM" (Siemens)

SIMATIC PDM is a standardized, manufacturer-independent tool for the operation, 
configuration, maintenance and diagnosis of intelligent field devices.

Operating program "AMS" (Emerson Process Management)

AMS (Asset Management Solutions): program for operating and configuring devices.
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5.4.2 Current device description files

The following table illustrates the suitable device description file for the operating tool in 
question and then indicates where these can be obtained.

HART protocol:

! Note! 
The "Fieldcheck" tester/simulator is used for testing flowmeters in the field. When used in 
conjunction with the "FieldCare" software package, test results can be imported into a 
database, printed out and used for official certification. Contact your Endress+Hauser 
representative for more information.

5.4.3 Device variables

The following device variables are available using the HART protocol:

At the factory, the process variables are assigned to the following device variables:
• Primary process variable (PV) �o  Volume flow
• Second process variable (SV)  �o  Totalizer
• Third process variable (TV) �o  not assigned
• Fourth process variable (FV) �o  not assigned

5.4.4 Switching HART write protection on/off

The HART write protection can be switched on and off using the HART WRITE PROTECT 
device function �Æ �Ý 121.

Valid for device software: 1.04.XX �o  Function DEVICE SOFTWARE

Device data HART
Manufacturer ID:
Device ID:

11hex (ENDRESS+HAUSER)
56hex

�o  Function MANUFACTURER ID
�o  Function DEVICE ID

HART version data: Device Revision 5/ DD Revision 1

Software release: 01.2012

Operating program: Sources for obtaining device descriptions:

Handheld Field Xpert SFX100 Use update function of handheld terminal

FieldCare / DTM • www.endress.com �o��Download
• CD-ROM (Endress+Hauser order number 56004088)
• DVD (Endress+Hauser order number 70100690)

AMS www.endress.com �o��Download

SIMATIC PDM www.endress.com �o  Download

Tester/simulator: Sources for obtaining device descriptions:

Fieldcheck Update by means of FieldCare with the flow device FXA193/291 DTM in 
the Fieldflash module

Code (decimal) Device variable

0 OFF (not assigned)

1 Volume flow

250 Totalizer
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5.4.5 Universal and common practice HART commands

The following table contains all the universal commands supported by the device.

Command No.
HART command / Access type

Command data
(numeric data in decimal form)

Response data
(numeric data in decimal form)

Universal commands

0 Read unique device identifier
Access type = read

none Device identification delivers information on the device 
and the manufacturer. It cannot be changed.

The response consists of a 12 byte device ID:
– Byte 0: fixed value 254
– Byte 1: Manufacturer ID, 17 = E+H
– Byte 2: Device type ID, 69 = Promag 10
– Byte 3: Number of preambles
– Byte 4: Universal commands rev. no.
– Byte 5: Device-specific commands rev. no. 
– Byte 6: Software revision
– Byte 7: Hardware revision
– Byte 8: Additional device information
– Bytes 9-11: Device identification

1 Read primary process variable
Access type = read

none – Byte 0: HART unit code of the primary process variable
– Bytes 1-4: Primary process variable 

Factory setting: Primary process variable = Volume flow

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

2 Read the primary process 
variable as current in mA and 
percentage of the set 
measuring range
Access type = read

none – Bytes 0-3: actual current of the primary process 
variable in mA

– Bytes 4-7: % value of the set measuring range

Factory setting: Primary process variable = Volume flow

3 Read the primary process 
variable as current in mA and 
four dynamic process variables
Access type = read

none 24 bytes are sent as a response:
– Bytes 0-3: primary process variable current in mA
– Byte 4: HART unit code of the primary process variable
– Bytes 5-8: Primary process variable
– Byte 9: HART unit code of the second process variable
– Bytes 10-13: Second process variable
– Byte 14: HART unit code of the third process variable
– Bytes 15-18: Third process variable
– Byte 19: HART unit code of the fourth process variable
– Bytes 20-23: Fourth process variable

Factory setting:
• Primary process variable = Volume flow
• Second process variable = Totalizer
• Third process variable = OFF (not assigned)
• Fourth process variable = OFF (not assigned)

The assignment of the process variables is fixed and 
cannot be changed.

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

6 Set HART shortform address
Access type = write

Byte 0: desired address (0 to 15)
Factory setting: 0

! Note! 
With an address >0 (multidrop mode), the current 
output of the primary process variable is set to 4 
mA.

Byte 0: active address
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11 Read unique device 
identification using the TAG 
(measuring point designation)
Access type = read

Bytes 0-5: TAG Device identification delivers information on the device 
and the manufacturer. It cannot be changed.

The response consists of a 12 byte device ID if the given 
TAG agrees with the one saved in the device:
– Byte 0: fixed value 254
– Byte 1: Manufacturer ID, 17 = E+H
– Byte 2: Device type ID, 69 = Promag 10
– Byte 3: Number of preambles
– Byte 4: Universal commands rev. no.
– Byte 5: Device-specific commands rev. no. 
– Byte 6: Software revision
– Byte 7: Hardware revision
– Byte 8: Additional device information
– Bytes 9-11: Device identification

12 Read user message
Access type = read

none Bytes 0-24: User message

! Note! 
You can write the user message using Command 17.

13 Read TAG, descriptor and date
Access type = read

none – Bytes 0-5: TAG
– Bytes 6-17: descriptor
– Bytes 18-20: Date

! Note! 
You can write the TAG, descriptor and date using 
Command 18.

14 Read sensor information on 
primary process variable

none – Bytes 0-2: Sensor serial number
– Byte 3: HART unit code of sensor limits and measuring 

range of the primary process variable
– Bytes 4-7: Upper sensor limit
– Bytes 8-11: Lower sensor limit
– Bytes 12-15: Minimum span

! Note! 
• The data relate to the primary process variable 

(= volume flow).
• Manufacturer-specific units are represented using the 

HART unit code "240".

15 Read output information of 
primary process variable
Access type = read

none – Byte 0: Alarm selection ID
– Byte 1: Transfer function ID
– Byte 2: HART unit code for the set measuring range of 

the primary process variable
– Bytes 3-6: upper range, value for 20 mA
– Bytes 7-10: lower range, value for 4 mA
– Bytes 11-14: Damping constant in [s]
– Byte 15: Write protection ID
– Byte 16: OEM dealer ID, 17 = E+H

Factory setting: Primary process variable = Volume flow

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

16 Read the device production 
number
Access type = read

none Bytes 0-2: Production number

17 Write user message
Access = write

Save any 32-character text in the device. Bytes 0-
23: Desired user message

Displays the current user message in the device:
Bytes 0-23: Current user message in the device

18 Write TAG, descriptor and date
Access = write

With this parameter, you can store an 8 character 
TAG, a 16 character descriptor and a date:
– Bytes 0-5: TAG
– Bytes 6-17: descriptor
– Bytes 18-20: Date

Displays the current information in the device:
– Bytes 0-5: TAG
– Bytes 6-17: descriptor
– Bytes 18-20: Date

19 Write the device production 
number
Access = write

Bytes 0-2: Production number Bytes 0-2: Production number

Command No.
HART command / Access type

Command data
(numeric data in decimal form)

Response data
(numeric data in decimal form)
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The following table contains all the common practice commands supported by the 
device:

Command No.
HART command / Access type

Command data
(numeric data in decimal form)

Response data
(numeric data in decimal form)

Common practice commands

34 Write damping value for 
primary process variable
Access = write

Bytes 0-3: Damping value of the primary process 
variable "volume flow" in seconds

Factory setting:
Primary process variable = Current output 
damping

Displays the current damping value in the device:
Bytes 0-3: Damping value in seconds

35 Write measuring range of 
primary process variable
Access = write

Write the desired measuring range:
– Byte 0: HART unit code of the primary process 

variable
– Bytes 1-4: upper range, value for 20 mA
– Bytes 5-8: lower range, value for 4 mA

Factory setting:
Primary process variable = Volume flow

! Note! 
• The start of the measuring range (4 mA) must 

correspond to the zero flow.
• If the HART unit code is not the correct one for 

the process variable, the device will continue 
with the last valid unit.

The currently set measuring range is displayed as a 
response:
– Byte 0: HART unit code for the set measuring range of 

the primary process variable
– Bytes 1-4: upper range, value for 20 mA
– Bytes 5-8: lower range, value for 4 mA

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

38 Device status reset 
(configuration changed)
Access = write

none

! Note! 
It is also possible to execute this HART command 
when write protection is activated (= ON)!

none

40 Simulate input current of 
primary process variable
Access = write

Simulation of the desired output current of the 
primary process variable. An entry value of 0 exits 
the simulation mode: 
Bytes 0-3: Output current in mA

Factory setting:
Primary process variable = Volume flow

! Note! 
You can set the assignment of device variables to 
process variables using Command 51.

The momentary output current of the primary process 
variable is displayed as a response:
Bytes 0-3: Output current in mA

42 Perform master reset
Access = write

none none

44 Write unit of primary process 
variable
Access = write

Set unit of primary process variable. Only units 
which are suitable for the process variable are 
transferred to the device:
Byte 0: HART unit code

Factory setting:
Primary process variable = Volume flow

! Note! 
• If the written HART unit code is not the correct 

one for the process variable, the device will 
continue with the last valid unit.

• If you change the unit of the primary process 
variable, this has a direct impact on the system 
units.

The current unit code of the primary process variable is 
displayed as a response:
Byte 0: HART unit code

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

48 Read additional device status
Access = read

none The device status is displayed in extended form as the 
response:
Coding: see table �Æ �Ý 65.

�(����������



Operation Promag 10

64 Endress+Hauser

50 Read assignment of the device 
variables to the four process 
variables
Access = read

none Display of the current variable assignment of the process 
variables:
– Byte 0: Device variable code to the primary process 

variable
– Byte 1: Device variable code to the second process 

variable
– Byte 2: Device variable code to the third process 

variable
– Byte 3: Device variable code to the fourth process 

variable

Factory setting:
• Primary process variable: Code 1 for volume flow
• Second process variable: Code 250 for totalizer
• Third process variable: Code 0 for OFF (not assigned)
• Fourth process variable: Code 0 for OFF (not assigned)

53 Write device variable unit
Access = write

This command sets the unit of the given device 
variables. Only those units which suit the device 
variable are transferred:
– Byte 0: Device variable code
– Byte 1: HART unit code

Code of the supported device variables:
See information �Æ �Ý 60

! Note! 
• If the written unit is not the correct one for the 

device variable, the device will continue with 
the last valid unit.

• If you change the unit of the device variable, 
this has a direct impact on the system units.

The current unit of the device variables is displayed in 
the device as a response:
– Byte 0: Device variable code
– Byte 1: HART unit code

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

59 Write number of preambles in 
response message
Access = write

This parameter sets the number of preambles 
which are inserted in the response messages:
Byte 0: Number of preambles (4 to 20)

As a response, the current number of the preambles is 
displayed in the response message:
Byte 0: Number of preambles

Command No.
HART command / Access type

Command data
(numeric data in decimal form)

Response data
(numeric data in decimal form)
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5.4.6 Device status and error messages

You can read the extended device status, in this case, current error messages, via Command 
"48". The command delivers information which is partly coded in bits (see table below).

! Note! 
• You can find a detailed explanation of the device status and error messages and their 

elimination on �Æ �Ý 65
• Bits and bytes not listed are not assigned.

Byte Bit Error No. Short error description

0

0 001 Serious device error

1 011 Measuring amplifier has faulty EEPROM

2 012 Error when accessing data of the measuring amplifier EEPROM

3 3 111 Totalizer checksum error

5 0 321 Coil current of the sensor is outside the tolerance.

7 3 351
Current output:
Flow is out of range

8 3 359
Pulse output:
The pulse output frequency is out of range

10 7 401 Measuring tube partially filled or empty

11

2 461
EPD calibration not possible because the fluid's conductivity is either too low or 
too high

4 463
The EPD calibration values for empty pipe and full pipe are identical, and 
therefore incorrect.

12 7 501 Amplifier software version is loaded. Currently no other commands are possible.

14 3 601 Positive zero return active

18
3 691 Simulation of response to error (outputs) active

4 692 Simulation of volume flow active
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6 Commissioning

6.1 Function check
Make sure that all final checks have been completed before you start up your measuring 
point:
• Checklist for "Post-installation check" �Æ �Ý 41
• Checklist for "Post-connection check" �Æ �Ý 54

6.2 Switching on the measuring device
Once the connection checks have been successfully completed, it is time to switch on the 
power supply. The device is now operational. The measuring device performs a number of 
post switch-on self-tests. As this procedure progresses the following sequence of messages 
appears on the local display:

Normal measuring mode commences as soon as start-up completes. 
Various measured-value and/or status variables (HOME position) appear on the display.

! Note! 
If start-up fails, an error message indicating the cause is displayed.

6.3 Brief commissioning guide

PROMAG 10
V 1.XX.XX

Start-up message

HOME position �o  F  �o  O

Configure display

UI language �Æ �Ý 111

Display contrast �Æ �Ý 112

Number of decimal 
places

�Æ �Ý 112

Select engineering units

Volume flow �Æ �Ý 109

Totalizer �Æ �Ý 113

Configure outputs

Current output Pulse/status output

Current range �Æ �Ý 114 Operating mode �Æ �Ý 116

Full scale value �Æ �Ý 115 Pulse value �Æ �Ý 116

Pulse width �Æ �Ý 116

or

Assign status output �Æ �Ý 117

Switch-on point �Æ �Ý 117

Complex applications
The quickest way to find information on configuring additional functions is via the following pages:

Operating matrix �Æ �Ý 108

Index �Æ �Ý 135

For optimum measurement results

Low flow cut off �Æ �Ý 122

Empty pipe detection �Æ �Ý 122
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6.4 Commissioning after installing a new electronics 
board

After startup, the device checks whether a serial number is available. If this is not the case, 
the following setup is started. Installing a new electronics board �Æ �Ý 79.

6.4.1 "Commissioning" setup

! Note! 
• The setup can no longer be called up once a serial number has been entered and stored. If 

a parameter is entered incorrectly during the setup, this must be corrected in the relevant 
function via the function matrix.

• The appropriate information is documented on the nameplate of the sensor and on the 
inside of the housing cover, �Æ �Þ 2 �Æ �Ý 7.

A0005396-EN

Fig. 44: The "Commissioning" setup starts after installation of a new electronics board if no serial number is present.
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6.5 Empty-pipe/full-pipe adjustment
Flow cannot be measured correctly unless the measuring tube is completely full. 
This status can be permanently monitored using the Empty Pipe Detection:
EPD = Empty Pipe Detection (with the help of an EPD electrode) 

" Caution! 
More detailed information on empty-pipe and full-pipe adjustment can be found in the 
description of the functions:
• EPD ADJUSTMENT  (carrying out the adjustment) �Æ �Ý 123.
• EPD (switching empty pipe detection on and off) �Æ �Ý 122

! Note! 
• The EPD function is not available unless the sensor is fitted with an EPD electrode.
• The devices are already calibrated at the factory with water (approx. 500 �—S/cm). 

If the fluid conductivity differs from this reference, empty-pipe/full-pipe adjustment has 
to be performed again on site.

• The default setting for EPD when the devices are delivered is OFF; the function has to be 
activated if required.

• The EPD process error can be output by means of the configurable status output.

6.5.1 Performing empty-pipe and full-pipe adjustment (EPD)

1. Select the appropriate function in the function matrix: 
HOME �o  F  �o  R  �o��PROCESS PARAMETER �o  F  �o  R  �o��EPD ADJUSTMENT

2. Empty the piping. The wall of the measuring tube should still be wet with fluid during 
EPD empty pipe adjustment

3. Start empty-pipe adjustment: Select "EMPTY PIPE ADJUST" and press  F  to confirm.

4. After empty-pipe adjustment, fill the piping with fluid.

5. Start full-pipe adjustment: Select "FULL PIPE ADJUST" and press  F  to confirm.

6. Having completed the adjustment, select the setting "OFF" and exit the function by 
pressing F .

7. Now switch on empty pipe detection in the EPD function by selecting the option "ON".

" Caution! 
The adjustment coefficients must be valid before you can activate the EPD function. If 
adjustment is incorrect the following messages might appear on the display:
– FULL = EMPTY

The adjustment values for empty pipe and full pipe are identical. In cases of this 
nature you must repeat empty-pipe or full-pipe adjustment!

– ADJUSTMENT NOT OK
Adjustment is not possible because the fluid’s conductivity is out of range.
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7 Maintenance
No special maintenance work is required.

7.1 Exterior cleaning
When cleaning the exterior of measuring devices, always use cleaning agents that do not 
attack the surface of the housing and the seals.

7.2 Seals
The seals of the Promag H sensor must be replaced periodically, particularly in the case of 
gasket seals (aseptic version). 
The period between changes depends on the frequency of cleaning cycles, the cleaning 
temperature and the fluid temperature.

Replacement seals (accessories)�Æ �Ý 70.
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8 Accessories
Various accessories, which can be ordered separately from Endress+Hauser, are available for 
the transmitter and the sensor. Your Endress+Hauser service organization can provide 
detailed information on the specific order codes on request.

8.1 Device-specific accessories

8.2 Measuring principle-specific accessories

Accessory Description Order code

Proline Promag 10 
transmitter

Transmitter for replacement or storage. Use the order code to 
define the following specifications:

• Approvals
• Degree of protection/version
• Cable for remote version
• Cable entry
• Display/power supply/operation
• Software
• Outputs/inputs

10XXX – 
XXXXX******

Accessory Description Order code

Mounting set for 
Promag 10 
transmitter

Mounting set for aluminum field housing (remote version). 
Suitable for Pipe mounting

DK5WM – B

Wall-mounting kit 
for Promag H

Wall-mounting kit for the Promag H sensor. DK5HM – **

Cable for remote 
version

Coil and signal cables, various lengths. DK5CA – **

Mounting kit for 
Promag D, wafer 
version

• Mounting bolts
• Nuts incl. washers
• Flange seals
• Centering sleeves (if required for the flange)

DKD** – **

Set of seals for 
Promag D

Set of seals consisting of two flange seals. DK5DD – ***

Mounting kit for 
Promag H

• 2 process connections
• Threaded fasteners
• Seals

DKH** – ****

Set of seals for 
Promag H

For regular replacement of the seals of the Promag H sensor. DK5HS – ***

Welding jig for 
Promag H

Weld nipple as process connection:
welding jig for installation in pipe.

DK5HW – ***

Adapter connection 
for Promag A, H

Adapter connections for installing a Promag H instead of a 
Promag 30/33 A or Promag 30/33 H DN 25.

DK5HA – *****

Ground cable for
Promag E/L/P/W

Ground cable for potential equalization. DK5GC – ***

Ground disk for 
Promag E/L/P/W

Ground disk for potential equalization. DK5GD – * * ***

Process display 
RIA45

Multifunctional 1-channel display unit:
• Universal input
• Transmitter power supply
• Limit relay
• Analog output

RIA45 – ******

Process display 
RIA251

Digital display device for looping into the 4 to 20 mA current 
loop.

RIA251 – **
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8.3 Communication-specific accessories

Field display unit 
RIA16

Digital field display device for looping into the 4 to 20 mA current 
loop.

RIA16 – ***

Application Manager 
RMM621

Electronic recording, display, balancing, control, saving and 
event and alarm monitoring of analog and digital input 
signals. Values and conditions determined are output by 
means of analog and digital output signals. Remote 
transmission of alarms, input values and calculated values 
using a PSTN or GSM modem.

RMM621 – **********

Accessory Description Order code

HART Communicator 
Field Xpert SFX 100

Handheld terminal for remote configuration and for obtaining 
measured values via the HART current output (4 to 20 mA). 
Contact your Endress+Hauser representative for more 
information.

SFX100 – *******

Fieldgate FXA320 Gateway for remote interrogation of HART sensors and 
actuators via Web browser:
• 2-channel analog input (4 to 20 mA)
• 4 binary inputs with event counter function and frequency 

measurement
• Communication via modem, Ethernet or GSM
• Visualization via Internet/Int ranet in Web browser and/or 

WAP cellular phone
• Limit value monitoring with alarm by e-mail or SMS
• Synchronized time stamping of all measured values.

FXA320 – *****

Fieldgate FXA520 Gateway for remote interrogation of HART sensors and 
actuators via Web browser:
• Web server for remote monitoring of up to 30 measuring 

points
• Intrinsically safe version [EEx ia]IIC for applications in 

hazardous areas
• Communication via modem, Ethernet or GSM
• Visualization via Internet/Int ranet in Web browser and/or 

WAP cellular phone
• Limit value monitoring with alarm by e-mail or SMS
• Synchronized time stamping of all measured values
• Remote diagnosis and remote configuration of connected 

HART devices

FXA520 – ****

FXA195 The Commubox FXA195 connects intrinsically safe Smart 
transmitters with HART protocol to the USB port of a personal 
computer. This makes the remote operation of the 
transmitters possible with the aid of configuration programs 
(e.g. FieldCare). 
Power is supplied to the Commubox by means of the USB port

FXA195 – *

Accessory Description Order code
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8.4 Service-specific accessories

Accessory Description Order code

Applicator Software for selecting and planning flowmeters. The 
Applicator software can be downloaded from the Internet or 
ordered on CD-ROM for installation on a local PC. 
Contact your Endress+Hauser representative for more 
information.

DXA80 – *

Fieldcheck Tester/simulator for testing flowmeters in the field. When 
used in conjunction with the "FieldCare" software package, test 
results can be imported into a database, printed out and used 
for official certification. 
Contact your Endress+Hauser representative for more 
information.

50098801

FieldCare FieldCare is Endress+Hauser's FDT-based asset management 
tool. It can configure all intelligent field units in your system 
and helps you manage them. By using status information, it is 
also a simple but effective way of checking their status and 
condition.

See the product page on 
the Endress+Hauser 
Web site:
www.endress.com

Memograph M 
graphic display 
recorder

The Memograph M graphic display recorder provides 
information on all the relevant process variables. Measured 
values are recorded correctly, limit values are monitored and 
measuring points analyzed. The data are stored in the 256 
MB internal memory and also on a DSD card or USB stick. 
Memograph M boasts a modular design, intuitive operation 
and a comprehensive security concept. The ReadWin® 2000 
PC software is part of the standard package and is used for 
configuring, visualizing and archiving the data captured. 
The mathematics channels which are optionally available 
enable continuous monitoring of specific power consumption, 
boiler efficiency and other parameters which are important 
for efficient energy management. 

RSG40 – ************

FXA193 Service interface from the device to the PC for operation via 
FieldCare.

FXA193 – *
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9 Troubleshooting

9.1 Troubleshooting instructions
Always start troubleshooting with the checklist below if faults occur after start-up or during 
operation. The routine takes you directly to the cause of the problem and the appropriate 
remedial measures.

Check the display

No display visible and 
no output signals 
present.

1. Check the supply voltage �o terminals 1, 2

2. Check the power line fuse �Æ �Ý 81
85 to 250 V AC: TR5 1 A slow-blow / 250 V
11 to 40 V DC / 20 to 28 V AC: TR5 1.6A slow-blow / 250 V

3. Measuring electronics defective �o order spare parts �Æ �Ý 78

No display visible, but 
output signals are 
present.

1. Check whether the ribbon-cable connector of the display module is correctly 
plugged into the amplifier board �Æ �Ý 79

2. Display module defective �o��order spare parts �Æ �Ý 78

3. Measuring electronics defective �o��order spare parts �Æ �Ý 78

Display texts are in a 
foreign language.

Switch off power supply. Press and hold down both the OS  buttons and switch on 
the measuring device. The display text will appear in English (default) and is 
displayed at maximum contrast.

Measured value 
indicated, but no signal 
at the current or pulse 
output.

Electronics board defective �o  order spare parts �Æ �Ý 78

�o

Error messages on display

Errors which occur during commissioning or measuring operation are displayed immediately. 
Error messages consist of a variety of icons: the meanings of these icons are as follows (example):

– Error type: S = system error, P = process error
– Error message type: $ = fault message, ! = notice message
– EMPTY PIPE = Type of error, e.g. measuring tube is only partly filled or completely empty
– 03:00:05 = duration of error occurrence (in hours, minutes and seconds)
– #401 = error number

" Caution! 
• See the information on �Æ �Ý 58!
• The measuring system interprets simulations and positive zero return as system errors, but displays them as 

notice message only.

Error number:
No. 001 – 399
No. 501 – 699

System error (device error) has occurred �Æ �Ý 74

Error number:
No. 401 - 499

Process error (application error) has occurred �Æ �Ý 76

�o

Other error (without error message)

Some other error has 
occurred.

Diagnosis and rectification �Æ �Ý 76
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9.2 System error messages
Serious system errors are always recognized by the device as "Fault message", and are shown 
as a lightning flash ( $) on the display. Fault messages immediately affect the outputs. 
Simulations and positive zero return, on the other hand, are only classed and displayed as 
notice messages.

" Caution! 
In the event of a serious fault, a flowmeter might have to be returned to the manufacturer 
for repair. Necessary procedures must be carried out before you return the measuring device 
to Endress+Hauser �Æ �Ý 5.
Always enclose a duly completed "Declaration of Contamination" form. You will find a master 
copy of this form at the back of this manual.

! Note! 
• The error types listed in the following correspond to the factory settings.
• Also observe the information on �Æ �Ý 58

Type Error message / No. Cause Remedy
(Replace electronics board �Æ �Ý 79)

S = System error
$ = Fault message (with an effect on the outputs)
! = Notice message (without an effect on the outputs)

No. # 0xx�o�o  Hardware error

S $ CRITICAL FAIL.
# 001

Serious device error Replace electronics board. 

S $ AMP HW EEPROM
# 011

Electronics board:
Defective EEPROM

Replace electronics board. 

S $ AMP SW EEPROM
# 012

Amplifier: Error accessing EEPROM data. The EEPROM data blocks in which an error has 
occurred are displayed in the TROUBLESHOOTING 
function.
Press Enter to acknowledge the errors in question; 
default values are automatically inserted instead of 
the errored parameter values.

! Note! 
The measuring device has to be restarted if an error 
has occurred in a totalizer block (see error No. 111 / 
CHECKSUM TOTAL).

No. # 1xx�o  Software error

S $ GAIN ERROR AMP
# 101

Impermissible gain deviation compared to 
reference.

Replace electronics board. 

S $ CHECKSUM TOTAL.
# 111

Totalizer checksum error 1. Restart the measuring device

2. Replace electronics board if necessary. 

No. # 3xx�o  System limits exceeded

S $ TOL. COIL CURR.
# 321

Sensor:
Coil current is out of tolerance.

# Warning! 
Switch off power supply before manipulating the coil 
current cable, coil current cable connector or 
measuring electronics boards!

Remote version:

1. Check wiring of terminals 41/42 �Æ �Ý 42

2. Check coil current cable connector.

Compact and remote version:
Replace measuring electronics boards if necessary 

S ! CURRENT RANGE
# 351

Current output:
flow is out of range.

– Change the upper or lower limit setting, as 
applicable.

– Increase or reduce flow, as applicable.
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S ! RANGE PULSE
# 359

Pulse output:
the pulse output frequency is out of range.

1. Increase the setting for pulse weighting

2. When selecting the pulse width, choose a value 
that can still be processed by a connected counter 
(e.g. mechanical counter, PLC etc.).
Determine the pulse width:
– Variant 1: Enter the minimum duration that a 

pulse must be present at the connected counter 
to ensure its registration.

– Variant 2: Enter the maximum (pulse) 
frequency as the half "reciprocal value" that a 
pulse must be present at the connected counter 
to ensure its registration.

Example:
The maximum input frequency of the connected 
counter is 10 Hz. The pulse width to be entered is: 
1 / (2 � ̃10 Hz) = 50 ms

3. Reduce flow.

No. # 5xx�o�o  Application error

S
!

SW.-UPDATE ACT.
# 501

Electronics board:
New software version being loaded, no other 
commands are possible at present.

Wait until process is completed and restart device.

S
!

UP-/DOWNL. ACT.
# 502

Data are being uploaded or downloaded via 
FieldCare.

! Note! 
Measuring device configuration is locked during 
the upload/download.

Wait until uploading/downloading process is finished.

No. # 6xx�o  Simulation mode active

S
!

POS. ZERO-RET.
# 601

Positive zero return active Switch off positive zero return.

S
$

SIM. FAILSAFE
# 691

Simulation of response to error (outputs) active. Switch off simulation.

S
!

SIM. VOL. FLOW
# 692

Simulation of volume flow active. Switch off simulation.

Type Error message / No. Cause Remedy
(Replace electronics board �Æ �Ý 79)
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9.3 Process error messages
Process errors are permanently defined as fault messages or notice messages.

9.4 Process errors without messages

Type Error message / No. Cause Remedy / spare part

P = Process error
$ = Fault message (with an effect on the outputs)
! = Notice message (without an effect on the outputs)

P ! EMPTY PIPE
# 401

Measuring tube partially filled or empty 1. Check the process conditions of the plant

2. Fill the measuring tube

P ! ADJ. NOT OK
# 461

EPD calibration not possible because the fluid's 
conductivity is either too low or too high.

The EPD function cannot be used with fluids of this 
nature.

P $ FULL = EMPTY
# 463

The EPD calibration values for empty pipe and full 
pipe are identical, therefore incorrect.

Repeat calibration, making sure procedure is 
correct �Æ �Ý 68.

Symptoms Rectification

Remark: You may have to change or correct certain settings in functions in the function matrix in order to rectify the fault.

Flow values are negative, even 
though the fluid is flowing 
forwards through the pipe.

1. Remote version:
– Switch off the power supply and check the wiring �Æ �Ý 42
– If necessary, reverse the connections at terminals 41 and 42

2. Change the setting in the "INSTALLATION DIRECTION SENSOR" function accordingly

Measured-value reading 
fluctuates even though flow is 
steady.

1. Check grounding and potential equalization �Æ �Ý 50

2. Check the fluid for presence of gas bubbles.

3. In the "SYSTEM DAMPING" function �o  increase the value

Measured-value reading shown 
on display, even though the fluid 
is at a standstill and the 
measuring tube is full.

1. Check grounding and potential equalization �Æ �Ý 50

2. Check the fluid for presence of gas bubbles.

3. Activate the "LOW FLOW CUTOFF" function, i.e. enter or increase the value for the switching point.

Measured-value reading on 
display, even though measuring 
tube is empty.

1. Perform empty-pipe/full-pipe adjustment and then switch on Empty Pipe detection �Æ �Ý 68

2. Remote version: Check the terminals of the EPD cable �Æ �Ý 42

3. Fill the measuring tube.

The current output signal is 
always 4 mA, irrespective of the 
flow signal at any given time.

1. Select the "BUS ADDRESS" function and change the setting to "0".

2. Value for creepage too high. Reduce the value in the "LOW FLOW CUTOFF" function.

The fault cannot be rectified or 
some other fault not described 
above has arisen.

In these instances, please contact 
your Endress+Hauser service 
organization.

The following options are available for tackling problems of this nature:

Request the services of an Endress+Hauser service technician
If you contact our service organization to have a service technician sent out, please be ready to quote the following 
information:
– Brief description of the fault
– Nameplate specifications (�Æ �Ý 6): order code, serial number

Returning devices to Endress+Hauser
The necessary procedures on �Æ �Ý 5 must be carried out before you return a flowmeter requiring repair or 
calibration to Endress+Hauser.
Always enclose a duly completed "Declaration of Conformity" form with the flowmeter. You will find a master copy of 
this form at the back of this manual.

Replace transmitter electronics
Components in the measuring electronics defective �o��order spare parts �Æ �Ý 78
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9.5 Response of outputs to errors

! Note! 
The response of the totalizer, current output, pulse output and status output is defined in the 
FAILSAFE MODE function (�Æ �Ý 129).

You can use positive zero return to set the signals of the current, pulse and status outputs to 
their fallback value, for example when measuring has to be interrupted while a pipe is being 
cleaned. This function takes priority over all other device functions: simulations, for 
example, are suppressed.

Failsafe mode of outputs and totalizers

Process/system error is current Positive zero return is activated

" Caution! 
System or process errors defined as "Notice messages" have no effect whatsoever on the inputs and outputs. See 
the information on �Æ �Ý 58

Current output MINIMUM VALUE
4–20 mA (25 mA) �o  2 mA
4–20 mA NAMUR �o 3.5 mA
4–20 mA US �o  3.75 mA
4–20 mA (25 mA) HART �o  2 mA
4–20 mA HART NAMUR �o 3.5 mA
4–20 mA HART US �o  3.75 mA

MAXIMUM VALUE
4–20 mA (25 mA) �o  25 mA
4–20 mA NAMUR �o��22.6 mA
4–20 mA US �o  22.6 mA
4–20 mA (25 mA) HART �o  25 mA
4–20 mA HART NAMUR �o��22.6 mA
4–20 mA HART US �o  22.6 mA

HOLD VALUE
Last valid value (preceding occurrence of the fault) is 
output.

ACTUAL VALUE
Measured value display on the basis of the current 
flow measurement. The fault is ignored.

Output signal corresponds to "zero 
flow"

Pulse output MIN/MAX VALUE �o  FALLBACK VALUE
Signal output  �o  no pulses

HOLD VALUE
Last valid value (preceding occurrence of the fault) is 
output.

ACTUAL VALUE
Fault is ignored, i.e. normal measured-value output on 
the basis of ongoing flow measurement.

Output signal corresponds to "zero 
flow"

Totalizer MINIMUM/MAXIMUM VALUE �o  STOP
The totalizers are paused until the error is rectified.

ACTUAL VALUE
The fault is ignored. The totalizer continues to count 
in accordance with the current flow value.

Totalizer stops

Status output In the event of a fault or power supply failure: 
Status output �o  non-conductive

No effect on status output
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9.6 Spare parts
Detailed troubleshooting instructions are provided in the previous sections �Æ �Ý 73
The measuring device, moreover, provides additional support in the form of continuous self-
diagnosis and error messages.

Fault rectification can entail replacing defective components with tested spare parts. The 
illustration below shows the available scope of spare parts.

! Note! 
You can order spare parts directly from your Endress+Hauser service organization by 
providing the serial number printed on the transmitter's nameplate �Æ �Ý 6.

Spare parts are shipped as sets comprising the following parts:
• Spare part
• Additional parts, small items (threaded fasteners, etc.)
• Mounting instructions
• Packaging

a0005386

Fig. 45: Spare parts for Promag 10 transmitter

1 Electronics board
2 Display module

Esc

2

1
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9.6.1 Removing and installing printed circuit boards

Field housing: removing and installing electronics boards �Æ �Þ 46

# Warning! 
• Risk of electric shock! 

Exposed components carry dangerous voltages. Make sure that the power supply is 
switched off before you remove the cover of the electronics compartment.

• Risk of damaging electronic components (ESD protection). Static electricity can damage 
electronic components or impair their operability. Use a workplace with a grounded 
working surface purpose-built for electrostatically sensitive devices!

• If you cannot guarantee that the dielectric strength of the device is maintained in the 
following steps, then an appropriate inspection must be carried out in accordance with the 
manufacturer’s specifications.

" Caution! 
Use only original Endress+Hauser parts.

! Note! 
Commissioning a new electronics board: �Æ �Ý 67

1. Switch off power supply.

2. Unscrew cover of the electronics compartment from the transmitter housing.

3. Remove the local display (a) from the connection compartment cover.

4. Press the side latches (b) and flip down the cover of the connection compartment.

5. Disconnect the connector of the electrode signal cable (c) and the coil current cable (d).

6. Disconnect the connector for the power supply (e) and the outputs (f).

7. Disconnect the connector of the local display (g).

8. Remove the cover from the connection compartment (h) by loosening the screws.

9. Plug out the ground cable (i) of the electronics board.

10. Pull entire module (plastic retainer and electronics board) out of the housing.

11. Press the side latches (j) slightly outwards and partly push out the electronics board 
towards the rear from the front.

12. Remove the electronics board from the plastic retainer from the rear.

13. Installation is the reverse of the removal procedure.
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a0005388

Fig. 46: Field housing: removing and installing printed circuit boards

a Local display
b Latches
c Connector of the electrode signal cable
d Connector of the coil current cable
e Connector for the power supply
f Connector for current output and pulse/status output
g Connector of local display
h Screws of electronics compartment cover
i Connector of the ground cable
j Latches for the electronics board
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9.6.2 Replacing the device fuse

# Warning! 
Risk of electric shock! 
Exposed components carry dangerous voltages. Make sure that the power supply is switched 
off before you remove the cover of the electronics compartment.

The main fuse is located on the electronics board (�Æ �Þ 47). 
The procedure for replacing the fuse is as follows:

1. Switch off power supply.

2. Unscrew cover of the electronics compartment from the transmitter housing.

3. Press the side latches and flip down the cover of the connection compartment.

4. Remove the connector for the power supply (a).

5. Replace device fuse (b). Only use the following fuse type.
Use only fuses of the following type:
– Power supply 11 to 40 V DC / 20 to 28 V AC �o  1.6 A slow-blow / 250 V TR5
– Power supply 85 to 250 V DC �o  1 A slow-blow / 250 V TR5

6. Installation is the reverse of the removal procedure.

" Caution! 
Use only original Endress+Hauser parts.

A0005389

Fig. 47: Replacing the device fuse on the electronics board

a Connector for power supply
b Device fuse

b

a
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9.7 Return

" Caution! 
Do not return a measuring device if you are not absolutely certain that all traces of hazardous 
substances have been removed, e.g. substances which have penetrated crevices or diffused 
through plastic.
Costs incurred for waste disposal and injury (burns, etc.) due to inadequate cleaning will be 
charged to the owner-operator.

The following steps must be taken before returning a flow measuring device to 
Endress+Hauser, e.g. for repair or calibration:
• Always enclose a duly completed "Declaration of contamination" form. Only then can 

Endress+Hauser transport, examine and repair a returned device.
• Enclose special handling instructions if necessary, for example a safety data sheet as per 

EC REACH Regulation No. 1907/2006.
• Remove all residues. Pay special attention to the grooves for seals and crevices which could 

contain residues. This is particularly important if the substance is hazardous to health, e.g. 
flammable, toxic, caustic, carcinogenic, etc.

! Note! 
You will find a preprinted "Declaration of contamination" form at the back of these Operating 
Instructions. 

9.8 Disposal
Observe the regulations applicable in your country!

9.9 Software history

! Note! 
Uploads or downloads between the individual software versions are only possible with a 
special service software.

Date Software version Changes to software Operating Instructions

01.2012 V 1.04.00 Introduction of new nominal diameters; faster 
coil current control; calf-values to 2.5

71249469/15.14

11.2009 V 1.03.00 Introduction of Calf history 71106179/12.09
71105338/11.09

06.2009 V 1.02.00 Introduction of Promag L 71095705/06.09

03.2009 V 1.02.00 Introduction of Promag D; introduction of new 
nominal diameter.

71088674/03.09

10.2004 V 1.02.00 Software modification/extension
Function: SELF CHECKING

50104787/05.05

09.2004 V 1.01.01 Software modification; extension of nominal 
diameter range

50104787/04.03

06.2004 V 1.01.00 Software extension; preparation for uploading/
downloading via ToF Tool - Fieldtool Package

50104787/04.03

08.2003 V 1.00.02 Production-related software modification 50104787/04.03

01.2003 V 1.00.00 Original software.
Compatible with: 
ToF Tool - Fieldtool Package, 
HART Communicator DXR 275 
(from OS 4.6) with Rev. 1, DD 1.

50104787/04.03
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10 Technical data

10.1 Technical data at a glance

10.1.1 Application

�Æ �Ý 4

10.1.2 Function and system design

Measuring principle

Electromagnetic flow measurement on the basis of Faraday’s Law.

Measuring system

�Æ �Ý 6

10.1.3 Input

Measured variable

Flow velocity (proportional to induced voltage)

Measuring range

Typically v = 0.01 to 10 m/s (0.033 to 33 ft/s) with the specified accuracy

Operable flow range

Over 1000 : 1

10.1.4 Output

Output signal

Current output

• Galvanically isolated
• Active: 4 to 20 mA, RL <700 �:  (for HART: RL �t250 �: )
• Full scale value adjustable
• Temperature coefficient: typ. 2 �—A/°C, resolution: 1.5 �—A

Pulse/status output:

• Galvanically isolated
• Passive: 30 V DC / 250 mA
• Open collector
• Can be configured as:

– Pulse output
Pulse value and pulse polarity can be selected, max. pulse width adjustable (5 to 2000 
ms), pulse frequency max. 100 Hz

– Status output
For example, can be configured for error messages, empty pipe detection, flow 
recognition, limit value
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Signal on alarm

Current output

Failsafe mode can be selected (e.g. in accordance with NAMUR Recommendation NE 43) �Æ 
�Ý 129

Pulse output

Failsafe mode can be selected �Æ �Ý 129

Status output

"Not conductive" in the event of fault or power supply failure

Load

See "Output signal"

Low flow cut off

Low flow cut off, switch-on point can be selected as required

Galvanic isolation

All circuits for inputs, outputs, and power supply are galvanically isolated from each other.

10.1.5 Power supply

Electrical connections

�Æ �Ý 42

Supply voltage (power supply)

• 20 to 28 V AC, 45 to 65 Hz
• 85 to 250 V AC, 45 to 65 Hz
• 11 to 40 V DC

Cable entry

Power supply and signal cables (inputs/outputs):

• Cable entry M20 × 1.5 (8 to 12 mm/0.31 to 0.47 inch)
• Threads for cable entries ½" NPT, G ½"

Connecting cable for remote version:

• Cable entry M20 × 1.5 (8 to 12 mm/0.31 to 0.47 inch)
• Threads for cable entries ½" NPT, G ½"

Cable specifications

�Æ �Ý 47
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Power consumption

Power consumption

• 20 to 28 V AC: <8 VA (incl. sensor)
• 85 to 250 V AC: <12 VA (incl. sensor)
• 11 to 40 V DC: <6 W (incl. sensor)

Switch-on current:

• Max. 3.3 A (<5 ms) for 24 V DC
• Max. 5.5 A (<5 ms) for 28 V DC
• Max. 16 A (<5 ms) for 250 V DC

Power supply failure

Lasting min. ½ cycle frequency: EEPROM saves measuring system data

Potential equalization

�Æ �Ý 50

10.1.6 Performance characteristics

Reference operating conditions

To DIN EN 29104 and VDI/VDE 2641:

• Fluid temperature: +28 ± 2 °C (+82 ± 4 °F)
• Ambient temperature: +22 ± 2 °C (+72 ± 4 °F)
• Warm-up period: 30 minutes

Installation:

• Inlet run >10 × DN
• Outlet run > 5 × DN
• Sensor and transmitter grounded.
• The sensor is centered in the pipe.

Maximum measured error

• Current output: plus typically ± 5 �—A
• Pulse output: ± 0.5% o.r. ± 2 mm/s (o.r. = of reading)

Fluctuations in the supply voltage do not have any effect within the specified range.

A0003200

Fig. 48: Max. measured error in % of reading
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Repeatability

Max. ± 0.2% o.r. ± 2 mm/s (o.r. = of reading)

10.1.7 Installation

Installation instructions

Any orientation (vertical, horizontal), restrictions and additional installation instructions �Æ 
�Ý 11

Inlet and outlet runs

If possible, install the sensor upstream from fittings such as valves, T-pieces, elbows, etc. The 
following inlet and outlet runs must be observed in order to meet accuracy specifications (�Æ 
�Ý 14, �Æ �Þ 12):
• Inlet run: �t 5 × DN
• Outlet run: �t 2 × DN

Adapters

�Æ �Ý 15

Length of connecting cable

• The permitted length of connecting cable Lmax is determined by the fluid conductivity (�Æ 
�Ý 18, �Æ �Þ 16). A minimum conductivity of 50 �—S/cm is needed for all fluids.

• The maximum connecting cable length is 10 m (32.81 ft) when empty pipe detection 
(EPD�Æ �Ý 68) is switched on.

10.1.8 Environment

Ambient temperature range

• Transmitter: –20 to +60 °C (–4 to +140 °F)

! Note! 
At ambient temperatures below –20 (–4 °F) the readability of the display may be impaired.

• Sensor (flange material carbon steel): –10 to +60 °C (+14 to +140 °F)

" Caution! 
• The permitted temperature range of the measuring tube lining may not be undershot or 

overshot (�o "Operating conditions: Process" �o��"Medium temperature range"). 
• Install the device in a shady location. Avoid direct sunlight, particularly in warm climatic 

regions.
• The transmitter must be mounted separate from the sensor if both the ambient and fluid 

temperatures are high.

Storage temperature

The storage temperature corresponds to the operating temperature range of the measuring 
transmitter and the appropriate measuring sensors.

" Caution! 
• The measuring device must be protected against direct sunlight during storage in order to 

avoid unacceptably high surface temperatures.
• A storage location must be selected where moisture does not collect in the measuring 

device. This will help prevent fungus and bacteria infestation which can damage the liner.

Degree of protection

Standard: IP 67 (NEMA 4X) for transmitter and sensor

�(����������
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Shock and vibration resistance

Acceleration up to 2 g following IEC 600 68-2-6

CIP cleaning

" Caution! 
The maximum fluid temperature permitted for the device may not be exceeded.

CIP cleaning is possible:
Promag E (100 °C / 212 °F), Promag H/P

CIP cleaning is not possible:
Promag D/L/W 

SIP cleaning

" Caution! 
The maximum fluid temperature permitted for the device may not be exceeded.

SIP cleaning is possible:
Promag H

SIP cleaning is not possible:
Promag D/E/L/P/W

Electromagnetic compatibility (EMC)

• As per IEC/EN 61326 and NAMUR Recommendation NE 21
• Emission: to limit value for industry EN 55011

10.1.9 Process

Medium temperature range

The permissible temperature depends on the lining of the measuring tube

Promag D

0 to +60 °C (+32 to +140 °F) for polyamide

Promag E

–10 to +110 °C (+14 to +230 °F) for PTFE, 
Restrictions  �o see the following diagram

�(����������
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A0022937

Fig. 49: Compact and remote version Promag E (TA = ambient temperature; TF = fluid temperature)

Promag H

Sensor:
• DN 2 to 25 (1/12 to 1"): –20 to +150 °C (–4 to +302 °F)
• DN 40 to 100 (1 ½ to 4"): –20 to +150 °C (–4 to +302 °F)

Seals:
• EPDM/Viton (FKM)/Kalrez: –20 to +150 °C (–4 to +302 °F)

Promag L

• 0 to +80 °C (+32 to +176 °F) for hard rubber (DN 350 to 2400 / 14 to 90")
• –20 to +50 °C (–4 to +122 °F) for polyurethane (DN 25 to 1200 / 1 to 48")
• –20 to +90 °C (–4 to +194 °F) for PTFE (DN 25 to 300 / 1 to 12")

Promag P

–40 to +130 °C (–40 to +266 °F) for PTFE (DN 25 to 600 / 1 to 24"), 
Restrictions  �o see the following diagram

a0003449

Fig. 50: Compact version Promag P with PTFE-lining

TA = ambient temperature; TF = fluid temperature
� = light gray area �o��temperature range from –10…–40 °C (–14…–40 °F) valid for stainless steel version only
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Promag W

• 0 to +80 °C (+32 to +176 °F) for hard rubber (DN 65 to 2000 / 2 ½ to 78")
• –20 to +50 °C (–4 to +122 °F) for polyurethane (DN 25 to 1000 / 1 to 48")

Conductivity

The minimum conductivity is �t 50 �—S/cm

! Note! 
Note that in the case of the remote version, the requisite minimum conductivity is also 
influenced by the length of the connecting cable �Æ �Ý 18

Medium pressure range (nominal pressure)

Promag D

• EN 1092-1 (DIN 2501)
– PN 16

• ASME B 16.5
– Class 150

• JIS B2220
– 10 K

Promag E

• EN 1092-1 (DIN 2501)
– PN 10 (DN 200 to 600 / 8 to 24")
– PN 16 (DN 65 to 600 / 3 to 24")
– PN 40 (DN 15 to 150 / ½ to 2")

• ASME B 16.5
– Class 150 (½ to 24")

• JIS B2220
– 10 K (DN 50 to 300 / 2 to 12")
– 20 K (DN 15 to 40 / ½ to 1½")

Promag H

The permissible nominal pressure depends on the process connection and the seal:
• PN 40, Class 150, 20 K �o  Couplings, flanges (with O-ring seal)
• PN 16 �o  Welding nipple, couplings, clamp, flange (with aseptic gasket seal)

Promag L

• EN 1092-1 (DIN 2501)
– PN 6 (DN 350 to 2400 / 14 to 90")
– PN 10 (DN 200 to 2400 / 8 to 90")
– PN 16 (DN 25 to 300 / 1 to 12")

• EN 1092-1, lap joint flange, stampel plate
– PN 10 (DN 25 to 300 / 1 to 12")

• ASME B16.5
– Class 150 (1 to 24")

• AWWA
– Class D (28 to 90")

• AS2129
– Table E (350 to 1200 / 14 to 48")

• AS4087
– PN 16 (350 to 1200 / 14 to 48")

�(����������
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Promag P

• EN 1092-1 (DIN 2501)
– PN 10 (DN 200 to 600 / 8 to 24")
– PN 16 (DN 65 to 600 / 3 to 24")
– PN 25 (DN 200 to 600 / 8 to 24")
– PN 40 (DN 25 to 150 / 1 to 6")

• ASME B 16.5
– Class 150 (1 to 24")
– Class 300 (1 to 6")

• JIS B2220
– 10 K (DN 50 to 300 / 2 to 12")
– 20 K (DN 25 to 300 / 1 to 12")

• AS 2129
– Table E (DN 25 / 1"), 50 / 2")

• AS 4087
– PN 16 (DN 50 / 2")

Promag W

• EN 1092-1 (DIN 2501)
– PN 6 (DN 350 to 2000 / 14 to 84")
– PN 10 (DN 200 to 2000 / 8 to 84")
– PN 16 (DN 65 to 2000 / 3 to 84")
– PN 25 (DN 200 to 1000 / 8 to 40")
– PN 40 (DN 25 to 150 / 1 to 6")

• ASME B 16.5
– Class 150 (1 to 24")
– Class 300 (1 to 6")

• AWWA
– Class D (28 to 78")

• JIS B2220
– 10 K (DN 50 to 300 / 2 to 12")
– 20 K (DN 25 to 300 / 1 to 12")

• AS 2129
– Table E (DN 80 / 3", 100 / 4", 150 to 1200 / 6 to 48")

• AS 4087
– PN 16 (DN 80 / 3", 100 / 4", 150 to 1200 / 6 to 48")

Pressure tightness

Promag D

Measuring tube: 0 mbar abs (0 psi abs) with a fluid temperature of �d60 °C (140 °F)

Promag E (Measuring tube lining: PTFE)

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 80 °C 100 °C 110 °C

77 °F 176 °F 212 °F 230 °F

 [mbar] [psi]  [mbar] [psi]  [mbar] [psi]

15 ½" 0 0 0 0 0 0 100 1.45

25 1" 0 0 0 0 0 0 100 1.45

32 – 0 0 0 0 0 0 100 1.45

40 1 ½" 0 0 0 0 0 0 100 1.45

50 2" 0 0 0 0 0 0 100 1.45

65 – 0 0 * * 40 0.58 130 1.89

�(����������
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Promag H (Measuring tube lining: PFA)

Promag L (Measuring tube lining: Polyurethane, Hard rubber)

Promag L (Measuring tube lining: PTFE)

80 3" 0 0 * * 40 0.58 130 1.89

100 4" 0 0 * * 135 1.96 170 2.47

125 – 135 1.96 * * 240 3.48 385 5.58

150 6" 135 1.96 * * 240 3.48 385 5.58

200 8" 200 2.90 * * 290 4.21 410 5.95

250 10" 330 4.79 * * 400 5.80 530 7.69

300 12" 400 5.80 * * 500 7.25 630 9.14

350 14" 470 6.82 * * 600 8.70 730 10.59

400 16" 540 7.83 * * 670 9.72 800 11.60

450 18" Partial vacuum is impermissible!

500 20"

600 24"

* No value can be quoted.

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 80 °C 100 °C 130 °C 150 °C 180 °C

77 °F 176 °F 212 °F 266 °F 302 °F 356 °F

2 to 100 1/12 to 4" 0 0 0 0 0 0

Nominal diameter Measuring 
tube lining

Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid 
temperatures

[mm] [inch]

25 °C 50 °C 80 °C

77 °F 122 °F 176 °F

25 to 1200 1 to 48" 25 to 1200 1 to 48" 0 –

350 to 2400 14 to 90" Hard rubber 0 0 0

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 90 °C

77 °F 194 °F

 [mbar] [psi]  [mbar] [psi]

25 1" 0 0 0 0

32 – 0 0 0 0

40 1 ½" 0 0 0 0

50 2" 0 0 0 0

65 – 0 0 40 0.58

80 3" 0 0 40 0.58

100 4" 0 0 135 1.96

125 – 135 1.96 240 3.48

150 6" 135 1.96 240 3.48

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 80 °C 100 °C 110 °C

77 °F 176 °F 212 °F 230 °F

 [mbar] [psi]  [mbar] [psi]  [mbar] [psi]
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Promag P (Measuring tube lining: PTFE)

Promag W

Limiting flow

�Æ �Ý 16

Pressure loss

• No pressure loss if the sensor is installed in a pipe with the same nominal diameter.
• Pressure losses for configurations incorporating adapters according to DIN EN 545 

(see "Adapters" �Æ �Ý 15)

200 8" 200 2.90 290 4.21

250 10" 330 4.79 400 5.80

300 12" 400 5.80 500 7.25

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 80 °C 100 °C 130 °C 150 °C 180 °C

77 °F 176 °F 212 °F 266 °F 302 °F 356 °F

 [mbar] [psi]  [mbar] [psi]  [mbar] [psi]

25 1" 0 0 0 0 0 0 100 1.45 – –

32 – 0 0 0 0 0 0 100 1.45 – –

40 1 ½" 0 0 0 0 0 0 100 1.45 – –

50 2" 0 0 0 0 0 0 100 1.45 – –

65 – 0 0 * * 40 0.58 130 1.89 – –

80 3" 0 0 * * 40 0.58 130 1.89 – –

100 4" 0 0 * * 135 1.96 170 2.47 – –

125 – 135 1.96 * * 240 3.48 385 5.58 – –

150 6" 135 1.96 * * 240 3.48 385 5.58 – –

200 8" 200 2.90 * * 290 4.21 410 5.95 – –

250 10" 330 4.79 * * 400 5.80 530 7.69 – –

300 12" 400 5.80 * * 500 7.25 630 9.14 – –

350 14" 470 6.82 * * 600 8.70 730 10.59 – –

400 16" 540 7.83 * * 670 9.72 800 11.60 – –

450 18" Partial vacuum is impermissible!

500 20"

600 24"

* No value can be quoted.

Nominal diameter Measuring tube 
lining

Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid 
temperatures

[mm] [inch]

25 °C 50 °C 80 °C 100 °C 130 °C 150 °C 180 °C

77 °F 122 °F 176 °F 212 °F 266 °F 302 °F 356 °F

25 to 1200 1 to 40" Polyurethane 0 0 – – – – –

50 to 2000 2 to 78" Hard rubber 0 0 0 – – – –

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 90 °C

77 °F 194 °F

 [mbar] [psi]  [mbar] [psi]
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10.1.10 Mechanical construction

Design, dimensions

The dimensions and installation lengths of the sensor and transmitter can be found in the 
"Technical Information" for the device in question. This document can be downloaded as a 
PDF file from www.endress.com. A list of the "Technical Information" documents available is 
provided in the "Documentation" section on �Æ �Ý 107.

Weight (SI units)

Promag D

Promag E

Weight data in kg

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] Sensor Transmitter

25 1" 2.9 2.5 3.1

40 1 ½" 3.5 3.1 3.1

50 2" 4.3 3.9 3.1

65 2 ½" 5.1 4.7 3.1

80 3" 6.1 5.7 3.1

100 4" 8.8 8.4 3.1

Transmitter Promag (compact version): 1.8 kg (Weight data valid without packaging material)

Weight data in kg

Nominal 
diameter

Compact version

EN (DIN) ASME JIS

[mm] [inch] PN 6 PN 10 PN 16 PN 40 Class 150 10K

15 ½" – – – 6.5 6.5 6.5

25 1" – – – 7.3 7.3 7.3

32 – – – – 8.0 – 7.3

40 1½" – – – 9.4 9.4 8.3

50 2" – – – 10.6 10.6 9.3

65 – – – 12.0 – – 11.1

80 3" – – 14.0 – 14.0 12.5

100 4" – – 16.0 – 16.0 14.7

125 – – – 21.5 – – 21.0

150 6" – – 25.5 – 25.5 24.5

200 8" – 45.0 46.0 – 45.0 41.9

250 10" – 65.0 70.0 – 75.0 69.4

300 12" – 70.0 81.0 – 110.0 72.3

350 14" 77.4 88.4 99.4 – 137.4 –

400 16" 89.4 104.4 120.4 – 168.4 –

450 18" 99.4 112.4 133.4 – 191.4 –

500 20" 114.4 132.4 182.4 – 228.4 –

600 24" 155.4 162.4 260.4 – 302.4 –

• Transmitter (compact version): 1.8 kg
• Weight data without packaging material
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Promag H

Weight data in kg

Nominal 
diameter

Remote version (without cable)

Sensor Transmitter

EN (DIN) ASME JIS

[mm] [inch] PN 6 PN 10 PN 16 PN 40 Class 150 10K Wall-mount housing

15 ½" – – – 4.5 4.5 4.5

6.0

25 1" – – – 5.3 5.3 5.3

32 – – – – 6.0 – 5.3

40 1½" – – – 7.4 7.4 6.3

50 2" – – – 8.6 8.6 7.3

65 – – – 10.0 – – 9.1

80 3" – – 12.0 – 12.0 10.5

100 4" – – 14.0 – 14.0 12.7

125 – – – 19.5 – – 19.0

150 6" – – 23.5 – 23.5 22.5

200 8" – 43.0 44.0 – 43.0 39.9

250 10" – 63.0 68.0 – 73.0 67.4

300 12" – 68.0 79.0 – 108.0 70.3

350 14" 73.1 84.1 95.1 – 133.1

400 16" 85.1 100.1 116.1 – 164.1

450 18" 95.1 108.1 129.1 – 187.1

500 20" 110.1 128.1 178.1 – 224.1

600 24" 158.1 158.1 256.1 – 298.1

• Transmitter (remote version): 3.1 kg
• Weight data without packaging material

Weight data in kg

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] DIN Sensor Transmitter

2 1/12" 3.6 2 3.1

4 1/8" 3.6 2 3.1

8 3/8" 3.6 2 3.1

15 ½" 3.7 1.9 3.1

25 1" 3.9 2.8 3.1

40 1 ½" 4.9 4.5 3.1

50 2" 7.4 7.0 3.1

65 2 ½" 7.9 7.5 3.1

80 3" 17.4 17.0 3.1

100 4" 16.9 16.5 3.1

Transmitter Promag (compact version): 1.8
(Weight data valid for standard pressure ratings and without packaging material)
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Promag L

Weight data in kg

Nominal 
diameter

Compact version (including transmitter) 1)

1) Lap joint flanges / welded flanges DN > 300 (12")

[mm] [inch] EN (DIN) ASME/
AWWA

AS

25 1"

P
N

 6

–

P
N

 1
0

–

P
N

 1
6

7.3

A
S

M
E

 / 
C

la
ss

 1
50

7.9

P
N

 1
6

–

T
ab

el
le

 E

–

32 1 ¼" – – 8.0 – – –

40 1 ½" – – 9.0 7.5 – –

50 2" – – 9.4 7.6 – –

65 2 ½" – – 10.4 – – –

80 3" – – 12.4 12.8 – –

100 4" – – 14.4 16.1 – –

125 5" – – 15.9 – – –

150 6" – – 23.9 24.4 – –

200 8" – 43.4 44.9 49.6 – –

250 10" – 63.4 70.7 75.1 – –

300 12" – 68.4 85.8 100 – –

350 14" 77.4 88.4 103 137 99.4 99.4

375 15" – – – – 105 –

400 16" 89.4 104 124 168 120 120

450 18" 99.4 112 139 191 133 143

500 20" 114 132 174 228 182 182

600 24" 155 162 303 302 260 260

700 28" 190 240 288

A
W

W
A

 / 
C

la
ss

 D

266 367 346

750 30" – – – 318 445 433

800 32" 240 315 364 383 503 493

900 36" 308 393 456 470 702 690

1000 40" 359 468 579 587 759 761

1050 42" – – – 670 – –

1200 48" 529 717 866 901 – 1237

– 54" – – – 1273 – –

1400 – 784 1114 1274 – – –

– 60" – – – 1594 – –

1600 – 1058 1624 1872 – – –

1650 66" – – – 2131 – –

1800 72" 1418 2107 2409 2568 – –

2000 78" 1877 2630 2997 3113 – –

– 84" – – – 3755 – –

2200 – 2512 3422 – – – –

– 90" – – – 4797 – –

2400 – 2996 4094 – – – –

Transmitter Promag (compact version): 3.1 kg
(Weight data valid without packaging material)
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Weight data in kg

Nominal 
diameter

Remote version (sensor plus sensor housing without cable) 1)

1) Lap joint flanges / welded flanges DN > 300 (12")

[mm] [inch] EN (DIN) ASME/
AWWA

AS

25 1"

P
N

 6

–

P
N

 1
0

–

P
N

 1
6

5.3

A
S

M
E

 / 
C

la
ss

 1
50

5.9

P
N

 1
6

–

T
ab

el
le

 E

–

32 1 ¼" – – 6.0 – – –

40 1 ½" – – 7.0 5.5 – –

50 2" – – 7.4 5.6 – –

65 2 ½" – – 8.4 – – –

80 3" – – 10.4 10.8 – –

100 4" – – 12.4 14.1 – –

125 5" – – 13.9 – – –

150 6" – – 21.9 22.4 – –

200 8" – 41.4 42.9 47.6 – –

250 10" – 61.4 68.7 73.1 – –

300 12" – 66.4 83.8 98 – –

350 14" 75.4 86.4 103 135 97.4 97.4

375 15" – 102 – – 103 –

400 16" 87.4 102 124 166 118 118

450 18" 97.4 110 139 189 131 141

500 20" 112 130 174 226 180 180

600 24" 153 160 303 300 258 258

700 28" 188 238 288

A
W

W
A

 / 
C

la
ss

 D

264 365 344

750 30" – – – 316 443 431

800 32" 238 313 364 381 501 491

900 36" 306 391 456 468 700 688

1000 40" 357 466 579 585 757 759

1050 42" – – – 668 – –

1200 48" 527 715 866 899 1235

– 54" – – – 1271 – –

1400 – 782 1112 1274 – – –

– 60" – – – 1592 – –

1600 – 1056 1622 1872 – – –

1650 66" – – – 2129 – –

1800 72" 1416 2105 2409 2566 – –

2000 78" 1875 2628 2997 3111 – –

– 84" – – – 3753 – –

2200 – 2510 3420 – – – –

– 90" – – – 4795 – –

2400 – 2994 4092 – – – –

Transmitter Promag (remote version): 3.4 kg
(Weight data valid without packaging material)
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Promag P

Weight data in kg

Nominal diameter Compact version1)

1) Lap joint flanges, stamped plate

Remote version (without cable) 1)

[mm] [inch] EN (DIN) Sensor EN (DIN) Transmitter

25 1"

P
N

 1
0

5.8

P
N

 1
0

3.8 4.2

32 1 ¼" 5.4 3.4 4.2

40 1 ½" 6.3 4.7 4.2

50 2" 5.4 3.4 4.2

65 2 ½" 6.2 4.2 4.2

80 3" 7.2 5.2 4.2

100 4" 9.7 7.7 4.2

125 5" 13.2 11.2 4.2

150 6" 17.2 15.2 4.2

200 8" 35.7 33.7 4.2

250 10" 54.2 52.2 4.2

300 12" 55.2 53.2 4.2

Transmitter Promag (compact version): 1.8 kg
(Weight data valid for standard pressure ratings and without packaging material)

Weight data in kg

Nominal 
diameter

Compact version Remote version (without cable)

Sensor Trans-
mitter[mm] [inch] EN (DIN) /

AS*
JIS ASME/

AWWA
EN (DIN) /

AS*
JIS ASME/

AWWA

25 1"

P
N

 4
0

5.7

10
K

5.7

C
la

ss
 1

50

5.7
P

N
 4

0
5.3

10
K

5.3

C
la

ss
 1

50

5.3 3.1

32 1 ¼" 6.4 5.7 – 6.0 5.3 – 3.1

40 1 ½" 7.8 6.7 7.8 7.4 6.3 7.4 3.1

50 2" 9.0 7.7 9.0 8.6 7.3 8.6 3.1

65 2 ½"

P
N

 1
6

10.4 9.5 –

P
N

 1
6

10.0 9.1 – 3.1

80 3" 12.4 10.9 12.4 12.0 10.5 12.0 3.1

100 4" 14.4 13.1 14.4 14.0 12.7 14.0 3.1

125 5" 19.9 19.4 – 19.5 19.0 – 3.1

150 6" 23.9 22.9 23.9 23.5 22.5 23.5 3.1

200 8"

P
N

 1
0

43.4 40.3 43.4

P
N

 1
0

43 39.9 43 3.1

250 10" 63.4 67.8 73.4 63 67.4 73 3.1

300 12" 68.4 70.7 108.4 68 70.3 108 3.1

350 14" 113.4 172.4 113 173 3.1

400 16" 133.4 203.4 133 203 3.1

450 18" 173.4 253.4 173 253 3.1

500 20" 173.4 283.4 173 283 3.1

600 24" 233.4 403.4 233 403 3.1

Transmitter Promag (compact version): 1.8 kg
(Weight data valid for standard pressure ratings and without packaging material)
* Flanges according to AS are only available for DN 25 and 50.
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Promag W

Weight data in kg

Nominal 
diameter

Compact version Remote version (without cable)

Sensor Trans-
mitter[mm] [inch] EN (DIN) /

AS*
JIS ASME/

AWWA
EN (DIN) /

AS*
JIS ASME/

AWWA

25 1"

P
N

 4
0

5.7

10
K

5.7

C
la

ss
 1

50

5.7

P
N

 4
0

5.3

10
K

5.3

C
la

ss
 1

50

5.3 3.1

32 1 ¼" 6.4 5.7 – 6.0 5.3 – 3.1

40 1 ½" 7.8 6.7 7.8 7.4 6.3 7.4 3.1

50 2" 9.0 7.7 9.0 8.6 7.3 8.6 3.1

65 2 ½"

P
N

 1
6

10.4 9.5 –

P
N

 1
6

10.0 9.1 – 3.1

80 3" 12.4 10.9 12.4 12.0 10.5 12.0 3.1

100 4" 14.4 13.1 14.4 14.0 12.7 14.0 3.1

125 5" 19.9 19.4 – 19.5 19.0 – 3.1

150 6" 23.9 22.9 23.9 23.5 22.5 23.5 3.1

200 8"

P
N

 1
0

43.4 40.3 43.4

P
N

 1
0

43 39.9 43 3.1

250 10" 63.4 67.8 73.4 63 67.4 73 3.1

300 12" 68.4 70.7 108.4 68 70.3 108 3.1

350 14" 113.4 172.4 113 173 3.1

400 16" 133.4 203.4 133 203 3.1

450 18" 173.4 253.4 173 253 3.1

500 20" 173.4 283.4 173 283 3.1

600 24" 233.4 403.4 233 403 3.1

700 28" 353.4

C
la

ss
 D

398.4 353

C
la

ss
 D

398 3.1

– 30" – 458.4 – 458 3.1

800 32" 433.4 548.4 433 548 3.1

900 36" 573.4 798.4 573 798 3.1

1000 40" 698.4 898.4 698 898 3.1

– 42"

P
N

 6

– 1098.4

P
N

 6

– 1098 3.1

1200 48" 848.4 1398.4 848 1398 3.1

– 54" – 2198.4 – 2198 3.1

1400 – 1298.4 – 1298 – 3.1

– 60" – 2698.4 – 2698 3.1

1600 – 1698.4 – 1698 – 3.1

– 66" – 3698.4 – 3698 3.1

1800 72" 2198.4 4098.4 2198 4098 3.1

– 78" – 4598.4 – 4598 3.1

2000 – 2798.4 – 2798 – 3.1

Transmitter Promag (compact version): 1.8 kg
(Weight data valid for standard pressure ratings and without packaging material)
*Flanges according to AS are only available for DN 80, 100, 150 to 400, 500 and 600
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Weight (US units)

Promag D

Promag E

Promag H

Weight data in lbs

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] Sensor Transformer

25 1" 6 6 7

40 1 ½" 8 7 7

50 2" 9 9 7

80 3" 13 13 7

100 4" 19 19 7

Transmitter Promag (compact version): 3.9 lbs (Weight data valid without packaging material)

Weight data in lbs

Nominal 
diameter

Compact version Remote version (without cable)

Sensor Transmitter

ASME ASME

[mm] [inch] Class 150 Class 150 Wall-mount housing

15 ½" 14.3 9.92

13.2

25 1" 16.1 11.7

40 1½" 20.7 16.3

50 2" 23.4 19.0

80 3" 30.9 26.5

100 4" 35.3 30.9

150 6" 56.2 51.8

200 8" 99.2 94.8

250 10" 165.4 161.0

300 12" 242.6 238.1

350 14" 303.0 293.5

400 16" 371.3 361.8

450 18" 422.0 412.6

500 20" 503.6 494.1

600 24" 666.8 657.3

• Transmitter: 4.0 lbs (compact version); 6.8 lbs (remote version)
• Weight data without packaging material

Weight data in lbs

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] Sensor Transformer

2 1/12" 8 4 7

4 1/8" 8 4 7

8 3/8" 8 4 7

15 ½" 8 4 7

25 1" 9 6 7

40 1 ½" 11 10 7

50 2" 16 15 7

65 2 ½" 17 17 7

80 3" 38 37 7

100 4" 37 36 7

Transmitter Promag (compact version): 3.9 lbs
(Weight data valid for standard pressure ratings and without packaging material)
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Promag L (ASME/AWWA)

Weight data in lbs

Nominal diameter Compact version1)

1) Lap joint flanges / welded flanges DN > 300 (12")

Remote version1)

[mm] [inch] ASME/AWWA ASME/AWWA

25 1"

A
S

M
E

 / 
C

la
ss

 1
50

17.4

A
S

M
E

 / 
C

la
ss

 1
50

13

32 1 ¼" – –

40 1 ½" 16.5 12.1

50 2" 16.8 12.3

65 2 ½" – –

80 3" 28.2 23.8

100 4" 35.5 31.1

125 5" – –

150 6" 53.8 49.4

200 8" 109 105

250 10" 166 161

300 12" 221 216

350 14" 302 298

375 15" – –

400 16" 370 366

450 18" 421 417

500 20" 503 498

600 24" 666 662

700 28"

A
W

W
A

 / 
C

la
ss

 D

587

A
W

W
A

 / 
C

la
ss

 D

582

750 30" 701 697

800 32" 845 840

900 36" 1036 1032

1000 40" 1294 1290

1050 42" 1477 1473

1200 48" 1987 1982

– 54" 2807 2803

1400 – – –

– 60" 3515 3510

1600 – – –

1650 66" 4699 4694

1800 72" 5662 5658

2000 78" 6864 6860

– 84" 8280 8275

2200 – – –

– 90" 10577 10573

2400 – – –

Transmitter Promag (compact version): 4.0 lbs
Transmitter Promag (remote version): 6.8 lbs
(Weight data valid without packaging material)
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Promag P (ASME/AWWA)

Promag W (ASME/AWWA)

Weight data in lbs

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] Sensor Transformer

25 1"

C
la

ss
 1

50

13

C
la

ss
 1

50

12 7

40 1 ½" 17 16 7

50 2" 20 19 7

80 3" 27 26 7

100 4" 32 31 7

150 6" 53 52 7

200 8" 96 95 7

250 10" 162 161 7

300 12" 239 238 7

350 14" 380 381 7

400 16" 448 448 7

450 18" 559 558 7

500 20" 625 624 7

600 24" 889 889 7

Transmitter Promag (compact version): 3.9 lbs
(Weight data valid for standard pressure ratings and without packaging material)

Weight data in lbs

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] Sensor Transformer

25 1"

C
la

ss
 1

50

13

C
la

ss
 1

50

12 7

40 1 ½" 17 16 7

50 2" 20 19 7

80 3" 27 26 7

100 4" 32 31 7

150 6" 53 52 7

200 8" 96 95 7

250 10" 162 161 7

300 12" 239 238 7

350 14" 380 381 7

400 16" 448 448 7

450 18" 559 558 7

500 20" 625 624 7

600 24" 889 889 7

700 28"

C
la

ss
 D

878

C
la

ss
 D

878 7

– 30" 1011 1010 7

800 32" 1209 1208 7

900 36" 1760 1760 7

1000 40" 1981 1980 7

– 42" 2422 2421 7

1200 48" 3083 3083 7

– 54" 4847 4847 7

– 60" 5950 5949 7

– 66" 8155 8154 7

1800 72" 9037 9036 7

– 78" 10139 10139 7

Transmitter Promag (compact version): 3.9 lbs
(Weight data valid for standard pressure ratings and without packaging material)
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Material

Promag D

• Transmitter housing: powder-coated die-cast aluminum

• Sensor housing: powder-coated die-cast aluminum

• Measuring tube: polyamide, O-rings EPDM 
(Drinking water approvals: WRAS BS 6920, ACS, NSF 61, KTW/W270)

• Electrodes: 1.4435 (316, 316L)

• Ground disks: 1.4301 (304)

Promag E

• Transmitter housing: powder-coated die-cast aluminum

• Sensor housing
– DN 15 to 300 (½ to 12"): powder-coated die-cast aluminum
– DN 350 to 600 (14 to 24"): with protective lacquering

• Measuring tube
– DN �d 300 (12"): stainless steel 1.4301 (304) or 1.4306 (304L) (with Al/Zn protective 

coating)
– DN �t 350 (14"): stainless steel 1.4301 (304) or 1.4306 (304L) (with protective 

lacquering)

• Electrodes: 1.4435 (316, 316L), Alloy C22

• Flanges (with protective lacquering)
– EN 1092-1 (DIN2501): RSt37-2 (S235JRG2); Alloy C22; Fe 410W B
– ASME: A105
– JIS: RSt37-2 (S235JRG2); HII

• Seals: to DIN EN 1514-1

• Ground disks: 1.4435 (316, 316L) or Alloy C22

Promag H

• Transmitter housing: powder-coated die-cast aluminum

• Window material: glass or polycarbonate

• Sensor housing: stainless steel 1.4301 (304)

• Wall mounting kit: stainless steel 1.4301 (304)

• Measuring tube: stainless steel 1.4301 (304)

• Liner: PFA (USP class VI; FDA 21 CFR 177.1550: 3A)

• Electrodes: 11.4435 (316, 316L) (optional: Alloy C22, tantalum, platinum)

• Flanges: connections generally made of 1.4404 (316L)

• Seals
– DN 2 to 25: O-ring (EPDM, Viton, Kalrez), gasket seal (EPDM*, Viton, Silicone*)
– DN 40 to 100: gasket seal (EPDM*, Silicone*)

* = USP class VI; FDA 21 CFR 177.2600: 3A

• Ground rings: 1.4435 (316, 316L) (optional: Alloy C22)

Promag L

• Transmitter housing:
– Compact housing: powder-coated die-cast aluminum
– Wall-mounted housing: powder-coated die-cast aluminum
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• Sensor housing
– DN 25 to 300 (1 to 12"): powder-coated die-cast aluminum
– DN 350 to 1200 (14 to 48"): with protective lacquering

• Measuring tube: 
– DN �d��300 (12"); stainless steel 1.4301 (304) or 1.4306 (304L)
– DN �t��350 (14"); stainless steel 202 or 304

• Electrodes: 1.4435 (316, 316L), Alloy C22

• Flange
– EN 1092-1 (DIN 2501): DN �d 300: 1.4306; 1.4307; 1.4301 (304) ; 1.0038 (S235JRG2)
– EN 1092-1 (DIN 2501): DN �t 350: A105; 1.0038 (S235JRG2)
– AWWA: A181/A105; 1.0425 (316L) (P265GH); 1.0044 (S275JR)
– AS 2129: A105; 1.0345 (P235GH); 1.0425 (316L) (P265GH); 1.0038 (S235JRG2); 

FE 410 WB
– AS 4087: A105; 1.0425 (316L) (P265GH); 1.0044 (S275JR)

• Seals: to DIN EN 1514-1

• Ground disks: 11.4435 (316, 316L) or Alloy C22

Promag P/W

• Transmitter housing: powder-coated die-cast aluminum

• Sensor housing
– DN 25 to 300: powder-coated die-cast aluminum
– DN 350 to 2000: with protective lacquering

• Measuring tube
– DN �d 300: stainless steel 1.4301 (304) or 1.4306 (304L)

(Flange material: carbon steel with Al/Zn protective coating)
– DN �t 350: stainless steel 1.4301 (304) or 1.4306 (304) 

(Flange material: carbon steel with protective lacquering)

• Electrodes: 1.4435 (316, 316L), Alloy C22

• Flange
– EN 1092-1 (DIN2501): RSt37-2 (S235JRG2); Alloy C22; FE 410 WB

(DN �d 300: with Al/Zn protective coating; DN �t 350 with protective lacquering)
– ASME: A105

(DN �d 300 with Al/Zn protective coating; DN �t 350 with protective lacquering)
– AWWA (only Promag W): 1.0425 (with protective lacquering)
– JIS: RSt37-2 (S235JRG2); HII; 1.0425

(DN �d 300 with Al/Zn protective coating; DN �t 350 with protective lacquering)
– AS 2129

– (DN 25, 80, 100, 150 to 1200) A105 or RSt37-2 (S235JRG2)
– (DN 50, 80, 350, 400, 500) A105 or St44-2 (S275JR)

(DN �d 300 with Al/Zn protective coating; DN �t 350 with protective lacquering)
– AS 4087: A105 or St44-2 (S275JR)

(DN �d 300 with Al/Zn protective coating; DN �t 350 with protective lacquering)

• Seals: to DIN EN 1514-1

• Ground disks: 1.4435 (316, 316L) or Alloy C22

Material load diagram

The material load diagrams (pressure-temperature graphs) for the process connections are 
to be found in the "Technical Information" documents of the device in question:
List of supplementary documentation �Æ �Ý 107.
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Fitted electrodes

Promag D

• 2 measuring electrodes for signal detection

Promag E/L/P/W

• 2 measuring electrodes for signal detection
• 1 EPD electrode for empty pipe detection
• 1 reference electrode for potential equalization

Promag H

• 2 measuring electrodes for signal detection
• 1 EPD electrode for empty pipe detection (apart from DN 2 to 15)

Process connections

Promag D

Wafer version �o��without process connections

Promag E

Flange connection:
• EN 1092-1 (DIN 2501), DN �d 300 (12") form A, DN �t 350 (14") form B

(Dimensions to DIN 2501, DN 65 PN 16 and DN 600 (24") PN 16 exclusively to 
EN 1092-1)

• ASME B16.5
• JIS B2220

Promag H

With O-ring:
• Flange EN (DIN), ASME, JIS
• External thread

With gasket seal:
• Weld nipple DIN 11850, ODT/SMS
• TriClamp L14 AM7
• Threaded joint DIN 11851, DIN 11864-1, SMS 1145
• Flange DIN 11864-2

Promag L

Flange connection:
• EN 1092-1 (DIN 2501)

– DN �d��300 (12") = form A
– DN �t 350 (14") = form B

• ASME B16.5
• AWWA C207
• AS

Promag P/W

Flange connections:
• EN 1092-1 (DIN 2501)

– DN �d 300 = form A
– DN �t 350 = flat face
– DN 65 PN 16 and DN 600 PN 16 only as per EN 1092-1
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• ASME
• AWWA (only Promag W)
• JIS
• AS

Surface roughness

All data relate to parts in contact with fluid.

• Liner �o��PFA: �d 0.4 �—m (15 �—in)
• Electrodes �o��1.4435 (316, 316L), Alloy C22: 0.3 to 0.5 �—m (12 to 20 �—in)
• Process connection made of stainless-steel (Promag H):

– with O-ring seal: �d 1.6 �—m (63 �—in)
– with aseptic gasket seal: �d 0.8 �—m (31.5 �—in)
– optional: �d 0.38 �—m (15 �—in)

10.1.11 Human interface

Display elements

• Liquid crystal display: unilluminated, two-line, 16 characters per line
• Display (operating mode) preconfigured: volume flow and totalizer status
• 1 totalizer

! Note! 
At ambient temperatures below –20 (–4 °F) the readability of the display may be impaired.

Operating elements

Local operation with three keys (�ô�ó�ò )

Remote operation

Operation via HART protocol and FieldCare

10.1.12 Certificates and approvals

CE mark

The measuring system is in conformity with the statutory requirements of the EC Directives. 
Endress+Hauser confirms successful testing of the device by affixing to it the CE mark.

C-tick mark

The measuring system meets the EMC requirements of the Australian Communications and 
Media Authority (ACMA)

Ex approval

Information about currently available Ex versions (ATEX, FM, CSA, IECEx, NEPSI etc.) can be 
supplied by your Endress+Hauser Sales Center on request. All explosion protection data are 
given in a separate documentation which is available upon request.

Sanitary compatibility

Promag D/E/L/P/W

No applicable approvals or certification
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Promag H

• 3A authorization and EHEDG-certified
• Seals: in conformity with FDA (except Kalrez seals)

Drinking water approval

Promag D/L/W

• WRAS BS 6920
• ACS
• NSF 61
• KTW/W270

Promag E/H/P

No drinking water approval

Pressure Equipment Directive

Promag D/L

No pressure measuring device approval

Promag E/H/P/W

The devices can be ordered with or without a PED approval. If a device with a PED approval 
is required, this must be explicitly stated in the order. For devices with nominal diameters 
less than or equal to DN 25 (1"), this is neither possible nor necessary.

• With the PED/G1/x (x = category) marking on the sensor nameplate, Endress+Hauser 
confirms compliance with the "Essential Safety Requirements" specified in Annex I of the 
Pressure Equipment Directive 97/23/EC.

• Devices bearing this marking (PED) are suitable for the following types of medium: 
Media in Group 1 and 2 with a vapor pressure greater than, or smaller and equal to 0.5 bar 
(7.3 psi)

• Devices not bearing this marking (PED) are designed and manufactured according to good 
engineering practice. They meet the requirements of Art.3 Section 3 of the Pressure 
Equipment Directive 97/23/EC. The range of application is indicated in tables 6 to 9 in 
Annex II of the Pressure Equipment Directive.

Other standards and guidelines

• EN 60529:
Degrees of protection by housing (IP code).

• EN 61010-1
Safety requirements for electrical equipment for measurement, control and laboratory use

• IEC/EN 61326
Electromagnetic compatibility (EMC requirements)

• ASME/ISA-S82.01
Safety Standard for Electrical and Electronic Test, Measuring, Controlling and related 
Equipment - General Requirements. Pollution degree 2, Installation Category II.

• CAN/CSA-C22.2 (No. 1010.1-92)
Safety requirements for Electrical Equipment for Measurement and Control and 
Laboratory Use. Pollution degree 2, Installation Category I.
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10.1.13 Ordering information

Detailed ordering information is available from the following sources:
• In the Product Configurator on the Endress+Hauser website: www.endress.com �Æ Select 

country �Æ  Instruments �Æ Select device �Æ Product page function: Configure this product
• From your Endress+Hauser Sales Center: www.endress.com/worldwide

! Note! 
Product Configurator - the tool for individual product configuration
• Up-to-the-minute configuration data
• Depending on the device: Direct input of measuring point-specific information such as 

measuring range or operating language
• Automatic verification of exclusion criteria
• Automatic creation of the order code and its breakdown in PDF or Excel output format
• Ability to order directly in the Endress+Hauser Online Shop

10.1.14 Accessories

Various accessories, which can be ordered separately from Endress+Hauser, are available for 
the transmitter and the sensor.�Æ �Ý 70
Your Endress+Hauser service organization can provide detailed information on the specific 
order codes on request.

10.1.15 Documentation

• Flow measuring technology (FA00005D/06)
• Technical Information Promag 10D (TI00081D/06)
• Technical Information Promag 10E (TI01160D/06)
• Technical Information Promag 10H (TI00095D/06)
• Technical Information Promag 10L(TI00100D/06)
• Technical Information Promag 10P (TI00094D/06)
• Technical Information Promag 10W (TI00093D/06)
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11 Appendix

11.1 Illustration of the function matrix
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11.2 Group SYSTEM UNITS

Functional description SYSTEM UNITS

Use this function group to select the unit required and displayed for the measured variable.

UNIT VOLUME FLOW Use this function to select the unit required and displayed for the volume flow.

The unit you select here is also valid for:
• Volume flow display
• Current output
• Switch points (limit value for volume flow, flow direction)
• Low flow cut off

Options:
Metric:
Cubic centimeter �o  cm3/s; cm3/min; cm3/h; cm3/day
Cubic decimeter �o  dm3/s; dm3/min; dm 3/h; dm3/day
Cubic meter �o  m3/s; m3/min; m 3/h; m 3/day
Milliliter �o  ml/s; ml/min; ml/h; ml/day
Liter �o  l/s; l/min; l/h; l/day
Hectoliter �o  hl/s; hl/min; hl/h; hl/day
Megalith �o  Ml/s; Ml/min; Ml/h; Ml/day

US:
Cubic centimeter �o  cc/s; cc/min; cc/h; cc/day
Acre foot �o  af/s; af/min; af/h; af/day
Cubic foot �o  ft3/s; ft3/min; ft3/h; ft3/day
Fluid ounce �o  oz f/s; oz f/min; oz f/h; oz f/day
Gallon �o  gal/s; gal/min; gal/h; gal/day
Kilo gallons �o  kgal/s; kgal/min; kgal/h; kgal/day
Million gallons �o  Mgal/s; Mgal/min; Mgal/h; Mgal/day
Barrel (normal fluids: 31.5 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day
Barrel (beer: 31.0 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day
Barrel (petrochemicals: 42.0 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day
Barrel (filling tanks: 55.0 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day

Imperial:
Gallon �o  gal/s; gal/min; gal/h; gal/day
Mega gallon �o  Mgal/s; Mgal/min; Mgal/h; Mgal/day
Barrel (beer: 36.0 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day
Barrel (petrochemicals: 34.97 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day

Factory setting:
Depends on nominal diameter and country
(dm3/min to m 3/h or US-gal/min),
corresponding to the full scale value unit factory setting �Æ �Ý 132

UNIT VOLUME Use this function to select the unit required and displayed for the volume.

The unit you select here is also valid for:
• Totalizer status display
• Totalizer unit
• Pulse value (e.g. m3/p)

Options:
Metric �o  cm3; dm3; m3; ml; l; hl; Ml
US �o  cc; af; ft3; oz f; gal; Mgal; bbl (normal fluids); bbl (beer); bbl (petrochemicals); 
bbl (filling tanks)
Imperial �o  gal; Mgal; bbl (beer); bbl (petrochemicals)

Factory setting:
Depends on nominal diameter and country (dm3 to m3 or US-gal
corresponding to the totalizer unit factory setting. �Æ �Ý 132
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FORMAT DATE/TIME Use this function to select the format for the date and the time.

The unit you select here is also valid for displaying the current calibration date 
(function CALIBRATION DATE on �Æ �Ý 127

Options:
DD.MM.YY 24H
MM/DD/YY 12H A/P
DD.MM.YY 12H A/P
MM/DD/YY 24H

Factory setting:
DD.MM.YY 24H (SI units)
MM/DD/YY 12H A/P (US units)

Functional description SYSTEM UNITS
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11.3 Group OPERATION

Functional description OPERATION

LANGUAGE Use this function to select the language for all texts, parameters and messages 
shown on the local display.

Options:
ENGLISH
DEUTSCH
FRANCAIS
ESPANOL
ITALIANO

Factory setting:
Depends on country, see factory setting �Æ �Ý 132

! Note! 
If you press the �ó�ô keys simultaneously at startup, the language defaults to 
"ENGLISH".

ACCESS CODE All data of the measuring system are protected against inadvertent change. 
Programming is disabled and the settings cannot be changed until a code is entered 
in this function. If you press the P  keys in any function, the measuring system 
automatically goes to this function and the prompt to enter the code appears on the 
display (when programming is disabled).

You can activate programming by entering your private code (factory setting = 10, 
see also the subsequent DEFINE PRIVATE CODE function)

User input:
Max. 4-digit number: 0 to 9999

! Note! 
• The programming levels are disabled if you do not press the operating elements 

within 60 seconds following automatic return to the HOME position.
• You can also disable programming in this function by entering any number (other 

than the defined private code).
• The Endress+Hauser service organization can be of assistance if you mislay your 

personal code.

DEFINE PRIVATE 
CODE

Use this function to enter a personal code to enable programming.

User input:
0 to 9999 (max. 4-digit number)

Factory setting:
10

! Note! 
• This function only appears if the private code was entered in the ACCESS CODE 

function.
• Programming is always enabled with the code "0".
• Programming has to be enabled before this code can be changed. 

When programming is disabled this function is not available, thus preventing 
others from accessing your personal code.
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11.4 USER INTERFACE

Functional description USER INTERFACE

FORMAT Use this function to define the maximum number of places after the decimal point 
displayed for the reading in the main line.

Options:
XXXXX.
XXXX.X
XXX.XX 
XX.XXX
X.XXXX

Factory setting:
X.XXXX

! Note! 
• Note that this setting only affects the reading as it appears on the display, it has 

no influence on the accuracy of the system's calculations.
• The places after the decimal point as computed by the measuring device cannot 

always be displayed, depending on this setting and the engineering unit. In such 
instances an arrow appears on the display between the measuring value and the 
engineering unit (e.g. 1.2 �o  l/h), indicating that the measuring system is 
computing with more decimal places than can be shown on the display.

CONTRAST LCD Use this function to optimize display contrast to suit local operating conditions.

User input:
10 to 100%

Factory setting:
50%

TEST DISPLAY Use this function to test the operability of the local display and its pixels.

Options:
OFF
ON

Factory setting:
OFF

Test sequence:

1. Start the test by selecting ON.

2. All pixels of the main line and additional line are darkened for minimum 
0.75 seconds.

3. The main line and additional line show an "8" in each field for minimum 
0.75 seconds.

4. The main line and additional line show a "0" in each field for minimum 0.75 
seconds.

5. The main line and additional line show nothing (blank display) for minimum 
0.75 seconds.

When the test completes the local display returns to its initial state and the setting 
changes to "OFF".
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11.5 Group TOTALIZER

Functional description TOTALIZER

SUM The total for the totalizer's measured variable aggregated since measuring 
commenced appears on the display.

This value can be positive or negative, depending on:
• Flow direction

and/or
• Setting in the MEASURING MODE function �Æ �Ý 124

Display:
Max. 6-digit floating-point number, incl. sign and unit (e.g. 15467.4 m3)

! Note! 
• The totalizer's response to faults is defined in the central "FAILSAFE MODE" 

function �Æ �Ý 129.
• The unit of the totalizer is defined in the UNIT VOLUME function �Æ �Ý 109.

OVERFLOW The total for the totalizer's overflow aggregated since measuring commenced 
appears on the display.
Total flow quantity is represented by a floating-point number consisting of max. 7 
digits. You can use this function to view higher numerical values (>9,999,999) as 
overflows. The effective quantity is thus the total of the OVERFLOW function plus 
the value displayed in the SUM function. 

Example:
Reading for 2 overflows: 2 E7 dm3 (= 20,000,000 dm3)
The value displayed in the function "SUM" = 196,845 dm3

Effective total quantity = 20,196,845 dm3

Display:
Integer with exponent, including sign and unit, e.g. 2 E7 dm3

RESET TOTALIZER Use this function to reset the sum and the overflow of the totalizer to "zero" (= 
RESET).

Options:
NO
YES

Factory setting:
NO
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11.6 Group CURRENT OUTPUT

Functional description CURRENT OUTPUT

!! Note! 
The functions of the CURRENT OUTPUT group are only available if the "0" value was entered in the BUS 
ADDRESS function �Æ �Ý 121.

CURRENT RANGE Use this function to specify the current range. You can configure the current output 
either in accordance with the NAMUR recommendation (max. 20.5 mA) or for a 
maximum drive of 25 mA.

Options:
OFF
4-20 mA (25 mA)
4-20 mA (25 mA) HART
4-20 mA NAMUR
4-20 mA HART NAMUR
4-20 mA US
4-20 mA HART US

Factory setting:
4-20 mA HART NAMUR

Current range, work range and signal on alarm level

A0005392

A = Work range
m = Work range
n = Lower signal on alarm level
o = Upper signal on alarm level
p = Scaled full scale value
Q = Flow

! Note! 
• If the measured value is outside the measuring range (defined in the 

VALUE 20 mA function �Æ �Ý 115), a notice message is generated.
• The current output's response to faults is defined in the central FAILSAFE MODE 

function �Æ �Ý 129.

20

0

I [mA]

Q

m

n

o

p

A

4-20 mA NAMUR

4-20 mA US

4-20 mA (25 mA)

3,8 - 20,5 mA 3,5 22,6

3,9 - 20,8 mA 3,75 22,6

4 - 24 mA 2 25

4-20 mA HART NAMUR 3,8 - 20,5 mA 3,5 22,6

4-20 mA HART US 3,9 - 20,8 mA 3,75 22,6

4-20 mA (25 mA) HART 4 - 24 mA 2 25

n om

OFF 4 mA - -

�(����������



Promag 10 Appendix

Endress+Hauser 115

VALUE 20 mA Use this function to assign the 20 mA current a full scale value. Positive and 
negative values are permitted. The required measuring range is defined by defining 
the VALUE 20 mA .

In the SYMMETRY measuring mode �Æ �Ý 124, the value assigned applies to both 
flow directions; in the STANDARD measuring mode it applies only to the flow 
direction selected.

User input:
5-digit floating-point number, with sign

Factory setting:
Depends on nominal diameter and country, [value] / [dm3…m3 or US-gal…US-
Mgal]
Corresponds to the factory setting for the full scale value �Æ �Ý 132

! Note! 
• The appropriate unit is taken from the SYSTEM UNITS group �Æ �Ý 109.
• The value for 4 mA always corresponds to the zero flow (0 [unit]). 

This value is fixed and cannot be edited.

TIME CONSTANT Use this function to enter a time constant defining how the current output signal 
reacts to severely fluctuating measured variables, either very quickly (enter a low 
time constant) or with damping (enter a high time constant).

User input:
Fixed-point number 0.01 to 100.00 s

Factory setting:
1.00 s

Functional description CURRENT OUTPUT
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11.7 Group PULSE/STATUS OUTPUT

Functional description PULSE/STATUS OUTPUT

OPERATING MODE Configuration of the output as a pulse or status output. The functions available in 
this function group vary, depending on which option you select here.

Options:
OFF
PULSE
STATUS

Factory setting:
PULSE

PULSE VALUE ! Note! 
This function is not available unless the PULSE setting was selected in the 
OPERATING MODE function.

Use this function to define the flow at which a pulse is triggered. These pulses can 
be totaled by an external totalizer, and the total flow quantity since measuring 
started can be registered in this way. In the SYMMETRY measuring mode �Æ �Ý 124, 
the value assigned applies to both flow directions; in the STANDARD measuring 
mode it applies only to the positive flow direction.

User input:
5-digit floating-point number, [unit]

Factory setting:
Depends on nominal diameter and country, [value] [dm3…m3 or US-gal] / pulse;
Corresponds to the factory setting for the pulse value �Æ �Ý 132

! Note! 
The appropriate unit is taken from the SYSTEM UNITS group.

PULSE WIDTH ! Note! 
This function is not available unless the PULSE setting was selected in the 
OPERATING MODE function.

Use this function to enter the maximum pulse width of the output pulses.

User input:
5 to 2000 ms

Factory setting:
100 ms

Pulse output is always with the pulse width (B) entered  in this function. The pauses 
(P) between the individual pulses are automatically configured. However, they must 
at least correspond to the pulse width (B = P).

A0001233-en

P = Intervals between the individual pulses
B = Pulse width entered (the illustration applies to positive pulses)

" Caution! 
Buffering (pulse memory) takes place if the number of pulses is too large to output 
the pulses with the selected pulse width (see PULSE VALUE function on �Æ �Ý 116). 
The system error message RANGE PULSE is displayed if more pulses are in the pulse 
memory than can be output in 4 seconds.

! Note! 
• When selecting the pulse width, choose a value that can still be processed by a 

connected counter (e.g. mechanical counter, PLC etc.).
• The pulse output's response to faults is defined in the central FAILSAFE MODE 

function �Æ �Ý 129.

B=PB

PP

B B< P

t t

transistor transistor

conducting

nonconducting

conducting

nonconducting
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OUTPUT SIGNAL ! Note! 
This function is not available unless the PULSE setting was selected in the 
OPERATING MODE function.

Use this function to configure the output in such a way that it matches an external 
counter, for example. Depending on the application, you can select the direction of 
the pulses here.

Options:
PASSIVE - POSITIVE
PASSIVE - NEGATIVE

Factory setting:
PASSIVE - NEGATIVE

ASSIGN STATUS 
OUTPUT

! Note! 
This function is not available unless the STATUS setting was selected in the 
OPERATING MODE function.

Configuration of the status output.

Options:
ON (operation)
FAULT MESSAGE
NOTICE MESSAGE
FAULT MESSAGE or NOTICE MESSAGE
EPD (empty pipe detection, only if active)
FLOW DIRECTION
VOLUME FLOW LIMIT VALUE

Factory setting:
FAULT MESSAGE

! Note! 
• The behavior of the status output is a normally closed behavior, in other words 

the output is closed (trASMEstor conductive) when normal, error-free measuring 
is in progress.

• It is very important to read and comply with the information on the switching 
characteristics of the status output �Æ �Ý 120.

SWITCH-ON POINT ! Note! 
This function is not available unless LIMIT VALUE or FLOW DIRECTION was 
selected in the ASSIGN STATUS OUTPUT function.

Use this function to assign a value to the switch-on point (status output pulls up). 
The value can be equal to, greater than or less than the switch-off point. 
Positive and negative values are permitted.

User input:
5-digit floating-point number, [unit]

Factory setting:
0 [unit]

! Note! 
• The appropriate unit is taken from the SYSTEM UNITS group.
• Only the switch-on point is available for flow direction output (no switch-off 

point). If you enter a value not equal to the zero flow (e.g. 5), the difference 
between the zero flow and the value entered corresponds to half the switchover 
hysteresis.

Functional description PULSE/STATUS OUTPUT
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SWITCH-OFF POINT ! Note! 
This function is not available unless LIMIT VALUE was selected in the ASSIGN 
STATUS OUTPUT function.

Use this function to assign a value to the switch-off point (status output drops off). 
The value can be equal to, greater than or less than the switch-on point. 
Positive and negative values are permitted.

User input:
5-digit floating-point number, [unit]

Factory setting:
0 [unit]

! Note! 
• The appropriate unit is taken from the SYSTEM UNITS group.
• If SYMMETRY is selected in the MEASURING MODE function and values with 

different signs are entered for the switch-on and switch-off points, the notice 
message "INPUT RANGE EXCEEDED" appears.

Functional description PULSE/STATUS OUTPUT
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11.7.1 Information on the response of the status output

General

If you have configured the status output for "LIMIT VALUE" or "FLOW DIRECTION", you can 
configure the requisite switch points in the SWITCH-ON POINT and  SWITCH-OFF POINT 
functions. When the measured variable in question reaches these predefined values, the 
status output switches as shown in the illustrations below.

Status output configured for flow direction

a = Status output conductive
b = Status output not conductive

The value you entered in the function SWITCH-ON POINT defines the switch point for the 
positive and negative directions of flow. If, for example, the switch point entered is = 1 m³/
h, the status output switches off at –1 m³/h (not conductive) and switches on again at +1 
m³/h (conductive). Set the switch point to 0 if your process calls for direct switchover (no 
switching hysteresis). If low flow cut off is used, it is advisable to set hysteresis to a value 
greater than or equal to the low flow cut off rate.

Status output configured for limit value

The status output switches as soon as the measured variable undershoots or overshoots a 
defined switch point.

Application: monitoring flow or process-related boundary conditions.

A0001235

• A = Maximum safety:
m SWITCH-OFF POINT > n  SWITCH-ON POINT

• B = Minimum safety:
m SWITCH-OFF POINT < n  SWITCH-ON POINT

• C = Minimum safety:
m SWITCH-OFF POINT = n  SWITCH-ON POINT (this configuration should be avoided)

• o  = Relay de-energized 

Switch-off point/switch-on point

A0001236

-1 0 +1 a

b

-Q Q

t
o o

nnm

o

nm

A B C

m
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11.7.2 Switching behavior of the status output

Function State Open collector behavior
(TrASMEstor)

ON (operation) System in measuring mode conductive

A0001237

System not in measuring 
mode
(power supply failed)

not conductive

A0001239

Fault message System OK conductive

A0001237

(System error or process 
error) fault �o  Response to 
error, outputs/inputs and 
totalizers

not conductive

A0001239

Notice message System OK conductive

A0001237

(System error or process 
error) Notice �o  
Continuation of measuring

not conductive

A0001239

Fault message
or
notice message

System OK conductive

A0001237

(System error or process 
error) Fault �o  Response to 
error or 
Notice �o  Continuation of 
measuring

not conductive

A0001239

Empty pipe 
detection 
(EPD)

Measuring tube full conductive

A0001237

Measuring tube partially 
filled / empty measuring 
tube

not conductive

A0001239

Flow direction Forwards

A0001241

conductive

A0001237

Backwards

A0001242

not conductive

A0001239

Volume flow limit 
value

Limit value not overshot or 
undershot

A0001243

conductive

A0001237

Limit value overshot or 
undershot

A0001244

not conductive

A0001239

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX
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11.8 Group COMMUNICATION

Functional description COMMUNICATION

!! Note! 
The communication group is only visible if the HART option was selected in the CURRENT RANGE 
function.

TAG NAME Use this function to enter a tag name for the measuring device. You can edit and 
read this tag name at the local display or via the HART protocol.

User input:
Max. 8-character text, permitted characters are: A-Z, 0-9, +,-, underscore, space, 
period

Factory setting:
"_ _ _ _ _ _ _ _" (no text)

TAG DESCRIPTION Use this function to enter a tag description for the measuring device. You can edit 
and read this tag description at the local display or via the HART protocol.

User input:
Max. 16-character text, permitted characters are: A-Z, 0-9, +,-, underscore, space, 
period

Factory setting:
"_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _" (no text)

BUS ADDRESS Use this function to define the address for the exchange of data with the HART 
protocol.

User input:
0 to 15

Factory setting:
0

! Note! 
Addresses 1 to 15: a constant 4 mA current is applied.

HART WRITE 
PROTECTION

Use this function to activate HART write protection.

Options:
OFF = function can be edited/read via the HART protocol
ON = HART protocol write-protected (only readable)

Factory setting:
OFF

MANUFACTURER ID Use this function to view the manufacturer ID in decimal numerical format.

Display:
– Endress+Hauser
– 17 (�# 11 hex) for Endress+Hauser

DEVICE ID Use this function to view the device ID in hexadecimal numerical format.

Display:
45 hex (�# 69 dec) for Promag 10
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11.9 Group PROCESS PARAMETER

Functional description PROCESS PARAMETER

SWITCH-ON POINT 
LOW FLOW CUT OFF

Use this function to enter the switch-on point for low flow cut off.
Low flow cut off is active if the value entered is not equal to 0. The sign of the flow 
value is highlighted on the display to indicate that low flow cut off is active.

User input:
5-digit floating-point number, [unit]

Factory setting:
Depends on nominal diameter and country, [value] / [dm³…m³ or US-gal]
Corresponds to the factory setting for the low flow cut off �Æ �Ý 132

! Note! 
The appropriate unit is taken from the SYSTEM UNITS group.

The switch-off point is specified as a positive hysteresis from the switch-on point 
with 50%. 

A0001245

Q Flow [volume/time]
t Time
H Hysteresis
a SWITCH-ON POINT LOW FLOW CUT OFF = 200 dm3/h
b Low flow cut off switch-off point = 50%
c  Low flow cut off active
1  Low flow cut off is switched on at 200 dm3/h
2  Low flow cut off is switched off at 300 dm3/h

EPD Activating empty pipe detection (EPD).

Options:
OFF
ON (empty pipe detection)

Factory setting:
OFF

! Note! 
• The ON option is not available unless the sensor is fitted with an EPD electrode.
• The default setting for the EPD function when the device is delivered is OFF. The 

function must be activated as required.
• When delivered, the measuring device is calibrated with water (500 �PS/cm). 

If the fluid differs from this conductivity, empty-pipe and full-pipe adjustment 
has to be performed on site.

• To activate the function (ON option), valid adjustment coefficients have to be 
available.

• The following error messages are displayed if the empty-pipe and full-pipe 
adjustment is incorrect:

• ADJUSTMENT FULL = EMPTY: the adjustment values for empty pipe and full 
pipe are identical.

• ADJUSTMENT NOT OK: adjustment is not possible as the fluid conductivity 
values are outside the permitted range.

• In cases of this nature you must repeat empty-pipe or full-pipe adjustment.
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EPD-MODE
(continued)

Notes on empty pipe detection (EPD)
• Flow cannot be measured correctly unless the measuring tube is completely full. 

This status can be monitored at all times by means of the EPD.
• An empty or partially filled pipe is a process error. A default factory setting 

defines that a notice message is issued and that this process error does not have 
any effect on the outputs.

• The EPD process error can be output via the configurable status output.

Response to partially filled pipe
If the EPD is switched on and responds to a partially filled or empty pipe, the notice 
message "EMPTY PIPE" appears on the display and zero flow is indicated. 
If the pipe is partially empty and the EPD is not switched on, the response can vary 
in identically configured systems:

• Flow reading fluctuates
• Zero flow
• Excessively high flow values

EPD ADJUSTMENT Use this function to activate adjustment for an empty or full measuring tube.

Options:
OFF
EPD EMPTY PIPE ADJ.
EPD FULL PIPE ADJUST

Factory setting:
OFF

! Note! 
An exact description of the procedure for an EPD empty-pipe/full-pipe adjustment 
is provided on �Æ �Ý 68.

Functional description PROCESS PARAMETER
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11.10 Group SYSTEM PARAMETER

Functional description SYSTEM PARAMETER

INSTALLATION 
DIRECTION SENSOR

Use this function to reverse the sign of the flow quantity, if necessary.

Options:
FORWARDS (flow as indicated by the arrow)
BACKWARDS (flow opposite to direction indicated by the arrow)

Factory setting:
FORWARDS

! Note! 
Ascertain the actual direction of fluid flow with reference to the direction indicated 
by the arrow on the sensor (nameplate).

MEASURING MODE Use this function to select the measuring mode for all outputs and for the internal 
totalizer.

Options:
STANDARD
SYMMETRY

Factory setting:
STANDARD

The responses of the individual outputs and the internal totalizer in each of the 
measuring modes are described in detail on the following pages:

Current output
STANDARD
Only the flow components for the selected flow direction are output, (positive or 
negative full scale value n  = flow direction). Flow components in the opposite 
direction are not taken into account (suppression).

Example for current output:

A0001248

SYMMETRY
The output signals of the current output are independent of the direction of flow 
(absolute amount of the measured variable). The "VALUE20mA" o  (e.g. backflow) 
corresponds to the mirrored VALUE20mA n  (e.g. flow). Positive and negative flow 
components are taken into account.

Example for current output:

A0001249

! Note! 
The direction of flow can be output via the configurable status output.

Q
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4
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I [mA]

m n

Q

20
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MEASURING MODE
(Contd)

Pulse output

STANDARD
Only flow components of the positive flow direction are output. 
Components in the opposite direction are not taken into account.

SYMMETRY
The absolute value of the positive and negative flow components is taken into 
account.

Status output

! Note! 
The information is only applicable if LIMIT VALUE was selected in the function 
ASSIGN STATUS OUTPUT.

STANDARD
The status output signal switches at the defined switch points.

SYMMETRY
The status output signal switches at the defined switch points, irrespective of the 
sign. In other words, if you define a switch point with a positive sign, the status 
output signal switches as soon as the value is reached in the negative direction 
(negative sign), (see illustration).

Example for the SYMMETRY measuring mode:
Switch-on point: Q = 4
Switch-off point: Q = 10
m = Status output switched on (conductive)
n  = Status output switched off (nonconductive)

A0001247

Totalizer
STANDARD
Only positive flow components are output. 
Negative components are not taken into account.

SYMMETRY
The positive and negative flow components are balanced. 
In other words, net flow in the flow direction is registered.

POSITIVE ZERO 
RETURN

Use this function to interrupt evaluation of measured variables. 
This is necessary when a piping system is being cleaned, for example.
This setting acts on all function and outputs of the measuring device.

Options:
OFF
ON �o  Signal output is set to the "ZERO FLOW" value.

Factory setting:
OFF

Functional description SYSTEM PARAMETER
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SYSTEM DAMPING Use this function to set the filter depth of the digital filter. 
This reduces the sensitivity of the measuring signal to interference peaks (e.g. high 
solids content, gas bubbles in the fluid, etc.). 
The system reaction time increases with the filter setting.

User input:
0 to 4

Factory setting:
3

! Note! 
• The system damping acts on all functions and outputs of the measuring device.
• The higher the value set, the stronger the damping (higher response time).

Functional description SYSTEM PARAMETER
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11.11 Group SENSOR DATA
All sensor data (calibration factors, zero point and nominal diameter etc.) are set at the 
factory. 

" Caution! 
Under normal circumstances you should not change the following parameter settings, 
because changes affect numerous functions of the entire measuring facility in general and 
the accuracy of the measuring system in particular. Therefore, the functions described below 
are provided with an additional prompt (with the code 10) once you enter your private code.

Functional description SENSOR DATA

CALIBRATION DATE Use this function to view the current calibration date and time for the sensor.

User input:
Calibration date and time.

Factory setting:
Calibration date and time of the current calibration.

! Note! 
The calibration date and time format is defined in the FORMAT DATE/TIME 
function, �Æ �Ý 110

Selectable formats:
DD.MM.YY 24H
MM/DD/YY 12H A/P
DD.MM.YY 12H A/P
MM/DD/YY 24H

K-FACTOR Use this function to display the current calibration factor (positive and negative 
flow direction) for the sensor. The calibration factor is determined and set at the 
factory.

User input:
5-digit fixed-point number: 0.5000  to 2.0000

Factory setting:
Depends on nominal diameter and calibration

! Note! 
This value is also provided on the sensor nameplate.

ZERO POINT This function shows the current zero-point correction value for the sensor. 
Zero-point correction is determined and set at the factory.

User input:
Max. 4-digit number: -1000 to +1000

Factory setting:
Depends on nominal diameter and calibration

! Note! 
This value is also provided on the sensor nameplate.

NOMINAL DIAMETER This function shows the nominal diameter for the sensor. The nominal diameter 
depends on the size of the sensor and is set at the factory.

Options:
2 to 2000 mm
1/12 to 78"

Factory setting:
Depends on the size of the sensor

! Note! 
This value is also provided on the sensor nameplate.
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MEASURING PERIOD Use this function to set the time for a full measuring period. The duration of the 
measuring period is calculated from the rise time of the magnetic field, the brief 
recovery time, the (automatically tracked) integration time and the empty pipe 
detection time. 

User input:
10 to 1000 ms

Factory setting:
Depends on nominal diameter

EPD ELECTRODE Indicates whether the sensor is equipped with an EPD electrode.

Display:
YES
NO

Factory setting:
YES �o  Electrode fitted as standard

Functional description SENSOR DATA
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11.12 Group SUPERVISION

Functional description SUPERVISION

FAILSAFE MODE The dictates of safety render it advisable to ensure that the device signal processing 
assumes a predefined state in the event of a fault. The setting you select here is 
valid for:

• Current output
• Pulse output
• Totalizer

! Note! 
This has no effect on the display.

Options:
MINIMUM VALUE
MAXIMUM VALUE
ACTUAL VALUE

Factory setting:
MINIMUM VALUE
The response of the individual outputs and the totalizer is listed below.

Current output:
MINIMUM VALUE
The current output adopts the value of the lower signal on alarm level (as defined 
in the CURRENT RANGE function �Æ �Ý 114).

MAXIMUM VALUE
The current output is set to the upper value of the signal on alarm level. (The values 
in question can be found in the CURRENT RANGE function on �Æ �Ý 114).

ACTUAL VALUE
Measured value output is based on the current flow measurement. The 
fault is ignored.

Pulse output:
MINIMUM or MAXIMUM VALUE
Output is zero pulse

ACTUAL VALUE
Measured value output is based on the current flow measurement (fault is ignored).

Totalizer:
MINIMUM or MAXIMUM VALUE
The totalizer is paused until the fault is rectified.

ACTUAL VALUE
The totalizer continues to count on the basis of the current flow value. The fault is 
ignored.

�(����������



Appendix Promag 10

130 Endress+Hauser

ALARM DELAY Use this function to define a time span in which the criteria for an error have to be 
satisfied without interruption before an error or notice message is generated.

Depending on the setting and the type of error, this suppression acts on:
• Display
• Current output
• Pulse/status output

User input:
0 to 100 s (in increments of one second)

Factory setting:
0 s

" Caution! 
If this function is activated error and notice messages are delayed by the time 
corresponding to the setting before being forwarded to the higher-order controller 
(process controller, etc.). 
It is therefore imperative to check in advance in order to make sure whether a delay 
of this nature could affect the safety requirements of the process.
If error and notice messages cannot be suppressed, a value of 0 seconds must be 
entered here.

SYSTEM RESET Use this function to perform a reset of the measuring system.

Options:
NO

RESTART SYSTEM
(Restart without disconnecting main power)

RESET DELIVERY
(Restart without disconnecting main power, the saved settings of the delivery status 
(factory settings) are applied).

Factory setting:
NO

SELF CHECKING Use this function to switch on and off the self-checking function of the electrode 
amplifier.
When the function is switched on, the electrode signal circuit is checked against a 
reference voltage at 60-second intervals. If there is an impermissible deviation from 
the value, system error message #101 is output and displayed on the local display.

Options:
ON
OFF

Factory setting:
OFF

Functional description SUPERVISION
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11.13 Group SIMULATION SYSTEM

11.14 Group SENSOR VERSION

11.15 Group AMPLIFIER VERSION

Functional description SIMULATION SYSTEM

SIMULATION 
FAILSAFE MODE

Use this function to set all outputs and the totalizer to their defined failsafe modes, 
in order to check whether they respond correctly. 
During this time, the words "SIMULATION FAILSAFE MODE" appear on the display.

Options:
ON
OFF

Factory setting:
OFF

SIMULATION 
MEASURAND

Use this function to set all outputs and the totalizer to their defined flow-response 
modes, in order to check whether they respond correctly. 
During this time, the words "SIMULATION MEASURAND" appear on the display.

Options:
OFF
VOLUME FLOW

Factory setting:
OFF

! Note! 
• The measuring device cannot be used for measuring while this simulation is in 

progress.
• The setting is not saved if the power supply fails.

VALUE SIMULATION 
MEASURAND

! Note! 
This function is not available unless the SIMULATION MEASURAND function is 
active (= VOLUME FLOW).

In this function, a freely selectable value (e.g. 12 m3/s) is specified.
This value is used to test downstream devices and the flowmeter itself.

User input:
5-digit floating-point number [unit], with sign

Factory setting:
0 [unit]

" Caution! 
The setting is not saved if the power supply fails.

! Note! 
The appropriate unit is taken from the SYSTEM UNITS group.

Functional description SENSOR VERSION

SERIAL NUMBER Use this function to view the serial number of the sensor.

SENSOR TYPE Use this function to view the sensor type.

Functional description AMPLIFIER VERSION

SOFTWARE REVISION 
NUMBER 

Use this function to view the software revision number of the electronics board.
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11.16 Factory settings

11.16.1 SI units (not for USA and Canada)

Low flow cut off, full scale value, pulse value, totalizer

Nominal diameter Low flow cut off Full scale value 
current output

Pulse value Totalizer

[mm] [inch] (approx. v = 0.04 m/s) (approx. v = 2.5 m/s) (approx. 2 pulses/s 
at v = 2.5 m/s)

2 1/12" 0.01 dm³/min 0.5 dm³/min 0.005 dm³ dm³

4 1/8" 0.05 dm³/min 2 dm³/min 0.025 dm³ dm³

8 3/8" 0.1 dm³/min 8 dm³/min 0.10 dm³ dm³

15 ½" 0.5 dm³/min 25 dm³/min 0.20 dm³ dm³

25 1" 1 dm³/min 75 dm³/min 0.50 dm³ dm³

32 1 ¼" 2 dm³/min 125 dm³/min 1.00 dm³ dm³

40 1 ½" 3 dm³/min 200 dm³/min 1.50 dm³ dm³

50 2" 5 dm³/min 300 dm³/min 2.50 dm³ dm³

65 2 ½" 8 dm³/min 500 dm³/min 5.00 dm³ dm³

80 3" 12 dm³/min 750 dm³/min 5.00 dm³ dm³

100 4" 20 dm³/min 1200 dm³/min 10.00 dm³ dm³

125 5" 30 dm³/min 1850 dm³/min 15.00 dm³ dm³

150 6" 2.5 m³/h 150 m³/h 0.025 m³ m³

200 8" 5.0 m³/h 300 m³/h 0.05 m³ m³

250 10" 7.5 m³/h 500 m³/h 0.05 m³ m³

300 12" 10 m³/h 750 m³/h 0.10 m³ m³

350 14" 15 m³/h 1000 m³/h 0.10 m³ m³

375 15" 20 m3/h 1200 m3/h 0.15 m3 m3

400 16" 20 m³/h 1200 m³/h 0.15 m³ m³

450 18" 25 m³/h 1500 m³/h 0.25 m³ m³

500 20" 30 m³/h 2000 m³/h 0.25 m³ m³

600 24" 40 m³/h 2500 m³/h 0.30 m³ m³

700 28" 50 m³/h 3500 m³/h 0.50 m³ m³

– 30" 60 m³/h 4000 m³/h 0.50 m³ m³

800 32" 75 m³/h 4500 m³/h 0.75 m³ m³

900 36" 100 m³/h 6000 m³/h 0.75 m³ m³

1000 40" 125 m³/h 7000 m³/h 1.00 m³ m³

– 42" 125 m³/h 8000 m³/h 1.00 m³ m³

1200 48" 150 m³/h 10000 m³/h 1.50 m³ m³

– 54" 200 m³/h 13000 m³/h 1.50 m³ m³

1400 – 225 m³/h 14000 m³/h 2.00 m³ m³

– 60" 250 m³/h 16000 m³/h 2.00 m³ m³

1600 – 300 m³/h 18000 m³/h 2.50 m³ m³

– 66" 325 m³/h 20500 m³/h 2.50 m³ m³

1800 72" 350 m³/h 23000 m³/h 3.00 m³ m³

– 78" 450 m³/h 28500 m³/h 3.50 m³ m³

2000 – 450 m³/h 28500 m³/h 3.50 m³ m³
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Language

Country Language

Austria Deutsch

Belgium English

Denmark English

England English

Finland English

France Francais

Germany Deutsch

Holland English

Hong Kong English

International Instruments English

Italy Italiano

Japan English

Malaysia English

Norway English

Singapore English

South Africa English

Spain Espanol

Sweden English

Switzerland Deutsch

Thailand English

�(����������



Appendix Promag 10

134 Endress+Hauser

11.16.2 US units (only for USA and Canada)

Low flow cut off, full scale value, pulse value, totalizer

Language

Nominal diameter Low flow cut off Full scale value 
current output

Pulse value Totalizer

[inch] [mm] (approx. v = 0.04 m/s) (approx. v = 2.5 m/s) (approx. 2 pulses/s 
at v = 2.5 m/s)

1/12" 2 0.002 gal/min 0.1 gal/min 0.001 gal gal

1/8" 4 0.008 gal/min 0.5 gal/min 0.005 gal gal

3/8" 8 0.025 gal/min 2 gal/min 0.02 gal gal

½" 15 0.10 gal/min 6 gal/min 0.05 gal gal

1" 25 0.25 gal/min 18 gal/min 0.20 gal gal

1 ¼" 32 0.50 gal/min 30 gal/min 0.20 gal gal

1 ½" 40 0.75 gal/min 50 gal/min 0.50 gal gal

2" 50 1.25 gal/min 75 gal/min 0.50 gal gal

2 ½" 65 2.0 gal/min 130 gal/min 1 gal gal

3" 80 2.5 gal/min 200 gal/min 2 gal gal

4" 100 4.0 gal/min 300 gal/min 2 gal gal

5" 125 7.0 gal/min 450 gal/min 5 gal gal

6" 150 12 gal/min 600 gal/min 5 gal gal

8" 200 15 gal/min 1200 gal/min 10 gal gal

10" 250 30 gal/min 1500 gal/min 15 gal gal

12" 300 45 gal/min 2400 gal/min 25 gal gal

14" 350 60 gal/min 3600 gal/min 30 gal gal

15" 375 60 gal/min 4800 gal/min 50 gal gal

16" 400 60 gal/min 4800 gal/min 50 gal gal

18" 450 90 gal/min 6000 gal/min 50 gal gal

20" 500 120 gal/min 7500 gal/min 75 gal gal

24" 600 180 gal/min 10500 gal/min 100 gal gal

28" 700 210 gal/min 13500 gal/min 125 gal gal

30" – 270 gal/min 16500 gal/min 150 gal gal

32" 800 300 gal/min 19500 gal/min 200 gal gal

36" 900 360 gal/min 24000 gal/min 225 gal gal

40" 1000 480 gal/min 30000 gal/min 250 gal gal

42" – 600 gal/min 33000 gal/min 250 gal gal

48" 1200 600 gal/min 42000 gal/min 400 gal gal

54" – 1.3 Mgal/d 75 Mgal/d 0.0005 Mgal Mgal

– 1400 1.3 Mgal/d 85 Mgal/d 0.0005 Mgal Mgal

60" – 1.3 Mgal/d 95 Mgal/d 0.0005 Mgal Mgal

– 1600 1.7 Mgal/d 110 Mgal/d 0.0008 Mgal Mgal

66" – 2.2 Mgal/d 120 Mgal/d 0.0008 Mgal Mgal

72" 1800 2.6 Mgal/d 140 Mgal/d 0.0008 Mgal Mgal

78" – 3.0 Mgal/d 175 Mgal/d 0.001 Mgal Mgal

– 2000 3.0 Mgal/d 175 Mgal/d 0.001 Mgal Mgal

Country Language

USA English

Canada English
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U
UNIT VOLUME  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109
UNIT VOLUME FLOW  . . . . . . . . . . . . . . . . . . . . . . . . . .  109

V
VALUE 20 mA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115
VALUE SIMULATION MEASURAND . . . . . . . . . . . . . .  131
Vibration resistance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Vibrations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

W
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93, 99
Wiring. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
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The information provided in this documentation contains general descriptions and/or technical character-
istics of the performance of the products contained herein. This documentation is not intended as a 
substitute for and is not to be used for determining suitability or reliability of these products for specific user 
applications. It is the duty of any such user or integrator to perform the appropriate and complete risk 
analysis, evaluation and testing of the products with respect to the relevant specific application or use 
thereof. Neither Schneider Electric nor any of its affiliates or subsidiaries shall be responsible or liable for 
misuse of the information contained herein. If you have any suggestions for improvements or amendments 
or have found errors in this publication, please notify us. 

No part of this document may be reproduced in any form or by any means, electronic or mechanical, 
including photocopying, without express written permission of Schneider Electric.

All pertinent state, regional, and local safety regulations must be observed when installing and using this 
product. For reasons of safety and to help ensure compliance with documented system data, only the 
manufacturer should perform repairs to components.

When devices are used for applications with technical safety requirements, the relevant instructions must 
be followed. 

Failure to use Schneider Electric software or approved software with our hardware products may result in 
injury, harm, or improper operating results.

Failure to observe this information can result in injury or equipment damage.

© 2014 Schneider Electric. All rights reserved.
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Safety Information

Important Information

NOTICE

Read these instructions carefully, and look at the equipment to become familiar with the device before 
trying to install, operate, or maintain it. The following special messages may appear throughout this 
documentation or on the equipment to warn of potential hazards or to call attention to information that 
clarifies or simplifies a procedure.

PLEASE NOTE

Electrical equipment should be installed, operated, serviced, and maintained only by qualified personnel. 
No responsibility is assumed by Schneider Electric for any consequences arising out of the use of this 
material.

A qualified person is one who has skills and knowledge related to the construction and operation of 
electrical equipment and its installation, and has received safety training to recognize and avoid the 
hazards involved.
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About the Book

At a Glance

Document Scope

This manual describes how to use the HMIGTO panels.

Validity Note

This documentation is valid for Vijeo Designer 6.2 or higher.

The technical characteristics of the devices described in this document also appear online. To access this 
information online:

The characteristics that are presented in this manual should be the same as those characteristics that 
appear online. In line with our policy of constant improvement, we may revise content over time to improve 
clarity and accuracy. If you see a difference between the manual and online information, use the online 
information as your reference.

Product Related Information

Step Action

1 Go to the Schneider Electric home page www.schneider-electric.com.

2 In the Search  box type the reference of a product or the name of a product range.
�z Do not include blank spaces in the model number/product range.
�z To get information on grouping similar modules, use asterisks (*).

3 If you entered a reference, go to the Product Datasheets  search results and click on the reference that 
interests you.
If you entered the name of a product range, go to the Product Ranges  search results and click on the 
product range that interests you.

4 If more than one reference appears in the Products  search results, click on the reference that interests 
you.

5 Depending on the size of your screen, you may need to scroll down to see the data sheet.

6 To save or print a data sheet as a .pdf file, click Download XXX product datasheet .

WARNING
UNINTENDED EQUIPMENT OPERATION

The application of this product requires expertise in the design and programming of control systems. Only 
persons with such expertise should be allowed to program, install, alter, and apply this product.

Follow all local and national safety standards.

Failure to follow these instruction s can result in death, seriou s injury, or equipment damage.

�(����������
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Overview

Chapter 1
Overview

Overview

This chapter describes the panels and general topics such as package contents and standards.

What Is in This Chapter?

This chapter contains the following topics:

Topic Page

HMIGTO Package Contents 10

Certifications and Standards 11

GTO Series of Panels 13

�(����������
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HMIGTO Package Contents

Overview

Verify all items listed here are present in your package:

1 HMIGTO: 1
2 Installation gasket: 1 (attached to the panel)
3 Installation fasteners: 4 per set
4 Brackets: 4
5 M4 Hex Nuts: 8
6 DC power connector: 1*1

7 USB cable clamp Type A: 1 set (1 clip and 1 tie)
8 USB cable clamp mini-B: 1 (1 USB holder)
9 HMIGTO Quick Reference Guide: 1

This product has been carefully packed with special attention to quality. However, should you find anything 
damaged or missing, please contact your local distributor.

*1 You can use the DC power connector for HMIGTO1300/1310/2300/2310/2315/3510/4310 to supply 
power to HMIGTO5310/5315/6310/6315. However the reverse is not possible. You cannot use the power 
connector for HMIGTO5310/5315/6310/6315 on HMIGTO1300/1310/2300/2310/2315/3510/4310.

Revision

You can identify the product version (PV), revision level (RL) and the software version (SV) from the unit 
product label.

�(����������
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Certifications and Standards

Introduction

Schneider Electric submitted this product for independent testing and qualification by third-party listing 
agencies. These agencies have certified this product as meeting the following standards.

Agency Certifications

The HMIGTO is manufactured in accordance with:

�z Standard UL 508 and CSA C22.2 no142 for Industrial Control Equipment

�z Standard ANSI/ISA - 12.12.01 and CSA C22.2 no213 for Electrical Equipment for Use in Class I, 
Division 2 Hazardous Locations
NOTE: 

�z For use in Pollution Degree 2 environments.
�z For use on a flat surface of a Type 1, Type 4X (Indoor Use Only) or Type 13 Enclosure.
�z 24 Vdc input panel must be used with a Class 2 power supply.
�z Suitable for use in Class I, Division 2 Groups A, B, C, and D Hazardous Locations.

 

�z GOST certification.
Please refer to product markings.

�z ATEX certification by Technical Inspection Association.
Please refer to product label.

�z Merchant Navy rules. (Except Magelis GTOxxx5.)
Products are designed to comply with Merchant Navy rules.
Please refer to the Schneider Electric Web site for Merchant Navy rules installation guidelines.

�z Standard EN1672-2 (Magelis GTOxxx5).
�z FDA regulation 21 CFR 177 (Magelis GTOxxx5).

Refer to the Schneider Electric web site for installation guidelines.

For detailed information, contact your local distributor or see the catalog & marking on the product.

Hazardous Substances

The HMIGTO is a device for use in factory systems. When using the HMIGTO in a system, the system 
should comply with the following standards in regards to the installation environment and handling:
�z WEEE, Directive 2002/96/EC
�z RoHS, Directive 2011/65/EU
�z RoHS China, Standard SJ/T 11363-2006

CE Markings

This product conforms to the necessary requirements of the following Directives for applying the CE label:
�z 2006/95/EC Low Voltage Directive
�z 2004/108/EC EMC Directive

This conformity is based on compliance with EN61000-6-4, EN61000-6-2 

DANGER
POTENTIAL FOR EXPLOSION

�z Verify that the power, input and output (I/O) wiring are in accordance with Class I, Division 2 wiring 
methods.

�z Substitution of any component may impair suitability for Class I, Division 2.
�z Do not connect or disconnect equipment unless power has been switched off or the area is known to 

be non-hazardous.
�z Securely lock externally connected units and each interface before turning on the power supply.
�z Do not use, connect, or disconnect USB cable unless area is known to be non-hazardous.
�z Do not disconnect while circuit is live or unless the area is known to be free of ignitable concentrations.
�z Potential electrostatic charging hazard. Wipe the front panel of the terminal with a damp cloth before 

turning ON.

Failure to follow these in structions will result in death or serious injury.

�(����������
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KC Markings
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GTO Series of Panels

Critical systems, alarms and handling Requirements

Critical alarm indicators and system functions require independent and redundant protection hardware 
and/or mechanical interlocks.

When you cycle power, wait at least 10 seconds before restoring the power to the panel after it has been 
turned off. Switching the power OFF and ON quickly can damage the panel.

In the event the screen cannot be properly read, for example, if the backlight is not functioning, it may be 
difficult or impossible to identify a function. Functions that may present a hazard if not immediately 
executed, such as a fuel shut-off, must be provided independently of the panel. The machine’s control 
system design must take into account the possibility of the backlight no longer functioning and the operator 
being unable to control the machine or making mistakes in the control of the machine.

For additional information, refer to NEMA ICS 1.1 (latest edition), "Safety Guidelines for the Application, 
Installation, and Maintenance of Solid State Control" and to NEMA ICS 7.1 (latest edition), "Safety 
Standards for Construction and Guide for Selection, Installation and Operation of Adjustable-Speed Drive 
Systems" or their equivalent governing your particular location.

WARNING
LOSS OF CONTROL

�z The designer of any control scheme must consider the potential failure modes of control paths and, 
for certain critical control functions, provide a means to achieve a safe state during and after a path 
failure. Examples of critical control functions are emergency stop and overtravel stop, power outage 
and restart.

�z Separate or redundant control paths must be provided for critical control functions.
�z System control paths may include communication links. Consideration must be given to the 

implications of unanticipated transmission delays or failures of the link.
�z Observe all accident prevention regulations and local safety guidelines.
�z Each implementation of this equipment must be individually and thoroughly tested for proper operation 

before being placed into service.
�z The machine control system design must take into account the possibility of the backlight no longer 

functioning and the operator being unable to control the machine, or making errors in the control of the 
machine.

Failure to follow these instruction s can result in death, seriou s injury, or equipment damage.

WARNING
UNINTENDED EQUIPMENT OPERATION

�z Do not use this equipment as the only means of control for critical system functions such as motor 
start/stop or power control.

�z Do not use this equipment as the only notification device for critical alarms, such as device overheating 
or overcurrent.

Failure to follow these instruction s can result in death, seriou s injury, or equipment damage.
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Handling the LCD panel

The following characteristics are specific to the LCD panel and are considered normal behavior:

�z LCD screen may show unevenness in the brightness of certain images or may appear different when 
seen from outside the specified viewing angle. Extended shadows, or crosstalk may also appear on the 
sides of screen images.

�z LCD screen pixels may contain black and white colored spots and color display may seem to have 
changed.

�z When the same image is displayed on the screen for a long period, an afterimage may appear when the 
image is changed.

NOTE: Change the screen image periodically and try not to display the same image for a long period of 
time.

If the panel is damaged and any liquid comes in contact with your skin, immediately rinse the area with 
running water for at least 15 minutes. If the liquid gets in your eyes, immediately rinse your eyes with 
running water for at least 15 minutes and consult a doctor.

CAUTION
SERIOUS EYE AND SKIN INJURY

The liquid in the LCD panel contains an irritant:
�z Avoid direct skin contact with the liquid.
�z Wear gloves when you handle a broken or leaking unit.
�z Do not use sharp objects or tools in the vicinity of the LCD touch panel.
�z Handle the LCD panel carefully to prevent puncture, bursting, or cracking of the panel material.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Device Connectivity

Chapter 2
Device Connectivity

Introduction

This chapter presents the equipment you can connect to the panel.

What Is in This Chapter?

This chapter contains the following topics:

Topic Page

System Design 16

Accessories 21
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System Design

Introduction

The following diagrams represent equipment you can connect to the panel.

RUN Mode Peripherals - RS-232C

COM1 COM2

HMIGTO1300 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO1310 RS-232C / RS-485  (see page 18) –

HMIGTO2300 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO2310 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO2315 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO3510 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO4310 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO5310 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO5315 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO6310 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO6315 RS-232C  (see page 16) RS-485  (see page 19)

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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*1 When connecting the XBTZGI232, the COM port’s pin 9 setting should be VCC. You can define COM 
port settings in Vijeo Designer or in the HMIGTO’s offline menu.

*2 The RS-232C Isolation Unit works with only RS-422/485 (4 wire) communication.

*3 Cable-Gateway for Siemens Profibus / MPI (XBT ZG9292) is not supported by HMIGTO1310.
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RUN Mode Peripherals - RS-232C / RS-485

*1 Use the RS-485 Isolation Unit’s USB port to supply power to itself. There is no need to set up a separate 
power supply.

*2 In 1:n, n:1, or n:m communication, you can use the online adapter as a terminal. (Use 1 unit in either 
communication setup.)

*3 The connector has a switch to control the terminal. Turn on the switch to enable communication.
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RUN Mode Peripherals - RS-485

*1 Use the RS-485 Isolation Unit’s USB port to supply power to itself. There is no need to set up a separate 
power supply.

*2 In 1:n, n:1, or n:m communication, you can use the online adapter as a terminal. (Use 1 unit in either 
communication setup.)

*3 The connector has a switch to control the terminal. Turn on the switch to enable communication.

RUN Mode Peripherals - Ethernet Communication
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RUN Mode Peripherals - USB Type A / mini-B Interface

Edit Mode Peripherals
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Accessories

Serial Interface Items

Product Name Product Number Description

RS-232C Cable XBT ZG9731 Connects a host controller to the panel. (RS-232C)

RS-422 Cable XBT ZG9722 Connects a host controller to the panel. (RS-422)

Mitsubishi PLC Q-Series Link 
Cable

XBT ZG9772 Connects Mitsubishi PLC Q-Series (or other host controller) to 
the panel. (RS-232C)

Omron PLC SYSMAC Link 
Cable

XBT ZG9740
XBT Z9743
XBT Z9740

Connects Omron PLC SYSMAC Series unit (or other host 
controller) to the panel. (RS-232C)

Mitsubishi PLC A-Series 
Connection Cable

XBT ZG9773 Connects Mitsubishi PLC A or QnA Series programming 
console I/F to panel. (Simultaneous use of programming 
consoles is not possible.)

Mitsubishi PLC Q-Series 
Connection Cable

XBT ZG9774 Connects Mitsubishi PLC Q-Series programming console I/F to 
panel. (Simultaneous use of programming consoles is not 
possible.)

Mitsubishi PLC FX-Series 
Connection Cable

XBT ZG9775
XBT Z980

Connects Mitsubishi PLC FX-Series programming console I/F 
and panel. (Simultaneous use of programming consoles is not 
possible.)

Premium, Micro, Twido Cable TSXPCX1031 Connects Premium, Micro, or Twido to the panel.

Modicon, Quantum Cable 990NAA26320
XBT Z9710

Connects Modicon or Quantum to the panel.

2 Port Adapter Cable XBT ZG9778 Connects Mitsubishi PLC directly to the panel (D-sub 9 pin 
plug) using 2 port adapter II (RS-422).

Mitsubishi PLC A, QnA, FX 
Series 2 Port Adapter II

XBT ZG979 Enables simultaneous use of a panel and a Mitsubishi PLC A, 
QnA, or FX Series peripheral device.

Advantys STB Cable STBXCA4002
XBT Z9715
XBT Z988

Connects Advantys STB to panel.

Terminal Block Conversion 
Adapter

XBT ZG949 Connects output from a panel’s Serial Interface (D-sub 9 pin 
plug) directly with an RS-422 terminal block.

COM Port Conversion Adapter XBT ZGCOM1 Connects optional RS-422 communication items to panel’s 
COM1 port.

DF1-full Duplex D-Sub Cable XBT Z9730
XBT Z9733
XBT Z9734

Connects DF1-full Duplex to HMIGTO.

DF1-full Duplex mini-DIN Cable XBT Z9731
XBT Z9720

Connects DF1-full Duplex to HMIGTO.

Modicon, Momentum M1 Cable XBT Z9711 Connects Modicon, Momentum M1 to HMIGTO.

PLC Twido Connection Cable XBT Z9780 / XBT 
Z9782

Connects PLC Twido to HMIGTO.

Derivation Box Connection 
Cable

VW3A8306 Connects Derivation Box to HMIGTO.

Derivation Connection Cable VW3A8306TF10 Connects Derivation to HMIGTO.

Modicon M340 Connection 
Cable

XBT Z9980 / XBT 
Z9982

Connects Modicon M340 to HMIGTO.

Siemens PLC Connection Cable XBT ZG9721 Connects Siemens PLC to HMIGTO.

RS-232C Isolation Unit XBT ZGI232 Connects a host controller to HMIGTO with isolation. (RS-232C 
and RS-422 are switchable.)

RS-485 Isolation Unit XBT ZGI485 Connects a host controller to HMIGTO with isolation.

Cable-gateway for Siemens 
Profibus / MPI

XBT ZG9292 Connects Siemens Profibus / MPI units to HMIGTO.

RJ45 to D-Sub 25 pin 
Conversion Cable

XBT ZG939 Connects a RJ45 cable to HMIGTO (D-sub 9 pin plug).

9-pin to 25-pin RS-232C 
Conversion Cable

XBT ZG919 Connects a standard RS-232C cable (D-Sub 25-pin socket) to 
HMIGTO (D-sub 9 pin plug).

Online Adapter XBT ZGCOM2 Terminal adapter for RS-485 communication.
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USB Interface Items

 

Software

SD Card Items

Option Items

Product Name Product Number Description

USB Transfer Cable XBT ZG935 Downloads project data created with the software 
via the panel’s USB I/F.

USB Front Cable XBT ZGUSB Extension cable attaching USB interface to front 
panel.

USB-Serial (RS-232C) Conversion 
Cable

HMIZURS Cable for converting a panel’s USB interface into a 
serial interface (RS-232C).

Allows connection to modems*1 or bar code 

readers*1 that support RS-232C.

USB Transfer Cable (USB Type A/mini-
B)

BMXXCAUSBH018
BMXXCAUSBH045

Cable for transferring screen data from a PC (USB 
Type A) to the panel (USB mini-B).

Remote USB port location for mini-USB HMIZSUSBB
XBT ZGUSBB

Extension cable that attaches to the USB (mini-B) 
interface on the front side of the operation panel.

Illuminated USB Switch HMIZRA1 A unit of 5 illuminated switches with multiple color 
LED easily connected with HMIGTO via USB.

Biometric USB Switch for HMI XB5S5B2L2 Fingerprint recognition unit easily connected with 
HMIGTO via USB.

Product name Description

Vijeo Designer (Version 6.1 or later) Software you install on your computer to create project data for your HMIGTO.

Product Name Product Number Description

SD Memory Card (4 GB) HMIZSD4G SD Memory Card (4 GB, CLASS4)

Product Name Product Number Corresponding panel Description

12.1-inch Screen Protection 
Sheet

XBT ZG66 HMIGTO6310/6315 Disposable, dirt-resistant sheet for 
the HMIGTO screen (5 sheets/set)

10.4-inch Screen Protection 
Sheet

XBT ZG65 HMIGTO5310/5315

7.5-inch Screen Protection Sheet XBT ZG64 HMIGTO4310

7.0-inch Wide Screen Protection 
Sheet

XBT ZG63 HMIGTO3510

5.7-inch Screen Protection Sheet XBT ZG62 HMIGTO2300/2310/2315

3.5-inch Screen Protection Sheet XBT ZG60 HMIGTO1300/1310

12.1-inch Environment Cover XBT ZECOV6 HMIGTO6310 Disposable, environment cover for 
the HMIGTO screen (1 sheet/set)10.4-inch Environment Cover XBT ZECOV5 HMIGTO5310

7.0/7.5-inch Environment Cover XBT ZECOV4 HMIGTO3510/4310

5.7-inch Environment Cover XBT ZECOV2 HMIGTO2300/2310

3.5-inch Environment Cover XBT ZECOV1 HMIGTO1300/1310
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Maintenance Options

Product Name Product Number Corresponding panel Description

Installation Fastener HMI ZGFIX HMIGTO except 
HMIGTO2315/5315/6315

Used to install the HMIGTO into a solid 
panel (4 pieces/set)

Installation System HMI ZGFIX2 HMIGTO2315/5315/6315 Used to install the HMIGTO into a solid 
panel.
Brackets (4 pieces/set)
M4 Hex nuts (8 pieces/set)

12.1-inch Installation 
Gasket

HMI ZG56 HMIGTO6310 Provides dust and moisture resistance 
when HMIGTO is installed into a solid 
panel (1 piece)

HMI ZG562 HMIGTO6315

10.4-inch Installation 
Gasket

HMI ZG55 HMIGTO5310

HMI ZG552 HMIGTO5315

7.0-inch Wide & 7.5-inch 
Installation Gasket

HMI ZG54 HMIGTO3510/4310

5.7-inch Installation 
Gasket

HMI ZG52 HMIGTO2300/2310

HMI ZG522 HMIGTO2315

3.5-inch Installation 
Gasket

HMI ZG51 HMIGTO1300/1310

USB Clamp TypeA (1 port) HMI ZGCLP1 Magelis GTO Clamp to prevent disconnection of USB 
cable (USB/A, 1 port, 5 clamps/set)

USB Clamp mini-B (1 port) HMI ZGCLP3 Magelis GTO Clamp to prevent disconnection of USB 
cable (USB/mini-B, 1 port, 5 clamps/set)

DC Power Supply 
Connector

HMI ZGPWS HMIGTO3510/4310
HMIGTO2300/2310/2315
HMIGTO1300/1310

Connector to connect DC power supply 
cables (5 pcs/set)

DC Power Supply 
Connector (Right-angle)

HMI ZGPWS2 HMIGTO6310/6315
HMIGTO5310/5315

Right-angle connector to connect DC 
power supply cables (5 pcs/set)

Battery for Memory 
Backup

HMI ZGBAT HMIGTO (except 
HMIGTO1300/1310/2300)

Primary battery for memory and time 
data backup

Panel Cutout Adapter XBT ZGGCO4 HMIGTO5310 Panel cutout adapter for mounting 
HMIGTO5310 in cutout for XBT 
GT5230.

Insert Label HMI ZLYGO3 HMIGTO3510 Label insert for HMIGTO 7-inch Wide 
models.

HMI ZLYGO1 HMIGTO1300/1310 Label insert for HMIGTO 3.5-inch 
models
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Parts Identification and Functions

Chapter 3
Parts Identification and Functions

Parts Identification and Functions

HMIGTO1300/1310 Parts Identification

Side HMIGTO1300/1310

Front

Rear

Bottom

Part Name Description

A Status LED *1

B Function Switches Six switches (F1 to F6). You can define operations for these switches using 
Vijeo Designer.

C USB (mini-B) Interface Conforms to USB2.0 (mini-B) x 1. Communication Distance: 5 m (16.4 ft) or 
less.

D USB (Type A) Interface Conforms to USB2.0 (Type A) x 1. Power supply voltage: 5Vdc+/-5%. Output 
Current: 500 mA or less. Maximum communication distance: 5 m (16.4 ft).

E Serial Interface (COM1) HMIGTO1300: RS-232C Serial Interface. Connector: D-Sub 9 pin (plug) x 1.
HMIGTO1310: RS-232C/485 Serial Interface. (You can switch the 
communication method via software.) Connector: Modular jack (RJ-45).
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*1 Status LED operations are as shown below:

*2 Ethernet LED operations are as shown below.

HMIGTO2300/2310/2315 Parts Identification

F Ethernet Interface*2 Ethernet transmission interface (10BASE-T/100BASE-TX)
Connector: Modular jack (RJ-45) x 1. Ethernet Interface is not attached to 
HMIGTO1300.

G Power Plug Connector -

H Serial Interface (COM2) HMIGTO1300: RS-485 Serial Interface. Connector: Modular jack (RJ-45) x 1.

Color Indicator Description

Green ON Offline

In operation

Orange Flashing Software starting up.

Red ON Power is turned ON.

- OFF Power is turned OFF.

Color Indicator Description

Green (Active) Flashing Data transmission is occurring.

OFF No data transmission.

Green (Link) ON Data transmission is available in 10BASE-T/100BASE-TX.

OFF No connection or subsequent transmission failure.

Part Name Description

Side HMIGTO2300/HMIGTO2310 HMIGTO2315

Front

Right
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Rear

Bottom

Part Name Description

A Status LED *1

B Stainless Steel Bezel HMIGTO2315 only.

C USB (Type A) Interface Conforms to USB2.0 (Type A) x 1.
Power supply voltage: 5Vdc+/-5%.
Output Current: 500 mA or less.
Maximum communication distance: 5 m (16.4 ft).

D Serial Interface (COM1) RS-232C Serial Interface. Connector: D-Sub 9 pin (plug) x 1.

E Serial Interface (COM2)*2 RS-485 Serial Interface. Connector: Modular jack (RJ-45).

F Power Plug Connector -

G SD Card Access LED *3 This lamp lights up when SD Card is inserted.
For more information, refer to SD Card Insertion/Removal (see page 131).

NOTE: SD Card Access LED is not available on HMIGTO2300.

H SD Card Interface 
Cover/Replacement 
Battery Insertion Cover

For information on how to open the cover, and insert or remove the SD Card, 
refer to SD Card Insertion / Removal (see page 131).
For information on how to open the cover and replace the battery, refer to 
Replacing the Primary Battery (see page 146).

NOTE: This cover is not on HMIGTO2300.

I USB (mini-B) Interface Conforms to USB2.0 (mini-B) x 1.
Communication Distance: 5 m (16.4 ft) or less.

J Ethernet Interface *4 Ethernet transmission interface (10BASE-T/100BASE-TX)
Connector: Modular jack (RJ-45) x 1.

NOTE: Ethernet Interface is not available on HMIGTO2300.

Side HMIGTO2300/HMIGTO2310 HMIGTO2315
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*1 Status LED operations are as shown below:

*2 COM2 LED operations are as shown below.

*3 SD Card Access LED operations are as shown below.

*4 Ethernet LED operations are as shown below.

Color Indicator Description

Green ON Offline

In operation

Orange Flashing Software starting up.

Red ON Power is turned ON.

- OFF Power is turned OFF.

Color Indicator Description

Yellow ON Communication (sending or receiving data) is occurring.

OFF No communication.

Color Indicator Description

Green (Active) ON The SD Card is inserted.

OFF The SD Card is not inserted or is not being accessed.

Color Indicator Description

Green (Active) Flashing Data transmission is occurring.

OFF No data transmission.

Green (Link) ON Data transmission is available in 10BASE-T/100BASE-TX.

OFF No connection or subsequent transmission failure.
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HMIGTO3510/4310 Parts Identification

Side HMIGTO3510/4310

Front

Right

Rear

Bottom
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*1 Status LED operations are as shown below:

*2 COM2 LED operations are as shown below.

*3 SD Card Access LED operations are as shown below.

*4 Ethernet LED operations are as shown below.

Part Name Description

A Status LED *1

B Function Switches HMIGTO3510 only. Eight switches (F1 to F8). You can define operations for 
these switches using Vijeo Designer.

C USB (Type A) Interface Conforms to USB2.0 (Type A) x 1. Power supply voltage: 5 Vdc+/-5%. Output 
Current: 500 mA or less. Maximum communication distance: 5 m (16.4 ft).

D Serial Interface (COM1) RS-232C Serial Interface. Connector: D-Sub 9 pin (plug) x 1.

E Serial Interface (COM2)*2 RS-485 Serial Interface. Connector: Modular jack (RJ-45) x 1.

F Power Plug Connector -

G SD Card Access LED *3 This lamp lights up when SD Card is inserted.
For more information, refer to SD Card Insertion / Removal (see page 131).

H SD Card Interface 
Cover/Replacement Battery 
Insertion Cover

For information on how to open the cover, and insert or remove the SD Card, 
refer to SD Card Insertion / Removal (see page 131).
For information on how to open the cover and replace the battery, refer to 
Replacing the Primary Battery (see page 146).

I USB (mini-B) Interface Conforms to USB2.0 (mini-B) x 1. Communication Distance: 5 m (16.4 ft) or 
less.

J Ethernet Interface *4 Ethernet transmission interface (10BASE-T/100BASE-TX)
Connector: Modular jack (RJ-45) x 1.

Color Indicator Description

Green ON Offline

In operation

Orange Flashing Software starting up.

Red ON Power is turned ON.

- OFF Power is turned OFF.

Color Indicator Description

Yellow ON Communication (sending or receiving data) is occurring.

OFF No communication.

Color Indicator Description

Green (Active) ON The SD Card is inserted.

OFF The SD Card is not inserted or is not being accessed.

Color Indicator Description

Green (Active) Flashing Data transmission is occurring.

OFF No data transmission.

Green (Link) ON Data transmission is available in 10BASE-T/100BASE-TX.

OFF No connection or subsequent transmission failure.
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HMIGTO5310/5315 Parts Identification

Side HMIGTO5310 HMIGTO5315

Front

Rear

Bottom

Part Name Description

A Status LED *1

B Stainless Steel Bezel HMIGTO5315 only.

C Power Plug Connector -

D SD Card Access LED *2 This lamp lights up when SD Card is inserted.

NOTE: Do not remove or insert the SD Card when the LED lamp is on. Doing 
so may damage data on the SD Card.

E Ethernet Interface *3 Ethernet transmission interface (10BASE-T/100BASE-TX)
Connector: Modular jack (RJ-45) x 1.

F USB (mini-B) Interface Conforms to USB2.0 (mini-B) x 1.
Communication Distance: 5 m (16.4 ft) or less.

G SD Card Interface 
Cover/Replacement Battery 
Insertion Cover

For information on how to open the cover, and insert or remove the SD Card, 
refer to SD Card Insertion/Removal (see page 131).
For information on how to open the cover and replace the battery, refer to 
Replacing the Primary Battery (see page 146).

H Serial Interface (COM2)*4 RS-485 Serial Interface.
Connector: Modular jack (RJ-45).

I Serial Interface (COM1) RS-232C Serial Interface.
Connector: D-Sub 9 pin (plug) x 1.

J USB (Type A) Interface Conforms to USB2.0 (Type A) x 1. Power supply voltage: 5Vdc+/-5%. Output 
Current: 500 mA or less. Maximum communication distance: 5 m (16.4 ft).

�(����������



Parts/Functions

32 EIO0000001133 10/2014

*1 Status LED operations are as shown below:

*2 SD Card Access LED operations are as shown below.

*3 Ethernet LED operations are as shown below.

*4 COM2 LED operations are as shown below.

Color Indicator Description

Green ON Offline

In operation

Orange Flashing Software starting up.

Red ON Power is turned ON.

- OFF Power is turned OFF.

Color Indicator Description

Green (Active) ON The SD Card is inserted.

OFF The SD Card is not inserted or is not being accessed.

Color Indicator Description

Green (Active) Flashing Data transmission is occurring.

OFF No data transmission.

Green (Link) ON Data transmission is available in 10BASE-T/100BASE-TX.

OFF No connection or subsequent transmission failure.

Color Indicator Description

Yellow ON Communication (sending or receiving data) is 
occurring.

OFF No communication.
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HMIGTO6310/6315 Parts Identification

Side HMIGTO6310 HMIGTO6315

Front

Rear

Bottom

Part Name Description

A Status LED *1

B Stainless Steel Bezel HMIGTO6315 only.

C Power Plug Connector -

D SD Card Access LED *2 This lamp lights up when SD Card is inserted.

NOTE: Do not remove or insert the SD Card when the LED lamp is on. 
Doing so may damage data on the SD Card.

E Ethernet Interface *3 Ethernet transmission interface (10BASE-T/100BASE-TX)
Connector: Modular jack (RJ-45) x 1.

F USB (mini-B) Interface Conforms to USB2.0 (mini-B) x 1.
Communication Distance: 5 m (16.4 ft) or less.

G SD Card Interface 
Cover/Replacement Battery 
Insertion Cover

For information on how to open the cover, and insert or remove the SD 
Card, refer to SD Card Insertion/Removal (see page 131).
For information on how to open the cover and replace the battery, refer to 
Replacing the Primary Battery (see page 146).

H Serial Interface (COM2) RS-485 Serial Interface. Connector: Modular jack (RJ-45)

I Serial Interface (COM1) RS-232C Serial Interface. Connector: D-Sub 9 pin (plug) x 1.

J USB (Type A) Interface Conforms to USB2.0 (Type A) x 1.
Power supply voltage: 5Vdc+/-5%.
Output Current: 500 mA or less.
Maximum communication distance: 5 m (16.4 ft).
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*1 Status LED operations are as shown below:

*2 SD Card Access LED operations are as shown below.

*3 Ethernet LED operations are as shown below.

*4 COM2 LED operations are as shown below.

Color Indicator Description

Green ON Offline

In operation

Orange Flashing Software starting up.

Red ON Power is turned ON.

- OFF Power is turned OFF.

Color Indicator Description

Green (Active) ON The SD Card is inserted.

OFF The SD Card is not inserted or is not 
being accessed.

Color Indicator Description

Green (Active) Flashing Data transmission is occurring.

OFF No data transmission.

Green (Link) ON Data transmission is available in 10BASE-T/100BASE-TX.

OFF No connection or subsequent transmission failure.

Color Indicator Description

Yellow ON Communication (sending or receiving data) is occurring.

OFF No communication.
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Specifications

Chapter 4
Specifications

Overview

This chapter presents the HMIGTO specifications.

What Is in This Chapter?

This chapter contains the following sections:

Section Topic Page

4.1 HMIGTO1300/1310 36

4.2 HMIGTO2300/2310/2315 50

4.3 HMIGTO3510/4310 68

4.4 HMIGTO5310/5315 84

4.5 HMIGTO6310/6315 101
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HMIGTO1300/1310

Section 4.1
HMIGTO1300/1310

What Is in This Section?

This section contains the following topics:

Topic Page

Electrical Specifications 37

Environmental Specifications 38

Structural Specifications 39

Display Specifications 40

Memory, Clock, Touch Panel and Function Switches 41

Interface Specifications 42

Specifications of Serial Interface COM1 43

Specifications of Serial Interface COM2 45
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Electrical Specifications
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Rated Input Voltage 24 Vdc

Input Voltage Limits 19.2...28.8 Vdc

Voltage Drop 2 ms or less

Power Consumption 9.6 W or less

When power is not supplied to external 
devices

5.2 W or less

Backlight OFF (Standby Mode) 4.2 W or less

Backlight Dimmed (Brightness: 20%) 4.3 W or less

In-Rush Current 30 A or less

Voltage Endurance 1,000 Vac 20 mA for 1 minute (between charging 
and FG terminals)

Insulation Resistance 500 Vdc, 10 M�  or more (between charging and 
FG terminals)
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Environmental Specifications

 

Air quality requirements

Do not operate or store the panel where chemicals evaporate, or where chemicals are present in the air:

�z Corrosive chemicals: Acids, alkalines, liquids containing salt.
�z Flammable chemicals: Organic solvents.
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Surrounding Air Temperature 0...50 ° C (32...122 ° F)

Storage Temperature -20...60 ° C (-4...140 ° F)

Surrounding Air and Storage 
Humidity

10%...90% RH (Non condensing, wet bulb temperature 39 ° C [102.2 ° F] 
or less)

Dust 0.1 mg/m3 (10-7 oz/ft3) or less (non-conductive levels)

Pollution Degree For use in Pollution Degree 2 environment

Corrosive Gases Free of corrosive gases

Atmospheric Pressure (Operating 
Altitude)

800...1,114 hPa (2,000 m [6,561 ft] or lower)

M
ec

ha
ni

ca
l E

nv
iro

nm
en

t Vibration Resistance IEC/EN 61131-2 compliant
5...9 Hz Single amplitude 3.5 mm (0.14 in.)

9...150 Hz Fixed acceleration: 9.8 m/s2

X, Y, Z directions for 10 cycles (approx. 100 min.)

Concussion Resistance IEC/EN 61131-2 compliant

147 m/s2, X, Y, Z directions for 3 times
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t Noise immunity Noise Voltage: 1,000 Vp-p
Pulse Width: 1 µs
Rise Time: 1 ns
(via noise simulator)

Electrostatic Discharge Immunity Contact Discharge Method: 6 kV (IEC/EN 61000-4-2 Level 3)

CAUTION
INOPERATIVE EQUIPMENT

Do not allow water, liquids, metal, and wiring fragments to enter the panel case.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Structural Specifications

 

 *1 The front face of the HMIGTO, installed in a solid panel, has been tested using conditions equivalent to 
the standards shown in the specification. Even though the HMIGTO’s level of resistance is equivalent to 
these standards, oils that should have no effect on the HMIGTO can possibly harm the panel. This can 
occur in areas where either vaporized oils are present, or where low viscosity cutting oils are allowed to 
adhere to the panel for long periods of time. If the panel’s front face protection sheet peels off, these 
conditions can lead to the ingress of oil into the panel and separate protection measures are suggested.

Also, if non-approved oils are present, they may cause deformation or corrosion of the front panel’s plastic 
cover. Therefore, prior to installing the panel, be sure to confirm the type of conditions that will be present 
in the panel’s operating environment. If the installation gasket is used for a long period of time, or if the 
panel and its gasket are removed from the panel, the original level of protection cannot be kept. To 
maintain the original protection level, be sure to replace the installation gasket regularly.

*2 For dimensional tolerance, everything +1/-0 mm (+0.04/-0 in.) and R in angle are below R3 (R0.12 in.)

*3 Even if the installation wall thickness is within the recommended range for the “Panel Cut Dimensions”, 
depending on wall’s material, size, and installation location of the panel and other devices, the installation 
wall could warp. To prevent warping, the installation surface may need to be strengthened.

The front face of the panel, installed in a solid panel, has been tested using conditions equivalent to the 
standards shown in the specification.

Grounding Functional grounding: Grounding resistance of 100� , 2mm2 (AWG 14) or thicker 
wire, or your country’s applicable standard. (Same for FG and SG terminals)

Cooling Method Natural air circulation

Structure *1 IP65f NEMA #250 TYPE 4X/13 (on the front panel when properly installed in an 
enclosure)

External Dimensions W132 x H106 x D42 mm (W5.2 x H4.17 x D1.65 in.)

Panel Cut Dimensions W118.5 x H92.5 mm (W4.67 x H3.64 in.)*2

Panel thickness area: 1.6...5 mm (0.06...0.2 in)*3

Weight 0.4 kg (0.9 lb) or less (main unit only)

CAUTION
EQUIPMENT DAMAGE

Ensure that the panel is not in permanent and direct contact with oils.

Failure to follow these in structions can result in injury or equipment damage.

NOTICE
STORAGE AND OPERATION OUTSIDE OF SPECIFICATIONS

�z Store the panel in areas where temperatures are within the panel’s specifications.
�z Do not restrict or block the panel’s rear-face ventilation slots.

Failure to follow these instruction s can result in equipment damage.

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these instruction s can result in equipment damage.
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Display Specifications

*1 You can set up other font sizes using the software.

HMIGTO1310 HMIGTO1300

Display Type TFT Color LCD

Display Size 3.5”

Resolution 320 x 240 pixels (QVGA)

Effective Display Area W70.56 x H52.92 mm (W2.78 x H2.08 in.)

Display Colors 65,536 colors (No blink) / 16,384 colors (Blink)

Backlight White LED (Not user replaceable. When replacement is required, contact your 
local distributor.)

Backlight Service Life 50,000 hours or more (continuous operation at 25 ° C [77 ° F] before backlight 
brightness decreased to 50%)

Brightness Control 16 levels (Adjusted with touch panel or software

Language Fonts ASCII: (Code page 850) Alphanumeric (including European characters)
Chinese: (GB2312-80 codes) Simplified Chinese fonts
Japanese (except for XBT GT1000 series): ANK 158, Kanji: 6,962 (JIS 
Standards 1 & 2) (including 607 non-kanji characters) 
Korean: (KSC5601 - 1992 codes) Hangul fonts 
Taiwanese: (Big 5 codes) Traditional Chinese fonts

Character sizes 8 x 8, 8 x 16, 16 x 16 and 32 x 32 pixel fonts

Font sizes You can expand width up to 8 times, and expand height up to 8 times.*1

Text 8 x 8 pixels 40 characters per row x 30 rows

8 x 16 pixels 40 characters per row x 15 rows

16 x 16 pixels 20 characters per row x 15 rows

32 x 32 pixels 10 characters per row x 7 rows
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Memory, Clock, Touch Panel and Function Switches

Memory

*1 Capacity available for user application.

NOTE: 
�z When the message "Battery level is low" is displayed, supply power to the panel and fully charge the 

battery. In 24 hours the battery charges to a level that allows backup operation. Completing a full charge 
requires about 120 hours (5 days).

�z The lifetime of the rechargeable lithium battery is 10 years when the battery’s ambient temperature is 
40 ° C (104 ° F) or less, 4.1 years when the battery’s ambient temperature is 50 ° C (122 ° F) or less, and 
1.5 years when the battery’s ambient temperature is 60 ° C (140 ° F) or less.
When used for backup:
Approximately 100 days with a fully charged battery.
Approximately 6 days with a half-charged battery.

Clock

*1 Depending on the operating temperature and age of panel, the clock can deviate from -380 to +90 
sec/month. For systems where this level of precision is insufficient, the user should monitor and make 
adjustments when required.

NOTE: 
�z When the message "Battery level is low" is displayed, supply power to the panel and fully charge the 

battery. In 24 hours the battery charges to a level that allows backup operation. Completing a full charge 
requires about 120 hours (5 days).

�z The lifetime of the rechargeable lithium battery is 10 years when the battery’s ambient temperature is 
40 ° C (104 ° F) or less, 4.1 years when the battery’s ambient temperature is 50 ° C (122 ° F) or less, and 
1.5 years when the battery’s ambient temperature is 60 ° C (140 ° F) or less.
When used for backup:
Approximately 100 days with a fully charged battery.
Approximately 6 days with a half-charged battery.

Touch Panel

Function Switches

Six switches (F1 to F6).

HMIGTO1310 HMIGTO1300

Application Memory *1 FLASH EPROM 96 MB FLASH EPROM 64 MB

Application run DRAM 128 MB 128 MB

Data Backup SRAM 512 KB (Rechargeable lithium battery 
for data backup)

SRAM 128 KB (Rechargeable lithium 
battery for data backup)

Clock Accuracy*1 ±65 seconds/month (deviation at room temperature and power is OFF).

Touch Panel Type Resistive Film (analog)

Touch Panel Resolution 1,024 x 1,024

Touch Panel Service Life 1 million times or more
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Interface Specifications

Serial Interface COM1

Serial Interface COM2

USB Interface

Ethernet Interface

NOTE: HMIGTO1300 does not have an Ethernet interface.

HMIGTO1310 HMIGTO1300

Asynchronous Transmission RS-232C / RS-485 RS-232C

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 187,500 bps (MPI) 2,400...115,200 bps

Connector Modular jack (RJ-45) D-Sub 9 pin (plug)

HMIGTO1300

Asynchronous Transmission RS-485

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 187,500 bps (MPI)

Connector Modular jack (RJ-45)

USB (Type A) Interface USB (mini-B) Interface

Connector USB 2.0 (Type A) x 1 USB 2.0 (mini-B) x 1

Power Supply Voltage 5 Vdc ±5% -

Maximum Current Supplied 500 mA -

Maximum Transmission Distance 5 m (16.4 ft)

HMIGTO1310

Ethernet (LAN) IEEE802.3i / IEEE802.3u, 10BASE-T/100BASE-TX

Connector Modular jack (RJ45) x 1
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Specifications of Serial Interface COM1

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM1

HMIGTO1300: D-Sub 9 pin plug connector via an RS-232C cable.

You can switch pin #9 between RI and VCC via software.

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these in structions can result in injury or equipment damage.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z For HMIGTO1300, connect the #5 SG terminal to remote equipment when the host (PLC) unit is not 

isolated. Connect the #5 SG terminal to a known reliable ground connection to reduce the risk of 
damaging the circuit.

�z For HMIGTO1310, connect the #8 SG terminal to remote equipment when the host (PLC) unit is not 
isolated. Connect the #8 SG terminal to a known reliable ground connection to reduce the risk of 
damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-232C

Signal Name Direction Meaning

1 CD Input Carrier Detect

2 RD(RXD) Input Receive Data

3 SD(TXD) Output Send Data

4 ER(DTR) Output Data Terminal Ready

5 SG - Signal Ground

6 DR(DSR) Input Data Set Ready

7 RS(RTS) Output Request to Send

8 CS(CTS) Input Send possible

9 CI(RI)/VCC Input/– Called Status Display
+5V±5% Output 0.25A

Shell FG – Frame Ground (Common with SG)

NOTICE
EQUIPMENT DAMAGE

Use only the rated current.

Failure to follow these instruction s can result in equipment damage.
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Interfit bracket is #4-40 (UNC).

HMIGTO1310: RJ-45 connector via an RS-232C or RS-485 cable.

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only D-Sub 9 pin cables with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.

Pin Connection Pin No. RS-232C/RS-485

Signal Name Direction Meaning

1 RD(RXD) Input Receive Data (RS-232C)

2 SD(TXD) Output Send Data (RS-232C)

3 NC – –

4 D1 Input/Output Transfer Data (RS-485)

5 D0 Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request to Send

7 NC – –

8 SG – Signal Ground

Shell FG – Frame Ground (Common with SG)

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Specifications of Serial Interface COM2

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM2

HMIGTO1300: RJ-45 connector via an RS-485 cable

NOTE: When setting up RS-485 communication, the cable diagram for some equipment may require 
polarization on the terminal side. This terminal does not require any special setting as it handles 
polarization automatically.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #8 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #8 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-485

Signal Name Direction Meaning

1 NC – –

2 NC – –

3 NC – –

4 Line A Input/Output Transfer Data (RS-485)

5 Line B Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request to Send

7 NC – –

8 SG – Signal Ground

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these in structions can result in injury or equipment damage.
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Dimensions

External Dimensions

1 Front
2 Right Side
3 Top

Installation with Installation Fasteners

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Dimensions with Cables: HMIGTO1300

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO1310

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.

Panel Cut Dimensions

Create a panel cut and insert the panel into the opening from the front.

NOTE: Before designing the panel cut, refer to Installation (see page 120).

A B C R

118.5 mm (+1, -0 mm)
(4.67 in [+0.04, -0 in.])

92.5 mm (+1, -0 mm)
(3.64 in. [+0.04, -0 in.])

1.6...5 mm (0.06...0.2 in) 3 mm (0.12 in.) maximum
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Installation Fastener Dimensions
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HMIGTO2300/2310/2315

Section 4.2
HMIGTO2300/2310/2315

What Is in This Section?

This section contains the following topics:

Topic Page

Electrical Specifications 51

Environmental Specifications 52

Structural Specifications 53

Display Specifications 55

Memory, Clock, and Touch Panel 56

Interface Specifications 57

Specifications of Serial Interface COM1 58

Specifications of Serial Interface COM2 60

Dimensions 61
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Electrical Specifications
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Rated Input Voltage 24 Vdc

Input Voltage Limits 19.2...28.8 Vdc

Voltage Drop 5 ms or less

Power Consumption 10.5 W or less

When power is not supplied to 
external devices

6.5 W or less

Backlight OFF (Standby Mode) 4.5 W or less

Backlight Dimmed (Brightness: 
20%)

5 W or less

In-Rush Current 30 A or less

Voltage Endurance 1,000 Vac, 20 mA for 1 minute (between charging and FG 
terminals)

Insulation Resistance 500 Vdc, 10 M�  or more (between charging and FG 
terminals)
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Environmental Specifications

 

Air quality requirements

Do not operate or store the panel where chemicals evaporate, or where chemicals are present in the air:

�z Corrosive chemicals: Acids, alkalines, liquids containing salt.
�z Flammable chemicals: Organic solvents.

HMIGTO2310 / HMIGTO2315 HMIGTO2300
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Surrounding Air 
Temperature

0...55 ° C (32 ° F...131 ° F) 0...50 ° C (32...122 ° F)

Storage Temperature -20...60 ° C (-4...140 ° F)

Surrounding Air and 
Storage Humidity

10...90% RH (Non condensing, wet bulb temperature 39 ° C [102.2 ° F] or less)

Dust 0.1 mg/m3 (10-7 oz/ft3) or less (non-conductive levels)

Pollution Degree For use in Pollution Degree 2 environment

Corrosive Gases Free of corrosive gases

Atmospheric Pressure 
(Operating Altitude)

800...1,114 hPa (2,000 m [6,561 ft] or lower)
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t Vibration Resistance IEC/EN 61131-2 compliant
5...9 Hz Single amplitude 3.5 mm (0.14 in.)

9...150 Hz Fixed acceleration: 9.8 m/s2

X, Y, Z directions for 10 cycles (approx. 100 min)

Concussion Resistance IEC/EN 61131-2 compliant

147 m/s2, X, Y, Z directions for 3 times
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t Noise Immunity Noise Voltage: 1,000 Vp-p
Pulse Width: 1 µs
Rise Time: 1 ns

Electrostatic Discharge 
Immunity

Contact Discharge Method: 6 kV (IEC/EN 61000-4-2 Level 3)

CAUTION
INOPERATIVE EQUIPMENT

Do not allow water, liquids, metal, and wiring fragments to enter the panel case.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Structural Specifications

 

NOTE:  *1 The front face of the HMIGTO, installed in a solid panel, has been tested using conditions 
equivalent to the standards shown in the specification. Even though the HMIGTO’s level of resistance is 
equivalent to these standards, oils that should have no effect on the HMIGTO can possibly harm the panel. 
This can occur in areas where either vaporized oils are present, or where low viscosity cutting oils are 
allowed to adhere to the panel for long periods of time. If the panel’s front face protection sheet peels off, 
these conditions can lead to the ingress of oil into the panel and separate protection measures are 
suggested.
Also, if non-approved oils are present, they may cause deformation or corrosion of the front panel’s plastic 
cover. Therefore, prior to installing the panel, be sure to confirm the type of conditions that will be present 
in the panel’s operating environment. If the installation gasket is used for a long period of time, or if the 
panel and its gasket are removed from the panel, the original level of protection cannot be kept. To 
maintain the original protection level, be sure to replace the installation gasket regularly.
*2 When installing the HMIGTO in a panel, you may not be able to mount the HMIGTO flush with the panel. 
This occurs due to the thickness of the gasket. The difference in level between the HMIGTO and panel 
depends on how much the gasket is compressed.

*3 For dimensional tolerance, everything +1/-0 mm (+0.04/-0 in.) and R in angle are below R3 (R0.12 in.)

*4 Even if the installation wall thickness is within the recommended range for the “Panel Cut Dimensions”, 
depending on wall’s material, size, and installation location of the panel and other devices, the installation 
wall could warp. To prevent warping, the installation surface may need to be strengthened.

 HMIGTO2300/HMIGTO2310 HMIGTO2315

Grounding Functional grounding: Grounding resistance of 100� , 2mm2 (AWG 14) or thicker wire, or your 
country’s applicable standard. (Same for FG and SG terminals)

Cooling Method Natural air circulation

Structure*1 IP65f NEMA #250 TYPE 4X/13 
(on the front panel when properly 
installed in an enclosure) 

IP66k NEMA #250 TYPE 4X/13 (on the front panel when 

properly installed in an enclosure)*2

External Dimensions W169.5 x H137 x D59.5 mm 
(W6.67 x H5.39 x D2.34 in.)

W213.5 x H181 x D59.5 mm (W8.41 x H7.13 x D2.34 in.)

Panel Cut Dimensions W156 x H123.5 mm (W6.14 x 

H4.86 in.) *3

Panel thickness area: 1.6...5 mm 

(0.06...0.2 in.) *4

W195 x H162.5 mm (W7.68 x H6.40 in.) *3

Panel thickness area: 1.6...5 mm (0.06...0.2 in.) *4

Weight 0.8 kg (1.8 lbs) or less (main unit 
only)

1.2 kg (2.6 lbs) or less (main unit only)

NOTICE
EQUIPMENT DAMAGE

For food and beverage and pharmaceutical industries, when the HMIGTO is not flush with panel, use 
silicon to form a seal to prevent water, chemicals, or food from lodging into place. Otherwise, the panel 
face could leak.

Failure to follow these instruction s can result in equipment damage.

CAUTION
EQUIPMENT DAMAGE

Ensure that the panel is not in permanent and direct contact with oils.

Failure to follow these in structions can result in injury or equipment damage.
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NOTICE
STORAGE AND OPERATION OUTSIDE OF SPECIFICATIONS

�z Store the panel in areas where temperatures are within the panel’s specifications.
�z Do not restrict or block the panel’s rear-face ventilation slots.

Failure to follow these in structions can result in equipment damage.

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these in structions can result in equipment damage.

�(����������



Specifications

EIO0000001133 10/2014 55

Display Specifications

*1 You can set up other font sizes using the software.

Display Type TFT Color LCD

Display Size 5.7”

Resolution (pixels) 320 x 240 pixels (QVGA)

Effective Display Area W115.2 x H86.4 mm (W4.54 x H3.40 in.)

Display Colors 65,536 colors (No blink) / 16,384 colors (Blink)

Backlight White LED (Not user replaceable. When replacement is required, contact your 
local distributor.)

Backlight Service Life 50,000 hours or more (continuous operation at 25 ° C [77 ° F] before backlight 
decreases to 50%.)

Brightness Control 16 levels (Adjusted with touch panel or software)

Language Fonts ASCII: (Code page 850) Alphanumeric (including European characters)
Chinese: (GB2312-80 codes) Simplified Chinese fonts
Japanese (except for XBT GT1000 series): ANK 158, Kanji: 6,962 (JIS 
Standards 1 & 2) (including 607 non-kanji characters) 
Korean: (KSC5601 - 1992 codes) Hangul fonts 
Taiwanese: (Big 5 codes) Traditional Chinese fonts

Character Sizes 8 x 8, 8 x 16, 16 x 16 and 32 x 32 pixel fonts

Font Sizes You can expand the width up to 8 times, and expand the height up to 8 times.*1

Text 8 x 8 pixels 40 characters per row x 30 rows

8 x 16 pixels 40 characters per row x 15 rows

16 x 16 pixels 20 characters per row x 15 rows

32 x 32 pixels 10 characters per row x 7 rows
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Memory, Clock, and Touch Panel

Memory

*1 Capacity available for user application.

NOTE: 
�z When the message "Battery level is low" is displayed on the HMIGTO2300, supply power to the panel 

and fully charge the battery. In 24 hours the battery charges to a level that allows backup operation. 
Completing a full charge requires about 120 hours (5 days).

�z The lithium battery’s lifetime is: 10 years when the battery’s ambient temperature is 40 ° C (104 ° F) or 
less, 4.1 years when the battery’s ambient temperature is 50 ° C (122 ° F) or less, and 1.5 years when 
the battery’s ambient temperature is 60 ° C (140 ° F) or less.
When used for backup:
Approximately 100 days, with a fully charged battery.
Approximately 6 days, with a half-charged battery.

Clock

*1 Depending on the operating temperature and age of panel, the clock can deviate from -380 to +90 
sec/month. For systems where this level of precision is insufficient, the user should monitor and make 
adjustments when required.

NOTE: 
�z When the message "Battery level is low" is displayed on the HMIGTO2300, supply power to the panel 

and fully charge the battery. In 24 hours the battery charges to a level that allows backup operation. 
Completing a full charge requires about 120 hours (5 days).

�z The lithium battery’s lifetime is: 10 years when the battery’s ambient temperature is 40 ° C (104 ° F) or 
less, 4.1 years when the battery’s ambient temperature is 50 ° C (122 ° F) or less, and 1.5 years when 
the battery’s ambient temperature is 60 ° C (140 ° F) or less.
When used for backup:
Approximately 100 days, with a fully charged battery.
Approximately 6 days, with a half-charged battery.

Touch Panel

HMIGTO2310 / HMIGTO2315 HMIGTO2300

Application Memory *1 FLASH EPROM 96 MB FLASH EPROM 64 MB

Application run DRAM 128 MB 128 MB

Data Backup SRAM 512 KB (Replaceable lithium 
battery for data backup)

SRAM 128 KB (Rechargeable lithium 
battery for data backup)

Clock Accuracy*1 ±65 seconds/month (deviation at room temperature and power is OFF).

Touch Panel Type Resistive Film (analog)

Touch Panel Resolution 1,024 x 1,024

Touch Panel Service Life 1 million times or more

�(����������



Specifications

EIO0000001133 10/2014 57

Interface Specifications

Serial Interface COM1

Serial Interface COM2

USB Interface

Ethernet Interface

SD Card Interface

HMIGTO2310/HMIGTO2315: SD Card slot x 1 (maximum 32 GB SD/SDHC Card)

NOTE: HMIGTO2300 does not have an SD Card interface.

Asynchronous 
Transmission

RS-232C

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps

Connector D-Sub 9 pin (plug)

Asynchronous 
Transmission

RS-485

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 187,500 bps (MPI)

Connector Modular jack (RJ-45)

USB (Type A) Interface USB (mini-B) Interface

Connector USB 2.0 (Type A) x 1 USB 2.0 (mini-B) x 1

Power Supply Voltage 5 Vdc ±5% -

Maximum Current Supplied 500 mA -

Maximum Transmission 
Distance

5 m (16.4 ft)

 HMIGTO2310 / HMIGTO2315

Ethernet (LAN) IEEE802.3i / IEEE802.3u, 
10BASE-T/100BASE-TX

Connector Modular jack (RJ45) x 1

�(����������



Specifications

58 EIO0000001133 10/2014

Specifications of Serial Interface COM1

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM1

HMIGTO2300 / HMIGTO2310/ HMIGTO2315: D-Sub 9 pin plug connector via an RS-232C cable.

NOTE: *1 You can switch pin #9 between RI and VCC via software.

Interfit bracket is #4-40 (UNC).

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #5 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #5 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these inst ructions will result in death or serious injury.

Pin Connection Pin No. RS-232C

Signal Name Direction Meaning

1 CD Input Carrier Detect

2 RD(RXD) Input Receive Data

3 SD(TXD) Output Send Data

4 ER(DTR) Output Data Terminal Ready

5 SG - Signal Ground

6 DR(DSR) Input Data Set Ready

7 RS(RTS) Output Request to Send

8 CS(CTS) Input Send possible

9 CI(RI)/VCC Input/– Called Status Display

+5V±5% Output 0.25A*1

Shell FG – Frame Ground (Common with SG)

NOTICE
EQUIPMENT DAMAGE

Use only the rated current.

Failure to follow these in structions can result in equipment damage.
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CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only D-Sub 9 pin cables with a locking tab in good condition.

Failure to follow these in structions can result in injury or equipment damage.
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Specifications of Serial Interface COM2

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM2

HMIGTO2300 / HMIGTO2310/ HMIGTO2315: RJ45 connector via an RS-485 cable.

NOTE: When setting up RS-485 communication, the cable diagram for some equipment may require 
polarization on the terminal side. This terminal does not require any special setting as it handles 
polarization automatically.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #8 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #8 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these inst ructions will result in death or serious injury.

Pin Connection Pin No. RS-422/RS-485

Signal Name Direction Meaning

1 NC - -

2 NC - -

3 NC - -

4 Line A Input/Output Transfer Data (RS-485)

5 Line B Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request To Send

7 NC - -

8 SG - Signal Ground

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Dimensions 

External Dimensions: HMIGTO2300/HMIGTO2310

1 Front
2 Right Side
3 Top

External Dimensions: HMIGTO2315

1 Front
2 Right Side
3 Top
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Installation with Installation Fasteners: HMIGTO2300/HMIGTO2310

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Installation with Installation Fasteners: HMIGTO2315

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Dimensions with Cables: HMIGTO2300

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO2310

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO2315

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.

Panel Cut Dimensions

Create a panel cut and insert the panel into the opening from the front.

NOTE: Before designing the panel cut, refer to Installation (see page 120).

 A B C R

HMIGTO2310
HMIGTO2300

156 mm (+1/-0) mm
(6.14 in [+0.04, -0 in.])

123.5 mm (+1, -0 mm)
(4.86 in [+0.04, -0 in.])

1.6...5 mm
(0.06...0.2 in.)

3 mm (0.12 in.) 
maximum

HMIGTO2315 195 mm (+1/-0) mm
(7.68 in [+0.04, -0in.])

162.5 mm (+1/-0) mm
(6.40 in [+0.04, -0in.])
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Installation Fastener Dimensions
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HMIGTO3510/4310

Section 4.3
HMIGTO3510/4310

What Is in This Section?

This section contains the following topics:

Topic Page

Electrical Specifications 69

Environmental Specifications 70

Structural Specifications 71

Display Specifications 72

Memory, Clock, Touch Panel, and Function Switches 73

Interface Specifications 74

Specifications of Serial Interface COM1 75

Specifications of Serial Interface COM2 77

Dimensions 78
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Electrical Specifications
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Rated Input Voltage 24 Vdc

Input Voltage Limits 19.2...28.8 Vdc

Voltage Drop 5 ms or less

Power Consumption 12 W or less

When power is not supplied to external 
devices

8 W or less

Backlight OFF (Standby Mode) 5 W or less

Backlight Dimmed (Brightness: 20%) 5.5 W or less

In-Rush Current 30 A or less

Voltage Endurance 1,000 Vac, 20 mA for 1 minute (between 
charging and FG terminals)

Insulation Resistance 500 Vdc, 10 M�  or more (between charging 
and FG terminals)
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Environmental Specifications

 

Air quality requirements

Do not operate or store the panel where chemicals evaporate, or where chemicals are present in the air:

�z Corrosive chemicals: Acids, alkalines, liquids containing salt.
�z Flammable chemicals: Organic solvents.

HMIGTO4310 HMIGTO3510
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Surrounding Air Temperature 0...55 ° C (32...131 ° F) 0...50 ° C (32...122 ° F)

Storage Temperature -20...60 ° C (-4...140 ° F)

Surrounding Air and Storage 
Humidity

10...90% RH (Non condensing, wet bulb temperature 39 ° C [102.2 ° F] or less)

Dust 0.1 mg/m3 (10-7 oz/ft3) or less (non-conductive levels)

Pollution Degree For use in Pollution Degree 2 environment

Corrosive Gases Free of corrosive gases

Atmospheric pressure 
(Operating Altitude)

800...1,114 hPa (2,000 m [6,561 ft] or lower)
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t Vibration Resistance IEC/EN 61131-2
5...9 Hz Single amplitude 3.5 mm (0.14 in.)

9...150 Hz Fixed acceleration: 9.8 m/s2

X, Y, Z directions for 10 cycles (approx. 100 min)

Concussion Resistance IEC/EN 61131-2 compliant

147 m/s2, X, Y, Z directions for 3 times

E
le

ct
ric

al
 E

nv
iro

nm
en

t Noise Immunity Noise Voltage: 1,000 Vp-p
Pulse Width: 1 µs
Rise Time: 1 ns

Electrostatic Discharge 
Immunity

Contact Discharge Method: 6 kV (IEC/EN 61000-4-2 Level 3)

CAUTION
INOPERATIVE EQUIPMENT

Do not allow water, liquids, metal, and wiring fragments to enter the panel case.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Structural Specifications

 

NOTE:  *1 The front face of the HMIGTO, installed in a solid panel, has been tested using conditions 
equivalent to the standards shown in the specification. Even though the HMIGTO’s level of resistance is 
equivalent to these standards, oils that should have no effect on the HMIGTO can possibly harm the panel. 
This can occur in areas where either vaporized oils are present, or where low viscosity cutting oils are 
allowed to adhere to the panel for long periods of time. If the panel’s front face protection sheet peels off, 
these conditions can lead to the ingress of oil into the panel and separate protection measures are 
suggested.
Also, if non-approved oils are present, they may cause deformation or corrosion of the front panel’s plastic 
cover. Therefore, prior to installing the HMIGTO, be sure to confirm the type of conditions that will be 
present in the panel’s operating environment. If the installation gasket is used for a long period of time, or 
if the HMIGTO and its gasket are removed from the panel, the original level of protection cannot be kept. 
To maintain the original protection level, be sure to replace the installation gasket regularly.
*2 For dimensional tolerance, everything +1/-0 mm (+0.04/-0 in.) and R in angle are below R3 (R0.12 in.)
*3 Even if the installation wall thickness is within the recommended range for the “Panel Cut Dimensions”, 
depending on wall’s material, size, and installation location of the panel and other devices, the installation 
wall could warp. To prevent warping, the installation surface may need to be strengthened.

Grounding Functional grounding: Grounding resistance of 100 � , 2 mm2 (AWG 14) or 
thicker wire, or your country’s applicable standard. (Same for FG and SG 
terminals)

Cooling Method Natural air circulation

Structure*1 IP65f NEMA #250 TYPE 4X/13 (on the front panel when properly installed in an 
enclosure) 

External Dimensions W218 x H173 x D60 mm (W8.58 x H6.81 x D2.36 in.)

Panel Cut Dimensions W204.5 x H159.5 mm (W8.05 x H6.28 in.)*2

Panel thickness area: 1.6...5 mm (0.06...0.2 in.)*3

Weight 1.2 kg (2.6 lb) or less (main unit only)

CAUTION
EQUIPMENT DAMAGE

Ensure that the panel is not in permanent and direct contact with oils.

Failure to follow these in structions can result in injury or equipment damage.

NOTICE
STORAGE AND OPERATION OUTSIDE OF SPECIFICATIONS

�z Store the panel in areas where temperatures are within the panel’s specifications.
�z Do not restrict or block the panel’s rear-face ventilation slots.

Failure to follow these instruction s can result in equipment damage.

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these instruction s can result in equipment damage.
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Display Specifications

*1 You can set up other font sizes using the software.

HMIGTO4310 HMIGTO3510

Display Type TFT Color LCD

Display Size 7.5” 7.0”

Resolution 640 x 480 pixels (VGA) 800 x 480 pixels (WVGA)

Effective Display Area W153.7 x H115.8 mm
(W6.05 x H4.56 in.)

W152.4 x H91.44 mm
(W6.0 x H3.6 in.)

Display Colors 65,536 colors (No blink) / 16,384 colors Blink)

Backlight White LED (Not user replaceable. When replacement is required, contact your 
local distributor.)

Backlight Service Life 50,000 hours or more (continuous operation at 25 ° C [77 ° F] before backlight 
brightness decreases to 50%)

Brightness Control 16 levels (Adjusted with touch panel or software)

Language Fonts ASCII: (Code page 850) Alphanumeric (including European characters) 
Chinese: (GB2312-80 codes) Simplified Chinese fonts
Japanese (except for XBT GT1000 series): ANK 158, Kanji: 6,962 (JIS 
Standards 1 & 2) (including 607 non-kanji characters)
Korean: (KSC5601 - 1992 codes) Hangul fonts 
Taiwanese: (Big 5 codes) Traditional Chinese fonts

Character sizes 8 x 8, 8 x 16, 16 x 16 and 32 x 32 pixel fonts

Font sizes You can expand the width up to 8 times, and expand the height up to 8 times.*1

Text 8 x 8 pixels 80 characters per row x 60 rows 100 characters per row x 60 rows

8 x 16 pixels 80 characters per row x 30 rows 100 characters per row x 30 rows

16 x 16 pixels 40 characters per row x 30 rows 50 characters per row x 30 rows

32 x 32 pixels 20 characters per row x 15 rows 25 characters per row x 15 rows
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Memory, Clock, Touch Panel, and Function Switches

Memory

*1 Capacity available for user application.

NOTE: 
�z When the message "Battery level is low" is displayed, supply power to the panel and fully charge the 

battery.

Clock

*1 Depending on the operating temperature and age of panel, the clock can deviate from -380 to +90 
sec/month. For systems where this level of precision is insufficient, the user should monitor and make 
adjustments when required.

Touch Panel

Function Switches

HMIGTO3510: Eight switches (F1 to F8).

HMIGTO4310 HMIGTO3510

Application Memory *1 FLASH EPROM 96 MB FLASH EPROM 96 MB

Application run DRAM 128 MB 128 MB

Data Backup SRAM 512 KB (Replaceable lithium 
battery for data backup)

SRAM 128 KB (Replaceable lithium 
battery for data backup)

Clock Accuracy*1 ±65 seconds/month (deviation at room temperature and power is OFF).

Touch Panel Type Resistive Film (analog)

Touch Panel Resolution 1,024 x 1,024

Touch Panel Service Life 1 million times or more
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Interface Specifications

Serial Interface COM1

Serial Interface COM2

USB Interface

Ethernet Interface

SD Card Interface

SD Card slot x 1 (maximum 32 GB SD/SDHC Card)

Asynchronous Transmission RS-232C

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps

Connector D-Sub 9 pin (plug)

Asynchronous Transmission RS-485

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 
187,500 bps (MPI)

Connector Modular jack (RJ-45)

USB (Type A) Interface USB (mini-B) Interface

Connector USB 2.0 (Type A) x 1 USB 2.0 (mini-B) x 1

Power Supply Voltage 5 Vdc ±5% -

Maximum Current Supplied 500 mA -

Maximum Transmission Distance 5 m (16.4 ft)

Ethernet (LAN) IEEE802.3i / IEEE802.3u, 
10BASE-T/100BASE-TX

Connector Modular jack (RJ45) x 1
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Specifications of Serial Interface COM1

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM1

HMIGTO3510 / HMIGTO4310: D-Sub 9 pin plug connector via an RS-232C cable.

NOTE: *1 You can switch pin #9 between RI and VCC via software.

Interfit bracket is #4-40 (UNC).

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these in structions can result in injury or equipment damage.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #5 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #5 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-232C

Signal Name Direction Meaning

1 CD Input Carrier Detect

2 RD(RXD) Input Receive Data

3 SD(TXD) Output Send Data

4 ER(DTR) Output Data Terminal Ready

5 SG - Signal Ground

6 DR(DSR) Input Data Set Ready

7 RS(RTS) Output Request to Send

8 CS(CTS) Input Send possible

9 CI(RI)/VCC Input/– Called Status Display

+5V±5% Output 0.25A*1

Shell FG – Frame Ground (Common with SG)

NOTICE
EQUIPMENT DAMAGE

Use only the rated current.

Failure to follow these instruction s can result in equipment damage.
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CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only D-Sub 9 pin cables with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.

�(����������



Specifications

EIO0000001133 10/2014 77

Specifications of Serial Interface COM2

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM2

HMIGTO3510 / HMIGTO4310: RJ45 connector via a RS-485 cable.

NOTE: When setting up RS-485 communication, the cable diagram for some equipment may require 
polarization on the terminal side. This terminal does not require any special setting as it handles 
polarization automatically.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #8 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #8 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-485

Signal Name Direction Meaning

1 NC - -

2 NC - -

3 NC - -

4 Line A Input/Output Transfer Data (RS-485)

5 Line B Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request To Send

7 NC - -

8 SG - Signal Ground

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these in structions can result in injury or equipment damage.
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Dimensions 

External Dimensions: HMIGTO3510

1 Front
2 Right Side
3 Top

External Dimensions: HMIGTO4310

1 Front
2 Right Side
3 Top
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Installation with Installation Fasteners: HMIGTO3510

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Installation with Installation Fasteners: HMIGTO4310

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Dimensions with Cables: HMIGTO3510

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO4310

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.

Panel Cut Dimensions

Create a panel cut and insert the panel into the opening from the front.

NOTE: Before designing the panel cut, refer to Installation (see page 120).

A B C R

204.5 mm (+1, -0 mm)
(8.05 in. [+0.04, -0 in.])

159.5 mm (+1, -0 mm)
(6.28 in. [+0.04, -0 in.])

1.6...5 mm
(0.06...0.2 in.)

3 mm (0.12 in.) 
maximum

�(����������



Specifications

EIO0000001133 10/2014 83

Installation Fastener Dimensions
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HMIGTO5310/5315

Section 4.4
HMIGTO5310/5315

What Is in This Section?

This section contains the following topics:

Topic Page

Electrical Specifications 85

Environmental Specifications 86

Structural Specifications 87

Display Specifications 89

Memory, Clock, and Touch Panel 90

Interface Specifications 91

Specifications of Serial Interface COM1 92

Specifications of Serial Interface COM2 94

Dimensions 95
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Electrical Specifications
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Rated Input Voltage 24 Vdc

Input Voltage Limits 19.2...28.8 Vdc

Voltage Drop 10 ms or less

Power Consumption 17 W or less

When power is not supplied to 
external devices

12 W or less

Backlight OFF (Standby 
Mode)

7 W or less

Backlight Dimmed 
(Brightness: 20%)

8 W or less

In-Rush Current 30 A or less

Voltage Endurance 1500 Vac, 20 mA for 1 min. (between charging and FG terminals)

Insulation Resistance 500 Vdc, 10 M�  or more (between charging and FG terminals) 
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Environmental Specifications

 

Air quality requirements

Do not operate or store the panel where chemicals evaporate, or where chemicals are present in the air:

�z Corrosive chemicals: Acids, alkalines, liquids containing salt.
�z Flammable chemicals: Organic solvents.
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Surrounding Air Temperature 0...55 ° C (32...131 ° F)

Storage Temperature -20...60 ° C (-4...140 ° F)

Surrounding Air and Storage 
Humidity

10...90% RH (Non condensing, wet bulb temperature 39 ° C [102.2 ° F] or 
less)

Dust 0.1 mg/m3 (10-7 oz/ft3) or less (non-conductive levels)

Pollution Degree For use in Pollution Degree 2 environment

Corrosive Gases Free of corrosive gases

Atmospheric Pressure 
(Operating Altitude)

800...1,114 hPa (2,000 m [6,561 ft] or lower)
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t Vibration Resistance IEC/EN 61131-2 compliant
5...9 Hz Single amplitude 3.5 mm (0.14 in.)

9...150 Hz Fixed acceleration: 9.8 m/s2

X, Y, Z directions for 10 cycles (approx. 100 min.)

Concussion Resistance IEC/EN 61131-2 compliant

147 m/s2, X, Y, Z directions for 3 times

E
le

ct
ric

al
 E

nv
iro

nm
en

t Noise Immunity Noise Voltage: 1,000 Vp-p
Pulse Width: 1 µs
Rise Time: 1 ns

Electrostatic Discharge 
Immunity

Contact Discharge Method: 6 kV (IEC/EN 61000-4-2 Level 3)

CAUTION
INOPERATIVE EQUIPMENT

Do not allow water, liquids, metal, and wiring fragments to enter the panel case.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Structural Specifications

 

NOTE:  *1 The front face of the HMIGTO, installed in a solid panel, has been tested using conditions 
equivalent to the standards shown in the specification. Even though the HMIGTO’s level of resistance is 
equivalent to these standards, oils that should have no effect on the HMIGTO can possibly harm the panel. 
This can occur in areas where either vaporized oils are present, or where low viscosity cutting oils are 
allowed to adhere to the panel for long periods of time. If the panel’s front face protection sheet peels off, 
these conditions can lead to the ingress of oil into the panel and separate protection measures are 
suggested.
Also, if non-approved oils are present, they may cause deformation or corrosion of the front panel’s plastic 
cover. Therefore, prior to installing the HMIGTO, be sure to confirm the type of conditions that will be 
present in the panel’ operating environment. If the installation gasket is used for a long period of time, or if 
the HMIGTO and its gasket are removed from the panel, the original level of protection cannot be kept. To 
maintain the original protection level, be sure to replace the installation gasket regularly.
*2 When installing the HMIGTO in a panel, you may not be able to mount the HMIGTO flush with the panel. 
This occurs due to the thickness of the gasket. The difference in level between the HMIGTO and panel 
depends on how much the gasket is compressed.

*3 For dimensional tolerance, everything +1/-0 mm (+0.04/-0 in.) and R in angle are below R3 (R0.12 in.)

*4 Even if the installation wall thickness is within the recommended range for the “Panel Cut Dimensions”, 
depending on wall’s material, size, and installation location of the panel and other devices, the installation 
wall could warp. To prevent warping, the installation surface may need to be strengthened.

HMIGTO5310 HMIGTO5315

Grounding Functional grounding: Grounding resistance of 100� , 2mm2 (AWG 14) or thicker wire, or 
your country’s applicable standard. (Same for FG and SG terminals)

Cooling Method Natural air circulation

Structure*1 IP65f NEMA #250 TYPE 4X/13 (on the 
front panel when properly installed in an 
enclosure) 

IP66k NEMA #250 TYPE 4X/13 (on the front 

panel when properly installed in an enclosure)*2

External Dimensions W272.5 x H214.5 x D57 mm (W10.73 x 
H8.44 x D2.24 in.)

W316.5 x H258.5 x D57 mm (W12.44 x H10.18 x 
D2.24 in.)

Panel Cut Dimensions W259 x H201 mm (W10.2 x H7.91 in.)*3

Panel thickness area: 1.6...5 mm 

(0.06...0.2 in.)*4

W298 x H240 mm (W11.73 x H9.45 in.)*3

Panel thickness area: 1.6...5 mm (0.06...0.2 in.)*4

Weight 2.0 kg (4.4 lb) or less (main unit only) 2.5 kg (5.5 lb) or less (main unit only)

NOTICE
EQUIPMENT DAMAGE

For food and beverage and pharmaceutical industries, when the HMIGTO is not flush with panel, use 
silicon to form a seal to prevent water, chemicals, or food from lodging into place. Otherwise, the panel 
face could leak.

Failure to follow these instruction s can result in equipment damage.

CAUTION
EQUIPMENT DAMAGE

Ensure that the panel is not in permanent and direct contact with oils.

Failure to follow these in structions can result in injury or equipment damage.
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NOTICE
STORAGE AND OPERATION OUTSIDE OF SPECIFICATIONS

�z Store the panel in areas where temperatures are within the panel’s specifications.
�z Do not restrict or block the panel’s rear-face ventilation slots.

Failure to follow these in structions can result in equipment damage.

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these in structions can result in equipment damage.
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Display Specifications

*1 You can set up other font sizes using the software.

Display Type TFT Color LCD

Display Size 10.4”

Resolution 640 x 480 pixels (VGA)

Effective Display Area W211.2 x H158.4 mm (8.31 x 6.24 in.)

Display Colors 65,536 colors (No blink) / 16,384 colors (Blink)

Backlight White LED (Not user replaceable. When replacement is required, contract your local 
distributor.)

Backlight Service Life 50,000 hours or more (continuous operation at 25 ° C [77 ° F] before backlight 
brightness dimmed to 50%

Brightness Control 16 levels (Adjusted with the touch panel or software)

Language Fonts ASCII: (Code page 850) Alphanumeric (including European characters) 
Chinese: (GB2312-80 codes) Simplified Chinese fonts
Japanese: ANK 158, Kanji: 6,962 (JIS Standards 1 & 2) (including 607 non-kanji 
characters)
Korean: (KSC5601 - 1992 codes) Hangul fonts
Taiwanese: (Big 5 codes) Traditional Chinese fonts

Character Sizes 8 x 8, 8 x 16, 16 x 16 and 32 x 32 pixel fonts

Font Sizes You can expand the width up to 8 times, and expand the height up to 8 times.*1

Text 8 x 8 pixels 80 characters per row x 60 rows

8 x 16 pixels 80 characters per row x 30 rows

16 x 16 pixels 40 characters per row x 30 rows

32 x 32 pixels 20 characters per row x 15 rows
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Memory, Clock, and Touch Panel

Memory

*1 Capacity available for user application.

NOTE: 
�z When the message "Battery level is low" is displayed, supply power to the panel and fully charge the 

battery.

Clock

*1 Depending on the operating temperature and age of panel, the clock can deviate from -380 to +90 
sec/month. For systems where this level of precision is insufficient, the user should monitor and make 
adjustments when required.

Touch Panel

Application Memory *1 FLASH EPROM 96 MB

Application run DRAM 128 MB

Data Backup SRAM 512 KB (Replaceable lithium battery for data backup)

Clock Accuracy*1 ±65 seconds/month (deviation at room temperature and power is OFF).

Touch Panel Type Resistive Film (analog)

Touch Panel Resolution 1,024 x 1,024

Service Life 1 million times or more
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Interface Specifications

Serial Interface COM1

Serial Interface COM2

USB Interface

Ethernet Interface

SD Card Interface

SD Card slot x 1 (maximum 32 GB SD/SDHC Card)

Asynchronous Transmission RS-232C

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps

Connector D-Sub 9 pin (plug)

Asynchronous Transmission RS-485

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 
187,500 bps (MPI)

Connector Modular jack (RJ-45)

USB (Type A) Interface USB (mini-B) Interface

Connector USB 2.0 (Type A) x 1 USB 2.0 (mini-B) x 1

Power Supply Voltage 5 Vdc ±5% -

Maximum Current 
Supplied

500 mA -

Maximum Transmission 
Distance

5 m (16.4 ft)

Ethernet (LAN) IEEE802.3i / IEEE802.3u, 
10BASE-T/100BASE-TX

Connector Modular jack (RJ45) x 1
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Specifications of Serial Interface COM1

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM1

HMIGTO5310 / HMIGTO5315: D-Sub 9 pin plug connector via an RS-232C cable.

NOTE: *1 You can switch pin #9 between RI and VCC via software.

Interfit bracket is #4-40 (UNC).

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #5 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #5 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these inst ructions will result in death or serious injury.

Pin Connection Pin No. RS-232C

Signal Name Direction Meaning

1 CD Input Carrier Detect

2 RD(RXD) Input Receive Data

3 SD(TXD) Output Send Data

4 ER(DTR) Output Data Terminal Ready

5 SG - Signal Ground

6 DR(DSR) Input Data Set Ready

7 RS(RTS) Output Request to Send

8 CS(CTS) Input Send possible

9 CI(RI)/VCC Input/– Called Status Display

+5V±5% Output 0.25A*1

Shell FG – Frame Ground (Common with SG)

NOTICE
EQUIPMENT DAMAGE

Use only the rated current.

Failure to follow these in structions can result in equipment damage.
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CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only D-Sub 9 pin cables with a locking tab in good condition.

Failure to follow these in structions can result in injury or equipment damage.

�(����������



Specifications

94 EIO0000001133 10/2014

Specifications of Serial Interface COM2

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM2

HMIGTO5310 / HMIGTO5315: RJ45 connector via a RS-485 cable.

NOTE: When setting up RS-485 communication, the cable diagram for some equipment may require 
polarization on the terminal side. This terminal does not require any special setting as it handles 
polarization automatically.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #8 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #8 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these inst ructions will result in death or serious injury.

Pin Connection Pin No. RS-485

Signal Name Direction Meaning

1 NC - -

2 NC - -

3 NC - -

4 Line A Input/Output Transfer Data (RS-485)

5 Line B Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request To Send

7 NC - -

8 SG - Signal Ground

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Dimensions 

External Dimensions: HMIGTO5310

1 Front
2 Right Side
3 Top

External Dimensions: HMIGTO5315

1 Front
2 Right Side
3 Top
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Installation with Installation Fasteners: HMIGTO5310

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Installation with Installation Fasteners: HMIGTO5315

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Dimensions with Cables: HMIGTO5310

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO5315

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.

Panel Cut Dimensions

Create a panel cut and insert the panel into the opening from the front.

NOTE: Before designing the panel cut, refer to Installation (see page 120).

A B C R

HMIGTO5310 259 mm (+1, -0 mm)
(10.2 in. [+0.04, -0 in.])

201 mm (+1, -0 mm)
(7.91 in. [+0.04, -0 in.])

1.6...5 mm
(0.06...0.2 in.)

3 mm (0.12 in.) 
maximum

HMIGTO5315 298 mm (+1, -0 mm)
(11.73 in. [+0.04, -0 in.])

240 mm (+1, -0 mm)
(9.45 in. [+0.04, -0 in.])
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Installation Fastener Dimensions
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HMIGTO6310/6315

Section 4.5
HMIGTO6310/6315

What Is in This Section?

This section contains the following topics:

Topic Page

Electrical Specifications 102

Environmental Specifications 103

Structural Specifications 104

Display Specifications 106

Memory, Clock, and Touch Panel 107

Interface Specifications 108

Specifications of Serial Interface COM1 109

Specifications of Serial Interface COM2 111

Dimensions 112

�(����������



Specifications

102 EIO0000001133 10/2014

Electrical Specifications

P
ow

er
 S

up
pl

y

Rated Input Voltage 24 Vdc

Input Voltage Limits 19.2...28.8 Vdc

Voltage Drop 10 ms or less

Power Consumption 17 W or less

When power is not supplied to 
external devices

12 W or less

Backlight OFF (Standby Mode) 7 W or less

Backlight Dimmed (Brightness: 
20%)

8 W or less

In-Rush Current 30 A or less

Voltage Endurance 1,500 Vac, 20 mA for 1 minute (between charging and FG 
terminals)

Insulation Resistance 500 Vdc, 10 M�  or more (between charging and FG terminals)
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Environmental Specifications

 

Air quality requirements

Do not operate or store the panel where chemicals evaporate, or where chemicals are present in the air:

�z Corrosive chemicals: Acids, alkalines, liquids containing salt.
�z Flammable chemicals: Organic solvents.

P
hy

si
ca

l E
nv

iro
nm

en
t

Surrounding Air 
Temperature

0...55 ° C (32...131 ° F)

Storage Temperature -20...60 ° C (-4...140 ° F)

Surrounding Air and 
Storage Humidity

10...90% RH (Non condensing, wet bulb temperature 39 ° C [102.2 ° F] or less)

Dust 0.1 mg/m3 (10-7 oz/ft3) or less (non-conductive levels)

Pollution Degree For use in Pollution Degree 2 environment

Corrosive gases Free of corrosive gases

Atmospheric Pressure 
(Operating Altitude)

800...1,114 hPa (2,000 m [6,561 ft] or lower)

M
ec

ha
ni

ca
l E

nv
iro

nm
en

t Vibration Resistance IEC/EN 61131-2 compliant
5...9 Hz Single amplitude 3.5 mm (0.14 in.)

9...150 Hz Fixed acceleration: 9.8 m/s2

X, Y, Z directions for 10 cycles (approx.100 minute)

Concussion Resistance IEC/EN 61131-2 compliant

147 m/s2, X, Y, Z directions for 3 times

E
le

ct
ric

al
 E

nv
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nm
en

t Noise immunity Noise Voltage: 1,000 Vp-p
Pulse Width: 1 µs
Rise Time: 1 ns

Electrostatic Discharge 
Immunity

Contact Discharge Method: 6 kV (IEC/EN 61000-4-2 Level 3)

CAUTION
INOPERATIVE EQUIPMENT

Do not allow water, liquids, metal, and wiring fragments to enter the panel case.

Failure to follow these inst ructions can result in in jury or equipment damage.
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Structural Specifications

 

NOTE:  *1 The front face of the HMIGTO, installed in a solid panel, has been tested using conditions 
equivalent to the standards shown in the specification. Even though the HMIGTO’s level of resistance is 
equivalent to these standards, oils that should have no effect on the HMIGTO can possibly harm the panel. 
This can occur in areas where either vaporized oils are present, or where low viscosity cutting oils are 
allowed to adhere to the panel for long periods of time. If the panel’s front face protection sheet peels off, 
these conditions can lead to the ingress of oil into the panel and separate protection measures are 
suggested.

Also, if non-approved oils are present, they may cause deformation or corrosion of the front panel’s plastic 
cover. Therefore, prior to installing the HMIGTO, be sure to confirm the type of conditions that will be 
present in the panel’s operating environment. If the installation gasket is used for a long period of time, or 
if the HMIGTO and its gasket are removed from the panel, the original level of protection cannot be kept. 
To maintain the original protection level, be sure to replace the installation gasket regularly.

*2 When installing the HMIGTO in a panel, you may not be able to mount the HMIGTO flush with the panel. 
This occurs due to the thickness of the gasket. The difference in level between the HMIGTO and panel 
depends on how much the gasket is compressed.

*3 For dimensional tolerance, everything +1/-0 mm (+0.04/-0 in.) and R in angle are below R3 (R0.12in.)

*4 Even if the installation wall thickness is within the recommended range for the “Panel Cut Dimensions”, 
depending on wall’s material, size, and installation location of the panel and other devices, the installation 
wall could warp. To prevent warping, the installation surface may need to be strengthened.

 HMIGTO6310 HMIGTO6315

Grounding Functional grounding: Grounding resistance of 100 � , 2 mm2 (AWG 14) or thicker wire, or your 
country’s applicable standard. (Same for FG and SG terminals)

Cooling 
Method

Natural air circulation

Structure*1 IP65f NEMA #250 TYPE 4X/13 (on the front panel 
when properly installed in an enclosure) 

IP66k NEMA #250 TYPE 4X/13 (on the 
front panel when properly installed in 

an enclosure)*2

External 
Dimensions

W315 x H241 x D56 mm (W12.4 x H9.49 x D2.2 in.) W359 x H285 x D56 mm (W14.13 x 
H11.22 x D2.2 in.)

Panel Cut 
Dimensions

W301.5 x H227.5 mm (W11.87 x H8.96 in.)*3

Panel thickness area: 1.6...5 mm (0.06...0.2 in.)*4
W340.5 x H266.5 mm (W13.41 x 

H10.49 in.)*3

Panel thickness area: 1.6...5 mm 

(0.06...0.2 in.)*4

Weight 2.5 kg (5.5 lb) or less (main unit only) 3 kg (6.6 lb) or less (main unit only)

NOTICE
EQUIPMENT DAMAGE

For food and beverage and pharmaceutical industries, when the HMIGTO is not flush with panel, use 
silicon to form a seal to prevent water, chemicals, or food from lodging into place. Otherwise, the panel 
face could leak.

Failure to follow these in structions can result in equipment damage.

CAUTION
EQUIPMENT DAMAGE

Ensure that the panel is not in permanent and direct contact with oils.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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NOTICE
STORAGE AND OPERATION OUTSIDE OF SPECIFICATIONS

�z Store the panel in areas where temperatures are within the panel’s specifications.
�z Do not restrict or block the panel’s rear-face ventilation slots.

Failure to follow these instruction s can result in equipment damage.

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these instruction s can result in equipment damage.
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Display Specifications

*1 You can set up other font sizes using the software.

Display Type TFT Color LCD

Display Size 12.1”

Resolution 800 x 600 pixels (SVGA)

Effective Display Area W246.0 x H184.5 mm (W9.69 x H7.26 in.)

Display Colors 65,536 colors (No blink) / 16,384 colors (Blink)

Backlight White LED (Not user replaceable. When replacement is required, contact your 
local distributor.)

Backlight Service Life 50,000 hours (continuous operation at at 25 ° C [77 ° F] before backlight 
brightness decreases to 50%)

Brightness Control 16 levels (Adjusted with touch panel or software)

Language Fonts ASCII: (Code page 850) Alphanumeric (including European characters) 
Chinese: (GB2312-80 codes) Simplified Chinese fonts
Japanese: ANK 158, Kanji: 6,962 (JIS Standards 1 & 2) (including 607 non-kanji 
characters)
Korean: (KSC5601 - 1992 codes) Hangul fonts
Taiwanese: (Big 5 codes) Traditional Chinese fonts

Character Sizes 8 x 8, 8 x 16, 16 x 16 and 32 x 32 pixel fonts

Text 8 x 8 pixels 100 characters per row x 75 rows

8 x 16 pixels 100 characters per row x 37 rows

16 x 16 pixels 50 characters per row x 37 rows

32 x 32 pixels 25 characters per row x 18 rows
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Memory, Clock, and Touch Panel

Memory

*1 Capacity available for user application.

NOTE: 
�z When the message "Battery level is low" is displayed, supply power to the panel and fully charge the 

battery.

Clock

*1 Depending on the operating temperature and age of the panel, the clock can deviate from -380 to +90 
sec/month. For systems where this level of precision is insufficient, the user should monitor and make 
adjustments when required.

Touch Panel

Application Memory*1 FLASH EPROM96 MB

Application run DRAM 128 MB

Data Backup SRAM 512 KB (Replaceable lithium battery for backup memory)

Clock Accuracy*1 ±65 seconds/month (deviation at room temperature and power is OFF).

Touch Panel Type Resistive Film (analog)

Touch Panel Resolution 1,024 x 1,024

Touch Panel Service Life 1 million times or more
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Interface Specifications

Serial Interface COM1

Serial Interface COM2

USB Interface

Ethernet Interface

SD Card Interface

SD Card slot x 1 (maximum 32 GB SD/SDHC Card)

Asynchronous Transmission RS-232C

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps

Connector D-Sub 9 pin (plug)

Asynchronous Transmission RS-485

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 187,500 bps 
(MPI)

Connector Modular jack (RJ-45)

USB (Type A) Interface USB (mini-B) Interface

Connector USB 2.0 (Type A) x 1 USB 2.0 (mini-B) x 1

Power Supply Voltage 5 Vdc ±5% -

Maximum Current Supplied 500 mA -

Maximum Transmission Distance 5 m (16.4 ft)

Ethernet (LAN) IEEE802.3i / IEEE802.3u, 10BASE-T/100BASE-TX

Connector Modular jack (RJ45) x 1
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Specifications of Serial Interface COM1

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM1

HMIGTO6310 / HMIGTO6315: D-Sub 9 pin plug connector via an RS-232C cable.

NOTE: *1 You can switch pin #9 between RI and VCC via software.

Interfit bracket is #4-40 (UNC).

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these in structions can result in injury or equipment damage.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #5 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #5 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-232C

Signal Name Direction Meaning

1 CD Input Carrier Detect

2 RD(RXD) Input Receive Data

3 SD(TXD) Output Send Data

4 ER(DTR) Output Data Terminal Ready

5 SG - Signal Ground

6 DR(DSR) Input Data Set Ready

7 RS(RTS) Output Request to Send

8 CS(CTS) Input Send possible

9 CI(RI)/VCC Input/– Called Status Display

+5V±5% Output 0.25A*1

Shell FG – Frame Ground (Common with 
SG)

NOTICE
EQUIPMENT DAMAGE

Use only the rated current.

Failure to follow these instruction s can result in equipment damage.
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CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only D-Sub 9 pin cables with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Specifications of Serial Interface COM2

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM2

HMIGTO6310 / HMIGTO6315: RJ45 connector via a RS-485 cable.

NOTE: When setting up RS-485 communication, the cable diagram for some equipment may require 
polarization on the terminal side. This terminal does not require any special setting as it handles 
polarization automatically.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #8 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #8 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-485

Signal Name Direction Meaning

1 NC - -

2 NC - -

3 NC - -

4 Line A Input/Output Transfer Data (RS-485)

5 Line B Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request To Send

7 NC - -

8 SG - Signal Ground

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these in structions can result in injury or equipment damage.
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Dimensions 

External Dimensions: HMIGTO6310

1 Front
2 Right Side
3 Top

External Dimensions: HMIGTO6315

1 Front
2 Right Side
3 Top
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Installation with Installation Fasteners: HMIGTO6310

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Installation with Installation Fasteners: HMIGTO6315

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Dimensions with Cables: HMIGTO6310

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO6315

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.

Panel Cut Dimensions

Create a panel cut and insert the panel into the opening from the front.

NOTE: Before designing the panel cut, refer to Installation (see page 120).

A B C R

HMIGTO6310 301.5 mm (+1, -0 mm)
(11.87 [+0.04, -0 in.])

227.5 mm (+1, -0 mm)
(8.96 in. [+0.04, -0 in.])

1.6...5 mm
(0.06...0.2 in.)

3 mm (0.12 in.) 
maximum

HMIGTO6315 340.5 mm (+1, -0 mm)
(13.41 [+0.04, -0 in.])

266.5 mm (+1, -0 mm)
(10.49 in. [+0.04, -0 in.])
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Installation Fastener Dimensions
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Installation and Wiring

Chapter 5
Installation and Wiring

What Is in This Chapter?

This chapter contains the following sections:

Section Topic Page

5.1 Installation 120

5.2 Wiring Principles 125

5.3 SD Card Insertion/Removal 131

5.4 USB Cable Clamp 136
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Installation

Section 5.1
Installation

Installation Procedures

Introduction

The installation fasteners are required when installing the panel.

Mount the panel in an enclosure that provides a clean, dry, robust and controlled environment. (HMIGTO 
except HMIGTO2315/HMIGTO5315/HMIGTO6315: IP65, Type 1, Type 4X [Indoor Use Only] or Type 13 
Enclosure. HMIGTO2315/HMIGTO5315/HMIGTO6315: IP66k, Type 1, Type 4X [Indoor Use Only] or Type 
13 Enclosure.)

Installation Requirements

Check that the installation wall or cabinet’s surface is flat, in good condition and has no jagged edges. Metal 
reinforcing strips may be attached to the inside of the wall, near the panel-cut, to increase its rigidity.

Decide on the thickness of the enclosure wall, based on the level of strength required: 1.6...5 mm (0.06...0.2 in.).

Be sure that the surrounding air temperature and the ambient humidity are within their designated ranges. 
Surrounding air temperature: 0 to 50 ° C (32 to 122 ° F) or 0 to 55 ° C (32 to 131 ° F) (please see the Environment 
Specifications for your HMIGTO); ambient humidity: 10 to 90%RH; wet bulb temperature: maximum 39 ° C [102 ° F]. 
When installing the panel in a cabinet or enclosure, the surrounding air temperature is the cabinet’s or enclosure’s 
internal temperature.

Be sure that heat from surrounding equipment does not cause the panel to exceed its standard operating temperature.

When mounting the panel vertically, ensure that the right side of the unit faces up. In other words, the power connector 
should be at the top.

1 Power connector

When installing the panel in a slanted position, the panel face should not incline more than 30° .

When installing the panel in a slanted position with an incline more than 30° , the ambient temperature must not exceed 
40 ° C (104 ° F). You may need to use forced air cooling (fan, A/C) to ensure the ambient operating temperature is 40° C 
or less (104 ° F or less).
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Panel Mounting Procedure: (except HMIGTO2315/HMIGTO5315/HMIGTO6315)

For easier maintenance, operation and improved ventilation, install the panel at least 100 mm (3.94 in.) away from 
adjacent structures and other equipment as shown in the following illustration:

The holes on the rear of the panel (except HMIGTO1300/1310) do not correspond to VESA 75 mm standards. Do not 
attach the panel to a commercial-type VESA arm.

NOTICE
PANEL UNSTEADY WHEN UNSECURED

Keep HMIGTO stabilized in the panel-cut while you are installing or removing the screw fasteners.

Failure to follow these instruction s can result in equipment damage.

Step Action

1 Place the panel on a clean and level surface with the display facing downward.

2 Check that the panel’s gasket is seated securely into the gasket’s groove, which runs around the 
perimeter of the panel frame.

3 Cut a hole in the installation panel as defined by the HMIGTO’s panel cutout dimensions.
HMIGTO1300/HMIGTO1310 (see page 48)
HMIGTO2300/HMIGTO2310 (see page 66)
HMIGTO3510/HMIGTO4310 (see page 82)
HMIGTO5310 (see page 99)
HMIGTO6310 (see page 116)

4 Insert the HMIGTO into the panel-cut.
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5 Insert the installation fasteners into the HMIGTO’s insertion slots on the top and bottom sides (left and 
right sides for the HMIGTO1300/1310). Slide the fasteners to the back. If the fasteners are not correctly 
attached, the HMIGTO may shift or fall out.

HMIGTO2310

HMIGTO1310

6 Insert each of the fasteners shown below. Make sure you pull the fastener back until it is flush with the 
rear of the attachment hole insert.

7 Use a Phillips screwdriver to tighten each fastener screw and secure the panel in place. The necessary 
torque is 0.5 Nm (4.4 lb•in).

NOTICE
BROKEN ENCLOSURE

�z Do not exert more than 0.5 Nm (4.4 lb•in) of torque when tightening the fastener’s screws.
�z Use on flat surface of a Type 1, Type 4X (Indoor Use Only) or Type 13 Enclosure.

Failure to follow these in structions can result in equipment damage.

Step Action
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Removal Procedure: (except HMIGTO2315/HMIGTO5315/HMIGTO6315)

HMIGTO2315/HMIGTO5315/HMIGTO6315 Panel Mounting Procedure

Step Action

1 Loosen the installation fasteners (4) from the HMIGTO.

2 Remove the HMIGTO slowly from the panel while pressing the projections on the top of the HMIGTO.

1 Projections

NOTE: 

�z You could damage the HMIGTO if you try and remove it without holding down the projections.
�z Watch your fingers so they do not get caught when holding down the projections.

CAUTION
RISK OF INJURY

Do not drop the HMIGTO when you remove it from the panel.

�z Hold the HMIGTO in place after removing the fasteners.
�z Use both hands.

Failure to follow these in structions can result in injury or equipment damage.

CAUTION
RISK OF INJURY

Do not drop the HMIGTO when you install or remove it from the panel.

�z Hold the HMIGTO in place after removing the M4 Hex nuts and brackets.
�z Use both hands.

Failure to follow these in structions can result in injury or equipment damage.

NOTICE
PANEL UNSTEADY WHEN UNSECURED

Keep panel stabilized in the panel-cut while you are installing or removing the M4 Hex nuts and brackets.

Failure to follow these instruction s can result in equipment damage.

Step Action

1 Place the panel on a clean and level surface with the display facing downward.

2 Confirm that the panel’s gasket is seated properly on the rear of the panel.

3 Cut a hole in the panel as defined by the HMIGTO panel cutout dimensions.
HMIGTO2315 (see page 66)
HMIGTO5315 (see page 99)
HMIGTO6315 (see page 116)
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4 Insert the HMIGTO into the panel-cut.

1 Gasket
2 Panel
3 Brackets
4 M4 Hex Nut
5 Please read Step 5.
6 Please read Step 6.

5 Tighten the four corners of the rear of the panel with the M4 Hex nuts, in the order shown in the example 
in Step 4.
Use an M4 box-type screwdriver to tighten each M4 Hex nut and secure the panel in place. The 
necessary torque is 0.5 Nm (4.4 lb•in). If the M4 Hex nuts are not correctly attached, the panel may shift 
or fall out.

6 Attach the bracket onto the screws in the middle between the M4 Hex nuts in the order shown in the 
example in Step 4.
Use an M4 box-type screwdriver to tighten each M4 Hex nut and secure the panel in place. The 
necessary torque is 0.5 Nm (4.4 lb•in). If the M4 Hex nuts are not correctly attached, the panel may shift 
or fall out.

7 Tighten all the M4 Hex nuts again. The necessary torque is 0.5 Nm (4.4 lb•in).

NOTE: Do not loosen the installation fasteners, marked with red squares below.

1 Panel

NOTICE
BROKEN ENCLOSURE

�z Do not exert more than 0.5 Nm (4.4 lb•in) of torque when tightening the M4 Hex nuts.
�z Use on flat surface of a Type 1, Type 4X (Indoor Use Only) or Type 13 Enclosure.

Failure to follow these in structions can result in equipment damage.

Step Action
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Wiring Principles

Section 5.2
Wiring Principles

Overview

This section presents the HMIGTO wiring principles.

What Is in This Section?

This section contains the following topics:

Topic Page

Connecting the Power Cord 126

Connecting the Power Supply 128

Grounding 130
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Connecting the Power Cord

NOTE: The shield ground (SG) and FG terminals are connected internally in the panel.

DC Power Cord Preparation

�z Make sure the ground wire is either the same or heavier gauge than the power wires.
�z Do not use aluminum wires in the power supply’s power cord.
�z If the ends of the individual wires are not twisted correctly, the wires may create a short circuit.

�z Wherever possible, use wires that are 0.75 to 2.5 mm2 (AWG 18 - 13) for the power cord, and twist the 
wire ends before attaching the terminals.

�z The conductor type is solid or stranded wire.
�z Field wiring terminal marking for wire type (75 ° C [167 ° F] copper conductors only).

DC Power Supply Connector (Plug) Specifications: Spring Clamp Terminal Blocks

HMIGTO1300/1310 / HMIGTO2300/2310/2315 / HMIGTO3510/4310

HMIGTO5310/5315 / HMIGTO6310/6315

WARNING
EXCESSIVE ELECTROMAGNETIC INTERFERENCE

�z When the functional ground (FG) terminal is connected, be sure the wire is grounded. Not grounding 
the HMIGTO can result in excessive Electromagnetic Interference (EMI). Grounding is required to 
meet EMC level immunity.

�z Remove power before wiring the HMIGTO’s power terminals.
�z The DC model uses only 24 Vdc power. Using any other level of power can damage both the power 

supply and the HMIGTO.
�z Since the HMIGTO is not equipped with a power switch, be sure to connect a power switch to the 

power supply.
�z Be sure to ground the HMIGTO’s FG terminal.
�z Replace and secure all elements of the system before applying power to the HMIGTO.

Failure to follow these instruction s can result in death, seriou s injury, or equipment damage.

Connection Wire

+ 24 Vdc

- 0 Vdc

FG Grounded terminal connected to the panel chassis.
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How to connect the DC Power Cord

NOTE: 
�z Do not solder the wire directly to the power receptacle pin.
�z To prevent the possibility of a terminal short, use a pin terminal that has an insulating sleeve.
�z You can connect the DC power supply connector for HMIGTO1300/1310, HMIGTO2300/2310/2315, or 

HMIGTO3510/4310 to HMIGTO5310/5315 or HMIGTO6310/6315 units. However, the reverse is not 
possible. You cannot connect the DC power supply connector for HMIGTO5310/5315 or 
HMIGTO6310/6315 to HMIGTO1300/1310, HMIGTO2300/2310/2315, or HMIGTO3510/4310 units.

Step Action

1 Confirm the power cord is not connected to the power supply.

2 Check the rated voltage and remove the “DC24V” sticker on the DC power supply connector.

3 Remove 10 mm (0.39 in.) of the vinyl membrane off the ends of the power cord wires.

4 If using stranded wire, twist the ends. Tinning the ends with solder reduces risk of fraying and ensures 
good electrical transfer.

5 Push the Opening button with a small and flat screwdriver to open the desired pin hole.

6 Insert each pin terminal into its corresponding hole. Release the Opening button to clamp the pin in place.
HMIGTO1300/1310 / HMIGTO2300/2310/2315 / HMIGTO3510/4310

HMIGTO5310/5315 / HMIGTO6310/6315

7 After inserting all three pins, insert the power plug into the power connector on the panel.
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Connecting the Power Supply

Precautions

�z You must use a 24 Vdc input unit with a Class 2 power supply.
�z To increase the electromagnetic noise resistance, make sure you twist the ends of the power cord wires 

before connecting them to the power plug.
�z The panel’s power supply cord should not be bundled with or kept close to main circuit lines (high 

voltage, high current), or input/output signal lines.
�z Connect a lightning surge absorber to handle power surges.
�z To reduce electromagnetic noise, make the power cord as short as possible.

Power Supply Connections

When supplying power to the panel, separate the input/output and power lines, as shown.

NOTE: 
The following shows a lightning surge absorber connection:

�z Ground the surge absorber (E1) separately from the panel (E2).
�z Select a surge absorber that has a maximum circuit voltage greater than that of the peak voltage of the 

power supply.

If the supplied voltage exceeds the panel range, connect a constant voltage transformer.

1 Constant voltage transformer
2 Twisted-pair cord
3 panel

WARNING
SHORT CIRCUIT, FIRE, OR UNINTENDED EQUIPMENT OPERATION

Avoid excessive force on the power cable to prevent accidental disconnection
�z Securely attach power cables to the HMIGTO or cabinet.
�z Use the designated torque to tighten the unit terminal block screws.
�z Install and fasten the HMIGTO on installation panel or cabinet prior to connecting power supply and 

communication lines.

Failure to follow these instruction s can result in death, seriou s injury, or equipment damage.
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Select a power supply low in noise for between the line and ground. If there is an excess amount of noise, 
connect an insulating transformer.

1 Insulating transformer
2 Twisted-pair cord
3 panel

NOTE: Use constant voltage and insulating transformers with capacities exceeding the Power 
Consumption value.
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Grounding

Exclusive Grounding

When supplying power to the panel, separate the input/output and power lines as shown below.

Connect the frame ground (FG) terminal on the power plug to an exclusive ground.

Precautions

Electromagnetic Interference (EMI) can be created if the devices are improperly grounded. EMI can cause 
loss of communication. Do not use common grounding, except for the authorized configuration described 
below. If exclusive grounding is not possible, use a common grounding point.

Correct grounding

Incorrect grounding

�z Check that the grounding resistance is 100 �  or less.*1

�z The FG wire should have a cross sectional area greater than 2 mm2 (AWG 14) (1). Create the 
connection point as close to the panel as possible, and make the wire as short as possible. When using 
a long grounding wire, replace the thin wire with a thicker wire, and place it in a duct.

�z FG and SG terminals are internally connected in the panel. When connecting an external device to the 
panel using the SG terminal, check that you do not create a short-circuit loop when you set up the 
system.

*1 Observe local codes and standards. Ensure the ground connection has a resistance of 100 �  and that 

the ground wire has a cross-section of at least 2 mm2 or AWG 14.
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SD Card Insertion/Removal

Section 5.3
SD Card Insertion/Removal

What Is in This Section?

This section contains the following topics:

Topic Page

Introduction 132

Inserting the SD Card 133

Removing the SD Card 134

SD Card Data Backup 135

�(����������



Installation and Wiring

132 EIO0000001133 10/2014

Introduction

NOTICE
LOSS OF DATA

When using the HMIGTO and a SD Card, observe the following to avoid losing valuable data:
�z Since accidental data loss can occur at any time, back up HMIGTO screen and SD Card data 

regularly. Once HMIGTO data is lost, it cannot be recovered.
�z While a SD Card is accessed, do not turn OFF or reset the HMIGTO, and do not insert or remove the 

SD Card. Doing so could damage the SD Card, or corrupt its data.
�z Before using the SD Card, familiarize yourself with the SD Card’s front and rear face orientation, as 

well as the position of the SD Card connectors. If the SD Card is not positioned correctly when inserted 
into the HMIGTO, the card’s internal data and HMIGTO could become damaged.

Failure to follow these instruction s can result in equipment damage.

NOTICE
LOSS OF DATA

When handling the SD Card, follow the instructions below to prevent internal data on the SD Card from 
being destroyed or a SD Card malfunction from occurring:
�z Avoid storing the SD Card where there is static electricity or electromagnetic waves.
�z Avoid storing the SD Card in direct sunlight, near a heater, or other locations where high temperatures 

can occur.
�z Do not bend the SD Card.
�z Do not drop or strike the SD Card against another object.
�z Keep the SD Card dry.
�z Do not touch the SD Card connectors.
�z Do not disassemble or modify the SD Card.
�z Use only SD Cards formatted using FAT or FAT32. The HMIGTO does not recognize NTFS formatted 

SD Cards. Format the SD Card on your computer using FAT or FAT32.

Failure to follow these in structions can result in equipment damage.
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Inserting the SD Card

NOTE: As shown in the image below (example on the left-hand side), you can set the Write-Control Tab 
to prevent write operations to the SD Card. Push the tab up, as shown in the example on the right-hand 
side, to release the lock and enable writing to the SD Card. Before using a commercial-type SD Card, read 
the manufacturer’s instructions.

Step Action

1 Pull on the tab and open the SD Card cover.

1 Tab

2 Insert the SD Card into the SD Card interface, and push until you hear it “click”.

3 Close the SD Card cover.
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Removing the SD Card

Step Action

1 Make sure the SD Card Access LED is off.

1 SD Card Access LED

2 Push down the tab on the SD Card cover, then pull open the cover.

1 Tab

3 Push the SD Card once to release, and pull out the card. After removing the 
card, close the cover.

NOTE: After using the SD Card, store the SD Card in its case or other safe 
location.
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SD Card Data Backup

To make your backups, you can either insert the SD Card directly into the SD Card interface on your 
computer, or use a commercially available SD Card reader.
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USB Cable Clamp

Section 5.4
USB Cable Clamp

Overview

This section presents the USB cable clamp.

What Is in This Section?

This section contains the following topics:

Topic Page

USB Cable Clamp for USB (Type A) 137

USB Holder for USB (mini-B) 139
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USB Cable Clamp for USB (Type A)

Introduction

When using a USB device, attaching a USB cable clamp to the USB interface to prevent the USB cable 
from being disconnected.

Attaching the USB Cable Clamp

NOTE: Watch your fingers. The edge of the clip is sharp.

DANGER
POTENTIAL FOR EXPLOSION

�z Verify the power, input, and output (I/O) wiring are in accordance with Class I, Division 2 wiring 
methods. 

�z Substitution of any components may impair suitability for Class I, Division 2.
�z Confirm that the USB cable has been fixed with the USB cable clamp before using the USB interface.
�z Remove power before attaching or detaching any connectors to or from the unit.

Failure to follow these in structions will result in death or serious injury.

Step Action

1
Mount the clip to the USB mark  connector shell so that it overlaps. The 
clip matches the 27 to 43.5 mm [1.06 to 1.71 in.] length of the USB connector.

2 Align the clip and the USB cable connector shell. Adjust the position of the 
holes where the clip is attached. To ensure stability, select the clip-hole 
position that is closest to the base of the connector shell.
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Removing the USB Cable

Remove the USB cable while pushing the grip section of the clip.

3 As shown, pass the tie through the clip hole. Next, turn the tie and pass it 
through the head so that the USB cable can pass through the center of the tie 
loop. The clip is now attached to the USB cable.

NOTE: 

�z Check the direction of the head beforehand. Make sure the USB cable is 
through the center of the tie loop and that the tie can pass through the head.

�z You can substitute the tie provided with commercially available ties with a 
width of 4.8 mm [0.19 in.] and thickness of 1.3 mm [0.05 in.].

4 While pressing the grip on the clip, insert the cable from step 3 all the way into 
the USB host interface. Make sure that the clip tab is secured to the USB cable 
attached to the HMIGTO.

Step Action
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USB Holder for USB (mini-B)

Introduction

When using a USB device, you can attach a USB holder to the USB (mini-B) interface to prevent the USB 
cable from being disconnected.

Attaching the USB Holder

DANGER
POTENTIAL FOR EXPLOSION

�z Verify the power, input, and output (I/O) wiring are in accordance with Class I, Division 2 wiring 
methods. 

�z Substitution of any components may impair suitability for Class I, Division 2.
�z Confirm that the USB cable has been fixed with the USB cable clamp before using the USB interface.
�z Remove power before attaching or detaching any connectors to or from the unit.

Failure to follow these in structions will result in death or serious injury.

Step Action

1 Insert the USB cable into the USB (mini-B) interface.

1 USB cable

2 Attach the USB holder to fix the USB cable in place. Insert the USB holder into 
the USB (mini-B) interface.

1 USB holder
2 USB cable
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Removing the USB Holder 

Remove the USB holder by pressing the tabs from the sides.

1 USB holder
2 USB cable
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Maintenance

Chapter 6
Maintenance

Overview

This chapter explains how to maintain your panel.

What Is in This Chapter?

This chapter contains the following topics:

Topic Page

Regular Cleaning 142

Replacing the Installation Gasket 143

Periodic Check Points 145

Replacing the Primary Battery 146
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Regular Cleaning

Cleaning the display

When the surface or the frame of the display gets dirty, soak a soft cloth in water with a neutral detergent, 
wring the cloth tightly and wipe the display.

NOTICE
EQUIPMENT DAMAGE

�z Power off the panel before cleaning it.
�z Do not use hard or pointed objects to operate the touch panel as you may damage the panel surface.
�z Do not use paint thinner, organic solvents, or a strong acid compound to clean the unit.

Failure to follow these instructions  can result in equipment damage.
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Replacing the Installation Gasket

Overview

The installation gasket provides protection against dust and moisture.

Installing the Installation Gasket

NOTE: For instructions on how to install the installation gasket when using 
HMIGTO2315/HMIGTO5315/HMIGTO6315, see HMIGTO2315/HMIGTO5315/HMIGTO6315 Panel 
Mounting Procedure (see page 123).

The gasket must be inserted correctly into the groove for IP65f moisture resistance for the panel. (IP66k 
moisture resistance for HMIGTO2315/HMIGTO5315/HMIGTO6315.)

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these instruction s can result in equipment damage.

Stage Description

1 Place the panel on a flat, level surface, with the display face pointing down.

2 Remove the gasket from the panel.

3 Attach the new gasket to the panel. Position the gasket in the installation groove so that the gasket seam 
is at the bottom of the panel. First, insert the gasket into the 4 corners, in the order shown in the image 
below. Then, insert the rest of the gasket into the installation groove.
NOTE: 
�z The center of the panel bezel’s installation groove is ribbed. Make sure you insert the gasket all the 

way in without catching the ribbed sections.
�z When using a tool to insert the gasket, make sure the tool does not catch the rubber gasket and cause 

a tear.

4 The upper surface of the gasket should protrude approximately 2.0 mm (0.06 in.) from the groove. Check 
the gasket is inserted correctly before installing the HMIGTO into a panel.
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CAUTION
EQUIPMENT DAMAGE

�z Since the gasket is flexible but not elastic, be careful not to stretch it unnecessarily.
�z Make sure the gasket seam is not inserted into any of the panel corners.
�z Insert the gasket in the installation groove

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Periodic Check Points

Operation Environment

�z Is the operating temperature within the allowable range? Refer to Environmental Specifications  
(see page 38),  (see page 52),  (see page 70),  (see page 86),  (see page 103).

�z Is the operating humidity within the specified range? (10%RH to 90%RH, dry bulb temperature of 39 ° C 
[102.2 ° F] or less)

�z Is the operating atmosphere free of corrosive gasses?

When the HMIGTO is inside a panel, the ambient environment refers to the interior of the panel.

Electrical Specifications

Is the input voltage appropriate?
�z 100 Vac to 240 Vac 50/60 Hz
�z 19.2 Vdc to 28.8 Vdc

Related Items

�z Are all power cords and cables connected properly? Are there any loose cables?
�z Are all mounting brackets holding the unit securely?
�z Are there scratches or traces of dirt on the installation gasket?
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Replacing the Primary Battery

Introduction

The replacement battery HMI ZGBAT (sold separately) for the primary battery in the HMIGTO is available 
from Schneider Electric.

NOTE: The HMIGTO1300/1310 and HMIGTO2300 are not equipped with a primary battery.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

�z Follow the procedures step by step to replace the battery correctly and safely.
�z Before replacing the battery, turn OFF the HMIGTO’s power.

Failure to follow these inst ructions will result in death or serious injury.

DANGER
EXPLOSION, FIRE, OR CHEMICAL HAZARD

�z Use only the replacement battery HMI ZGBAT manufactured by Schneider Electric.
�z Do not cause a short circuit.
�z Recycle or properly dispose of used batteries.

Failure to follow these inst ructions will result in death or serious injury.

NOTICE
LOSS OF DATA

The primary battery is non-rechargeable, and is used for data backup of memory and the internal clock. 
If the primary battery is depleted, the backup data is lost. One month before the primary battery is 
completely depleted, a message will appear to indicate it is time to replace the primary battery.
�z Replace the battery within one month after the message appears. Otherwise, backup data may be lost.
�z Complete replacing the battery within ten minutes of shutting down the HMIGTO.
�z The primary battery replacement time (within a month after the message appears) is only a guideline. 

When backup SRAM data and clock data is lost after the message appears, Schneider Electric does 
not perform data recovery/retrieval. Schneider Electric does not accept any responsibility for the loss 
of data.

�z Replace the primary battery regularly every five years after you purchase the HMIGTO.

Failure to follow these in structions can result in equipment damage.

Step Action

1 Disconnect the power supply from the HMIGTO.

2 Touch the housing or ground connection (not the power supply) to discharge any electrostatic charge 
from your body.

3 Open the SD Card Interface Cover by pressing its tab. Next, open the Replacement Battery Insertion 
Cover by pressing its tab.

1 SD Card Interface Cover / Tab
2 Replacement Battery Insertion Cover / Tab

�(����������



EIO0000001133 10/2014 147

4 Remove the primary battery and connector.

1 Connector
2 Primary battery

5 Attach the new primary battery and connector.

6 First close the replacement battery cover, then close the SD Card Interface Cover.

NOTE: Make sure the cables are inserted completely inside the enclosure. Otherwise, you can damage 
the cables when you close the cover.

7 Reconnect the power supply to the HMIGTO.

Step Action
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clock, 41, 56, 73, 90, 107
COM1, 16, 18, 19
connecting the power cord, 126
connecting the power supply, 128

D
danger

arc flash, 146
chemical hazard, 146
electric shock, 43, 45, 58, 60, 75, 77, 92, 94, 109, 
111, 146
explosion, 137, 139, 146, 146
fire, 146

dimensions, 46, 61, 78, 95, 112

E
Ethernet, 19

F
function keys, 41

G
gasket, 144
grounding, 130

I
installation

procedures, 120
installation gasket, 143

K
KC marking, 12

M
maintenance, 141

check points, 145
Maintenance

Cleaning, 142
maintenance accessories, 23
memory, 41, 56, 73, 90, 107

N
notice

 loss of data, 132
 panel unsteady when unsecured, 121
loss of data, 146
overtorque, 122, 124
panel unsteady when unsecured, 123

O
optional accessories, 22

P
parts identification and functions, 25
power plug, 126

R
replacing the battery, 146
RS-232C, 16, 18
RS-422/RS-485, 18
RS-485, 19

S
SD Card, 131

backup, 135
insertion, 133

SD Card accessories, 22
serial interface accessories, 21
specifications

COM, 43, 58, 60, 77, 92, 94, 109, 111
COM1, 42, 57, 58, 74, 75, 91, 92, 108, 109
COM2, 42, 45, 57, 60, 74, 77, 91, 94, 108, 111
display, 40, 55, 72, 89, 106
electrical, 37, 51, 69, 85, 102
environmental, 38, 52, 70, 86, 103
Ethernet, 108
interfaces, 42, 57, 74, 91, 108
SD Card, 57, 74, 108
structural, 39, 53, 71, 87, 104
USB, 42, 42, 57, 57, 74, 74, 91, 91, 91, 108

T
touch panel, 41, 56, 73, 90, 107
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U
USB

cable clamp for USB Type A, 137
holder mini-B, 139

USB interface accessories, 22
USB mini-B, 20
USB Type A, 20

W
warning

electromagnetic interference, 126
fire, 128
short circuit, 128
unintended equipment operation, 7, 128
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�1�R�W�H�V��
� � � � � � � � �7�R� � �3�U�H�Y�H�Q�W�� �0�R�W�R�U�� �%�X�U�Q�R�X�W�� � � � � � , �Q� � �D
�S�X�P�S�G�R�Z�Q���D�S�S�O�L�F�D�W�L�R�Q���P�D�N�H���V�X�U�H���W�K�H���W�X�U�Q��
�R�I�I�� �O�H�Y�H�O�� �L�V�� �D�W�� �O�H�D�V�W�� ���� �L�Q�F�K�H�V�� �� �D�E�R�Y�H�� �W�K�H�� �L�Q��
�W�D�N�H���R�I���W�K�H���V�X�E�P�H�U�V�L�E�O�H���S�X�P�S��

���������6�H�F�X�U�L�Q�J���7�H�W�K�H�U���3�R�L�Q�W�V�������0�D�N�H���V�X�U�H���O�H�Y��
�H�O�V���D�U�H���F�R�U�U�H�F�W���D�Q�G���W�K�D�W���I�O�R�D�W�V���D�U�H���I�U�H�H���I�U�R�P
�D�Q�\�� �R�E�V�W�U�X�F�W�L�R�Q�V�� �� �E�H�I�R�U�H�� �V�H�F�X�U�L�Q�J�� �W�H�W�K�H�U
�S�R�L�Q�W�V��

�7�H�W�K�H�U���7�L�H���:�U�D�S�����)�L�J������
�$�W�W�D�F�K���F�R�U�G�����X�V�L�Q�J���D���W�L�H���Z�U�D�S�����W�R���D���V�W�D�W�L�R�Q�D�U�\���V�W�U�X�F�W�X�U�H�����7�K�L�V���L�V���N�Q�R�Z�Q���D�V���W�K�H���W�H�W�K�H�U���S�R�L�Q�W�����L�W���Z�L�O�O���G�H�W�H�U�P�L�Q�H���W�K�H���S�X�P�S�L�Q�J���U�D�Q�J�H��
�7�K�H���I�D�U�W�K�H�U���W�K�H���I�O�R�D�W���L�V���S�O�D�F�H�G���I�U�R�P���W�K�H���W�H�W�K�H�U���S�R�L�Q�W�����W�K�H���J�U�H�D�W�H�U���W�K�H���S�X�P�S�L�Q�J���U�D�Q�J�H�������7�K�H���P�L�Q�L�P�X�P���G�L�V�W�D�Q�F�H���W�K�D�W���W�K�H���I�O�R�D�W���V�K�R�X�O�G
�E�H���S�O�D�F�H�G���I�U�R�P���W�K�H���W�H�W�K�H�U���S�R�L�Q�W���L�V�������L�Q�F�K�H�V��

�7�H�W�K�H�U���:�H�L�J�K�W�����)�L�J������
�3�O�D�F�H���W�H�Q�V�L�R�Q���E�U�D�Q�G���R�Y�H�U���W�K�H���F�R�U�G���E�H�I�R�U�H���L�Q�V�W�D�O�O�D�W�L�R�Q�������3�O�D�F�H���W�K�H���Z�H�L�J�K�W���D�W���W�K�H���G�H�V�L�U�H�G���S�R�V�L�W�L�R�Q���D�Q�G���V�H�F�X�U�H���Z�L�W�K���W�K�H���W�H�Q�V�L�R�Q���E�D�Q�G��
�7�K�L�V���S�R�V�L�W�L�R�Q���Z�L�O�O���G�H�W�H�U�P�L�Q�H���W�K�H���S�X�P�S�L�Q�J���U�D�Q�J�H�������7�K�H���I�D�U�W�K�H�U���W�K�H���I�O�R�D�W���L�V���S�O�D�F�H�G���I�U�R�P���W�K�H���W�H�W�K�H�U���S�R�L�Q�W�����W�K�H���J�U�H�D�W�H�U���W�K�H���S�X�P�S�L�Q�J
�U�D�Q�J�H�������7�K�H���P�L�Q�L�P�X�P���G�L�V�W�D�Q�F�H���W�K�D�W���W�K�H���I�O�R�D�W���V�K�R�X�O�G���E�H���S�O�D�F�H�G���I�U�R�P���W�K�H���W�H�W�K�H�U���S�R�L�Q�W���L�V�������L�Q�F�K�H�V��

�:�D�U�U�L�F�N�Š

�6�H�U�L�H�V���0���0�H�F�K�D�Q�L�F�D�O���7�L�O�W���)�O�R�D�W���6�Z�L�W�F�K
�,�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���2�S�H�U�D�W�L�R�Q���%�X�O�O�H�W�L�Q
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Specifications

�&�R�U�G

�&�R�Q�W�D�F�W���5�D�W�L�Q�J

�&�R�Q�W�D�F�W���'�H�V�L�J�Q

�7�H�P�S�H�U�D�W�X�U�H���5�D�W�L�Q�J

�2�Y�H�U�D�O�O���:�H�L�J�K�W

�7�H�W�K�H�U���0�H�W�K�R�G

�$�S�S�U�R�Y�D�O�V

�������J�D�X�J�H���������R�U�������F�R�Q�G�X�F�W�R�U���6�-�2�:�����2�L�O���5�H�V�L�V�W�D�Q�W���&�3�(

�������D�P�S���#�������������������9�$�&�����������K�S

�6�3�6�7�����1�R�U�P�D�O�O�\���2�S�H�Q���R�U���1�R�U�P�D�O�O�\���&�O�R�V�H�G�����&�R�P�P�R�Q���Z�L�W�K���1���2�����	���1���&�������)�R�U�P���&��

�����ƒ�)���������ƒ�&�����W�R���������ƒ�)���������ƒ�&�����'�U�\���D�Q�G���������ƒ�)���������ƒ�&�����:�D�W�H�U���5�H�V�L�V�W�D�Q�W

���������O�E�V�������Q�R�W���L�Q�F�O�X�G�L�Q�J���Z�H�L�J�K�W��

�7�L�H���Z�U�D�S���Q�\�O�R�Q�����Z�H�L�J�K�W���������������O�E�V��

�8���/�����5�H�F�R�J�Q�L�]�H�G�����&�6�$���&�H�U�W�L�I�L�H�G

Installation

�'�H�W�H�U�P�L�Q�H���W�H�W�K�H�U���S�R�L�Q�W���X�V�L�Q�J���F�K�D�U�W�V���E�H�O�R�Z���D�V���D���U�H�I�H�U�H�Q�F�H

�7�H�W�K�H�U
�3�R�L�Q�W

�7�L�H���:�U�D�S

�7�L�H���:�U�D�S
�3�X�P�S�L�Q�J

�5�D�Q�J�H

�3�X�P�S�L�Q�J
�5�D�Q�J�H

�7�H�W�K�H�U
�3�R�L�Q�W

�:�H�L�J�K�W

Figure 1 Figure 2

Tether Data For Wide Angle Float
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Tether Data For Narrow Angle Float
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�1�R�W�H�V��
���������1�D�U�U�R�Z���D�Q�J�O�H���S�X�P�S�L�Q�J���U�D�Q�J�H���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\�������,�Q�����W�R�������,�Q��
���������:�L�G�H���D�Q�J�O�H���S�X�P�S�L�Q�J���U�D�Q�J�H���L�V���D�S�S�U�R�[�L�P�D�W�H�O�\�������,�Q�����W�R���������,�Q���(����������



Contact Configurations

�*�H�P�V�� �6�H�Q�V�R�U�V�� �,�Q�F��
�2�Q�H���&�R�Z�O�H�V���5�R�D�G
�3�O�D�L�Q�Y�L�O�O�H�����&�7������������������������
�7�H�O��������������������������������
�)�D�[������������������������������

�����������´
������������ �F�P��

�����������´
������������ �F�P��

�����������´
�������������� �F�P��

�������´���������������F�P��

Dimensions

�:�K�L�W�H�������������������������������%�O�D�F�N

�1���2��

�:�K�L�W�H���������������������������������%�O�D�F�N

�1���&��

�5�H�G�����������������������%�O�D�F�N�������������������������:�K�L�W�H

�6���3���'���7��

Important Points:
• �*�H�P�V���S�U�R�G�X�F�W�V���P�X�V�W���E�H���P�D�L�Q�W�D�L�Q�H�G���D�Q�G���L�Q�V�W�D�O�O�H�G���L�Q���V�W�U�L�F�W���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���W�K�H���D�S�S�O�L�F�D�E�O�H
�����*�H�P�V���3�U�R�G�X�F�W���,�Q�V�W�U�X�F�W�L�R�Q���%�X�O�O�H�W�L�Q���W�K�D�W���F�R�Y�H�U�V���L�Q�V�W�D�O�O�D�W�L�R�Q�����R�S�H�U�D�W�L�R�Q���D�Q�G���S�U�R�S�H�U���P�D�L�Q�W�H�Q�D�Q�F�H�����)�D�L�O�X�U�H���W�R���R�E�V�H�U�Y�H���W�K�L�V
�������L�Q�I�R�U�P�D�W�L�R�Q���P�D�\���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V���L�Q�M�X�U�\���R�U���G�D�P�D�J�H�V��
• ���)�R�U���K�D�]�D�U�G�R�X�V���D�U�H�D���D�S�S�O�L�F�D�W�L�R�Q�V���L�Q�Y�R�O�Y�L�Q�J���V�X�F�K���W�K�L�Q�J�V���D�V�����E�X�W���Q�R�W���O�L�P�L�W�H�G���W�R�������L�J�Q�L�W�D�E�O�H���P�L�[�W�X�U�H�V�����F�R�P�E�X�V�W�L�E�O�H���G�X�V�W���D�Q�G
�������I�O�D�P�P�D�E�O�H���P�D�W�H�U�L�D�O�V�����X�V�H���D�Q���D�S�S�U�R�S�U�L�D�W�H���H�[�S�O�R�V�L�R�Q�S�U�R�R�I���H�Q�F�O�R�V�X�U�H���R�U���L�Q�W�U�L�Q�V�L�F�D�O�O�\���V�D�I�H���L�Q�W�H�U�I�D�F�H���G�H�Y�L�F�H��
• ���3�O�H�D�V�H���D�G�K�H�U�H���W�R���W�K�H���S�U�H�V�V�X�U�H���D�Q�G���W�H�P�S�H�U�D�W�X�U�H���O�L�P�L�W�D�W�L�R�Q�V���V�K�R�Z�Q���W�K�U�R�X�J�K�R�X�W���W�K�L�V���F�D�W�D�O�R�J���I�R�U���R�X�U���O�H�Y�H�O���D�Q�G���I�O�R�Z���V�H�Q�V�R�U�V��
�����7�K�H�V�H���O�L�P�L�W�D�W�L�R�Q�V���P�X�V�W���Q�R�W���E�H���H�[�F�H�H�G�H�G�������7�K�H�V�H���S�U�H�V�V�X�U�H�V���D�Q�G���W�H�P�S�H�U�D�W�X�U�H�V���W�D�N�H���L�Q�W�R���F�R�Q�V�L�G�H�U�D�W�L�R�Q���S�R�V�V�L�E�O�H���V�\�V�W�H�P���V�X�U�J�H
�������S�U�H�V�V�X�U�H�V���W�H�P�S�H�U�D�W�X�U�H�V���D�Q�G���W�K�H�L�U���I�U�H�T�X�H�Q�F�L�H�V��
• ���6�H�O�H�F�W�L�R�Q���R�I���P�D�W�H�U�L�D�O�V���I�R�U���F�R�P�S�D�W�L�E�L�O�L�W�\���Z�L�W�K���W�K�H���P�H�G�L�D���L�V���F�U�L�W�L�F�D�O���W�R���W�K�H���O�L�I�H���D�Q�G���R�S�H�U�D�W�L�R�Q���R�I���*�H�P�V���S�U�R�G�X�F�W�V�����7�D�N�H���F�D�U�H���L�Q���W�K�H
�������S�U�R�S�H�U���V�H�O�H�F�W�L�R�Q���R�I���P�D�W�H�U�L�D�O�V���R�I���F�R�Q�V�W�U�X�F�W�L�R�Q�����W�H�V�W�L�Q�J���L�V���U�H�T�X�L�U�H�G��
• ���1�6�)���D�S�S�U�R�Y�H�G���V�H�Q�V�R�U�V���D�U�H���P�D�G�H���R�I���P�D�W�H�U�L�D�O�V���D�S�S�U�R�Y�H�G���I�R�U���S�R�W�D�E�O�H���Z�D�W�H�U���D�S�S�O�L�F�D���W�L�R�Q�V���D�F�F�R�U�G�L�Q�J���W�R���6�W�D�Q�G�D�U�G��������
• ���6�W�D�L�Q�O�H�V�V���V�W�H�H�O���L�V���J�H�Q�H�U�D�O�O�\���U�H�J�D�U�G�H�G���D�V���V�D�I�H���E�\���1�6�)���D�Q�G���)�'�$��
• ���/�L�I�H���H�[�S�H�F�W�D�Q�F�\���R�I���V�Z�L�W�F�K���F�R�Q�W�D�F�W�V���Y�D�U�L�H�V���Z�L�W�K���D�S�S�O�L�F�D�W�L�R�Q�����&�R�Q�W�D�F�W���*�H�P�V���L�I���O�L�I�H���F�\�F�O�H���W�H�V�W�L�Q�J���L�V���U�H�T�X�L�U�H�G��
• ���$�P�E�L�H�Q�W���W�H�P�S�H�U�D�W�X�U�H���F�K�D�Q�J�H�V���G�R���D�I�I�H�F�W���V�Z�L�W�F�K���V�H�W���S�R�L�Q�W�V�����V�L�Q�F�H���W�K�H���J�U�D�Y�L�W�\���R�I���D���O�L�T�X�L�G���F�D�Q���Y�D�U�\���Z�L�W�K���W�H�P�S�H�U�D�W�X�U�H��
• ���2�X�U���V�H�Q�V�R�U�V���K�D�Y�H���E�H�H�Q���G�H�V�L�J�Q�H�G���W�R���U�H�V�L�V�W���V�K�R�F�N���D�Q�G���Y�L�E�U�D�W�L�R�Q�����+�R�Z�H�Y�H�U�����V�K�R�F�N���D�Q�G���Y�L�E�U�D�W�L�R�Q���V�K�R�X�O�G���E�H���P�L�Q�L�P�L�]�H�G��
• ���)�L�O�W�H�U���O�L�T�X�L�G���P�H�G�L�D���F�R�Q�W�D�L�Q�L�Q�J���S�D�U�W�L�F�X�O�D�W�H���D�Q�G���R�U���G�H�E�U�L�V���W�R���H�Q�V�X�U�H���W�K�H���S�U�R�S�H�U���R�S�H�U�D�W�L�R�Q���R�I���R�X�U���S�U�R�G�X�F�W�V��
• ���(�O�H�F�W�U�L�F�D�O���H�Q�W�U�L�H�V���D�Q�G���P�R�X�Q�W�L�Q�J���S�R�L�Q�W�V���L�Q���D�Q���H�Q�F�O�R�V�H�G���W�D�Q�N���P�D�\���U�H�T�X�L�U�H���O�L�T�X�L�G���Y�D�S�R�U���V�H�D�O�L�Q�J��
• ���2�X�U���V�H�Q�V�R�U�V���P�X�V�W���Q�R�W���E�H���I�L�H�O�G���U�H�S�D�L�U�H�G��
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ATB 3 and ATS3 Series Spec Sheet 
Level Switch - Small Size - Heavy Duty  
  
  

    
   
 
 
 
 

The ATB3 is designed for high or low level alarm or switch point applications in rugged  
situations similar to oil tank reservoirs or industry vessels  that require a more robust  
level switch.    Notice the larger brass one piece machined hex to get a wrench on  
- this model also has an optional brass set screw locking collar in place of the clip. 
  
Internal reed switch selection is the same Almeg quality standard but we've beefed 
up the external part as well as fully encapsulated the reed switch to maintain a complete  
moisture free environment.    The leads are wire wrapped (not clipped) soldered and  
heat shrink sealed  to the reed switch before encapsulating. 
  
The TRUE closed cell Buna float will not swell or take on moisture - even if cut or drilled.   
It is designed like a tight bee hive or honey comb construction. 
  
100% of our controls are tested before shipping. 
  
The ATB3 is available in a single order or OEM applications.  
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1.0 Product Description  

 
General Characteristics  
 
KPSI™ Level and Pressure Transducers use isolated-diaphragm sensors that are specifically 
designed for use with hostile fluids and gases.  These sensors utilize a silicon pressure cell that 
has been fitted into a stainless steel or titanium package with an integral, compliant stainless 
steel or titanium barrier diaphragm.  This sensor assembly is housed in a rugged 316 stainless 
steel or titanium case which provides for a variety of level ranges from 2.3 ft (0.75 m) H2O 
through 4614 ft (1408 m) H2O and pressure inputs from 0-1 (7 kPa) through 0-15000 psi (103 
mPa).  Our devices feature internal signal conditioning.  Standard outputs are 4-20 mA and 
VDC.   
 
All units containing active electronic components have surge and reverse polarity protection.  
For ease of use in the field, our transducers are permanently laser engraved with our logo and 
name, wiring information, part number (P/N), serial number (S/N), date of manufacture (DOM), 
range, excitation and output.  Transducers are offered in diameters of 1.0 (25 mm) and 0.75 
inches (19 mm). 
 
Care and Handling  
 
Our transducers are designed for rugged use.  However, they need protection from over 
pressure and sharp impact.  When lowering them into a liquid, penetrate the surface slowly and 
only to the depth necessary. Avoid dropping the unit from above the surface.  Clean all 
transducers by rinsing them in a mild detergent.  Direct probing of the diaphragm or attempts to 
remove protective screens will damage the sensor, voiding the warranty. 
 
Calibration  
 
All transducers are shipped with calibration information unique to each transducer.  Make sure 
you keep each calibration report.  However, should you misplace your calibration sheet, you can 
contact the factory and request a duplicate.  All KPSI™ Transducer calibrations are traceable to 
the National Institute of Standards and Technology (NIST).��
 
 
Approvals  
 
Most of our products have UL and FM certification for intrinsic safety. Their  
respective installation control drawings can be downloaded from our website. Several of our  
product lines also carry ABS approval. Most products are CE compliant to EN 61326-1:2006 
and EN 61326-2-3:2006.  CE compliant units are labeled accordingly.  ��
 
��
��
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2.0  Product Accessories and Options  
��
��
��
��
��
��
 
 
Nose Caps  
          
There are several different user-installable nose caps for the 700, 710, 720, 730, 735 
submersible level transducers.  The ported nose cap (Delrin) with #8-32UNC-2B threaded hole 
is best used where weights are required and for those installations where users may encounter 
sharp, protruding objects.  The open-face nose cap which allows maximum contact with the 
liquid media is ideal for wastewater and "greasy" applications where  clogging of the sensor is a 
concern.  The piezometer nose cap allows the unit to be buried in saturated soil without  
damage  to  the  sensor  diaphragm. The 1/4" male NPT pressure nose cap is not only useful for 
calibration purposes but also allows the device to be used as a submersible or above ground 
pressure transducer.     
 
 
 
 
 
810 SuperDry™ Vent Filter or 815 Aneroid Bellows  
  
All submersible transducers with vented gauge format are supplied with a protective barrier that 
guards against moisture buildup in the cable vent tube. The 810 SuperDry™ vent filter is 
installed free of charge and is guaranteed to operate maintenance free for one year. We also 
offer the 815 Aneroid Bellows as a maintenance free option that can be used on submersibles 
with accuracies of: ±1%, ±0.5%, or ±0.25% FSO.  These barriers ensure reliable operation and 
long life as they protect sensitive electronic components from mildew and prevent the formation 
of a liquid column in the vent tube.  Any such liquid column directly affects calibration of the 
transducer. 
 
Sacrificial Anodes  
 
Our sacrificial anodes are made from a special zinc alloy formulated to guarantee continued 
effectiveness over long periods.  Because the anodes are 95% galvanic, they will not corrode 
unless there is an electrolytic demand.  The anode maintains a high driving potential throughout 
its 12 month life, is self-sluffing and always exposes new zinc for the best possible protection.  
For those applications where cable buoyancy is a problem, the sacrificial anode can be 
substituted for hanging weights. 

WARNING:  Caution must be exercised when inserting a screw into the nose cap 
as the maximum insertion length should not exceed 0.175”.  

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD  
 

  In hazardous locations: 
 
  �”  Avoid building up static charge on case of data protector and plastic accessories. 
  �”  Use damp rag to wipe data protector and plastic accessories to avoid static build up.  
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Sacrificial Anodes provide cathodic protection against galvanic corrosion for our submersible 
pressure transducers.  Galvanic corrosion occurs when dissimilar metals are placed in contact 
with an electrolyte.  This condition causes a potential difference to exist between the two metals, 
causing electron flow between them.  Corrosion of the less corrosion-resistant metal is 
increased and attack of the more resistant metal is decreased.  The 820 Sacrificial Anode is 
clamped to the exterior of a one-inch bore submersible transducer.  We also offer a 1" diameter 
pencil anode, the 825, that attaches to the nose cap of either a 3/4" or 1" bore submersible 
transducer. 
 
Absolute/Sealed Gage Transducer 
 
The sealed gage option for submersible transducers eliminates the need for a vent filter.  The 
standard output of a sealed gauge transducer is 4 mA at 14.70 psia. Before ordering a sealed 
gauge transducer, the customer should determine the altitude (above sea level) of the 
installation and inform PSI’s Customer Service of this value before order entry.  During 
manufacture, the output of the transducer will be adjusted to compensate for the altitude 
difference, if applicable. 
 
Polyurethane & ETFE Jacketed Cable  
 
Most installations of our submersible level transducers connect our polyurethane or ETFE cable 
to a junction box.  From this junction box (P/N 840), users typically run their own cable to the 
required instrumentation.  Polyurethane-jacketed cable  is used for most applications while 
ETFE material is recommended for more aggressive environments. 
 
Specifications for our standard polyurethane and ETFE jacketed cable are as follows: 
 
��

Specifications  
Standard 

Submersible Cable  
Standard 

Non-Submersible Cable 

Weight  0.05 lbs/ft (0.07 kg/m) 0.025 lbs/ft (0.035 kg/m) 

Min. OD 0.28" (7.10 mm) 0.189" (4.8 mm) 

Max OD 0.31" (7.87 mm) 0.19" (4.9 mm) 

Conductors  4 - 22 AWG 22 AWG 

Insulation 
Conductors 
Outer jacket  

PVC 
Polyurethane or ETFE Color coded PVC 

Shield  36 gauge spiral tinned copper wire foil 
shield with drain wire 

Aluminum/polyester foil 
facing outward 

Vent Tube  Polyethylene, .060" ID (1.52 mm) 
Drain wire 

7/32 tinned copper 
��
!  Chemical resistance of polyurethane:   Potable Water, Wastewater, Borax, Butane, 

Animal Fat, Carbonic Acid, Citric Acid, Cod Liver Oil, Corn Oil, Glycerin, Glycol, Mineral 
Oils, Potassium Nitrate, Potassium Sulfate, Silicone Oils, Stoddard Solvent, Tannic Acid 
(10), Tartaric Acid, Turbine Oil. 
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!  Chemical resistance of ETFE:   Acetic Acid (Glacial), Acetic Anhydride, Acetone, 
Aluminum Chloride, Anti-Freeze, Bromine, Calcium Chloride, Calcium Hydroxide, 
Chlorine, Copper Chloride, Ferrous Chloride, Hydrochloric Acid, Ketones, Lacquer 
Thinners, Sulfuric Acid. 

 
The vented cable termination end is specially prepared at the factory to eliminate the potential 
for moisture migration.  Where the lead wires emerge from under the jacket, there’s potting 
material and a shrink tube “boot”, every effort should be made to leave this feature intact.  
Should the cable be longer than needed for the installation, it is recommended that the excess 
length be accommodated in a service loop and that the potted end of the cable NOT be 
shortened. 
 
The cable attached to this instrument is specifically engineered for submersible applications. 
The polyurethane outer jacket provides long term reliability under most conditions.    The cable 
should be handled carefully, however, as the jacket may be subject to cutting should it be 
“raked” over extremely sharp edges.  To guard against water incursion should an inadvertent 
minor cut occur, we have incorporated an exclusive “water block” feature immediately beneath 
the jacket. The cable is fully shielded, with the shield connected to the metal housing at the 
transducer end and terminated in a drain wire at the termination or user end.  The shield should 
always be terminated to a good earth ground, unless the transducer is installed in an area 
where galvanic corrosion is known to be a serious problem. 
 
Lightning Protection  
 
Lightning and surge protection for VDC, SDI-12 and 4-20 mA output are available.  This is 
achieved through the use of 2 protectors, one is integral to the transducer housing and one is 
provided for the outside line located at the surface and grounded to a DIN-Rail. Please 
remember this option must be factory installed at the time of order entry or as a factory upgrade. 
This option cannot be installed in the field.  Lightning protection  is also available for unit 
only.  Contact customer service for details. 
 
Featuring quick response and low clamping voltages, these devices protect against fast rising 
voltage transients as well as severe current surges associated with lightning discharges up to 
20,000 amperes.  Following a surge, the protector automatically restores the line to normal 
operation and awaits the next surge without having to reset a breaker or replace a fuse.  The 
power supply needs to be limited to 150 mA to avoid lock up of the gas tube after a suppression 
event. Transducers installed with this option have a lifetime warranty against damage due 
to voltage surge . 
           
Please note: When using the lightning protection option on 4-20 mA products, users 
should take into account the additional series resistance of this option when selecting 
the loop power supply.  This option will increase total loop resistance by 88 Ohms.  
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½" Male NPT Conduit Fitting  
 
Submersible level transducers can be attached to a rigid conduit and the cable run through the 
conduit.  To achieve this, all of our submersible transducers can be fitted with an optional ½" 
NPT male conduit fitting (specify “Electrical Connection Option 4” when ordering) where the 
cable exits the transducer.  This fitting can be mated to a standard rigid conduit. 
 
Electrical Outputs  
 
We offer the industry standard 0-5 VDC and 4-20 mA outputs.  In addition we also offer a variety 
of voltage output ranges. 
 
Reverse Signal Output  
  
For some applications, it is important to know how far the water is from the top of the tank or the 
surface of the ground.  If specified by the customer, our factory can set the transducer so that 
zero pressure reads full scale electrical output and maximum pressure reads zero electrical 
output. 
 
Temperature Output  
 
A temperature output option is available for most transducers having 4-20 mA pressure output.  
The temperature sensor requires an excitation of 9-28 VDC and is calibrated for a temperature 
range of -20 to 60ºC with an accuracy of ±4ºC. 
 
Output Option 6 (4-20mA output for -20 to 60ºC)      (mA Reading x  5) - 40 = Temperature ºC  
 
Example: Reading is 20mA (20 x 5) - 40 =  60ºC 
                Reading is 12mA (12 x 5) - 40 =  20ºC 
                Reading is 4mA      (4 x 5) - 40 = -20ºC 
 
 
Cable Hanger  
 
We can supply an optional cable hanger (P/N 12-90-0931) to help end users secure the cable.  
The cable hanger can be positioned anywhere on the cable by pushing the ends together.  
Once positioned, the cable hanger expands and provides a snug grip on the cable. 
 
When mounting the transducer in a well casing, the cable hanger can be secured to a hook on 
the well plate or an eye bolt may be attached to the side of the well casing.  The cable hanger 
loop is then secured to the eye bolt by using any number of types of fasteners.  A similar 
technique can be used when working in stilling wells for surface water level measurement.  In 
this case, the loop-end of the cable hanger can be attached directly to a screw or bolt bored into 
the still well shelf. 
 
Submersible Cable Splicing Kit  
 
Our field-installable cable splice kit (P/N 830) allows you to splice polyurethane and ETFE 
submersible cable.  It is most commonly used for well applications where the more expensive 
ETFE cable is required for suspension in corrosive media where the liquid level is fairly shallow, 
but the well is hundreds of feet in depth.  It is also used in emergency situations where cable 
must be spliced together to get an application up and running. 

�(����������



Pressure Systems, Inc.                                        KPSI™ Level and Pressure Transducers  User’s Manual 
 
 

��
Page 6  www.PressureSystems.com 

3.0  Installation & Maintenance Tips  
 
 
 
 
 
 
 
 
 
General Installation Procedures  
 
The following is important installation and preventive maintenance information.  Our Customer 
Service or Applications Engineering Support staff can provide additional instruction. 
 

1. Transducer Anchors:   Most users either suspend our submersible transducers in 
stilling wells or attach them to rigid conduit.  This is done to prevent damage to the 
transducer from shock caused by water turbulence.  It is not advisable to tie your 
transducer to a pump or to piping, as any problem with the transducer could require that 
the pump be pulled from the installation.  This could prove to be very expensive.  
(Please refer to the Cable Anchoring Schemes drawing in Appendix A .) 

 
Some applications use our optional bracket (P/N 49-06-00PC) to clamp the transducer to  
a fixed object (i.e., wall, ladder, step) or require the unit to be suspended without any  
protective still well or attachment device.  In all installations, care should be taken to  
ensure no damage occurs to the cable. 

 
2. Transducer Submersion:  Damage to submersible cable is one of the most frequent 

causes of transducer failure.  Lower your transducer into the liquid slowly, making sure 
the cable does not drag over sharp edges and only to the depth necessary. Avoid 
dropping the unit from the surface.  This does not apply to Series 27, 28, and 30 
transducers. 

 
3. SuperDry™ Vent Filter (Desiccant) or Aneroid Bellows Installation (For submersible 

transducers vented gage pressure format only)  Always  install a desiccant vent filter or 
aneroid bellows immediately after transducer installation.  Failure to use one or the other 
could result in premature failure of the transducer; which would not be covered by 
warranty. If you use a desiccant filter, you should establish a regular maintenance 
schedule. You should change your vent filter when it is 75% spent (pink color).  
Replacement filters are available at a nominal cost from the factory. Do not remove the 
old vent filter until a new one is available.  The most common failure mode of our 
transducers is moisture and corrosion damage due to lack of use or maintenance of the 
vent filter.  This will allow air into the desiccant filter and allows the transducer to 
properly vent with changes in barometric pressure. 

 
To install/replace either the aneroid bellows or the vent filter, simply unplug the old unit  
from the vent tube and plug the 0.062" x 1" stainless steel connector tube (supplied with  
each  filter or bellows) into the vent tube.  (Installation and mounting instructions are  
supplied with each aneroid bellows and vent filter.) The diagram on  page 16 shows  
typical vent filter and aneroid bellows hookups. 
 

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD  
 

  In hazardous locations: 
 
  �”  Avoid building up static charge on case of data protector and plastic accessories. 
  �”  Use damp rag to wipe data protector and plastic accessories to avoid static build up.  
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4. Cable Protection   An inexpensive way to protect the cable from damage is to order the 
submersible pressure transducer with a ½" conduit attachment.  Connect an inexpensive 
flexible 5/8" garden hose to the ½" conduit fitting with an equally inexpensive female 
PVC ½" NPT x 3/4" NHT swivel fitting, available at your local hardware store 

 
5.  Bending of Cable   Our polyurethane and ETFE jacketed cables are quite flexible.  

Care needs to be taken to ensure that when bending the cable to suit your installation 
you do not crimp the vent tube inside the cable.  Consequently, do not bend the cable 
more than a radius of 1 inch. 

 
6. Cable Compression   Many users require a compression fitting to secure our ETFE and 

polyurethane jacketed cable as it enters a junction box.  Care needs to be taken that you 
do not over-tighten the fitting so as to damage the cable. 

 
7. 4-20 mA Wiring   When connecting a 2-wire 4-20 mA transducer to a typical power 

supply and mA meter, verify that the meter has an input impedance of at least 10 Ohms.  
If you are unsure of the input impedance, then a 10 Ohm resistor may be placed in 
series with the meter and transducer.  Connect the + (red) lead of the transducer to the + 
terminal of the power supply.  If the 10 Ohm resistor is required, connect it to the - 
(black) lead of the transducer.  Use a short length of 22 AWG or heavier wire to connect 
the + terminal of the meter to the resistor (if it is required) or the - (black) wire of the 
transducer.  Connect the - terminal of the meter to the - terminal of the power supply with 
a length of 22 AWG or heavier wire.  Connect the drain wire from the transducer to a 
good earth ground.  (See Appendix , page 14 for wiring diagram.) Please refer to 
“Maximum Cable Lengths and Minimum Supply Voltage ” in Appendix C , page 22 to 
verify minimum loop supply voltage requirements. 

 
8. VDC Wiring   To connect a 3 wire VDC output transducer to a typical power supply and 

the voltmeter, connect the - terminal of the power supply to the - input terminal of the 
meter with a length of 22 AWG or heavier wire.  Connect the - excitation (black) lead of 
the transducer to the - input terminal of the meter.  Connect the + input terminal of the 
meter to the signal lead (white) of the transducer.  Connect the + terminal of the power 
supply to the + lead (red) of the transducer.  Connect the drain wire to a good earth 
ground.  (See Appendix A , page 14.) 

 
9. The Model 750  comes standard with a field removable diaphragm protector (one-inch or 

25 mm standoff).  The diaphragm protector can easily be taken off by removing six (6) 
fasteners located on the bottom of the unit. 

 
10. Sealed-Gage Transducer Configured For Altitude Above Sea Level   Since sealed-

gauge transducers are normally calibrated at sea level, there may be considerable error 
induced when used at a higher elevation. If the transducer was calibrated without taking 
into consideration the difference in atmospheric pressure at sea level and the higher 
elevation, an offset error will occur.  In order to eliminate error due to this difference, the 
customer must identify the elevation where the transducer will be installed. The nominal 
atmospheric pressure at the location is calculated and the transducer will be ranged 
accordingly.  Not all KPSI Transducers are available in a sealed pressure format. Please 
refer to the appropriate datasheet for availability. 

 
11. Position Sensitivity    The transducer should be installed so that the diaphragm located 

behind the nose cap is oriented in a vertical position, otherwise the unit could exhibit an 
offset. 
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General Maintenance Tips for Submersible Transducers  
 

1. Desiccant Maintenance  
 
 
 
 
 
 
 
 
 

If you use a desiccant vent filter, you should establish a regular maintenance schedule.  
You should change your vent filter when it is 75% spent (pink color).  Replacement filters  
are available at a nominal cost from the factory. Do not remove the old vent filter until a  
new one is available.  Remember that Pressure Systems’ improved 810 SuperDry™  
Vent Filter are designed to be effective for at least one year before requiring  
replacement. 

 
2. Clogged Nose Piece or Dirty Diaphragm  

 
Either of these conditions could result in erroneous readings from your transducer.   
 
 
 
 
 
 
Your transducer may be cleaned in accordance with the procedures listed in  
step 4, below. 

 
3. Cleaning your transducer   

 
 Materials required: 

�x Plastic bowls 8-12 inches (200-300 mm) in diameter and  
4-6 inches (100 - 150 mm) deep 

�x Supply of clean, lint-free cleaning rags  
�x 32 ounce bottle of “The Works-Tub and Shower Cleaner” (a mild detergent)  

manufactured by Lime-O-Sol Company in Ashley, IN 46705 and available locally  
through Wal-Mart, K-Mart, Target, and Ace Hardware stores at $2 to $4 per  
bottle 

 
Preparation: Prior to cleaning your pressure transducer, ensure that all procedures  
have been followed in the proper cleaning of the cable and transducer to remove any  
hazardous materials.  The vent filter (or bellows) must be properly attached.  The cable  
should be coiled to ensure ease of handling and it must be protected against the  
possibility of accidental abrasion and/or penetration of the cable jacket by sharp objects.   
A lead length of 1 to 1 ½ feet (0.3 - 0.45 m) of cable from the transducer should be  
allowed to facilitate handling during cleaning.  The protective covering (or similar  
protective device)  that is shipped with each transducer should be attached to the 
 transducer at all times.  It should only be removed prior to installation or cleaning. 

 

WARNING:  NEVER attempt to clean your transducer’s nose piece or diaphragm 
with any object.  This will dent the sensor diaphragm and cause permanent 
damage to the transducer.

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD  
 

  In hazardous locations: 
 
  �”  Avoid building up static charge on case of data protector and plastic accessories. 
  �”  Use damp rag to wipe data protector and plastic accessories to avoid static build up.  
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Your work surface needs to be clean and free of clutter and large enough to 
accommodate all materials required in addition to the transducer and cable.  Fill one of 
the bowls with fresh water, one with a mild detergent mixed with water and the last with 
16 ounces (0.45 kg) of “The Works”. 
 

Cleaning:   
 

Step 1:  Holding the cable 6 inches (150 mm) from the transducer, immerse the  
  unit in the bowl containing the mild detergent and stir for 20-30 seconds.   
  Remove and rinse in the bowl containing the fresh water, using the same  
  stirring motion used in the mild detergent. Rinse and wipe dry. 

 
Step 2: Holding the body of the transducer with one hand so that you are looking  
  at the retaining screen protecting the sensor, carefully remove the sensor  
  nose piece by simply unscrewing it from the transducer body.  Do not  
  touch the sensor diaphragm with your finger or any other object.  Also, do  
  not try to dry the inside portion of the transducer, as you risk damaging  
  the pressure sensor. 

 
 Step 3:  Place the transducer in a vertical position with the sensing end  
   facing downward in the bowl containing “The Works” solution for  
   approximately 15-20 seconds.  Rinse in the bowl containing clean water  
   and wipe dry the external casing only.  Place the protective screen in the  
   same solution for 15-20 seconds, rinse and wipe dry. 
 

�� Step 4: Holding the transducer in a vertical position so that you can see the face  
   of the sensor, screw the protective nose piece back into place. 
 
 
 
4.    Cleaning the Lightning Protection Data Line Protector 

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD  
 

  In hazardous locations: 
 
  �”  Avoid building up static charge on case of data protector and plastic accessories. 
  �”  Use damp rag to wipe data protector and plastic accessories to avoid static build up.  
   

�(����������



Pressure Systems, Inc.                                        KPSI™ Level and Pressure Transducers  User’s Manual 
 
 

��
Page 10  www.PressureSystems.com 

 

4.0  Warranty and Product Return Procedure  
 
Any transducer/transmitter that is less than 2 years old (see DOM) which does not meet the 
product’s specifications and exhibits no obvious physical damage to the housing, sensor, or 
cable (cuts),  will be replaced under warranty. 
 
Units 2-3 years old:  Units that fall within this age group and exhibit no obvious physical 
damage to the housing, sensor, or cable (cuts), may be replaced at a discounted list price. 
 
Units greater than 3 years old: Units that fall within this age group are not replaced  
under warranty. 
 
Merchandise Return Procedures  
 
Contact the Applications Support Group  or the Customer Service Department  at Pressure 
Systems if your transducer is not operating properly.  Our staff is available for troubleshooting at 
(757) 865-1243 or toll free at 1-800-328-3665 during normal working hours, Eastern time.  If 
your transducer or accessory needs to be returned to Pressure Systems, obtain a Returned 
Merchandise Authorization (RMA) from the Customer Service Department prior to shipment.   
Be prepared to supply the following information when requesting the RMA: 
 
!  Part number 
!  Serial number 
!  Complete description of problems/symptoms 
!  Bill To  and Ship To  address 
!  Purchase order number (not required for warranty repairs) 
!  Customer contact and telephone number 
 
The above information, including the RMA number, must be on the customer’s shipping 
documents that accompany the equipment to be repaired.  Pressure Systems also requests that 
the outside of the shipping container be labeled with the RMA number to assist in tracking the 
repairs.  All equipment should be sent to the following address: 
 
  ATTN: KPSI TRANSDUCER REPAIR DEPARTMENT (7-digit RMA number) 
  Pressure Systems, Inc. 
  34 Research Drive 
  Hampton, Virginia 23666 
 
Prior to returning to Pressure Systems, the transducer and cable must be cleaned per 
instructions provided on the cleaning certificate supplied when the transducer was 
delivered. The certificate can also be found on Pressure Systems website: 
 

www.PressureSystems.com/cleaning.html  
 

The completed certificate must accompany the transducer when shipped to Pressure Systems. 
If the transducer has been used in media other than potable water, PSI customer service must 
be notified at the same time an RMA number is requested. PSI reserves the right to reject any 
shipment deemed to be unsanitary or environmentally unsafe to handle.  If these guidelines are 
not met, the package will be sent back unopened and at the customer’s expense.  Please 
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include the attached vent filter or aneroid bellow with each returned vented gage 
submersible transducer.  
       
Pressure Systems will return warranty items prepaid via UPS GROUND.  If the customer 
desires another method of return shipment, Pressure Systems will prepay and add the shipping 
charges to the repair bill. 
   
Incoming freight charges are the customer’s responsibility.  The customer is also responsible for  
shipping charges to and from Pressure Systems for all equipment not under warranty. 
 
Once the return is received, it typically takes 5-10 working days for the technician to make a 
fault determination.  
 
A cable reconnect fee will be charged when the customer requests a different length of cable. 
 
Restocking Policy  
 
Pressure Systems does allow standard products to be returned for credit in the event it is no 
longer required, providing the products are in new and unused condition.  A restocking fee will 
be assessed depending on the model type and variety. 
 
A 25% restocking fee  applies to the following models, providing they are vented-gage 
reference format and [pressure ranges above 3 psig (20 kPa) and below 100 psig (690 kPa)]. 
��

27�� 320�� 700�� 710��

28�� 342�� 705�� 720��

Display Meters - all models�� 750��

 
A 50% restocking fee applies to the following models.  This also applies to all other models 
with sealed-gage and absolute pressure formats as well as vented-gage reference formats with 
[pressure ranges below 3 psig (20 kPa) and above 100 psig (690 kPa)]. 
 

30 335 

300DS 730 

330 735 

 
NOTE: Expedite premiums and shipping charges are non-refundable. 
 
Please consult the individual manuals for the Series 500 and Series 550 (waterMONITOR) for 
the restocking policy.
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          Appendix A 
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Wiring Diagram VDC, mA, and Temp Output 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes:   
 
1. These diagrams depict typical installations. 
      Refer to your power supply and instrumentation 
 Manufacturer for the specifics of your application. 
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Cable Anchoring Schemes 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference Connection Schemes 
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Submersible Cable Termination  
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          Appendix B 
 
 

1. Question: What installation ideas do you have to help me get rid of electrical noise 
interfering with the signal? 

 

Answer: An ounce of prevention goes a long way.  Either try to eliminate the source of 
noise or move the transducer as far away from it as possible.  We strongly  
encourage you to secure our cable shield to a good earth ground and that 
you use a 4-20 mA signal output.  Armed with these precautions and the fact 
that many of our transducers are CE approved for electromagnetic 
interference, you should have few problems. 

 
  

2. Question: The cable on the submersible transducer always seems to get cut and 
damaged.  What am I doing wrong? 

 

Answer: This is the most common problem that our users encounter.  Make sure that 
all of your colleagues and staff understand the importance of handling the 
cable with care.  The cable should not be bent around rough or sharp edges.  
Always use a cable reel during transport.  Where possible, suspend the unit 
in a perforated 2" (50 mm) PVC pipe and thread the cable through protective 
conduit to the nearest junction box.  

   

3. Question: I have an application where the transducer is frequently damaged by voltage 
spikes.  What can be done to prevent this? 

 

Answer: At a minimum, make sure the cable shield is connected to an earth ground as 
near as possible to the transducer.  We can provide a surge protection kit for 
both our submersible and non-submersible  transducers.  See page 4.  These 
kits will handle typical spikes that might come in through the power lines as 
well as surges that travel through the ground due to nearby lightning strikes 

   

4. Question: How much impact shock can your submersible transducers withstand? 

 

Answer: Our transducers are not shock tested and the lower pressure ranges can be 
damaged if dropped from several feet onto an unforgiving surface like 
concrete.  We recommend that the protective shipping foam remain in place 
until the unit is installed. 

   

5. Question: What is the response time of your transducer? 

 

Answer: From initial power up, the transducer output will stabilize within a fraction of a 
second.  The frequency response is rather low, probably less than 1 kHz, but 
it depends on the application, the media, plumbing, etc.  Call our factory for 
application assistance if frequency response is critical in your application. 
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6. Question: How do I attach your vent filter or aneroid bellows to my cable vent tube? 

 

Answer: The vent filter can be mounted anywhere convenient, preferably out of the 
weather.  It can be mounted in any position and connects to the cable vent 
tube via the extension tube with metal connector tube provided.  The aneroid 
bellows must be mounted in a way that its movement is not encumbered.  It is 
provided with a mounting base. 

   
7. Question: What is the best way to mark my cable? 

 Answer: Use white vinyl marking tape available from your local hardware or electronic 
stores.  These same stores may also sell cable marking kits. 

   

8. Question: Any ideas for preventing marine growth on your submersible transducers? 

 

Answer: You might want to try waterproof grease.  Remove the threaded nose cap to 
facilitate applying the grease.  Take care not to damage the diaphragm 
when applying the grease and not to trap air bubbles against the 
sensing diaphragm.  

   
9. Question: How many measurements can you make before the diaphragm on the sensor 

fails? 

 Answer: In normal operation - millions of cycles.  We find that sensor failure is rarely 
due to diaphragm fatigue. 

   
10. Question: What is the turnaround time on repairs? 

 Answer: Once we receive a unit into our facility it takes less than 10 working days to 
complete an evaluation. 

   
11. Question: What is the longest length of cable you have attached to a submersible 

transducer? 

 Answer: Two thousand feet (610 meters). 

   
12. Question: Why do you use 316 SS housings and sensors for your standard 

transducers? 

 Answer: It offers a good combination of  corrosion resistance and reasonable cost.  As 
an option, we do offer titanium for more aggressive environments. 

   
13. Question: What wire gauge should I limit myself to when connecting to your 22 AWG 

wire? 

 Answer: Use 22 AWG or heavier. 

   
14. Question: Does it make any difference if I mount the transducer in a vertical or 

horizontal position? 

 
Answer: Yes.  Our units will experience a certain amount of position sensitivity. You 

should mount it in a vertical position throughout the measurement cycle. If 
you lay the transducer down, the user must realize than an offset will occur. 

   

�(����������



Pressure Systems, Inc.                                        KPSI™ Level and Pressure Transducers  User’s Manual 
 
 

��
Page 19  www.PressureSystems.com 

15. Question: What happens when you freeze your transducer in a column of water? 

 

Answer: We have frozen our transducers in a container of water in a home freezer, 
with no resulting damage.  However, depending on the level range of the unit, 
over pressure of the unit is possible.  In harsh environments where debris is 
common and ice shifts, you might expect damage to both the transducer and 
cable. 

   
16. Question: Why would I choose a KPSI Transducer versus a competitor? 

 

Answer: Reliable, long lasting products   
Rapid delivery  
Lightning protection lifetime warranty 
Excellent pre & post sales/application support 
No hassle service  
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          Appendix C 
 

Troubleshooting Techniques  
��
Quick Check Procedure  
 
The following is a quick field checkout procedure for KPSI Level and Pressure Transducers. It 
will be referred to throughout the troubleshooting section. 
 
Should a problem be encountered with a transducer or transmitter, it is sometimes helpful to test 
the transducer independently from the rest of the system, thereby establishing where to 
concentrate the troubleshooting effort. 
 
On the next page is a simple hookup diagram for the most common types of electrical output, a 
0-5 VDC transducer and a 4-20 mA transmitter. In either case, the “power supply” can be a 
common 12 volt lantern battery, or even a 9 volt transistor radio battery, although the lifetime of 
a 9 volt battery will be limited. The meter should be a digital type capable of reading at least 2 
digits to the right of the decimal point. Use 22 gage or heavier hookup wire or clip leads for 
jumpers. If your unit has other than a 0-5 VDC or 4-20 mA output, please call  Applications 
Support at (800) 328-3665 for assistance.   
 
Once your transducer is correctly configured per one of the diagrams below, orient the 
transducer in a vertical position with the pressure port down and then read the zero output on 
your meter. For a 0-5 VDC output, the zero should be between 0 and 0.10 volts, and for a 4-20 
mA output, between 3.80 and 4.20 mA. For Series 300, the values do not change for VDC 
output but the values for mA are between 3.80 and 4.20 mA.  If the output is outside of these 
limits, you may, at your option, choose to troubleshoot the transducer per the suggested 
measurements shown below. Otherwise, contact our Customer Service Department at (800) 
328-3665 for a Return Material Authorization number (RMA).  
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If the zero output is within these limits, the problem will more than likely be found elsewhere in 
your system. 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
When an error is observed at a customer’s installation, it is important to determine if the fault 
lies in the transducer or the instrument reading the transducer signal, ie. digital panel meter, 
programmable logic controller, etc. . To do this, a second instrument should be used to confirm 
the observations. The second instrument may be a handheld DMM (Digital Multi-Meter) or a 
dedicated milliammeter capable of reading 4-20 mA of current to a resolution of at least 0.1 mA. 
The diagram above illustrates the attachment of the meter in series with the black (negative 
signal) wire of the transducer using a 9-28 VDC power supply for transducer excitation. Some 
suggested power supplies are: 
 

�x 1 - 12 VDC automotive battery. 
�x 2 - 6 VDC lantern batteries connected in series (for a total of 12 VDC).    
�x 2 - 9 VDC transistor batteries connected in series (for a total of 18 VDC). 

 
Batteries are suggested to power the transducer during testing to eliminate the possibility that 
line noise is passing through an improperly filtered, grounded, or damaged power supply. All 
measurements should be recorded and sent to Pressure Systems along with the transducer to 
assist in the evaluation process. 
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Further Measurements:  
 

0-5 VDC Should read: 4-20 mA Should read: 

+Excitation (white) to Shield 
(drain) 

> 2.5 Mohms +Excitation (red) to Shield 
(drain) 

> 2.5 Mohms 

-Excitation (black) to Shield 
(drain) 

> 2.5 Mohms -Excitation (black) to Shield 
(drain) 

> 2.5 Mohms 

+Output (red) to Shield (drain) > 2.5 Mohms Shield (drain) to Housing < 2 ohms 

Shield (blue) to Housing < 2 ohms   

 
 
Maximum Cable Lengths and Minimum Supply Voltage  
 
The maximum length of cable to be used with our submersible transducers is largely dependent 
upon the type of electrical output of the transducer.  For a 0-5 VDC output, a maximum cable 
length of 100 feet (30 m) is recommended.  A voltage output is more susceptible to electrical 
interference than a 4-20 mA signal.  A 4-20 mA signal can be transmitted much longer 
distances, depending upon such factors as temperature, wire size, length of the wire, power 
supply, and voltage requirements of any devices to be powered. At 25ºC the 22 AWG 
conducting copper wire used in our polyurethane jacketed cable has a resistance of 16.45 ohms 
per 1000 feet (304 m). 
 

Using Ohms Law (E=IR) where E=voltage, I=current and R =resistance, one finds that a  
20 mA signal requires .329 volts to drive it along 1000 feet (304 m) of 22 AWG copper  
wire (E=16.45 x .020).  This drop is seen on both the supply and return wire for a total  
loop voltage drop of 0.658 volts 

 
To find out how much voltage is required to drive our Series 700 submersible level 
transducer's 4-20 mA signal 10,000 feet, just add the minimum power requirement of the 
700 (9 VDC) to the resistance offered by 10,000 feet (3048 m) of our polyurethane 
jacketed cable (10,000÷1000 x .658=6.58).  The resulting power requirement is 15.58 
VDC (9 + 6.58). 

 
Connect the cable shield (drain wire) to a good earth ground.  This will protect the 
transducer from relatively minor transient voltages.  The only exception to this rule is if 
high rates of electrolytic corrosion have been previously experienced with grounded 
submersible devices.  In this case it may be better to leave the shield disconnected.  

 
 Please note: When using products with the lightning protection option on 4-20 mA  
 products, users should take into account the additional series resistance of this option  
 when selecting the loop power supply.  This option will increase total loop resistance by  
 88 Ohms. 
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Troubleshooting Techniques 
 
1. Symptom : Transducer fails to give output of any kind.  

 

Procedure: Isolate the problem to either the transducer or the power supply/readout.  
See the Quick Check Procedures (above) for this check. If it can be 
determined that the transducer is no longer operable, remove it from service 
for further analysis. If the transducer output falls within the limits described 
above, the fault lies somewhere else in your system. 

   
2. Symptom : Transducer has failed and has been removed for analysis.  

 

Procedure: Inspect the cable for physical damage. Cuts in the cable jacket can result in 
liquid incursion into the transducer housing, which can cause permanent 
damage. If operational, the cable can be repaired by using a splice kit (P/N 
830) supplied by Pressure Systems. 
 
Inspect the transducer housing. It should be intact and free of corrosion. If 
the outer surface of the transducer is pitted, this could be an indication of 
galvanic corrosion caused by stray ground currents. If this is the case, the 
transducer will probably require replacement. If the external case exhibits 
none of these characteristics, carefully unscrew the nosepiece and look into 
the pressure sensing end of the transducer. The concentric rings of the 
sensing diaphragm should be visible. If they are not, it could be that residue 
has accumulated on the diaphragm, preventing it from responding properly 
to pressure changes. The transducer can be cleaned by gently swishing the 
transducer back and forth in a bucket of warm, soapy water until the residue 
softens and washes off.  (See Cleaning Your Transducer , page 8.)  Under 
no circumstances should any object or tool be used to remove residue 
from the sensing diaphragm or else permanent damage will be done.  If 
cleaning the diaphragm does not solve the problem, the transducer should 
be returned to the factory for repair or replacement. 

   
3. Symptom : Transducer develops a negative offset and gets worse over time 

(actual level exceeds specified level).  

 

Procedure: This may be a sign that moisture has entered the reference (vent) tube in 
the cable and is inside the transducer housing. This is usually the result of 
not maintaining the desiccant vent filter or of operating the transducer 
without a desiccant filter or aneroid bellows. If caught early enough, the 
transducer can be saved by coiling the cable and transducer in a pan and 
baking it in an oven at 50ºC (122ºF) for a minimum of 2 hours. Be careful that 
the oven temperature does not exceed 50ºC (122ºF) or both the transducer 
and the cable can be damaged. Alternatively , suspend both the cable and 
transducer in a vertical position (with vent tube down), overnight to allow 
water to drain from the transducer and vent tube. 

   

4. Symptom : Transducer suddenly fails during or just after a nearby lightning event.  

 Procedure: This failure is usually caused by overvoltage due to ground transients 
resulting from a direct or indirect lightning event. These transients can travel 
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distances of a mile or more. The transducer may be returned to the factory 
for repair and optional retrofit of our lightning protection system.  This 
system carries a lifetime warranty against transducer damage due to 
lightning. 

   
5. Symptom : Transducer response to pressure/level input changes becomes 

sluggish.  

 

Procedure: This is usually a sign that the sensing end of the transducer has become 
fouled with residue. The transducer must be removed from service and the 
sensing diaphragm cleaned as described in Item 2, (warm, soapy water). If 
fouling persists, the transducer may be replaced with a Series 705 or Series 
750 (non-fouling) transducer, which is specifically designed for trouble-free 
operation in a high residue environment. 

   
6. Symptom : Output reading is within limits but "freezes" at one point.  

 

Procedure: In certain environments "crust" may form over the sensing diaphragm, 
preventing the sensor from identifying change in level. Removing the 
transducer from service and cleaning it (as described in Item 2) will generally 
solve the problem. To combat marine growth, you might try wrapping the 
transducer with copper wire similar to that found in wire scouring pads for 
cleaning dishes. Marine growth occurs on the copper and eventually erodes 
the copper and drops off or the copper is manually removed during routine 
maintenance. Alternatively, there are various companies that will 
impregnate/coat the 316 stainless steel with anti-fouling chemicals of 
coatings. Level transducers temporarily removed from the well or sump 
should not be stored dry, but should be stored in a bucket of fresh water in 
order to prevent "crust" formation. 

   
7. Symptom : Readings increase very slowly over time . 

 

Procedure: Our cable is shipped coiled and consequently takes time to straighten when 
installed. Attaching a weight to the transducer (e.g., one of our sacrificial 
anodes) will help. To prevent cable stretch with lengths greater than 200 feet 
(60 m), secure the Kevlar fibers (just under the cable jacket) to your junction 
box or other secure object. 

   
8. Symptom : No electrical output from your transducer.  

 

Procedure: Check all electrical connections to ensure they are correct and secure. 
Double check your power supply or use a battery (as described previously) 
to ensure the transducer is getting power. If all checks OK, the problem 
could be a circuit board or the sensor in your transducer. The unit must be 
returned to the factory for evaluation. The most probable cause of this type 
of failure is damage to the submersible cable jacket allowing water to leak 
down the cable and into the transducer housing or lightning damage. 

   

9. Symptom : Formation of marine growth on a submersible transducer.  

 Procedure: Certain transducer construction materials, for example, 316 stainless steel, 
attract marine life (snails) and algae. Clean the transducer diaphragm by 
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soaking it in a bucket of warm water with a non-aggressive cleaning solution. 
You can also coat the transducer with marine grease. This may be the most 
effective and inexpensive way to protect your transducer. 

   
10. Symptom : Submersible transducer exhibits corrosion or pitting on body or 

diaphragm  

 

Procedure: Dissimilar metals (for example, your transducer housing and your pump 
housing) in an electrolytic environment (fluid in your well) can lead to 
galvanic corrosion of the metal that is nearer the anodic end of the galvanic 
series. Likewise, a voltage potential between the ground wire of the 
transducer and the ground of other equipment in the well can lead to 
galvanic corrosion. Installation of a P/N 820 or 825 sacrificial anode will help 
protect your transducer from galvanic corrosion. Our sacrificial anodes are 
made of a zinc alloy that, being nearer the anodic end of the galvanic series 
than the 316 stainless steel or titanium housing of the transducer, will 
corrode before the transducer. 

   
11. Symptom : The transducer is buried in dirt or silt and the readings seem to be 

erroneous.  

 

Procedure: Use of a piezometer nosepiece in this application would help. This 
nosepiece can be easily installed in the field and features a very fine screen 
to keep dirt from fouling the diaphragm, but allows the diaphragm to sense 
moisture levels. 

   
12. Symptom : Transducer has an offset error.  

 

Procedure: Our submersible transducers perform best when the sensing end is pointing 
in a downward manner. Keep in mind that you can experience offset error 
due to the position sensitivity or orientation change of the sensor. Offset 
errors are more prominent in low pressure applications with the sensing end 
of the transducer lying flat or pointing upward. 
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13. Symptom : I am testing a Series 700 4-20mA sensor for use with our data logger.  
On page A-2 of the KPSI Level and Pressure Transducers User's 
Manual, I see the standard 4-20mA configuration. Does the recording 
channel of my data logger become the mA meter?  

 

Procedure: Most data loggers cannot measure current (mA) directly. When this is the 
case a load resistor must be used to convert the current (mA) output into an 
appropriate voltage. If the User’s Manual for your particular instrument does 
not illustrate a preferred method for recording current (mA) data then you 
should attach your transducer signal wires to your data logger in the 
following manner. 
  
Transducer red wire - Data Logger Excitation Terminal  
(The minimum excitation for a Series 700 Transducer is 9VDC) 
Transducer black wire – Data Logger signal input (+) terminal 
 
Attach a Load resistor between the Data Logger signal input (+) terminal and 
the Data Logger signal input (-) terminal. 
 
Attach a separate piece of wire between the Data Logger signal input (-) and 
analog ground. 
  
In this configuration you will turn your data logger into a milliammeter. The 
size of your load resistor can be calculated in the following manner. 
  
D/0.02=R 
  
Where: 
 
Data logger input range = D 
Full scale output of transducer = 0.02 A (20 mA) 
Load Resistor Value = R 
 
Pick an appropriate standard value 
  
250 Ohms results in 1 to 5 VDC at 4 and 20 mADC 
125 Ohms results in 0.5 to 2.5 VDC (500 to 2500 mVDC) at 4 and 20 mADC 
  
At this point the discussion needs to address IR loss (voltage drop) in series 
circuits. Note that Series 700 transducers need a minimum of 9 VDC to 
operate correctly. When the transducer is operating correctly it will output a 
current which, when driven through a resistor, will generate some amount of 
voltage drop. If the resistor value is 250 Ohms then the voltage measured 
across that resistor will be 0.004 A * 250 Ohms = 1.000 VDC and 0.020 A * 
250 Ohms = 5 VDC. Notice that, if the available voltage from the data logger 
is12 VDC then 12 VDC - 5 VDC = 7 VDC which is less than the voltage 
required by the transducer to operate. If this scenario were to occur the 
transducer would actually stop functioning correctly when its output reached 
12 mADC (50% of transducer full scale range). In this case the appropriate 
choice for a load resistor value is 125 Ohms. 
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14. Symptom : I have a Series 700 4-20mA transducer rated for 7.5 PSIG attached to a 
pressure source that is outputting 7.5 PSIG. With 20VDC being 
supplied I am getting 19.94 mA. I can’t find the upper range allowance 
for the sensor, but this seems low to me.  Does this mA reading fall 
into the acceptable range for the transducer with the settings I’ve 
specified?  

 

Procedure: When evaluating a transducer it is sometimes convenient to make some 
broad generalizations in order to rapidly determine the condition of the unit. 
In general, transducers that output a 4-20 mADC signal have a 16 mADC 
span (4 - 20 = 16). If the transducers accuracy is reported as being some 
percentage of its full-scale range then the following table could be used in 
conjunction with the instructional notations to determine whether a more 
detailed analysis of data quality is required. 
 
Model   Accuracy  Accuracy in mADC 
700   1.00%FS  ±0.16 ma 
710   0.50%FS  ±0.08 ma 
720   0.25%FS  ±0.05 ma 
730   0.10%FS  ±0.016 ma 
735   0.05%FS  ±0.008 ma 
 
In order to approximately determine how many milliamps a transducer 
should output at a given depth. 
1.  Determine the depth (in feet) at which the transducer is sited. 
2.  Divide the depth value (from step 1) by the transducer full-scale range  
 (in feet).  -   Record the value. 
3.  Multiply the value calculated in step 2 by 16 (the transducer span in 
 milliamps). 
4.  Add 4 to the product of step 3. This is the approximate value in milliamps 
 that should be output by the transducer at its current depth. 
 
In order to approximately determine the depth of a transducer (in feet) using 
a given value of milliamps. 
1.  Divide the full-scale range of the transducer (in feet) by 16. 
 Record this value. 
2.  Subtract 4 from the milliamp output of the transducer. 
 Record this value 
3.  Multiply the result of step one by the result of step 2. 
 This is the approximate depth at which the transducer is sited. 
 
If the resulting numbers are reasonably close to some verified value for 
current water depth, then the unit is functioning. In order to determine the 
quality of measurement, additional steps need to be performed. 
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          Appendix D 
 

Calibration Calculations  
��
Pressure Systems ships a calibration sheet with every KPSI™ Transducer. This sheet lists the 
actual values that were output by the transducer, when it was being manufactured, at several 
different pressures.  In addition, two coefficients are provided that can be used to calculate the 
actual depth from any given mA output value.  These coefficients are derived from a Least 
Squares Best Fit Straight Line (BFSL) calibration using the data listed on the datasheet. Our 
accuracy specification is referenced to the line described by the BFSL coefficients and so the 
transducer may not output exactly 4 mADC at zero pressure and 20 mADC at full-scale. As an 
example here is an example of data for a typical transducer. 
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In this case, even though the offset or 0 PSIG output was 4.0017 mADC and the full-scale point 
was 20.0219 mADC the unit actually performed better than its specified accuracy of ±0.25% of 
full-scale range as indicated in the Error % FS column. 
 
The calculation for pressure is illustrated below: 
 
PSIG = (Span*Output (in mA)) + Offset 
 
And, to convert to feet of water 
 
Feet H2O = PSIG * 2.3073 
��
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 SERIES 250N - 253N
DIRECT MOUNT 2 WAY BALL VAL VE

�"�R�A�S�S���B�A�L�L���V�A�L�V�E�����F�E�M�A�L�E���F�E�M�A�L�E�����W�I�T�H���)�3�/�������������P�A�D���F�O�R���A�C�T�U�A�T�O�R��
�s���&�U�L�L���P�O�R�T���F�R�O�M���������v���T�O�����v��
�s���0�R�E�S�S�U�R�E���R�A�T�I�N�G�����������7�/�'��������������7�3�0��
�s���4�E�M�P�E�R�A�T�U�R�E���T�O��������� �&��
�s���"�L�O�W���O�U�T���P�R�O�O�F���S�T�E�M�����C�H�R�O�M�E���P�L�A�T�E�D���B�R�A�S�S���B�A�L�L��
�s���0���4���&���%�����S�E�A�T�S���W�I�T�H���/��2�)�.�'���B�A�C�K�I�N�G���F�O�R���L�O�W���O�P�E�R�A�T�I�N�G���T�O�R�Q�U�E��
�s���0���4���&���%�����S�E�A�T�S���A�N�D���D�O�U�B�L�E���/��2�)�.�'���S�T�E�M���P�A�C�K�I�N�G��
�s�������������E�L�E�C�T�R�O�N�I�C�A�L�L�Y���T�E�S�T�E�D���I�N���T�H�E���O�P�E�N���A�N�D���C�L�O�S�E�D���P�O�S�I�T�I�O�N���A�T��������psi.

�������. : WITH BRASS BALL AND STEM - size up to 4Ž.
�������. : WITH STAINLESS STEEL BALL AND STEM -  size up to  2Ž.
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SIZE Square A    B ØC Ød E F ØG ØH I L CH M ØP CV psi Lbs in-Lbs

1/4Ž 1.49 1.28 ��������
1.42

(ISO F03) 0.24 �������� 0.08 0.98 1.32 0.39 2.64 1.06 0.22 0.39 ������ 600 0.82 ����������

3/8Ž 1.49 1.28 ��������
1.42

(ISO F03) 0.24 �������� 0.08 0.98 1.32 0.40 2.64 1.06 0.22 0.39 6 600 0.79 ����������

1/2Ž 1.49 1.28 ��������
1.42

(ISO F03) 0.24 �������� 0.08 0.98 1.32 �������� 2.64 1.06 0.22 �������� 16.3 600 0.66 ����������

3/4Ž 1.49 1.36 ��������
1.42

(ISO F03) 0.24 �������� 0.08 0.98 �������� �������� 3.00 1.26 0.22 �������� �������� 600 0.91 ����������

1Ž 1.49 1.79 ��������
1.42

(ISO F03) 0.24 �������� 0.12 0.98 1.93 0.66 �������� 1.61 0.24 �������� 43 600 �������� ����������

1Ž1/4 1.49 1.93 ��������
1.42

(ISO F03) 0.24 �������� 0.12 0.98 2.30 0.68 3.66 1.97 0.24 1.18 89 600 2.14 ����������

1Ž1/2 1.96 �������� 0.43
1.97

���)�3�/���&�����	0.27 0.43 0.12 1.38 2.87 0.68 4.13 2.16 0.39 1.49 230 600 3.71 ������������

2Ž 1.96 2.88 0.43
1.97

���)�3�/���&�����	0.27 0.43 0.12 1.38 3.60 0.70 4.80 �������� 0.31 1.97 ������ 600 �������� ������������

2Ž1/2 �������� 3.48 ��������
2.76

(ISO F07) �������� �������� 0.12 2.16 �������� 0.93 6.10 �������� �������� �������� ������ 600 8.83 274.37

3Ž �������� �������� ��������
2.76

(ISO F07) �������� �������� 0.12 2.16 �������� 1.01 6.89 4.13 �������� 3.00 873 600 13.29 274.37

4Ž �������� �������� 0.67 2.76
(ISO F07)

�������� 0.69 0.12 2.16 �������� 1.09 8.03 �������� 0.33 3.74 1390 600 ���������� ������������

PART NAME MATERIAL

1 BODY �"�2�!�3�3���#�7���������.���5�.�)���%�.������������ 1

2 END CONNECTION �"�2�!�3�3���#�7���������.���5�.�)���%�.������������ 1

3 BALL �"�2�!�3�3���#�7���������.���5�.�)���%�.������������ 1

4 BALL SEAT P.T.F.E 2

�� THRUST WASHER P.T.F.E 1

6 STEM SEAL P.T.F.E 1

7 O-RING FKM (Viton®) 2

8 O-RING FKM (Viton®) 2

9 STEM BRASS CW 614 NUNI EN 12164 1

N
 P

C
S

O-RING BACK P.T.F.E. SEAT

(in-Lbs) Torque values in the table are measured in laboratory 
tests under the following conditions:
�4�%�-�0�%�2�!�4�5�2�%��������� �&
PRESSURE: 0 PSI
FLUID: PURIFIED WATER

*

*

N
 P

O
S

CONNECTION: ANSI B 1.20.1

FULL-SFER
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OM-1, OM-A 

OM-2~13 

�$�X�[�L�O�D�U�\���6�Z�L�W�F�K�H�V�����6�3�'�7���5�H�O�D�\�V����

24V d.c. 
24V a.c., 110/220V a.c. 

 

�±  Note: 
We suggest that you use the shielding wire and 
please don’t exceed 30m. 

� 2� 0� �� �� �� 	� �� 2� 0� �� $� �� �� 2� 0� �� $� �� 0� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 2� 0� �� �� �� a� �� 2� 0� �� �� �� �

 

�x  Disconnect power supply before changing the following settings. 

� '� L� S� �� 6� Z� L� W� F� K� �� V� H� W� W� L� Q� J� � � � � � � �

��

* S1, S2 for input signal 
Input 
Signal S1 S2 

2-10V OFF ON 
4-20mA ON OFF 

1-5V OFF OFF 

�V�H�Q�V�L�W�L�Y�H���V�Z�L�W�F�K����(Factory setting is position “3”) 
 

Position “0” : Lowest Sensitive, 0-90 divided into 17 steps. 

Position “1” : Highest Sensitive, 0-90 divided into 70 steps. 

�6�H�W�L�Q�J���I�R�U���2�3�(�1���D�Q�G���&�/�2�6�(��
1.�� Keep pressing “SET” for 3 seconds, then LED9 comes on, it will enter the  

manual mode. 
2.�� Keep pressing “UP” until LED2 comes on (fully-open), then supplies the  

input signal (5V or 10V or 20mA) and presses “MODE” once.   
3.�� Keep pressing “Down” until LED1 comes on (fully-close), then supplies  

the input signal (1V or 2V or 4mA) and presses “MODE” once. 
4.�� After finishing the above settings, press “SET” once. 

To reset and return to the original status – Please power off and get troubleshooting, then power on. 

 

* S3, S4 &S5 for out put signal   

Output Signal S3 S4 S5

2-10V ON OFF ON
4-20mA OFF ON OFF

* S7 & S8-Actuator response to the
 loss of control signal.  

When signal fails S7 S8

Full closed OFF ON
Full open ON OFF

Stops ON ON

���S6 - Direction of travel in response to the control. 

     �����)�D�F�W�R�U�\���V�H�W�W�L�Q�J���L�V���2�)�)��������

S6 Symbol 

OFF 

90�� 

 
 

Signal 

ON 

90�� 

 
 

Signal 

� $ � % � & � ( � )

 

� $ � % � & � ' � ( � )� �

Actuator 
Position 

OM-1 
OM-A OM-2~13 

Fully open ���$�����������%�� ���$�����������&�� 

Fully Close ���$�����������(�� ���'�����������)�� 

�x  Details refer to �7�U�D�Y�H�O���V�Z�L�W�F�K�H�V���D�G�M�X�V�W�P�H�Q�W�� 

LED1�j Fully - Closed LED6�j Motor Thermostat 

LED2�j Fully – Open Turn Off 

LED3�j Power LED7�j Input Signal Short Circuit

LED4�j Abnormal Voltage LED8�j Motor Current Overload

LED5�j Wrong Input Signal LED9�j Manual Control

�(����������
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The information provided in this documentation contains general descriptions and/or technical 
characteristics of the performance of the products contained herein. This documentation is not 
intended as a substitute for and is not to be used for determining suitability or reliability of these 
products for specific user applications. It is the duty of any such user or integrator to perform the 
appropriate and complete risk analysis, evaluation and testing of the products with respect to the 
relevant specific application or use thereof. Neither Schneider Electric nor any of its affiliates or 
subsidiaries shall be responsible or liable for misuse of the information contained herein. If you 
have any suggestions for improvements or amendments or have found errors in this publication, 
please notify us. 

No part of this document may be reproduced in any form or by any means, electronic or 
mechanical, including photocopying, without express written permission of Schneider Electric.

All pertinent state, regional, and local safety regulations must be observed when installing and 
using this product. For reasons of safety and to help ensure compliance with documented system 
data, only the manufacturer should perform repairs to components.

When devices are used for applications with technical safety requirements, the relevant 
instructions must be followed. 

Failure to use Schneider Electric software or approved software with our hardware products may 
result in injury, harm, or improper operating results.

Failure to observe this information can result in injury or equipment damage.

© 2014 Schneider Electric. All rights reserved.
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Safety Information

Important Information

NOTICE

Read these instructions carefully, and look at the equipment to become familiar with the device 
before trying to install, operate, or maintain it. The following special messages may appear 
throughout this documentation or on the equipment to warn of potential hazards or to call attention 
to information that clarifies or simplifies a procedure.

�(����������
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PLEASE NOTE

Electrical equipment should be installed, operated, serviced, and maintained only by qualified 
personnel. No responsibility is assumed by Schneider Electric for any consequences arising out of 
the use of this material.

A qualified person is one who has skills and knowledge related to the construction and operation 
of electrical equipment and its installation, and has received safety training to recognize and avoid 
the hazards involved.

�(����������
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About the Book

At a Glance

Document Scope

Use this document to:
�z Install and operate your M251 Logic Controller.
�z Connect the M251 Logic Controller to a programming device equipped with SoMachine 

software.
�z Interface the M251 Logic Controller with I/O expansion modules, HMI and other devices.
�z Familiarize yourself with the M251 Logic Controller features.

NOTE: Read and understand this document and all related documents before installing, operating, 
or maintaining your controller.

Validity Note

This document has been updated with the release of SoMachine V4.1.

The technical characteristics of the devices described in this manual also appear online.

The characteristics that are presented in this manual should be the same as those characteristics 
that appear online. In line with our policy of constant improvement, we may revise content over time 
to improve clarity and accuracy. If you see a difference between the manual and online information, 
use the online information as your reference.

Related Documents

Title of Documentation Reference Number

Modicon M251 Logic Controller - Programming Guide EIO0000001462 (ENG), 
EIO0000001463 (FRE), 
EIO0000001464 (GER), 
EIO0000001465 (SPA), 
EIO0000001466 (ITA), 
EIO0000001467 (CHS)

Modicon TM3 Digital I/O Modules - Hardware Guide EIO0000001408 (ENG), 
EIO0000001409 (FRE), 
EIO0000001410 (GER), 
EIO0000001411 (SPA), 
EIO0000001412 (ITA), 
EIO0000001413 (CHS), 
EIO0000001375 (TUR), 
EIO0000001374 (POR)

�(����������
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You can download these technical publications and other technical information from our website 
at www.schneider-electric.com.

Product Related Information

Modicon TM3 Expert I/O Modules - Hardware Guide EIO0000001420 (ENG), 
EIO0000001421 (FRE), 
EIO0000001422 (GER), 
EIO0000001423 (SPA), 
EIO0000001424 (ITA), 
EIO0000001425 (CHS), 
EIO0000001381 (TUR), 
EIO0000001380 (POR)

Modicon TM3 Transmitter and Receiver Modules - Hardware Guide EIO0000001426 (ENG), 
EIO0000001427 (FRE), 
EIO0000001428 (GER), 
EIO0000001429 (SPA), 
EIO0000001430 (ITA), 
EIO0000001431 (CHS), 
EIO0000001383 (TUR), 
EIO0000001382 (POR)

Modicon TM4 Expansion Modules - Hardware Guide EIO0000001796 (ENG); 
EIO0000001797 (FRE); 
EIO0000001798 (GER); 
EIO0000001799 (SPA); 
EIO0000001800 (ITA); 
EIO0000001801 (CHS)

M251 Logic Controller - Instruction Sheet HRB59604

Title of Documentation Reference Number

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION OR ARC FLASH

�z Disconnect all power from all equipment including connected devices prior to removing any 
covers or doors, or installing or removing any accessories, hardware, cables, or wires except 
under the specific conditions specified in the appropriate hardware guide for this equipment.

�z Always use a properly rated voltage sensing device to confirm the power is off where and when 
indicated.

�z Replace and secure all covers, accessories, hardware, cables, and wires and confirm that a 
proper ground connection exists before applying power to the unit.

�z Use only the specified voltage when operating this equipment and any associated products.

Failure to follow these ins tructions will result in death or serious injury.

�(����������
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This equipment has been designed to operate outside of any hazardous location. Only install this 
equipment in zones known to be free of a hazardous atmosphere.

1 For additional information, refer to NEMA ICS 1.1 (latest edition), "Safety Guidelines for the 
Application, Installation, and Maintenance of Solid State Control" and to NEMA ICS 7.1 (latest 
edition), "Safety Standards for Construction and Guide for Selection, Installation and Operation of 
Adjustable-Speed Drive Systems" or their equivalent governing your particular location.

DANGER
POTENTIAL FOR EXPLOSION

Install and use this equipment in non-hazardous locations only.

Failure to follow these inst ructions will result in death or serious injury.

WARNING
LOSS OF CONTROL

�z The designer of any control scheme must consider the potential failure modes of control paths 
and, for certain critical control functions, provide a means to achieve a safe state during and 
after a path failure. Examples of critical control functions are emergency stop and overtravel 
stop, power outage and restart.

�z Separate or redundant control paths must be provided for critical control functions.
�z System control paths may include communication links. Consideration must be given to the 

implications of unanticipated transmission delays or failures of the link.

�z Observe all accident prevention regulations and local safety guidelines.1

�z Each implementation of this equipment must be individually and thoroughly tested for proper 
operation before being placed into service.

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.

WARNING
UNINTENDED EQUIPMENT OPERATION

�z Only use software approved by Schneider Electric for use with this equipment.
�z Update your application program every time you change the physical hardware configuration.

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.

�(����������
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Modicon M251 Logic Controller Introduction

Part I
Modicon M251 Logic Controller Introduction

What Is in This Part?

This part contains the following chapters:

Chapter Chapter Name Page

1 M251 General Overview 13

2 M251 Features 35

3 M251 Installation 45
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M251 General Overview

Chapter 1
M251 General Overview

Overview

This chapter provides general information about the M251 Logic Controller system architecture 
and its components.

What Is in This Chapter?

This chapter contains the following topics:

Topic Page

M251 Logic Controller Description 14

Maximum Hardware Configuration 16

TM4 Expansion Modules 19

TM3 Expansion Modules 20

TM2 Expansion Modules 28

Accessories 32
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M251 Logic Controller Description

Overview

The M251 Logic Controller has various powerful features and can service a wide range of 
applications.

Software configuration, programming, and commissioning are achieved with the SoMachine 
software described in the SoMachine Programming Guide and in the M251 Logic Controller 
Programming Guide.

Programming Languages

The M251 Logic Controller is configured and programmed with the SoMachine software, which 
supports the following IEC 61131-3 programming languages:
�z IL: Instruction list
�z ST: Structured text
�z FBD: Function block diagram
�z SFC: Sequential function chart
�z LD: Ladder diagram

SoMachine software can also be used to program this controller using CFC (continuous function 
chart) language.

Power Supply

The power supply of the M251 Logic Controller is 24 Vdc (see page 68).

Real Time Clock

The M251 Logic Controller includes a Real Time Clock (RTC) system (see page 36).

Run/Stop

The M251 Logic Controller can be operated externally by the following:
�z a hardware Run/Stop switch (see page 40)
�z a SoMachine software command

Memory

This table describes the different types of memory:

Memory Type Size Used

RAM 64 Mbytes, of which 8 Mbytes 
available for the application

To execute the application.

Flash 128 Mbytes To save the program and data in case of a 
power interruption.
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Removable Storage

M251 Logic Controllers include an embedded SD card slot (see page 41).

The main uses of the SD card are:
�z Initializing the controller with a new application
�z Updating the controller firmware
�z Applying post configuration files to the controller
�z Applying recipes
�z Receiving data logging files

Embedded Communication Features

The M251 Logic Controller native communication ports include (depending on the controller 
reference):
�z CANopen Master (see page 88)
�z Ethernet (see page 90)
�z USB Mini-B (see page 96)
�z Serial Line (see page 97)

M251 Logic Controllers

Reference Digital Inputs Digital Outputs Communication Ports

TM251MESC 0 0 1 serial line port
1 USB mini-B programming port
1 dual port Ethernet switch
1 CANopen port

TM251MESE 0 0 1 serial line port
1 USB mini-B programming port
1 dual port Ethernet switch
1 Ethernet port for fieldbus
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Maximum Hardware Configuration

Introduction

The M251 Logic Controller is a control system that offers an scalable solution with optimized 
configurations and an expandable architecture.

Local and Remote Configuration Principle

The following figure defines the local and remote configurations:

(1) Local configuration
(2) Remote configuration
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M251 Logic Controller Local Configuration Architecture

Optimized local configuration and flexibility are provided by the association of:
�z TM4 expansion modules
�z M251 Logic Controller
�z TM3 expansion modules
�z TM2 expansion modules

Application requirements determine the architecture of your M251 Logic Controller configuration.

The following figure represents the components of a local configuration:

(A) Expansion modules (3 maximum)
(B) Expansion modules (7 maximum)

NOTE: It is prohibited to mount a TM2 module before any TM3 module as indicated in the following 
figure: 
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M251 Logic Controller Remote  Configuration Architecture

Optimized remote configuration and flexibility are provided by the association of:
�z TM4 expansion modules
�z M251 Logic Controller
�z TM3 expansion modules
�z TM3 transmitter and receiver modules

Application requirements determine the architecture of your M251 Logic Controller configuration.

NOTE: You cannot use TM2 modules in configurations that include the TM3 transmitter and 
receiver modules. 

The following figure represents the components of a remote configuration:

(1) Logic controller and modules
(C) Expansion modules (7 maximum)

Maximum Number of Modules

The following table shows the maximum configuration supported:

NOTE: The configuration with its TM4, TM3, and TM2 expansion modules is validated by 
SoMachine software in the Configuration  window.

NOTE: In some environments, the maximum configuration populated by high consummation 
modules, coupled with the maximum distance allowable between the TM3 transmitter and receiver 
modules, may present bus communication issues although the SoMachine software allows for the 
configuration. In such a case you will need to analyze the consummation of the modules chosen 
for your configuration, as well as the minimum cable distance required by your application, and 
possibly seek to optimize your choices.

References Maximum Type of Configuration

TM251•••• 7 TM3 / TM2 expansion 
modules 

Local

TM251•••• 3 TM4 expansion modules Local

TM3XREC1 7 TM3 expansion modules Remote

NOTE: TM3 transmitter and receiver modules are not included in a count of the maximum number of 
expansion modules.
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TM4 Expansion Modules

Introduction

The range of TM4 expansion modules includes communication modules.

For more information, refer to the TM4 Expansion Modules Hardware Guide.

TM4 Expansion Modules

The following table shows the TM4 expansion module features:

Module reference Type Terminal type

TM4ES4 Ethernet communication 4 RJ45 connectors 
1 screw for functional ground connection

TM4PDPS1 PROFIBUS DP slave communication 1 SUB-D 9 pins female connector
1 screw for functional ground connection

NOTE: If the controller has more than one embedded Ethernet port, the module works as a standalone 
Ethernet switch.
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TM3 Expansion Modules

Introduction

The range of TM3 expansion modules includes:
�z Digital modules, classified as follows: 

�z Input modules (see page 20)
�z Output modules (see page 21)
�z Mixed input/output modules (see page 23)

�z Analog modules, classified as follows: 
�z Input modules (see page 24)
�z Output modules (see page 25)
�z Mixed input/output modules (see page 26)

�z Expert modules (see page 27)
�z Transmitter and Receiver modules (see page 27)

For more information, refer to the following documents:
�z TM3 Digital I/O Modules Hardware Guide
�z TM3 Analog I/O Modules Hardware Guide
�z TM3 Expert I/O Modules Hardware Guide
�z TM3 Transmitter and Receiver Modules Hardware Guide

TM3 Digital Input Modules

The following table shows the TM3 digital input expansion modules, with corresponding channel 
type, nominal voltage/current, and terminal type:

Reference Channels Channel Type Voltage
Current

Terminal Type / Pitch

TM3DI8A 8 Regular inputs 120 Vac
7.5 mA

Removable screw terminal 
block / 5.08 mm

TM3DI8 8 Regular inputs 24 Vdc
7 mA

Removable screw terminal 
block / 5.08 mm

TM3DI8G 8 Regular inputs 24 Vdc
7 mA

Removable spring terminal 
block / 5.08 mm

TM3DI16 16 Regular inputs 24 Vdc
7 mA

Removable screw terminal 
blocks / 3.81 mm

TM3DI16G 16 Regular inputs 24 Vdc
7 mA

Removable spring terminal 
blocks / 3.81 mm

TM3DI16K 16 Regular inputs 24 Vdc
5 mA

HE10 (MIL 20) connector

TM3DI32K 32 Regular inputs 24 Vdc
5 mA

HE10 (MIL 20) connector
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TM3 Digital Output Modules

The following table shows the TM3 digital output expansion modules, with corresponding channel 
type, nominal voltage/current, and terminal type:

Reference Channels Channel Type Voltage
Current

Terminal Type / Pitch

TM3DQ8R 8 Relay outputs 24 Vdc / 240 Vac
7 A maximum per 
common line / 2 A 
maximum per output

Removable screw terminal 
block / 5.08 mm

TM3DQ8RG 8 Relay outputs 24 Vdc / 240 Vac
7 A maximum per 
common line / 2 A 
maximum per output

Removable spring terminal 
block / 5.08 mm

TM3DQ8T 8 Regular transistor 
outputs (source)

24 Vdc
4 A maximum per 
common line/0.5 A 
maximum per output

Removable screw terminal 
block / 5.08 mm

TM3DQ8TG 8 Regular transistor 
outputs (source)

24 Vdc
4 A maximum per 
common line/0.5 A 
maximum per output

Removable spring terminal 
block / 5.08 mm

TM3DQ8U 8 Regular transistor 
outputs (sink)

24 Vdc
4 A maximum per 
common line/0.5 A 
maximum per output

Removable screw terminal 
block / 5.08 mm

TM3DQ8UG 8 Regular transistor 
outputs (sink)

24 Vdc
4 A maximum per 
common line/0.5 A 
maximum per output

Removable spring terminal 
block / 5.08 mm

TM3DQ16R 16 Relay outputs 24 Vdc / 240 Vac
8 A maximum per 
common line / 2 A 
maximum per output

Removable screw terminal 
blocks / 3.81 mm

TM3DQ16RG 16 Relay outputs 24 Vdc / 240 Vac
8 A maximum per 
common line / 2 A 
maximum per output

Removable spring terminal 
blocks / 3.81 mm

TM3DQ16T 16 Regular transistor 
outputs (source)

24 Vdc
4 A maximum per 
common line / 0.5 A 
maximum per output

Removable screw terminal 
blocks / 3.81 mm
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TM3DQ16TG 16 Regular transistor 
outputs (source)

24 Vdc
4 A maximum per 
common line / 0.5 A 
maximum per output

Removable spring terminal 
blocks / 3.81 mm

TM3DQ16U 16 Regular transistor 
outputs (sink)

24 Vdc
2 A maximum per 
common line / 0.4 A 
maximum per output

Removable screw terminal 
blocks / 3.81 mm

TM3DQ16UG 16 Regular transistor 
outputs (sink)

24 Vdc
2 A maximum per 
common line / 0.4 A 
maximum per output

Removable spring terminal 
blocks / 3.81 mm

TM3DQ16TK 16 Regular transistor 
outputs (source)

24 Vdc
2 A maximum per 
common line / 0.1 A 
maximum per output

HE10 (MIL 20) connector

TM3DQ16UK 16 Regular transistor 
outputs (sink)

24 Vdc
2 A maximum per 
common line / 0.1 A 
maximum per output

HE10 (MIL 20) connector

TM3DQ32TK 32 Regular transistor 
outputs (source)

24 Vdc
2 A maximum per 
common line / 0.1 A 
maximum per output

HE10 (MIL 20) connectors

TM3DQ32UK 32 Regular transistor 
outputs (sink)

24 Vdc
2 A maximum per 
common line / 0.1 A 
maximum per output

HE10 (MIL 20) connectors

Reference Channels Channel Type Voltage
Current

Terminal Type / Pitch
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TM3 Digital Mixed Input/Output Modules

This following table shows the TM3 mixed I/O modules, with corresponding channel type, nominal 
voltage/current, and terminal type:

Reference Channels Channel Type Voltage
Current

Terminal Type / Pitch

TM3DM8R 4 Regular inputs 24 Vdc
7 mA

Removable screw terminal 
block / 5.08 mm

4 Relay outputs 24 Vdc / 240 Vac
7 A maximum per 
common line / 2 A 
maximum per output

TM3DM8RG 4 Regular inputs 24 Vdc
7 mA

Removable spring terminal 
block /5.08 mm

4 Relay outputs 24 Vdc / 240 Vac
7 A maximum per 
common line / 2 A 
maximum per output

TM3DM24R 16 Regular inputs 24 Vdc
7 mA

Removable screw terminal 
blocks / 3.81 mm

8 Relay outputs 24 Vdc / 240 Vac
7 A maximum per 
common line / 2 A 
maximum per output

TM3DM24RG 16 Regular inputs 24 Vdc
7 mA

Removable spring terminal 
blocks / 3.81 mm

8 Relay outputs 24 Vdc / 240 Vac
7 A maximum per 
common line / 2 A 
maximum per output
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TM3 Analog Input Modules

The following table shows the TM3 analog input expansion modules, with corresponding 
resolution, channel type, nominal voltage/current, and terminal type:

Reference Resolution Channels Channel 
Type

Mode Terminal Type / Pitch

TM3AI2H 16 bit, or 
15 bit + sign

2 inputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA

Removable screw terminal 
block / 5.08 mm

TM3AI2HG 16 bit, or 
15 bit + sign

2 inputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA

Removable spring terminal 
block / 5.08 mm

TM3AI4 12 bit, or 
11 bit + sign

4 inputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA

Removable screw terminal 
block / 3.81 mm

TM3AI4G 12 bit, or 
11 bit + sign

4 inputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA

Removable spring terminal 
blocks / 3.81 mm

TM3AI8 12 bit, or 
11 bit + sign

8 inputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA

Removable screw terminal 
block / 3.81 mm

TM3AI8G 12 bit, or 
11 bit + sign

8 inputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA

Removable spring terminal 
blocks / 3.81 mm

TM3TI4 16 bit, or 
15 bit + sign

4 inputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA
Thermocouple
PT100/1000
NI100/1000

Removable screw terminal 
block / 3.81 mm

TM3TI4G 16 bit, or 
15 bit + sign

4 inputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA
Thermocouple
PT100/1000
NI100/1000

Removable spring terminal 
blocks / 3.81 mm
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TM3 Analog Output Modules

The following table shows the TM3 analog output modules, with corresponding resolution, channel 
type, nominal voltage/current, and terminal type:

TM3TI8T 16 bit, or 
15 bit + sign

8 inputs Thermocouple
NTC/PTC

Removable screw terminal 
block / 3.81 mm

TM3TI8TG 16 bit, or 
15 bit + sign

8 inputs Thermocouple
NTC/PTC

Removable spring terminal 
blocks / 3.81 mm

Reference Resolution Channels Channel 
Type

Mode Terminal Type / Pitch

Reference Resolution Channels Channel 
Type

Mode Terminal Type / 
Pitch

TM3AQ2 12 bit, or 
11 bit + sign

2 outputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA

Removable screw 
terminal block / 
5.08 mm

TM3AQ2G 12 bit, or 
11 bit + sign

2 outputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA

Removable spring 
terminal block / 
5.08 mm

TM3AQ4 12 bit, or 
11 bit + sign

4 outputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA

Removable screw 
terminal block / 
5.08 mm

TM3AQ4G 12 bit, or 
11 bit + sign

4 outputs 0...10 Vdc
-10…+10 Vdc
0...20 mA
4...20 mA

Removable spring 
terminal block / 
5.08 mm
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TM3 Analog Mixed Input/Output Modules

This following table shows the TM3 analog mixed I/O modules, with corresponding resolution, 
channel type, nominal voltage/current, and terminal type:

Reference Resolution Channels Channel 
Type

Mode Terminal Type / Pitch

TM3AM6 12 bit, or 
11 bit + sign

4 inputs 0...10 Vdc
-10...+10 Vdc
0...20 mA
4...20 mA

Removable spring 
terminal block / 3.81 mm2 outputs 

TM3AM6G 12 bit, or 
11 bit + sign

4 inputs 0...10 Vdc
-10...+10 Vdc
0...20 mA
4...20 mA

Removable spring 
terminal block / 3.81 mm2 outputs 

TM3TM3 16 bit, or 
15 bit + sign

2 inputs 0...10 Vdc
-10...+10 Vdc
0...20 mA
4...20 mA
Thermocouple
PT100/1000
NI100/1000

Removable screw terminal 
block / 5.08 mm

12 bit, or 
11 bit + sign

1 output 0...10 Vdc
-10...+10 Vdc
0...20 mA
4...20 mA

TM3TM3G 16 bit, or 
15 bit + sign

2 inputs 0...10 Vdc
-10...+10 Vdc
0...20 mA
4...20 mA
Thermocouple
PT100/1000
NI100/1000

Removable spring 
terminal block / 5.08 mm

12 bit, or 
11 bit + sign

1 output 0...10 Vdc
-10...+10 Vdc
0...20 mA
4...20 mA
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TM3 Expert Module

The following table shows the TM3 expert expansion module, with corresponding terminal type:

TM3 Transmitter and Receiver Modules

The following table shows the TM3 transmitter and receiver expansion modules:

Reference Description Terminal Type / Pitch

TM3XTYS4 TeSys module 4 front connectors RJ-45
1 power supply connector / 
5.08 mm

Reference Description Terminal Type / Pitch

TM3XTRA1 Data transmitter module for remote I/O 1 front connector RJ-45
1 screw for functional ground 
connection

TM3XREC1 Data receiver module for remote I/O 1 front connector RJ-45
Power supply connector / 5.08 mm
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TM2 Expansion Modules

Overview

You can expand the number of I/Os of your M251 Logic Controller by adding TM2 I/O expansion 
modules. 

The following types of electronic modules are supported:
�z TM2 digital I/O expansion modules
�z TM2 analog I/O expansion modules

For more information, refer to the following documents:
�z TM2 Digital I/O Expansion Modules Hardware Guide
�z TM2 Analog I/O Expansion Modules Hardware Guide

NOTE: TM2 modules can only be used in the local configuration, and only if there is no TM3 
transmitter and receiver modules present in the configuration.

NOTE: It is prohibited to mount a TM2 module before any TM3 module. The TM2 modules must 
be mounted and configured at the end of the local configuration.

TM2 Digital Input Expansion Modules

The following table shows the compatible TM2 digital input expansion modules with the 
corresponding channel type, nominal voltage/current, and terminal type:

Reference Channels Channel Type Voltage
Current

Terminal Type

TM2DAI8DT 8 Regular inputs 120 Vac
7.5 mA

Removable screw 
terminal block

TM2DDI8DT 8 Regular inputs 24 Vdc
7 mA

Removable screw 
terminal block

TM2DDI16DT 16 Regular inputs 24 Vdc
7 mA

Removable screw 
terminal block

TM2DDI16DK 16 Regular inputs 24 Vdc
5 mA

HE10 (MIL 20) 
connector

TM2DDI32DK 32 Regular inputs 24 Vdc
5 mA

HE10 (MIL 20) 
connector
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TM2 Digital Output Expansion Modules

The following table shows the compatible TM2 digital output expansion modules with the 
corresponding channel type, nominal voltage/current, and terminal type:

TM2 Digital Mixed Input/Output Expansion Modules

The following table shows the compatible TM2 digital mixed I/O expansion modules with the 
corresponding channel type, nominal voltage/current, and terminal type:

Reference Channels Channel type Voltage
Current

Terminal type

TM2DRA8RT 8 Relay outputs 30 Vdc / 230 Vac
2 A max

Removable screw 
terminal block

TM2DRA16RT 16 Relay outputs 30 Vdc / 230 Vac
2 A max

Removable screw 
terminal block

TM2DDO8UT 8 Regular transistor 
outputs (sink)

24 Vdc
0.3 A max per output

Removable screw 
terminal block

TM2DDO8TT 8 Regular transistor 
outputs (source)

24 Vdc
0.5 A max per output

Removable screw 
terminal block

TM2DDO16UK 16 Regular transistor 
outputs (sink)

24 Vdc
0.1 A max per output

HE10 (MIL 20) 
connector

TM2DDO16TK 16 Regular transistor 
outputs (source)

24 Vdc
0.4 A max per output

HE10 (MIL 20) 
connector

TM2DDO32UK 32 Regular transistor 
outputs (sink)

24 Vdc
0.1 A max per output

HE10 (MIL 20) 
connector

TM2DDO32TK 32 Regular transistor 
outputs (source)

24 Vdc
0.4 A max per output

HE10 (MIL 20) 
connector

Reference Channels Channel type Voltage
Current

Terminal type

TM2DMM8DRT 4 Regular inputs 24 Vdc
7 mA

Removable screw 
terminal block

4 Relay outputs 24 Vdc / 240 Vac
7 A maximum per 
common line / 2 A 
maximum per output

TM2DMM24DRF 16 Regular inputs 24 Vdc
7 mA

Non-removable 
spring terminal 
block8 Relay outputs 24 Vdc / 240 Vac

7 A maximum per 
common line / 2 A 
maximum per output
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TM2 Analog Input Expansion Modules

The following table shows the compatible TM2 analog input expansion modules with the 
corresponding channel type, nominal voltage/current, and terminal type:

TM2 Analog Output Expansion Modules

The following table shows the compatible TM2 analog output expansion modules with the 
corresponding channel type, nominal voltage/current, and terminal type:

Reference Channels Channel type Voltage
Current

Terminal Type

TM2AMI2HT 2 High-level inputs 0...10 Vdc
4...20 mA

Removable screw 
terminal block

TM2AMI2LT 2 Low-level inputs Thermocouple type 
J,K,T

Removable screw 
terminal block

TM2AMI4LT 4 Analog inputs 0...10 Vdc
0...20 mA
PT100/1000
Ni100/1000

Removable screw 
terminal block

TM2AMI8HT 8 Analog inputs 0...20 mA
0...10 Vdc

Removable screw 
terminal block

TM2ARI8HT 8 Analog inputs NTC / PTC Removable screw 
terminal block

TM2ARI8LRJ 8 Analog inputs PT100/1000 RJ11 connector

TM2ARI8LT 8 Analog inputs PT100/1000 Removable screw 
terminal block

Reference Channels Channel type Voltage
Current

Terminal Type

TM2AMO1HT 1 Analog outputs 0...10 Vdc
4...20 mA

Removable screw 
terminal block

TM2AVO2HT 2 Analog outputs +/- 10 Vdc Removable screw 
terminal block
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TM2 Analog Mixed Input/Output Expansion Modules

The following table shows the compatible TM2 analog mixed I/O expansion modules with the 
corresponding channel type, nominal voltage/current, and terminal type:

Reference Channels Channel type Voltage
Current

Terminal Type

TM2AMM3HT 2 Analog inputs 0...10 Vdc 4...20 mA Removable screw 
terminal block1 Analog outputs 0...10 Vdc 4...20 mA

TM2AMM6HT 4 Analog inputs 0...10 Vdc 4...20 mA Removable screw 
terminal block2 Analog outputs 0...10 Vdc 4...20 mA

TM2ALM3LT 2 Low-level inputs Thermo J,K,T, 
PT100

Removable screw 
terminal block

1 Analog outputs 0...10 Vdc 4...20 mA
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Accessories

Overview

This section describes the accessories and cables.

Accessories

Cables

Reference Description Use Quantity

TMASD1 SD Card 
(see page 41)

Use to update the controller firmware, initialize a controller 
with a new application or clone a controller, manage user 
files.

1

TMAT2PSET Set of 5 removable 
screw terminal block

Connects 24 Vdc power supply. 1

AB1AB8P35 End brackets Help secure the logic controller or receiver module and their 
expansion modules on a top hat section rail (DIN rail).

1

TM2XMTGB Grounding Bar Connects the cable shield and the module to the functional 
ground.

1

TM200RSRCEMC Shielding take-up clip Mounts and connects the ground to the cable shielding. 25 pack

Reference Description Details Length

TCSXCNAMUM3P Terminal 
port/USB port 
cordset

From the USB mini-B port on the M251 Logic 
Controller to USB port on the PC terminal.

3 m
(10 ft)

TCSMCN3M4F3C2 RS-232 serial 
link cordset
1 RJ45 
connector and 
1 SUB-D 9 
connector

For DTE terminal (printer) 3 m
(9.84 ft)

TCSMCN3M4M3S2 RS-232 serial 
link cordset
1 RJ45 
connector and 
1 SUB-D 9 
connector

For DCE terminal (modem, converter) 3 m
(9.84 ft)
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490NTW000•• Ethernet 
shielded cable 
for DTE 
connections

Standard cable, equipped with RJ45 
connectors at each end for DTE.
CE compliant

2,5,12,40, or 80 m
(6.56,16.4, 39.37, 131.23, or 
262.47 ft)

490NTW000••U Standard cable, equipped with RJ45 
connectors at each end for DTE.
UL compliant

2,5,12,40, or 80 m
(6.56,16.4, 39.37, 131.23, or 
262.47 ft)

TCSECE3M3M••S4 Cable for harsh environment,, equipped with 
RJ45 connectors at each end.
CE compliant

1, 2, 3, 5, or 10 m
(3.28, 6.56, 9.84, 16.4, 32.81 ft)

TCSECU3M3M••S4 Cable for harsh environment, equipped with 
RJ45 connectors at each end.
UL compliant

1, 2, 3, 5, or 10 m
(3.28, 6.56, 9.84, 16.4, 32.81 ft)

Reference Description Details Length
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M251 Features

Chapter 2
M251 Features

Overview

This chapter describes the Modicon M251 Logic Controller features.

What Is in This Chapter?

This chapter contains the following topics:

Topic Page

Real Time Clock (RTC) 36

Run/Stop 40

SD Card 41
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Real Time Clock (RTC)

Overview

The M251 Logic Controller includes an RTC to provide system date and time information, and to 
support related functions requiring a real-time clock. To continue keeping time when power is off, 
a non-rechargeable battery is required (see reference below). A battery LED on the front panel of 
the controller indicates if the battery is depleted or absent.

This table shows how RTC drift is managed:

Battery

The controller has one battery.

In the event of a power interruption, the backup battery maintains the RTC for the controller.

This table shows the characteristics of the battery:

RTC Characteristics Description

RTC drift Less than 60 seconds per month without any user calibration at 25 ° C 
(77 ° F)

Characteristics Description

Use In the event of a transient power outage, the battery powers the RTC and user 
data.

Backup life At least 2 years at 25 ° C max (77 ° F). At higher temperatures, the time is 
reduced.

Battery monitoring Yes

Replaceable Yes

Controller battery type Lithium carbon monofluoride, type Panasonic BR2032
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Installing and Replacing the Battery

While lithium batteries are preferred due to their slow discharge and long life, they can present 
hazards to personnel, equipment and the environment and must be handled properly.

To install or replace the battery, follow these steps:

DANGER
EXPLOSION, FIRE, OR CHEMICAL BURNS

�z Replace with identical battery type.
�z Follow all battery manufacturer’s instructions.
�z Remove all replaceable batteries before discarding unit.
�z Recycle or properly dispose of used batteries.
�z Protect battery from any potential short-circuit.
�z Do not recharge, disassemble, heat above 100 ° C (212 ° F), or incinerate.
�z Use your hands or insulated tools to remove or replace the battery.
�z Maintain proper polarity when inserting and connecting a new battery.

Failure to follow these inst ructions will result in death or serious injury.

Step Action

1 Remove power from your controller.

2 Use an insulated screw-driver to pull out the battery holder.

3 Side out the battery holder of the controller
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4 Remove the battery from the battery holder.

5 Insert the new battery into the battery holder in accordance with the polarity markings on the 
battery.

6 Replace the battery holder on the controller and verify that the latch clicks into place.

Step Action
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NOTE: Replacement of the battery in the controllers other than with the type specified in this 
documentation may present a risk of fire or explosion.

7 Slide in the battery holder of the controller.

8 Power up your M251 Logic Controller.

9 Set the internal clock. For further details on the internal clock, refer to M251 Logic Controller 
Programming Guide (see Modicon M251 Logic Controller, Programming Guide).

WARNING
IMPROPER BATTERY CAN PROVOKE FIRE OR EXPLOSION

Replace battery only with identical type: Panasonic Type BR2032.

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.

Step Action
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Run/Stop

Run/Stop

The M251 Logic Controller can be operated externally by the following:
�z a hardware Run/Stop switch
�z a SoMachine software command.

The M251 Logic Controller has a Run/Stop hardware switch, which puts the controller in a RUN or 
STOP state.
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SD Card 

Overview

When handling the SD card, follow the instructions below to help prevent internal data on the SD 
card from being corrupted or lost or a SD card malfunction from occurring:

The M251 Logic Controller does not recognize NTFS formatted SD cards. Format the SD card on 
your computer using FAT or FAT32.

When using the M251 Logic Controller and a SD card, observe the following to avoid losing 
valuable data:

�z Accidental data loss can occur at any time. Once data is lost it cannot be recovered.
�z If you forcibly extract the SD card, data on the SD card may become corrupted.
�z Removing an SD card that is being accessed could damage the SD card, or corrupt its data.
�z If the SD card is not positioned correctly when inserted into the controller, the data on the card 

and the controller could become damaged.

NOTICE
LOSS OF APPLICATION DATA

�z Do not store the SD card where there is static electricity or probable electromagnetic fields.
�z Do not store the SD card in direct sunlight, near a heater, or other locations where high 

temperatures can occur.
�z Do not bend the SD card.
�z Do not drop or strike the SD card against another object.
�z Keep the SD card dry.
�z Do not touch the SD card connectors.
�z Do not disassemble or modify the SD card.
�z Use only SD cards formatted using FAT or FAT32.

Failure to follow these instructions can result  in equipment damage.

NOTICE
LOSS OF APPLICATION DATA

�z Backup SD card data regularly.
�z Do not remove power or reset the controller, and do not insert or remove the SD card while it 

is being accessed.
�z Become familiar with the proper orientation of the SD card when inserting it into the controller.

Failure to follow these instructions can result  in equipment damage.
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This figure shows the SD card slot: 

It is possible to set the Write-Control Tab to prevent write operations to the SD card. Push the tab 
up, as shown in the example on the right-hand side, to release the lock and enable writing to the 
SD card. Before using an SD card, read the manufacturer’s instructions.
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SD Card Slot Characteristics

Step Action

1 Insert the SD card into the SD card slot:

2 Push until you hear it “click”:

Topic Characteristics Description

Supported type Standard Capacity SD (SDSC)

High Capacity SDHC

Global memory Size 32 GB max.
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TMASD1 Characteristics

NOTE: The TMASD1 has been rigorously tested in association with the logic controller. For other 
commercially available cards, please consult your local sales representative.

NOTE: The SD card can be used directly on your PC.

Characteristics Description

Card removal durability Minimum 1000 times

File retention time 10 years @ 25 ° C (77 ° F)

Flash type SLC NAND

Memory size 512 MB

Ambient operation temperature –10 … +85° C (14...185 ° F)

Storage temperature –25 … +85° C (–13...185 ° F)

Relative humidity 95% max. non-condensing

Write/Erase cycles 3,000,000 (approximately)
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Modicon M251 Logic Controller

M251 Installation
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M251 Installation 

Chapter 3
M251 Installation 

Overview

This chapter provides installation safety guidelines, device dimensions, mounting instructions, and 
environmental specifications.

What Is in This Chapter?

This chapter contains the following sections:

Section Topic Page

3.1 M251 Logic Controller General Rules for Implementing 46

3.2 M251 Logic Controller Installation 51

3.3 M251 Electrical Requirements 64
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M251 Logic Controller General Rules for Implementing

Section 3.1
M251 Logic Controller Gene ral Rules for Implementing

What Is in This Section?

This section contains the following topics:

Topic Page

Environmental Characteristics 47

Certifications and Standards 50
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Environmental Characteristics

Enclosure Requirements

M251 Logic Controller system components are designed as Zone B, Class A industrial equipment 
according to IEC/CISPR Publication 11. If they are used in environments other than those 
described in the standard, or in environments that do not meet the specifications in this manual, 
the ability to meet electromagnetic compatibility requirements in the presence of conducted and/or 
radiated interference may be reduced.

All M251 Logic Controller system components meet European Community (CE) requirements for 
open equipment as defined by IEC/EN 61131-2. You must install them in an enclosure designed 
for the specific environmental conditions and to minimize the possibility of unintended contact with 
hazardous voltages. Use metal enclosures to improve the electromagnetic immunity of your M251 
Logic Controller system. Use enclosures with a keyed locking mechanism to minimize 
unauthorized access. 

Environmental Characteristics

All the M251 Logic Controller module components are electrically isolated between the internal 
electronic circuit and the input/output channels within the limits set forth and described by these 
environmental characteristics. For more information on electrical isolation, see the technical 
specifications of your particular controller found later in the current document. This equipment 
meets CE requirements as indicated in the table below. This equipment is intended for use in a 
Pollution Degree 2 industrial environment.

The following table shows the general environmental characteristics:

WARNING
UNINTENDED EQUIPMENT OPERATION

Do not exceed any of the rated values specified in the environmental and electrical characteristics 
tables.

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.

Characteristic Specification

Standard compliance IEC/EN 61131-2
IEC/EN 61010-2-201

Ambient operating temperature Horizontal installation –10...55 ° C (14...131 ° F)

Vertical installation –10...35 ° C (14...95 ° F)

Storage temperature –25...70 ° C (- 13...158 ° F)
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Electromagnetic Susceptibility

The M251 Logic Controller system meets electromagnetic susceptibility specifications as indicated 
in the following table:

Relative humidity Transport and storage 10...95 % (non-condensing)

Operation 10...95 % (non-condensing)

Degree of pollution IEC/EN 60664-1 2

Degree of protection IEC/EN 61131-2 IP20 with protective covers in place

Machine Safety conformance IEC/EN 61010-2-201 Yes

Corrosion immunity Atmosphere free from corrosive gases

Operating altitude 0...2000 m (0...6560 ft)

Storage altitude 0...3000 m (0...9843 ft)

Vibration resistance IEC/EN 61131-2
Panel mounting or mounted on 
a top hat section rail (DIN rail)

3.5 mm (0.13 in) fixed amplitude from 
5...8.5 Hz

29.4 m/s2 or 96.45 ft/s2 (3 gn) fixed 
acceleration from 8.7...150 Hz

Mechanical shock resistance 147 m/s2 or 482.28 ft/s2 (15 gn) for a duration 
of 11 ms

Characteristic Specification

Characteristic Designed to specification Range

Electrostatic discharge IEC/EN 61000-4-2 8 kV (air discharge)
4 kV (contact discharge)

Radiated electromagnetic field IEC/EN 61000-4-3 10 V/m (80...1000 MHz)
3 V/m (1.4...2 GHz)
1 V/m (2...3 GHz)

Magnetic field IEC/EN 61000-4-8 30 A/m 50 Hz, 60 Hz 

Fast transients burst IEC/EN 61000-4-4 – CM1 and DM2

AC/DC Power lines 2 kV

Relay Outputs –

24 Vdc I/Os –

Analog I/Os –

Communication line 1 kV
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Surge immunity IEC/EN 61000-4-5
IEC/EN 61131-2

– CM1 DM2

DC Power lines 1 kV 0.5 kV

AC Power lines – –

Relay Outputs – –

24 Vdc I/Os – –

Shielded cable 
(between shield and 
ground)

1 kV –

Induced electromagnetic field IEC/EN 61000-4-6 10 Vrms (0.15...80 MHz)

Conducted emission IEC/EN 55011 (IEC/CISPR 
Publication 11)

AC power line:
�z 0.15...0.5 MHz: 79 dBµV/m QP / 66 dBµV/m AV
�z 0.5...300 MHz: 73 dBµV/m QP / 60 dB�—V/m AV

AC/DC power line:
�z 10...150 kHz: 120...69 dBµV/m QP
�z 150...1500 kHz: 79...63 dBµV/m QP
�z 1.5...30 MHz: 63 dBµV/m QP

Radiated emission IEC/EN 55011 (IEC/CISPR 
Publication 11)

Class A, 10 m distance:
�z 30...230 MHz: 40 dBµV/m QP
�z 230...1000 MHz: 47 dBµV/m QP

1 Common Mode
2 Differential Mode

Characteristic Designed to specification Range
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Certifications and Standards

Introduction

The M251 Logic Controllers are designed to conform to the main national and international 
standards concerning electronic industrial control devices:
�z IEC/EN 61131-2
�z UL 508
�z CSA 22.2 n°  142
�z CSA E61131-2

The M251 Logic Controllers have obtained, or in the process of obtaining, the following conformity 
marks:
�z CE
�z cULus pending
�z CSA pending

The M251 Logic Controllers comply with the main national and international Directives and 
Regulations concerning electronic industrial control devices:
�z Europe RoHS, exemption annex III 7(a)

�z China RoHS regulations 
�z REACh v9
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M251 Logic Controller Installation

Section 3.2
M251 Logic Controller Installation

What Is in This Section?

This section contains the following topics:

Topic Page

Installation and Maintenance Requirements 52

M251 Logic Controller Mounting Positions and Clearances 55

Top Hat Section Rail (DIN rail) 58

Installing and Removing the Controller with Expansions 61

Direct Mounting on a Panel Surface 63
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Installation and Maintenance Requirements

Before Starting

Read and understand this chapter before beginning the installation of your system.

The use and application of the information contained herein require expertise in the design and 
programming of automated control systems. Only you, the user, machine builder or integrator, can 
be aware of all the conditions and factors present during installation and setup, operation, and 
maintenance of the machine or process, and can therefore determine the automation and 
associated equipment and the related safeties and interlocks which can be effectively and properly 
used. When selecting automation and control equipment, and any other related equipment or 
software, for a particular application, you must also consider any applicable local, regional or 
national standards and/or regulations.

Pay particular attention in conforming to any safety information, different electrical requirements, 
and normative standards that would apply to your machine or process in the use of this equipment.

Disconnecting Power

All options and modules should be assembled and installed before installing the control system on 
a mounting rail, onto a mounting plate or in a panel. Remove the control system from its mounting 
rail, mounting plate or panel before disassembling the equipment.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION OR ARC FLASH

�z Disconnect all power from all equipment including connected devices prior to removing any 
covers or doors, or installing or removing any accessories, hardware, cables, or wires except 
under the specific conditions specified in the appropriate hardware guide for this equipment.

�z Always use a properly rated voltage sensing device to confirm the power is off where and when 
indicated.

�z Replace and secure all covers, accessories, hardware, cables, and wires and confirm that a 
proper ground connection exists before applying power to the unit.

�z Use only the specified voltage when operating this equipment and any associated products.

Failure to follow these ins tructions will result in death or serious injury.
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Programming Considerations

Operating Environment

This equipment has been designed to operate outside of any hazardous location. Only install this 
equipment in zones known to be free of a hazardous atmosphere.

WARNING
UNINTENDED EQUIPMENT OPERATION

�z Only use software approved by Schneider Electric for use with this equipment.
�z Update your application program every time you change the physical hardware configuration.

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.

DANGER
POTENTIAL FOR EXPLOSION

Install and use this equipment in non-hazardous locations only.

Failure to follow these inst ructions will result in death or serious injury.

WARNING
UNINTENDED EQUIPMENT OPERATION 

Install and operate this equipment according to the conditions described in the Environmental 
Characteristics.

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.
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Installation Considerations

NOTE: JDYX2 or JDYX8 fuse types are UL-recognized and CSA approved.

WARNING
UNINTENDED EQUIPMENT OPERATION 

�z Use appropriate safety interlocks where personnel and/or equipment hazards exist.
�z Install and operate this equipment in an enclosure appropriately rated for its intended 

environment.
�z Use the sensor and actuator power supplies only for supplying power to the sensors or 

actuators connected to the module.
�z Power line and output circuits must be wired and fused in compliance with local and national 

regulatory requirements for the rated current and voltage of the particular equipment.
�z Do not use this equipment in safety-critical machine functions.
�z Do not disassemble, repair, or modify this equipment.
�z Do not connect any wiring to reserved, unused connections, or to connections designated as 

No Connection (N.C.).

Failure to follow these instructions can result  in death, serious injury, or equipment 
damage.
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M251 Logic Controller Mounting Positions and Clearances

Introduction

This section describes the correct mounting positions for the M251 Logic Controller.

NOTE: Keep adequate spacing for proper ventilation and to maintain the operating temperature 
specified in the Environmental Characteristics (see page 47). 

Correct Mounting Position

To obtain optimal operating characteristics, the M251 Logic Controller should be mounted 
horizontally on a vertical plane as shown in the figure below: 

Acceptable Mounting Positions

The M251 Logic Controller can also be mounted vertically on a vertical plane as shown below.

NOTE: Expansion modules must be mounted above the controller.
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Incorrect Mounting Position

The M251 Logic Controller should only be positioned as shown in the Correct Mounting Position 
figure. The figures below show the incorrect mounting positions.

Minimum Clearances

The M251 Logic Controller has been designed as an IP20 product and must be installed in an 
enclosure. Clearances must be respected when installing the product.

There are 3 types of clearances to consider:
�z The M251 Logic Controller and all sides of the cabinet (including the panel door).
�z The M251 Logic Controller terminal blocks and the wiring ducts to help reduce potential 

electromagnetic interference between the controller and the duct wiring.
�z The M251 Logic Controller and other heat generating devices installed in the same cabinet.

WARNING
UNINTENDED EQUIPMENT OPERATION

�z Place devices dissipating the most heat at the top of the cabinet and ensure adequate 
ventilation.

�z Avoid placing this equipment next to or above devices that might cause overheating.
�z Install the equipment in a location providing the minimum clearances from all adjacent 

structures and equipment as directed in this document.
�z Install all equipment in accordance with the specifications in the related documentation.

Failure to follow these instructions can result  in death, serious injury, or equipment 
damage.
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The following figure shows the minimum clearances that apply to all M251 Logic Controller 
references:
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Top Hat Section Rail (DIN rail)

Dimensions of Top Hat Section Rail DIN Rail

You can mount the controller or receiver and its expansions on a 35 mm (1.38 in.) top hat section 
rail (DIN rail). It can be attached to a smooth mounting surface or suspended from a EIA rack or 
mounted in a NEMA cabinet.

Symmetric Top Hat Section Rails (DIN Rail)

The following illustration and table show the references of the top hat section rails (DIN rail) for the 
wall-mounting range: 

The following illustration and table show the references of the symmetric top hat section rails (DIN 
rail) for the metal enclosure range: 

Reference Type Rail Length (B)

NSYSDR50A A 450 mm (17.71 in.)

NSYSDR60A A 550 mm (21.65 in.)

NSYSDR80A A 750 mm (29.52 in.)

NSYSDR100A A 950 mm (37.40 in.)
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The following illustration and table shows the references of the symmetric top hat section rails (DIN 
rail) of 2000 mm (78.74 in.): 

Reference Type Rail Length (B-12 mm)

NSYSDR60 A 588 mm (23.15 in.)

NSYSDR80 A 788 mm (31.02 in.)

NSYSDR100 A 988 mm (38.89 in.)

NSYSDR120 A 1188 mm (46.77 in.)

Reference Type Rail Length

NSYSDR2001 A 2000 mm (78.74 in.)

NSYSDR200D2 A

1 Unperforated galvanized steel
2 Perforated galvanized steel 
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Double-Profile Top Hat Section Rails (DIN rail)

The following illustration and table show the references of the double-profile top hat section rails 
(DIN rails) for the wall-mounting range: 

The following illustration and table show the references of the double-profile top hat section rails 
(DIN rail) for the floor-standing range: 

Reference Type Rail Length (B)

NSYDPR25 W 250 mm (9.84 in.)

NSYDPR35 W 350 mm (13.77 in.)

NSYDPR45 W 450 mm (17.71 in.)

NSYDPR55 W 550 mm (21.65 in.)

NSYDPR65 W 650 mm (25.60 in.)

NSYDPR75 W 750 mm (29.52 in.)

Reference Type Rail Length (B)

NSYDPR60 F 588 mm (23.15 in.)

NSYDPR80 F 788 mm (31.02 in.)

NSYDPR100 F 988 mm (38.89 in.)

NSYDPR120 F 1188 mm (46.77 in.)
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Installing and Removing the Controller with Expansions

Overview

This section describes how to install and remove the controller with its expansion modules from a 
top hat section rail (DIN rail).

To assemble expansion modules to a controller or receiver module, or to other modules, refer to 
the respective expansion modules hardware guide(s).

Installing a Controller with its Expansions on a DIN Rail

The following procedure describes how to install a controller with its expansion modules on a top 
hat section rail (DIN rail):

Step Action

1 Fasten the top hat section rail (DIN rail) to a panel surface using screws.

2 Position the top groove of the controller and its expansion modules on the top 
edge of the DIN rail and press the assembly against the top hat section rail 
(DIN rail) until you hear the top hat section rail (DIN rail) clip snap into place.
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Removing a Controller with its Expansions from a Top Hat Section Rail (DIN Rail)

The following procedure describes how to remove a controller with its expansion modules from a 
top hat section rail (DIN rail): 

3 Place 2 terminal block end clamps on both sides of the controller and 
expansion module assembly.

NOTE:  Type ABB8P35 or equivalent terminal block end clamps help minimize 
sideways movement and improve the shock and vibration characteristics of the 
controller and expansion module assembly.

Step Action

AB1AB8P35

Step Action

1 Remove all power from your controller and expansion modules.

2 Insert a flat screwdriver into the slot of the top hat section rail (DIN rail) clip.

3 Pull down the DIN rail clip.

4 Pull the controller and its expansion modules from the top hat section rail (DIN rail) 
from the bottom.
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Direct Mounting on a Panel Surface

Overview

This section shows how to install M251 Logic Controller on a panel surface using the mounting 
holes.

Mounting Hole Layout

This diagram shows the mounting hole layout for M251 Logic Controller:
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M251 Electrical Requirements

Section 3.3
M251 Electrical Requirements

What Is in This Section?

This section contains the following topics:

Topic Page

Wiring Best Practices 65

DC Power Supply Characteristics and Wiring 68

Grounding the M251 System 72
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Wiring Best Practices

Overview

This section describes the wiring guidelines and associated best practices to be respected when 
using the M251 Logic Controller system.

1 For additional information, refer to NEMA ICS 1.1 (latest edition), "Safety Guidelines for the 
Application, Installation, and Maintenance of Solid State Control" and to NEMA ICS 7.1 (latest 
edition), "Safety Standards for Construction and Guide for Selection, Installation and Operation of 
Adjustable-Speed Drive Systems" or their equivalent governing your particular location.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION OR ARC FLASH

�z Disconnect all power from all equipment including connected devices prior to removing any 
covers or doors, or installing or removing any accessories, hardware, cables, or wires except 
under the specific conditions specified in the appropriate hardware guide for this equipment.

�z Always use a properly rated voltage sensing device to confirm the power is off where and when 
indicated.

�z Replace and secure all covers, accessories, hardware, cables, and wires and confirm that a 
proper ground connection exists before applying power to the unit.

�z Use only the specified voltage when operating this equipment and any associated products.

Failure to follow these inst ructions will result in death or serious injury.

WARNING
LOSS OF CONTROL

�z The designer of any control scheme must consider the potential failure modes of control paths 
and, for certain critical control functions, provide a means to achieve a safe state during and 
after a path failure. Examples of critical control functions are emergency stop and overtravel 
stop, power outage and restart.

�z Separate or redundant control paths must be provided for critical control functions.
�z System control paths may include communication links. Consideration must be given to the 

implications of unanticipated transmission delays or failures of the link.

�z Observe all accident prevention regulations and local safety guidelines.1

�z Each implementation of this equipment must be individually and thoroughly tested for proper 
operation before being placed into service.

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.
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Wiring Guidelines

This rules must be applied when wiring a M251 Logic Controller system:
�z Communication wiring must be kept separate from the power wiring. Route these 2 types of 

wiring in separate cable ducting.
�z Verify that the operating conditions and environment are within the specification values.
�z Use proper wire sizes to meet voltage and current requirements.
�z Use copper conductors (required).
�z Use twisted pair, shielded cables for networks, and fieldbus.

Use shielded, properly grounded cables for all communication connections. If you do not use 
shielded cable for these connections, electromagnetic interference can cause signal degradation. 
Degraded signals can cause the controller or attached modules and equipment to perform in an 
unintended manner.

1Multipoint grounding is permissible if connections are made to an equipotential ground plane 
dimensioned to help avoid cable shield damage in the event of power system short-circuit currents.

For more details, refer to Grounding Shielded Cables (see page 73).

NOTE: Surface temperatures may exceed 60° C. To conform to IEC 61010 standards, route 
primary wiring (wires connected to power mains) separately and apart from secondary wiring (extra 
low voltage wiring coming from intervening power sources). If that is not possible, double insulation 
is required such as conduit or cable gains.

WARNING
UNINTENDED EQUIPMENT OPERATION

�z Use shielded cables for all communication signals.

�z Ground cable shields for all communication signals at a single point1.
�z Route communication separately from power cables.

Failure to follow these instructions can result  in death, serious injury, or equipment 
damage.
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Rules for Removable Screw Terminal Block

The following tables show the cable types and wire sizes for a 5.08 pitch  removable screw terminal 
block (power supply):

The use of copper conductors is required.

DANGER
LOOSE WIRING CAUSES ELECTRIC SHOCK

�z Tighten connections in conformance with the torque specifications.
�z Do not insert more than one wire per connector of the terminal block without the cable ends 

specified above.

Failure to follow these inst ructions will result in death or serious injury.

DANGER
FIRE HAZARD

Use only the recommended wire sizes for the current capacity of the power supplies.

Failure to follow these inst ructions will result in death or serious injury.
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DC Power Supply Characteristics and Wiring

Overview

This section provides the characteristics and the wiring diagrams of the DC power supply.

DC Power Supply Voltage Range

If the specified voltage range is not maintained, outputs may not switch as expected. Use 
appropriate safety interlocks and voltage monitoring circuits.

DANGER
FIRE HAZARD

�z Use only the recommended wire sizes for the current capacity of the I/O channels and power 
supplies.

�z For relay output (2 A) wiring, use conductors of at least 0.5 mm2 (AWG 20) with a temperature 
rating of at least 80 ° C (176 ° F).

�z For common conductors of relay output wiring (7 A), or relay output wiring greater than 2 A, 
use conductors of at least 1.0 mm2 (AWG 16) with a temperature rating of at least 80 ° C 
(176 ° F).

Failure to follow these ins tructions will result in death or serious injury.

WARNING
UNINTENDED EQUIPMENT OPERATION

Do not exceed any of the rated values specified in the environmental and electrical characteristics 
tables.

Failure to follow these instructions can result  in death, serious injury, or equipment 
damage.

�(����������



M251 Installation

EIO0000001486 04/2014 69

DC Power Supply Requirements

The M251 Logic Controller and associated I/O (TM2,TM3) require power supplies with a nominal 
voltage of 24 Vdc. The 24 Vdc power supplies must be rated Safety Extra Low Voltage (SELV) or 
Protective Extra Low Voltage (PELV) according to IEC 61140. These power supplies are isolated 
between the electrical input and output circuits of the power supply.

1For compliance to UL (Underwriters Laboratories) requirements, the power supply must also be 
of a type Class II with a maximum power output availability of less than 100 VA (approximately 4 A 
at nominal voltage). A Class II circuit requires dry indoor use only in non-hazardous locations, and 
must be grounded. You must separate Class II circuits from other circuits. If a non-Class II power 
source is used, either power supply or transformer, you must impose a current limiting device such 
as a fuse or a circuit breaker with a maximum rating of 4 A, but never exceeding the limits indicated 
in the electric characteristics and wiring diagrams for this equipment. If the indicated rating of the 
electrical characteristics or wiring diagrams are greater than 4 A, multiple Class II power supplies 
may be used.

Controller DC Characteristics

This table shows the characteristics of the DC power supply required for the controller:

WARNING
POTENTIAL OF OVERHEATING AND FIRE

�z Do not connect the equipment directly to line voltage.

�z Use only isolating PELV or SELV power supplies to supply power to the equipment1.

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.

Characteristic Value

Rated voltage 24 Vdc

Power supply voltage range 19.2...28.8 Vdc

Power interruption time 10 ms at 24 Vdc

Maximum inrush current 50 A 

Continuous output power typical 32.6 W max. 40.4 W

Isolation between DC power supply and internal 
logic

Not isolated

between DC power supply and protective 
earth ground (PE)

500 Vac
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Power Interruption

The duration of power interruptions where the M251 Logic Controller is able to continue normal 
operation varies depending upon the load to the power supply of the controller, but a minimum of 
10 ms is maintained as specified by IEC standards.

When planning the management of the power supplied to the controller, you must consider the 
power interruption duration due to the fast cycle time of the controller.

There could potentially be many scans of the logic and consequential updates to the I/O image 
table during the power interruption, while there is no external power supplied to the inputs, the 
outputs or both depending on the power system architecture and power interruption 
circumstances.

WARNING
UNINTENDED EQUIPMENT OPERATION

�z Individually monitor each source of power used in the controller system including input power 
supplies, output power supplies and the power supply to the controller to allow appropriate 
system shutdown during power system interruptions.

�z The inputs monitoring each of the power supply sources must be unfiltered inputs.

Failure to follow these instructions can result  in death, serious injury, or equipment 
damage.
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DC Power Supply Wiring Diagram

This figure shows the power supply terminal block removal procedure:

The following figure shows the wiring of the DC power supply:

* Type T fuse

For more information, refer to the 5.08 pitch Rules for Removable Screw Terminal block 
(see page 67).
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Grounding the M251 System

Overview

To help minimize the effects of electromagnetic interference, cables carrying fieldbus 
communication signals must be shielded.

1Multipoint grounding is permissible if connections are made to an equipotential ground plane 
dimensioned to help avoid cable shield damage in the event of power system short-circuit currents.

The use of shielded cables requires compliance with the following wiring rules:
�z For protective ground connections (PE), metal conduit or ducting can be used for part of the 

shielding length, provided there is no break in the continuity of the ground connections. For 
functional ground (FE), the shielding is intended to attenuate electromagnetic interference and 
the shielding must be continuous for the length of the cable. If the purpose is both functional and 
protective, as is often the case for communication cables, the cable must have continuous 
shielding.

�z Wherever possible, keep cables carrying one type of signal separate from the cables carrying 
other types of signals or power.

Protective Ground (PE) on the Backplane

The protective ground (PE) should be connected to the conductive backplane by a heavy-duty 
wire, usually a braided copper cable with the maximum allowable cable section.

WARNING
UNINTENDED EQUIPMENT OPERATION

�z Use shielded cables for communication signals.

�z Ground cable shields for communication signals at a single point 1.
�z Always comply with local wiring requirements regarding grounding of cable shields.

Failure to follow these instructions can result  in death, serious injury, or equipment 
damage.
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Shielded Cables Connections

Cables carrying fieldbus communication signals must be shielded. The shielding must be securely 
connected to ground. The fieldbus communication cable shields must be connected to the 
protective ground (PE) with a connecting clamp secured to the conductive backplane of your 
installation.

The shielding of the Modbus cable must be connected to the protective ground (PE).

WARNING
ACCIDENTAL DISCONNECTION FROM PROTECTIVE GROUND (PE)

�z Do not use the TM2XMTGB Grounding Bar to provide a protective ground (PE).
�z Use the TM2XMTGB Grounding Bar only to provide a functional ground (FE).

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.

DANGER
HAZARD OF ELECTRIC SHOCK

�z The grounding terminal connection (PE) must be used to provide a protective ground at all 
times.

�z Make sure that an appropriate, braided ground cable is attached to the PE/PG ground terminal 
before connecting or disconnecting the network cable to the equipment.

Failure to follow these inst ructions will result in death or serious injury.
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Modicon M251 Logic Controller

Part II
Modicon M251 Logic Controller

What Is in This Part?

This part contains the following chapters:

Chapter Chapter Name Page

4 TM251MESC 77

5 TM251MESE 81
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TM251MESC

Chapter 4
TM251MESC

TM251MESC  Presentation

Description

This figure shows the different components of the TM251MESC logic controller:

N° Description Refer to

1 Dual port Ethernet switch Ethernet port (see page 90)

2 CANopen port CANopen port (see page 88)

3 Serial line port / Type RJ45 (RS-232 or RS-485) Serial Line (see page 97)

4 Run/Stop switch Run/Stop (see page 40)

5 Status LEDs –

6 TM4 bus connector TM4 Expansion Modules (see page 19)

7 TM3/TM2 bus connector TM3 Expansion Modules (see page 20)

8 SD card slot SD Card (see page 41)

9 USB mini-B programming port / For terminal connection to a 
programming PC (SoMachine)

USB Mini-B Programming Port  
(see page 96)
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Status LEDs

This figure shows the status LEDs:

The following table describes the system status LEDs:

10 Surface mounting lugs –

11 Clip-on lock for 35 mm (1.38 in.) top hat section rail (DIN-rail) Top Hat Section Rail (see page 58)

12 24 Vdc power supply DC Power supply Characteristics and 
Wiring (see page 68)

13 Protective cover (SD card slot and USB mini-B programming 
port)

–

14 Locking hook (Hook not included) –

15 Battery holder Real Time Clock (RTC) (see page 36)

N° Description Refer to

Label Function 
Type

Color Status Description

PWR Power Green On Indicates that power is applied.

Off Indicates that power is removed.

RUN Machine 
status

Green On Indicates that the controller is running a valid application.

Flashing Indicates that the controller has a valid application that is 
stopped.

1 flash Indicates that the controller has paused at BREAKPOINT.

Off Indicates that the controller is not programmed
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NOTE: All the LEDs flash when the logic controller is being identified. For more details, refer to the 
SoMachine Programming Guide. 

ERR Internal Error Red On Indicates that an operating system error has been detected

Fast flashing Indicates that the controller has detected an internal error

Slow flashing Indicates either that a minor error has been detected if RUN 
is ON or that no application has been detected

I/O I/O error Red On Indicates device errors on the serial line, SD card, TM4 bus, 
TM3 bus, Ethernet port(s) or CANopen port.

SD SD card 
access

Green On Indicates that the SD card is being accessed

BAT Battery Red On Indicates that the battery needs to be replaced.

Flashing Indicates that the battery charge is low.

ETH Ethernet port 
status

Green On Indicates that the ethernet port is connected and the IP 
address is defined.

3 flashes Indicates that the ethernet port is not connected.

4 flashes Indicates that the IP address is already in used.

5 flashes Indicates that the module is waiting for BOOTP or DHCP 
sequence.

6 flashes Indicates that the configured IP address is not valid.

SL Serial line Green On Indicates the status of serial line (see page 99)

Off Indicates no serial communication

TM4 Error on TM4 
bus

Red On Indicates that an error has been detected on the TM4 bus

Off Indicates that no error has been detected on the TM4 bus

CAN-R CANopen 
running 
status

Green On Indicates that the CANopen bus is operational.

Off Indicates that the CANopen master is configured.

Flashing Indicates that the CANopen bus is being initialized.

1 flash per 
second

Indicates that the CANopen bus is stopped.

CAN-E CANopen 
error

Red On Indicates that the CANopen bus is stopped (BUS OFF).

Off Indicates no CANopen detected error.

Flashing Indicates that the CANopen bus is not valid.

1 flash per 
second

Indicates that the controller has detected that the maximum 
number of error frames has been reached or exceeded. 

2 flashes per 
second

Indicates that the controller has detected either a Node 
Guarding or a Heartbeat event.

Label Function 
Type

Color Status Description
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Dimensions

This figures shows the external dimensions of the logic controller:
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TM251MESE

Chapter 5
TM251MESE

TM251MESE  Presentation

Description

This figure shows the different components of the TM251MESE logic controller:

N° Description Refer to

1 Dual port Ethernet switch Ethernet port (see page 90)

2 Ethernet port 2 Ethernet ports (see page 93)

3 Serial line port / Type RJ45 (RS-232 or RS-485) Serial Line (see page 97)

4 Run/Stop switch Run/Stop (see page 40)

5 Status LEDs –

6 TM4 bus connector TM4 Expansion Modules (see page 19)

7 TM3/TM2 bus connector TM3 Expansion Modules (see page 20)

8 SD card slot SD Card (see page 41)

9 USB mini-B programming port / For terminal connection to a 
programming PC (SoMachine)

USB Mini-B Programming Port  
(see page 96)
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Status LEDs

This figure shows the status LEDs:

The following table describes the system status LEDs:

10 Surface mounting lugs –

11 Clip-on lock for 35 mm (1.38 in.) top hat section rail (DIN-rail) Top Hat Section Rail (see page 58)

12 24 Vdc power supply DC Power supply Characteristics and 
Wiring (see page 68)

13 Protective cover (SD card slot and USB mini-B programming 
port)

–

14 Locking hook (Hook not included) –

15 Battery holder Real Time Clock (RTC) (see page 36)

N° Description Refer to

Label Function 
Type

Color Status Description

PWR Power Green On Indicates that power is applied.

Off Indicates that power is removed.

RUN Machine 
status

Green On Indicates that the controller is running a valid application.

Flashing Indicates that the controller has a valid application that is 
stopped.

1 flash Indicates that the controller has paused at BREAKPOINT.

Off Indicates that the controller is not programmed
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NOTE: All the LEDs flash when the logic controller is being identified. For more details, refer to the 
SoMachine Programming Guide. 

ERR Internal Error Red On Indicates that an operating system error has been detected

Fast flashing Indicates that the controller has detected an internal error

Slow flashing Indicates either that a minor error has been detected if RUN 
is ON or that no application has been detected

I/O I/O error Red On Indicates device errors on the serial line, SD card, TM4 bus, 
TM3 bus, Ethernet port(s) or CANopen port.

SD SD card 
access

Green On Indicates that the SD card is being accessed

BAT Battery Red On Indicates that the battery needs to be replaced.

Flashing Indicates that the battery charge is low.

ETH.1
ETH.2

Ethernet port 
status

Green On Indicates that the ethernet port is connected and the IP 
address is defined.

3 flashes Indicates that the ethernet port is not connected.

4 flashes Indicates that the IP address is already in used.

5 flashes Indicates that the module is waiting for BOOTP or DHCP 
sequence.

6 flashes Indicates that the configured IP address is not valid.

SL Serial line Green On Indicates the status of serial line (see page 99)

Off Indicates no serial communication

TM4 Error on TM4 
bus

Red On Indicates that an error has been detected on the TM4 bus

Off Indicates that no error has been detected on the TM4 bus

Label Function 
Type

Color Status Description
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Dimensions

This figure shows the external dimensions of the logic controller:
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Modicon M251 Logic Controller Communication

Part III
Modicon M251 Logic Controller Communication

What Is in This Part?

This part contains the following chapters:

Chapter Chapter Name Page

6 Integrated Communication Ports 87

7 Connecting the M251 Logic Controller to a PC 101
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Integrated Communication Ports

Chapter 6
Integrated Communication Ports

What Is in This Chapter?

This chapter contains the following topics:

Topic Page

CANopen Port 88

Ethernet Port 90

TM251MESE Specific Considerations 93

USB Mini-B Programming Port 96

Serial Line 97
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CANopen Port

CANopen Capabilities

The Modicon M251 Logic Controller CANopen master has the following features:

For each additional CANopen slave,
�z the application size increases by an average of 10 Kbytes which conceivably could result in 

exceeding memory limits.
�z the configuration initialization time at the startup increases which conceivably could result in a 

watchdog timeout. 

Although SoMachine does not restrict you from doing so, we recommend that you not exceed more 
than 63 CANopen slave modules (and/or 252 TPDOs and 252 RPDOs) in order to have a sufficient 
performance tolerance and to avoid any performance degradation.

Maximum number of slaves on the bus 63 CANopen slave devices

Maximum length of CANopen fieldbus cables According to the CAN specification (see cable length 
and transmission speed).

Maximum number of PDO managed by the master 252 TPDOs + 252 RPDOs

WARNING
UNINTENDED EQUIPMENT OPERATION

Do not connect more than 63 CANopen slave devices to the controller to avoid system overload 
watchdog condition. 

Failure to follow these instructions can result  in death, serious injury, or equipment 
damage.

NOTICE
DEGRADATION OF PERFORMANCE

Do not exceed more than 252 TPDOs and 252 RPDOs for the Modicon M251 Logic Controller.

Failure to follow these instructions can result in equipment damage.
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CANopen Wiring Diagram

The CANopen plug is a male sub-D9 terminal block:

Cable Length

Transmission speed is limited by the bus length and the type of cable used.

This table describes the relationship between the maximum transmission speed and the bus length 
(on a single CAN segment without a repeater).

Pin Signal Description

1 – Reserved

2 CAN_L CAN_L bus line

3 CAN_GND CAN ground

4 – Reserved

5 (CAN_SHLD) Optional CAN shield

6 GND Ground

7 CAN_H CAN_H bus line

8 – Reserved

9 (CAN_V+) Optional CAN external positive supply

Maximum Transmission baud Rate Bus Length

1000 Kbps 20 m (65 ft)

800 Kbps 40 m (131 ft)

500 Kbps 100 m (328 ft)

250 Kbps 250 m (820 ft)

125 Kbps 500 m (1,640 ft)

50 Kbps 1000 m (3280 ft)

20 Kbps 2500 m (16,400 ft)
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Ethernet Port

Overview

The M251 Logic Controller is equipped with Ethernet communications ports:

Characteristics

This table describes the different Ethernet characteristics:

Reference Number of Ports Port Name

TM251MESC 2 (one dual Ethernet port switch) Ethernet

TM251MESE 2 (one dual Ethernet port switch) Ethernet 1

1 Ethernet 2

Characteristic Description

Function Modbus TCP/IP, SoMachine protocol, EtherNet I/P

Connector type RJ45

Auto negotiation from 10 M half duplex to 100 M full duplex

Cable type Shielded

Automatic cross-over detection Yes
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Pin Assignment

This figure shows the RJ45 Ethernet connector pin assignment:

This table describes the RJ45 Ethernet connector pins:

NOTE: The controller supports the MDI/MDIX auto-crossover cable function. It is not necessary to 
use special Ethernet crossover cables to connect devices directly to this port (connections without 
an Ethernet hub or switch).

NOTE: Ethernet cable disconnection is detected every second. In case of disconnection of a short 
duration (< 1 second), the network status may not indicate the disconnection.

Pin N° Signal

1 TD+

2 TD-

3 RD+

4 -

5 -

6 RD-

7 -

8 -
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Status LED

This figure shows RJ45 connectors status LED:

This table describes the Ethernet status LEDs:

Label Description LED

Color Status Description

1 Ethernet link Green/Yellow Off No link

Solid yellow Link at 10 Mbit/s

Solid green Activity at 100 Mbit/s

2 Ethernet activity Green Off No activity

On Transmitting or receiving data
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TM251MESE Specific Considerations

Ethernet Ports

The TM251MESE has 2 different Ethernet networks. Each one get its own and unique IP and MAC 
address.

The 2 Ethernet networks are called Ethernet 1 and Ethernet 2:
�z Ethernet 1 is made of 2 switched Ethernet ports dedicated to communication between machines 

or with the factory network.
�z Ethernet 2 is made of 1 Ethernet port dedicated to fieldbus device connections.

For example, you can:
�z Connect your PC to the Ethernet 1.
�z Use a Modbus TCP I/O scanner with the Ethernet 2.
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System Architecture

This figure is an example of an Ethernet architecture with 2 TM251MESE.
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This figure is an example of an Ethernet architecture with TM251MESE and TM4ES4.
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USB Mini-B Programming Port

Overview

The USB Mini-B Port is the programming port you can use to connect a PC with a USB host port 
using SoMachine software. Using a typical USB cable, this connection is suitable for quick updates 
of the program or short duration connections to perform maintenance and inspect data values. It 
is not suitable for long-term connections such as commissioning or monitoring without the use of 
specially adapted cables to help minimize electromagnetic interference.

Characteristics

This table describes the characteristics of the USB Mini-B programming port:

WARNING
INOPERABLE EQUIPMENT OR UNINTENDED EQUIPMENT OPERATION

�z You must use a shielded USB cable such as a BMX XCAUSBH0•• secured to the functional 
ground (FE) of the system for any long-term connection.

�z Do not connect more than one controller at a time using USB connections.

Failure to follow these instructions can result  in death, serious injury, or equipment 
damage.

Parameter USB Programming Port

Function Compatible with USB 2.0

Connector type Mini-B

Isolation None

Cable type Shielded
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Serial Line 

Overview

The serial line:
�z Can be used to communicate with devices supporting the Modbus protocol as either master or 

slave, ASCII protocol (printer, modem...) and SoMachine Protocol (HMI,...).
�z provides a 5 Vdc power distribution.
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Characteristics

NOTE: Some devices provide voltage on RS485 serial connections. It is necessary to avoid 
connection of these voltage lines to your controller as they may damage the controller serial port 
electronics and render the serial port inoperable.

Characteristic Description

Function RS485 or RS232 software configured

Connector type RJ45

Isolation Non-isolated

Maximum baud rate 1200 up to 115 200 bps

Cable Type Shielded

Maximum length 15 m (49 ft) for RS485
3 m (9.84 ft) for RS232

Polarization Software configuration is used to connect when the 
node is configured as a master.
560 �  resistors are optional.

5 Vdc power supply for RS485 Yes

NOTICE
INOPERABLE EQUIPMENT

Use only the VW3A8306R•• serial cable to connect RS485 devices to your controller.

Failure to follow these instructions can result in equipment damage.
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Pin Assignment

The following figure shows the pins of the RJ45 connector:

This table describes the pin assignment of the RJ45 connector:

*: 5 Vdc delivered by the controller, do not connect. 

N.C.: No connection

RxD: Received data

TxD: Transmitted data

Status LED

This table describes the serial line status LED:

Pin RS232 RS485

1 RxD N.C.

2 TxD N.C.

3 N.C. N.C.

4 N.C. D1 (A +)

5 N.C. D0 (B –)

6 N.C. N.C.

7 N.C. * 5 Vdc

8 Common Common

WARNING
UNINTENDED EQUIPMENT OPERATION

Do not connect wires to unused terminals and/or terminals indicated as “No Connection (N.C.)”.

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.

Label Description LED

Color Status Description

SL Serial line Green On Indicates the activity of the serial line.

Off Indicates no serial communication.
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Connecting the M251 Logic Controller to a PC

Chapter 7
Connecting the M251 Logic Controller to a PC

Connecting the Controller to a PC

Overview

To transfer, run, and monitor the applications, connect the controller to a computer, that has 
SoMachine installed, using either a USB cable or an Ethernet connection (for those references that 
support an Ethernet port).

NOTICE
INOPERABLE EQUIPMENT

Always connect the communication cable to the PC before connecting it to the controller.

Failure to follow these in structions can result  in equipment damage.
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USB Powered Download

In order to execute limited operations, the M251 Logic Controller has the capability to be powered 
through the USB Mini-B port. A diode mechanism avoids having the logic controller both powered 
by USB and by the normal power supply, or to supply voltage on the USB port.

When powered only by USB, the logic controller executes the firmware and the boot project (if any) 
and the I/O board is not powered during boot (same duration as a normal boot). USB powered 
download initializes the internal flash memory with some firmware or some application and 
parameters when the controller is powered by USB. The preferred tool to connect to the controller 
is the Controller Assistant .

The controller packaging allows easy access to USB Mini-B port with minimum opening of the 
packaging. You can connect the controller to the PC with a USB cable. Long cables are not suitable 
for the USB powered download.

NOTE: It is not intended that you use the USB Powered Download on an installed controller. 
Depending on the number of I/O expansion modules in the physical configuration of the installed 
controller, there may be insufficient power from your PC USB port to accomplish the download.

WARNING
INSUFFICENT POWER FOR USB DOWNLOAD

Do not use a USB cable longer than 3m (9.8 ft) for USB powered download.

Failure to follow these instructions can result  in death, serious injury, or equipment 
damage.
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USB Mini-B Port Connection

TCSXCNAMUM3P: This USB cable is suitable for short duration connections such as quick 
updates or retrieving data values.

BMXXCAUSBH018: Grounded and shielded, this USB cable is suitable for long duration 
connections.

NOTE: You can only connect 1 controller or any other device associated with SoMachine and its 
component to the PC at any one time.

The USB Mini-B Port is the programming port you can use to connect a PC with a USB host port 
using SoMachine software. Using a typical USB cable, this connection is suitable for quick updates 
of the program or short duration connections to perform maintenance and inspect data values. It 
is not suitable for long-term connections such as commissioning or monitoring without the use of 
specially adapted cables to help minimize electromagnetic interference.

The communication cable should be connected to the PC first to minimize the possibility of 
electrostatic discharge affecting the controller.

WARNING
INOPERABLE EQUIPMENT OR UNINTENDED EQUIPMENT OPERATION

�z You must use a shielded USB cable such as a BMX XCAUSBH0•• secured to the functional 
ground (FE) of the system for any long-term connection.

�z Do not connect more than one controller at a time using USB connections.

Failure to follow these instructions can result  in death, serious in jury, or equipment 
damage.
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To connect the USB cable to your controller, follow the steps below:

Ethernet Port Connection

You can also connect the controller to a PC using an Ethernet cable.

To connect the controller to the PC, do the following:

Step Action

1 1a If making a long-term connection using the cable BMXXCAUSBH018, or other cable with a 
ground shield connection, be sure to securely connect the shield connector to the functional 
ground (FE) or protective ground (PE) of your system before connecting the cable to your 
controller and your PC.

1b If making a short-term connection using the cable TCSXCNAMUM3P or other non-grounded 
USB cable, proceed to step 2.

2 Connect your USB cable to the computer.

3 Open the hinged access cover.

4 Connect the Mini connector of your USB cable to the controller USB connector.

Step Action

1 Connect your Ethernet cable to the PC.

2 Connect your Ethernet cable to the Ethernet port on the controller.
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Glossary

A
ASCII

(American standard code for Information Interchange) A protocol for representing alphanumeric 
characters (letters, numbers, certain graphics, and control characters).

B
bps

(bit per second) A definition of transmission rate, also given in conjunction with multiplicator kilo 
(kbps) and mega (mbps).

C
CANopen

An open industry-standard communication protocol and device profile specification (EN 50325-4).

CFC
(continuous function chart) A graphical programming language (an extension of the IEC 61131-3 
standard) based on the function block diagram language that works like a flowchart. However, no 
networks are used and free positioning of graphic elements is possible, which allows feedback 
loops. For each block, the inputs are on the left and the outputs on the right. You can link the block 
outputs to the inputs of other blocks to create complex expressions.

continuous function chart language
A graphical programming language (an extension of the IEC61131-3 standard) based on the 
function block diagram language that works like a flowchart. However, no networks are used and 
free positioning of graphic elements is possible, which allows feedback loops. For each block, the 
inputs are on the left and the outputs on the right. You can link the block outputs to inputs of other 
blocks to create complex expressions.

D
DIN

(Deutsches Institut für Normung) A German institution that sets engineering and dimensional 
standards.
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E
EIA rack

(electronic industries alliance rack) A standardized (EIA 310-D, IEC 60297, and DIN 41494 
SC48D) system for mounting various electronic modules in a stack or rack that is 19 inches 
(482.6 mm) wide.

EN
EN identifies 1 of many European standards maintained by CEN (European Committee for 
Standardization), CENELEC (European Committee for Electrotechnical Standardization), or ETSI 
(European Telecommunications Standards Institute).

F
FBD

(function block diagram) One of 5 languages for logic or control supported by the standard IEC 
61131-3 for control systems. Function block diagram is a graphically oriented programming 
language. It works with a list of networks, where each network contains a graphical structure of 
boxes and connection lines, which represents either a logical or arithmetic expression, the call of 
a function block, a jump, or a return instruction.

FE
(functional Earth) A common grounding connection to enhance or otherwise allow normal 
operation of electrically sensitive equipment (also referred to as functional ground in North 
America). 

In contrast to a protective Earth (protective ground), a functional earth connection serves a purpose 
other than shock protection, and may normally carry current. Examples of devices that use 
functional earth connections include surge suppressors and electromagnetic interference filters, 
certain antennas, and measurement instruments.

H
HE10

Rectangular connector for electrical signals with frequencies below 3 MHz, complying with IEC 
60807-2.

I
IEC

(international electrotechnical commission) A non-profit and non-governmental international 
standards organization that prepares and publishes international standards for electrical, 
electronic, and related technologies. 
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IEC 61131-3
Part 3 of a 3-part IEC standard for industrial automation equipment. IEC 61131-3 is concerned with 
controller programming languages and defines 2 graphical and 2 textual programming language 
standards. The graphical programming languages are ladder diagram and function block diagram. 
The textual programming languages include structured text and instruction list.

IL
(instruction list) A program written in the language that is composed of a series of text-based 
instructions executed sequentially by the controller. Each instruction includes a line number, an 
instruction code, and an operand (refer to IEC 61131-3).

instruction list language
A program written in the instruction list language that is composed of a series of text-based 
instructions executed sequentially by the controller. Each instruction includes a line number, an 
instruction code, and an operand (see IEC 61131-3).

IP 20
(ingress protection) The protection classification according to IEC 60529 offered by an enclosure, 
shown by the letter IP and 2 digits. The first digit indicates 2 factors: helping protect persons and 
for equipment. The second digit indicates helping protect against water. IP 20 devices help protect 
against electric contact of objects larger than 12.5 mm, but not against water.

L
ladder diagram language

A graphical representation of the instructions of a controller program with symbols for contacts, 
coils, and blocks in a series of rungs executed sequentially by a controller (see IEC 61131-3).

LD
(ladder diagram) A graphical representation of the instructions of a controller program with symbols 
for contacts, coils, and blocks in a series of rungs executed sequentially by a controller (refer to 
IEC 61131-3).

M
master/slave

The single direction of control in a network that implements the master/slave mode.

Modbus
The protocol that allows communications between many devices connected to the same network. 
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N
NEMA

(national electrical manufacturers association) The standard for the performance of various 
classes of electrical enclosures. The NEMA standards cover corrosion resistance, ability to help 
protect from rain, submersion, and so on. For IEC member countries, the IEC 60529 standard 
classifies the ingress protection rating for enclosures.

P
PDO

(process data object) An unconfirmed broadcast message or sent from a producer device to a 
consumer device in a CAN-based network. The transmit PDO from the producer device has a 
specific identifier that corresponds to the receive PDO of the consumer devices. 

PE
(protective Earth) A common grounding connection to help avoid the hazard of electric shock by 
keeping any exposed conductive surface of a device at earth potential. To avoid possible voltage 
drop, no current is allowed to flow in this conductor (also referred to as protective ground in North 
America or as an equipment grounding conductor in the US national electrical code).

R
RJ-45

A standard type of 8-pin connector for network cables defined for Ethernet.

RPDO
(receive process data object An unconfirmed broadcast message or sent from a producer device 
to a consumer device in a CAN-based network. The transmit PDO from the producer device has a 
specific identifier that corresponds to the receive PDO of the consumer devices.

RS-485
A standard type of serial communication bus, based on 2 wires (also known as EIA RS-485).

RxD
The line that receives data from one source to another.

S
SFC

(sequential function chart) A language that is composed of steps with associated actions, 
transitions with associated logic condition, and directed links between steps and transitions. (The 
SFC standard is defined in IEC 848. It is IEC 61131-3 compliant.)
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ST
(structured text) A language that includes complex statements and nested instructions (such as 
iteration loops, conditional executions, or functions). ST is compliant with IEC 61131-3.

T
terminal block

(terminal block) The component that mounts in an electronic module and provides electrical 
connections between the controller and the field devices.

TPDO
(transmit process data object) An unconfirmed broadcast message or sent from a producer device 
to a consumer device in a CAN-based network. The transmit PDO from the producer device has a 
specific identifier that corresponds to the receive PDO of the consumer devices.

TxD
The line that sends data from one source to another.
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Modicon M251 Logic Controller
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C
CANopen communication, 88
caution

 loss of application data, 41
certifications and standards, 50
communication

CANopen, 88
Communication Ports, 87

Ethernet Port, 90
Serial Line 1, 97
USB Programming Port, 96

connections
to CANopen slaves, 88

D
digital I/O modules

specifications, 20, 21, 23, 28, 29
Digital I/O modules

Specifications, 29

E
Electrical Requirements

Installation, 64
Electromagnetic Susceptibility, 48

F
features

key features, 14

G
Grounding, 72

I
Installation, 45

Electrical Requirements, 64
Logic Controller Installation, 51

L
Logic Controller Installation

Installation, 51

M
M221 I/O

Environmental Characteristics, 47
M251

TM251MESC, 77
TM251MESE, 81

mounting positions, 55

N
notice

 loss of application data, 41

P
Power Supply, 68
presentation

TM251MESC, 77
TM251MESE, 81
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programming languages
IL, LD, grafcet, 14

R
real time clock, 36
regular inputs, 20, 21, 23
regular transistor outputs, 20, 21, 23
relay outputs, 20, 21, 23
Run/Stop, 40

S
SD Card, 41
Serial Line 1

Communication Ports, 97
specifications

analog input modules, 24
analog mixed I/O modules, 26
analog output modules, 25
digital I/O modules, 20, 21, 23, 28

Specifications
Digital I/O modules, 29, 29

specifications
modules, 27
transmitter and receiver modules, 27

T
Tesys modules

specifications, 27
transmitter and receiver modules

specifications, 27

U
USB Programming Port

Communication Ports, 96

W
wiring, 65
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�Á�]�š�Z�����Æ�����•�•�]�À�������u�}�µ�v�š�•���}�(�W

�{���•�µ�Œ�(���������Á���š���Œ�U
�{�����}�}�o�]�v�P���Á���š���Œ�U���}�Œ
�{���Œ���]�v���Á���š���Œ

���•���š�Z�]�•���Á�]�o�o���o���������š�}���‰�o���v�š���}�À���Œ�o�}�����]�v�P�����v�����u���o�(�µ�v���Ÿ�}�v�X

�&or �ue�ubrane bioreactor applica�Ÿons the fee�� �Áater �uay not contain any �uaterials 
har�uf�µl for�U or e�Àen �lill�U the �uicro�rorganis�us in the biological treat�uent stage. ��o not 
fee�� the plant �Áith ��isinfectants or si�uilar s�µbstances.

The �µnit is inten��e�� e�Æcl�µsi�Àely for the abo�Àe speci�.e�� �µse. ��ny a����i�Ÿonal �µse or re�r
b�µil��ing of the e�‹�µip�uent �Áitho�µt prior �Ári�©en appro�Àal by the �uan�µfact�µrer ��oes not 
co�uply �Áith the inten��e�� �µse. The �uan�µfact�µrer �Áill not ass�µ�ue liability for conse�r
�‹�µen�Ÿal ��a�uage to the plant or the en�Àiron�uent. The operator alone �Áill bear the ris�l.

��o not start �µp the plant before it has been ens�µre�� that all safety ��e�Àices are co�u�r
pletely �uo�µnte�� an�� operable�U an�� that the plant co�uplies �Áith the r�µles.

�(����������
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�í�X�î�X���'���v���Œ���o���•���(���š�Ç���]�v�•�š�Œ�µ���Ÿ�}�v�•

�d�Z�]�•���/nstalla�Ÿon�U �Kpera�Ÿng an�� Maintenance Man�µal���Z���•���š�}���������l���‰�š�����À���]�o�����o�������š�����o�o���Ÿ�u���•�X�����v�Ç���‰���Œ�•�}�v���Á�Z�}���Z���•���š�}���‰���Œ�(�}�Œ�u��
�Á�}�Œ�l���}�v���š�Z�����Á���•�š���Á���š���Œ���š�Œ�����š�u���v�š���‰�o���v�š���u�µ�•�š���Z���À�������������•�•���š�}���š�Z�]�•���u���v�µ���o�X

�/�v���������]�Ÿ�}�v���š�}���š�Z�]�•���u���v�µ���o�U�����}�u�u�}�v���o���P���o���]�v�•�š�Œ�µ���Ÿ�}�v�•���]�v���š�Z�����•���v�•�����}�(���š�Z�����o�����}�µ�Œ���‰�Œ�}�š�����Ÿ�}�v���o���Á�����v�����}�Œ���]�v���v�������Œ���P�µ�o���Ÿ�v�P���š�Z����
�µ�•�����}�(���š�}�}�o�•���Z���À�����š�}�����������À���]�o�����o���X

���•���š�Z�]�•���u���v�µ���o�����}�v�š���]�v�•���(�µ�v�����u���v�š���o���]�v�•�š�Œ�µ���Ÿ�}�v�•���š�}���������}���•���Œ�À�������Á�Z���v���]�v�•�š���o�o�]�v�P�U���}�‰���Œ���Ÿ�v�P�����v�����•���Œ�À�]���]�v�P���š�Z�����.�o�š���Œ���Z�}�µ�•�]�v�P�U��
�š�Z�����Œ���•�‰�}�v�•�]���o�����•�š���+���u�µ�•�š���Œ���������š�Z�����]�v�•�š�Œ�µ���Ÿ�}�v�•���‰�Œ�]�}�Œ���š�}���u�����Z�]�v�����]�v�•�š���o�o���Ÿ�}�v�����v�����•�š���Œ�š�r�µ�‰�X���E�}�š���}�v�o�Ç���š�Z�����P���v���Œ���o���•���(���š�Ç���]�v�r
�•�š�Œ�µ���Ÿ�}�v�•�����}�v�š���]�v�������]�v���š�Z�]�•�����Z���‰�š���Œ���Z���À�����š�}���������}���•���Œ�À���������µ�š�����o�•�}���š�Z�����•�‰�����]���o���•���(���š�Ç���]�v�•�š�Œ�µ���Ÿ�}�v�•���������������µ�v�����Œ���š�Z�����u���]�v���]�š���u�•�X

�í�X�î�X�í�X�������.�v�]�Ÿ�}�v���}�(���•���(���š�Ç�U���Á���Œ�v�]�v�P�����v�����]�v�•�š�Œ�µ���Ÿ�}�v���•�]�P�v�•

General warning sign

This sy�ubol will acco�upany all i�uportant instr�µc�Ÿons or warnings associate�� with ris�ls 
of life or li�ub as well as se�Àere ��a�uage to e�‹�µip�uent. �&ollow these instr�µc�Ÿons an�� pro�r
cee�� caref�µlly�J ��t the sa�ue �Ÿ�ue�U follow all applicable laws�U general safety an�� acci��ent 
pre�Àen�Ÿon reg�µla�Ÿons.

���©en�Ÿon sy�ubol

� p̂ecial a�©en�Ÿon is re�‹�µire�� to ens�µre co�upliance with instr�µc�Ÿons concerning correct 
opera�Ÿng se�‹�µences to pre�Àent ��a�uage to the plant or its f�µnc�Ÿon.

�Eo�Ÿce sy�ubol

This sy�ubol is fo�µn�� where an ac�Ÿon or a proce���µre is reco�u�uen��e�� to ens�µre the 
correct han��ling of e�‹�µip�uent or �µnits.

�(����������
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�^���(���š�Ç�����v�����]�v�•�š�Œ�µ���Ÿ�}�v���•�]�P�v�•���u�µ�•�š���������•�š�Œ�]���š�o�Ç���(�}�o�o�}�Á���������v�����•�Z�}�µ�o�������������]�Œ�����š�o�Ç�����©�����Z�������š�}���š�Z�����‰�o���v�š�X

�d�Z���•�����•�]�P�v�•���•�Z�}�µ�o�����������l���‰�š���]�v�������•�}�o�µ�š���o�Ç���Œ�����������o�������}�v���]�Ÿ�}�v�X���^�]�P�v�•���}�Œ���o�������o�•���š�Z���š���Z���À�����������}�u�����µ�v�Œ�����������o�����u�µ�•�š���������Œ���‰�o����������
�]�u�u�����]���š���o�Ç�X

�í�X�î�X�î�X���K���o�]�P���Ÿ�}�v�����v�������µ�š�Ç���(�}�Œ���}�‰���Œ���Ÿ�}�v���o�������Œ��

�d�}�������Z�]���À�����}�‰���Œ���Ÿ�}�v���o���•���(���š�Ç�U���]�š���]�•���v�������•�•���Œ�Ç���š�}���}�����Ç���š�Z�����(�}�o�o�}�Á�]�v�P���‰�Œ�}�������µ�Œ���•�X���/�š���]�•���š�Z�����}�‰���Œ���š�}�Œ�[�•���}���o�]�P���Ÿ�}�v���š�}���‰�o���v���š�Z���•����
�‰�Œ�}�������µ�Œ���•�����v�������}�v�š�Œ�}�o���š�Z���]�Œ���]�u�‰�o���u���v�š���Ÿ�}�v�X

�d�Z�����}�‰���Œ���š�}�Œ���u�µ�•�š�����•�‰�����]���o�o�Ç�����v�•�µ�Œ�����š�Z���š

�{ ���‹�µ�]�‰�u���v�š���]�•�����u�‰�o�}�Ç�������������}�Œ���]�v�P���š�}���]�š�•���]�v�š���v���������µ�•�����~�•���������Z���‰�š���Œ���^�W�Œ�}���µ���š���^�‰�����]�.�����Ÿ�}�v�_�•�X�����v�Ç���µ�•�����v�}�š���]�v�����}�u�‰�o�]���v������ 
�� �Á�]�š�Z���š�Z�����‰�o���v�š�[�•���•�‰�����]�.�������]�v�š���v���������µ�•�����Á�]�o�o���]�v�À���o�]�����š�����š�Z�����Á���Œ�Œ���v�š�Ç�X
�{ �Z���P�µ�o���Œ���u���]�v�š���v���v���������v�����š�Z�������Z�����l�µ�‰�•�����Œ���������Œ�Œ�]�������}�µ�š���������}�Œ���]�v�P���š�}���š�Z�������Z���‰�š���Œ���^�D���]�v�š���v���v�����_�X���d�Z�����}�‰���Œ���š�}�Œ���]�•���Œ���•�‰�}�v�r 
�� �•�]���o�����(�}�Œ���š�Z�������K�µ���v�š���‹�µ���o�]�š�Ç�X
�{ �d�Z�����.�o�š���Œ���Z�}�µ�•�]�v�P���•�Z�}�µ�o�����������}�‰���Œ���š�������}�v�o�Ç���]�v�������‰���Œ�(�����š���Œ�������Ç�r�š�}�r�}�‰���Œ���š�������}�v���]�Ÿ�}�v�X
�{ �d�Z�]�•���}�‰���Œ���Ÿ�}�v�����v�����u���]�v�š���v���v�������u���v�µ���o���]�•���‰���Œ�u���v���v�š�o�Ç�����À���]�o�����o�����}�v���•�]�š�����]�v�����}�u�‰�o���š�������v�����o���P�]���o�������}�v���]�Ÿ�}�v�X
�{ �K�v�o�Ç���•�µ�8���]���v�š�o�Ç���‹�µ���o�]�.���������v�������µ�š�Z�}�Œ�]�Ì�������‰���Œ�•�}�v�v���o�����Œ�����]�v�����Z���Œ�P�����}�(���µ�v�]�š���}�‰���Œ���Ÿ�}�v�U���u���]�v�š���v���v���������v�����Œ���‰���]�Œ�X
�{ ���v�Ç���•���(���š�Ç���}�Œ���Á���Œ�v�]�v�P���•�Ç�u���}�o�•�����©�����Z�������š�}���š�Z�����‰�o���v�š���Œ���u���]�v���š�Z���Œ�����]�v�������o���P�]���o�������}�v���]�Ÿ�}�v�X
�{ ���o�o���Œ���o���À���v�š�������š�����]�•���Œ�����}�Œ�����������š���o�����•�š���}�v�������‰���Œ�������Ç�U�����•�‰�����]���o�o�Ç���.�o�š�Œ���Ÿ�}�v���‰�Œ���•�•�µ�Œ�������v�������K�µ���v�š���}�µ�š�‰�µ�š�X

�í�X�î�X�ï�X���Y�µ���o�]�.�����Ÿ�}�v���}�(���}�‰���Œ���Ÿ�v�P�����v�����u���]�v�š���v���v�������•�š���+

�K�v�o�Ç���Á���o�o�r�š�Œ���]�v���������v�������Œ�]���(�������‰���Œ�•�}�v�•���Á�Z�}���l�v�}�Á���š�Z�]�•���u���v�µ���o�����v���������š���������}�Œ���]�v�P���š�}���š�Z�]�•���u���v�µ���o�����Œ�������µ�š�Z�}�Œ�]�Ì�������š�}���}�‰���Œ���š�����š�Z����
�µ�v�]�š�X���d�Z�����]�v���]�À�]���µ���o�����Œ�����•���}�(���Œ���•�‰�}�v�•�]���]�o�]�š�Ç���}�(���}�‰���Œ���Ÿ�v�P���•�š���+���u�µ�•�š�������������.�v���������o�����Œ�o�Ç�X

�d�Z�����š�Œ���]�v�]�v�P���}�(���‰���Œ�•�}�v�v���o���u�µ�•�š���������Z���o�����]�v���š�Z���������P�]�v�v�]�v�P���µ�v�����Œ���š�Z�����•�µ�‰���Œ�À�]�•�]�}�v���}�(�����v�����Æ�‰���Œ�]���v���������‰���Œ�•�}�v�X���^�µ�������•�•�(�µ�o�o�Ç�����}�u�r
�‰�o���š�������š�Œ���]�v�]�v�P�����v�������Œ�]���.�v�P���u�µ�•�š�����������}�v�.�Œ�u�������]�v���Á�Œ�]�Ÿ�v�P�X

�Eon�robser�Àance of this instr�µc�Ÿon will in�Àali��ate any warranty.

�(����������
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���v�Ç���‰���Œ�•�}�v���‰���Œ�(�}�Œ�u�]�v�P���Á�}�Œ�l���}�v���š�Z�����Á���•�š���Á���š���Œ���š�Œ�����š�u���v�š���‰�o���v�š���u�µ�•�š���Œ���������š�Z�]�•���]�v�•�š���o�o���Ÿ�}�v�U���}�‰���Œ���Ÿ�}�v�����v�����u���]�v�š���v���v������
�u���v�µ���o�����v�������}�v�.�Œ�u�����Ç���•�]�P�v���š�µ�Œ�����š�Z���š���š�Z�����u���v�µ���o���Z���•���������v�����}�u�‰�o���š���o�Ç���µ�v�����Œ�•�š�}�}���X

�D���]�v�š���v���v�������‰���Œ�•�}�v�v���o���u�µ�•�š���������š�Œ���]�v�������•�‰�����]�.�����o�o�Ç���(�}�Œ���‰�o���v�š���u���]�v�š���v���v�������Á�}�Œ�l�•�U�������Ç�}�v�����š�Z�����•�š���v�����Œ�����}�(���l�v�}�Á�o�����P�����š�Z���š��
�š�Z�����}�‰���Œ���Ÿ�v�P���•�š���+���Z���•�����o�Œ�������Ç�U���‰�Œ���(���Œ�����o�Ç���Á���o�o���š�Œ���]�v���������v�������Æ�‰���Œ�]���v���������•�š���+�X

�í�X�ï�X���^���(���š�Ç���]�v�•�š�Œ�µ���Ÿ�}�v�•���(�}�Œ���]�v�•�š���o�o���Ÿ�}�v�U���]�v�•�‰�����Ÿ�}�v�����v�����u���]�v�š���v���v����

�d�Z�����(�}�o�o�}�Á�]�v�P���‰�}�]�v�š�•���•�Z�}�µ�o�����������Œ�������o�o���������v�������v�•�µ�Œ���������Ç���š�Z�����}�‰���Œ���š�}�Œ�����µ�Œ�]�v�P���š�Z�����]�v�•�š���o�o���Ÿ�}�v�U���]�v�•�‰�����Ÿ�}�v���}�Œ���u���]�v�š���v���v������
�Á�}�Œ�l�•�W

�{ �^�Á�]�š���Z���}�+�����o�o�����µ�Œ�Œ���v�š�r�����Œ�Œ�Ç�]�v�P�����‹�µ�]�‰�u���v�š�������(�}�Œ�����•�š���Œ�Ÿ�v�P���Á�}�Œ�l�X
�{ �^�����o�������}�Œ�����o�}�•�������Œ�}�}�u�•���}�(���š�Z�����Á���•�š���Á���š���Œ���š�Œ�����š�u���v�š���‰�o���v�š���Á�Z�]���Z���v���������š�}�����������v�š���Œ�������(�}�Œ���•���Œ�À�]���������v�����u���]�v�š���v���v�������Z���À�����š�}�� 
�� �����������Œ���š�������]�v���}�Œ�����Œ���š�}���‰�Œ���À���v�š�����������v�P���Œ�}�µ�•�����Æ�‰�o�}�•�]�À�������š�u�}�•�‰�Z���Œ���U���o�����l���}�(���}�Æ�Ç�P���v�����v�����‰�Œ���•���v�������}�(���Z���Œ�u�(�µ�o�����}�v�����v�š�Œ���Ÿ�}�v�•�� 
�� �}�(���P���•���}�Œ���À���‰�}�µ�Œ�X
�{ �&�}�o�o�}�Á���š�Z�����]�v�•�š�Œ�µ���Ÿ�}�v�•���(�Œ�}�u���š�Z�����‰�o���v�š���u���v�µ�(�����š�µ�Œ���Œ���(�}�Œ���š�Z�������Æ�����š���Á�}�Œ�l���‰�Œ�}�������µ�Œ���X

�/�š���]�•���]�v���š�Z�����}�‰���Œ���š�}�Œ�[�•���}�Á�v���]�v�š���Œ���•�š���š�}�����o�����v���š�Z�����‰�o���v�š���‰�Œ�]�}�Œ���š�}���Á�}�Œ�l�]�v�P���}�v���]�š�U���š�Z�]�•���Z���o�‰�•���š�}���‰�Œ���À���v�š���š�Z���������v�P���Œ���}�(���]�v�(�����Ÿ�}�v�•�X

�t hen cleaning the plant�U a�Àoi�� ��irect contact with wastewater�U organic �uaterial�U etc. 
�� lways wear protec�Ÿ�Àe clothing�U e.g. waterproof protec�Ÿ�Àe gear�U boots�U glo�Àes�U to �leep 
these �uaterials fro�u yo�µr bo��y. �/f possible�U also wear face protec�Ÿon.

��o not �µse a high press�µre cleaner b�µt only a so�L water �iet.

�����(�}�Œ�����•�š���Œ�Ÿ�v�P���š�Z�����u�����Z�]�v�������P���]�v�U�����Z�����l���š�Z�����]�š���u�•���u���v�Ÿ�}�v�������]�v�����Z���‰�š���Œ���^�^�š���Œ�Ÿ�v�P���µ�‰�_�X���Z�����©�����Z�����o�o�����‹�µ�]�‰�u���v�š���}�Œ�����}�u�‰�}�r
�v���v�š�•�����}�u�‰�o���š���o�Ç���š�}���š�Z���]�Œ���}�Œ�]�P�]�v���o���‰�o�����������v�������•�•�µ�Œ�����š�Z���š���š�Z���Ç�����Œ�����‰�Œ�}�‰���Œ�o�Ç�����v�������}�u�‰�o���š���o�Ç���Œ�����©�����Z�����X

�(����������
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�î. �/nstalla�Ÿon

�î�X�í�X���W�Œ���‰���Œ���Ÿ�}�v���}�(���š�Z�����]�v�•�š���o�o���Ÿ�}�v

�K���•���Œ�À�����}�v�������u�}�Œ�����š�Z�����(�}�o�o�}�Á�]�v�P���]�v�•�š�Œ�µ���Ÿ�}�v�•���Á�Z���v���]�v�•�š���o�o�]�v�P���š�Z�������‹�µ�]�‰�u���v�š���š�}�����À�}�]�������v�Ç�������u���P�����š�}���š�Z�������‹�µ�]�‰�u���v�š�����v����
�}�š�Z���Œ���‰�Z�Ç�•�]�����o�������u���P���X

�{ �K�v�o�Ç���‹�µ���o�]�.�������‰���Œ�•�}�v�•�����Œ�����‰���Œ�u�]�©�������š�}���‰���Œ�(�}�Œ�u���]�v�•�š���o�o���Ÿ�}�v���Á�}�Œ�l�U���}���•���Œ�À�]�v�P���š�Z�����•���(���š�Ç���]�v�•�š�Œ�µ���Ÿ�}�v�•�X
�{ ���Z�����l���š�Z�����µ�v�]�š���(�}�Œ���š�Œ���v�•�‰�}�Œ�š�������u���P�����‰�Œ�]�}�Œ���š�}���•�š���Œ�Ÿ�v�P�����v�Ç���]�v�•�š���o�o���Ÿ�}�v���Á�}�Œ�l�X
�{ �D���l�����•�µ�Œ�����}�v�o�Ç�����µ�š�Z�}�Œ�]�Ì�������‰���Œ�•�}�v�•���Z���À�������������•�•���š�}���š�Z�����Á�}�Œ�l�]�v�P�����Œ���������v�����š�Z���š���]�v�•�š���o�o���Ÿ�}�v���Á�}�Œ�l�����}���•���v�}�š�����v�����v�P���Œ�����v�Ç�� 
�� �}�š�Z���Œ���‰���Œ�•�}�v�•�X
�{ �Z�����������o�•�}���š�Z�������Z���‰�š���Œ���^General � âfety �/nstr�µc�Ÿons�_�X

�î�X�í�X�í�X�����������‰�š�����o�������v�À�]�Œ�}�v�u���v�š���o�����}�v���]�Ÿ�}�v�•

�D�]���Œ�}���o�����Œ� ���.�o�š���Œ�•���u�µ�•�š���������‰�Œ�}�š�����š���������P���]�v�•�š���(�Œ�}�•�š�X���/�v���}�‰���Œ���Ÿ�}�v�U���š�Z�����}�‰�Ÿ�u�µ�u���Á�}�Œ�l�]�v�P���š���u�‰���Œ���š�µ�Œ�����]�•�������š�Á�����v���í�ñ�����v����
�ï�ñ���£���X���d�Z�����µ�•�����}�(���.�o�š���Œ�•�����š���o�}�Á���Œ���š���u�‰���Œ���š�µ�Œ���•���]�•���‰�}�•�•�]���o���U�����µ�š���Œ���•�µ�o�š�•���]�v���o���•�•���G�µ�Æ���~�‰�o�����•�������}�v�š�����š���µ�•���(�}�Œ�����v�����Æ�����š�����•�Ÿ�u���Ÿ�}�v�•�X

�î�X�í�X�î�X���Z���‹�µ�]�Œ���u���v�š�•���}�v���š�Z�����u�]�v�]�u�µ�u�����]�u���v�•�]�}�v�•���}�(���š�Z�����š���v�l

�&�}�o�o�}�Á�]�v�P�����]�u���v�•�]�}�v�������š���]�o�•���}�(���š�Z�����š���v�l���•�Z�}�µ�o�����������µ�•���������•�����������•�]�P�v���P�µ�]�����o�]�v���X

Filter 
housing

No. of  
�.lters

Filter�r 
area
�€�u�ø�•

Typical 
�ua�Æ. �Gow�Ž 
�€�u�ù�l��ay�• 

Size of the   
�.lter housing 
�€�> �Æ �t  �Æ �,  in c�u�• 

Min. size of the 
�.ltra�Ÿon tan�l 
�€�> �Æ �t  �Æ �,  in c�u�• 

Min. water 
depth 
�€c�u�•

�D���ì�ï�r�^ �í���D���y�^�î �ï�X�ñ �î�X�ì �î�ô�X�ï���Æ���ï�î���Æ���ò�ô�X�ð�� �ñ�ì���Æ���ñ�ì���Æ���í�ñ�ì120

�D���ì�ï�r�D �î���D���y�^�î 7 �ð�X�ì �î�ô�X�ï���Æ���ï�î���Æ���í�í�ó�X�ð �ñ�ì���Æ���ñ�ì���Æ���î�ì�ì170

�D���ì�ï�r�y�> �í���D���y�>�î8 �ñ�X�ì �ð�ï���Æ���ï�ñ���Æ���ò�ð�X�ñ �ó�ì���Æ���ñ�ì���Æ���í�ñ�ì120

�D���ì�ï�r�y�>�î �î���D���y�>�î16 �í�ì�X�ì �ð�ï���Æ���ï�ñ���Æ���í�í�ï �ó�ì���Æ���ñ�ì���Æ���î�ì�ì170

�D���î�r�^ �ð���D���y�>�î32 �î�ì�X�ì �ñ�õ�X�ô���Æ���ð�õ�X�ò���Æ���í�ï�ñ�X�ñ �í�ì�ì���Æ���í�ì�ì���Æ���î�ì�ì170

�D���î�r�D �ò���D���y�>�î 48 �ï�ì�X�ì �ô�ì�X�ô���Æ���ð�õ�X�ò���Æ���í�ï�ñ�X�ñ �í�î�ì���Æ���í�ì�ì���Æ���î�ì�ì170

 �Ž �s���o�µ���•�������‰���v�����}�v���š�Z�����Á���•�š���Á���š���Œ�����Z���Œ�����š���Œ�]�•�š�]���•�����v�����Œ���P�µ�o���Œ�����Z���u�X�����o�����v�]�v�P

�/�š���]�•���]�u�‰�}�Œ�š���v�š���š�}���u���]�v�š���]�v�������u�]�v�]�u�µ�u�����]�•�š���v�����������š�Á�����v���.�o�š���Œ���Z�}�µ�•�]�v�P�•�����v�����š�Z�����š���v�l�[�•���•�]�������Á���o�o���š�}�����v�•�µ�Œ���������o�}�Á���‰�Œ���•�•�µ�Œ�����o�}�•�•��
�(�}�Œ���š�Z�����Œ�µ�v�}�+���}�(���Á���š���Œ���š�Z���š���Œ�]�•���•���]�v�•�]�������š�Z�����.�o�š���Œ���Z�}�µ�•�]�v�P�X

�(����������
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�î�X�î�X���'���v���Œ���o���]�v�•�š�Œ�µ���Ÿ�}�v�•

�/�v�•�š���o�o���Ÿ�}�v���u�µ�•�š�������������Œ�Œ�]�������}�µ�š���]�v���������}�Œ�����v�������Á�]�š�Z���š�Z���•�����]�v�•�š�Œ�µ���Ÿ�}�v�•���]�(���]�v�•�š���o�o���Ÿ�}�v���]�•���v�}�š���‰���Œ�š���}�(���š�Z�����•�µ�‰�‰�o�Ç�����}�v�š�Œ�����š���Á�]�š�Z��
�v���Á�š���Œ�Œ�����'�u���,�U���}�Œ�����v�����µ�š�Z�}�Œ�]�Ì�������š�Œ�������Œ���}�Œ���u���]�v�š���v���v���������}�u�‰���v�Ç�X���/�(���š�Z�����]�v�•�š���o�o���Ÿ�}�v���]�•���v�}�š���‰���Œ�(�}�Œ�u�������������}�Œ���]�v�P���š�}���š�Z�]�•��
�]�v�•�š���o�o���Ÿ�}�v�U���}�‰���Œ���Ÿ�}�v�����v�����u���]�v�š���v���v�������u���v�µ���o�U���v���Á�š���Œ�Œ�����'�u���,�������v�v�}�š�����������‰�š���Œ���•�‰�}�v�•�]���]�o�]�š�Ç���(�}�Œ���]�v���}�Œ�Œ�����š���}�K�}�����]�v�P���}�Œ��
�]�v�•�š���o�o���Ÿ�}�v�X

�/nstalla�Ÿon should be perfor�ued by �‹uali�.ed and e�Æperienced personnel.

�d�Z�����(�}�o�o�}�Á�]�v�P�������š�]�}�v�•���•�Z�}�µ�o���������������Œ�Œ�]�������}�µ�š���]�v���}�Œ�����Œ���š�}���u���]�v�š���]�v���}�‰�š�]�u���o���}�‰���Œ���š�]�}�v���}�(���š�Z�����D�]���Œ�}���o�����Œ� �r���(�]�o�š���Œ�������•�•���š�š���•�����v����
���}�u�‰�����š���D���l�D���r���•���Œ�]���•�W

�{�����}�u�‰�o���š���o�Ç���Œ���������š�Z�]�•���u���v�µ���o�X���/�š�����}�v�š���]�v�•���]�u�‰�}�Œ�š���v�š���]�v�(�}�Œ�u���š�]�}�v���Z�}�Á���š�}���‰�Œ���À���v�š�������u���P���������µ�•���������Ç���o�����l���}�(���l�v�}�Á�o�����P���X
�{���D���l�����•�µ�Œ�����š�Z���š���š�Z�����š���v�l���]�•���o�����l�r�‰�Œ�}�}�(�����v�����Z���•���������}�Œ�Œ�����š�����]�u���v�•�]�}�v���������}�Œ���]�v�P���š�}���š�Z�����P�µ�]�����o�]�v���•���}�(���v���Á�š���Œ�Œ�����'�u���,�X
�{���d�Z�����š���v�l���u�µ�•�š�����������u�‰�š�]���������v�������o�����v�����������(�}�Œ���������P�]�v�v�]�v�P���š�Z�����]�v�•�š���o�o���š�]�}�v���Á�}�Œ�l���]�v�•�]�������š�Z�����š���v�l�X

�î�X�ï�X�����•�•���u���o�Ç

��e careful not to �ui�Æ up any lines as air in the per�ueate line would destroy the �uodule.

�/n so�ue cases the �ue�ubrane surface can s�Ÿc�l together on new �.lters. ��on�òt pull the 
plates apart�U otherwise the ac�Ÿ�Àe layer will be da�uaged.

S�Ÿc�ling �ue�ubranes are no �‹uality issue�U the �ue�ubrane will co�ue apart as soon as the surface ist wet.

�(����������
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�î�X�ï�X�í�X�����Œ�Œ���v�P���u���v�š���}�(���š�Z�����.�o�š���Œ�•

�/�v���]�À�]���µ���o���.�o�š���Œ���~�}�v�����o���Ç���Œ�•

�{�����Z�����l���š�Z�����‰���Œ�u�����š�����v�}�Ì�Ì�o���•���}�(���š�Z�����(�]�o�š���Œ�X���d�Z�����}�‰���v���v�}�Ì�Ì�o�����u�µ�•�š���������µ�•���������š���š�Z�����š�}�‰�� 
�� �•�]�������}�(���š�Z�����(�]�o�š���Œ�X
�{���W�o�µ�P���š�Z�����o�}�Á���Œ���v�}�Ì�Ì�o�����������}�Œ���]�v�P���š�}���š�Z�����]�v�•�š�Œ�µ���š�]�}�v�•�������o�}�Á�X
�{�����š�š�����Z�����v�����(�]�Æ�������Z�}�•�����Á�]�š�Z���]�v�v���Œ�����]���u���š���Œ���î�ñ���u�u���š�}���š�Z�����}�‰���v���v�}�Ì�Ì�o���X
�{�����}�v�v�����š���š�Z�����}�š�Z���Œ�����v�����}�(���š�Z�����Z�}�•�����Á�]�š�Z���š�Z�����‰���Œ�u�����š�������Æ�š�Œ�����š�]�}�v���µ�v�]�š�X
�{���/�(���Œ���‹�µ�]�Œ�����U���µ�•�����Œ�����µ���š�]�}�v�X
�{���K�‰���Œ���š�����š�Z�����D�]���Œ�}���o�����Œ�������•�•���š�š���•���}�v�o�Ç���]�v���}�Œ�]�P�]�v���o���D�]���Œ�}���o�����Œ� ���(�]�o�š���Œ���Z�}�µ�•�]�v�P�•�X

���Œ�Œ���v�P���u���v�š���}�(���.�o�š���Œ�•���]�v���u�µ�o�Ÿ�‰�o�����o���Ç���Œ�•

�{�����Z�����l���š�Z�����}�‰���v���‰���Œ�u�����š�����v�}�Ì�Ì�o���•���}�(���š�Z�����(�]�o�š���Œ�•�X
�{���d�Z�����(�]�o�š���Œ���š�}���������µ�•���������š���š�Z�������}�š�š�}�u���}�(���š�Z�����•�š�����l���u�µ�•�š���Z���À�����}�v�o�Ç���}�v�����}�‰���v���v�}�Ì�Ì�o���X 
�� �W�o�µ�P���š�Z�����o�}�Á���Œ���v�}�Ì�Ì�o�����������}�Œ���]�v�P���š�}���š�Z�����]�v�•�š�Œ�µ���š�]�}�v�•�������o�}�Á�X
�{���D���l�����•�µ�Œ�����š�Z���š���š�Z�����(�]�o�š���Œ���š�}���������µ�•���������š���š�Z�����š�}�‰���}�(���š�Z�����•�š�����l���Z���•���}�‰���v���v�}�Ì�Ì�o���•���}�v�� 
�� ���}�š�Z���•�]�����•�X
�{�����Œ�Œ���v�P�����š�Z�����(�]�o�š���Œ�•�����•���•�Z�}�Á�v���]�v���š�Z�����]�o�o�µ�•�š�Œ���š�]�}�v�X
�{�����}�v�v�����š�����v�����(�]�Æ���š�Z�����}�‰���v���v�}�Ì�Ì�o�����}�(���š�Z�������}�š�š�}�u���(�]�o�š���Œ���Á�]�š�Z���š�Z�����}�‰���v���v�}�Ì�Ì�o�����}�(���š�Z�� 
�� �š�}�‰���(�]�o�š���Œ�����Ç���µ�•�]�v�P�������Z�}�•�����Á�]�š�Z���]�v�v���Œ�����]���u���š���Œ���î�ñ���u�u�X�����o�š���Œ�v���š�]�À���o�Ç���µ�•���������î�ñ���u�u�� 
�� �W�s�������}�v�v�����š�}�Œ�U���•�����������o�}�Á�X
�{�����š�š�����Z�����v�����(�]�Æ�������Z�}�•�����Á�]�š�Z���]�v�v���Œ�����]���u���š���Œ���î�ñ���u�u���š�}���š�Z�����}�‰���v���v�}�Ì�Ì�o�����}�(���š�Z�����š�}�‰�� 
�� �(�]�o�š���Œ�����v�������}�v�v�����š���Á�]�š�Z���š�Z�����‰���Œ�u�����š�������Æ�š�Œ�����š�]�}�v���µ�v�]�š�X
�{���/�(���Œ���‹�µ�]�Œ�����U���µ�•�����Œ�����µ���š�]�}�v�X
�� �K�‰���Œ���š�����š�Z�����D�]���Œ�}���o�����Œ�������•�•���š�š���•���}�v�o�Ç���]�v���}�Œ�]�P�]�v���o���D�]���Œ�}���o�����Œ� ���(�]�o�š���Œ���Z�}�µ�•�]�v�P�•�X

�(����������
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�î�X�ï�X�î�X���/�v�•�š���o�o���Ÿ�}�v���}�(�������‰�o�µ�P

Fro�u the factory�U the MicroClear�  �.lter bo�©o�u nozzle is open.
To close�U follow the instruc�Ÿons gi�Àen below�J
Needed parts are gi�Àen with each single �.lter.

���X�� �/�v�•�š���o�o���î���}�r�Œ�]�v�P�•���~�í�ñ�U�ò���Æ���í�U�ó�ô�U�����W���D�•���]�v�š�}���š�Z�����š�Á�}���P�Œ�}�}�À���•���}�(���š�Z�����‰�o�µ�P�X

���X�� ���������o�µ���Œ�]�����v�š�������Œ�Ÿ�.�������(�}�Œ�����}�v�v�����Ÿ�v�P���•�Ç�•�š���u�•���]�v�����Œ�]�v�l�]�v�P���Á���š���Œ���š�}���š�Z�����‰�o�µ�P�����v�����š�Z�����}�r�Œ�]�v�P�•�X

�(����������
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���X�� �/�v�•���Œ�š���š�Z�����‰�o�µ�P���Á�]�š�Z���š�Z�����}�r�Œ�]�v�P�•���]�v�š�}���š�Z�����v�}�Ì�Ì�o���X���W�Œ���•�•���P���v�š�o�Ç�����v�����u���l�����•�µ�Œ���U���š�Z���š���š�Z�����}�r�Œ�]�v�P�•���•�š���Ç���]�v���š�Z�����P�Œ�}�}�À���•�����v�������Œ���� 
�� �v�}�š���•�‹�µ�����Ì���������Á���Ç�X

���X�� �W�Œ���•�•���š�Z�����‰�o�µ�P�����o�o���š�Z�����Á���Ç���]�v�š�}���š�Z�����v�}�Ì�Ì�o�����µ�v�Ÿ�o���]�š�������v�v�}�š���������u�}�À���������v�Ç���(�µ�Œ�š�Z���Œ�X���d�Z�����(�Œ�]���Ÿ�}�v���Z�}�o���•���š�Z�����‰�o�µ�P���]�v���‰�o���������µ�‰���š�}������ 
�� �š���•�š�������������l�r�G�µ�•�Z���‰�Œ���•�•�µ�Œ�����}�(���í�U�ñ�������Œ���~�u���Æ�X�����o�o�}�Á�����o�����������l�r�G�µ�•�Z���‰�Œ���•�•�µ�Œ�����]�•���ì�U�í�������Œ�•�X���/�(���v�������•�•���Œ�Ç�U���š�Z�����‰�o�µ�P�������v���������Œ���u�}�À������ 
�� �Á�]�š�Z���‰�o�]���Œ�•�X

���X�� �d�Z�����D�]���Œ�}���o�����Œ� �����D���y�>���]�•���v�}�Á���Œ�������Ç���(�}�Œ���µ�•���X

�(����������
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�î�X�ï�X�ï�X�����}�v�v�����Ÿ�}�v���}�(���š�Á�}���D�]���Œ�}���o�����Œ� ���µ�•�]�v�P�������W�s�����.�«�v�P�����v�����K�r�Œ�]�v�P�•

�D�]���Œ�}���o�����Œ� ���.�o�š���Œ�•�������v�����������}�v�v�����š�������Á�]�š�Z���^�š���v�����Œ�����W�s�����.�«�v�P�•���v�}�u�]�v���o���•�]�Ì�����î�ñ���u�u�X���d�Z�����K�r�Œ�]�v�P�•���u���������}�(�����W���D���Z���À���������•�]�Ì����
�}�(���î�í�U�õ�ñ���Æ���í�U�ó�ô���u�u�����v���������v���������}�Œ�����Œ�������Á�]�š�Z�����Œ�š�X�r�E�}�X���ï�ì�í�ì�ì�ï�ò�ì�X���/�š���]�•���u���v�����š�}�Œ�Ç���š�}���µ�•���������o�µ���Œ�]�����v�š�����•���•�Z�}�Á�v�������}�À�����(�}�Œ���š�Z����
�u�}�µ�v�Ÿ�v�P���}�(���š�Z�����K�r�Œ�]�v�P�����v�����š�Z�����.�«�v�P�X��

�Wer�ueate withdrawal is always fro�u the top of the �.lter�J Filters are �uounted in upward 
direc�Ÿon into a closed fra�ue. ��era�Ÿon is fro�u below.

�(����������
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�ï. Star�Ÿng �hp

�ï�X�í�X���W�Œ�}�������µ�Œ�����}�(���•�š���Œ�Ÿ�v�P���µ�‰

�ï�X�í�X�í�X�����Z�����l�•���‰�Œ�]�}�Œ���š�}���}�‰���Œ���Ÿ�}�v

�í�X�����Z�����l���š�Z�����Z�}�Œ�]�Ì�}�v�š���o�����o�]�P�v�u���v�š���}�(���.�o�š���Œ���Z�}�µ�•�]�v�P�•�X
�î�X�����Z�����l���š�Z���š���.�o�š���Œ���u�}���µ�o���•�����v�����.�o�š���Œ�•�����Œ�����•�����µ�Œ���������P���]�v�•�š�����µ�}�Ç���v���Ç�X

�ï�X�í�X�î�X�����o�����Œ���Á���š���Œ���š���•�š

�í�X���d�Z�����.�o�š�Œ���Ÿ�}�v���š���v�l���•�Z�}�µ�o�����������.�o�o�������Á�]�š�Z�����o�����Œ���Á���š���Œ���‰�Œ�]�}�Œ���š�}���•�š���Œ�Ÿ�v�P���š�Z�����.�o�š�Œ���Ÿ�}�v���µ�v�]�š�X��
�î�X���^�Á�]�š���Z���}�v���š�Z�������o�}�Á���Œ�����v�������Z�����l���(�}�Œ�����v�����À���v�����]�•�š�Œ�]���µ�Ÿ�}�v���}�(�����]�Œ�������Œ�}�•�•���š�Z�������}�u�‰�o���š�����.�o�š���Œ�����Œ�����X
�ï�X���^�Á�]�š���Z���}�v���‰���Œ�u�����š�����Œ���u�}�À���o�����š�������.�o�š�Œ���Ÿ�}�v���‰�Œ���•�•�µ�Œ�����}�(���ì�X�ì�ñ�������Œ�X

�/�(�����o�o�����}�u�‰�}�v���v�š�•���(�µ�v���Ÿ�}�v���v�}�Œ�u���o�o�Ç�U�����u�‰�š�Ç���š�Z�����š���v�l�����v�����.�o�o���Á�]�š�Z���u�]�Æ�������o�]�‹�µ�}�Œ�X

�ï�X�í�X�ï�X���W�Œ���Œ���‹�µ�]�•�]�š���•���(�}�Œ���}�‰���Œ���Ÿ�}�v���Á�]�š�Z���•���Á���P��

Ma�le sure that the bio�uass concentra�Ÿon of ac�Ÿ�Àated sludge is below 1�î g�ll at start�rup.

Screening the water with a �î �u�u punchhole screen is essen�Ÿal to pre�Àent the build�rup 
of a bloc�lage beneath the �.lters. This could result in an une�Àen distribu�Ÿon of air and 
da�uage �.lters. �/ndustrial water and an unusual a�uount of �.bres re�‹uire special design 
for pre�rtreat�uent.

No untreated wastewater should enter the �ue�ubrane. Ma�le sure water is co�upletely 
biologically treated before it gets to the �ue�ubrane.

�(����������
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�ð. �Kpera�Ÿon and Control

�ð�X�í�X���K�‰���Œ���Ÿ�v�P�������v���Á���.�o�š���Œ

�t�Z���v���•�š���Œ�Ÿ�v�P���š�Z�����•�Ç�•�š���u�U���š�Z�����š�Œ���v�•�r�u���u���Œ���v�����‰�Œ���•�•�µ�Œ�����~�d�D�W�•���•�Z�}�µ�o�����������•���š���š�}���u���Æ���ì�X�ì�ó�������Œ���]�v���}�Œ�����Œ���š�}���‰�Œ���À���v�š���]�Œ�Œ���À���Œ�•�r
�]���o�������o�}���l���P�����}�(���š�Z�����u���u���Œ���v���•�X�����L���Œ���}�v�����š�}���š�Á�}�������Ç�•���š�Z�����•�µ���Ÿ�}�v���‰�Œ���•�•�µ�Œ���������v���������]�v���Œ�����•�������µ�v�Ÿ�o���š�Z���������•�]�P�v���}�µ�š�‰�µ�š���]�•��
�Œ�������Z�����X���d�Z�����Œ�µ�v�r�]�v���‰���Œ�]�}���U�����µ�����š�}�������•�}�r�����o�o������� �̂��]�Œ�š���o���Ç���Œ�_���š�Z���š�������À���o�}�‰�•�U���]�•���š���Œ�u�]�v���š�������Á�Z���v���}�µ�š�‰�µ�š���}�(���š�Z�����µ�v�]�š���Á�]�o�o���}�v�o�Ç��
�������Œ�����•�����}�À���Œ�������‰���Œ�]�}�����}�(���������}�µ�‰�o�����}�(�������Ç�•�X

�ð�X�î�X�����}�v�Ÿ�v�µ�}�µ�•���}�‰���Œ���Ÿ�}�v

�ð�X�î�X�í�X���&�]�o�š�Œ���Ÿ�}�v���‰�Œ���•�•�µ�Œ��

�/�v�����}�v�Ÿ�v�µ�}�µ�•���}�‰���Œ���Ÿ�}�v�U���.�o�š���Œ�•�����Œ�����}�‰���Œ���š�������Á�]�š�Z�������š�Œ���v�•�u���u���Œ���v�����‰�Œ���•�•�µ�Œ�����~�d�D�W�•���}�(���ì�X�í���š�}���ì�X�í�ñ�������Œ�X�����Æ�����š���Œ���P�µ�o���Ÿ�}�v���}�(��
�•�µ���Ÿ�}�v���‰�Œ���•�•�µ�Œ�����]�•�����•�•���v�Ÿ���o���(�}�Œ���o�}�v�P�r�š���Œ�u���}�‰���Œ���Ÿ�}�v�X���&�o�µ���š�µ���Ÿ�v�P���‰�Œ���•�•�µ�Œ�����•�Z�}�µ�o�������������À�}�]�����������•���]�š���o�������•���š�}�����v�������Œ�o�Ç�����o�}���l�]�v�P��
�}�(���u���u���Œ���v���•�X

The �.ltra�Ÿon pressure�U �.ltrate �Gow and air �Gow �uust be recorded daily and gi�Àen to the 
�uanufacturer in the case of guarantee clai�us.

�ð�X�î�X�î�X���d���u�‰���Œ���š�µ�Œ��

�d�Z�����.�o�š���Œ�������v���������}�‰���Œ���š�������Á�]�š�Z�]�v�������Á�]�������Œ���v�P�����}�(�����u���]���v�š���š���u�‰���Œ���š�µ�Œ���X���,�}�Á���À���Œ�U���š�Z�����(�}�o�o�}�Á�]�v�P���u���Æ�]�u�µ�u���o�]�u�]�š���•�Z�}�µ�o����������
�}���•���Œ�À�����X

�&�µ�Œ�š�Z���Œ�u�}�Œ�����š�Z�����.�o�š���Œ���u���Ç���v�}�š�����������Æ�‰�}�•�������š�}���(�Œ�}�•�š�X

Ma�Æi�uu�u short ter�u 50 °C

Ma�Æi�uu�u long ter�u opera�Ÿon 40 °C

�^�š���v�����Œ�����}�‰���Œ���Ÿ�}�v 15 °C �r �ï5 °C

�(����������
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The air blower for scouring �uust always be in opera�Ÿon when the �.ltra�Ÿon process is 
running. �� failure in blower opera�Ÿon will lead to se�Àere bloc�lage of the �ue�ubranes.

�d�Z�����Œ�����}�u�u���v���������À���o�µ�����(�}�Œ���š�Z�������u�}�µ�v�š���}�(�����]�Œ���(�}�Œ���•���}�µ�Œ�]�v�P���š�Z�����u���u���Œ���v�������š���}�‰���Œ���š�]�v�P���‰�Œ���•�•�µ�Œ�����]�•���P�]�À���v���]�v���š�Z�����(�}�o�o�}�Á�]�v�P��
�š�����o���X

� �̂��š���}�‰���Œ���š�]�v�P���‰�Œ���•�•�µ�Œ���_���u�����v�•�U���š�Z���š���š�Z�����Œ���•�]�•�š���v�������}�(���š�Z�����Á���š���Œ�����}�o�µ�u�v���~���X�P�X���î���u���A���î�ì�ì���u�����Œ�•���Z���•���š�}���������������������š�}���š�Z�����Œ���•�]�•�š�r
���v�������}�(���š�Z�������]�(�(�µ�•���Œ���~���X�P�X���ô�ì���u�����Œ�•�X���&�}�Œ���š�Z�]�•�����Æ���u�‰�o���U���š�Z�������o�}�Á���Œ���Z���•���š�}�������o�]�À���Œ���š�Z�����(�}�o�o�}�Á�]�v�P�����u�}�µ�v�š���}�(�����]�Œ�����š���î�ô�ì���u�����Œ���~�•������
���o�}�Á���Œ�����µ�Œ�À���•�X

Filter �uodule ��era�Ÿon rate �~N�u�ù�lh�•
�Zela�Æ               Filtra�Ÿon

Flange connec�Ÿon
�€��N�lN�WS�•

�D���ì�ï�r�^�U���D���ì�ï�r�D   6                      3 �í�õ���l���2�_

�D���ì�ï�r�y�>�U���D���ì�ï�r�y�>�î 10                      5 �í�õ���l���2�_

�D���î�r�^ 20                    10 �ô�ì���l���ï�_

�D���î�r�D 30                    15 �ô�ì���l���ï�_

�ð�X�î�X�ï�X�������Œ���Ÿ�}�v

���Æceeding these �Àalues will lead to abnor�ual wear or da�uage of the �.lters or of the 
di�+users.
The aera�Ÿon �uust be switched o�+ for �î0 �uinutes per day to allow for a rela�Æa�Ÿon of  
the di�+user �ue�ubrane.

The air blower for scouring �uust always be in opera�Ÿon when the �.ltra�Ÿon process is 
running. �� failure in blower opera�Ÿon will lead to se�Àere bloc�lage of the �ue�ubranes.

���Æceeding these �Àalues can lead to abnor�ual wear of the �.lters or of the di�+users.

�(����������
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�ñ�X�í�X�����o�����v�]�v�P���}�(���š�Z�����D�]���Œ�}���o�����Œ� ���&�]�o�š���Œ��

�/�(���‰���Œ�u�������]�o�]�š�Ç���Z���•���������Œ�����•�����������o�}�Á���ñ�ì���o�l�u�ø�Z�����Œ�U�����������•�]�������Z���u�]�����o�����o�����v�]�v�P���}�(���.�o�š���Œ�•���]�•���v�������•�•���Œ�Ç���~�����‰���v���]�v�P���}�v���š�Z�������‰�‰�o�]�r
�����Ÿ�}�v���}�v�������}�Œ���š�Á�]�������‰���Œ���Ç�����Œ�•�X���d�Z�����.�o�š���Œ���u�µ�•�š���������‰�µ�š���]�v�š�}���������o�����v�]�v�P���š���v�l�U���]�v���Á�Z�]���Z���š�Z�������o�����v�]�v�P�����Z���u�]�����o�•�����Œ�����.�o�o�����X���/�v���š�Z����
�����•�����}�(�����v�����Æ�š���Œ�v���o���.�o�š���Œ���•���š�µ�‰�U���š�Z�����.�o�š���Œ���š���v�l���u�µ�•�š�����������u�‰�Ÿ���������v�����.�o�o�������Á�]�š�Z�����o�����Œ���Á���š���Œ�X

5. Maintenance

Maintenance is only to be carried out by �‹uali�.ed and trained personnel�J Che�uicals can 
lead to serious in�iuries. �� lways wear protec�Ÿ�Àe glasses�U clothing and�U if possible�U glo�Àes. 
�Kbey the safety data sheet of the che�uical �uanufacturer�J

Ne�Àer e�Æpose the �.lter to frost�U dust�U rain or direct sunlight.

�d�Z�����(�}�o�o�}�Á�]�v�P���‰�Œ�}�������µ�Œ���•�����Œ�����Œ�����}�u�u���v���������(�}�Œ�����Z���u�]�����o�����o�����v�]�v�P���}�(���š�Z�����µ�o�š�Œ���.�o�š�Œ���Ÿ�}�v���u���u���Œ���v���X���<�����‰���š�Z�����Á�}�Œ�l�]�v�P���š���u�r
�‰���Œ���š�µ�Œ���������š�Á�����v���î�ì���š�}���î�ñ���£�����(�}�Œ�����o�o���•�š���‰�•�X

�{�� �^�š���‰���í�W���/�u�u���Œ�•�����š�Z�����.�o�š���Œ���]�v�•�]�����������š���v�l���}�(���E���K�,���•�}�o�µ�Ÿ�}�v�U���‰�,���í�í���(�}�Œ���ï���Z�}�µ�Œ�•�X
�{�� �^�š���‰���î�W���/�u�u���Œ�•�����š�Z�����.�o�š���Œ���]�v�•�]�����������š���v�l���}�(���E���K���o���î�ì�ì���‰�‰�u���~�u���Æ�X���ñ�ì�ì���‰�‰�u�•���~�����o���µ�o���š���������•�������Ÿ�À�������Z�o�}�Œ�]�v���•���(�}�Œ���ô���Z�}�µ�Œ�•�X
�{�� �^�š���‰���ï�W���Z�]�v�•�����š�Z�����.�o�š���Œ���Á�]�š�Z���š���‰���Á���š���Œ�X

�(����������
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�{�� �^�š���‰���ð�W���/�u�u���Œ�•�����š�Z�����.�o�š���Œ���]�v�•�]�����������š���v�l���}�(�����]�š�Œ�]���������]���U���‰�,���î���(�}�Œ���í���Z�}�µ�Œ�X
�{�� �^�š���‰���ñ�W���&�]�v���o�o�Ç�U�����Z�����l���‰���Œ�u�������]�o�]�š�Ç���Á�]�š�Z���š���‰���Á���š���Œ�X��

�E�}�Œ�u���o���‰���Œ�u�������]�o�]�š�Ç�����L���Œ�����o�����v�]�v�P�W���í�ñ�ì���š�}���ï�ì�ì���o�l�u�ø�Z�����Œ�X���/�(���š�Z�]�•���À���o�µ�����]�•���v�}�š�����©���]�v�����U���Œ���‰�����š�����o�����v�]�v�P���}�Œ���µ�•�������]�+���Œ���v�š�������š���Œ�r
�P���v�š�•�����L���Œ�����}�v�š�����Ÿ�v�P���v���Á�š���Œ�Œ�����'�u���,�X

�ñ�X�î�X���^�‰���Œ�����‰���Œ�š�•

���}�u�u�}�v���•�‰���Œ�����‰���Œ�š�•���•�µ���Z�����•���‰���Œ�u�����š�������}�o�o�����š�}�Œ���‰�]�‰���U�����]�Œ�����]�+�µ�•���Œ�U���}�Œ���.�o�š���Œ���u�}���µ�o���������v���������}�Œ�����Œ���������]�Œ�����š�o�Ç���(�Œ�}�u���v���Á�š���Œ�Œ����
�'�u���,���}�Œ���(�Œ�}�u�������Œ���o���š�������‰���Œ�š�v���Œ���}�(���v���Á�š���Œ�Œ�����'�u���,�X

�Zinse thoroughly with clear water to a�Àoid the for�ua�Ÿon of chlorine gas�J

�>ipophilic substances a�Àerage �D �î5 �ug�ll

�>ipophilic substances �ua�Æi�uu� u � D 50 �ug�ll

�^�]�o�]���}�v���•�����v�����•�}�o�À���v�š�•���u�µ�•�š�����������À�}�]�����������}�u�‰�o���š���o�Ç�X���>�}�v�P���u�}�o�����µ�o���•���]�v���P���v���Œ���o���Œ���•�µ�o�š���]�v���u���u���Œ���v�������o�}���l���P�������v�����•�Z�}�µ�o����������
���À�}�]�������X���d�Z�]�•���]�•�����•�‰�����]���o�o�Ç���š�Œ�µ�����}�(���G�}�����µ�o���Ÿ�}�v�����]���•�������•�������}�v���‰�}�o�Ç�u���Œ�•���~�‰�}�o�Ç���o�����š�Œ�}�o�Ç�š���•�����v�������v�Ÿ�(�}���u�]�v�P�����P���v�š�•�X�����v�Ÿ�(�}���u�]�v�P��
���P���v�š�•�������•�������}�v���•�]�o�]���}�v�����u�µ�•�š�����������À�}�]�����������}�u�‰�o���š���o�Ç�����•���š�Z���������v�����o�}���l���u���u���Œ���v���•���]�Œ�Œ���À���Œ�•�]���o�Ç�X

�ñ�X�ï�X���W���Œ�•�]�•�š���v�������}�(���š�Z�����u���u���Œ���v��

�d�Z�����Œ���Á���Á���š���Œ���•�Z�}�µ�o�������}�u�‰�o�Ç���Á�]�š�Z���š�Z�������©�����Z���������}�u�‰���Ÿ���]�o�]�š�Ç�����Z���Œ�š�X���&�µ�Œ�š�Z���Œ�u�}�Œ���U���]�š���u�µ�•�š�������W

��o not use any replace�uent parts other than those reco�u�uended by newterra G�ub�, . 
�hse of third�rparty parts without infor�uing or consul�Ÿng with newterra G�ub�,  will  
in�Àalidate the warranty.
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Group S�W�rType �ue�ubrane

���Z�o�}�Œ�]�v���š�������•�}�o�À���v�š�• �D���š�Z�Ç�o���v�������Z�o�}�Œ�]�����U�����Z�o�}�Œ�}�r
�(�}�Œ�u�U�������Œ���}�v���d���š�Œ���r 
���Z�o�}�Œ�]�����U�����Z�o�}�Œ�}�����Ì���v���U�� 
�d�Œ�]���Z�o�}�Œ�}���š�Z���v����
�~�D���í�9�•

� r � r

���•�š���Œ�• ���š�Z�Ç�o���������š���š���U�����µ�š�Ç�o���������š���š���U��
���µ�š�Ç�o�������Œ�Ç�o���š��
�~�D���í�9�•

� r � r

���š�Z���Œ�• ���š�Z�Ç�o�����š�Z���Œ�U���W�}�o�Ç���š�Z�Ç�o���v�����K�Æ�]����
�~�D���í�9�•

� r � r

�,���K�� �D���î�ì�ì�ì���‰�‰�u ++

�/�v�}�Œ�P���v�]���������]���• �,�&�U���,���/�U���,���^�K�� �‰�,���ì�����r���í�ð

�<���š�}�v���• �������š�}�v���U���D���š�Z�Ç�o�����š�Z�Ç�o���<���š�}�v�� �r �r

�E���K���o �D���ñ�ì�ì���‰�‰�u�U���ñ�ì�X�ì�ì�ì���‰�‰�u�Æ�Z++

�K�Œ�P���v�]���������]���• �^�µ�o�(���u�]���������]���U���&�}�Œ�u�]���������]���U��
�K�o���]���������]���U���^�µ�o�(�}�v�]���������]���U���������Ÿ����
�����]���U�������Œ�Ç�o�]���������]���U���>�����Ÿ���������]��

�‰�,���ì���r���í�ð

�W�Z���v�}�o�• �r �r

�^�]�o�]���}�v���• �r �r

���o���}�Z�}�o�• ���š�Z���v�}�o�U�����µ�š���v�}�o�U���/�•�}�‰�Œ�}�‰�Œ���v�}�o
�~�D���ñ�ì�9�•

���o�����Z�Ç�����• �&�}�Œ�u���o�����Z�Ç�������~�D���í�9�•++

���o�l���o�] �‰�,���ì���r���í�ð

���]�u���š�Z�Ç�o���&�}�Œ�u���u�]�����U�����]�u���š�Z�Ç�o�U��
�������š���u�]�����U�����]�}�Æ���v���U���E�r�D���r
�š�Z�Ç�o�U���W�Ç�Œ�Œ�}�o�]���}�v���U���d���š�Œ���u���š�Z�Ç�o��
�������š���u�]����

� r � r

���‰�Œ�}�Ÿ�����•�}�o�À���v�š�• �����v�Ì���v���U���d�}�o�µ���v���U���y�Ç�o���v���U��
���v�š�Z�Œ�������v���U���E���‰�Z���š�Z���o���v���U��
�'���•�}�o�]�v��

� r � r

���Œ�}�u���Ÿ�����Z�Ç���Œ�}�����Œ���}�v �D���š�Z�}�Æ�Ç���š�Z���v�}�o�U�����š�Z�}�Æ�Ç���š�Z���r
�v�}�o�U�����µ�š�Z�}�Æ�Ç���š�Z���v�}�o

?

�D�]���Œ�}���o�����Œ� �����}�u�‰���Ÿ���]�o�]�š�Ç�����Z���Œ�š

�=�=���A���À���Œ�Ç���P�}�}��
�=������ �A���P�}�}��
�r�������� �A���(���]�Œ
�r �r ���� �A���v�}�š���Œ�����}�u�u���v������

�(����������
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�ò. ��ddi�Ÿonal infor�ua�Ÿon

�/�(�����v�Ç���������]�Ÿ�}�v���o���]�v�(�}�Œ�u���Ÿ�}�v���]�•���Œ���‹�µ�]�Œ�����U���‰�o�����•�������}�v�š�����š���v���Á�š���Œ�Œ�����'�u���,�U�����}�v�š�����š���•�����������o�}�Á�X
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�(������ ��*� �� �) �� ��!�%�)�*�( �+�� �*�!�&�%�)����%�*�!�(���#�/ ��� ���� �&�( �� ��!�%�)�*���#�#���*�! �&�%��

�������� ��%�=�@�B�7��'�:�0�G�0����@�8�D�4�
��(�0�>�8�3��� �8�B�F�
��) �� ����������� ��H����������	�����������������

�!�%�)�*���#�#���*�! �&�%��!�%�)�*�( �+���*�!�&�%�)
�� �&�( ��) �/�$�� �&�$�K�)��$�&�*�&�( �)���,�� �( ��

�$�&�����# �������

�0�;�8��*�B�7�8�?������� ��*�B�G�B�E�/ �4�I�8�E�� �<�F��4�A��4�H�G�B��E�4�A�:�<�A�:��I�B�?�G�4�:�8��@�B�A�<�G�B�E��7�8�F�<�:�A�8�7��G�B�
�C�E�B�G�8�6�G��G�;�E�8�8��C�;�4�F�8��@�B�G�B�E�F��E�8�:�4�E�7�?�8�F�F��B�9��F�<�M�8�����0�;�8��*�B�G�B�E�/ �4�I�8�E�� ��<�F��H�F�8�7��B�A�
������������� ��2�� �! ������� ��G�B����� ��&�M��@�B�G�B�E�F��G�B��C�E�B�G�8�6�G��9�E�B�@��7�4�@�4�:�8��6�4�H�F�8�7��5�L��F�<�A�:�?�8�
�C�;�4�F�<�A�:����?�B�J��I�B�?�G�4�:�8����;�<�:�;��I�B�?�G�4�:�8����C�;�4�F�8��E�8�I�8�E�F�4�?����4�A�7��I�B�?�G�4�:�8��H�A�5�4�?�4�A�6�8��

���&�%�%���� �*�!�&�%�)

������*�B�H�A�G��G�;�8��*�B�G�B�E�/ �4�I�8�E�� ��<�A��4��6�B�A�I�8�A�<�8�A�G��?�B�6�4�G�<�B�A��<�A��B�E��A�8�4�E��G�;�8��@�B�G�B�E�
���� �6�B�A�G�E�B�?��C�4�A�8�?�����'�9��G�;�8��?�B�6�4�G�<�B�A��<�F��J�8�G��B�E��7�H�F�G�L����G�;�8��*�B�G�B�E�/ �4�I�8�E�� ��F�;�B�H�?�7�
���� �5�8��@�B�H�A�G�8�7��<�A��4��+�#�*�������B�E����� ��8�A�6�?�B�F�H�E�8�����0�;�8��*�B�G�B�E�/ �4�I�8�E�� ��6�4�A��5�8
���� �@�B�H�A�G�8�7��G�B��4��5�4�6�>��C�4�A�8�?��H�F�<�A�:��G�J�B����� ��B�E����� ��K���������F�6�E�8�J�F��B�E��6�4�A��5�8�
���� �F�A�4�C�C�8�7��B�A�G�B��4��"�'�+��E�4�<�?��
������! �B�A�A�8�6�G��)������)����4�A�7��)����B�A��G�;�8��*�B�G�B�E�/ �4�I�8�E�Q�F��G�8�E�@�<�A�4�?��F�G�E�<�C��G�B��G�;�8��)�'�+�#��/ �'�"�#�
����� �B�9��G�;�8��@�B�G�B�E��F�G�4�E�G�8�E�������/ �8�8��$�<�:�H�E�8��+�B������	��
������! �B�A�A�8�6�G��G�;�8��B�H�G�C�H�G��E�8�?�4�L��G�B��G�;�8��6�<�E�6�H�<�G�E�L��G�B��5�8��6�B�A�G�E�B�?�?�8�7�����$�B�E��@�B�G�B�E��6�B�A�G�E�B�?���
���� �6�B�A�A�8�6�G��G�;�8��A�B�E�@�4�?�?�L��B�C�8�A��6�B�A�G�4�6�G��<�A��F�8�E�<�8�F��J�<�G�;��G�;�8��@�4�:�A�8�G�<�6��6�B�<�?��B�9��G�;�8�
���� �@�B�G�B�E��F�G�4�E�G�8�E��4�F��F�;�B�J�A��<�A��$�<�:�H�E�8��+�B����������$�B�E��4�?�4�E�@��B�C�8�E�4�G�<�B�A����6�B�A�A�8�6�G��G�;�8�
���� �A�B�E�@�4�?�?�L��6�?�B�F�8�7��6�B�A�G�4�6�G��<�A��F�8�E�<�8�F��J�<�G�;��G�;�8��6�B�A�G�E�B�?��6�<�E�6�H�<�G��4�F��F�;�B�J�A��<�A��$�<�:�H�E�8�
���� �+�B�������
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�) ���*�*�!�%���)

�����)�<�A�8��I�B�?�G�4�:�8��4�7�=�H�F�G�@�8�A�G����. �B�G�4�G�8��G�;�8�
�I�, �&�#�*�� �� �� ������"�� ����,�� �� �	�J��G�B��G�;�8��A�B�@�<�A�4�?�

���� �G�;�E�8�8��C�;�4�F�8��?�<�A�8��I�B�?�G�4�:�8��9�8�8�7�<�A�:��G�;�8��@�B�G�B�E�
���� �G�B��5�8��C�E�B�G�8�6�G�8�7��
������.�8�F�G�4�E�G��7�8�?�4�L��4�7�=�H�F�G�@�8�A�G����.�B�G�4�G�8��G�;�8�

�I�(�� �) �*���(�* ����) �� �� �	�J��4�7�=�H�F�G�@�8�A�G��G�B��G�;�8�
���� �7�8�F�<�E�8�7��C�B�F�<�G�<�B�A�����0�;�8��E�8�F�G�4�E�G��7�8�?�4�L��<�F��G�;�8�
���� �G�<�@�8��5�8�G�J�8�8�A��* �B�G�B�E�/�4�I�8�E�� ��F�8�8�<�A�:�
���� �4�6�6�8�C�G�4�5�?�8��I�B�?�G�4�:�8��4�A�7��G�;�8��*�B�G�B�E�/ �4�I�8�E��

���� �6�?�B�F�<�A�:��<�G�F��B�H�G�C�H�G��6�B�A�G�4�6�G�F�����$�B�E�
���� �6�B�@�C�E�8�F�F�B�E��4�C�C�?�<�6�4�G�<�B�A�F����G�;�8��E�8�F�G�4�E�G��7�8�?�4�L�
���� �F�;�B�H�?�7��5�8��F�8�G��9�B�E��G�;�8��4�C�C�E�B�K�<�@�4�G�8��G�<�@�8��<�G�
���� �G�4�>�8�F��9�B�E��G�;�8��;�8�4�7��C�E�8�F�F�H�E�8��G�B��5�?�8�8�7�
���� �B�9�9��B�9��G�;�8��6�B�@�C�E�8�F�F�B�E�����$�B�E��B�G�;�8�E�
���� �4�C�C�?�<�6�4�G�<�B�A�F����G�;�8��E�8�F�G�4�E�G��7�8�?�4�L��<�F��G�L�C�<�6�4�?�?�L�
���� �F�8�G��5�8�G�J�8�8�A�����4�A�7����� ��F�8�6�B�A�7�F��
������0�E�<�C��7�8�?�4�L��4�7�=�H�F�G�@�8�A�G����.�B�G�4�G�8��G�;�8��I�*�(�!�'
���� �����#���/ ����) �� �� �	�J��4�7�=�H�F�G�@�8�A�G��G�B��G�;�8��7�8�F�<�E�8�7�
���� �F�8�G�G�<�A�:�����0�;�<�F��4�7�=�H�F�G�@�8�A�G��7�B�8�F��A�B�G��4�9�9�8�6�G��G�;�8�
���� �G�E�<�C��7�8�?�4�L��B�A��C�;�4�F�<�A�:��9�4�H�?�G�F����0�L�C�<�6�4�?�?�L����G�;�8�
���� �G�E�<�C��7�8�?�4�L��4�7�=�H�F�G�@�8�A�G��<�F��F�8�G��5�8�G�J�8�8�A�����4�A�7����
���� �F�8�6�B�A�7�F�����'�A��4�E�8�4�F��J�;�8�E�8��I�B�?�G�4�:�8��S��H�6�G�H�4�G�<�B�A�F��4�E�8��9�E�8�D�H�8�A�G����G�;�8��G�E�<�C��7�8�?�4�L�
���� �4�7�=�H�F�G�@�8�A�G��@�4�L��5�8��F�8�G��:�E�8�4�G�8�E��G�;�4�A����� ��F�8�6�B�A�7�F��
������2�B�?�G�4�:�8��H�A�5�4�?�4�A�6�8��4�7�=�H�F�G�@�8�A�G����.�B�G�4�G�8��G�;�8��I�+�%�����#���%�� �� ��*�(�!�'����%���$���� �	�J�

�4�7�=�H�F�G�@�8�A�G��G�B��G�;�8��7�8�F�<�E�8�7��H�A�5�4�?�4�A�6�8��G�E�<�C��?�8�I�8�?�����0�;�8��+�#�*����* �%����F�G�4�A�7�4�E�7�
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Co ngratu lat ions 
You are  now  the ow ner o f a Price®  Pum p Co. Centrifugal Pum p. Th is pum p w a s care fu lly inspe cted and 
sub jected to  fina l pe rform ance  te sts  be fore be ing rele ased for sh ipme nt. In  orde r to  ach ieve  m axim um 
perform ance  a nd reliab ility,  p le ase  fo llow  the s imple  instruct ions in  th is ma nual. 

 

RECO M M EN DED  P REC A U TION S 

1 . Fo r  sa tis fa ct o r y  ope r at io n  an d  s afe ty , m a x im u m  sys te m  p r e ssu r e  m ust  n o t  e xce e d  3 5 0  ps i*  (24 .6 k g/ sq  cm ). 

2 . Fo r  sa tis fa ct o r y  ope r at io n  an d  s afe ty , m a x im u m  f lu id  te m pe ra tu re  m us t no t  e xc ee d  3 0 0�q�qF* (1 2 1�qC). 
 
3 . N o  m od if ica tion s, a dd itions  o r  de let ions sh ou ld  be  m a de  t o  the  pum p w it ho u t p r io r ap p r ova l o f  t he  fa ct o ry . 

4 . Dr a in  p um p c om p le te ly  an d  flu sh  w it h  w a te r be fo r e  se r v icin g a  pum p ha nd ling  v o lat i le o r  h ar m fu l l iqu ids . 

 

R EAD  CAR EFU LLY  TH E CAU TIO N  BELO W  

The  pe rformanc e o f your P rice®  Pum p Co. Centrifuga l Pum p is  base d on cle an, room tem perature , w ater w ith  
suction  cond it ions as show n on the pe rformance  curve s.  If  used to  pum p liqu ids othe r than w ater, pump 
perform ance  m ay d iffer from rated perform ance  base d on the d iffere nt specific grav ity, tem perature, 
v iscos ity, e tc. o f the  liqu id  being pumped.  A  standard  pump, how e ve r, may not be safe  for pum ping all type s 
o f liqu ids, such as toxic, vo lat ile  or che mical liqu ids, o r liqu ids under ex tre me  te mpe ratures or pre ssures. 

P lease consu lt P rice®  Pum p Co. te chn ical spe cificat ions as w ell as loca l code s and gene ral re fe re nces to  
dete rm ine the appropriate  pum p for your particu lar app licat ion .   S ince  it  is im possib le  for us to ant icipate 
eve ry app licat ion o f a Price®  Centrifugal pum p, if you p lan to  use the pump for a non-w ater app licat ion , 
contact Price ® Pump Co. be forehand to  dete rm ine w he the r such app lic ation  m ay be appropriate and safe 
under the operat ing cond it ions.  Failu re to  do so cou ld re su lt  in  property  dam age or personal harm. 

*  De p e n d s o n  se al  m ate ria ls  a n d  se al  typ e 

 

 

 

V isit ou r w ebsite  fo r p roduct in fo rm ation  and  techn ica l support  

w w w .p ricepum p.com  

�(����������
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W a rn in g 

Be fo r e in sta l l in g , re p a ir in g  o r 

p e rfo r m in g m a in t en a n c e o n  
th is  p u m p , re a d  th ese  

in stru ction s c om p le te ly . 

D isc o n n e c t p o w e r to  p u m p  

b e fo re  se rv ic in g to  avo id  
d a n ge ro u s o r  fa ta l  e lec tr ic al  

sh o ck . 

M a tc h  s u p p ly  vo l ta ge an d  

f re q u e n c y  t o  m o to r  
n a m e p late  va lu es . In co rr ec t 
vo l ta ge  c an  ca u se  f i re  o r  

se riou s m o to r d am ag e an d  
vo id  w ar ran ty . 

G ro u n d  m o to r b efo r e 
c on n e c tio n  to  e le c trica l 

p ow er  su p p ly !  Fa ilu re  to  
gr o u n d  m o to r c an  ca u se  

se ve re  o r fa ta l  e lec tr ic al  
sh o ck ! 

D o  no t  g ro und  t o  g a s su pp ly  
l ine ! 

Be fo r e d isasse m b lin g p u m p , 
b e  c e rta in  a ll  l iq u id  h a s b e e n  

re m ove d . If  p u m p  w as u se d  
to  p u m p  h aza rd o u s o r  to xic 
f lu id , it m u st b e 

d e c on ta m in ate d  p rio r to  
d isasse m b ly . 

C lose  C oup le d  M o to r Pum ps  

It is  su gge ste d  th at th e se  

p u m p s b e  f i rm ly  b o l te d  to  a 
le ve l su rfac e .  A d e q u at e a i r 

m ove m e n t ar o u n d  m o to r w i ll  
h e lp  p re ve n t o ver h e at in g . 

D o  n o t ove r t ig h te n  in le t a n d  
o u tlet p ip in g o r vo lut e  m a y  

b e  d am ag ed . 

P ow er  F ra m e  M o un t e d  

P um ps 

P o w e r Fram e  m ou n te d  

p u m p s m u st b e m ou n te d  on  
a  r ig id  b as e th a t w il l n o t 

w arp  o r  f lex .  E ac h  p u m p  
m u st b e  m ou n te d  su c h  t h at 
t h e  p u m p  sh af t ce n te r lin e is  

in - lin e  w ith  th e  d rive r sh af t 
c e n te rl in e.  P a d s a n d /o r  

sh im s w i ll  b e  re q u ire d  o n  th e  
p u m p , th e  d riv er  o r  b o th  to  

in su r e p r op e r a l ig n m e n t. Th e  
t w o  s h af ts  sh ou ld  n o t tou c h  
e a ch  o th e r  (e n d  to  e n d )  an d  

t h e  d is ta n ce  b et w ee n  th e m  
d e p e n d s  o n  th e  cou p lin g 

u s ed  to  co n n e ct  th e m .  

M isa lign m e n t w il l ca u se  

v ib r ation , b e arin g fa i lu r e an d  
vo id  w ar ra n ty .  P u m p s a re  
r ou gh  a lign e d  at th e  fa cto ry  

b u t m u s t b e  re al ig n e d  a ft er  
sh ip m e n t an d  in sta lla tion .    

P u lle y  d r iv en  p u m p  m u st 
h ave  p u l le ys in l in e  an d  

p ro p er  b el t t ig h tn e ss 
p ra ct ic e s fo l lo w e d . 

D ir e ct ion  o f  R o ta tion  

N o te : M o to r sh af t ro ta tion  is  

v ie w e d  fr om  th e  s u ct ion  e n d  
o f  p u m p . A ro tat io n a l ar row  

is  sh o w n  o n  th e  fr o n t o f  t h e 
p u m p  vo lu te  ca s in g . 
In co rre c t ro ta tio n  c a n  c au se  

p u m p  d a m a ge , fa i lu re  o r 
re d u c e d  p e r fo r m a n c e, 

vo id in g  w a rr an t y . It is  b e st t o  
ch e c k  r o ta tio n  b y  

m om e n tar ily  e n e r g iz in g  o r  
jo gg in g th e  m o to r  p rio r to  
fi l lin g  p u m p  w i th  liq u id . 

W ar n ing !  Do  n o t o p er ate  

p u m p  w i th o u t l iq u id  a s 
d am ag e m a y  r es u lt to  th e  
p u m p  in te rn a l w e ar  su r face s. 

P lum b ing  

A ll  p ip in g n e ed s to  b e  
su p p o r te d  in d e p e n d e n t ly  o f 
th e  p u m p . P ip in g 

co n n e ct ion s sh o u ld  n o t ex e rt  
an y  s tr ess  o n  th e  p u m p  

vo lu te  o r  f i tt in gs. 
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Su ct ion  P ip ing  ( In le t ) 

(Ho rizon t al P u m p s) 

Su c tion  lin e  m u st p ro v id e  
ad eq u ate  su ct io n  p r es su re  

an d  e ve n  (L am in a r)  liq u id  
f lo w  fo r  p r o p e r p u m p  

o p e r atio n . A ir , e n tr ap p e d  in  
th e  su c tio n  l in e d u e  to  le aks 
o r  im p r o p e r p ip in g  d e sign , 

m ay  ca u se th e  p u m p  to  lo se 
p r im e. N on -p r im in g  p u m p s 

m u st h ave  t h e ir  su c tion  
‘f lo od e d ’ a t s t ar t u p  (see  

d a tash ee ts fo r m in im u m  
N P SH R). A lso , th e  s u ct ion  
l in e  m u st p r o v id e su f f ic ie n t 

p r ess u re  (N P SH ) a n d  eve n  
f lo w  to  p u m p  in le t to  

p r eve n t p u m p  cav ita tio n . 
T h e  su c tion  p ip e  en te rin g t h e 
p u m p  sh o u ld  b e s tr a igh t an d  

a m in im u m  le n gth  o f  5  t im e s 
an d  p r e fe r ab ly  1 0  tim e s th e  

p u m p  in le t d iam e te r. E lb o w s, 
f it t in gs o r valves in sta l led  

c los e to  th e  p u m p  in le t ca n  
d isru p t  l iq u id  f lo w  a n d  c a u se  
c av i tat ion .  Su ct ion  l in e s 

m u st b e at  lea st th e  sa m e  
d iam et er  a s t h e  p u m p  in let  

o r  lar ge r if  p o ss ib le . 

P r ic e P u m p  Co m p a n y  

re c om m e n d s aga in st  u s in g  
foo t valve s in  th e  su c tion  lin e  

to  m a in ta in  liq u id  in  th e  
p u m p  w h e n  i t ’s  n o t 
op e r atin g. If foo t valve s a re  

u se d , d u e  to  su c tion  li ft  
c on d i tion s, t h ey  m u st be  

p r op e rly  m ain ta in e d  to  avo id  

le aks re su l tin g fr om  w e ar  o r  
fou lin g. Su ct io n  p ip in g m u st 
b e  d e sig n e d  to  p r ev en t  va p o r 

f ro m  b e in g  tr ap p ed  in  h igh  
sp o ts in  th e  p ip in g. T h is  

c on d ition  m a y  c au se  th e  
p u m p  to  vap o r lo c k . 

D isc ha rg e  P ip ing  (O u t le t ) 

T o  co n tro l flo w  an d  

d isc h ar ge  h ea d , i t is  
a d v isab le  to  in sta ll  a  va lve  

(g lob e , b al l, o r o th e r  
a d ju sta b le  an d  n on -lea k  

t yp e ) in th e  d isc h a rge  lin e  
a d jac e n t t o  t h e p u m p . T h e  
va lve  m a y  b e  clo se d  d u rin g 

sy ste m  r e p airs  to  p re ve n t 
b a c k flow . By  in s ta l lin g a 

c h e ck  va lve  in  th e  d isc h ar ge  
l in e, b ac k f lo w  c an  also  b e  
p r e ve n te d  d u rin g 

m ain te n a n ce  o r d u rin g 
p e r io d s o f  p u m p  sto p p ag e. 

O pe r at io n  

A l l c en tri fu gal  p u m p s m u st 
b e  f il le d  w it h  l iq u id  p rio r  to  

s t ar t u p .  It is  s u gge ste d  th at  
d u rin g in i t ia l  s t art  u p  th e  
d isc h ar ge  v alve  b e  c lo s ed  

a n d  th e n  op e n e d  a s th e 
m o to r r e ac h es  fu l l rp m ’s. If  

p u m p  d o e s n o t b u ild  u p  
p r e ssu re  as m o t o r sp e ed  
in c re ase s, sh u t d o w n  an d  

m ake  su re  t h at  l iq u id  f low  
in to  p u m p  is  n o t re str ic te d  

(se e  “ Tr ou b le sh oo tin g” ) . 

N o t e :  A  c e n tri fu ga l p u m p s 
flo w  ra te  a n d  h ea d  
(p re ssu r e)  w il l var y  w i th  th e  

am o u n t o f  r e s is ta n c e (p ip e  
fr ic tion  an d  f lo w  r est riction s)  

in  th e  d isc h a rge  lin e . A s th e  
valve  on  th e  d isc h a rge  lin e 

op e n s, t h e  f lo w  r ate  an d  
m o t o r am p er e s d r aw  w i ll  
in c re a se  a n d  h e a d  (p r essu re )  

w il l  d e c re ase . A s th e  valve on  
th e  d isc h ar ge  l in e is  c lose d , 

th e  f lo w  rat e an d  a m p e re s 
d ra w  w il l d e cr ea se  a n d  t h e  

h e ad  (p re ssu r e)  w il l in cr ea se . 

If re s is ta n ce  in  th e  d isc h ar ge  

lin e  is  n o t su f ficie n t, th e  
p u m p  w i ll  o p e ra te at  a  
co n d it io n o f  m ax im u m  f lo w , 

som e tim e s ca lle d  " en d  o f  
cu r ve " p er fo rm an c e. 

M a xim u m  h o rse -p o w e r is  
re q u ire d  to  o p e ra te at  th is  
p o in t an d  m o t o r o ve rload  

m a y  r esu lt. If e xc e ssive  
am p e re s d r aw  an d  m o to r  

ove rload  is  oc c u rr in g , re d u c e  
th e  s ys tem  flow  rat e b y  
in st a l lin g a valve  o r  o ri fice  in  

th e  d isc h ar ge  l in e to  co n tro l 
(r e strict ) th e  p u m p s f low  

ra te . A l ter n at ive ly , re d u ce  
p u m p  h e a d  b y  tr im m in g 

im p e lle r t o  a  sm al le r  
d ia m e te r.  

Con s u lt P ric e P u m p  o r  a  lo ca l 
P rice  P u m p  d is trib u to r fo r  

ass is ta n ce . 

w w w .ap p sup po r t@ p ric ep um p.c o m  
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1 . Pum p fai ls  to  bu ild  he a d  
p r e ssu re : 

Ch e c k  fo r : 

a. P u m p  n o t p r im e d . 

b . In co rre c t p u m p  ro tation . 

c . D river  s p ee d  too  lo w . 

d . Su ct io n  l in e re str ic te d . 

e . D rive r fa ilu re . 

f . P lu gg ed  o r  d a m a ge d  
im p e l le r. 

g . P u m p  o r  im p e l le r 

u n d e r s ize d . 

h . P u m p  c av i tation . 

i . Im p rop e r  im p e l le r 
c le ar an c e . 

 

2 . Pum p fai ls  to  p r ov id e 
e nou gh  f low  r a te . 

Ch e c k  fo r : 

a . Syst em  r es is ta n ce  too  

h igh . 

b . P u m p  u n d er s ize d . 

c . P u m p  n o t p rim e d . 

d . D r ive r sp e e d  to o  low . 

e . P o o r su c tion  c on d i tion s. 

f . Im p ro pe r  im p e l le r 

c le ar an c e . 

 

3 .  E xce ssiv e no is e o r  
v ib r atio n  du r ing ope r at ion . 

C h e ck  fo r: 

a . M o to r  b e a rin g fa il in g. 

b . P u m p  c av i ta tio n . 

c . Im p ro p er  im p el le r  
c le a ra n ce . 

 

4 .  L ea kin g m e c ha n ica l se a l. 

C h e ck  fo r: 

a . Im p ro p er  a sse m b ly . 

b . W o r n  o r  c ra cke d  se al  
fa ce s. 

c . A b ras ive  m ate r ia l in  f lu id . 

d . L iq u id  flash in g  a t s ea l 

fa ce s (F lu id  t em p e ra tu re  too  

h igh ) . 

e . Se al  p r essu re  r atin g too  

low  fo r th e  se r v ic e. 

f . Ch e m ica l at tac k  o f se al  

c om p on e n ts. 

g . Se al  op e ra te d  d r y  o r  w ith  a 

l iq u id  h a v in g  p o o r lu b rica tin g  
p r op e r tie s. 

 

 

 

 

5 . P um p g ra du ally  lose s 
p r es su r e  a nd  he a d . 

Ch e c k  fo r:  

a. In cr ea sin g tem p e ra tu re  

ca u sin g ca v it atio n  o r liq u id  
vap o rization . 

b . D rive r fa ilu r e. 

c. Su c tio n  l i ft to o  h igh . 

d . A ir e n te rin g su ct io n  l in e . 

 

6 . M o t o r ov e rhe a ting . 

Ch e c k  fo r:  

a. Ex c essive  f lo w  a n d  am p  

d ra w  (T h ro t tle  d is ch a rge ) . 

b . L ow  vo l tage  o r f re q u e n cy . 

c. F lo w  r ate  too  low  w i th  

re su l tin g h ea t rise. 

d . B e arin g fa i lu r e . 

e. Syste m  te m p er atu re  to o  
h ig h . 

�(����������
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Be fo r e att em p tin g an y  re p a ir s  u n d er  w ar ran t y , c on tac t P rice  P u m p  to  o b ta in  fac to r y  a u th o r iz ation . 
Re p a ir s  ca rrie d  o u t w ith o u t a u th o rizat ion  m a y  vo id  w ar ra n ty . M an y  c au se s o f  p u m p  fa ilu re  are  d u e  to  
im p r o p e r syste m  d e sig n . Re fe r to  th e  t ro u b le  sh o o tin g l is t in  th is  m an u al  b e fo re  c ar ry in g o u t p u m p  

in sp e ct io n  o r  r ep a ir . 

D ISA SSE M BL Y  

1 . D isco n n ec t p o w e r sou r ce  

to  m o to r. 

2 . D iscon n ec t ele ct ric a l 

c on n e c tio n s ta gg in g w ire s 
c are fu l ly  to  p re se rve  co r re ct  

ro tat ion . Lo ose n  m o to r  b ase . 

3 . R e m ove  p u m p  an d  m o to r 

as sem b ly  to  re p a ir  a re a. 

4 . R e m ove  vo lu t e f rom  

p u m p . 

5 . U n scr ew  a n d  r em ove  

im p e l le r lo ckd o w n  b o lt an d  
lock  w a sh e rs.  S l id e  im p e ller  

o f f  sh af t.  ( If ‘keye d ’ sh a ft 
d e s ign , d o  n o t t h row  a w ay  

th e  sh af t ke y ). 

6 . R e m ove  sea l h e ad  f rom  

th e  sh af t.  T yp e 6 A :  Re m ove  
se al  h ea d  fr om  b ra cke t. Ty pe  

2 1 :  S l id e se al  h e a d  f ro m  th e  
sh a ft .  Ty pe  9 :  Loo sen  se t 
sc re w s an d  s l id e  sea l h e ad  

o f f  sh af t. 

7 . R e m ove  fou r m o to r b o lt s  
an d  r e m ove  b ra cke t fr o m  
m o to r . 

8 . R e m ove  sea l se at f rom  
b r ac ke t.  U se w oo d en  o r  

p last ic  d o w e l t o  r em ove  t h e 
se at  f rom  t h e b r ac ket . 

R E A S SEM B LY  

If  P EO  (p u m p  e n d  o n ly ) go  

a sse m b l in g P EO .   

1 . Th o rou gh ly  c le an  th e  sea t 

c av ity  o f  t h e b ra cke t . 

2 . Th o ro u gh ly  c le an  p u m p  

sh af t.  A ssu r e th a t t h e  sh a f t 
is  n o t gro o ve d  a n d  th at th e re  

is  n o  e v id e n ce  o f  p i tt in g o r 
sc o r in g . If  t h e sh a ft  is  

g roov ed , sc o re d  o r w o rn , 
r e p la ce  it. 

3 . In sta ll  t h e p u m p  sh a f t 
o n to  th e  m o to r  sh af t, 
a lign in g se t scr ew s o f  t h e  

p u m p  sh a ft  w i th  th e  ke yw ay  
o f th e  m o to r s h af t.  In st a l l 

s l in ge r b e tw e e n  th e  p u m p  
sh af t set scr ew s. 

4 . Ty pe  6A 

   a. P la c e b ra cke t on  fi rm  
su rfac e  w i th  se at ca v ity  
(p u m p  en d ) u p .  U sin g a to o l  

(1 -1 9 /6 4 "  ID  x  1 -5 /8 " O D x 
1 /2 " d e e p ), p re ss se al  in to  

se a l ca v ity  w i th  ca rb o n  fac e  
o f se al  (vo lu te  e n d  u p )  u p .  
P r e ss u n til  f lan g e is  se at ed  in  

se a l ca v ity  o f  b ra cke t.  P r ess 
o n ly  o n  o u te r  f la n ge  o f se al . 

A vo id  tou ch in g ca rb o n  
su rfac e . 

   b . P lac e b ra cke t o n  m o t o r 
(a lign in g th e  b ase  if  
ap p l ica b le ) .  Se cu re  b r ac ket  

w it h  fou r  m o to r  b o lt s . 

   c . P u ll  p u m p  sh af t fo rw a rd  

u n ti l sh o u ld e r o f  p u m p  sh af t 
co n tac ts  b ac k  o f b r ac ket  a n d  

s ligh t ly  sn u g o n e  set scr ew  to  
h o ld  sh af t in  p lace . 

   d . A p p ly  sm al l am o u n t  o f  
o i l (ve ge ta b le  o r o th e r  l igh t 

o i l)  o n  th e p u m p  sh af t a n d  
I.D . o f  se at e la stom e r.  

Ge n t ly  p lac e se at o n  en d  o f  
sh af t w i th  c e ra m ic fa ce  d ow n  
tow a rd  se al .  A ft er  s l id in g  

im p e lle r o n to  sh a ft, se at w il l 
b e  p r o p e rly  lo c ate d . 

   e . S lid e  im p e l le r on to  sh a ft  
en su rin g se at is p u sh ed  f lu sh  

w it h  sh ou ld er  o f sh af t an d  
im p e lle r h u b . 

   f . In sta l l  sh a ft  ke y  ( i f 
ap p l ica b le ) , im p e l le r f la t 

w ash er , lo ck  w a sh e rs an d  
lo ckd o w n  b o lt. T igh ten  
se cu r e ly  to  1 0 f t. lb s. C au tion :  

Se rv ice ab le  L oc tit e (o r 
eq u iva le n t ) m u st  b e  u se d  o n  

lo ckd o w n  b o lt.  L oc k  w a sh e r 
p ai rs  m u st b e  asse m b le d  

‘ca m  fa ce ’ t o  ‘c am  fac e ’. Se e 
d ia gr am . 
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   g . L o o se n  p u m p  sh a f t se t 
sc re w . 

   h . In st a l l n e w  vo lu te  gaske t 
o r  o - r in g  a n d  m ou n t  vo lu te  

to  b r ac ke t.  Se cu r e w it h  b o lt s  
an d  t igh te n  e ve n ly . 

   i. Se tt ing im pe lle r 
c lea r anc e :   

S l ide  pum p sh aft fo r w a r d  
un ti l  im pe ller  touc he s 

vo lu te .  S l id e  sh aft  ba c k 
.0 1 0 - .0 1 5 ". T ig h t en  p um p 
sh aft  se t  sc re w s.  T u r n  s ha ft  

by  h an d  t o  e nsu r e  im pe ller  
do es  n o t ru b  ag ain st vo lu te .  

P r oc e ed  t o  ste p  9 . 

5 . F o r T ype  2 1, 8 , 9  se als:  

   a . P la ce  t h e  b r ac ket  on  a 
f ir m  su rfa ce  w ith  th e  se at 

c av i ty  (p u m p  en d ) u p .      

   b . P lac e  a  sm al l am ou n t o f  
l igh t o il  o n  th e se at cu p  o r  o -  
rin g se at .  P la ce  t h e se at in  

th e  se at ca v ity  w i th  th e  
p o l ish e d  fa ce  u p  to w ar d  th e  

p u m p  en d .   

   c. Eve n ly  p u sh  s ea t in to  

c av i ty  w ith  f in g e rs t h e n  
ge n tly  tap  se at in to  p la ce  

w i th  a w ood e n  d ow e l o r  
p last ic  r od  (1 -1 /8 " o u ts id e 
d iam et er ) .  T o  h e lp  e n su re  

th e  se at is  n o t  d am ag e d  
p lac e  th e ca rd b o ar d  d isk  

su p p lied  w i th  th e  s ea l ove r 
th e  se at face .  

6 . P la ce  b ra cke t on  m o to r 
(a lign in g th e  b ase  i f  
a p p l ic ab le ).  Sec u re  b ra cke t 

w ith  fou r m o to r  b o l ts . 

7 . P u l l p u m p  sh a ft  fo rw ar d  
u n til  sh o u ld e r o f  p u m p  s h af t 
c on t ac ts  b ack  o f  b ra cke t an d  

s l igh tly  s n u g on e  se tsc re w  to  
h o ld  sh a ft  in  p la ce  

8 . In sta ll  se al  h e ad  asse m b ly  

 Fo r  T y pe  2 1  Se als: 

   a. Lu b rica te  sh a f t a n d  sea l 

e lasto m e r w it h  o il  (ve ge tab le  
o r o th e r ligh t  o i l ). 

   b . In sta l l  ro tar y  se a l h e ad  
o n to  p u m p  sh a f t a n d  s lid e  

t ow ar d  s ea t u n ti l ca rb on  fac e  
c on t ac ts  c e ram ic sea t. 

   c . In sta ll  s ea l sp rin g an d  
r e ta in e r. 

   d . In sta l l in g  im p e l le r.  
In st a l l ke y  in  p u m p  sh a ft .  

S l id e  im p e l le r on to  sh a f t 
e n su rin g t h at  th e sp rin g 

r e ta in e r d oe s n o t s l ip  
b e t w ee n  th e  s h ou ld e r o f th e  
sh af t an d  th e  h u b  o f th e  

im p el le r .  In sta l l  im p e l le r fla t  
w ash e r, lo ck  w ash e r s a n d  

loc kd ow n . T igh ten  se c u re ly  
t o  1 0  ft . lb s. Ca u t ion :  
Se r v ic e ab le  L oct ite  (o r 

e q u iva le n t)  m u st b e  u se d  o n  
loc kd o w n  b o l t.  Lo ck  w a sh er  

p a ir s  m u st b e  a sse m b le d  
‘c am  fac e ’ to  ‘c am  fac e’. See  

d iag ra m  

   e . L o o se n  p u m p  s h af t se t 
scr e w . 

   f . In sta l l  n e w  vo lu t e 
gas ket /o - rin g an d  m ou n t 

vo lu te  to  b r ac ke t.  Se cu r e 
w it h  b o lts  a n d  t ig h te n  
ev en ly . 

   g . S l id e  p u m p  sh a f t fo r w ard  
u n ti l im p e lle r tou c h e s vo lu te . 

S lid e  sh af t b ac k  w ith  a 
scr e w d rive r . 01 0 ” - .0 1 5 ".  

Tigh t en  p u m p  sh af t set  
scr e w s.  Tu r n  sh af t b y  h an d  

to  en su re  im p el ler  d o e s n o t 
ru b  ag ain st vo lu te .  P ro c e ed  

to  s te p  9 . 

  Fo r  T yp e  8  &  9  S ea ls:   

   a . In st a l l im p e ller . In st a l l 
ke y  in  p u m p  sh a ft .  S lid e  

im p e lle r o n to  sh a ft an d  
in st a l l im p e lle r w ash e r  a n d  

lo ckd o w n  b o lt.  T igh te n  
se cu r e ly . 

   b . Lo ose n  p u m p  sh af t se t 
scr e w . 

   c . In s ta l l n e w  vo lu te  
gas ket /o - rin g an d  m ou n t 
vo lu te  to  b r ac ke t.  Tigh t en  at 

le as t tw o  b o lts  a t th is  t im e . 

   d . S l id e  p u m p  sh a ft  fo r w ard  
u n ti l im p e lle r tou c h e s vo lu te . 
S lid e  sh af t b ac k  .0 1 0 " - .0 1 5" . 

Tigh t en  p u m p  sh af t set  
scr e w s.  Tu r n  sh af t b y  h an d  

to  en su re  im p el ler  d o e s n o t 
ru b  ag ain st vo lu te . 
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Re m ove  vo lu te  an d  im p e ller . 

   e. In sta ll  se a l h e ad  on to  

p u m p  sh af t s lid in g ge n tly  
p a st sh ou ld e r o f sh a ft .  S lid e  

se al  h ea d  t ow ar d  sea t u n ti l 
c arb on  fa ce  con tac ts  ce ra m ic 
se at .  T igh te n  se al  h e a d  

se tsc re w s to  p u m p  sh a ft .  
R e m o ve  c l ips in  s ea l h ea d  

a nd  d isc a rd . 

   j. Re in sta l l  im p e l le r, fla t  

w a sh e r, lo c k  w ash e rs an d  
lock d o w n  b o l t.  Tigh t en  

se c u re ly  (10  f t. lb s .)  

Ca u t ion :  Ser v ic e ab le  L oc tite  

(o r e q u iv alen t) m u s t b e u se d  
on  lockd ow n  b o lt .  Loc k  

w a sh e r p airs  m u st  b e  
as sem b led  ‘c am  fac e’ to  ‘cam  
fac e ’. Se e  d iag ram  

   k . In sta l l n e w  vo lu te  gaske t 

o r  o - r in g  a n d  m ou n t  vo lu te  
to  b r ac ke t.  Se cu r e w it h  b o lt s  
an d  t igh te n  e ve n ly . 

   l. Ro t ate  p u m p  sh a ft  b y  
h a n d  t o  en s u re  im p e l le r d o e s 

n o t  r u b  aga in s t vo lu te . 

9 . R e tu rn  p u m p  to  

in sta llation , re co n n e ct 
e le c tric co n n e ct ion s. 

1 0 . S tart  p u m p  m om en tar ily  
to  ob se r ve sh a ft  ro tation .  If  

ro tat ion  c o rr esp on d s to  th e  
ro tat ion  a rro w , p u m p  m ay  

b e  p u t in t o  se rv ic e.  If  
ro tat ion  is  in co rre c t, sw itc h  

an y  t w o  le ad s on  3 -p h ase  

m o to rs. C h e ck  w ir in g 
d iag ra m  o f  m o to r  fo r p r op e r 

s in g le  p h ase  ro ta tio n . 

1 1 . Re m ove  top  p ip e p lu g (i f 

a p p l ic ab le ) f ro m  t h e f ro n t  o f  
vo lu t e an d  p r im e p u m p  
t h o ro u gh ly , m ak in g su re  a l l 

e n t rap p ed  a ir  is  p u r ge d . 

1 2 . S tar t p u m p  al low in g 

a d e q u at e  tim e  t o  p u rge  al l 
a ir  f r om  syste m .  O b se rve  

a n y  gau g e s, f lo w  m et er s, e tc . 
t o  se e  o f p u m p  p e r fo rm s 

p r o p e r ly . 

 

 

D IA G RA M  O F         
L O C K DO W N  A SSE M BL Y 
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IN STA L LIN G  A  PE O  (P U M P E N D  O N L Y ) 

a .�� P la ce  th e  b r ac ket  on  a  f ir m  su rfa ce , loose n  stu b  sh a ft  se tsc re w s an d  ca re fu l ly  re m ove  sh ip p in g  

p lu g . 

b .�� P la ce  m o to r in  an  u p r igh t p o s it io n  w i th  m o to r sh af t p o in tin g u p w ar d . M ake  su re  m o to r sh af t an d   

en d  b e l l f la n ge  a re  f r ee  o f b u r rs  an d  su r fa ce s ar e c le an . 

c .�� A lign  P EO  st u b  sh af t set scre w s w i th  m o to r  s h af t keyw a y  an d  ca re fu lly  s lid  t h e  P E O  on to  th e  

m o t o r sh af t u n ti l i t  s i ts  fi rm ly  on to  th e m o to r e n d  b el l flan ge . 

d .�� O rie n te d  t h e  P E O ’s d isc h a rge  p o rt o r b a se  to  p re fe rre d  m o t o r co n figu r at ion  w h i le  re fer en cin g th e  
m o t o rs e le ct rica l b ox  p o sit ion . 

e .�� In sta l l  f la n ge  b o lt s  a n d  tigh te n . ( In st a l l p u m p  b a se i f ap p l ic a b le )  

f . �� Re p o si tio n  p u m p  b a ck  o n to  m o to r b a se.  

g .�� Re fer  to  p u m p  Re asse m b ly  In stru ction s  an d  p r o c ee d  to  se tt in g the  im pe lle r cle a ra nc e. 
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T yp e 2 1  C  Fa ce  Sty le  D oub le  Se al Ins ta lla tio n  

(Fo r  T yp e CD , R C , LT  &  M S Se rie s Pum ps) 

Do u b le Se al  p u m p s ar e ge n e ral ly  u se d  fo r o n e  o f  th e se  r ea so n s: 

1 . To  a vo id  se a l d am age  w h en  p u m p in g ab r as ives . 

2 . To  m an a ge  se a l tem p e ra tu re  w h e n  p u m p in g h o t l iq u id s. 

3 . To  p r e ve n t  p u m p  f lu id  f ro m  le ak in g to  at m osp h er e w h e n  p u m p in g  to xic o r  o t h er  h a zar d o u s  l iq u id s. 

A  d o u b le se al  m u st h ave  p re ssu re  to  th e  se a l ch a m b e r at  a  m in im u m  o f 5  P SI p re fe ra b le  1 0  P SI a b o ve  
p u m p  p r e ssu re . 

F lo w  rat e  th r ou gh  se al  c h am b e r w i ll  d e p e n d  u p o n  p u m p  flu id  te m p e rat u re .  M in im u m  f lo w  sh o u ld  b e  1  
G P M  fo r CD, RC , L T &  M S Ser ie s P u m p s.  F lo w  r ate s m ay  h a ve to  b e  in cr e ase d  w ith  h igh e r te m p e r atu r e s.  
Ch e c k  th e  se al  c h am b e r d isch a rge  f lu id  tem p e ra tu re  to  b e  su r e f lu id  is  b e low  b o i lin g.  W e  su gg est  a  1 4 0 °F 

to  1 5 0 °F te m p er at u re  ran g e.  If  sea l co o l in g  l iq u id  f la sh es , se al  m ay  b e com e  d a m a ge d .  Se al  c h am b e r flu id  
sh o u ld  e n te r at th e  b o ttom  a n d  d isc h a rge  at th e  t op  t o  a vo id  e n tr ap p ed  ai r in  th e  ch a m b e r .  Be  su re  to  
p r im e th e  sec on d ary  p u m p in g  sys tem  p ro p e r ly  as you  w ou ld  a n y  o th e r syste m . 
 

CA U TI O N :  A lw a ys  P r e ssu r ize  t he  S ea l Cha m b e r be fo re  st ar ting  t he  m ain  p um p! 

In  a  p u m p in g syste m  th a t s t ar ts  a n d  stop s au t om a tica lly , in su re  th a t b o th  p u m p s sta rt a t th e  sam e tim e . 

R EA SSE M B L Y : 

1 . C le an  se at ca v it y  o f  th e  
b ra cke t  an d  se a l p la te  

th o r o u g h ly . 

2 . T h o ro u gh ly  c lea n  p u m p  

sh af t. A ssu r e th a t t h e sh a f t 
is  n o t  gr o o ve d  an d  th a t 
th e re  is  n o  ev id e n c e o f  

p it t in g o r f re tt in g. P o lish  th e  
sh af t w i th  ex tr a fin e  e m e r y  

clo th  a n d  c le a n  t h e ke yw ay . 
If th e  sh af t is  gr oove d , 

fr e tte d  o r w o rn , re p lac e  i t. 

3 . In st a l l th e  p u m p  sh af t 

on to  th e m o to r sh af t, 
a l ig n in g  se t sc re w s o f th e  
p u m p  sh a f t w ith  th e  keyw a y  

o f  th e  m o to r sh af t. En s u re  
a l l d e b ris  a n d  b u rr s  a re  
r e m o ve d  f rom  th e  m o to r 

s h af t an d  th a t th e  s l in ge r is  
in  p la c e. 

4 . P lac e b ra cke t on  m o to r 
(a lign in g th e  b ase  if  

a p p l ic ab le ) . Se c u re  b rac ke t 
w ith  fou r  m o to r  b o lts . 

5 . P u l l o u t p u m p  sh af t a s fa r 
a s it w i ll  g o  to w ar d  vo lu te  

e n d  a n d  s ligh tly  t ig h te n  o n e 
s et  sc re w  to  h o ld  sh a ft  in  

p la ce  

6 . P lac e a sm a ll  a m ou n t o f 

v eg et ab le  o i l (o r e q u iva le n t)  

on  th e  se at cu p .  In sta l l 
se at s in to  se at p late  an d  
b r ac ke t w i th  p o l ish ed  fac e s 

u p .  E ve n ly  p u s h  se at  in to  
se at  c av i ty  w ith  f in ge rs, 

th e n  ge n tly  tap  se at in to  
p lac e  w i th  a w ood e n  d ow e l 

o r  p la stic  r od  (1 -1 /8 " 
ou ts id e d iam e te r ).  T o  h elp  
e n su r e th e  se at is  n o t 

d a m a ge d , p la ce  t h e 
c ar d b o a rd  d is k  su p p lied  

w i th  th e  se a l u n d e r th e  e n d  
o f  th e  d o w e l t o  p re ve n t 
d a m a gin g th e  se at  fac e . 

7 . In sta l l se al  h e a d  

a ssem b ly : 

 

 

� 5 � ( � 3 � $ � , � 5 � � � $ � 1 � ' � � � 0 � $ � , � 1 � 7 � ( � 1 � $ � 1 � & � (

�(����������



�,�1���������5�&�������U�H�Y�����$ �3�D�J�H����������

� 5 � ( � 3 � $ � , � 5 � � � $ � 1 � ' � � � 0 � $ � , � 1 � 7 � ( � 1 � $ � 1 � & � (

For  T yp e 2 1 : 

a. Lu b rica te sh a ft  a n d  

e la stom e r  w i th  veg e tab le  o i l 
o r e q u iv alen t. 

b . In st a l l f ir s t r o ta ry  sea l 
h e ad  o n to  p u m p  sh af t an d  

s lid e  t ow ar d  sea t u s in g a  
tw is tin g m o tion  u n ti l c arb o n  

fa c e tou c h e s s ea l se at. 

 c . In st a l l se con d  r o tar y  s ea l 

h e ad  on to  sh a ft  s le eve  w ith  
ca rb o n  fa cin g tow a rd s 

p u m p  e n d . 

8 . In st a l l sea l p late  on to  

p u m p  e n d  o f  b r ac ke t w ith  
n e w  g aske t an d  tigh te n  c ap  
scr e w s e ve n ly  (n o te : u se  

p ip e se alan t  on  b o l ts) . 

9 . In st a l l im p e ller : 

a. In sta l l  ke y  in  p u m p  sh a f t. 

 b . S l id e  im p e ller  o n to  sh af t. 

 c . In st a l l im p e ller  w a sh e r 

a n d  lo ckd o w n . T igh te n  to  1 0  
f t- lb s. 

1 0 . Loo sen  p u m p  sh af t se t 
s cr ew . 

1 1 . In sta ll  n e w  vo lu te  ga ske t 
o r o - rin g an d  m o u n t vo lut e. 

S ec u r e w i th  b o lt s  a n d  
t ig h te n  e ve n ly . 

1 2 . M ove  sh af t b ac k  w ith  a  
s cr ew d river  . 01 0 ” - .0 15 ”. 

T igh te n  p u m p  sh af t se t 
s cr ew s. T u rn  sh a ft b y  h an d  

t o  e n su re  im p e l le r d oe s n o t 
r u b  aga in st vo lu te . 

1 3 . Re tu r n  p u m p  to  
in st a l la tio n , r ec on n e c t 

e le ct ric  c on n ec tion s. 

1 4 . S ta rt p u m p  m om e n ta ri ly  

t o  o b se rve  sh af t ro ta tion .  If 
r o ta tion  co r re sp on d s to  th e  

r o ta tion  a rro w  o n  th e  

p u m p , i t m a y  b e  p u t in t o  
se rv ic e.  If  ro ta tio n  is  

in co rr ec t, sw itc h  an y  tw o  
lea d s on  3-p h ase  m o to r s t o  
c h an g e  ro tat ion .  C h e ck  

w irin g d ia gr am  o f  m o to r fo r  
s in g le  p h a se  r o ta tio n  

c o rr ec tion . 

1 5 . R em ove  t op  p ip e  p lu g ( if  

a p p lic ab le)  f ro m  th e  f ro n t o f  
vo lu te  an d  p r im e  p u m p  

th o ro u gh ly , m a k in g su re  a ll  
a ir  is  p u rge d .  T u rn  sh a ft  
o n e re vo lu tio n  an d  th e n  

r ef i ll .  Re p lac e th e  p ip e  p lu g . 

1 6 . S tar t p um p  al low in g  
a d eq u ate  t im e  to  p u r ge  a l l 
a ir  f rom  sy ste m .  O b s er ve 

a n y  g au g es, f low  m e te rs, 
e tc ., to  se e i f p u m p  

p e rfo r m s p ro p e rly .

D oub le Se a l F lu sh  P ip ing  Ins ta l latio n  

1 . P ip in g o f th e  d o u b le se al  
ar ran ge m e n t sh ou ld  b e  

d o n e  in  ac co rd a n ce  w it h  a ll  
gove rn m e n ta l re gu lat ion s 

an d  sa fe ty  co d e s. 

2 . A l l d o u b le  se a ls  re q u ire  a  

b ar rie r flu sh  b e tw e e n  th e  
se als fo r  p r op e r lu b rica tio n  
an d  c o o l in g .  Th e  b ar rier  

liq u id  m u st b e  m ain ta in e d  
at 1 0 -1 5  P SIG  a b ove  th e 

d is ch a rge  p re ssu r e  o f  th e  
p u m p  a n d  it m u s t b e  
ch e m ic al ly  c om p a tib le  w ith  

th e  p u m p e d  liq u id , m ate r ia l  
co n str u ctio n  o f  th e p u m p , 

a n d  se als  (5 /8 " d o u b le  se als  
h ave  1 8 -8  p art s). 

3 . T h e b a rrie r flu sh  sh a ll  
h ave  a m in im u m  flow  ra te  

in  ac co rd a n ce  w it h  th e 
g ra p h  b elow .  If  w ate r is  

u se d  a s a  f lu id , th e  in let  
t e m p e ra tu r e sh o u ld  n o t 

e x c ee d  1 4 0 °F .     

4 . A  p osit ive  p re ssu re  m u st  

b e m ain ta in e d  to  t h e b a rrie r 
f lu sh  b e tw e e n  th e se al  fac e s 
e ve n  w h e n  t h e  p u m p  is  n o t 

r u n n in g.  T o  co n se rve  th e 
b ar rie r  l iq u id  a so le n o id  

va lve  (Ite m  1 )  m a y  b e 
in sta lle d  a n d  con n ec te d  

e le c tr ic al ly  in  p a ra lle l  w ith  
th e  m o t o r so  th e  b a rr ie r 

f lu id  f low s on ly  w h e n  th e 
p u m p  is  ru n n in g .  N o te :  T h e 
m ax im u m  p re ssu re  o f  th e  

b a rr ie r f lu id  at th e  in let  is  
1 5 0  P SIG . 

5 . Th e  in le t sh o u ld  b e  
c on n e c te d  to  th e  b o tto m  

a n d  t h e  ou t le t to  th e  to p  o f 
th e  se al  c av i ty . 
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P ro ce du re s fo r  Ch ec kin g Dou b le  S ea ls fo r  In te rn al Le a ka ge  

O p tio n  1 -  fo r use  w ith  2  flow  m e t er s. 

In st a l l flo w  m e te rs  o n  th e  in let  a n d  o u tlet  l in e s.  N o r m a l o p e ra tin g c on d ition s w i ll b e  in d ic ate d  b y  e q u a l  
o r n ea r e q u al  f lo w  o n  b o th  f low  m e te rs.  If  t h e in le t flow  m e te r sh ow s m o re  f low  t h an  th e  ou tle t, th is  

c ou ld  in d ic ate  e x ce ssive  lea kag e.  

O p tio n  2 -  fo r use  w ith  1  flow  m e t er . 

1 . Sh u t o f f f lo w  a t o u tle t n e ed le  va lv e ( Ite m  2 ) . 

2 . Sh u t o f f in le t gat e  va lve  ( Ite m  8 ) -  fo r  1 5  se c on d s m a xim u m . 

3 . If p re ssu re  in  se a l ca v ity  d ro p s rap id ly  rath er  th an  gr ad u a lly  w h ile  th e ga te  valve  is  sh u t, t h e  se al  is  

le ak in g ex c e ssive ly . 

4 . To  re sta rt  op e n  gat e valve  f ir s t th e n  re set  va lve  o n  ou t le t. 
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RC 200/300 SS Parts List 
 

  RCSS plist.doc  rev. A 
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Key # Description  Quantity RC200 Part # RC300 Part # 
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�����'�R�X�E�O�H���V�H�D�O���S�X�P�S�V���X�V�H���G�R�X�E�O�H���V�H�D�O�� �L�P�S�H�O�O�H�U�V�����I�R�U���H�[�D�P�S�O �H�����3���1�����������'�6���������V�S�H�F�L�I�\���G�L�D������
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RC 200/300 CI/CI-BF-SF Parts List 
 

  RCCI plist.doc   rev. C 

 
��
Key # Description  Quantity RC200Part # RC300 Part # 
��

�$���� �9�R�O�X�W�H���&�D�V�W���,�U�R�Q �� ���� �������������� ��������������
�$���� �9�R�O�X�W�H���%�U�R�Q�]�H �� ���� �������������� ��������������
�%���� �3�L�S�H���3�O�X�J�V���������´�� �� ���� ���������� ���������� ��
�&���� �,�P�S�H�O�O�H�U�� �����6�S�H�F�L�I�\���G�L�D�P�H�W�H�U������ �� �� �� ��
�� �&�D�V�W���,�U�R�Q�����+�H�[���%�R�U�H ���� ���� �����������������V�S�H�F�L�I�\���G�L�D������ �����������������V�S�H�F�L�I�\���G�L�D����� � � �
�� �%�U�R�Q�]�H�������������+�H�[���%�R�U�H�� �� ���� �����������������V�S�H�F�L�I�\���G�L�D������ �����������������V�S�H�F�L�I�\���G�L�D����� � � �
�� �6�W�D�L�Q�O�H�V�V���6�W�H�H�O�����������+�H�[���%�R�U�H�� �� ���� ���������������V�S�H�F�L�I�\���G�L�D������ �����������������V�S�H�F�L�I�\���G�L�D����� � � �
�'���� �2���U�L�Q�J�����%�X�Q�D���V�W�G���� �� ���� ���������� ���������� ��
�(���� �%�U�D�F�N�H�W���Z�����)�R�R�W�� ���� ���������� ����������
�(���� �%�U�D�F�N�H�W���Z�� �R���)�R�R�W�� ���� ���������� ����������
�)���� �9�R�O�X�W�H���%�R�O�W�V�� �� ���� ���������� ����������

�� �*���� �0�R�W�R�U���%�R�O�W�V�� ���� ���������� ���������� �� �� ��
�� �+���� �6�K�D�I�W���Z�����V�H�W�V�F�U�H�Z�V ���������´���,�'���� �+�H�[�� ���� �������������� ��������������
�� �� �������&���P�R�W�R�U�� ��
�� �+���� �6�K�D�I�W���Z�� ���V�H�W�V�F�U�H�Z�V���������´���,�'���� �+�H�[�� ���� �������������� ��������������
�� �� ���������7�&�����������7�&���� �������&�����������&���P�R�W�R�U�� ��

�-���� �6�O�L�Q�J�H�U�����)�R�U���������´���V�K�D�I�W���S�X�P�S�V���R�Q�O�\�� �� ���� ���������� ����������
� � � � � �
�� �� �6�H�D�O���Z�L�W�K���6�H�D�W ��
� � � .������ �7�����$���%�X�Q�D�����V�W�G������ ���� ���������� ����������
� � � .���� �7���������)�O�X�R�U�R�F�D�U�E�R�Q�����R�S�W�L�R�Q�D�O�� �� ���� ���������� ����������
� � � .���� �7�������3�7�)�(�����R�S�W�L�R�Q�D�O�� �� ���� ���������� ����������
� � � .���� �'�R�X�E�O�H���6�H�D�O���6�H�D�W�����R�S�W���� �� ��
�� �� �7���������)�O�X�R�U�R�F�D�U�E�R�Q�� �� ���� ���������� ����������
�� �� �7���������1�H�R�S�U�H�Q�H�� �� ���� ���������� ����������
�� �� �7���������(�3�5�� �� ���� ���������� ����������
�� ���������� �'�R�X�E�O�H���6�H�D�O���3�O�D�W�H �� ���� ���������� ����������
�� ���������� �3�O�D�W�H���*�D�V�N�H�W�����3�7�)�( �� ���� ���������� ����������
�� ���������� �6�H�D�O���3�O�D�W�H���&�R�Y�H�U���%�R�O�W�V�� �� ���� ���������� ����������
� � � /���� �7�����$���4�X�H�Q�F�K���/�L�S���6�H�D�O�����)�O�X�R�U�R�F�D�U�E�R�Q ���� ���� ���������� ����������
� � � /���� �7���������4�X�H�Q�F�K���� �������´���V�K�D�I�W���S�X�P�S�V���R�Q�O�\ ���� ��
�� �� �4�X�H�Q�F�K���3�O�D�W�H�� ���� ���������� ����������
�� �� �3�O�D�W�H���*�D�V�N�H�W���� �6�\�Q�����)�L�E�H�U�� ���� ���������� ����������
�� ���������� �6�H�D�O���3�O�D�W�H���&�R�Y�H�U���%�R�O�W�V�� �� ���� ���������� ����������
�� �� �)�O�X�R�U�R�F�D�U�E�R�Q���/�L�S���6�H�D�O�� �� ���� ���������� ����������
�� �0���� �,�P�S�H�O�O�H�U���/�R�F�N�G�R�Z�Q���%�R�O�W �� ���� ���������� ����������
�� �1���� �,�P�S�H�O�O�H�U���/�R�F�N�G�R�Z�Q���:�D�V�K�H�U �� ���� ���������� ����������
�� �3������ �,�P�S�H�O�O�H�U���/�R �F�N���:�D�V�K�H�U�� ���� ���������� ����������
� � � 5���� �0�R�W�R�U�����(�O�H�F�W�U�L�F �� �����6�S�H�F�L�I�\���3���1 �� �6�S�H�F�L�I�\���3���1��
�� �������� ���)�R�U�����+�3���������&���R�U���R�W�K�H�U���I�R�R�W�H�G���P�R�W�R�U�V�� ���X�V�H���3���1������������ �E�U�D�F�N�H�W������
� � � 5��� � � 3� R� Z� H� U� �� )� U� D� P� H� V � � � �
�� ���������� �)�R�U���X�V�H���Z�L�W�K���������´���,�'���6�K�D�I�W �� ���� ���������� ����������
�� ���������� �)�R�U���X�V�H���Z�L�W�K���������´���,�'���6�K�D�I�W �� ���� ���������� ����������
� � � 5��� � � $� L� U� �� 0� R� W� R� U� � � �� ��6�S�H�F�L�I�\���3���1 �� �6�S�H�F�L�I�\���3���1��
�� �5�&�������5�H�S�D�L�U���3�D�U�W�V���.�L�W ��

�� �)�R�U�������&���������´�����+�H�[���V�K�D�I�W���� ���� ���������� �� ������������������
�� �)�R�U�������&���������´�����+�H�[���V�K�D�I�W�� ���� ���������������� �� �� ��������������

���,�Q�F�O�X�G�H�V���� �+�H�[���6�K�D�I�W���Z�����6�6���6�O�L�Q�J�H�U �����������´���V�K�D�I�W���R�Q�O�\�������,�P�S�H�O�O�H�U���/�R�F�N�G�R�Z�Q���%�R�O�W �����:�D�V�K�H�U���D�Q�G���.�H�\����
�����'�R�X�E�O�H���V�H�D�O���S�X�P�S�V���X�V�H���G �R�X�E�O�H���V�H�D�O�� �L�P�S�H�O�O�H�U�V�����I�R�U���H�[�D�P�S�O�H �����3���1�����������'�6���������V�S�H�F�L�I�\���G�L�D������
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� 3 � 5 � , � & � ( � �� & � ( � 1 � 7 � 5 � , � ) � 8 � * � $ � / � �� 3 � 8 � 0 � 3 � �� & � $ � 8 � 7 � , � 2 � 1 � 6 � �� 	 � �� : � $ � 5 � 1 � , � 1 � * � 6 � �

�x�� � & � $ � 8 � 7 � , � 2 � 1 � �� � �3 �U�L �F �H ���3 �X �P �S���F �H �Q �W�U �L�I�X �J �D �O���S �X�P �S �V���P �X �V�W���E �H ���R�S �H �U�D �W �H�G ���D �E �R �Y�H ���P �L�Q �L�P �X �P ���I �O�R �Z ���U�D �W�H ���W�R ���D �Y�R �L �G���G �D �P �D �J �H��� �

�x�� � & � $ � 8 � 7 � , � 2 � 1 � �� � � $ � O� O� �� 3 � U� L� F � H � �� 3 � X � P � S� �� F � H � Q � W� U� L � I� X � J� D � O � �� S� X � P � S � V� �� U� H � T � X� L � U� H � �� W� K � H � �� V � X� F � W � L� R � Q � �� W � R � �� E � H � �� I � O� R� R � G � H � G� �� �
�x�� � & � $ � 8 � 7 � , � 2 � 1 � �� � � ,�W ���L�V���U�H �F �R �P �P �H �Q �G�H �G ���W�K �D �W���D �O�O ���S�L �S �L�Q �J�� �F �R �Q �Q�H �F �W�L �R �Q�V ���W �R���W �K�H ���S �X �P �S���E �H ���I� O � H� [ � L � E� O� H � �� �
�x�� � : � $ � 5 � 1 � 1 � , � 1 � * � �� � � 9 � H � U� L � I� \ � �� F � K � H � P � L� F � D � O � �� F � R � P � S � D � W� L � E� L � O� L� W � \� � � R � I� � � W� K � H � �� S � X� P � S � �� P � D � W� H � U� L � D � O� V� �� R � I� � � F � R� Q � V� W � U� X�F�W �L�R �Q ���Z �L�W �K���W�K �H ���I �O�X �L �G���E �H �L�Q �J �� �S�X �P �S �H �G ��� �
�x�� � : � $ � 5 � 1 � 1 � , � 1 � * � �� � � 3 � U � L� F � H � �� F � H � Q� W� U� L� I� X � J � D � O� �� S � X � P � S � V� �� D � U� H � �� Q � R � W� �� G � H � V� L� J � Q� H � G � �� I � R � U� �� X � V� H � �� L� Q � �� V � D � Q� L � W� D � U� \ � � � R� U � �� I � R� R � G � �� D � S � S� O � L� F � D � W� L� R � Q � V� �� �

�x�� � & � $ � 8 � 7 � , � 2 � 1 � �� � � 8 � V� H � �� R � Q� O � \� � � 3 � U� L� F � H � �� 3 � X � P � S � �� R � U� L� J � L� Q � D � O� �� H � T � X � L� S � P � H � Q� W� �� I � D � F � W� R � U� \ � � � U� H � S� O � D � F � H� P � H � Q � W� �� S � D � U�W �V� �� �
�x�� � : � $ � 5 � 1 � 1 � , � 1 � * � �� � � � �3 �U �L�F �H ���S�X �P �S ���I �O�X �L �G���W�H �P �S �H �U�D �W�X �U �H���O�L �P �L�W �V���P �X �V�W ���E �H ���R �E �V�H �U�Y�H �G ��� � �0 �D �[�L �P �X �P� �� R � S � H � U� D � W� L � Q � J� � � W� H � P � S � H � U� D � W � X� U � H� �� L � V� �� � � � � ��q� ) � �� �

�x�� � & � $ � 8 � 7 � , � 2 � 1 � �� �� 7 � K � H � �� S � X� P � S � �� V � K � R� X � O � G� �� E � H � �� W� K � R � U� R � X� J � K � O� \ � � � I � O� X � V� K � H � G � �� D � Q � G � �� G � U� D � L� Q � H � G� �� E � H � I� R � U� H � �� G � L� V� D � V�V�H �P �E �O� \ � � � �
�x�� � & � $ � 8 � 7 � , � 2 � 1 � �� � � ) � R � U� �� O� D � U� J � H � U� �� S � X � P � S � �� P � R � W� R � U� �� X � Q � L� W � V� �� �� Z � H� L � J � K� W � �� P � D � \� � � H � [ � F � H � H � G � �� � � � � � � � � E� V� �� � � � � � � � � � � N� J � �� � � �

� & � $ � 8 � 7 � , � 2 � 1 � �� �� 0 � D � [ � L� P � X � P � �� Z � R � U� N � L� Q � J � �� S � U � H � V� V� X� U � H � �� I � R� U � �� V � H � D � O � V� � � �
��

o �� �7 �\ �S �H ��� � � � �6 �H �D �O��� � � �� � � � � � � 3 � 6 � ,� � � � � � � � � � � � �E�D �U��� �
o �� � 7 � \ � S � H � �� � � $ � � � 6 � H � D � O � �� �� � � � � � � 3 � 6 � ,� � � � � � � � � � � � �E�D �U��� �
o �� �7 �\ �S �H ��� � � � �6 �H �D �O��� � � �� � � � � � � � � 3 � 6 � ,� � � � � � � � � �� � � � � E � D � U� �� �
o �� �7 �\ �S �H ��� � � � �6 �H �D �O��� � � �� � � � � � � � � 3 � 6 � ,� � � � � � � � � �� � � � � E � D � U� �� �
o �� � 7 � \ � S � H � �� � � � � �� 6 � H � D � O� �� �� � � � � � � � � 3 � 6 � ,� � � � � � � � � �� � � � � E � D � U� �� �
o �� � 7 � \ � S � H � �� � � � � � � � � � � 6 � H� D � O � �� �� � � � � � � � � 3 � 6 � ,� � � � � � � � � �� � � � � E � D � U� �� �
��
��
� & � $ � 8 � 7 � , � 2 � 1 � �� �� 0 � D � [ � L� P � X � P � �� V � R � O� L� G � �� V � L� ] � H � �� E � \ � �� S � X � P � S � �� �
��

o �� �+ �3 �� � � � � � � � � �0 �6 �� � � � � � � � � � � � � � � � ´� � � � � � � � � � � � � P � P � � � �
o �� � 6 � 3 � � � � � � � � � � � � � � � � � � � � � ´� � � � � � � � � � � � � P � P � � � �
o �� � / � 7 � � � � � � � � � � � � � � � � � � � ´� � � � � � � � � � � � � P � P � � � �
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1. GENERAL 
A.  Seller's price is based on these sales terms and conditions. The agreement and inclusion of other 
or amended terms in this contract will result in a change (including increase) in Seller's price (as may 
be contained in any price books or quotations) to reflect such other or amended terms . This contract 
shall represent the final, complete and exclusive statement of the agreement between the parties and 
may not be modified, supplemented, explained  or waived by parole evidence, any Terms and 
Conditions contained in Buyer's purchase order or request for quotation, any course of dealings 
between the parties, Seller's performance or delivery, or in any other way.  The Terms and 
Conditions of this contr act may only be modified or waived in a written document signed by an Officer 
of Seller. These terms are intended to cover all activity of Seller and Buyer hereunder, including 
sales and use of products, parts and work and all related matters (references t o products include 
parts and references to work include construction, installation and start -up).  Any reference by Seller 
to Buyer's specifications and similar requirements are only to describe the products and work 
covered hereby and no warranties or other terms therein shall have any force of effect.  Any 
information provided by Seller including, but not limited to, suggestions as to specific equipment does 
not imply any guarantee of specific suitability and/or material compatibility in a particular appl ication, 
since many factors outside the control of Seller may affect the suitability of products in a particular 
application.  Catalogs, circulars, similar pamphlets and information contained on websites of the 
Seller are issued for general information pur poses only and shall not be deemed to modify the 
provisions hereof.      
B.  The agreement formed hereby and the language herein shall be construed and enforced 
under the Uniform Commercial Code as in effect in the State of California on the date hereof.   
2. TAXES   
Any sales, use or other similar type taxes imposed on this sale or on this transaction and/or any 
import or export duties or fees as may be assessed or imposed on or as a result of deliveries under 
this transaction  are not included in the price .  Such taxes shall be billed separately to the Buyer.  
Seller will accept a valid exemption certificate from the Buyer if applicable; however, if an exemption 
certificate previously accepted is not recognized by the governmental taxing authority involved and 
the Seller is required to pay the tax covered by such exemption certificate.  Buyer agrees to promptly 
reimburse Seller for the taxes paid.   
3. PERFORMANCE, INSPECTION AND ACCEPTANCE    
A.  Unless Seller specifically assumes installation, construction or start -up responsibility, all products 
shall be finally inspected and accepted within thirty (30) days after arrival at point of delivery.  Where 
seller has responsibility for installation, construction or start -up all work shall be finally inspected and  
accepted with thirty (30) days after completion of the applicable work by Seller.  All claims 
whatsoever by Buyer, (including claims for shortages) except only those provided for under the 
WARRANTY AND LIMITATION OF LIABILITY and PATENTS Clauses, hereof, must be asserted in 
writing by Buyer within said thirty (30) day period or they are waived.  If this contract involves partial 
performance, all such claims must be asserted within said thirty - (30) day period for each partial 
performance.  There shall be n o revocation of acceptance.  Rejection may be only for defects 
substantially impairing the value of products or work and Buyer's remedy for lesser defects shall be 
those provided for under the WARRANTY AND LIMITATION OF LIABILITY Clause.    
B.  Seller shall  not be responsible for non -performance or for delays in performance occasioned by 
any causes beyond Seller's reasonable control, including, by way of example and not limitation, to 
labor difficulties, delays of vendors or carriers, fires, governmental act ions, or shortages of material, 
components, labor, or manufacturing facilities.  Any delays so occasioned shall affect a 
corresponding extension of Seller's performance dates, which are, in any event, understood to be 
approximate.  IN NO EVENT SHALL BUYER BE ENTITLED TO INCIDENTAL OR 
CONSEQUENTIAL DAMAGES FOR LATE PERFORMANCE OR FOR A FAILURE TO PERFORM.  
Seller reserves the right to make partial shipments and to ship products, parts or work which may be 
completed prior to the scheduled performance date.    
C.  In the event that Seller has agreed to mount motors, turbines, gears, or other products which are 
not manufactured by Seller and which are not an integral part of Seller's manufactured product, and a 
delay in the delivery of such products to Seller occ urs that will cause a delay in Seller's performance 
date, Seller reserves the right to ship its product upon completion of manufacture and to refund an 
equitable portion of the amount originally included in the purchase price for mounting without 
incurring  liability for non -performance.   
D.  Seller reserves to itself the right to change its specifications, drawings and standards if such 
changes will not impair the performance of its products, and parts, and further those products , and 
parts, will meet any of Buyer's specifications and other specific product requirements which are a part 
of this agreement.  Seller is  a global supplier of products and utilizes parts and products obtained 
worldwide, and Seller's products supplied under this contract shall be s ubject to Seller's sole 
determination as to all manufacturing, sourcing, assembly and supply unless otherwise specifically 
agreed in writing.  
E.  The manufacture and inspection of products and parts shall be to Seller's Engineering and Quality 
Assurance standards, plus such other inspections or tests of documentation as are specifically 
agreed to by Seller.  Requirements for any additional inspection, tests, documentation, or Buyer 
witness of manufacture, test, and/or inspection shall be subject to addition al charges.    
4. TITLE AND RISK OF LOSS    
Title and risk of loss shall pass to buyer upon delivery of products at the designated "Ex Works" as 
defined by Incoterms, unless other wise agreed by the parties.  
5. EROSION AND CORROSION    
It is specifically unde rstood that products and parts sold hereunder are not warranted for 
operation with erosive or corrosive fluids  or for operation with any fluid or under��any operating��
condition in variance with the specifications of this contract .��No product or part shall b e deemed 
to be defective by reason of failure to resist erosive or corrosive action of any fluid and Buyer 
shall have no claim whatsoever against Seller therefore.   No product shall be deemed defective 
by reason of any effect on Seller's products of the action or results (such as vibration) of any 
goods or system (such as piping) not supplied by Seller.             

 
6. BUYER’S RESPONSIBILITY  
The design specifications of the equipment require the operation of the equipment within certain 
parameters and m ay call for the use of speed controls, safety devices, set points or other control devices 
to insure that the operation remains within design parameters. Buyer agrees and understands that the 
equipment must be operated and maintained within design specific ations and operated within the 
specifications of the contract, irrespective of whether controls or devices are otherwise required.   
7.  WARRANTY AND LIMITATION OF LIABILITY.   
A. Seller warrants only that its product and parts, when shipped, will be free fr om defects in materials and 
workmanship. All claims for defective products or parts under this warranty must be made in writing 
immediately upon discovery and, in any event, within two (2) years of shipment by seller and all claims for 
defective work must be made in writing immediately upon discovery.  Defective items must be held for 
Seller's inspection and returned to the sellers’ point of original shipment upon request.  
ANY UNAUTHORIZED DISSASSEMBLY, ALTERATION OF OR TAMPERING WITH ANY PRODUCT OR 
COMPONENT MAY "VOID" THE WARRANTY, IN THAT SUCH ACTION WILL RESULT IN SELLER 
BEING RELEASED AND RELIEVED  FROM ITS OBLIGATIONS UNDER THIS WARRANTY AND FOR 
ANY FURTHER COSTS OR ACTIONS UNDER CLAUSE 7.C, FOLLOWING, AND THE BUYER 
ASSUMING SOLE RESPONSIBILITY FOR THE  COSTS AND RESULTS OF SUCH ACTION. 
THE FOREGOING IS EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES WHATSOEVER, 
EXPRESS, IMPLIED AND STATUTORY, INCLUDING WITHOUT LIMITATION, THE IMPLIED, 
WARRANTIES OF MERCHANTABILITY AND FITNESS.   
B.  ANY PRODUCT (S) SOLD HEREU NDER WHICH ARE NOT MANUFACTURED BY SELLER ARE 
NOT WARRANTED BY SELLER and shall be covered only by the express warranty, if any, of the 
manufacturer thereof.  With respect to products and parts not manufactured by Seller, Seller's only 
obligation shall be to assign to Buyer, to the extent possible, whatever warranty Seller obtains from the 
manufacturer.  
C.  Upon Buyer's submission of a claim as provided above and its substantiation, Seller shall at its option 
either (i) repair or replace its product, part o r work at the original place of shipment, or (ii) refund an 
equitable portion of the purchase price.    
D. THE FOREGOING IS SELLER'S ONLY OBLIGATION AND BUYER'S EXCLUSIVE REMEDY FOR 
BREACH OF WARRANTY AND, EXCEPT FOR THE REMEDIES PERMITTED UNDER THE 
PERFORMANCE, INSPECTION AND ACCEPTANCE AND THE PATENTS CLAUSES HEREOF, THE 
FOREGOING IS BUYER EXCLUSIVE REMEDY AGAINST SELLER FOR ALL CLAIMS ARISING 
HEREUNDER OR RELATING HERETO WHETHER SUCH CLAIMS ARE BASED ON BREACH OF 
CONTRACT, TORT (INCLUDING NEGLIGENCE OR S TRICT LIABILITY) ,��INDEMNITY  OR OTHER 
THEORIES.  BUYER'S FAILURE TO SUBMIT A CLAIM AS PROVIDED ABOVE SHALL SPECIFICALLY 
WAIVE ALL CLAIMS FOR DAMAGES OR OTHER RELIEF, INCLUDING BUT NOT LIMITED TO CLAIMS 
BASED ON LATENT DEFECTS.  IN NO EVENT SHALL BUYER BE ENTITLED TO INDIRECT, 
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, NOR FOR DAMAGES FOR LOSS OF USE, 
LOST PROFITS OR REVENUE, INTEREST, LOST GOODWILL, WORK OR PRODUCTION STOPPAGE, 
IMPAIRMENT OF OTHER GOODS, INCREASED EXPENSES OF OPERATION, OR THE COST OF 
PURCHASING REPLACEMENT POWER OR OTHER SERVICES BECAUSE OF SERVICE 
INTERRUPTIONS.  FURTHERMORE, IN NO EVENT SHALL SELLER'S TOTAL LIABILITY FOR 
DAMAGES OF BUYER EXCEED THE PURCHASE PRICE OF THE PRODUCTS OR PARTS 
MANUFACTURED BY SELLER AND UPON WHICH SUCH LIABILITY IS BASED.  ANY ACTION 
ARISING HEREUNDER RELATED HERETO, WHETHER BASED ON BREACH OF CONTRACT, TORT 
(INCLUDING NEGLIGENCE) OR OTHER THEORIES, MUST BE COMMENCED WITHIN ONE (1) YEAR 
AFTER THE CAUSE OF ACTION ACCRUES OR IT SHALL BE BARRED.   
8. PURCHASER’S R EPRESENTATIONS & WARRANTIES  
Purchaser represents and warranties that the products(s) covered by this contract shall not be used in or in 
connection with a nuclear facility or application. The parties agree that this representation and warranty is 
material and is being relied on by seller. This provision may be modified in a separate writing signed by an 
officer of Price Pump Co.  
9.  PATENTS   
Seller agrees to assume the defense of any suit for infringement of any patents brought against Buyer to 
the extent of such suit charges infringement of an apparatus or product claim by Seller's product in and of 
itself, provided (i) said product is built entirely to Seller's design, (ii) Buyer notifies Seller in writing of the 
filing of such suit within ten (10) days a fter the service of process thereof, and (iii) Seller is given complete 
control of the defense of such suit, including the right to defend, settle and make changes in the product for 
the purpose of avoiding infringement of any process or method claims.  Pr ovided however, Seller will not 
defend any suit for infringement of a claimed patent where such alleged infringement is the result of 
following specific instruction furnished by Seller.   
10.  EXTENT OF SUPPLY    
Only products as listed in Seller's proposal  are included in this agreement.  It must not be assumed that 
Seller has included anything beyond same.   
11.  MANUFACTURING SOURCES   
To maintain delivery schedules, Seller reserves the right to have all or any part of the Buyer's order 
manufactured at an y of Sellers’, sellers’ licensees or sub contractors’ plants, globally.   
12.  TERMS OF PAYMENT    
Net 30 days from date of invoice . 
13.  ARBITRATION  
In the event a dispute arises between the parties relating to or arising out of this agreement, the parties  
agree to attempt to have their senior management amicably settle the matter. In the event that the matter 
cannot be settled, the parties shall submit all disputes relating to this Agreement (whether contract, tort, 
products liability or otherwise) to binding Arbitration before a panel of arbitrators under the Commercial 
Dispute Resolution Procedures of the American Arbitration Association.  Each party shall appoint an 
arbitrator and the third shall be selected in accordance with the rules of the American A rbitration 
Association. Judgment upon the award may be entered in any court having jurisdiction.  The parties shall 
cooperate in providing reasonable disclosure of relevant documents. Each party shall bear its own 
expenses, and the costs and fees of the ar bitration shall be borne as allocated by the Arbitrator. 

Effective June 2007 Price® Pump Company, 21775 Eighth St. East, Sonoma, CA 95476 USA  
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4 ProMinent®

1 Aufbau

Die Funktionen des Mehrfunktionsventils werden durch je eine
federbelastete Membran erzeugt. Es ist je ein Entlastungs-
mechanismus für die Druckhalte-Funktion und für die Überdruck-
funktion vorgesehen.

2 Funktionsbeschreibung

Funktionen

- Erzeugung eines definierten Gegendruckes bei Dosierung
gegen freien Auslauf.
Das Aufheben dieser Funktion erfolgt durch Drehen am
schwarzen Drehknopf im Uhrzeigersinn (1).

- Verhindern von Durchhebern aus dem Vorratsgebinde bei
Unterdruck an der Dosierstelle.
Das Aufheben dieser Funktion erfolgt durch Drehen am
schwarzen Drehknopf im Uhrzeigersinn (1).

ACHTUNG

€ Multifunktionsventile sind keine absolut dicht schließende
Absperrorgane.

Wenn absolut kein Dosiermedium zur Dosierstelle gelangen darf,
so ist ein zusätzliches Absperrorgan saugseitig der Pumpe
vorzusehen.

Aufbau / Funktionsbeschreibung

Abb. zeigt Mehrfunktions-
ventil Grösse I

1

2
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 5ProMinent®

- Ansaughilfe bei der Inbetriebnahme der Pumpe gegen Druck.
Das Lösen der Druckleitung ist nicht erforderlich.
Dies erfolgt durch Drehen am roten Drehknopf (2).

ACHTUNG

€ An der Dosierstelle muß ein Rückschlagventil installiert
werden, da bei der Betätigung des Ventils der gesamte
Inhalt der Anlage über den Bypass zurückfließen kann.

- Entlastung der Dosierleitung bei Stillstand der Anlage
(z.B. Reparatur). Dies erfolgt durch Drehen am roten
Drehknopf (2).

- Überströmventil zum Schutz der Anlage gegen unzulässigen
Überdruck, der von der Dosierpumpe verursacht wird. Rück-
führung über eine Bypassleitung. Diese Funktion erfolgt
automatisch.

Funktionsbeschreibung

�8�P�������ƒ���J�H�G�U�H�K�W���J�H�]�H�L�F�K�Q�H�W�8�P�������ƒ���J�H�G�U�H�K�W���J�H�]�H�L�F�K�Q�H�W

2

Um 90��

gedreht gezeichnet

1
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6 ProMinent®

3 Bestimmungsgemäßer Gebrauch

Bestimmungsgemäßer Gebrauch

Schutz der Dosierleitung vor unzulässigem Überdruck, der durch
die Dosierpumpe erzeugt wird, wenn ein in der Dosierleitung
befindlicher Absperrhahn geschlossen wird.

€ Das Multifunktionsventil darf nicht verwendet werden zum
Schutz der Dosierleitung vor unzulässigem Überdruck, der
andere Ursachen hat als der von der Dosierpumpe erzeugte
Druck.

€ Das Ventil darf nicht  als Absperrorgan verwendet werden.

4 Montage / Installation

Sicherheitsanforderung, Sicherheitshinweise

ACHTUNG

€ Bei druckbeaufschlagten Systemen muss an der Dosier-
stelle ein Rückschlagventil installiert sein, da sonst bei
Betätigung des Ventils der gesamte Inhalt der Anlage über
den Bypass zurückfließen kann.

€ Die Bypassleitung muß immer angeschlossen sein, da es
beim Betrieb des Ventils nahe der Überdruckfunktion zu
einem minimalen Überströmen in die Bypassleitung
kommen kann.

€ Multifunktionsventile sind keine absolut dicht schließenden
Absperrorgane!

Montagebeschreibung mechanisch/hydraulisch

Das Mehrfunktionsventil wird direkt auf den Druckanschluß der
Pumpe aufgeschraubt. Das Ventil kann um 360�� gedreht und
ausgerichtet werden.

Abgangsseitig wird mittels Anschlußset bzw. GF-Verschraubung
die Dosierleitung bzw. Dosierschlauch befestigt. Werkseitig ist in
der O-Ringnut am Abgang ein EPDM O-Ring eingelegt. Für
Anwendungen, bei denen EPDM nicht beständig ist, wird die
Montage eines Viton® B O-Rings empfohlen. Dieser O-Ring
(bräunlich) ist dem Ventil beigelegt.

Die Bypassleitung wird in den Vorratsbehälter zurückgeführt.
Befestigung über Schlauchtülle und Überwurfmutter.

Bestimmungsgemäßer Gebrauch  / Montage/Installation

�(������������
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5 Betrieb / Bedienung

ACHTUNG

€ Die Bypassleitung muß immer angeschlossen sein, da es
beim Betrieb des Ventils nahe der Überdruckfunktion zu
einem minimalen Überströmen in die Bypassleitung
kommen kann.

€ Multifunktionsventile sind keine absolut dicht schließenden
Absperrorgane!

Bedienung und Einstellung
Ansaughilfe

Durch Drehen des roten Drehknopfes (2) in Pfeilrichtung (Uhrzeiger-
sinn) wird der Weg zum Bypass frei. Das Medium fließt in den
Vorratsbehälter zurück.

HINWEIS

€ Dabei wird auch die Druckleitung teilweise entlastet und es
kann Flüssigkeit am Bypass austreten.

Die ProMinent Dosierpumpe ist jetzt auf ŒAnsaugenŽ zu stellen
(s. hierzu auch Betriebsanleitung der Pumpe), bis Flüssigkeit in der
Bypassleitung sichtbar wird.

Die Pumpe hat angesaugt und kann in Betrieb genommen werden.
Nach dem Loslassen des roten Drehknopfes (2) geht dieser
selbständig in die Ausgangsstellung zurück.

Entlastung der Druckleitung

Durch Herausdrehen des roten Drehknopfes (2) und des schwarzen
Drehknopfes (1) im Uhrzeigersinn wird der Weg von der Druck-
leitung zum Bypass frei. Wird nur der rote Drehknopf (2) betätigt, so
fällt der Druck in der Leitung auf ca. 1,5 bar ab.

Die beiden Knöpfe müssen solange herausgedreht bleiben, bis
keine Flüssigkeit mehr an der Bypassöffnung austritt bzw. keine
Flüssigkeit mehr in den Vorratsbehälter zurückfließt. Die Dosier-
leitung ist jetzt druckentlastet. Nach dem Loslassen der beiden
Drehknöpfe, drehen sich beide wieder selbständig in ihre Aus-
gangsstellung zurück.

Betrieb / Bedienung
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Technische Daten / Bestellhinweise

Technische Änderungen vorbehalten.

6 Technische Daten / Bestellhinweise

Mediumberührte Werkstoffe

Ventilkörper PVDF
Membrane PTFE-beschichtet
Dichtungen Viton® oder EPDM
Adapter bei Größe III PVC

Viton® ist ein eingetragenes Warenzeichen von
DuPont Dow Elastomers.

Typ Best. Nr. Überström- Anschluß- Bypass-
Öffnungsdruck* größe Anschluß

Größe I 792011.9 16 bar 6-12 mm   6/4 mm

Größe I 791715.6 10 bar 6-12 mm   6/4 mm

Größe I 1005745   6 bar 6-12 mm   6/4 mm

Größe II 792203.4 10 bar 6-12 mm 12/9 mm

Größe II 740427.0   6 bar 6-12 mm 12/9 mm

Größe III 792215.6 10 bar DN 10 12/9 mm

* Der hier angegebene Überström-Öffnungsdruck ist der Druck, bei dem das Ventil zu öffnen
beginnt. Je nach Pumpentyp kann der Druck bis zum vollständigen Öffnen des Ventils um bis zu
50 % höher liegen.

Einsatzbereich

Größe I CONCEPT, Pneumados und Beta® 4: alle Typen
gamma/ L: Typ 1000, 1601, 1602, 1005, 0708, 0413, 0220

und 1605

Größe II alle Typen unter Größe I
Beta® 5: Typ 1008, 0713, 0420 und 0232
gamma/ L: Typ 1008, 0713, 0420 und 0232

Größe III Sigma/ 1 mit Anschlussgewinde DN 10

�(������������
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1 Design

Each of the functions of the multi-function valve is produced by a
spring-loaded diaphragm. The valve features a pressure relief
mechanism for both the pressure retaining function as well as for
the pressure relief function.

2 Functional Description

Functions

- Producing a defined backpressure for metering with respect to
free outlet.
Turn the black rotary knob clockwise (1) to disable this function.

- Prevents lift-through from the supply vessel in the case of
vacuum at the metering point.
Turn the black rotary knob clockwise (1) to disable this function.

IMPORTANT

€ Multi-function valves are not intended to act as fully sealing
stop taps.

If it is imperative that no metering chemical reaches the metering
point, fit an additional stop cock to the suction side of the pump.

Design / Functional Description

Fig. shows the
multi-function valve, Size I

1

2
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 11ProMinent®

- Intake aid to prevent pressure when starting up pumps. It is not
necessary to release the delivery line.
Turn the red rotary knob (2) for this purpose.

IMPORTANT

€ A non-return valve must be installed at the metering point
since the entire content of the system can flow via the
bypass when the valve is operated.

- Depressurizing the metering line when the relevant system is at
a standstill (e.g. repairs). Turn the red rotary knob (2) for this
purpose.

- Overflow valve to protect the system from impermissible
overpressure caused by the metering pump. Return flow via a
bypass line. This function operates automatically.

Functional Description

1
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12 ProMinent®

3 Use for Intended Purpose

Use for Intended Purpose

To protect the metering line from impermissible overpressure
caused by the metering pump when a stop cock valve is
connected in the metering line.

€ The multi-function valve may not be used to protect the
discharge line from inadmissible excess pressure caused by
anything other than the pressure generated by the metering
pump.

€ The valve must not  be used as a shut-off.

4 Mounting / Installation

Safety Requirements, Notes on Safety

IMPORTANT

€ Pressurised systems must have a non-return valve fitted at
the metering point because the entire contents of the
system can flow back via the bypass when the valve is
operated.

€ The bypass line must always be connected since minimum
overflow into the bypass line can occur during operation of
the valve close to the pressure relief function.

€ Multi-function valves are not intended to act as fully sealing
stop taps!

Mounting Description, Mechanical/Hydraulic

The multi-function valve is screwed directly on to the pressure
connection of the pump. The valve can be turned and aligned
through 360��.

The metering line or metering hose is secured on the outlet end by
means of a connection set or GF screw fitting. An EPDM O-ring is
fitted at the factory in the O-ring groove at the outlet. For applica-
tions in which EPDM is not suitable, it is advisable to fit a Viton B
O-ring. This O-ring (brown) is supplied together with the valve.

The bypass line is routed into the supply vessel. It is secured by
means of a hose grommet and union nut.

Use for Intended Purpose / Mounting/Installation
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5 Operation

IMPORTANT

€ The bypass line must always be connected since minimum
overflow into the bypass line can occur during operation of
the valve close to the pressure relief function.

€ Multi-function valves are not intended to act as fully sealing
stop taps!

Operation and Setting
Intake Aid

Turn the red rotary knob (2) in the direction of the arrow (clockwise)
to open the way to the bypass. The medium flows back into the
supply tank.

NOTE

€ In this case, the delivery line is partly depressurized and
liquid can flow out of the bypass.

The ProMinent metering pump must now be set to •intake• (refer to
pump operating instructions) until liquid can be seen in the bypass
line.

The pump is now primed and ready for use. After being released,
the red rotary knob (2) reverts of its own accord back to its initial
position.

Depressurizing the Delivery Line

The passage from the delivery line to the bypass is cleared by
turning the red rotary knob (2) and the black rotary knob (1). The
pressure drops in the line to approx. 1.5 bar if only the red rotary
knob (2) is turned.

Both knobs must remain unscrewed until no more liquid flows out
of the bypass line or no more liquid flows back into the supply
tank. The metering line is now depressurized. Once released, both
rotary knobs turn of their own accord back to their initial position.

Operation

�(������������
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Technical Data / Ordering Notes

Subject to technical modifications.

6 Technical Data / Ordering Notes

Materials in Contact with Medium

Valve housing PVDF
Diaphragm PTFE-coated
Seals Viton® or EPDM
Adapter for size III PVC

Viton® is a registered trademark of DuPont Dow Elastomers.

Type Order No. Overflow opening Connection Bypass
pressure* size connection

Size I 792011.9 16 bar 6-12 mm   6/4 mm

Size I 791715.6 10 bar 6-12 mm   6/4 mm

Size I 1005745   6 bar 6-12 mm   6/4 mm

Size II 792203.4 10 bar 6-12 mm 12/9 mm

Size II 740427.0   6 bar 6-12 mm 12/9 mm

Size III 792215.6 10 bar DN 10 12/9 mm

* The overflow opening pressure stated here is the pressure at which the valve starts to open.
Depending on the pump type, the pressure may be higher up to 50 % until complete opening of
the valve.

Operating range

Size I CONCEPT, Pneumados and Beta® 4: all types
gamma/ L: type 1000, 1601, 1602, 1005, 0708, 0413, 0220

and 1605

Size II all types below size I
Beta® 5: type 1008, 0713, 0420 and 0232
gamma/ L: type 1008, 0713, 0420 and 0232

Size III Sigma/ 1 with threaded connection DN 10

�(������������
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Sommaire

Veuillez lire en premier lieu entièrement ce mode
d•emploi. Ne surtout pas le jeter ! En cas de dommages
occasionnés par des erreurs d•utilisation, il y a
automatiquement perte du droit de garantie !

Page

1 Structure ............................................................................................  16

2 Description fonctionnelle ................................................  16

3 Utilisation conforme ..............................................................  18

4 Montage / Installation .........................................................  18

5 Mise en service ...........................................................................  19

6 Caractéristiques techniques /
Remarques concernant la commande ..............  20

�(������������



16 ProMinent®

1 Structure

Les fonctionnalités de la vanne multifonctions sont générées à
chaque fois par une membrane équipée d•un ressort. Un
mécanisme de décharge est prévu pour la fonction de maintien en
pression et pour la fonction de surpression.

2 Description fonctionnelle

Fonctionnalités

- Génération d•une contre-pression définie pour un dosage contre
une sortie libre.
Cette fonction peut être arrêtée en tournant le bouton rotatif noir
en sens horaire (1).

- Eviter les coups de siphon du réservoir en présence d•un vide
au point de dosage.
Cette fonction peut être arrêtée en tournant le bouton rotatif noir
en sens horaire (1).

ATTENTION

€ Les vannes multifonctions ne sont pas des organes d•arrêt
à fermeture absolument étanche.

Si aucune quantité de fluide ne doit parvenir au point de dosage, il
faut prévoir un organe d•arrêt supplémentaire côté aspiration de la
pompe.

Structure / Description fonctionnelle

L•illustration montre une
vanne multifonctions taille I

1

2
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 17ProMinent®

- Dispositif auxiliaire d•aspiration pour la mise en service de la
pompe contre pression. Pas besoin de desserrer le tuyau de
refoulement.
Tourner à cet effet le bouton rotatif rouge (2).

ATTENTION

€ Un clapet anti-retour doit être installé au point de dosage
étant donné qu•en actionnant la vanne, le contenu total de
l•installation est susceptible de recouler via la dérivation.

- Décharge de la conduite de dosage à l•arrêt de l•installation
(réparation par exemple). Tourner à cet effet le bouton rotatif
rouge (2).

- Soupape de décharge pour protéger l•installation contre une
surpression inadmissible provoquée par la pompe doseuse.
Retour via une conduite de dérivation (bypass). Cette fonction
s•exécute automatiquement.

Description fonctionnelle

1

�8�P�������ƒ���J�H�G�U�H�K�W���J�H�]�H�L�F�K�Q�H�W�8�P�������ƒ���J�H�G�U�H�K�W���J�H�]�H�L�F�K�Q�H�W

2

représentation

tourné de 90��

�(������������



18 ProMinent®

3 Utilisation conforme

Utilisation conforme

Protection de la conduite de dosage contre une surpression non
autorisée, générée par la pompe doseuse après la fermeture d•un
robinet d•arrêt monté dans la conduite de dosage.

€ La vanne multifonctions ne doit pas être utilisée pour la protection
de la conduite de dosage contre une surpression inadmissible
ayant d•autres causes que la pression générée par la pompe
doseuse.

€ La vanne ne doit pas  être utilisée en tant qu•organe d•arrêt.

4 Montage / Installation

Exigences concernant la sécurité,
consignes de sécurité

ATTENTION

€ Lors d•injection dans un système sous pression, un clapet
anti-retour doit être installé au point de dosage sinon un
retour de flux est susceptible d•être refoulé via le bypass de
la vanne multifonctions lorsque celle-ci est actionnée.

€ La conduite de bypass doit toujours être raccordée.
Lorsque la pression d•exploitation de la pompe est proche
de la pression de décharge de la vanne, il se peut qu•un peu
de produit s•écoule du raccord de bypass.

€ Les vannes multifonctions ne sont pas des organes d•arrêt
à fermeture absolument étanche.

Description du montage de l•installation
mécanique/hydraulique

La vanne multifonctions se visse directement sur le raccord de
refoulement de la pompe. La vanne peut être tournée et alignée
de 360��.

Côté sortie, il convient de fixer le tuyau ou resp. la conduite de
dosage au moyen du lot de raccordement ou via un raccord vissé
GF. Un joint torique en EPDM est posé départ usine dans la rainure
du joint torique en sortie. En cas d•utilisations pour lesquelles
l•EPDM ne serait pas résistant, nous recommandons le montage
d•un joint torique en Viton B. Ce joint torique (brunâtre) est joint à la
vanne.

La conduite de dérivation est ramenée dans le réservoir. Elle est
fixée par un embout de tuyau flexible et un écrou-raccord.

Utilisation conforme / Montage/Installation
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5 Mise en service / Commande

ATTENTION

€ La conduite bypass doit toujours être raccordée étant
donné qu•en cas d•exploitation de la vanne à proximité de
la fonction de surpression, un débordement minimal est
susceptible de se produire dans la conduite de dérivation.

€ Les vannes multifonctions ne sont pas des organes d•arrêt
à fermeture absolument étanche.

Commande et réglage
Dispositif auxiliaire d•aspiration

Tourner le bouton rotatif rouge (2) dans le sens de la flèche (sens
horaire) pour dégager la voie vers le (bypass). Le milieu s•écoule de
nouveau dans le réservoir.

REMARQUE

€ Ce faisant, la conduite de refoulement est partiellement
déchargée et du liquide peut sortir du bypass.

Dès à présent, commuter la pompe doseuse ProMinent ® sur
ŒAmorçage• (voir à cet effet également le mode d•emploi de la
pompe), jusqu'à ce que du liquide devienne visible dans la
conduite de dérivation.

La pompe s•est amorcée et peut être mise en service. En laissant
revenir le bouton rotatif rouge (2), celui-ci reprend automatiquement
sa position d'origine.

Décharge de la conduite de refoulement

En sortant le bouton rotatif rouge (2) et le bouton rotatif noir (1)
par rotation dans le sens des aiguilles d•une montre, le parcours
allant de la conduite de refoulement vers le bypass est libéré. En
actionnant uniquement le bouton rotatif rouge (2), la pression dans
la conduite tombe à 1,5 bar environ.

Les deux boutons doivent demeurer tournés jusqu•à ce que plus
aucun liquide ne sorte de l•ouverture du bypass ou que plus aucun
liquide ne soit refoulé dans le réservoir. La conduite de dosage est
maintenant hors pression. En relâchant les deux boutons rotatifs,
ceux-ci se remettent à tourner automatiquement sur leur position
d•origine.

Mise en service/Commande
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Caractéristiques techniques/Remarques concernant la commande

Sous réserve de modifications.

6 Caractéristiques techniques /
Remarques concernant la commande

Matériaux en contact avec le milieu

Corps de la vanne PVDF
Membranes revêtues de PTFE
Joints Viton® ou EPDM
Adapteur taille III PVC

Viton® est une marque déposée de DuPont Dow Elastomers.

Type Nº de commande Pression d•ouverture Grandeur de Raccord
de décharge* raccordement bypass

taille I 792011.9 16 bar 6-12 mm   6/4 mm

taille I 791715.6 10 bar 6-12 mm   6/4 mm

taille I 1005745   6 bar 6-12 mm   6/4 mm

taille II 792203.4 10 bar 6-12 mm 12/9 mm

taille II 740427.0   6 bar 6-12 mm 12/9 mm

taille III 792215.6 10 bar DN 10 12/9 mm

* La pression d•ouverture de décharge indiquée ici constitue la pression à laquelle la vanne
commence à s•ouvrir. En fonction du type de pompe, la pression jusqu•à l•ouverture complète de
la vanne peut être jusqu•à 50 % plus élevée.

Domaine d•utilisation

taille I CONCEPT, Pneumados et Beta® 4: tous types
gamma/ L: type 1000, 1601, 1602, 1005, 0708, 0413, 0220

et 1605

taille II tous types inférieurs à la taille I
Beta® 5: type 1008, 0713, 0420 et 0232
gamma/ L: type 1008, 0713, 0420 et 0232

taille III Sigma/ 1 avec taraudage de raccordement DN 10
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1 Principio de funcionamiento

Las funciones de la válvula multifuncional son generadas, en cada
caso, por una membrana sometida a la presión de un muelle. Están
previstos un mecanismo de descarga para la función de
mantenimiento de la presión y otro para la de sobrepresión.

2 Características funcionales

Funciones

- Generar una contrapresión definida en la dosificación a salida
libre.
La supresión de esta función se realiza girando el botón giratorio
negro en sentido horario (1).

- Evitar el "efecto sifón" desde el depósito dosificador en caso de
presión negativa en el punto de dosificación.
La supresión de esta función se realiza girando el botón giratorio
negro en sentido horario (1).

ATENCIÓN

€ Las valvulas multifuncionales no son órganos de cierre
absolutamente herméticos.

Si no debe llegar absolutamente ningún medio de dosificación al
punto de dosificación debe instalarse un órgano de cierre adicional
en el lado de aspiración de la bomba.

Principio de funcionamiento / Características funcionales

La ilustración muestra
la válvula multifuncional
tamaño I

1

2
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ATENCIÓN

€ En el punto de dosificación se debe instalar una válvula de
retención, ya que al operar la válvula, todo el contenido de
la instalación puede refluir a través de la derivación.

- Descargar el tubo de dosificación cuando la instalación esté
parada (p.ej. por motivos de reparación). Esto se realiza girando
el botón giratorio rojo (2).

- Válvula de seguridad para proteger la instalación contra
sobrepresiones inadmisibles generadas por la bomba
dosificadora. Retorno a través de un tubo de derivación. Esta
función es automática.

- Ayudar en la aspiración en la puesta en servicio de la bomba
contra presión. No es necesario aflojar el tubo de presión.
Esto se realiza girando el botón giratorio rojo (2).

Características funcionales

1
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3 Uso conforme a los fines previstos

Uso conforme a los fines previstos

Protección del tubo dosificador contra sobrepresiones inadmisibles
generadas por la bomba dosificadora al cerrar una llave de
retención ubicada en el tubo dosificador.

€ La válvula multifuncional no debe utilizarse para protección de
la tubería de dosificación contra sobrepresión indebida, que
tiene otras causas que la presión generada por la bomba
dosificadora.

€ La válvula no debe ser empleada como órgano de cierre.

4 Montaje / Instalación

Requisitos e indicaciones de seguridad

ATENCIÓN

€ En sistemas presurizados debe estar instalada una válvula
antirretorno en los puntos de dosificación, ya que de lo
contrario, al operarse la válvula todo el contenido de la
instalación puede refluir a través de la derivación.

€ El tubo de derivación debe mantenerse siempre conectado,
ya que al operar la válvula cerca de la función de sobre-
presión es posible que rebase una pequeña cantidad de
líquido hacia el tubo de derivación.

€ Las válvulas multifuncionales no son órganos de cierre
absolutamente herméticos.

Descripción del montaje mecánico / hidráulico

La válvula multifuncional se enrosca directamente en la conexión
de presión de la bomba. La válvula tiene un giro de 360 �� y puede
orientarse según conveniencia.

En el lado de salida, se fija el tubo o conducto dosificador
mediante un juego de conexiones o bien la unión roscada GF. En la
ranura anular en O del lado de salida, viene colocada de fábrica
una junta toroidal de EPDM. Para las aplicaciones en las que el
EPDM no sea resistente a los líquidos utilizados, se recomienda el
montaje de una junta toroidal de Viton B. Esta junta toroidal (de
color marrón) viene adjunta a la válvula.

El tubo de derivación se lleva nuevamente al depósito dosificador.
Fijarlo mediante boquilla portatubo y tuerca de racor.

Uso conforme a los fines previstos / Montaje/Instalación
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5 Operación / Manejo

ATENCIÓN

€ El tubo de derivación debe mantenerse siempre conectado,
ya que al operar la válvula cerca de la función de sobre-
presión es posible que rebase una pequeña cantidad de
líquido hacia el tubo de derivación.

€ Las válvulas multifuncionales no son órganos de cierre
absolutamente herméticos.

Operación y puesta a punto
Ayuda en la aspiración

Mediante giro del botón giratorio rojo (2) en la dirección de la flecha
(sentido horario) queda libre la vía al bypass. El líquido a dosificar
retorna al depósito dosificador.

NOTA

€ Se produce una descarga parcial del tubo de presión, por lo
que puede salir líquido en la derivación.

La bomba dosificadora ProMinent debe ponerse entonces en
"aspirar" (véase tambièn al respecto las instrucciones de servicio
de la bomba), hasta que aparezca líquido en el tubo de derivación.

La bomba ha aspirado y puede ser puesta en marcha. Al soltar el
botón giratorio rojo (2), éste retorna automáticamente a la posición
inicial.

Descarga del tubo de presión

Girando hacia fuera el botón giratorio rojo (2) y el botón giratorio
negro (1) en el sentido de las agujas del reloj, queda libre el recorrido
de la tubería de impulsión hasta el bypass. Si sólo es accionado el
botón giratorio rojo (2), la presión en la tubería bajará hasta 1,5 bar,
aproximadamente.

Ambos mandos deben permanecer en esa posición hasta que ya
no salga líquido por el orificio de derivación ni que retorne líquido
al depósito dosificador. El tubo de dosificación está entonces
descargado de presión. Al soltar los dos mandos giratorios, éstos
retornan automáticamente a su posición inicial.

Operación/Manejo
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Características técnicas/Instrucciones para el pedido

Sujeto a modificaciones técnicas.

6 Características técnicas /
Instrucciones para el pedido

Materiales empleados para los elementos en
contacto con el líquido a dosificar

Cuerpo de válvula PVDF
Membrana revestida de Teflón
Juntas Viton® o EPDM
Pieza de ajuste para tamaño III PVC

Viton® es una marca registrada de DuPont Dow Elastomers.

Tipo No. de ref. Presión de apertura Tamaño de Conexión de
de rebose* conexión derivación

Tamaño I 792011.9 16 bar 6-12 mm   6/4 mm

Tamaño I 791715.6 10 bar 6-12 mm   6/4 mm

Tamaño I 1005745   6 bar 6-12 mm   6/4 mm

Tamaño II 792203.4 10 bar 6-12 mm 12/9 mm

Tamaño II 740427.0   6 bar 6-12 mm 12/9 mm

Tamaño III 792215.6 10 bar DN 10 12/9 mm

* La presión de apertura de rebose indicada aquí es la presión a la que empieza a abrirse la válvula.
Según el tipo de bomba, la presión hasta la apertura total de la válvula puede ser hasta el 50 %
mayor.

Aplicaciones

Tamaño I CONCEPT, Pneumados y Beta® 4: todos los tipos
gamma/ L: tipo 1000, 1601, 1602, 1005, 0708, 0413, 0220

y 1605

Tamaño II todos los tipos bajo tamaño I
Beta® 5: tipo 1008, 0713, 0420 y 0232
gamma/ L: tipo 1008, 0713, 0420 y 0232

Tamaño III Sigma/ 1 con rosca de unión DN 10

�(������������
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Anschriften- und Liefernachweise durch den Hersteller /
Addresses and delivery through manufacturer /
Adresses et liste des fournisseurs fournies par le constructeuer /
Para informarse de las direcciones de los distribuidores, dirigirse al fabricante:

ProMinent Dosiertechnik GmbH
Im Schuhmachergewann 5-11 · 69123 Heidelberg
Germany
Tel.: +49 6221 842-0
Fax: +49 6221 842-419
info@prominent.com · www.prominent.com
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������ �,�1�7�5�2�'�8�&�7�,�2�1

This and the following instruction address the more common situations encountered in motor
installation, operation and maintenance.  For the TWMC motor warranty to be and to remain in
effect, the motor must be installed and operated in strict accordance with the outline drawing,
motor nameplates and these instructions and must not be altered or modified in any unauthorized
manner.

During the installation and operation of motors in heavy industrial applications there is a danger of
live electrical parts and rotating parts.  Therefore to prevent injury and/or damage the basic
planning work for installation, transportation, assembly, operation, etc... needs to be done and
checked by authorized and competent personnel only.

Since these instructions cannot cover every eventuality of installation, operation and
maintenance, the following points should be considered and checked.

�” The technical data and information on permissible use such as assembly, connection,
ambient and operating conditions given in the related catalogue, operating instructions,
nameplates and other production documentation.

�” The general erection and safety regulations.

�” The local and plant-specific specifications and requirements.

�” The proper use of transport, lifting devices and tools.

�” The use of personal protective equipment.

Following indications should be observed when reading these instructions.

�6�D�I�H�W�\���L�Q�V�W�U�X�F�W�L�R�Q�V���D�U�H���P�D�U�N�H�G���D�V���I�R�O�O�R�Z�V��

�:�D�U�Q�L�Q�J���R�I���H�O�H�F�W�U�L�F���K�D�]�D�U�G�V���I�R�U���S�H�U�V�R�Q�Q�H�O��

�:�D�U�Q�L�Q�J���R�I���G�D�Q�J�H�U�V���I�R�U���S�H�U�V�R�Q�Q�H�O��

�$�7�7�(�1�7�,�2�1��
�:�D�U�Q�L�Q�J���R�I���G�D�P�D�J�H���I�R�U���W�K�H���P�R�W�R�U���R�U���L�Q�V�W�D�O�O�D�W�L�R�Q��

��
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������ �$�&�&�(�3�7�,�1�*�����,�1�6�3�(�&�7�,�2�1�����6�7�2�5�$�*�(�����7�5�$�1�6�3�2�5�7�$�7�,�2�1

�,�Q�V�S�H�F�W�L�R�Q���X�S�R�Q���U�H�F�H�L�S�W
Check to following points upon receipt:

�” Are the nameplate ratings identical with what you ordered?

�” Are dimensions and color in compliance with your specifications?

�” Are the nameplate ratings for space heater, thermal protector, temperature detector, etc.
identical with what you ordered?

�” Is there any damage?

�” Are all accessories and accompanying instruction manuals in good order?

�” Please ensure that the arrow head indicator really indicates direction of rotation.

�” If there are any specific requirements, please ensure they are in conformity with your
specifications.

�����������6�W�R�U�D�J�H
When motors are not in operation, the following precautionary measures should be undertaken to
assure best performance.

�����������3�O�D�F�H
(a) High and dry, well ventilated without direct sun, dust or corrosive gas.
(b) Not located near to a boiler or freezer.
(c) Entirely free form vibration and easy for movements.
(d) Motors should be put on pallets to prevent moisture.

�������������0�R�L�V�W�X�U�H���S�U�H�Y�H�Q�W�L�R�Q
Since moisture can be very detrimental to electrical components, the motor temperature should
be maintained about 3ºC above the dew point temperature by providing either external or internal
heat.  If the motor is equipped with space heaters, they should be energized at the voltage shown
by the space heater nameplate attached to the motor.  Incandescent light bulbs can be placed
within the motor to provide heat.  However, if used, they must not be allowed to come in contact
with any parts of the motor because of the concentrated hot spot that could result.

������
Even during storage, the insulation resistance should be kept above the specified values.

(a) For measurement of insulation resistance and acceptable standard values, please refer
to measures stated in 3.1.2 “Measurement of insulation resistance”.

(b) Insulation resistance test should be performed once every three months.

��
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������
If the motor is not in operation for a long period  (one week and above) after installation or has
been in operation but stopped for a period of time, the following precautions must be taken.

(a) Protect the motor as measures stated in 2.2.3.
(b) Insulation resistance test should be performed as stated in 2.2.4.

�������������%�H�D�U�L�Q�J���S�U�R�W�H�F�W�L�R�Q

(a) If the motor has been provided with a shaft shipping brace to prevent shaft movement
during transit, it must be removed before operating the motor.  It is very important that
this brace be re-installed exactly as it was originally, before the motor is moved form
storage or any time when the motor is being transported.  This prevents axial rotor
movement that might damage the bearings.

(b) Motors equipped with sleeve bearings are shipped from the factory with the bearing oil
reservoirs drained.  In storage, the oil reservoirs should be properly filled to the center of
the oil level gauge with a good grade of rust inhibiting oil.  To keep the bearing journals
well oiled and to prevent rusting, the motor shaft should be rotated several revolutions
about every month ensuring the shaft does not come to rest in its original position.  While
the shaft is rotating, it should be pushed to both extremes of the endplay.

(c) Motors with anti-friction bearings are properly lubricated with the correct grade of grease
at the factory and no further greasing is required in storage.  The shaft should be rotated
several revolutions about every month to maintain proper distribution of the grease within
the bearings.

(d) Tilt-pad bearings are a type of sleeve bearing used in special design applications.  Due to
the nature of this bearing, a loose oil ring for delivering lubricant cannot be provided.
Therefore, during the storage internal, oil must be periodically manually introduced into
the pads and housing to prevent the occurrence of oxidation of the precision machined
components.
(1) Remove the pipe plug from the bearing cap located above the tilt-bearing shell.
(2) Pour in approximately one cup of oil every month and rotate the shaft a few

revolutions about every two (2) weeks.
(3) For long periods of storage, the oil that accumulates in the housing should be

removed.

�$�7�7�(�1�7�,�2�1��
�&�D�U�H���V�K�R�X�O�G���E�H���W�D�N�H�Q���W�R���N�H�H�S���S�D�U�W�V���V�X�F�K���D�V���I�L�W�W�L�Q�J���V�X�U�I�D�F�H�V�����N�H�\�����V�K�D�I�W���H�[�W�H�Q�V�L�R�Q���D�Q�G���D�[�L�D�O
�F�H�Q�W�U�D�O���K�R�O�H���I�U�R�P���D�Q�\���F�R�O�O�L�V�L�R�Q���Z�L�W�K���I�R�U�H�L�J�Q���P�D�W�W�H�U�������*�U�H�D�V�H���V�K�R�X�O�G���D�O�V�R���E�H���J�H�Q�H�U�R�X�V�O�\
�D�S�S�O�L�H�G���W�R���S�U�H�Y�H�Q�W���U�X�V�W�L�Q�J��

�������������7�U�D�Q�V�S�R�U�W�D�W�L�R�Q
To keep the rotating parts of motors from moving, thus preventing damage and scratching during
transportation, they should be held securely with a locking device.   Remove all transit clamps
before operating the motor.  It is very important that this device be reinstalled exactly as it was
originally, before the motor is moved from storage or any time when the motor is being
transported.  The vertical mounting type motors should be transported in the vertical position.

��
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�'�R���Q�R�W���X�V�H���W�K�H���K�R�L�V�W�L�Q�J���K�R�R�N���H�\�H�E�R�O�W�V���W�R���O�L�I�W���P�R�U�H���W�K�D�W���W�K�H���P�R�W�R�U���L�W�V�H�O�I�������7�K�H�\���D�U�H
�G�H�V�L�J�Q�H�G���W�R���V�X�S�S�R�U�W���W�K�H���P�R�W�R�U���R�Q�O�\�������0�D�N�H���V�X�U�H���W�K�H���K�R�L�V�W�L�Q�J���K�R�R�N���L�V���F�R�U�U�H�F�W�O�\
�D�W�W�D�F�K�H�G���W�R���W�K�H���H�\�H�E�R�O�W���V�����O�X�J���V�����D�U�H���I�X�O�O�\���V�F�U�H�Z�H�G���L�Q���E�H�I�R�U�H���K�R�L�V�W�L�Q�J�������$�O�V�R���Q�R�W�H
�V�X�F�K���S�D�U�W�V���D�V���I�D�Q���F�R�Y�H�U�����Y�H�Q�W�L�O�D�W�L�R�Q���E�R�[�����E�U�D�F�N�H�W�����V�O�L�S���U�L�Q�J�����H�W�F�����P�D�\���K�D�Y�H���W�K�H�L�U���R�Z�Q
�K�R�L�V�W�L�Q�J���O�X�J�V���Z�K�L�F�K���F�D�Q���R�Q�O�\���F�D�U�U�\���W�K�H�L�U���R�Z�Q���Z�H�L�J�K�W�������1�R�W�K�L�Q�J���H�[�W�U�D���V�K�R�X�O�G���E�H
�D�W�W�D�F�K�H�G���Z�K�L�O�H���K�R�L�V�W�L�Q�J��
�'�R���Q�R�W���W�Z�L�V�W���W�K�H���V�W�H�H�O���Z�L�U�H�V���D�Q�G���P�D�N�H���V�X�U�H���W�K�H���H�\�H�E�R�O�W�V���K�D�Y�H���E�H�H�Q���I�L�U�P�O�\���V�F�U�H�Z�H�G
�D�Q�G���W�K�H���V�O�L�Q�J���D�Q�J�O�H���L�V���F�R�U�U�H�F�W��

���� �,�1�6�7�$�/�/�$�7�,�2�1

�6�L�W�H���D�Q�G���H�Q�Y�L�U�R�Q�P�H�Q�W���I�R�U���P�R�W�R�U���L�Q�V�W�D�O�O�D�W�L�R�Q
����������
Standard environment and site conditions for the installation of motors are usually set as follows:

(a) Ambient temperature:  -10~40ºC
(b) Humidity:  Relative humidity below 90%RH for totally enclosed types, and below 80%RH

for semi-enclosed types.
(c) Elevation:  below 1000 meters or 3300 feet.
(d) Harmful gases, liquids, dusts, high moisture should be absent.
(e) Foundations should be strong and free of vibration.

If there are any special environmental conditions, please inform TWMC prior o ordering.

������������ �9�H�Q�W�L�O�D�W�L�R�Q���D�Q�G���V�S�D�F�H
(a) Installation area should be well ventilated.
(b) The installation space should be large enough to facilitate heat dissipation and

maintenance.

�������� �)�R�X�Q�G�D�W�L�R�Q
����������
Use rigid and solid sole plate or common bed as foundation.
For best motor performance, it is advisable to use a sole plate or common bed, particularly when
using a shaft coupling.
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������������ �,�Q�V�W�D�O�O�D�W�L�R�Q
(a) Select an appropriate foundation surface for the sole plate or common bed, which will be,

considered the ultimate level.
(b) Align the position of the common bed with reference to that level.
(c) Align the level accuracy at least at four points such as bearing mounting, shaft extension

etc.  The accuracy should be within 0.04mm or .0015 inches
(d) Sole plate or common bed should be embedded in concrete foundation as illustrated in Fig.

3.  Stiff pads should also be installed beneath the wedges, which are welded together at
various spots about 400-500mm (15.75-19.70 inches) apart etc., to enable the foundation
to carry evenly the weight of the whole motor.

(e) The base should be sturdy and rigid to keep it
flat and level.

(f) Make sure the mortar and concrete are
completely dry, and the precision of the level is
acceptable, and then set the motor on the
mounting foundation.

(g) Accurately install shaft couplings, belt sheaves
etc., then weld the wedges solid to prevent
untoward change in position.

������������ �7�K�H���I�R�X�Q�G�D�W�L�R�Q���R�I���Y�H�U�W�L�F�D�O���L�Q�G�X�F�W�L�R�Q���P�R�W�R�U�V���������$�O�V�R���W�K�H���I�R�X�Q�G�D�W�L�R�Q���R�I���S�X�P�S��
(a) Foundation of motor/pump must be rigid and secure to provide adequate support.  There

must be no vibration, twisting, misalignment etc. due to inadequate foundations.
(b) A massive concrete foundation is preferred in order to minimize vibration.  Rigidity and

stability are enhanced by prop plate and foundation bolt.  As shown in Fig. 4.
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������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���Y�H�U�W�L�F�D�O���P�R�W�R�U�V��
(a) All mounting surfaces must be clean and level.
(b) Foundation must be leveled at least at 4 points and guaranteed to be below 0.04mm

(.0015 in.) flat and level.
(c) Make sure the mortar and concrete are completely dry, and the precision of the level is

acceptable, and then set the motor on the mounting foundation.
(d) Accurately install shaft couplings.

�������� �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���V�K�D�I�W���F�R�X�S�O�L�Q�J

�$�7�7�(�1�7�,�2�1��
�0�R�W�R�U�V���P�X�V�W���D�O�Z�D�\�V���E�H���D�F�F�X�U�D�W�H�O�\���D�O�L�J�Q�H�G�����D�Q�G���W�K�L�V���D�S�S�O�L�H�V���H�V�S�H�F�L�D�O�O�\���Z�K�H�U�H���W�K�H�\���D�U�H
�G�L�U�H�F�W�O�\���F�R�X�S�O�H�G��
�,�Q�F�R�U�U�H�F�W���D�O�L�J�Q�P�H�Q�W���F�D�Q���O�H�D�G���W�R���E�H�D�U�L�Q�J���I�D�L�O�X�U�H�����Y�L�E�U�D�W�L�R�Q���D�Q�G���H�Y�H�Q���V�K�D�I�W���I�U�D�F�W�X�U�H�������$�V���V�R�R�Q
�D�V���E�H�D�U�L�Q�J���I�D�L�O�X�U�H���R�U���Y�L�E�U�D�W�L�R�Q���L�V���G�H�W�H�F�W�H�G�����W�K�H���D�O�L�J�Q�P�H�Q�W���V�K�R�X�O�G���E�H���F�K�H�F�N�H�G��

����������
Field application of a coupling to the motor shaft should follow the procedures recommended by
the coupling manufacturer.  The motor shaft extension must not be subjected to either extreme
heat or cold during coupling installation.

�$�7�7�(�1�7�,�2�1��
�%�D�V�L�F�D�O�O�\�����W�K�H���F�R�X�S�O�L�Q�J���V�K�R�X�O�G���E�H���K�H�D�W�H�G���D�Q�G���S�X�V�K�H�G���R�Q�W�R���W�K�H���V�K�D�I�W���H�[�W�H�Q�V�L�R�Q���Z�L�W�K���V�O�L�J�K�W
�D�[�L�D�O���I�R�U�F�H�������'�R���Q�R�W���K�D�P�P�H�U���F�R�X�S�O�L�Q�J���W�R���S�U�H�Y�H�Q�W���E�H�D�U�L�Q�J���G�D�P�D�J�H��

����������
Although the sleeve bearings are equipped with thrust faces, these are intended only to provide
momentary axial restraint of rotor movement either during start-up or when operating the motor
disconnected from the driven equipment.  They must not be operated under a constant thrust
load unless they were originally designed for this condition.

��
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Motors with either sleeve or anti-friction bearings are suitable for connection to the driven load
through a flexible coupling.  Coupling solidly to the load is not acceptable.  With sleeve bearings,
the flexible coupling should be of the limited end float type to prevent the possibility of any end
thrust from load being transmitted to the motor bearings, which could cause bearing damage.
The recommended limits of end float are as follows:

(a) When the motor is in operation after installation, be sure that the end-play indicator is
within the 6mm (.236 in.) of the groove on the shaft or aligned to the shaft shoulder
immediately outboard of the drive-end bearing to assure there is low friction between shaft
and bearing.

(b)  Unless otherwise specified, the designed end-play value X of the groove for TWMC
motors in general is within 6mm (.236 in.) as illustrated in Fig. 6.  In essence, the endplay
indicator is adjusted to point at the center of the groove or the drive-end shaft shoulder;
thus X equals to 6±1mm or so, and the endplay value (Y) of the couplings should equal or
be smaller than 3mm (.118 in.).

(c) If the desired value Y is grater than 3mmm (.118 in.) caused for instance by a thrust load
and/or load machine with large end-play, please inform TWMC prior to entering an order.

����������
In aligning the motor (and rotor) axially with the driven equipment, consideration should be given
not only to the endplay indicator position but also to axial shaft expansion and increase in shaft
centerline height due to thermal effects.  In general, the axial shaft growth for motors can be
disregarded since neither bearing is fixed and any shaft growth due to temperature increase will
produce an elongation away from the coupling.

Shaft height growth (change in shaft centerline elevation) for TEFC machines can be calculated
as follows:

�û=(0.0005”) x (motor foot to shaft £ dimension)
For non-TEFC machines, divide the number by 2.

����������
It is desirable, in normal operation that the motor operates on its magnetic center, so that no axial
force is exerted on the coupling.
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The motor shaft and the driven shaft should be aligned within the following tolerances in both
angular and parallel alignment:

Unit: mm
TIR Range of rotating speed Solid coupling Flexible coupling

2500 rpm and above 0.03 0.03
C

Below 2500 rpm 0.04 0.05
2500 rpm and above 0.03 0.03

A
Below 2500 rpm 0.03 0.04

Angular misalignment is the amount by which the centerlines of driver and driven shafts are
skewed.  It can be measured using a dial indicator set up as shown in Fig. 7.  The couplings are
rotated together through 360 degrees so that the indicator does not measure runout of the
coupling hub face.  The shafts should be forced against either the in or out extreme of their end
float while being rotated.

Parallel misalignment is the amount by which the centerlines of the driver and driven shafts are
out of parallel.  It can be measured using a dial indicator set up as shown in Fig. 8.  Again, the
couplings are rotated together through 360 degrees so that the indicator does not measure runout
of the coupling hub outside diameter.

����������
After the motor has been properly aligned with the driven equipment and the hold-down bolts
have been installed and tightened, for motors with fabricated frames, at least two dowel pins
should be installed in two diagonally opposite motor feet.

������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���V�K�D�I�W���F�R�X�S�O�L�Q�J���������9�H�U�W�L�F�D�O���K�R�O�O�R�Z���V�K�D�I�W���P�R�W�R�U���R�Q�O�\��
Bolted Coupling as shown in Fig. 9

(a) Bearings are provided to absorb some upward shaft thrust when the coupling is fitted.
(b) The coupling is fastened with bolts.
(c) This coupling type is not auto-release type.

Note: Standard high thrust motors can absorb momentary up-thrust load up to 30% of the
standard down thrust load.  If the up-thrust is long in duration (over 10 Seconds) and/or
exceeds 30% of the standard high thrust rating, special design arrangements are
required and standard motor is not suitable.
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������������ �1�R�Q���U�H�Y�H�U�V�H���U�D�W�F�K�H�W���F�R�X�S�O�L�Q�J�����D�V���)�L�J�������������,�I���Q�H�F�H�V�V�D�U�\��
The non-reverse coupling is also a bolted type and,

(a) It prevents the pump and motor from rotating in the reverse direction.
(b) It also prevents damage form over speeding and damage to pump shaft and bearings.
(c) The ratchet pins are lifted by the ratchet teeth and are held clear by centrifugal force and

friction as the motor comes up to speed.
(d) When power is removed, speed decreases, and the pins fall.  At the instant of reversal, a

pin will catch in a ratchet tooth and prevent backward rotation.
(e) When installing the non-reverse coupling, do not use lubricant.  Lubricant will interfere with

proper operation.  The top half of the coupling should seat solidly on the lower half and the
pins should touch the bottom of the pockets between the teeth in the plate.

(f) As with the bolted coupling, the up-thrust capabilities are 30% of the standard high thrust
rating for down thrust.

�$�7�7�(�1�7�,�2�1��
�'�R���Q�R�W���D�S�S�O�\���Q�R�Q���U�H�Y�H�U�V�H���U�D�W�F�K�H�W�V���R�Q���D�S�S�O�L�F�D�W�L�R�Q�V���L�Q���Z�K�L�F�K���W�K�H���S�X�P�S���U�H�Y�H�U�V�D�O���W�L�P�H���I�U�R�P
�V�K�X�W�G�R�Z�Q�����W�K�H���L�Q�V�W�D�Q�W���W�K�H���V�W�R�S���E�X�W�W�R�Q���L�V���S�U�H�V�V�H�G�����W�R���]�H�U�R���V�S�H�H�G���L�V���O�H�V�V���W�K�D�Q���R�Q�H���V�H�F�R�Q�G��

�������� �,�Q�V�W�D�O�O�D�W�L�R�Q���I�R�U���E�H�O�W���G�U�L�Y�H
In general, power transmission though direct flexible coupling is appropriate for large motors.
Such motors are not suitable for belt, chain or gear connection unless specially designed for such
service.  However, for small and medium motors of which outputs within the ranges shown on
table below, it is acceptable to use belt transmission as indicated.  Beyond these ranges, do not
apply belt sheaves unless specially designed.

����������
The diameter ratio between conveyance sheaves should not be greater than 5 to 1 for flat belts,
and 8 to 1 for V-belts.  It is also advisable to limit the belt velocity to under 35m/sec (115 ft/sec) to
limit belt abrasion and vibration.  The smaller the outer diameter of the V-belt sheave, the greater
the shaft bending stress will be.  If the bending stress is in excess of the shaft fatigue stress, the
shaft may break.  Therefore, please inform TWMC when you have decided the size of the
sheaves and the length of the belts upon ordering.
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�$�7�7�(�1�7�,�2�1��
�3�O�D�F�H���W�K�H���V�K�H�D�Y�H���D�Q�G���E�H�O�W���D�V���F�O�R�V�H���D�V���S�R�V�V�L�E�O�H���W�R���W�K�H���P�R�W�R�U
�E�R�G�\�����L�W���L�V���D�G�Y�L�V�D�E�O�H���W�R���P�D�N�H���[���D�V���V�K�R�Z�Q���L�Q���)�L�J�����������H�T�X�D�O���W�R������
�W�R���U�H�G�X�F�H���W�K�H���E�H�Q�G�L�Q�J���P�R�P�H�Q�W���D�Q�G���L�P�S�U�R�Y�H���V�K�D�I�W���O�L�I�H��

�������������7�D�E�O�H���R�I���E�H�O�W���V�K�H�D�Y�H���D�S�S�O�L�F�D�W�L�R�Q���I�R�U���J�H�Q�H�U�D�O���H�O�H�F�W�U�L�F���P�R�W�R�U�V
�9���%�H�O�W���6�K�H�D�Y�H�2�X�W�S�X�W

���.�:���+�3�� �&�R�Q�Y�H�Q�W�L�R�Q�D�O���9���%�H�O�W�V �1�D�U�U�R�Z���9���%�H�O�W�V

���3 ���3 ���3 �9���%�H�O�W
�7�\�S�H

�1�X�P�E�H�U
�2�I

�%�H�O�W�V

�0�L�Q��
�3�&�'
���P�P��

�0�D�[
�:�L�G�W�K
���P�P��

�9���%�H�O�W
�7�\�S�H

�1�X�P�E�H�U
�2�I

�%�H�O�W�V

�0�L�Q��
�3�&�'
���P�P��

�0�D�[
�:�L�G�W�K
���P�P��

11/15 - - B 4 160 82 3V 4 125 48
- 11/15 - B 5 170 101 3V 5 140 59
- - 11/15 B 5 190 101 3V 6 160 69

15/20 - - B 5 170 101 3V 6 125 69
- 15/20 - B 5 224 101 3V 6 160 69
- - 15/20 C 4 224 111 5V 3 180 60

18.5/25 - - B 5 200 101 3V 6 140 69
- 18.5/25 - C 4 224 111 5V 3 180 60
- - 18.5/25 C 5 224 136 5V 4 180 78

22/30 - - B 5 224 101 5V 6 160 69
- 22/30 - C 5 224 136 3V 4 180 78
- - 22/30 C 5 250 136 5V 4 200 78

30/40 - - C 5 224 136 5V 4 180 78
- 30/40 - C 5 265 136 5V 4 224 78
- - 30/40 C 6 265 162 5V 5 224 95

37/50 - - C 6 224 162 5V 4 200 78
- 37/50 - C 6 265 162 5V 4 224 78
- - 37/50 C 7 280 187 5V 5 250 95

45/60 - - C 6 265 162 5V 4 224 78
- 45/60 - C 7 280 187 5V 5 224 95
- - 45/60 C 7 315 187 5V 6 250 113

55/75 - - C 7 265 187 5V 5 224 95
- 55/75 - C 8 300 213 5V 6 250 113
- - 55/75 D 5 355 196 5V 6 280 113

75/100 - - C 8 315 213 5V 6 250 113
- 75/100 - D 6 355 233 5V 6 315 113
- - 75/100 D 6 400 233 5V 6 355 113
- 90/120 - D 6 400 233 5V 6 355 113
- - 90/120 D 6 425 233 8V 4 355 124
- 110/150 - D 7 400 270 8V 4 355 124
- 132/175 110/150 D 7 450 270 8V 4 400 124
- 160/200 132/175 D 9 450 344 8V 4 450 124

�������� �&�R�Q�Y�H�\�D�Q�F�H���Z�L�W�K���F�K�D�L�Q���R�U���J�H�D�U

����������
Make sure the loading capacity of shaft and bearings is appropriate for the size and installation
position (overhung) of chain and gear.  If necessary, please contact us to ensure the shaft and
bearings will meet your requirements.

����
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����������
Pay close attention to ensure the parallelism of shafts.

����������
The teeth of couplings should be correctly and precisely matched; the force conveyance
centers should lie on the same line.

����������
There should be no skip, jumping, vibration or unusual noises.

�$�7�7�(�1�7�,�2�1��
�'�R���Q�R�W���K�D�P�P�H�U���W�K�H���F�R�Q�Y�H�\�D�Q�F�H���G�H�Y�L�F�H�V���V�X�F�K���D�V���F�R�X�S�O�L�Q�J�V�����E�H�O�W���V�K�H�D�Y�H�V�����F�K�D�L�Q���Z�K�H�H�O�V��
�J�H�D�U�V���H�W�F�����R�Q�W�R���W�K�H���V�K�D�I�W�������7�K�R�V�H���V�K�D�I�W���I�L�W�P�H�Q�W�V���V�K�R�X�O�G���E�H���I�L�W�W�H�G���D�Q�G���U�H�P�R�Y�H�G���R�Q�O�\���E�\
�P�H�D�Q�V���R�I���V�X�L�W�D�E�O�H���G�H�Y�L�F�H�V�������+�H�D�W���V�K�U�L�Q�N�L�Q�J���P�D�\���E�H���D���E�H�W�W�H�U���D�O�W�H�U�Q�D�W�L�Y�H���W�R���D�Y�R�L�G���G�D�P�D�J�L�Q�J
�E�H�D�U�L�Q�J�V���D�Q�G���F�R�P�S�R�Q�H�Q�W�V��

�7�K�H���H�[�S�R�V�H�G���U�R�W�D�W�L�Q�J���S�D�U�W�V���V�K�R�X�O�G���E�H���F�R�Y�H�U�H�G���W�R���S�U�H�Y�H�Q�W���D�F�F�L�G�H�Q�W�V��

�������� �(�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V
All interconnecting wiring for controls and grounding should be in strict accordance with local
requirements such as the USA National Electrical Code and UK IEE wiring regulations.  Wiring of
motor and control, overload protection and grounding should follow the instructions of connection
diagrams attached to the motor.

������������ �3�R�Z�H�U
The rated conditions of operation for the motor are as shown on the nameplate.  Within the limits,
given below, of voltage and frequency variation from the nameplate values, the motor will
continue to operate but with performance characteristics that may differ from those at rated
conditions:

±10% of rated voltage
±5% of rated frequency
±10% combined voltage and frequency variation so long as frequency variation is
no more than ±5% of rated.

Operating the motor at voltages and frequencies outside of the above limits can result in both
unsatisfactory motor performance and damage to or failure of the motor.

����������
The main lead box furnished with the motor has been sized to provide adequate space for the
make-up of the connections between the motor lead cables and the incoming power cables.

�7�K�H���E�R�O�W�H�G���M�R�L�Q�W�V���E�H�W�Z�H�H�Q���W�K�H���P�R�W�R�U���O�H�D�G���D�Q�G���W�K�H���S�R�Z�H�U���F�D�E�O�H�V���P�X�V�W���E�H���P�D�G�H���D�Q�G
�L�Q�V�X�O�D�W�H�G���L�Q���D���Z�R�U�N�P�D�Q���O�L�N�H���P�D�Q�Q�H�U���I�R�O�O�R�Z�L�Q�J���W�K�H���E�H�V�W���W�U�D�G�H���S�U�D�F�W�L�F�H�V��

����������
Either fabricated motors or fan cooled cast frame, motors are all provided with grounding pads or
bolts.

�7�K�H���P�R�W�R�U���P�X�V�W���E�H���J�U�R�X�Q�G�H�G���E�\���S�U�R�S�H�U���F�R�Q�Q�H�F�W�L�R�Q���W�R���W�K�H���H�O�H�F�W�U�L�F�D�O���V�\�V�W�H�P���J�U�R�X�Q�G��
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����������
The rotation direction of the motor will be as shown by either a nameplate on the motor or the
outline drawing.  The required phase rotation of the incoming power for this motor rotation may
also be stated.  If either is unknown, the correct sequence can be determined in the following
manner: While the motor is uncoupled from the load, start the motor and observe the direction of
rotation.  Allow the motor to achieve full speed before disconnecting it from the power source.
Refer to the operation section of these instructions for information concerning initial start-up.  If
resulting rotation is incorrect, it can be reversed by interchanging any two (2) incoming cables.

�������������$�X�[�L�O�L�D�U�\���G�H�Y�L�F�H�V
Auxiliary devices such as resistance temperature detectors, thermocouples, thermoguards, etc.,
will generally terminate on terminal blocks located in the auxiliary terminal box on the motor.
Other devices may terminate in their own enclosures elsewhere on the motor.  Such information
can be obtained by referring to the outline drawing.  Information regarding terminal designation
and the connection of auxiliary devices can be obtained from auxiliary drawings or attached
nameplates.
If the motor is provided with internal space heaters, the incoming voltage supplied to them must
be exactly as shown by either a nameplate on the motor or the outline drawing for proper heater
operation.

�&�D�X�W�L�R�Q���P�X�V�W���E�H���H�[�H�U�F�L�V�H�G���D�Q�\�W�L�P�H���F�R�Q�W�D�F�W���L�V���P�D�G�H���Z�L�W�K���W�K�H���L�Q�F�R�P�L�Q�J���V�S�D�F�H
�K�H�D�W�H�U���F�L�U�F�X�L�W���D�V���V�S�D�F�H���K�H�D�W�H�U���Y�R�O�W�D�J�H���L�V���R�I�W�H�Q���D�X�W�R�P�D�W�L�F�D�O�O�\���D�S�S�O�L�H�G���Z�K�H�Q���W�K�H
�P�R�W�R�U���L�V���V�K�X�W�G�R�Z�Q��

������ �2�3�(�5�$�7�,�2�1

�������� �(�[�D�P�L�Q�D�W�L�R�Q���E�H�I�R�U�H���V�W�D�U�W
����������
When motors are installed in good manner, ensure the wiring is according to the diagram.  Also,
the following points should be noted:

(a) Make sure all wiring is correct.
(b) Ensure the sizes of cable wires are appropriate and all connections are well made for the

currents they will carry.
(c) Ensure all connections are properly insulated for the voltage and temperature they will

experience.
(d) Ensure the capacity of fuses, switches, magnetic switches and thermo relays etc. are

appropriate and the contactors are in good condition.
(e) Make sure the frame and terminal box are grounded.
(f) Make sure that the starting method is correct.
(g) Make sure switches and starters are set at their right positions.
(h) Motor heaters must be switched off when the motor is running.

������������ �0�H�D�V�X�U�H�P�H�Q�W���R�I���L�Q�V�X�O�D�W�L�R�Q���U�H�V�L�V�W�D�Q�F�H

�'�X�U�L�Q�J���D�Q�G���L�P�P�H�G�L�D�W�H�O�\���D�I�W�H�U���P�H�D�V�X�U�L�Q�J�����W�K�H���W�H�U�P�L�Q�D�O�V���P�X�V�W���Q�R�W���E�H���W�R�X�F�K�H�G���D�V���W�K�H�\
�P�D�\���F�D�U�U�\���U�H�V�L�G�X�D�O���G�D�Q�J�H�U�R�X�V���Y�R�O�W�D�J�H�V�������)�X�U�W�K�H�U�P�R�U�H�����L�I���S�R�Z�H�U���F�D�E�O�H�V���D�U�H
�F�R�Q�Q�H�F�W�H�G�����P�D�N�H���V�X�U�H���W�K�D�W���W�K�H���S�R�Z�H�U���V�X�S�S�O�L�H�V���D�U�H���F�O�H�D�U�O�\���G�L�V�F�R�Q�Q�H�F�W�H�G���D�Q�G���W�K�H�U�H
�D�U�H���Q�R���P�R�Y�L�Q�J���S�D�U�W�V��
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(a) For rated voltage below 1000V, measured with a 500VDC megger.
(b) For rated voltage above 1000V, measured with a 1000VDC megger.
(c) In accordance with IEEE 43, clause 9.3, the following formula should be applied:

Rated voltage (v)
R�• (

1000
 + 1) x 10(M�Ÿ)

(d) On a new winding, where the contaminant causing low insulation resistance is generally
moisture, drying the winding through the proper application of heat will normally increase
the insulation resistance to an acceptable level.  The following are several accepted
methods for applying heat to the winding:
(1) If the motor is equipped with space heaters, they can be energized to heat the

winding.
(2) Direct current (as from a welder) can be passed through the winding.  The total current

should not exceed approximately 50% of rated full load current.  If the motor has only
three leads, two must be connected together to form one circuit through the winding.
In this case, one phase will carry the fully applied current and each of the others, one-
half each.  If the motor has six leads (3 mains and 3 neutrals), the three phases should
be connected into one series circuit.

�(�Q�V�X�U�H���W�K�H�U�H���L�V���D�G�H�T�X�D�W�H���J�X�D�U�G�L�Q�J���V�R���O�L�Y�H���S�D�U�W�V���F�D�Q�Q�R�W���E�H���W�R�X�F�K�H�G��

(3) Heated air can either blown directly into the motor or into a temporary enclosure
surrounding the motor.  The source of heated air should preferably be electrical as
opposed to fueled (such as kerosene) where a malfunction of the fuel burner could
result in carbon entering the motor.

�$�7�7�(�1�7�,�2�1��
�&�D�X�W�L�R�Q���P�X�V�W���E�H���H�[�H�U�F�L�V�H�G�����Z�K�H�Q���K�H�D�W�L�Q�J���W�K�H���P�R�W�R�U���Z�L�W�K���D�Q�\���V�R�X�U�F�H���R�I���K�H�D�W���R�W�K�H�U���W�K�D�Q���V�H�O�I
�F�R�Q�W�D�L�Q�H�G���V�S�D�F�H���K�H�D�W�H�U�V�����W�R���U�D�L�V�H���W�K�H���Z�L�Q�G�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���D�W���D���J�U�D�G�X�D�O���U�D�W�H���W�R���D�O�O�R�Z���D�Q�\
�H�Q�W�U�D�S�S�H�G���P�R�L�V�W�X�U�H���W�R���Y�D�S�R�U�L�]�H���D�Q�G���H�V�F�D�S�H���Z�L�W�K�R�X�W���U�X�S�W�X�U�L�Q�J���W�K�H���L�Q�V�X�O�D�W�L�R�Q�������7�K�H���H�Q�W�L�U�H
�K�H�D�W�L�Q�J���F�\�F�O�H���V�K�R�X�O�G���H�[�W�H�Q�G���R�Y�H�U���������������K�R�X�U�V��

Insulation resistance measurements can be made while the winding is being heated.
However, they must be corrected to 40ºC for evaluation since the actual insulation
resistance will decrease with increasing temperature.  As an approximation for a new
winding, the insulation resistance will approximately halve for each 10ºC increase in
insulation temperature above the dew point temperature.

(e) Should the resistance fail to attain the specified value even after drying, careful
examination should be undertaken to eliminate all other possible causes, if any.

������������ �3�R�Z�H�U���6�R�X�U�F�H
(a) Ensure the capacity of the power source is sufficient.
(b) Ensure the supply voltage and frequency ratings are identical to those on the nameplate.
(c) Voltage variation should be confined to within ±10% of the rated value and the phase to

phase voltages should be balanced.
����
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������������ �%�H�D�U�L�Q�J���O�X�E�U�L�F�D�W�L�R�Q
(a) For sleeve bearing motors, the oil reservoir must be filled with oil to the correct level.  On

self-lubricated bearings, the standstill oil level will be at the center of the oil gauge.  The
proper oil is a rust and oxidation inhibited, turbine grade oil.  Refer to the lubrication
nameplate for the recommended viscosity.

(b) Motors, which are supplied with provision for flood lubrication, have an inlet orifice to
meter the oil flow to the bearing.  Refer to the outline drawing for these values.  If the
supply pressure does not match that stated on the outline, the orifice size must be
adjusted to produce the specified flow rate.  The drain adapter (also provided) has a weir
plate fixed to the inside of the pipe to permit the establishment of the proper oil level.  This
weir plate must be located at the bottom of the pipe and must be parallel to the plane of
the motor feet.  To ensure optimum flow, the drain line should be vented to the
atmosphere.

Oil inlet temperature: Normal below 50ºC
Alarm 60ºC
Trip 65ºC

(c) If the motor is in storage for over three (3) months, refilling of some new oil should be
undertaken before operation to prevent bearing damage due to dry friction.  The oil level
should be kept at the center of the oil gauge.  If necessary, drain some oil after refilling.

(d) Motors that have been designed with anti-friction bearings for use with an oil mist
lubrication system have been packed at the factory with a small amount of grease for short
test runs.  Continuous running should not be considered unless the oil mist system is
installed and operating.

(e) Grease lubricant type
(1) The bearings have been well greased at the factory before delivery.  However,

regreasing is required if a significant period has elapsed between manufacture and
use or in storage

(2) All motors with ZZ bearings will have SHELL Alvania R3 (Lithium base grease). All
motors with open bearings will have Polyrex EM (polyurea base grease).

������������ �&�R�R�O�L�Q�J���Z�D�W�H�U���I�R�U���W�K�H���F�R�R�O�H�U���R�Q���Z�D�W�H�U���F�R�R�O�H�G���P�R�W�R�U�V
Make sure the quality, volume and inlet temperature of cooling water for the motors are normal
before the machine is in operation.

Water:  General tower water or industrial water.
Volume:  Please see outline drawing
Inlet temperature: Normal below 30ºC

Alarm 35ºC
Trip 40ºC

�$�7�7�(�1�7�,�2�1��
�0�D�N�H���V�X�U�H���D�O�O���O�R�F�N�V�����Z�K�L�F�K���I�D�V�W�H�Q���W�K�H���P�R�Y�D�E�O�H���S�D�U�W�V���R�I���W�K�H���P�R�W�R�U�V���G�X�U�L�Q�J���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q��
�D�U�H���G�L�V�P�D�Q�W�O�H�G���D�Q�G���W�K�H���V�K�D�I�W���F�D�Q���U�R�W�D�W�H���I�U�H�H�O�\��

�$�7�7�(�1�7�,�2�1��
�(�Q�V�X�U�H���W�K�H�U�H���L�V���Q�R���I�R�U�H�L�J�Q���P�D�W�W�H�U���R�U���W�R�R�O�V���L�Q�V�L�G�H���W�K�H���P�R�W�R�U�V���E�H�I�R�U�H���V�W�D�U�W�L�Q�J���P�R�W�R�U�V��
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����������
Make sure the transmission system, including belts, screws, bolts, nuts and set pins are in good
condition.

�7�K�H���N�H�\�V���I�L�W�W�H�G���W�R���W�K�H���V�K�D�I�W���H�[�W�H�Q�V�L�R�Q�V���D�U�H���K�H�O�G���E�\���S�O�D�V�W�L�F���W�D�S�H���R�Q�O�\���W�R���S�U�H�Y�H�Q�W
�W�K�H�P���I�U�R�P���I�D�O�O�L�Q�J���R�X�W���G�X�U�L�Q�J���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q���R�U���K�D�Q�G�O�L�Q�J�������7�K�H���V�K�D�I�W���N�H�\���V�K�D�O�O���E�H
�U�H�P�R�Y�H�G���W�R���D�Y�R�L�G���I�O�\�L�Q�J���R�X�W�����Z�K�H�Q���W�K�H���P�R�W�R�U���L�V���R�S�H�U�D�W�H�G���S�U�L�R�U���W�R���W�K�H���F�R�X�S�O�L�Q�J�V���H�W�F��
�E�H�L�Q�J���I�L�W�W�H�G���W�R���W�K�H���V�K�D�I�W���H�[�W�H�Q�V�L�R�Q��

����������
Make sure the items above are examined.  Test the motor running with or without load.  Record
and check according to “Maintenance” at 15-minute intervals during the first three hours of
operation.  Then regular examinations should take place at longer intervals.  If all goes well the
motor can be classified as “in good order”.

�������� �6�W�D�U�W�L�Q�J���R�S�H�U�D�W�L�R�Q

������������ �6�W�D�U�W�L�Q�J���O�R�D�G
Initially run the motor unloaded prior to coupling to other machines.  Unless otherwise specified, a
motor usually starts with light load, which is then gradually increased, proportional to the square
of the speed and at last reaches 100% load at full load speed.

������������ �6�W�D�U�W�L�Q�J
Too frequent starts can be harmful to the motors.  The following restrictions should be observed:

(a) Motor can be restarted should the initial start fail.  Two starts are generally permissible
when the motor is cold.

(b) Motor can be started only once when it is at normal running temperature.
(c) Should additional starts be necessary beyond the conditions stated above, the following

restrictions should be noted:
(1) Let the motor cool down for 60 minutes before restarting, fully loaded.
(2) Let the motor cool down for 30 minutes before restarting, unloaded.
(3) Two inching starts can be regarded as one normal start.

�$�7�7�(�1�7�,�2�1��
�,�I���W�K�H���P�R�W�R�U���U�R�W�R�U���I�D�L�O�V���W�R���V�W�D�U�W���W�X�U�Q�L�Q�J���Z�L�W�K�L�Q���R�Q�H���R�U���W�Z�R���V�H�F�R�Q�G�V�����V�K�X�W���R�I�I���W�K�H���S�R�Z�H�U
�V�X�S�S�O�\���L�P�P�H�G�L�D�W�H�O�\��
�,�Q�Y�H�V�W�L�J�D�W�H���W�K�R�U�R�X�J�K�O�\���D�Q�G���W�D�N�H���F�R�U�U�H�F�W�L�Y�H���D�F�W�L�R�Q���E�H�I�R�U�H���D�W�W�H�P�S�W�L�Q�J���D���U�H�V�W�D�U�W��

Possible reasons for not starting are:
(1) Too low a voltage at the motor terminals.
(2) The load is too much for the rotor to accelerate.
(3) The load is frozen up mechanically.
(4) All electrical connections have not been made.
(5) Single-phase power has been applied.
(6) Any combination of the above.
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������������ �5�R�W�D�W�L�Q�J���G�L�U�H�F�W�L�R�Q
(a) Most TWMC motors are bi-directional.  However, when some special types, such as high

speed 2-Pole, certain large capacity motors, those with a non-reversing ratchet etc.,
should rotate in one direction, please ensure the rotation is in conformity with the
directional arrow-mark shown on the attached nameplate.

(b) To reverse a bi-directional motor, cut the power and wait until the motor stops.  Then
interchange any two of the three phases.

������������ �3�R�Z�H�U���V�R�X�U�F�H�����9�R�O�W�D�J�H�����&�X�U�U�H�Q�W
(a) Ensure the voltage and frequency of the power source are identical to the ratings shown

on the nameplate.
(b) Voltage variation should be confined to within ±10% of the rating and the three phase

voltages should be in full balance
(c) Ensure the motor phase currents, when without load, are within ±5% of the average

values.

����������
Frequency variation should be confined to within ±5% of the rating.  The aggregate variation of
voltage and frequency should be confined to within ±10% of the absolute value of the ratings.

�6�W�D�U�W�L�Q�J���W�L�P�H���D�Q�G���X�Q�X�V�X�D�O���Q�R�L�V�H�V
�$�7�7�(�1�7�,�2�1��
�6�W�D�U�W�L�Q�J���W�L�P�H���L�V���O�R�Q�J�H�U���I�R�U���W�K�H���P�R�W�R�U�V���Z�L�W�K���O�D�U�J�H���L�Q�H�U�W�L�D�������+�R�Z�H�Y�H�U�����L�I���V�W�D�U�W�L�Q�J���W�L�P�H���L�V���O�R�Q�J�H�U
�W�K�D�Q���X�V�X�D�O���R�U���L�I���W�K�H�U�H���L�V���G�L�I�I�L�F�X�O�W�\���L�Q���V�W�D�U�W�L�Q�J�����R�U���W�K�H�U�H���L�V���D�E�Q�R�U�P�D�O���Q�R�L�V�H�����G�R���Q�R�W���U�X�Q���W�K�H
�P�R�W�R�U���D�Q�G���U�H�I�H�U���W�R���7�:�0�&���6�H�U�Y�L�F�H���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H��

������������ �6�O�H�H�Y�H���E�H�D�U�L�Q�J���R�L�O���U�L�Q�J�V�����V�O�H�H�Y�H���E�H�D�U�L�Q�J���W�\�S�H�V���R�Q�O�\��
As the oil ring is used to carry lubricant to sleeve bearings, frequently check to ensure the oil ring
is in motion.

������������ �%�H�D�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���U�L�V�H
Following the initial start-up, the bearing temperatures should be closely monitored.  The rate of
rise in bearing temperature is more indicative of impending trouble than is the actual temperature.

�$�7�7�(�1�7�,�2�1��
�,�I���W�K�H���U�D�W�H���R�I���U�L�V�H���L�Q���W�H�P�S�H�U�D�W�X�U�H���L�V���H�[�F�H�V�V�L�Y�H���R�U���L�I���W�K�H���P�R�W�R�U���H�[�K�L�E�L�W�V���H�[�F�H�V�V�L�Y�H���Y�L�E�U�D�W�L�R�Q���R�U
�Q�R�L�V�H�����L�W���V�K�R�X�O�G���E�H���V�K�X�W���G�R�Z�Q���L�P�P�H�G�L�D�W�H�O�\���D�Q�G���D���W�K�R�U�R�X�J�K���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���P�D�G�H���D�V���W�R���W�K�H
�F�D�X�V�H���E�H�I�R�U�H���L�W���L�V���R�S�H�U�D�W�H�G���D�J�D�L�Q��

If the bearing temperature rise and motor operation appear to be normal, operation should
continue until the bearing temperature stabilizes.

Recommended limits on bearing temperature are as follows:
�6�O�H�H�Y�H���%�H�D�U�L�Q�J�V �7�R�W�D�O���P�H�D�V�X�U�H�G���W�H�P�S�H�U�D�W�X�U�H
�” By permanently installed detector 90ºC
�” By temporary detector on top of the bearing
    sleeve near the oil ring

85ºC
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�$�Q�W�L���)�U�L�F�W�L�R�Q���%�H�D�U�L�Q�J�V �7�R�W�D�O���P�H�D�V�X�U�H�G���W�H�P�S�H�U�D�W�X�U�H
�” By permanently installed detector 100ºC
�” By temporary detector measuring the outside
   of the bearing housing

95ºC

�$�7�7�(�1�7�,�2�1���������)�R�U���V�O�H�H�Y�H���E�H�D�U�L�Q�J��
�������� �,�W���P�X�V�W���E�H���Q�R�W�H�G���W�K�D�W���Z�K�H�Q���R�S�H�U�D�W�L�Q�J���I�O�R�R�G���O�X�E�U�L�F�D�W�H�G���V�O�H�H�Y�H���E�H�D�U�L�Q�J�V���Z�L�W�K�R�X�W���R�X�W�V�L�G�H

�O�X�E�U�L�F�D�W�L�R�Q���V�X�S�S�O�L�H�G�����W�K�H���E�H�D�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���P�X�V�W���Q�R�W���E�H���D�O�O�R�Z�H�G���W�R���H�[�F�H�H�G�������ž�&���W�R�W�D�O
�W�H�P�S�H�U�D�W�X�U�H

�������� �8�Q�G�H�U���Q�R�U�P�D�O���F�R�Q�G�L�W�L�R�Q�����I�R�U���W�K�H���V�H�O�I���O�X�E�H���E�H�D�U�L�Q�J�����W�K�H���U�D�W�H���R�I���W�H�P�S�H�U�D�W�X�U�H���U�L�V�H���V�K�R�X�O�G
�E�H���I�U�R�P���������W�R�������ž�&���I�R�U���W�K�H���I�L�U�V�W���W�H�Q�������������P�L�Q�X�W�H�V���D�I�W�H�U���V�W�D�U�W�L�Q�J���X�S���D�Q�G���D�S�S�U�R�[�L�P�D�W�H�O�\
�����ž�&���D�W���W�K�L�U�W�\�������������P�L�Q�X�W�H�V�������7�K�H���U�D�W�H���R�I���E�H�D�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���U�L�V�H���L�V���D���I�X�Q�F�W�L�R�Q���R�I���W�K�H
�Q�D�W�X�U�D�O���Y�H�Q�W�L�O�D�W�L�R�Q���D�Q�G���R�S�H�U�D�W�L�Q�J���F�R�Q�G�L�W�L�R�Q�V��

�������� �:�K�H�Q���W�K�H���U�D�W�H���R�I���E�H�D�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���U�L�V�H���L�V���O�H�V�V���W�K�D�Q�����ž�&���S�H�U���K�D�O�I���K�R�X�U�����W�K�H���E�H�D�U�L�Q�J
�W�H�P�S�H�U�D�W�X�U�H���L�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���V�W�D�E�L�O�L�]�H�G��

�������� �,�I���W�K�H���W�R�W�D�O���E�H�D�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���H�[�F�H�H�G�V�������ž�&�����W�K�H���P�R�W�R�U���V�K�R�X�O�G���E�H���V�K�X�W���G�R�Z�Q
�L�P�P�H�G�L�D�W�H�O�\��

�1�R�L�V�H���D�Q�G���9�L�E�U�D�W�L�R�Q
�$�7�7�(�1�7�,�2�1��
�$�Q�\���D�E�Q�R�U�P�D�O���Q�R�L�V�H���R�U���Y�L�E�U�D�W�L�R�Q���V�K�R�X�O�G���E�H���L�P�P�H�G�L�D�W�H�O�\���L�Q�Y�H�V�W�L�J�D�W�H�G���D�Q�G���F�R�U�U�H�F�W�H�G��
�,�Q�F�U�H�D�V�H�G���Y�L�E�U�D�W�L�R�Q���F�D�Q���E�H���L�Q�G�L�F�D�W�L�Y�H���R�I���D���F�K�D�Q�J�H���L�Q���E�D�O�D�Q�F�H���G�X�H���W�R���P�H�F�K�D�Q�L�F�D�O���I�D�L�O�X�U�H���R�I���D
�U�R�W�R�U���S�D�U�W�����D���V�W�D�W�R�U���Z�L�Q�G�L�Q�J���S�U�R�E�O�H�P���R�U���D���F�K�D�Q�J�H���L�Q���P�R�W�R�U���D�O�L�J�Q�P�H�Q�W��

������ �0�$�,�1�7�(�1�$�1�&�(

�������� �0�D�M�R�U���S�R�L�Q�W�V���L�Q���U�H�J�X�O�D�U���L�Q�V�S�H�F�W�L�R�Q�V���D�Q�G���P�D�L�Q�W�H�Q�D�Q�F�H��

�)�R�U���V�D�I�H�W�\�����P�D�L�Q�W�H�Q�D�Q�F�H���D�Q�G���U�H�S�D�L�U�V���P�X�V�W���R�Q�O�\���E�H���F�D�U�U�L�H�G���R�X�W���E�\���S�U�R�S�H�U�O�\���W�U�D�L�Q�H�G
�S�H�U�V�R�Q�Q�H�O��

�6�R�P�H���W�H�V�W�L�Q�J�����V�X�F�K���D�V���L�Q�V�X�O�D�W�L�R�Q���U�H�V�L�V�W�D�Q�F�H�����X�V�X�D�O�O�\���U�H�T�X�L�U�H�V���W�K�H���P�R�W�R�U���W�R���E�H
�V�W�R�S�S�H�G���D�Q�G���L�V�R�O�D�W�H�G���I�U�R�P���S�R�Z�H�U���V�X�S�S�O�L�H���V����

Routine inspection and maintenance are usually performed by looking, listening, smelling and
simple meters.

�+�L�J�K���W�H�P�S�H�U�D�W�X�U�H���P�D�\���D�U�L�V�H���X�Q�G�H�U���R�S�H�U�D�W�L�Q�J���F�R�Q�G�L�W�L�R�Q�V���R�Q���W�K�H���P�R�W�R�U���V�X�U�I�D�F�H�V�����V�R
�W�K�D�W���W�R�X�F�K�L�Q�J���V�K�R�X�O�G���E�H���S�U�H�Y�H�Q�W�H�G���R�U���D�Y�R�L�G�H�G�������.�H�H�S���D�Z�D�\���I�U�R�P���P�R�Y�L�Q�J���D�Q�G���O�L�Y�H
�S�D�U�W�V�������8�Q�O�H�V�V���G�H�H�P�H�G���Q�H�F�H�V�V�D�U�\�����G�R���Q�R�W���U�H�P�R�Y�H���J�X�D�U�G�V���Z�K�L�O�V�W���D�V�V�H�V�V�L�Q�J���W�K�H
�P�R�W�R�U��

Timely replacement of worn parts can assure longevity and prevent breakdown.

Routine inspection and regular inspection and maintenance are important in preventing
breakdown and lengthening service life.

����
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Owing to the varied time and circumstances, motors are used, it is difficult to set the items and
periods for regular inspection and maintenance.  However, as a guide it is recommended to be
performed periodically according to factory maintenance program.  Generally, the inspection
scope determined by the following factors:

(a) Ambient temperature.
(b) Starting and stopping frequency.
(c) Troublesome parts usually affecting motor functions.
(d) Easily abraded parts.
(e) The important position of motor in the operational system of a factory should be duly

recognized.  Therefore, its health and wellbeing should be fully protected especially when
it is operating in severe conditions.

�������� �0�R�W�R�U���Z�L�Q�G�L�Q�J�V��
(a) Measurement of insulation resistance and standards to determine quality of insulation

resistance, please refer to measures stated in 3.1.2 “Measurement of insulation
resistance”.

(b) Inspection of coil-ends:
(1) Grease and dust accumulated on coils may cause insulation deterioration and poor

cooling effect.
(2) Moisture must not accumulate.  Keep coils warm when motor is not in use if moisture

can be seen.
(3) Discoloring. This is mainly caused by overheating.

(c) Ensure no untoward change of wedges from original position.
(d) Ensure the binding at the coil end is in its normal position.

�������� �&�O�H�D�Q���W�K�H���L�Q�W�H�U�L�R�U���R�I���W�K�H���P�R�W�R�U��
(a) After a motor is in operation for some time, accumulation of dust, carbon powder and

grease etc., on the inside is unavoidable, and may cause damage.  Regular cleaning and
examination is necessary to assure top performance.

(b) Points to note during cleaning:
(1) If using compressed air or blower:

(a) Compressed air should be free of moisture.
(b) Maintain air pressure at 4 kg/cm², since high pressure can cause damage to coils.

(2) Vacuum
Vacuum cleaning can be used, both before and after other methods of cleaning, to
remove loose dirt and debris.  It is a very effective way to remove loose surface
contamination from the winding without scattering.  Vacuum cleaning tools should be
non-metallic to avoid any damage to thee winding insulation

(3) Wiping
Surface contamination on the winding can be removed by wiping using a soft, lint-free
wiping material.  If the contamination is oily, the wiping material can be moistened
(not dripping wet) with a safety type petroleum solvent.  In hazardous locations, a
solvent such as inhibited methyl chloroform may be used, but must be used sparingly
and immediately removed.  While this solvent is non-flammable under ordinary
conditions, it is toxic and proper health and safety precautions should be followed
while using it.

����
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�$�7�7�(�1�7�,�2�1��
�6�R�O�Y�H�Q�W�V���R�I���Q�D�\���W�\�S�H���V�K�R�X�O�G���Q�H�Y�H�U���E�H���X�V�H�G���R�Q���Z�L�Q�G�L�Q�J�V���S�U�R�Y�L�G�H�G���Z�L�W�K���D�E�U�D�V�L�R�Q���S�U�R�W�H�F�W�L�R�Q��
�$�E�U�D�V�L�R�Q���S�U�R�W�H�F�W�L�R�Q���L�V���D���J�U�D�\�����U�X�E�E�H�U���O�L�N�H���F�R�D�W�L�Q�J���D�S�S�O�L�H�G���W�R���W�K�H���Z�L�Q�G�L�Q�J���H�Q�G���W�X�U�Q�V��

�$�G�H�T�X�D�W�H���Y�H�Q�W�L�O�D�W�L�R�Q���P�X�V�W���D�O�Z�D�\�V���E�H���S�U�R�Y�L�G�H�G���L�Q���D�Q�\���D�U�H�D���Z�K�H�U�H���V�R�O�Y�H�Q�W�V���D�U�H
�E�H�L�Q�J���X�V�H�G���W�R���D�Y�R�L�G���W�K�H���G�D�Q�J�H�U���R�I���I�L�U�H�����H�[�S�O�R�V�L�R�Q���R�U���K�H�D�O�W�K���K�D�]�D�U�G�V�������,�Q���F�R�Q�I�L�Q�H�G
�D�U�H�D�V�����V�X�F�K���D�V���S�L�W�V�����H�D�F�K���R�S�H�U�D�W�R�U���V�K�R�X�O�G���E�H���S�U�R�Y�L�G�H�G���Z�L�W�K���D�Q���D�L�U�O�L�Q�H���U�H�V�S�L�U�D�W�R�U�����D
�K�R�V�H���P�D�V�N���R�U���D���V�H�O�I���F�R�Q�W�D�L�Q�H�G���E�U�H�D�W�K�L�Q�J���D�S�S�D�U�D�W�X�V�������2�S�H�U�D�W�R�U�V���V�K�R�X�O�G���Z�H�D�U
�J�R�J�J�O�H�V�����D�S�U�R�Q�V���D�Q�G���V�X�L�W�D�E�O�H���J�O�R�Y�H�V�������6�R�O�Y�H�Q�W�V���D�Q�G���W�K�H�L�U���Y�D�S�R�U�V���V�K�R�X�O�G���Q�H�Y�H�U���E�H
�H�[�S�R�V�H�G���W�R���R�S�H�Q���I�O�D�P�H�V���R�U���V�S�D�U�N�V���D�Q�G���V�K�R�X�O�G���D�O�Z�D�\�V���E�H���V�W�R�U�H�G���L�Q���D�S�S�U�R�Y�H�G���V�D�I�H�W�\
�F�R�Q�W�D�L�Q�H�U�V��

(4) Keep core ducts completely clean.  The difference in temperature rise could be
around 10°C before and after cleaning

�������� �&�O�H�D�Q���W�K�H���H�[�W�H�U�L�R�U���R�I���W�K�H���P�R�W�R�U��
(a) On open ventilated motors, screens and louvers over the inlet air openings should not be

allowed to accumulate any build-up of dirt, lint, etc. that could restrict free air movement.

�$�7�7�(�1�7�,�2�1��
�6�F�U�H�H�Q�V���D�Q�G���O�R�X�Y�H�U�V���V�K�R�X�O�G���Q�H�Y�H�U���E�H���F�O�H�D�Q�H�G���R�U���G�L�V�W�X�U�E�H�G���Z�K�L�O�H���W�K�H���P�R�W�R�U���L�V���L�Q���R�S�H�U�D�W�L�R�Q
�E�H�F�D�X�V�H���D�Q�\���G�L�V�O�R�G�J�H�G���G�L�U�W���R�U���G�H�E�U�L�V���F�D�Q���E�H���G�U�D�Z�Q���G�L�U�H�F�W�O�\���L�Q�W�R���W�K�H���P�R�W�R�U��

(b) If the motor is equipped with air filters, they should be replaced (disposable type) or
cleaned and reconditioned (permanent type) at a frequency that is dictated by conditions.
It is better to replace or recondition filters too often than not often enough.

(c) Totally enclosed air to air cooled and totally enclosed fan cooled motors require special
cleaning considerations.  The external fan must be cleaned thoroughly since any dirt
build-up not removed can lead to unbalance and vibration.  All of the tubes of the air-to-
air heat exchanger should be cleaned using a suitable tube brush having synthetic fiber
bristles (not wire of any type).

�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���D�Q�W�L���I�U�L�F�W�L�R�Q���E�H�D�U�L�Q�J�V

�������������)�U�H�T�X�H�Q�F�\���R�I���U�H���O�X�E�U�L�F�D�W�L�R�Q��
The life of grease varies greatly as a result of types of model, revolution speed, temperature,
operational conditions etc.  It is, therefore, impossible to be precise about replenishment intervals.
However, for normal direct coupling transmission, the periods shown as Table 1 may be used as
a guide.

�5�H�P�D�U�N�V��
(a) The periods shown in Table 1 should be halved where bearings are used for belt drive

and/or in dirty or high ambient temperature or high humidity environments.
(b) Please refer to the lubrication nameplate, if attached to the motor.
(c) For bearing numbers outside the range of Table 1, please contact TWMC

����
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(d) If the periods referred to in Table 1 for drive-end bearing and opposite drive-end are
different, for the convenience of maintenance operation, please take the shorter one the
required grease replenishment period of these bearings.

������������ �.�L�Q�G�V���R�I���J�U�H�D�V�H��
All motors with ZZ bearings will have SHELL Alvania R3 (lithium base grease). All motors with
open bearings will have Polyrex EM (polyurea base grease).
Certain T-frame models will utilize special grease and will be noted on the lubrication nameplate.
Please us identical grease or its equivalents when maintaining lubrication schedule.
�$�7�7�(�1�7�,�2�1��
�'�R���Q�R�W���P�L�[���G�L�I�I�H�U�H�Q�W���N�L�Q�G�V���R�I���J�U�H�D�V�H��
�0�L�[�L�Q�J���J�U�H�D�V�H���Z�L�W�K���G�L�I�I�H�U�H�Q�W���W�\�S�H���R�I���W�K�L�F�N�H�Q�H�U�V���P�D�\���G�H�V�W�U�R�\���L�W�V���F�R�P�S�R�V�L�W�L�R�Q���D�Q�G���S�K�\�V�L�F�D�O
�S�U�R�S�H�U�W�L�H�V�������(�Y�H�Q���L�I���W�K�H���W�K�L�F�N�H�Q�H�U�V���D�U�H���R�I���W�K�H���V�D�P�H���W�\�S�H�����S�R�V�V�L�E�O�H���G�L�I�I�H�U�H�Q�F�H�V���L�Q���W�K�H
�D�G�G�L�W�L�Y�H���P�D�\���F�D�X�V�H���G�H�W�U�L�P�H�Q�W�D�O���H�I�I�H�F�W�V��

������������ �*�U�H�D�V�H���T�X�D�Q�W�L�W�\
The amount of grease per replenishment depends on the type, size and construction of the
bearings.  The maximum amount of one replenishment for each bearing is shown in Table 2.

������������ �5�H���J�U�H�D�V�L�Q�J

�,�I���U�H���O�X�E�U�L�F�D�W�L�R�Q���L�V���W�R���E�H���S�H�U�I�R�U�P�H�G���Z�K�H�Q���W�K�H���P�R�W�R�U���L�V���U�X�Q�Q�L�Q�J�����V�W�D�\���F�O�H�D�U���R�I���U�R�W�D�W�L�Q�J
�S�D�U�W�V��

It is advisable to re-grease when the motor is running to allow the new grease to be evenly
distributed inside the bearing.
Before re-greasing, the inlet fitting should be thoroughly cleaned to prevent any accumulated dirt
from being carried into the bearing with the new grease.  The outlet of grease drainage should be
opened to allow the proper venting of old grease.

Use a grease gun to pump grease through grease nipple into the bearings.  After re-greasing,
operate the motor for 10-30 minutes to allow any excess grease to vent out.

����
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�7�$�%�/�(������
Bearing
Number

600
RPM

720
RPM

750
RPM

900
RPM

1000
RPM

1200
RPM

1500
RPM

1800
RPM

3000
RPM

3600
RPM

6210
12 2000 Hrs.
13
14 1000 Hrs.
15
16 720 Hrs.
17 2000 Hrs.
18 3000 Hrs.
20
22
24 1500 Hrs.
26
28 2000 Hrs. 1000 Hrs.
30
32 500 Hrs.
34 1500 Hrs.
36

62XX
63XX
72XX
73XX

38 2000 Hrs. 1000 Hrs.

Bearing
Number

600
RPM

720
RPM

750
RPM

900
RPM

1000
RPM

1200
RPM

1500
RPM

1800
RPM

NU214
15 2000 Hrs.
16
17
18 3000 Hrs. 1500 Hrs.
20
22 1000 Hrs.
24
26 2000 Hrs.
28 500 Hrs.
30
32
34 2000 Hrs. 1000 Hrs.
36
38 2000 Hrs.
40
44 1000 Hrs.

NU2XX
NU3XX

48 1000 Hrs.

Bearing
Number

600
RPM

720
RPM

750
RPM

900
RPM

1000
RPM

1200
RPM

1500
RPM

1800
RPM

22220 300 Hrs.
22
24 1000 Hrs. 500 Hrs.
26
28
30 300 Hrs.
32 500 Hrs.
34
36
38 500 Hrs.
40 300 Hrs.
44

222XX
223XX

48 300 Hrs.
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�7�$�%�/�(������
Bearing No. Amount of replenishment Bearing No. Amount of replenishment

6210 30 g 6310 40 g
6212 40 6312 60
6213 50 6313 80
6214 50 6314 80
6215 60 6315 100
6216 60 6316 100
6217 80 6317 120
6218 80 6318 120
6220 100 6320 160
6222 120 6322 220
6224 120 6324 270
6226 140 6326 300
6228 160 6328 400
6230 180 6330 450
6232 200 6332 500
6234 250 6334 600
6236 300 6336 700
6238 350 6338 800
6240 400 6340 900
6244 450 6344 900

62XX
72XX

NU2XX
2222XX

6248 500

63XX
73XX

NU223XX
223XX

6348 900

*Fill new grease until it overflows and the old grease is entirely replaced.

������������ �2�L�O���U�H���O�X�E�U�L�F�D�W�L�R�Q�����)�R�U���R�L�O���O�X�E�U�L�F�D�W�L�R�Q���W�\�S�H�V���R�Q�O�\��
Maintain proper lubrication by checking the oil level periodically and adding oil when necessary.
Because of the initial clearing action of the bearing and the expansion of the oil as it comes up to
operating temperature, the oil level will be higher after the motor has been in operation for a while
than it is with the motor at standstill.
Overfilling should be avoided not only because of the possibility that expansion may force the oil
over the oil sleeve and on to the rotor, but also because too high an operating oil level prevents
the bearing form clearing itself of excess oil.  The resultant churning can cause extra loss, high
temperatures, and oxidized oil.  If, during operation, the oil level goes above the maximum shown
on the sight gauge, drain enough oil to bring the level back within the recommended operating
range.  �'�R���Q�R�W���S�H�U�P�L�W���W�K�H���R�S�H�U�D�W�L�Q�J���O�H�Y�H�O���W�R���I�D�O�O���E�H�O�R�Z���W�K�H���P�L�Q�L�P�X�P���V�K�R�Z�Q���R�Q���W�K�H���J�D�X�J�H��

�$�7�7�(�1�7�,�2�1��
�6�K�R�X�O�G���L�W���H�Y�H�U���E�H�F�R�P�H���Q�H�F�H�V�V�D�U�\���W�R���D�G�G���H�[�F�H�V�V�L�Y�H���D�P�R�X�Q�W���R�I���P�D�N�H���X�S���R�L�O�����L�Q�Y�H�V�W�L�J�D�W�H
�L�P�P�H�G�L�D�W�H�O�\���I�R�U���R�L�O���O�H�D�N�V��

Change the oil at regular intervals.  The time between oil changes depends upon the severity of
operating conditions and, hence, must be determined by the motor user.  Two or three changes a
year is typical, but special conditions, such as high ambient temperature, may require more
frequent changes.  Avoid operating the motor with oxidized oil.
Use only good grade, oxidation-corrosion-inhibited turbine oils produced by reputable oil
companies.
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�(������������



 The viscosity of the oil to be used depends upon the type and size of the bearings, its load and
speed, the ambient temperature, and the amount and temperature of the cooling water (if used)).
The lubrication nameplate or instructions with each motor specifies the viscosity range of oil
suitable for average conditions.  The usual oil viscosity range of oil suitable for average
conditions.  The usual oil viscosity recommendations are summarized in Table 3.  Operation in
ambient temperatures that are near or below freezing may require preheating the oil or the use of
special oil.  Whenever the motor is disassembled for general cleaning and reconditioning, the
bearing housing may be washed out with a suitable cleaning solvent.  Be sure that the oil-
metering hole is clear, and then dry the housing thoroughly before re-assembly, and ensure all
traces of cleaning solvent have been removed.

�7�$�%�/�(�������2�L�O���9�L�V�F�R�V�L�W�\��
Oil Viscosity - SSUBearing function

and location
Bearing

Type @ 100°F @ 200°F
72XX, 73XX
Angular contact ball
And/or (62XX, 63XX)

150 45

Spherical roller 300 53
Thrust Bearing

Plate (Kingsbury Type) 300 53

**Remark:  When a lubrication nameplate attached to the motor, use lubrication oil it stipulates.

������������ �&�O�H�D�Q�L�Q�J���D�Q�G���L�Q�V�W�D�O�O�D�W�L�R�Q���R�I���E�H�D�U�L�Q�J�V
(a) Apply the proper amount of grease to the disassembled parts of the bearing after they

have been thoroughly cleaned with high quality cleaning oil.  Then protect them from
contamination before and during assembly.

(b) Bearing installation

�$�7�7�(�1�7�,�2�1��
�%�H�I�R�U�H���L�Q�V�W�D�O�O�L�Q�J���W�K�H���E�H�D�U�L�Q�J�V�����P�D�N�H���V�X�U�H���W�K�D�W���W�K�H���V�K�D�I�W���P�R�X�Q�W�H�G���S�D�U�W�V���L�Q�V�L�G�H���W�K�H���E�H�D�U�L�Q�J�V
�D�U�H���L�Q���S�O�D�F�H���E�H�I�R�U�H���L�Q�V�W�D�O�O�D�W�L�R�Q��

Since the bearing is a high precision component, it is important to avoid ingression of dust
and foreign matter, and hammering during cleaning and installation.  Use extreme care
and insure clean conditions during installation and assembly.

�$�7�7�(�1�7�,�2�1��
�7�K�H���E�H�V�W���Z�D�\���I�R�U���E�H�D�U�L�Q�J���L�Q�V�W�D�O�O�D�W�L�R�Q���L�V���K�H�D�W���V�K�U�L�Q�N�L�Q�J�������.�Q�R�F�N�L�Q�J���D�Q�G���K�D�P�P�H�U�L�Q�J���G�X�U�L�Q�J
�L�Q�V�W�D�O�O�D�W�L�R�Q���V�K�R�X�O�G���E�H���D�Y�R�L�G�H�G���D�E�V�R�O�X�W�H�O�\��

The bearing should be heated in a bath of clean oil at a temperature of approximately
80°C.  After warming, slide the bearings in place quickly and nimbly so that it has not
shrunk before being fully in position.
Grease the bearing after the temperature returns to normal, and then reassemble the
motor.
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�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���V�O�H�H�Y�H���E�H�D�U�L�Q�J�V

������������ �'�D�L�O�\���L�Q�V�S�H�F�W�L�R�Q�V
(a) Ensure the volume and quality of lubrication oil are in compliance with specifications.

(b) Ensure there is motion of the oil ring and it is not clamped.
(c) The indicator of the shaft endplay should be restricted within the specified range of the red

groove of the shaft or the ±3mm (.118 in.) range of the drive-end shaft shoulder, or the
bearing may be damaged.

������������ �5�H�J�X�O�D�U���H�[�D�P�L�Q�D�W�L�R�Q
(a) Periodical change of oil

The oil reservoirs of self (not flood) lubricated bearings should be drained and refilled about
every six (6) months.  More frequent changes may be needed on high speed (3600 rpm)
motors or if severe oil discoloration or contamination occurs.  In conditions where
contamination does occur, it may be advisable to flush the reservoir with kerosene to
remove any sediment before new oil is added.  Proper care must be taken to thoroughly
drain the reservoir of the flushing material before refilling with the new oil.
Refill the reservoir to the center of oil sight glass with a rust and oxidation inhibited turbine
grade oil.  Refer to the outline and lubrication nameplate for the correct viscosity.

(b) Quantity of lubrication oil
Please refer to the lubrication nameplate for oil quantity.

(c) Oil viscosity
(d) 

ISO Equivalents Viscosity (SUS/100°F)

VG32 Esso Teresso 32 150

VG46 Esso Teresso 46 200

VG68 Esso Teresso 68 300
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�������������'�L�V�D�V�V�H�P�E�O�\

�3�U�L�R�U���W�R���G�L�V�D�V�V�H�P�E�O�L�Q�J�����H�Q�V�X�U�H���W�K�H���S�R�Z�H�U���V�X�S�S�O�L�H�V���D�U�H���G�L�V�F�R�Q�Q�H�F�W�H�G���D�Q�G���W�K�H�U�H
�D�U�H���Q�R���P�R�Y�L�Q�J���S�D�U�W�V��

The bearing sleeve is of the spherically seated, self-aligning type.  The opposite drive end
bearing is normally insulated for larger motors (or when specified).  On some motors, the
insulation is bonded to the spherical seat of the bearing housing.

�$�7�7�(�1�7�,�2�1��
�(�[�W�U�H�P�H���F�D�U�H���P�X�V�W���E�H���H�[�H�U�F�L�V�H�G���L�Q���U�H�P�R�Y�L�Q�J���W�K�H���E�H�D�U�L�Q�J���V�O�H�H�Y�H���I�U�R�P���W�K�H���L�Q�V�X�O�D�W�H�G���V�X�S�S�R�U�W
�W�R���D�Y�R�L�G���G�D�P�D�J�L�Q�J���W�K�L�V���L�Q�V�X�O�D�W�L�R�Q��

The following is the recommended procedure for removing the bearing sleeve:

(a) Remove the oil drain plug in the housing bottom and drain the oil sump.

(b) Remove all instrumentation sensors that are in contact with the bearing sleeve.  These
would include resistance temperature detectors, thermocouples, thermometers, etc..

(c) Remove the socket head bolts holding the bearing cap and the inner air seal.  The end
cover plate must also be removed if the non-drive end bearing is being disassembled.
Remove the bearing cap and top half of the inner air seal.  Place them on a clean, dry
surface to avoid damage to the parting surfaces.

(d) Remove the top half of the bearing sleeve using suitable eyebolts in the tapped holes
provided.  Lift the bearing top straight up and avoid any contact with the shoulders of the
shaft journals that might damage the thrust faces of the bearing.  Place on a clean, dry
surface taking care to prevent damage to either the parting surfaces or the locating pins
that are captive n the top bearing half.

(e) Remove the screws at the partings in the oil ring and dismantle the ring by gently tapping
the dowel pin ends with a soft face mallet.  Remove the ring halves and immediately
reassemble them to avoid any mix up I parts or damage to the surfaces at the partings.

(f) Pull up on the garter spring surrounding the floating labyrinth seal and carefully slip out the
top half.  Rotate the garter spring until the lock is visible.  Twist counter-clockwise to
disengage the lock, remove the garter spring then rotate the lower half of the seal out of
the groove in the bearing housing.  Note the condition of these floating labyrinth seals.  If
they are cracked or chipped, they must be replaced.  Do not attempt to reuse a damaged
seal.

(g) To remove the bottom bearing half, the shaft must be raised a slight amount to relieve
pressure on the bearing.  On the drive end, this can be done by jacking or lifting on the
shaft extension.  Protect the shaft.  On the non-drive, jacing or lifting can be done using
bolts threaded into the tapped holes provided in the shaft end.
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(h)  Roll the bottom bearing half to the top of the shaft journal and then lift it using suitable
eyebolts threaded into the holes provided.  Again avoid any contact with the shaft
shoulders that could damage the bearing thrust faces.  Place the lower bearing half on a
clean, dry surface to protect the parting surfaces.

�8�V�H���H�[�W�U�H�P�H���F�D�U�H���Z�K�H�Q���U�R�O�O�L�Q�J���R�X�W���W�K�H���O�R�Z�H�U���E�H�D�U�L�Q�J���K�D�O�I�������.�H�H�S���W�K�H���K�D�Q�G�V���D�Q�G
�I�L�Q�J�H�U�V���Z�H�O�O���F�O�H�D�U���R�I���D�Q�\���S�R�V�L�W�L�R�Q���Z�K�H�U�H���W�K�H�\���P�L�J�K�W���E�H���F�D�X�J�K�W���E�\���W�K�H���E�H�D�U�L�Q�J���K�D�O�I���L�I
�L�W���Z�H�U�H���D�F�F�L�G�H�Q�W�D�O�O�\���U�H�O�H�D�V�H�G���D�Q�G���U�R�W�D�W�H�G���E�D�F�N���W�R���L�W�V���E�R�W�W�R�P���S�R�V�L�W�L�R�Q�������6�H�U�L�R�X�V
�S�H�U�V�R�Q�D�O���L�Q�M�X�U�\���F�R�X�O�G���U�H�V�X�O�W��

(i) Protect the shaft journal by wrapping it with clean, heavy paper or cardboard.

������������ �5�H���D�V�V�H�P�E�O�\
Bearing re-assembly is basically a reverse of the disassembly procedures outlined above, with
the following suggestions:

(a) The interior of the bearing housing should be cleaned and then flushed with clean oil or
kerosene.

(b) The bearing halves and the shaft journal should be wiped clean using lint-free cloth soaked
with clean oil.

(c) All parts should be carefully inspected for nicks, scratches, etc., in any contract surfaces.
Such imperfections should be removed by an appropriate method such as stoning,
scraping, filling, etc., followed by thorough cleaning.

(d) Before installing the floating labyrinth seal halves, observe their condition.  Do not attempt
to use a cracked or chipped seal.  The bottom half seal has a set of drilled holes in its side
face.  These must be place at the bottom toward the inside of the bearing so that
accumulating oil may drain back into the housing.

(e) Put a bead of Curil-T around the seal half O.D.’s on both sides adjacent to the garter spring
groove.  This will prevent oil by-passing the seal around its outside.

(f) Place the bottom seal half on top of the shaft and roll it into position.  Install the top half and
insert the garter spring pulling up on both ends to permit engaging the lock.  Run a bead of
Curil-T around the O.D’s on both sides adjacent to the garter spring groove on this half
also.

(g) Carefully reassemble the two oil ring halves.  Inspect the dowel pins for burrs and
straightness and make any corrections required.  Do not force the ring halves together.
Excessive force may alter the roundness or flatness of the oil ring which can change its oil
delivery performance.

(h) Some of the pipe plugs in the housing are metric thread type.  These are identified as
those, which have a copper, lead, or similar material washer.  If these plugs are removed,
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be careful not to lose the washers.  Before re-assembly, inspect the washers and replace
them as required.

(i) Before installing the bearing cap, observe the position of the floating labyrinth seal.  The
“tab” must be on top to engage the pocket.  Failure to position the seal properly will result
in damage when the cap is assembled.

�$�7�7�(�1�7�,�2�1��
���������&�X�U�L�O���7���L�V���W�K�H���R�Q�O�\���D�S�S�U�R�Y�H�G���F�R�P�S�R�X�Q�G���I�R�U���X�V�H���L�Q���W�K�H���D�V�V�H�P�E�O�\���R�I���W�K�H���E�H�D�U�L�Q�J�V���R�Q���W�K�L�V

�P�R�W�R�U�������2�W�K�H�U���S�U�R�G�X�F�W�V���P�D�\���K�D�U�G�H�Q���D�Q�G���L�P�S�H�G�H���W�K�H���R�S�H�U�D�W�L�R�Q��
���������'�X�U�L�Q�J���W�K�H���U�H���D�V�V�H�P�E�O�\���R�I���W�K�H���E�H�D�U�L�Q�J���S�D�U�W�V�����D���W�K�L�Q���O�D�\�H�U���R�I���&�X�U�L�O���7���V�K�R�X�O�G���E�H���D�S�S�O�L�H�G���W�R

�D�O�O���J�D�V�N�H�W�V���D�Q�G���P�D�F�K�L�Q�H�G���L�Q�W�H�U�I�D�F�H���V�X�U�I�D�F�H�V�������7�K�L�V���V�X�J�J�H�V�W�L�R�Q���G�R�H�V���Q�R�W���D�S�S�O�\���W�R���W�K�H
�P�D�F�K�L�Q�H�G���V�X�U�I�D�F�H�V���R�I���W�K�H���E�H�D�U�L�Q�J���O�L�Q�H�U���K�D�O�Y�H�V��

���������:�K�H�Q���V�H�D�W�L�Q�J���W�K�H���E�H�D�U�L�Q�J���V�K�H�O�O�����D�S�S�O�\���D���W�K�L�Q���O�D�\�H�U���R�I���O�X�E�H���R�L�O���D�W���W�K�H���V�S�K�H�U�L�F�D�O���V�X�U�I�D�F�H���R�I
�W�K�H���O�L�Q�H�U�������6�O�R�Z�O�\���U�R�O�O���W�K�H���O�R�Z�H�U���E�H�D�U�L�Q�J���O�L�Q�H�U���L�Q�W�R���W�K�H���E�H�D�U�L�Q�J���K�R�X�V�L�Q�J���P�D�N�L�Q�J���V�X�U�H���W�K�D�W
�W�K�H���V�S�O�L�Q�W�H�G���V�X�U�I�D�F�H���R�I���W�K�H���O�L�Q�H�U���D�Q�G���W�K�H���K�R�X�V�L�Q�J���D�U�H���I�O�X�V�K�������*�U�D�G�X�D�O�O�\���O�R�Z�H�U���W�K�H���V�K�D�I�W
�R�Q�W�R���W�K�H���E�H�D�U�L�Q�J�������7�K�H���Z�H�L�J�K�W���R�I���K�H���V�K�D�I�W���Z�L�O�O���K�H�O�S���U�R�W�D�W�H���W�K�H���E�H�D�U�L�Q�J���O�L�Q�H�U���V�R���W�K�D�W���W�K�H
�E�D�E�E�L�W�W���V�X�U�I�D�F�H���R�I���W�K�H���O�L�Q�H�U���Z�L�O�O���P�D�W�F�K���W�K�H���V�O�R�S�H���R�I���W�K�H���M�R�X�U�Q�D�O�������6�R�P�H�W�L�P�H�V���L�W���L�V���U�H�T�X�L�U�H�G
�W�R���X�V�H���D���U�X�E�E�H�U���P�D�O�O�H�W���W�R���W�D�S���O�L�J�K�W�O�\���R�Q���W�K�H���E�H�D�U�L�Q�J���K�R�X�V�L�Q�J���Z�K�L�O�H���V�O�R�Z�O�\���U�R�O�O�L�Q�J���W�K�H
�V�K�D�I�W���W�R���K�H�O�S���W�K�L�V���V�H�D�W�L�Q�J���R�S�H�U�D�W�L�R�Q��

�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���V�O�L�S���U�L�Q�J�����)�R�U���:�R�X�Q�G���5�R�W�R�U���0�R�W�R�U�V���R�Q�O�\��

�(�Q�V�X�U�H���P�R�W�R�U���L�V���G�L�V�F�R�Q�Q�H�F�W�H�G���I�U�R�P���S�R�Z�H�U���V�X�S�S�O�L�H�V���D�Q�G���W�K�H�U�H���D�U�H���Q�R���D�F�F�H�V�V�L�E�O�H
�P�R�Y�L�Q�J���S�D�U�W�V���E�H�I�R�U�H���P�D�L�Q�W�H�Q�D�Q�F�H���R�S�H�U�D�W�L�R�Q��

������������ �$�G�M�X�V�W�P�H�Q�W���R�I���F�D�U�E�R�Q���E�U�X�V�K
(a) Brush pressure for normal operation:

�”  Electro-graphite brush…..0.2~0.25 kg/cm²
When frequent vibrations are evident or the brush is small (area below 0.5 cm²), the
pressure should be greater than as shown.

(b) Adjustment of brush pressure:
The brush pressure should be adjusted to keep normal operation as it wears.
�” The brush pressure may be reduced after use, so it is necessary to re-adjust.  For

adjustment, please turn adjusting screw, pressure adjusting pin or pressure adjusting
plate as shown in Fig. 14 to obtain the correct tension (=0.23 x brush cross sectional
area in cm²) ±10% kg.

(c) Brush pressure need not be adjusted if constant force spring is used as shown in Fig. 15
and Fig. 16.
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������������ �%�U�X�V�K���U�H�S�O�D�F�H�P�H�Q�W
The carbon brush is a part of the equipment which is easily worn away, replace it after it is worn
to ½ ~ ¾ of original size.

(a) Brush material
The brush material is important to the performance of the motor.  Only the most
appropriate materials are chosen by TWMC, and are listed on the nameplate of the motor.
It is important to know this when you replace the brush, so a recommended type is used.

(b) Dimensions
Brush, holder and gap between them, please refer to CNS 2322 C4051 or JIS C2802.

�$�7�7�(�1�7�,�2�1��
�7�K�H���J�D�S���E�H�W�Z�H�H�Q���D���E�U�X�V�K���D�Q�G���L�W���K�R�O�G�H�U���L�V���L�P�S�R�U�W�D�Q�W���I�R�U���J�R�R�G���S�H�U�I�R�U�P�D�Q�F�H���D�Q�G���V�D�I�H�W�\���R�I���W�K�H
�P�R�W�R�U��

(c) Adjustment of new brushes (Shown in Fig. 17)
(1) Polish the new brush with a file until is assumes the appropriate contour of the slip ring

which it touches.
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(2) Place sand-paper (JIS R6252 No. 40…50) on the slip ring with the abrasive face of the
paper against the brush to induce a closer contact by rubbing against each other.

(3) Repeat item 2 with fine sand –paper (JIS R6252 No. 100 to 200) until the contact
surface between brush and slip ring exceeds 80%.

(4) Finally, clean the contaminated slip ring and brush with clean cloth or compressed air.

�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���Q�R�Q���U�H�Y�H�U�V�H���U�D�W�F�K�H�W���P�H�F�K�D�Q�L�V�P
���)�R�U���9�H�U�W�L�F�D�O���K�L�J�K���7�K�U�X�V�W���0�R�W�R�U���R�Q�O�\��

����������
In the pump piping system, a check valve and a stop valve should be installed in the discharge
line.  The check valve, placed between the pump and the stop valve, is to protect the pump from
reverse flow and excessive backpressure.  The stop valve is used in priming, starting and when
shutting down the pump.  It is advisable to close the stop valve before stopping the pump.  This is
especially important when the pump is operated against a high static head.

TWMC vertical high thrust motors are equipped with non-reverse ratchet (N.R.R.) mechanism
only when requested by the pump manufacturer.  Typical construction of the N.R.R. mechanism
is shown as Fig 18 below.

The N.R.R. mechanism keeps the pump and motor from rotating in the reverse direction.  Thus
prevents damage from over-speeding and damage to water-lubricated pump shaft bearings
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when, on shutdown, the falling water column tends to drive the pump in the reverse direction.
In normal operation, the ratchet pins are lifted by the ratchet teeth and are held clear by
centrifugal force and friction as the motor comes up to speed.  When power is removed, the
speed decreases and the pins fall.  At the instant of reversal, a pin will catch in a ratchet tooth
and prevent backward rotation.

����������
The service life of ratchet  pins depends not only on the reverse shock load between the pin and
ratchet tooth when pump stopped but also the frequency of pump starting and stopping while in
service.  Provided that the pins are deformed due to this reverse shock load, then the up and
down motion of the ratchet pins could be sluggish or jammed and that unusual noises shall arise.

The recommended replacement period for these ratchet pins is every three (3) years.  If the
reverse shock load is greater than 30% of motor rated torque or the starting frequency is more
than twice per day, then the replacement period should be halved.

�$�7�7�(�1�7�,�2�1��
�7�K�H���F�K�H�F�N���Y�D�O�Y�H���D�Q�G���V�W�R�S���Y�D�O�Y�H���L�Q���W�K�H���G�L�V�F�K�D�U�J�H���O�L�Q�H���V�K�R�X�O�G���E�H���U�H�J�X�O�D�U�O�\���L�Q�V�S�H�F�W�H�G���D�Q�G
�P�D�L�Q�W�D�L�Q�H�G���W�R���D�V�V�X�U�H���W�K�H���Q�R�U�P�D�O���I�X�Q�F�W�L�R�Q���R�I���W�K�H�V�H���Y�D�O�Y�H�V�������7�K�L�V���L�V���L�P�S�R�U�W�D�Q�W���W�R���S�U�R�W�H�F�W���W�K�H
�S�X�P�S���D�Q�G���P�R�W�R�U���I�U�R�P���G�D�P�D�J�H���D�Q�G���L�Q�F�U�H�D�V�H���W�K�H���V�H�U�Y�L�F�H���O�L�I�H���R�I���W�K�H���1���5���5�����P�H�F�K�D�Q�L�V�P��

SECTION A-A
ITEM NAME
104 RATCHET
214 BEARING SEAT
402 EXTERNAL FAN
704 RATCHET PIN CARRIER
816 RATCHET PIN

Fig. 18
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������ �)�$�8�/�7���)�,�1�'�,�1�*���$�1�'���5�(�&�2�*�1�,�7�,�2�1

�.�L�Q�G�V���R�I
�%�U�H�D�N�G�R�Z�Q�6�\�P�S�W�R�P�V �3�R�V�V�L�E�O�H

�&�D�X�V�H�V �5�H�P�H�G�L�H�V

�3�R�Z�H�U���R�I�I �&�R�Q�V�X�O�W���S�R�Z�H�U���F�R�P�S�D�Q�\
�6�Z�L�W�F�K���R�I�I �6�Z�L�W�F�K���R�Q
�1�R���I�X�V�H �,�Q�V�W�D�O�O���I�X�V�H
�%�U�R�N�H�Q���Z�L�U�L�Q�J �&�K�H�F�N���Z�L�U�L�Q�J���D�Q�G���U�H�S�D�L�U
�%�U�R�N�H�Q���O�H�D�G �&�K�H�F�N���Z�L�U�L�Q�J���D�Q�G���U�H�S�D�L�U

�0�R�W�L�R�Q�O�H�V�V���D�Q�G
�V�R�X�Q�G�O�H�V�V

�%�U�R�N�H�Q���Z�L�Q�G�L�Q�J�V �&�K�H�F�N���Z�L�Q�G�L�Q�J�V���D�Q�G���U�H�S�D�L�U
�6�K�R�U�W���F�L�U�F�X�L�W���R�I���F�L�U�F�X�L�W���V�Z�L�W�F�K�H�V �&�K�H�F�N���F�L�U�F�X�L�W���V�Z�L�W�F�K�H�V���D�Q�G���U�H�S�O�D�F�H

�,�Q�F�R�U�U�H�F�W���Z�L�U�L�Q�J�&�K�H�F�N���Z�L�U�L�Q�J���D�F�F�R�U�G�L�Q�J���W�R
�Q�D�P�H�S�O�D�W�H

�3�R�R�U���F�R�Q�W�D�F�W���D�W���W�H�U�P�L�Q�D�O �/�R�F�N���W�L�J�K�W�O�\
�:�L�Q�G�L�Q�J�V���J�U�R�X�Q�G�H�G �)�D�F�W�R�U�\���U�H�S�D�L�U
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SECTION: 2.15.030

FM2780

0315

Supersedes

0114

����������������������������������������
AQUA-MATE SERIES

Model 72 Submersible Dewatering Pump

SK1924

        1 1/2" NPT

3 1/8"5 15/16"

4 1/4"

3 1/8" (79 mm)

4" (102 mm)

11 13/16" (300 mm)

3 3/4" (95 mm)

(108 mm)

(151 mm) (79 mm)

PRODUCT SPECIFICATIONS

M
O

TO
R

Horse Power 3/10 

Voltage 115

Phase 1 Ph

Hertz 60 Hz

RPM 3400

Type Permanent split capacitor

Insulation Class B

Amps 3.1 

P
U

M
P

Operation Automatic or nonautomatic

Auto On/Off Points 7-3/8" (18.7 cm) / 3-5/8" (9.2 cm)

Discharge Size 1-1/2" NPT

Solids Handling 3/8" (9 mm) spherical solids

Cord Length 9' (3 m) standard

Cord Type UL listed, 3-wire, grounded plug

Max. Head 18' (5.5 m)

Max. Flow Rate 38 GPM (144 LPM)

Max. Operating Temp. 110° F (43° C)

Cooling Oil free

Motor Protection Auto reset thermal overload

M
AT

E
R

IA
LS

Motor Housing Engineered plastic

Pump Housing Engineered plastic

Base Engineered plastic

Upper Bearing Ball bearing

Lower Bearing Ball bearing

Mechanical Seals Carbon and ceramic

Impeller Type Non-clogging vortex

Impeller Engineered plastic

Hardware Stainless steel

Motor Shaft 410 stainless steel

Gasket Buna-N o-ring

Product information presented 
�K�H�U�H���U�H�À�H�F�W�V���F�R�Q�G�L�W�L�R�Q�V���D�W���W�L�P�H��
of  publication. Consult factory 
regarding discrepancies or 
inconsistencies.

®

Your Peace of Mind is Our Top Priority  
®

R

�&�H�U�W�L�¿�H�G���W�R���&�6�$
�6�W�D�Q�G�D�U�G��������������

NOTE: See model comparison chart for specific details.

© Copyright 2015 Zoeller ® Co. All rights reserved.
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SELECTION GUIDE

1. Integral ”oat-operated mechanical switch, no external control required.

2. Single piggyback variable level ”oat switch or double piggyback variable level ”oat switch. Refer to FM0477.

3. See FM0477 for a residential alternator system.

M
ET

ER
S 

TO
TA

L 
D

YN
AM

IC
 H

EA
D

0

2

4

6

403010 20

FLOW PER MINUTE

LITERS 

GALLONS

0 80

10

5

15

20

PUMP PERFORMANCE CURVE

FE
ET

MODEL 72

* Single piggyback switch included.

012051

Shut-off Head:

Feet

MODEL

5

15

10

1.5

4.6

3.0

Meters

18 ft. (5.5 m)

Liters

38

30

14

Gal.

72

144

53

114

Model
MODEL COMPARISON

Seal Mode Volts Ph Amps HP Hz Lbs Kg Simplex Duplex

M72 Single Auto 115 1 3.1 3/10 60 9.5 4.3 1 3

N72 Single Non 115 1 3.1 3/10 60 9.5 4.3 2 2 & 3

BN72 Single Non 115 1 3.1 3/10 60 9.5 4.3 * ---

TOTAL DYNAMIC HEAD 
FLOW PER MINUTE

© Copyright 2015 Zoeller ® Co. All rights reserved.
502-778-2731  |  800-928-7867  |  3649 Cane Run Road  |  Louisville, KY  40211-1961  |  www.z oeller.com

All installation of controls, protection devices and wiring should be done by a qualified licensed electrician.  All electrical  and safety codes should be 
followed including the most recent National Electrical Code (NEC) and the Occupational Safety and Health Act (OSHA).CAUTION

OPTIONAL PUMP STAND P/N 10-2421

€ Reduces potential clogging by debris
€ Replaces rocks or bricks under the pump
€ Made of durable, noncorrosive ABS
€ Raises pump 2" (5 cm) off bottom of basin
€ Provides the ability to raise intake by adding sections of 1½" or 2" 
 (DN40 or DN50) PVC piping
€ Attaches securely to pump
€ Accommodates sump, dewatering and ef”uent applications
NOTE: Make sure ”oat is free from obstruction.

"Easy assembly"
  (pump & discharge pipe
          not included.)

�(������������
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INSTALLATION INSTRUCTIONS
RECOMMENDED MODELS

P
/N

 1
51

79
7

Notice to installing contractor:  Instructions must remain with installation.
SECTION: 6.10.002

FM2676

1011

Supersedes

New

PREINSTALLATION CHECKLIST - ALL INSTALLATIONS

DATE INSTALLED:

MODEL NUMBER:

1.  Inspect your pump. Occasionally, products are damaged during shipment.  If the unit is damaged, contact your dealer before using. DO NOT remove the test plugs in the cover nor the motor housing.
2.  Carefully read the literature���S�U�R�Y�L�G�H�G���W�R���I�D�P�L�O�L�D�U�L�]�H���\�R�X�U�V�H�O�I���Z�L�W�K���V�S�H�F�L�¿�F���G�H�W�D�L�O�V���U�H�J�D�U�G�L�Q�J���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���X�V�H�����7�K�H�V�H���P�D�W�H�U�L�D�O�V���V�K�R�X�O�G���E�H���U�H�W�D�L�Q�H�G���I�R�U���I�X�W�X�U�H���U�H�I�H�U�H�Q�F�H��

NOTICE: VENT HOLE FOR

CHECK VALVE

SEE #3 IN CAUTION SECTION

BELOW AND #4 ON PAGE 3

EFFLUENT*/SUMP/DEWATERING SEWAGE
49 / 53 / 57 Series, 98 Series 264 Series

137 Series, 151 / 152 / 153 Series 266 / 267 /  268 Series

SEE BELOW FOR
LIST OF CAUTIONS

SEE BELOW FOR
LIST OF WARNINGS

 1.���� �0�D�N�H���F�H�U�W�D�L�Q���W�K�D�W���W�K�H���U�H�F�H�S�W�D�F�O�H���L�V���Z�L�W�K�L�Q���W�K�H���U�H�D�F�K�����R�I���W�K�H���S�X�P�S�¶�V���S�R�Z�H�U���V�X�S�S�O�\���F�R�U�G�������'�2���1�2�7��
�8�6�(���$�1���(�;�7�(�1�6�,�2�1���&�2�5�'�����(�[�W�H�Q�V�L�R�Q���F�R�U�G�V���W�K�D�W���D�U�H���W�R�R���O�R�Q�J���R�U���W�R�R���O�L�J�K�W���G�R���Q�R�W���G�H�O�L�Y�H�U���V�X�I�¿�F�L�H�Q�W��
voltage to the pump motor. But, more important, they could present a safety hazard if the insulation 
were to become damaged or the connection end were to fall into the sump.

 2.  Make sure the pump electrical supply circuit is equipped with fuses or circuit breakers of 
proper capacity.  A separate branch circuit is recommended, sized according to the “National 
�(�O�H�F�W�U�L�F�D�O���&�R�G�H�´���I�R�U���W�K�H���F�X�U�U�H�Q�W���V�K�R�Z�Q���R�Q���W�K�H���S�X�P�S���Q�D�P�H�S�O�D�W�H��

 3.  Testing for ground.   As a safety measure, each electrical outlet should be checked for ground 
using an Underwriters Laboratory Listed circuit analyzer which will indicate if the power, neutral and 
�J�U�R�X�Q�G���Z�L�U�H�V���D�U�H���F�R�U�U�H�F�W�O�\���F�R�Q�Q�H�F�W�H�G���W�R���\�R�X�U���R�X�W�O�H�W�������,�I���W�K�H�\���D�U�H���Q�R�W�����F�D�O�O���D���T�X�D�O�L�¿�H�G���O�L�F�H�Q�V�H�G���H�O�H�F�W�U�L�F�L�D�Q��

 4.  For Added Safety.  Pumping and other equipment with a 3-prong grounded plug must be connected 
to a 3-prong grounded receptacle. For added safety the receptacle may be protected with a ground-
�I�D�X�O�W���F�L�U�F�X�L�W���L�Q�W�H�U�U�X�S�W�H�U�����:�K�H�Q���D���S�X�P�S���Q�H�H�G�V���W�R���E�H���F�R�Q�Q�H�F�W�H�G���L�Q���D���Z�D�W�H�U�W�L�J�K�W���M�X�Q�F�W�L�R�Q���E�R�[�����W�K�H���S�O�X�J��
can be removed and spliced to the supply cable with proper grounding. For added safety this circuit 
�P�D�\���E�H���S�U�R�W�H�F�W�H�G���E�\���D���J�U�R�X�Q�G���I�D�X�O�W���F�L�U�F�X�L�W���L�Q�W�H�U�U�X�S�W�H�U�����7�K�H���F�R�P�S�O�H�W�H���L�Q�V�W�D�O�O�D�W�L�R�Q���P�X�V�W���F�R�P�S�O�\���Z�L�W�K��
�W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���D�O�O���D�S�S�O�L�F�D�E�O�H���O�R�F�D�O���F�R�G�H�V���D�Q�G���R�U�G�L�Q�D�Q�F�H�V��

 5. FOR YOUR PROTECTION, ALWAYS DISCONNECT PUMP FROM ITS POWER SOURCE BEFORE 
HANDLING.  Single phase pumps are supplied with a 3-prong grounded plug to help protect you 
against the possibility of electrical shock.  DO NOT UNDER ANY CIRCUMSTANCES REMOVE 
THE GROUND PIN.�����7�K�H�������S�U�R�Q�J���S�O�X�J��must be inserted into a mating 3-prong grounded receptacle.  
If the installation does not have such a receptacle, it must be changed to the proper type, wired 
�D�Q�G���J�U�R�X�Q�G�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���D�O�O���D�S�S�O�L�F�D�E�O�H���O�R�F�D�O���F�R�G�H�V���D�Q�G��
�R�U�G�L�Q�D�Q�F�H�V�������7�K�U�H�H���S�K�D�V�H���S�X�P�S�V���U�H�T�X�L�U�H���P�R�W�R�U���V�W�D�U�W�L�Q�J���G�H�Y�L�F�H�V���Z�L�W�K���P�R�W�R�U���R�Y�H�U�O�R�D�G���S�U�R�W�H�F�W�L�R�Q�����6�H�H��
�)�0�����������I�R�U���G�X�S�O�H�[���L�Q�V�W�D�O�O�D�W�L�R�Q�V��

 6. �7�K�H���W�D�Q�N���L�V�� �W�R���E�H�� �Y�H�Q�W�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���O�R�F�D�O���S�O�X�P�E�L�Q�J�� �F�R�G�H���� �� �3�X�P�S�V must be installed in 
�D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���D�O�O���D�S�S�O�L�F�D�E�O�H���O�R�F�D�O���F�R�G�H�V���D�Q�G���R�U�G�L�Q�D�Q�F�H�V�������3�X�P�S�V��
�D�U�H���Q�R�W���W�R���E�H���L�Q�V�W�D�O�O�H�G���L�Q���O�R�F�D�W�L�R�Q�V���F�O�D�V�V�L�¿�H�G���D�V���K�D�]�D�U�G�R�X�V���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O��
�&�R�G�H�����$�1�6�,���1�)�3�$��������

 7. “Risk of electrical shock”  Do not remove power supply cord and strain relief or connect conduit 
directly to the pump.

 8.�� �,�Q�V�W�D�O�O�D�W�L�R�Q�� �D�Q�G�� �V�H�U�Y�L�F�L�Q�J�� �R�I�� �H�O�H�F�W�U�L�F�D�O�� �F�L�U�F�X�L�W�V�� �D�Q�G�� �K�D�U�G�Z�D�U�H�� �V�K�R�X�O�G�� �E�H�� �S�H�U�I�R�U�P�H�G�� �E�\�� �D�� �T�X�D�O�L�¿�H�G��
licensed electrician.

 9.�� �3�X�P�S���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���V�H�U�Y�L�F�L�Q�J�����V�K�R�X�O�G���E�H���S�H�U�I�R�U�P�H�G���E�\���D���T�X�D�O�L�¿�H�G���S�H�U�V�R�Q��
 10.�� �5�L�V�N���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N�������7�K�H�V�H���S�X�P�S�V���K�D�Y�H���Q�R�W���E�H�H�Q���L�Q�Y�H�V�W�L�J�D�W�H�G���I�R�U���X�V�H���L�Q���V�Z�L�P�P�L�Q�J���S�R�R�O���D�Q�G��

marine areas.

 11.�� �$�F�F�R�U�G�L�Q�J���W�R���W�K�H���V�W�D�W�H���R�I���&�D�O�L�I�R�U�Q�L�D�����3�U�R�S�������������W�K�L�V���S�U�R�G�X�F�W���F�R�Q�W�D�L�Q�V���F�K�H�P�L�F�D�O�V���N�Q�R�Z�Q���W�R���W�K�H���V�W�D�W�H��
�R�I���&�D�O�L�I�R�U�Q�L�D���W�R���F�D�X�V�H���F�D�Q�F�H�U���D�Q�G���E�L�U�W�K���G�H�I�H�F�W�V���R�U���R�W�K�H�U���U�H�S�U�R�G�X�F�W�L�Y�H���K�D�U�P��

 1.�� �&�K�H�F�N���W�R���E�H���V�X�U�H���\�R�X�U���S�R�Z�H�U���V�R�X�U�F�H���L�V���F�D�S�D�E�O�H���R�I���K�D�Q�G�O�L�Q�J���W�K�H���Y�R�O�W�D�J�H���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���W�K�H���P�R�W�R�U����
as indicated on the pump name plate.

 2.�� �7�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���R�I���D�X�W�R�P�D�W�L�F���S�X�P�S�V���Z�L�W�K���Y�D�U�L�D�E�O�H���O�H�Y�H�O���À�R�D�W���V�Z�L�W�F�K�H�V���R�U���Q�R�Q�D�X�W�R�P�D�W�L�F���S�X�P�S�V���X�V�L�Q�J��
�D�X�[�L�O�L�D�U�\���Y�D�U�L�D�E�O�H���O�H�Y�H�O���À�R�D�W���V�Z�L�W�F�K�H�V���L�V���W�K�H���U�H�V�S�R�Q�V�L�E�L�O�L�W�\���R�I���W�K�H���L�Q�V�W�D�O�O�L�Q�J���S�D�U�W�\���D�Q�G���F�D�U�H���V�K�R�X�O�G���E�H��
�W�D�N�H�Q���W�K�D�W���W�K�H���W�H�W�K�H�U�H�G���À�R�D�W�����V�Z�L�W�F�K���Z�L�O�O���Q�R�W���K�D�Q�J���X�S���R�Q���W�K�H���S�X�P�S���D�S�S�D�U�D�W�X�V���R�U���S�L�W���S�H�F�X�O�L�D�U�L�W�L�H�V���D�Q�G��
�L�V���V�H�F�X�U�H�G���V�R���W�K�D�W���W�K�H���S�X�P�S���Z�L�O�O���V�K�X�W���R�I�I�������,�W���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�R���X�V�H���U�L�J�L�G���S�L�S�L�Q�J���D�Q�G���¿�W�W�L�Q�J�V���D�Q�G���W�K�H��
pit be 18" or larger in diameter.

 3. Information - vent hole purpose.�����,�W���L�V���Q�H�F�H�V�V�D�U�\���W�K�D�W���D�O�O���V�X�E�P�H�U�V�L�E�O�H���V�X�P�S�����H�I�À�X�H�Q�W�����D�Q�G���V�H�Z�D�J�H��
pumps capable of handling various sizes of solid waste be of the bottom intake design to reduce 
�F�O�R�J�J�L�Q�J���D�Q�G���V�H�D�O���I�D�L�O�X�U�H�V�������,�I���D���F�K�H�F�N���Y�D�O�Y�H���L�V���L�Q�F�R�U�S�R�U�D�W�H�G���L�Q���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q�����D���Y�H�Q�W���K�R�O�H�����D�S�S�U�R�[����
���������������P�X�V�W���E�H���G�U�L�O�O�H�G���L�Q���W�K�H���G�L�V�F�K�D�U�J�H���S�L�S�H���E�H�O�R�Z���W�K�H���F�K�H�F�N���Y�D�O�Y�H���D�Q�G���S�L�W���F�R�Y�H�U���W�R���S�X�U�J�H���W�K�H���X�Q�L�W��
�R�I���W�U�D�S�S�H�G���D�L�U�����7�U�D�S�S�H�G���D�L�U���L�V���F�D�X�V�H�G���E�\���D�J�L�W�D�W�L�R�Q���D�Q�G���R�U���D���G�U�\���E�D�V�L�Q�������9�H�Q�W���K�R�O�H���V�K�R�X�O�G���E�H���F�K�H�F�N�H�G��
�S�H�U�L�R�G�L�F�D�O�O�\���I�R�U���F�O�R�J�J�L�Q�J�������7�K�H���������������������D�Q�G���������6�H�U�L�H�V���S�X�P�S�V���K�D�Y�H���D���Y�H�Q�W���O�R�F�D�W�H�G���L�Q���W�K�H���S�X�P�S���K�R�X�V�L�Q�J��
�R�S�S�R�V�L�W�H���W�K�H���À�R�D�W�����D�G�M�D�F�H�Q�W���W�R���D���K�R�X�V�L�Q�J���O�X�J�����E�X�W���D�Q���D�G�G�L�W�L�R�Q�D�O���Y�H�Q�W���K�R�O�H���L�V���U�H�F�R�P�P�H�Q�G�H�G�������7�K�H���Y�H�Q�W��
hole on a High Head application may cause too much turbulence. You may not want to drill one. 
If you choose not to drill a vent hole, be sure the pump case and impeller is covered with liquid 
before connecting the pipe to the check valve and no inlet  carries air to the pump intake. �1�2�7�(����
�7�+�(���+�2�/�(���0�8�6�7���$�/�6�2���%�(���%�(�/�2�:���7�+�(���%�$�6�,�1���&�2�9�(�5���$�1�'���&�/�(�$�1�(�'���3�(�5�,�2�'�,�&�$�/�/�<�� Water 
stream will be visible from this hole during pump run periods.

 4.�� �3�X�P�S���V�K�R�X�O�G���E�H���F�K�H�F�N�H�G���I�U�H�T�X�H�Q�W�O�\���I�R�U���G�H�E�U�L�V���D�Q�G���R�U���E�X�L�O�G���X�S���Z�K�L�F�K���P�D�\���L�Q�W�H�U�I�H�U�H���Z�L�W�K���W�K�H���À�R�D�W���³�R�Q�´��
�R�U���³�R�I�I�´���S�R�V�L�W�L�R�Q�����5�H�S�D�L�U���D�Q�G���V�H�U�Y�L�F�H���V�K�R�X�O�G���E�H���S�H�U�I�R�U�P�H�G���E�\���=�R�H�O�O�H�U���3�X�P�S���&�R�P�S�D�Q�\���$�X�W�K�R�U�L�]�H�G��
Service Station only.

 5.�� �'�H�Z�D�W�H�U�L�Q�J���D�Q�G���H�I�À�X�H�Q�W���V�X�P�S���S�X�P�S�V���D�U�H���Q�R�W���G�H�V�L�J�Q�H�G���I�R�U���X�V�H���L�Q���S�L�W�V���K�D�Q�G�O�L�Q�J���U�D�Z���V�H�Z�D�J�H��

 6.�� �0�D�[�L�P�X�P���R�S�H�U�D�W�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���I�R�U���V�W�D�Q�G�D�U�G���P�R�G�H�O���S�X�P�S�V���P�X�V�W���Q�R�W���H�[�F�H�H�G���������ƒ�)���������ƒ�&��������

 7. Pump models 266, 267, 268, and 137 must be operated in an upright position. Do not attempt to 
start pump when tilted or laying on its side.

 8.�� �'�R���Q�R�W���R�S�H�U�D�W�H���D���S�X�P�S���L�Q���D�Q���D�S�S�O�L�F�D�W�L�R�Q���Z�K�H�U�H���W�K�H���7�R�W�D�O���'�\�Q�D�P�L�F���+�H�D�G���L�V���O�H�V�V���W�K�D�Q���W�K�H���P�L�Q�L�P�X�P��
�7�R�W�D�O���'�\�Q�D�P�L�F���+�H�D�G���O�L�V�W�H�G���R�Q���W�K�H���3�X�P�S���3�H�U�I�R�U�P�D�Q�F�H���&�X�U�Y�H�V��

REFER TO WARRANTY ON PAGE 2.

�1�2�7�(�����3�X�P�S�V���Z�L�W�K���W�K�H���³�8�/�´���P�D�U�N���D�Q�G���S�X�P�S�V���Z�L�W�K���W�K�H���³�8�6�´���P�D�U�N���D�U�H���W�H�V�W�H�G���W�R���8�/���6�W�D�Q�G�D�U�G���8�/����������
�&�6�$���&�H�U�W�L�¿�H�G���S�X�P�S�V���D�U�H���F�H�U�W�L�¿�H�G���W�R���&�6�$���6�W�D�Q�G�D�U�G���&�����������1�R������������

Product information presented 
�K�H�U�H���U�H�À�H�F�W�V���F�R�Q�G�L�W�L�R�Q�V���D�W���W�L�P�H��
of  publication. Consult factory 
regarding discrepancies or 
inconsistencies.

MAIL TO:�����3���2���� �%�2�;���������������‡���/�R�X�L�V�Y�L�O�O�H�����.�<������������������������
SHIP TO:���������������&�D�Q�H���5�X�Q���5�R�D�G�����‡���/�R�X�L�V�Y�L�O�O�H�����.�<������������������������

�������������������������������‡���������������������������3�8�0�3���‡���)�$�;������������������������������

visit our web site:
www.zoeller.com

®
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®

�(������������



2
© Copyright 2011 Zoeller Co. All rights reserved.

we do not authorize any representative or other person to assume for us any other 
liability in connection with our products.

�&�R�Q�W�D�F�W���0�D�Q�X�I�D�F�W�X�U�H�U���D�W���������������&�D�Q�H���5�X�Q���5�R�D�G�����/�R�X�L�V�Y�L�O�O�H�����.�H�Q�W�X�F�N�\�������������������$�W�W�H�Q�W�L�R�Q����
�&�X�V�W�R�P�H�U���6�H�U�Y�L�F�H���'�H�S�D�U�W�P�H�Q�W���W�R���R�E�W�D�L�Q���D�Q�\���Q�H�H�G�H�G���U�H�S�D�L�U���R�U���U�H�S�O�D�F�H�P�H�Q�W���R�I���S�D�U�W���V����
or additional information pertaining to our warranty.

MANUFACTURER EXPRESSLY DISCLAIMS LIABILITY FOR SPECIAL, 
CONSEQUENTIAL OR INCIDENTAL DAMAGES OR BREACH OF EXPRESSED 
OR IMPLIED WARRANTY; AND ANY IMPLIED WARRANTY OF FITNESS FOR A 
PARTICULAR PURPOSE AND OF MERCHANTABILITY SHALL BE LIMITED TO 
THE DURATION OF THE EXPRESSED WARRANTY.

Some states do not allow limitations on the duration of an implied warranty, so the 
�D�E�R�Y�H���O�L�P�L�W�D�W�L�R�Q���P�D�\���Q�R�W���D�S�S�O�\���W�R���\�R�X�����6�R�P�H���V�W�D�W�H�V���G�R���Q�R�W���D�O�O�R�Z���W�K�H���H�[�F�O�X�V�L�R�Q���R�U��
�O�L�P�L�W�D�W�L�R�Q���R�I���L�Q�F�L�G�H�Q�W�D�O���R�U���F�R�Q�V�H�T�X�H�Q�W�L�D�O���G�D�P�D�J�H�V�����V�R���W�K�H���D�E�R�Y�H���O�L�P�L�W�D�W�L�R�Q���R�U���H�[�F�O�X�V�L�R�Q��
may not apply to you.

�7�K�L�V�� �Z�D�U�U�D�Q�W�\�� �J�L�Y�H�V�� �\�R�X�� �V�S�H�F�L�¿�F�� �O�H�J�D�O�� �U�L�J�K�W�V�� �D�Q�G�� �\�R�X�� �P�D�\�� �D�O�V�R�� �K�D�Y�H�� �R�W�K�H�U�� �U�L�J�K�W�V��
which vary from state to state.

Limited Warranty
Manufacturer warrants, to the purchaser and subsequent owner during the warranty 
period, every new product to be free from defects in material and workmanship under 
normal use and service, when properly used and maintained, for a period of three 
years from the date of original manufacture.  Parts that fail within the warranty period, 
that inspections determine to be defective in material or workmanship, will be repaired, 
replaced or remanufactured at Manufacturer's option, provided however, that by so 
doing we will not be obligated to replace an entire assembly, the entire mechanism 
or the complete unit.  No allowance will be made for shipping charges, damages, 
labor or other charges that may occur due to product failure, repair or replacement.

�7�K�L�V���Z�D�U�U�D�Q�W�\���G�R�H�V���Q�R�W���D�S�S�O�\���W�R���D�Q�G���W�K�H�U�H���V�K�D�O�O���E�H���Q�R���Z�D�U�U�D�Q�W�\���I�R�U���D�Q�\���P�D�W�H�U�L�D�O���R�U��
product that has been disassembled without prior approval of Manufacturer, subjected 
to misuse, misapplication, neglect, alteration, accident or act of God; that has not 
been installed, operated or maintained in accordance with Manufacturer's installation 
�L�Q�V�W�U�X�F�W�L�R�Q�V�����W�K�D�W���K�D�V���E�H�H�Q���H�[�S�R�V�H�G���W�R���R�X�W�V�L�G�H���V�X�E�V�W�D�Q�F�H�V���L�Q�F�O�X�G�L�Q�J���E�X�W���Q�R�W���O�L�P�L�W�H�G���W�R��
�W�K�H���I�R�O�O�R�Z�L�Q�J�������V�D�Q�G�����J�U�D�Y�H�O�����F�H�P�H�Q�W�����P�X�G�����W�D�U�����K�\�G�U�R�F�D�U�E�R�Q�V�����K�\�G�U�R�F�D�U�E�R�Q���G�H�U�L�Y�D�W�L�Y�H�V��
���R�L�O�����J�D�V�R�O�L�Q�H�����V�R�O�Y�H�Q�W�V�����H�W�F���������R�U���R�W�K�H�U���D�E�U�D�V�L�Y�H���R�U���F�R�U�U�R�V�L�Y�H���V�X�E�V�W�D�Q�F�H�V�����Z�D�V�K���W�R�Z�H�O�V��
�R�U���I�H�P�L�Q�L�Q�H���V�D�Q�L�W�D�U�\���S�U�R�G�X�F�W�V�����H�W�F�����L�Q���D�O�O���S�X�P�S�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�V�������7�K�H���Z�D�U�U�D�Q�W�\���V�H�W���R�X�W��
�L�Q���W�K�H���S�D�U�D�J�U�D�S�K���D�E�R�Y�H���L�V���L�Q���O�L�H�X���R�I���D�O�O���R�W�K�H�U���Z�D�U�U�D�Q�W�L�H�V���H�[�S�U�H�V�V�H�G���R�U���L�P�S�O�L�H�G�����D�Q�G��

  ELECTRICAL PRECAUTIONS- Before servicing a pump, always shut off the main power breaker and then unplug the pump - making 
�V�X�U�H���\�R�X���D�U�H���Z�H�D�U�L�Q�J���L�Q�V�X�O�D�W�H�G���S�U�R�W�H�F�W�L�Y�H���V�R�O�H���V�K�R�H�V���D�Q�G���Q�R�W���V�W�D�Q�G�L�Q�J���L�Q���Z�D�W�H�U�����8�Q�G�H�U���À�R�R�G�H�G���F�R�Q�G�L�W�L�R�Q�V�����F�R�Q�W�D�F�W���\�R�X�U���O�R�F�D�O���H�O�H�F�W�U�L�F���F�R�P�S�D�Q�\���R�U���D��
�T�X�D�O�L�¿�H�G���O�L�F�H�Q�V�H�G���H�O�H�F�W�U�L�F�L�D�Q���I�R�U���G�L�V�F�R�Q�Q�H�F�W�L�Q�J���H�O�H�F�W�U�L�F�D�O���V�H�U�Y�L�F�H���S�U�L�R�U���W�R���S�X�P�S���U�H�P�R�Y�D�O��

 Submersible pumps contain oils which becomes pressurized and hot under operating conditions - allow 2½ hours after disconnecting before 
attempting service.

If the above checklist does not uncover the problem, consult the factory - Do not attempt to service or otherwise disassemble pump. Service must be 
performed by Zoeller Authorized Service Stations. Go to www.zoellerpumps.com/servicestations���W�R���À�Q�G���W�K�H���$�X�W�K�R�U�L�]�H�G���6�H�U�Y�L�F�H���6�W�D�W�L�R�Q���L�Q���\�R�X�U���D�U�H�D��

SERVICE CHECKLIST

EASY DO’S & DON'T’S FOR INSTALLING A SUMP PUMP
  1. DO read thoroughly all installation material provided with the pump.
  2. DO�� �L�Q�V�S�H�F�W�� �S�X�P�S�� �I�R�U�� �D�Q�\�� �Y�L�V�L�E�O�H�� �G�D�P�D�J�H�� �F�D�X�V�H�G�� �E�\�� �V�K�L�S�S�L�Q�J���� �� �&�R�Q�W�D�F�W��

dealer if pump appears to be damaged.
  3. DO clean all debris from the sump.  Be sure that the pump will have a hard, 

�À�D�W���V�X�U�I�D�F�H���E�H�Q�H�D�W�K���L�W������DO NOT install on sand, gravel or dirt.
  4. DO be sure that the sump is large enough to allow proper clearance for the 

�O�H�Y�H�O���F�R�Q�W�U�R�O���V�Z�L�W�F�K���H�V�����W�R���R�S�H�U�D�W�H���S�U�R�S�H�U�O�\��
  5. DO Always Disconnect Pump From Power Source Before Handling.
  DO always connect to a separately protected and properly grounded 

circuit.
  DO NOT���H�Y�H�U���F�X�W�����V�S�O�L�F�H�����R�U���G�D�P�D�J�H���S�R�Z�H�U���F�R�U�G�����2�Q�O�\���V�S�O�L�F�H���L�Q���D���Z�D�W�H�U�W�L�J�K�W��

�M�X�Q�F�W�L�R�Q���E�R�[����
  DO NOT carry or lift pump by its power cord.
  DO NOT���X�V�H���D�Q���H�[�W�H�Q�V�L�R�Q���F�R�U�G���Z�L�W�K���D���V�X�P�S���S�X�P�S��
  6. DO install a check valve and a union in the discharge line.
  DO NOT use a discharge pipe smaller than the pump discharge.

 7. DO NOT���X�V�H���D���V�X�P�S���S�X�P�S���D�V���D���W�U�H�Q�F�K���R�U���H�[�F�D�Y�D�W�L�R�Q���S�X�P�S�����R�U���I�R�U���S�X�P�S�L�Q�J��
sewage, gasoline, or other hazardous liquids.

 8. DO test pump immediately after installation to be sure that the system is 
working properly.

 9. DO cover sump with an adequate sump cover.
 10. DO review all applicable local and national codes and verify that the installation 

conforms to each of them.
 11. DO���F�R�Q�V�X�O�W���P�D�Q�X�I�D�F�W�X�U�H�U���I�R�U���F�O�D�U�L�¿�F�D�W�L�R�Q�V���R�U���T�X�H�V�W�L�R�Q�V��
 12. DO consider a two pump system with an alarm where an installation may become 

overloaded or primary pump failure would result in property damages.
 13. DO���F�R�Q�V�L�G�H�U���D���'���&�����%�D�F�N�X�S���6�\�V�W�H�P���Z�K�H�U�H���D���V�X�P�S���R�U���G�H�Z�D�W�H�U�L�Q�J���S�X�P�S��

�L�V�� �Q�H�F�H�V�V�D�U�\�� �I�R�U�� �W�K�H�� �S�U�H�Y�H�Q�W�L�R�Q�� �R�I�� �S�U�R�S�H�U�W�\�� �G�D�P�D�J�H�V�� �I�U�R�P�� �À�R�R�G�L�Q�J�� �G�X�H��
�W�R���$���&���� �S�R�Z�H�U�� �G�L�V�U�X�S�W�L�R�Q�V���� �P�H�F�K�D�Q�L�F�D�O�� �R�U�� �H�O�H�F�W�U�L�F�D�O�� �S�U�R�E�O�H�P�V�� �R�U�� �V�\�V�W�H�P��
overloading.

  14. DO inspect and test system for proper operations at least every three 
months.

CONDITION COMMON CAUSES

A. Pump will not start or run. �&�K�H�F�N���I�X�V�H�����O�R�Z���Y�R�O�W�D�J�H�����R�Y�H�U�O�R�D�G���R�S�H�Q�����R�S�H�Q���R�U���L�Q�F�R�U�U�H�F�W���Z�L�U�L�Q�J�����R�S�H�Q���V�Z�L�W�F�K�����L�P�S�H�O�O�H�U���R�U���V�H�D�O���E�R�X�Q�G���P�H�F�K�D�Q�L�F�D�O�O�\����
defective capacitor or relay when used, motor or wiring shorted. Float assembly held down. Switch defective, 
damaged, or out of adjustment.

B. Motor overheats and trips overload 
or blows fuse.

�,�Q�F�R�U�U�H�F�W���Y�R�O�W�D�J�H�����Q�H�J�D�W�L�Y�H���K�H�D�G�����G�L�V�F�K�D�U�J�H���R�S�H�Q���O�R�Z�H�U���W�K�D�Q���Q�R�U�P�D�O�����L�P�S�H�O�O�H�U���R�U���V�H�D�O���E�R�X�Q�G���P�H�F�K�D�Q�L�F�D�O�O�\�����G�H�I�H�F-
tive capacitor or relay, motor shorted.

C. Pump starts and stops too often.�)�O�R�D�W���W�L�J�K�W���R�Q���U�R�G�����F�K�H�F�N���Y�D�O�Y�H���V�W�X�F�N���R�U���Q�R�Q�H���L�Q�V�W�D�O�O�H�G���L�Q���O�R�Q�J���G�L�V�W�D�Q�F�H���O�L�Q�H�����R�Y�H�U�O�R�D�G���R�S�H�Q�����O�H�Y�H�O���V�Z�L�W�F�K���V�����G�H�I�H�F-
tive, sump pit too small.

D. Pump will not shut off. �'�H�E�U�L�V���X�Q�G�H�U���À�R�D�W���D�V�V�H�P�E�O�\���� �À�R�D�W���R�U���À�R�D�W���U�R�G���E�R�X�Q�G���E�\�� �S�L�W���V�L�G�H�V���R�U���R�W�K�H�U���� �V�Z�L�W�F�K���G�H�I�H�F�W�L�Y�H���� �G�D�P�D�J�H�G���R�U���R�X�W���R�I��
adjustment.

E. Pump operates but delivers little or 
no water.

�&�K�H�F�N�� �V�W�U�D�L�Q�H�U�� �K�R�X�V�L�Q�J���� �G�L�V�F�K�D�U�J�H�� �S�L�S�H���� �R�U�� �L�I�� �F�K�H�F�N�� �Y�D�O�Y�H�� �L�V�� �X�V�H�G�� �Y�H�Q�W�� �K�R�O�H�� �P�X�V�W�� �E�H�� �F�O�H�D�U���� �'�L�V�F�K�D�U�J�H�� �K�H�D�G��
�H�[�F�H�H�G�V���S�X�P�S���F�D�S�D�F�L�W�\�����/�R�Z���R�U���L�Q�F�R�U�U�H�F�W���Y�R�O�W�D�J�H�����,�Q�F�R�U�U�H�F�W���P�R�W�R�U���U�R�W�D�W�L�R�Q�����&�D�S�D�F�L�W�R�U���G�H�I�H�F�W�L�Y�H�����,�Q�F�R�P�L�Q�J���Z�D�W�H�U��
containing air or causing air to enter pumping chamber.

F. Drop in head and/or capacity after 
a period of use.

Increased pipe friction, clogged line or check valve. Abrasive material and adverse chemicals could possibly 
�G�H�W�H�U�L�R�U�D�W�H���L�P�S�H�O�O�H�U���D�Q�G���S�X�P�S���K�R�X�V�L�Q�J�����&�K�H�F�N���O�L�Q�H�����5�H�P�R�Y�H���E�D�V�H���D�Q�G���L�Q�V�S�H�F�W��

In those instances where damages are incurred as a result of an alleged pump failure, 
the Homeowner must retain possession of the pump for investigation purposes.

�(������������
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On some installations it may be desirable 
to install an independent hanger for the 
level control switches to avoid possible 
hang ups on the pumps, piping, valves, 
etc.  Float hangers are available from 
�=�R�H�O�O�H�U�� �&�R�P�S�D�Q�\�� �R�Q�� �&�D�W�D�O�R�J�� �6�K�H�H�W��
FM0526 or can be fabricated from stan-
�G�D�U�G���S�L�S�H���D�Q�G���¿�W�W�L�Q�J�V��

SUGGESTED METHODS OF FLOAT INSTALLATION
TYPICAL FLOAT HANGER ON CONCRETE PITS

OR SEPTIC TANK RISERS
TYPICAL FLOAT HANGER ON STEEL COVER PITS

ACCESS COVER

STANDARD PIPE
FLANGE

PVC OR LIGHT WEIGHT
STAINLESS STEEL PIPEPEAGRAVEL TYPICAL FLOAT HANGER ON CONCRETE PITS

OR SEPTIC TANK RISERS

10-1457 FLOAT TREE
WITH 3 FLOATS SHOWN

SK1217 SK1218

RECOMMENDED INSTALLATION FOR ALL APPLICATIONS

All installations must comply with all applicable electrical and plumbing codes, including,  but not limited to, National Electrical Code, local, regional, and/or state plumbing 
codes, etc. Not intended for use in hazardous locations.

�� �������� ���(�O�H�F�W�U�L�F�D�O���Z�L�U�L�Q�J���D�Q�G���S�U�R�W�H�F�W�L�R�Q���P�X�V�W���E�H���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���1�D�W�L�R�Q�D�O��
�(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���D�Q�\���R�W�K�H�U���D�S�S�O�L�F�D�E�O�H���V�W�D�W�H���D�Q�G���O�R�F�D�O���H�O�H�F�W�U�L�F�D�O��
requirements. 

�� �������� ���,�Q�V�W�D�O�O���S�U�R�S�H�U���=�R�H�O�O�H�U���X�Q�L�F�K�H�F�N�����F�R�P�E�L�Q�D�W�L�R�Q���X�Q�L�R�Q���D�Q�G���F�K�H�F�N���Y�D�O�Y�H������
preferably just above the basin to allow easy removal of the pump for 
�F�O�H�D�Q�L�Q�J���R�U���U�H�S�D�L�U�������2�Q���V�H�Z�D�J�H�����H�I�À�X�H�Q�W���R�U���G�H�Z�D�W�H�U�L�Q�J�����L�I���K�L�J�K���K�H�D�G���R�U��
below cover installation is required use 30-0164 on 1½" pipe, 30-0152 
�R�Q���������S�L�S�H���D�Q�G�������������������R�Q���������S�L�S�H�������6�H�H�����������E�H�O�R�Z����

�� �������� ���$�O�O���L�Q�V�W�D�O�O�D�W�L�R�Q�V���U�H�T�X�L�U�H���D���E�D�V�L�Q���F�R�Y�H�U���W�R���S�U�H�Y�H�Q�W���G�H�E�U�L�V���I�U�R�P���I�D�O�O�L�Q�J���L�Q�W�R��
the basin and to prevent accidental injury. 

�� �������� ���:�K�H�Q���D���8�Q�L�F�K�H�F�N���L�V���L�Q�V�W�D�O�O�H�G�����G�U�L�O�O���D���������������G�L�D�����K�R�O�H���L�Q���W�K�H���G�L�V�F�K�D�U�J�H��
pipe even with the top of the pump. NOTE: THE HOLE MUST ALSO 
BE BELOW THE BASIN COVER AND CLEANED PERIODICALLY. 
���+�L�J�K���+�H�D�G���X�Q�L�W���V�H�H���������X�Q�G�H�U���³�&�D�X�W�L�R�Q�´���R�Q���I�U�R�Q�W���S�D�J�H�������:�D�W�H�U���V�W�U�H�D�P��
will be visible from this hole during pump run periods.

�� �������� ���6�H�F�X�U�H�O�\���W�D�S�H���R�U���F�O�D�P�S���S�R�Z�H�U���F�R�U�G���W�R���G�L�V�F�K�D�U�J�H���S�L�S�H�����F�O�H�D�U���R�I���W�K�H���À�R�D�W��
�P�H�F�K�D�Q�L�V�P���V������

�� �������� �8�V�H���I�X�O�O���V�L�]�H���G�L�V�F�K�D�U�J�H���S�L�S�H����
�� �������� ���%�D�V�L�Q���P�X�V�W���E�H���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���D�S�S�O�L�F�D�E�O�H���F�R�G�H�V���D�Q�G�� 

�V�S�H�F�L�¿�F�D�W�L�R�Q�V��
�� �������� ���3�X�P�S���P�X�V�W���E�H���O�H�Y�H�O���D�Q�G���À�R�D�W���P�H�F�K�D�Q�L�V�P���V�����F�O�H�D�U���R�I���V�L�G�H�V���R�I���E�D�V�L�Q��

before starting pump.     

�� �������� �%�D�V�L�Q���P�X�V�W���E�H���F�O�H�D�Q���D�Q�G���I�U�H�H���R�I���G�H�E�U�L�V���D�I�W�H�U���L�Q�V�W�D�O�O�D�W�L�R�Q��
�� ���������� ���*�D�W�H���9�D�O�Y�H���R�U���%�D�O�O���9�D�O�Y�H���W�R���E�H���V�X�S�S�O�L�H�G���E�\���L�Q�V�W�D�O�O�H�U���D�Q�G���L�Q�V�W�D�O�O�H�G�� 

according to any and all codes.
�� ���������� ���/�R�F�D�W�H���À�R�D�W���V�Z�L�W�F�K�H�V���D�V���V�K�R�Z�Q���L�Q���V�N�H�W�F�K�H�V�����7�K�H���E�H�V�W���S�O�D�F�H���I�R�U���W�K�H��

�³�R�I�I�´���S�R�L�Q�W���L�V���D�E�R�Y�H���W�K�H���P�R�W�R�U���K�R�X�V�L�Q�J���D�Q�G���S�R�V�L�W�L�R�Q�H�G���������ƒ���I�U�R�P���W�K�H��
�L�Q�O�H�W�����1�H�Y�H�U���S�X�W���³�R�I�I�´���S�R�L�Q�W���E�H�O�R�Z���G�L�V�F�K�D�U�J�H���R�Q���S�X�P�S�����6�H�Z�D�J�H���	�� 
�(�I�À�X�H�Q�W���R�Q�O�\������NOTE: FOR AUTOMATIC PUMPS, USE 
DEWATERING INSTALLATION SKETCH.

�� ���������� �*�D�V���W�L�J�K�W���V�H�D�O�V���U�H�T�X�L�U�H�G���W�R���F�R�Q�W�D�L�Q���J�D�V�H�V���D�Q�G���R�G�R�U�V��
�� �������������� ���9�H�Q�W���J�D�V�H�V���D�Q�G���R�G�R�U�V���W�R���W�K�H���D�W�P�R�V�S�K�H�U�H���W�K�U�R�X�J�K���Y�H�Q�W���S�L�S�H�����6�H�Z�D�J�H��

�	���'�H�Z�D�W�H�U�L�Q�J���R�Q�O�\����
�� �������������� �,�Q�V�W�D�O�O���=�R�H�O�O�H�U���3�X�P�S���6�W�D�Q�G�����0�R�G�H�O���������������������X�Q�G�H�U���S�X�P�S���W�R���S�U�R�Y�L�G�H���D����

�� �V�H�W�W�O�L�Q�J���E�D�V�L�Q�������(�I�À�X�H�Q�W���	���'�H�Z�D�W�H�U�L�Q�J���R�Q�O�\����
�)�R�U���(�I�À�X�H�Q�W���2�Q�O�\��
�� �������������� ���:�L�U�H���S�X�P�S���W�R���S�R�Z�H�U���W�K�U�R�X�J�K���D���=�R�H�O�O�H�U���Z�D�W�H�U�W�L�J�K�W���M�X�Q�F�W�L�R�Q���E�R�[���R�U��

watertight splice.  �1�2�7�(�����:�D�W�H�U�W�L�J�K�W���H�Q�F�O�R�V�X�U�H���L�V���D���P�X�V�W���L�Q���G�D�P�S��
�D�U�H�D�V�����6�H�H���1�R���������R�Q���I�U�R�Q�W���S�D�J�H���R�I���)�0����������                  

�� ���������� ���5�H�I�H�U���W�R���6�6�3�0�$���(�I�À�X�H�Q�W���6�L�]�L�Q�J���0�D�Q�X�D�O���I�R�U���G�H�W�H�U�P�L�Q�L�Q�J���³�R�Q�´�������³�R�I�I�´��
switches. 

�� �������������� �6�H�S�W�L�F���W�D�Q�N���U�L�V�H�U�V���P�X�V�W���E�H���X�V�H�G���I�R�U���H�D�V�\���S�X�P�S���D�Q�G���¿�O�W�H�U���D�F�F�H�V�V��

NOTE: Double seal pumps offer extra protection from damage caused by 
seal failure.

�7�<�3�,�&�$�/���6�(�:�$�*�(���,�1�6�7�$�/�/�$�7�,�2�1

SK290

Always refer to 
FM0551 and/or 
SSPMA recom-
mended sewage 
pump installation 
and maintenance.

�7�<�3�,�&�$�/���(�)�)�/�8�(�1�7���,�1�6�7�$�/�/�$�7�,�2�1

SK291

WW1 
EFFLUENT
FILTERSee FM0531, 

�)�0�����������	���)�0����������
for alarms, controls 
�	���M�X�Q�F�W�L�R�Q���E�R�[�H�V

�7�<�3�,�&�$�/���'�(�:�$�7�(�5�,�1�*���,�1�6�7�$�/�/�$�7�,�2�1

SK292

�6�H�H���)�0�������������)�0�����������	���)�0�����������I�R�U���D�O�D�U�P�V����
�F�R�Q�W�U�R�O�V���	���M�X�Q�F�W�L�R�Q���E�R�[�H�V

�(������������
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WD & WH MODEL INSTALLATION

WIRING DIAGRAM FOR MODELS
�:�'�������������9���������3�K�����������+�]��

�:�+���������������������9���������3�K�����������+�]��

�0�R�G�H�O�V���:�'���	���:�+���D�U�H���I�X�O�O�\���D�X�W�R�P�D�W�L�F�����$���À�R�D�W���V�Z�L�W�F�K���L�V���L�Q�F�O�X�G�H�G���D�Q�G��
factory wired in the pump circuit to provide automatic operation 
�R�Q�F�H���W�K�H���À�R�D�W���V�Z�L�W�F�K���L�V���V�H�F�X�U�H�G���S�U�R�S�H�U�O�\���W�R���W�K�H���R�X�W�O�H�W���S�L�S�H�����8�V�H���W�K�H��
�G�L�D�J�U�D�P���D�E�R�Y�H���W�R���V�H�F�X�U�H���W�K�H���À�R�D�W���V�Z�L�W�F�K���S�U�R�S�H�U�O�\���D�Q�G���R�E�W�D�L�Q���W�K�H��
proper tether to customize the on-off cycle to each application.

Determining Pumping Range
in Inches (1 inch - 2.5 cm)

�7�H�W�K�H�U���/�H�Q�J�W�K��5 10 15 20 22

�3�X�P�S�L�Q�J���5�D�Q�J�H��9 13.5 18 22 24

max.

Use only as a guide. Due to weight of 
cable, pumping range above horizontal 
is not equal to pumping range below 
�K�R�U�L�]�R�Q�W�D�O�����5�D�Q�J�H�V���D�U�H���E�D�V�H�G���R�Q���W�H�V�W�L�Q�J���L�Q��
nonturbulent conditions.���5�D�Q�J�H���P�D�\���Y�D�U�\��
due to water temperature and cord shape. 
As tether length increases, so does the 
variance of the pumping range.

min.

START

RUN

BLUE

MOTOR

(WHITE)
RED
(BROWN)

O.L.

YELLOW
(BLACK)

SWITCH
FLOAT 

BLACK

BLACK

WHITE

CAPACITOR

BLUE
(1) (2)

RED

RUN

WHITE

GREEN

L1 L2

(3)

011835
Note: Failure to keep within proper tether limits 
may prevent reliable switch operation.

Note: �&�D�E�O�H�� �P�X�V�W�� �E�H�� �P�R�X�Q�W�H�G�� �L�Q�� �K�R�U�L�]�R�Q�W�D�O��
position.

22" MAX.
5" MIN.

20 AMP SWITCH (WD & WH MODELS)

SK305

THREE PHASE WIRING INSTRUCTIONS
 FOR YOUR PROTECTION, ALWAYS 

DISCONNECT PUMP FROM ITS POWER SOURCE 
BEFORE HANDLING.

�7�R�� �D�X�W�R�P�D�W�L�F�D�O�O�\�� �R�S�H�U�D�W�H�� �D�� �Q�R�Q�D�X�W�R�P�D�W�L�F�� �W�K�U�H�H�� �S�K�D�V�H�� �S�X�P�S���� �D��
control panel is required.  Follow the instructions provided with the 
panel to wire the system.  For automatic three phase pumps see 
automatic 3 phase wiring diagram located to the far right.

Before installing a pump, check the pump rotation to ensure that 
wiring has been connected properly to power source, and that 
�W�K�H���J�U�H�H�Q���O�H�D�G���R�I���S�R�Z�H�U���F�R�U�G�����6�H�H���Z�L�U�L�Q�J���G�L�D�J�U�D�P�������L�V���F�R�Q�Q�H�F�W�H�G��
to a valid ground. Momentarily energize the pump, observing the 
�G�L�U�H�F�W�L�R�Q�V���R�I���N�L�F�N���E�D�F�N���G�X�H���W�R���V�W�D�U�W�L�Q�J���W�R�U�T�X�H�����5�R�W�D�W�L�R�Q���L�V���F�R�U�U�H�F�W���L�I��
kick back is in the opposite direction of rotation arrow on the pump 
casing. If rotation is not correct, switching of any two power leads 
other than ground, should provide the proper rotation.

All three phase pumps require motor starting devices with motor 
�R�Y�H�U�O�R�D�G���S�U�R�W�H�F�W�L�R�Q�����6�H�H���)�0�����������I�R�U���G�X�S�O�H�[���L�Q�V�W�D�O�O�D�W�L�R�Q�V�������3�X�P�S�V 
must���E�H���L�Q�V�W�D�O�O�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H��
and all applicable local codes and ordinances. Pumps are not to 
�E�H���L�Q�V�W�D�O�O�H�G���L�Q���O�R�F�D�W�L�R�Q�V���F�O�D�V�V�L�¿�H�G���D�V���K�D�]�D�U�G�R�X�V���L�Q���D�F�F�R�U�G�D�Q�F�H��
�Z�L�W�K���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H�����$�1�6�,���1�)�3�$��������

NONAUTOMATIC
3 PHASE

AUTOMATIC
3 PHASE

MOTOR

(3)

BLUE RED

BLACK

GREEN

L1 L2

006848

(1) (2)

YELLOW

L3

WHITE

RED

013071

SINGLE PHASE WIRING INSTRUCTIONS
 FOR YOUR PROTECTION, ALWAYS DISCONNECT PUMP FROM ITS POWER SOURCE BEFORE HANDLING.  Single phase 

pumps are supplied with a 3-prong grounded plug to help protect you against the possibility of electrical shock. DO NOT UNDER ANY CIRCUMSTANCES 
REMOVE THE GROUND PIN.�����7�K�H�������S�U�R�Q�J���S�O�X�J��must  be inserted into a mating 3-prong grounded receptacle. If the installation does not have such 
�D���U�H�F�H�S�W�D�F�O�H�����L�W���P�X�V�W���E�H���F�K�D�Q�J�H�G���W�R���W�K�H���S�U�R�S�H�U���W�\�S�H�����Z�L�U�H�G���D�Q�G���J�U�R�X�Q�G�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���D�O�O���D�S�S�O�L�F�D�E�O�H���O�R�F�D�O���F�R�G�H�V��
and ordinances.

 “Risk of electrical shock”  Do not remove power supply cord and strain relief or connect conduit directly to the pump.
���,�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���F�K�H�F�N�L�Q�J���R�I���H�O�H�F�W�U�L�F�D�O���F�L�U�F�X�L�W�V���D�Q�G���K�D�U�G�Z�D�U�H���V�K�R�X�O�G���E�H���S�H�U�I�R�U�P�H�G���E�\���D���T�X�D�O�L�¿�H�G���O�L�F�H�Q�V�H�G���H�O�H�F�W�U�L�F�L�D�Q��
���8�Q�L�W�V���V�X�S�S�O�L�H�G���Z�L�W�K�R�X�W���D���S�O�X�J�����V�L�Q�J�O�H���D�Q�G���W�K�U�H�H���S�K�D�V�H�����D�Q�G���V�L�Q�J�O�H���S�K�D�V�H���Q�R�Q�D�X�W�R�P�D�W�L�F���X�Q�L�W�V���Z�L�W�K���D���������D�P�S���S�O�X�J���P�X�V�W���K�D�Y�H���D���P�R�W�R�U��

�F�R�Q�W�U�R�O�� �D�Q�G�� �O�L�T�X�L�G�� �O�H�Y�H�O�� �F�R�Q�W�U�R�O�� �S�U�R�Y�L�G�H�G�� �D�W���W�L�P�H�� �R�I�� �L�Q�V�W�D�O�O�D�W�L�R�Q�����7�K�H�� �F�R�Q�W�U�R�O�� �G�H�Y�L�F�H�� �V�K�R�X�O�G�� �K�D�Y�H�� �V�X�L�W�D�E�O�H�� �Y�R�O�W�D�J�H���� �D�P�S�H�U�H���� �I�U�H�T�X�H�Q�F�\���� �J�U�R�X�Q�G�L�Q�J�� �D�Q�G��
horsepower rating for the pump to which it is connected.

IMPORTANT NOTICE: �6�R�P�H���L�Q�V�X�U�D�Q�F�H���S�R�O�L�F�L�H�V�����E�R�W�K���F�R�P�P�H�U�F�L�D�O���D�Q�G���U�H�V�L�G�H�Q�W�L�D�O�����H�[�W�H�Q�G���F�R�Y�H�U�D�J�H���I�R�U���G�D�P�D�J�H�V���L�Q�F�X�U�U�H�G���E�\���S�U�R�G�X�F�W���I�D�L�O�X�U�H�����<�R�X���Z�L�O�O���Q�H�H�G���W�R��
�K�D�Y�H���S�R�V�V�H�V�V�L�R�Q���R�I���W�K�H���S�U�R�G�X�F�W���W�R���V�X�S�S�R�U�W���\�R�X�U���F�O�D�L�P���L�Q���P�R�V�W���F�D�V�H�V�����=�R�H�O�O�H�U���3�X�P�S���&�R�����Z�L�O�O���H�[�F�K�D�Q�J�H���W�K�H���X�Q�L�W���R�U���U�H�I�X�Q�G���W�K�H���R�U�L�J�L�Q�D�O���S�X�U�F�K�D�V�H���S�U�L�F�H���R�Q�F�H���W�K�H���F�O�D�L�P��
is settled with the insurer in the case where you need to retain possession of the product to support a damage claim you submit to your insurance company.

006848
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Aviso al contratista instalador: Las instrucciones deberán permanecer con la instalación.
FM2676S

EFLUENTES*/SUMIDERO/ACHIQUE AGUAS CLOACALES
49 / 53 / 57 Series, 98 Series 264 Series

137 Series, 151 / 152 / 153 Series 266 / 267 / 268 Series

 1. Asegúrese de que el tomacorriente esté al alcance del cable de alimentación eléctrica de la 
�E�R�P�E�D�����1�2���8�6�(���8�1���&�$�%�/�(���'�(���(�;�7�(�1�6�,�Ï�1�����/�R�V���F�D�E�O�H�V���G�H���H�[�W�H�Q�V�L�y�Q���T�X�H���V�R�Q���G�H�P�D�V�L�D�G�R��
�O�D�U�J�R�V���R���O�L�Y�L�D�Q�R�V���Q�R���V�X�P�L�Q�L�V�W�U�D�Q���Y�R�O�W�D�M�H���V�X�¿�F�L�H�Q�W�H���D�O���P�R�W�R�U���G�H���O�D���E�R�P�E�D�����0�i�V���L�P�S�R�U�W�D�Q�W�H���D�~�Q����
�S�U�H�V�H�Q�W�D�Q���X�Q���S�H�O�L�J�U�R���D���O�D���V�H�J�X�U�L�G�D�G���V�L���H�O���D�L�V�O�D�Q�W�H���V�H���G�D�x�D���R���H�O���H�[�W�U�H�P�R���G�H���F�R�Q�H�[�L�y�Q���F�D�H���G�H�Q�W�U�R��
del sumidero.

 2. Asegúrese de que el circuito de alimentación eléctrica de la bomba esté equipado con fu-
sibles o interruptores de circuito de capacidad adecuada.���6�H���U�H�F�R�P�L�H�Q�G�D���X�Q���F�L�U�F�X�L�W�R���D�X�[�L�O�L�D�U����
�G�H�O���W�D�P�D�x�R���G�H���D�F�X�H�U�G�R���D�O���³�&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O�´���S�D�U�D���O�D���F�R�U�U�L�H�Q�W�H���T�X�H���V�H���P�X�H�V�W�U�D���H�Q���O�D��
etiqueta de nombre de la bomba.

 3. Prueba de puesta a tierra.���&�R�P�R���P�H�G�L�G�D���G�H���V�H�J�X�U�L�G�D�G�����F�D�G�D���W�R�P�D�F�R�U�U�L�H�Q�W�H���G�H�E�H���Y�H�U�L�¿�F�D�U�V�H��
para puesta a tierra usando un analizador de circuitos aprobado por el Underwriters Laboratory, 
�H�O���F�X�D�O���L�Q�G�L�F�D�U�i���V�L���O�R�V���D�O�D�P�E�U�H�V���G�H���H�Q�H�U�J�t�D�����Q�H�X�W�U�D�O�H�V���\���G�H���S�X�H�V�W�D���D���W�L�H�U�U�D���H�V�W�i�Q���F�R�Q�H�F�W�D�G�R�V���F�R�U-
�U�H�F�W�D�P�H�Q�W�H���D���V�X���W�R�P�D�F�R�U�U�L�H�Q�W�H�����6�L���Q�R���O�R���H�V�W�i�Q�����O�O�D�P�H���D���X�Q���W�p�F�Q�L�F�R���H�O�H�F�W�U�L�F�L�V�W�D���F�D�O�L�¿�F�D�G�R��

 4. Para mayor seguridad. El equipo de bombeo y otro equipo eléctrico con enchufes de 3 patillas 
deben conectarse a un tomacorriente para 3 patillas con puesta a tierra. Para mayor seguridad, 
�H�O���W�R�P�D�F�R�U�U�L�H�Q�W�H���S�X�H�G�H���H�V�W�D�U���S�U�R�W�H�J�L�G�R���F�R�Q���X�Q���L�Q�W�H�U�U�X�S�W�R�U���G�H���F�L�U�F�X�L�W�R���G�H���I�D�O�O�D���D���W�L�H�U�U�D�����&�X�D�Q�G�R���X�Q�D��
�E�R�P�E�D���Q�H�F�H�V�L�W�D���V�H�U���F�R�Q�H�F�W�D�G�D���D���X�Q�D���F�D�M�D���G�H���F�R�Q�H�[�L�y�Q���K�H�U�P�p�W�L�F�D�����H�O���H�Q�F�K�X�I�H���S�X�H�G�H���V�H�U���U�H�W�L�U�D�G�R��
y empalmado al cable de alimentación eléctrica propiamente conectado a tierra. Para mayor 
seguridad, este circuito puede ser protegido mediante un interruptor de circuito de falla a tierra. 
�/�D���L�Q�V�W�D�O�D�F�L�y�Q���F�R�P�S�O�H�W�D���G�H�E�H�U�i���F�X�P�S�O�L�U���F�R�Q���H�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���\���W�R�G�D�V���O�D�V���R�U�G�H�Q�D�Q�]�D�V��
y códigos locales aplicables.

 5. PARA SU PROTECCIÓN, SIEMPRE DESCONECTE LA BOMBA DE LA FUENTE DE 
  ALIMENTACIÓN ELÉCTRICA ANTES DE MANIPULARLA.���/�D�V���E�R�P�E�D�V���P�R�Q�R�I�i�V�L�F�D�V���V�H��

suministran con enchufes de 3 patillas con puesta a tierra para ayudar a protegerle contra la 
posibilidad de choque eléctrico.  NO RETIRE BAJO NINGUNA CIRCUNSTANCIA LA CLAVIJA 
DE PUESTA A TIERRA. Los enchufes de 3 patillas se deben introducir en un tomacorriente para 
3 patillas apropiado. Si la instalación no posee un tomacorriente de este tipo, se debe cambiar 
�S�R�U���X�Q�R���D�S�U�R�S�L�D�G�R�����F�D�E�O�H�D�G�R���\���F�R�Q���S�X�H�V�W�D���D���W�L�H�U�U�D���G�H���D�F�X�H�U�G�R���D�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���\���D��
�W�R�G�D�V���O�D�V���R�U�G�H�Q�D�Q�]�D�V���\���F�y�G�L�J�R�V���O�R�F�D�O�H�V���D�S�O�L�F�D�E�O�H�V�����/�D�V���E�R�P�E�D�V���W�U�L�I�i�V�L�F�D�V���U�H�T�X�L�H�U�H�Q���G�L�V�S�R�V�L�W�L�Y�R�V��
�G�H���D�U�U�D�Q�T�X�H���G�H�O���P�R�W�R�U���F�R�Q���S�U�R�W�H�F�F�L�y�Q���F�R�Q�W�U�D���V�R�E�U�H�F�D�U�J�D�����9�H�D���)�0�����������S�D�U�D���L�Q�V�W�D�O�D�F�L�R�Q�H�V���G�X�S�O�H�[����

 6.�� �(�O���W�D�Q�T�X�H���V�H���G�H�E�H���Y�H�Q�W�L�O�D�U���F�R�Q�I�R�U�P�H���D���O�R�V���F�y�G�L�J�R�V���G�H���S�O�R�P�H�U�t�D���O�R�F�D�O�H�V�����/�D�V���E�R�P�E�D�V���V�H��deben 
�L�Q�V�W�D�O�D�U���F�R�Q�I�R�U�P�H���D�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���\���D���W�R�G�R�V���O�R�V���F�y�G�L�J�R�V���\���R�U�G�H�Q�D�Q�]�D�V���O�R�F�D�O�H�V���T�X�H��
�F�R�U�U�H�V�S�R�Q�G�D�Q�����/�D�V���E�R�P�E�D�V���Q�R���V�H���G�H�E�H�Q���L�Q�V�W�D�O�D�U���H�Q���V�L�W�L�R�V���S�H�O�L�J�U�R�V�R�V���F�R�Q�I�R�U�P�H���D���O�D���F�O�D�V�L�¿�F�D�F�L�y�Q��
�G�H�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O�����$�1�6�,���1�)�3�$��������

 7. “Riesgo de choque eléctrico”. No quite el cable de alimentación eléctrica ni el dispositivo de 
alivio de tensión y no conecte un conductor directamente a la bomba.

 8.�� �/�D���L�Q�V�W�D�O�D�F�L�y�Q���\���Y�H�U�L�¿�F�D�F�L�y�Q���G�H���O�R�V���F�L�U�F�X�L�W�R�V���H�O�p�F�W�U�L�F�R�V���\���G�H�O���H�T�X�L�S�R���G�H�E�H�U�i�Q���O�O�H�Y�D�U�V�H���D���F�D�E�R���S�R�U��
�X�Q���W�p�F�Q�L�F�R���H�O�H�F�W�U�L�F�L�V�W�D���F�D�O�L�¿�F�D�G�R��

 9. �/�D���L�Q�V�W�D�O�D�F�L�y�Q���\���Y�H�U�L�¿�F�D�F�L�y�Q���G�H���O�D���E�R�P�E�D���G�H�E�H�U�i���O�O�H�Y�D�U�V�H���D���F�D�E�R���S�R�U���X�Q�D���S�H�U�V�R�Q�D���F�D�O�L�¿�F�D�G�D��
 10.�� �5�L�H�V�J�R���G�H���F�K�R�T�X�H���H�O�p�F�W�U�L�F�R���±���1�R���V�H���K�D���L�Q�Y�H�V�W�L�J�D�G�R���H�O���X�V�R���G�H���H�V�W�D�V���E�R�P�E�D�V���H�Q���i�U�H�D�V���P�D�U�L�Q�D�V���\���H�Q���S�L�V�F�L�Q�D�V��
 11.�� �(�V�W�H���S�U�R�G�X�F�W�R���F�R�Q�W�L�H�Q�H���V�X�V�W�D�Q�F�L�D�V���T�X�t�P�L�F�D�V���T�X�H���G�H���D�F�X�H�U�G�R���D�O���H�V�W�D�G�R���G�H���&�D�O�L�I�R�U�Q�L�D���S�X�H�G�H�Q��

�F�D�X�V�D�U���F�i�Q�F�H�U���\���G�H�I�H�F�W�R�V���F�R�Q�J�p�Q�L�W�R�V���X���R�W�U�R�V���G�D�x�R�V���D���O�D���V�D�O�X�G���U�H�S�U�R�G�X�F�W�L�Y�D��

 1.�� �$�V�H�J�~�U�H�V�H���G�H���T�X�H���O�D���I�X�H�Q�W�H���G�H���H�Q�H�U�J�t�D���H�O�p�F�W�U�L�F�D���V�H�D���F�D�S�D�]���G�H���P�D�Q�H�M�D�U���O�R�V���U�H�T�X�L�V�L�W�R�V���G�H���Y�R�O�W�D�M�H��
del motor, según se indica en la etiqueta de nombre de la bomba.

 2.�� �/�D���L�Q�V�W�D�O�D�F�L�y�Q���G�H���E�R�P�E�D�V���D�X�W�R�P�i�W�L�F�D�V���F�R�Q���L�Q�W�H�U�U�X�S�W�R�U�H�V���G�H���À�R�W�D�G�R�U���G�H���Q�L�Y�H�O���Y�D�U�L�D�E�O�H���R���O�D�V���E�R�P-
�E�D�V���Q�R���D�X�W�R�P�i�W�L�F�D�V���T�X�H���X�V�D�Q���L�Q�W�H�U�U�X�S�W�R�U�H�V���G�H���À�R�W�D�G�R�U���G�H���Q�L�Y�H�O���Y�D�U�L�D�E�O�H���D�X�[�L�O�L�D�U�H�V���H�V���U�H�V�S�R�Q�V�D�E�L-
�O�L�G�D�G���G�H�O���L�Q�V�W�D�O�D�G�R�U���\���G�H�E�H�U�i���Y�H�U�L�¿�F�D�U�V�H���T�X�H���H�O���L�Q�W�H�U�U�X�S�W�R�U���G�H���À�R�W�D�G�R�U���D�W�D�G�R���Q�R���V�H���H�Q�J�D�Q�F�K�D�U�i���H�Q��
�H�O���D�S�D�U�D�W�R���G�H���O�D���E�R�P�E�D���Q�L���H�Q���O�D�V���S�H�F�X�O�L�D�U�L�G�D�G�H�V���G�H�O���I�R�V�R���\���T�X�H���H�V�W�i���¿�M�D�G�R���G�H���P�D�Q�H�U�D���T�X�H���S�H�U�P�L�W�D��
�O�D���S�D�U�D�G�D���G�H���O�D���E�R�P�E�D�����6�H���U�H�F�R�P�L�H�Q�G�D���X�V�D�U���W�X�E�H�U�t�D���\���H�P�S�D�O�P�H�V���U�t�J�L�G�R�V���\���T�X�H���H�O���I�R�V�R���W�H�Q�J�D��������
�F�P�����������S�X�O�J�������R���P�i�V���G�H���G�L�i�P�H�W�U�R��

 3. Información - Objetivo del agujero de ventilación. Es necesario que todas las bombas 
�V�X�P�H�U���J�L�E�O�H�V���G�H���V�X�P�L�G�H�U�R�����H�À�X�H�Q�W�H�V���\���G�H���D�J�X�D�V���F�O�R�D�F�D�O�H�V���F�D�S�D�F�H�V���G�H���P�D�Q�H�M�D�U���U�H�V�L�G�X�R�V���V�y�O�L�G�R�V��
de varios tamaños tengan la entrada en la parte inferior para reducir el atascamiento y las fallas 
�G�H�O���V�H�O�O�R�����6�L���V�H���L�Q�F�R�U�S�R�U�D���D���O�D���L�Q�V�W�D�O�D�F�L�y�Q���X�Q�D���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q�����G�H�E�H�U�i���S�H�U�I�R�U�D�U�V�H���X�Q���D�J�X�M�H�U�R��
�G�H���Y�H�Q�W�L�O�D�F�L�y�Q���>�G�H���D�S�U�R�[���������P�P���������������S�X�O�J�����@���H�Q���O�D���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D���G�H�E�D�M�R���G�H���O�D���Y�i�O�Y�X�O�D���G�H��
�U�H�W�H�Q�F�L�y�Q���\���G�H���O�D���W�D�S�D���G�H�O���I�R�V�R���D���¿�Q���G�H���S�X�U�J�D�U���O�D���X�Q�L�G�D�G���G�H�O���D�L�U�H���D�W�U�D�S�D�G�R�����/�D���F�D�X�V�D���G�H���D�L�U�H��
�D�W�U�D�S�D�G�R���S�X�H�G�H���V�H�U���D�J�L�W�D�F�L�y�Q���\���R���X�Q���H�V�W�D�Q�T�X�H���V�H�F�R�����'�H�E�H�U�i���U�H�Y�L�V�D�U�V�H���S�H�U�L�y�G�L�F�D�P�H�Q�W�H���H�O���D�J�X�M�H�U�R��
�G�H���Y�H�Q�W�L�O�D�F�L�y�Q���S�D�U�D���Y�H�U�L�¿�F�D�U���T�X�H���Q�R���H�V�W�p���D�W�D�V�F�D�G�R�����/�D�V���E�R�P�E�D�V���G�H���O�D�V���V�H�U�L�H�V�����������������y�����������S�R�V�H�H�Q��
�X�Q�D���Y�H�Q�W�L�O�D�F�L�y�Q���X�E�L�F�D�G�D���H�Q���O�D���F�D�M�D���G�H���O�D���E�R�P�E�D���G�H�O���O�D�G�R���R�S�X�H�V�W�R���D�O���À�R�W�D�G�R�U�����M�X�Q�W�R���D���X�Q�D���D�O�H�W�D��
de la caja. Sin embargo, se recomienda un agujero de ventilación adicional. Un agujero de 
�Y�H�Q�W�L�O�D�F�L�y�Q���H�Q���X�Q�D���D�S�O�L�F�D�F�L�y�Q���G�H���F�D�U�J�D���H�O�H�Y�D�G�D���S�R�G�U�t�D���F�D�X�V�D�U���G�H�P�D�V�L�D�G�D���W�X�U�E�X�O�H�Q�F�L�D�����(�V���S�R�V�L�E�O�H��
�T�X�H���X�V�W�H�G���S�U�H�¿�H�U�D���Q�R���S�H�U�I�R�U�D�U���X�Q�R�����6�L���G�H�F�L�G�H���Q�R���S�H�U�I�R�U�D�U���X�Q���D�J�X�M�H�U�R���G�H���Y�H�Q�W�L�O�D�F�L�y�Q�����D�V�H�J�~�U�H�V�H��
�G�H���T�X�H���O�D���F�D�M�D���G�H���O�D���E�R�P�E�D���\���H�O���L�P�S�X�O�V�R�U���H�V�W�p�Q���F�X�E�L�H�U�W�R�V���G�H���O�t�T�X�L�G�R���D�Q�W�H�V���G�H���F�R�Q�H�F�W�D�U���O�D���W�X�E�H�U�t�D��
�D���O�D���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q���\���T�X�H���Q�R���K�D�\�D���Q�L�Q�J�~�Q���W�L�S�R���G�H���H�Q�W�U�D�G�D���G�H���D�L�U�H���H�Q���O�D���Y�t�D���G�H���H�Q�W�U�D�G�D��
de la bomba. �1�2�7�$�����(�/���$�*�8�-�(�5�2���7�$�0�%�,�e�1���'�(�%�(�5�È���(�6�7�$�5���3�2�5���'�(�%�$�-�2���'�(���/�$���7�$�3�$��
�'�(�/���6�8�0�,�'�(�5�2���<���6�(���'�(�%�(�5�È���/�,�0�3�,�$�5�/�2���3�(�5�,�Ï�'�,�&�$�0�(�1�7�(�����6�H���Y�H�U�i���X�Q���F�K�R�U�U�R���G�H���D�J�X�D��
�V�D�O�L�H�Q�G�R���G�H�O���D�J�X�M�H�U�R���G�X�U�D�Q�W�H���O�R�V���S�H�U�t�R�G�R�V���G�H���E�R�P�E�H�R��

 4. Se debe revisar la bomba frecuentemente para asegurarse de que no hay escombros y/o 
�D�F�X�P�X�O�D�F�L�y�Q���T�X�H���S�X�H�G�D���L�Q�W�H�U�I�H�U�L�U���F�R�Q���O�D���S�R�V�L�F�L�y�Q���³�R�Q�´�����H�Q�F�H�Q�G�L�G�R�����R���³�R�I�I�´�����D�S�D�J�D�G�R�����G�H�O���À�R�W�D�G�R�U����
�/�D���U�H�S�D�U�D�F�L�y�Q���\���V�H�U�Y�L�F�L�R���G�H�E�H�U�i���K�D�F�H�U�V�H���V�R�O�D�P�H�Q�W�H���S�R�U���S�H�U�V�R�Q�D�O���G�H���X�Q�D���(�V�W�D�F�L�y�Q���G�H���V�H�U�Y�L�F�L�R��
�D�X�W�R�U�L�]�D�G�D���S�R�U���=�R�H�O�O�H�U���3�X�P�S���&�R�P�S�D�Q�\��

 5.�� �/�D�V���E�R�P�E�D�V���G�H���D�F�K�L�T�X�H���\���G�H���H�À�X�H�Q�W�H�V���Q�R���V�H���G�L�V�H�x�D�Q���S�D�U�D���X�V�R���H�Q���I�R�V�R�V���F�R�Q���D�J�X�D�V���F�O�R�D�F�D�O�H�V���F�U�X�G�D�V��
 6.�� �/�D���W�H�P�S�H�U�D�W�X�U�D���G�H���I�X�Q�F�L�R�Q�D�P�L�H�Q�W�R���P�i�[�L�P�D���S�D�U�D���E�R�P�E�D�V���G�H���P�R�G�H�O�R���H�V�W�i�Q�G�D�U���Q�R���G�H�E�H���V�X�S�H�U�D�U��

�����ƒ�&�����������ƒ�)������
 7. Las bombas modelos 266, 267, 268, y 137 se deben operar en posición vertical. No intente 

encender la bomba cuando esté inclinada o apoyada sobre uno de sus lados.
 8.�� �1�R���R�S�H�U�H���O�D���E�R�P�E�D���H�Q���X�Q�D���D�S�O�L�F�D�F�L�y�Q���G�R�Q�G�H���O�D���F�D�U�J�D���G�L�Q�i�P�L�F�D���W�R�W�D�O���V�H�D���P�H�Q�R�U���T�X�H���O�D���F�D�U�J�D��

�G�L�Q�i�P�L�F�D���W�R�W�D�O���P�t�Q�L�P�D���T�X�H���V�H���L�Q�G�L�F�D���H�Q���O�D���&�X�U�Y�D���G�H���U�H�Q�G�L�P�L�H�Q�W�R���G�H���O�D���E�R�P�E�D��

�� �� �$�9�,�6�2�����/�D�V���E�R�P�E�D�V���F�R�Q���O�D���P�D�U�F�D���³�8�/�´���\���³�8�6�´���K�D�Q���V�L�G�R���S�U�R�E�D�G�D�V���G�H���D�F�X�H�U�G�R���D�O���H�V�W�i�Q�G�D�U���8�/����������
�/�D�V���E�R�P�E�D�V���³�D�S�U�R�E�D�G�D�V���S�R�U���&�6�$�´���H�V�W�i�Q���F�H�U�W�L�¿�F�D�G�D�V���G�H���D�F�X�H�U�G�R���D�O���H�V�W�i�Q�G�D�U���&�6�$���&�����������1�R������������

Su Tranquilidad es Nuestra Prioridad  
®

La siguiente información sobre 
�H�V�W�H���S�U�R�G�X�F�W�R���U�H�À�H�M�D���O�D�V���F�R�Q�G�L-
ciones existentes en la fecha de 
publicación. Se debe consultar a 
la fábrica cualquier discrepancia o 
inconsistencia que existiera.

�$�9�,�6�2�����$�*�8�-�(�5
�2���'�(��

�9�(�1�7�,�/�$�&�,�Ï�1��

�3�$�5�$���/�$���9�È�/�9�8�/�$���'�(��
�5�(�7�(�1�&�,�Ï�1����

�9�(�$���(�/��
�1�5�2��������

�(�1���/�$���6�(�&�&�,�Ï�1���'�(��

�3�5�(�&�$�8�&�,�2�1�(�6���$���&�2�1�7�,�1�8�$�&�,�Ï�1��

�<���(�/��
�1�5�2��������

�(�1���/�$���3�È�*�,�1
�$������

ENVIAR CORRESPONDENCIA A: �3�����2�����%�R�[���������������‡���/�R�X�L�V�Y�L�O�O�H�����.�<�������������������������8�6�$
ENVIAR A: �����������&�D�Q�H���5�X�Q���5�R�D�G���‡���/�R�X�L�V�Y�L�O�O�H���.�<���������������������������8�6�$

+1���������������������������������‡��Fax: +1������������������������������

Visite nuestro sitio web:
www.zoeller.com

FECHA DE INSTALACIÓN:

NÚMERO DE MODELO:
 INSTRUCCIONES DE INSTALACIÓN

MODELOS RECOMENDADOS

LISTA DE VERIFICACIÓN DE PRE-INSTALACIÓN - TODAS LAS INSTALACIONES
1. Inspeccione su bomba. �2�F�D�V�L�R�Q�D�O�P�H�Q�W�H�����O�R�V���S�U�R�G�X�F�W�R�V���V�H���G�D�x�D�Q���G�X�U�D�Q�W�H���H�O���H�Q�Y�t�R�����6�L���O�D���X�Q�L�G�D�G���H�V�W�i���G�D�x�D�G�D�����F�R�P�X�Q�t�T�X�H�V�H���F�R�Q���V�X���Y�H�Q�G�H�G�R�U���D�Q�W�H�V���G�H���X�V�D�U�O�D�����1�2���T�X�L�W�H���O�R�V���W�D�S�R�Q�H�V���G�H���S�U�X�H�E�D���G�H���O�D���F�X�E�L�H�U�W�D��

�Q�L���G�H�O���F�i�U�W�H�U���G�H�O���P�R�W�R�U����
2. Lea cuidadosamente toda la literatura���S�U�R�Y�L�V�W�D���S�D�U�D���I�D�P�L�O�L�D�U�L�]�D�U�V�H���F�R�Q���O�R�V���G�H�W�D�O�O�H�V���H�V�S�H�F�t�¿�F�R�V���U�H�O�D�F�L�R�Q�D�G�R�V���F�R�Q���O�D���L�Q�V�W�D�O�D�F�L�y�Q���\���X�V�R�����(�V�W�R�V���P�D�W�H�U�L�D�O�H�V���G�H�E�H�U�i�Q���J�X�D�U�G�D�U�V�H���S�D�U�D���U�H�I�H�U�H�Q�F�L�D���I�Xtura.

VER ABAJO LA LISTA DE ADVERTENCIAS VER ABAJO LA LISTA DE PRECAUCIONES

REFIÉRASE A LA GARANTÍA EN LA PÁGINA 2.

®

�(������������
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�E�R�P�E�H�R���� �/�D�� �J�D�U�D�Q�W�t�D�� �S�U�H�V�H�Q�W�D�G�D�� �H�Q�� �H�O�� �S�i�U�U�D�I�R�� �D�Q�W�H�U�L�R�U�� �G�H�M�D�� �V�L�Q���H�I�H�F�W�R�� �F�X�D�O�T�X�L�H�U�� �R�W�U�D��
�J�D�U�D�Q�W�t�D���H�[�S�U�H�V�D���R���L�P�S�O�t�F�L�W�D�����\���Q�R���D�X�W�R�U�L�]�D�P�R�V���D���Q�L�Q�J�~�Q���U�H�S�U�H�V�H�Q�W�D�Q�W�H���X���R�W�U�D���S�H�U�V�R�Q�D���S�D�U�D��
que asuma por nosotros  ninguna otra responsabilidad con respecto a nuestros productos.

�&�R�P�X�Q�t�T�X�H�V�H���F�R�Q���H�O���)�D�E�U�L�F�D�Q�W�H���H�Q�������������&�D�Q�H���5�X�Q���5�R�D�G�����/�R�X�L�V�Y�L�O�O�H�����.�<���������������(�(���8�8������
�$�W�W�H�Q�W�L�R�Q�����&�X�V�W�R�P�H�U���6�H�U�Y�L�F�H���'�H�S�D�U�W�P�H�Q�W�����S�D�U�D���R�E�W�H�Q�H�U���F�X�D�O�T�X�L�H�U���U�H�S�D�U�D�F�L�y�Q���Q�H�F�H�V�D�U�L�D���R��
�U�H�H�P�S�O�D�]�R���G�H���S�D�U�W�H�V���R���L�Q�I�R�U�P�D�F�L�y�Q���D�G�L�F�L�R�Q�D�O���V�R�E�U�H���Q�X�H�V�W�U�D���J�D�U�D�Q�W�t�D��

EL FABRICANTE EXPRESAMENTE RECHAZA RESPONSABILIDAD POR DAÑOS 
ESPECIALES, EMERGENTES O INCIDENTALES O POR INCUMPLIMIENTO DE 
LA GARANTÍA EXPRESA O IMPLÍCITA; Y CUALQUIER GARANTÍA IMPLÍCITA DE 
IDONEIDAD PARA UN FIN PARTICULAR Y DE COMERCIALIZACIÓN SE LIMITARÁ 
A LA DURACIÓN DE LA GARANTÍA EXPRESA.

�$�O�J�X�Q�R�V���H�V�W�D�G�R�V���Q�R���S�H�U�P�L�W�H�Q���O�L�P�L�W�D�F�L�R�Q�H�V���H�Q���O�D���G�X�U�D�F�L�y�Q���G�H���X�Q�D���J�D�U�D�Q�W�t�D���L�P�S�O�t�F�L�W�D�����G�H��
�I�R�U�P�D���T�X�H���O�D���O�L�P�L�W�D�F�L�y�Q���D�Q�W�H�U�L�R�U���S�R�G�U�t�D���Q�R���D�S�O�L�F�D�U���D���X�V�W�H�G�����$�O�J�X�Q�R�V���H�V�W�D�G�R�V���Q�R���S�H�U�P�L�W�H�Q��
�O�D���H�[�F�O�X�V�L�y�Q���R���O�L�P�L�W�D�F�L�y�Q���G�H���G�D�x�R�V���L�Q�F�L�G�H�Q�W�D�O�H�V���R���H�P�H�U�J�H�Q�W�H�V�����G�H���I�R�U�P�D���T�X�H���O�D���O�L�P�L�W�D�F�L�y�Q��
�R���H�[�F�O�X�V�L�y�Q���D�Q�W�H�U�L�R�U���S�R�G�U�t�D���Q�R���D�S�O�L�F�D�U���D���X�V�W�H�G��

�(�V�W�D���J�D�U�D�Q�W�t�D���O�H���R�W�R�U�J�D���D���X�V�W�H�G���G�H�U�H�F�K�R�V���O�H�J�D�O�H�V���H�V�S�H�F�t�¿�F�R�V���\���S�R�G�U�t�D���W�H�Q�H�U���R�W�U�R�V���G�H�U�H�F�K�R�V��
�T�X�H���Y�D�U�t�D�Q���G�H���X�Q���H�V�W�D�G�R���D���R�W�U�R��

GARANTÍA LIMITADA
�(�O���)�D�E�U�L�F�D�Q�W�H���J�D�U�D�Q�W�L�]�D�����D�O���F�R�P�S�U�D�G�R�U���\���H�O���S�U�R�S�L�H�W�D�U�L�R���V�X�E�V�L�J�X�L�H�Q�W�H���G�X�U�D�Q�W�H���H�O���S�H�U�t�R�G�R���G�H��
�J�D�U�D�Q�W�t�D�����T�X�H���F�D�G�D���S�U�R�G�X�F�W�R���Q�X�H�Y�R���H�V�W�i���O�L�E�U�H���G�H���G�H�I�H�F�W�R�V���H�Q���P�D�W�H�U�L�D�O�H�V���\���P�D�Q�R���G�H���R�E�U�D��
bajo condiciones de uso y servicio normales, cuando se usa y mantiene correctamente, 
�G�X�U�D�Q�W�H���X�Q���S�H�U�t�R�G�R���G�H���W�U�H�V���D�x�R�V���D���S�D�U�W�L�U���G�H���O�D���I�H�F�K�D���G�H���I�D�E�U�L�F�D�F�L�y�Q���R�U�L�J�L�Q�D�O���G�H�O���S�U�R�G�X�F�W�R������
�/�D�V���S�D�U�W�H�V���T�X�H���I�D�O�O�H�Q���G�X�U�D�Q�W�H���H�O���S�H�U�t�R�G�R���G�H���J�D�U�D�Q�W�t�D�����X�Q���D�x�R���D���S�D�U�W�L�U���G�H���O�D���I�H�F�K�D���G�H���F�R�P�S�U�D��
�S�R�U���S�D�U�W�H���G�H�O���X�V�X�D�U�L�R���¿�Q�D�O�����O�R���T�X�H���R�F�X�U�U�D���S�U�L�P�H�U�R�����F�X�\�D�V���L�Q�V�S�H�F�F�L�R�Q�H�V���G�H�W�H�U�P�L�Q�H�Q���T�X�H��
�S�U�H�V�H�Q�W�D�Q�� �G�H�I�H�F�W�R�V�� �H�Q�� �P�D�W�H�U�L�D�O�H�V�� �R�� �P�D�Q�R�� �G�H�� �R�E�U�D���� �V�H�U�i�Q�� �U�H�S�D�U�D�G�D�V���� �U�H�H�P�S�O�D�]�D�G�D�V�� �R��
remanufacturadas a opción del Fabricante, con la condición sin embargo de que por hacerlo 
no estemos en la obligación de reemplazar un ensamblaje completo, el mecanismo entero 
�R���O�D���X�Q�L�G�D�G���F�R�P�S�O�H�W�D�����1�R���V�H���G�D�U�i���F�R�Q�F�H�V�L�y�Q���D�O�J�X�Q�D���S�R�U���F�R�V�W�R�V���G�H���H�Q�Y�t�R�����G�D�x�R�V�����P�D�Q�R���G�H��
obra u otros cargos que pudieran surgir por falla, reparación o reemplazo del producto.

�(�V�W�D���J�D�U�D�Q�W�t�D���Q�R���D�S�O�L�F�D���D���\���Q�R���V�H���R�I�U�H�F�H�U�i���J�D�U�D�Q�W�t�D���D�O�J�X�Q�D���S�R�U���Q�L�Q�J�~�Q���P�D�W�H�U�L�D�O���R���S�U�R�G�X�F�W�R��
que haya sido desarmado sin aprobación previa del Fabricante, o que haya sido sometido 
a uso indebido, aplicación indebida, negligencia, alteración, accidente o acto fortuito; 
que no haya sido instalado, usado o mantenido según las instrucciones de instalación 
�G�H�O���)�D�E�U�L�F�D�Q�W�H�����T�X�H���K�D�\�D���V�L�G�R���H�[�S�X�H�V�W�R���D���V�X�V�W�D�Q�F�L�D�V���I�R�U�i�Q�H�D�V���T�X�H���L�Q�F�O�X�\�H�Q���S�H�U�R���Q�R���V�H��
�O�L�P�L�W�D�Q���D���O�R���V�L�J�X�L�H�Q�W�H�����D�U�H�Q�D�����J�U�D�Y�D�����F�H�P�H�Q�W�R�����O�R�G�R�����D�O�T�X�L�W�U�i�Q�������K�L�G�U�R�F�D�U�E�X�U�R�V�����G�H�U�L�Y�D�G�R�V���G�H��
�K�L�G�U�R�F�D�U�E�X�U�R�V�����D�F�H�L�W�H�����J�D�V�R�O�L�Q�D�����V�R�O�Y�H�Q�W�H�V�����H�W�F���������X���R�W�U�D�V���V�X�V�W�D�Q�F�L�D�V���D�E�U�D�V�L�Y�D�V���R���F�R�U�U�R�V�L�Y�D�V����
toallas para lavar o productos sanitarios femeninos, etc. en todas las aplicaciones de 

LO QUE DEBE Y NO DEBE HACER PARA INSTALAR UNA BOMBA DE SUMIDERO
 1. LEA completamente todo el material sobre la instalación provisto con la bomba.
 2. INSPECCIONE���O�D���E�R�P�E�D���S�D�U�D���Y�H�U���V�L���K�D�\���F�X�D�O�T�X�L�H�U���G�D�x�R���Y�L�V�L�E�O�H���F�D�X�V�D�G�R���G�X�U�D�Q�W�H���H�O���H�Q�Y�t�R�����&�R�P�X-

�Q�t�T�X�H�V�H���F�R�Q���H�O���Y�H�Q�G�H�G�R�U���V�L���O�D���E�R�P�E�D���H�V�W�i���G�D�x�D�G�D��
 3. RETIRE���W�R�G�R�V���O�R�V���H�V�F�R�P�E�U�R�V���G�H�O���V�X�P�L�G�H�U�R�����$�V�H�J�~�U�H�V�H���G�H���T�X�H���O�D���E�R�P�E�D���V�H���D�S�R�\�D�U�i���V�R�E�U�H���X�Q�D��

�V�X�S�H�U�¿�F�L�H���G�X�U�D�����S�O�D�Q�D���\���H�V�W�D�E�O�H����NO LA INSTALE sobre arena, grava o tierra.
 4. ASEGÚRESE���G�H���T�X�H���H�O���V�X�P�L�G�H�U�R���V�H�D���V�X�¿�F�L�H�Q�W�H�P�H�Q�W�H���J�U�D�Q�G�H���S�D�U�D���S�H�U�P�L�W�L�U���H�O���I�X�Q�F�L�R�Q�D�P�L�H�Q�W�R��

correcto de los interruptores de control de nivel.
 5. SIEMPRE desconecte la bomba de la fuente de alimentación eléctrica antes de 

manipularla.
  SIEMPRE conecte la bomba a un circuito protegido separadamente y con puesta a tierra 

adecuado.
  JAMÁS���F�R�U�W�H�����H�P�S�D�O�P�H���R���G�D�x�H���H�O���F�D�E�O�H���G�H���D�O�L�P�H�Q�W�D�F�L�y�Q���H�O�p�F�W�U�L�F�D�������(�P�S�D�O�P�H���~�Q�L�F�D�P�H�Q�W�H���F�X�D�Q�G�R��

�K�D�\���X�Q�D���F�D�M�D���G�H���F�R�Q�H�[�L�y�Q���K�H�U�P�p�W�L�F�D����
  JAMÁS transporte o levante la bomba por su cable de alimentación eléctrica.
  JAMÁS���X�V�H���X�Q���F�D�E�O�H���G�H���H�[�W�H�Q�V�L�y�Q���F�R�Q���X�Q�D���E�R�P�E�D���G�H���V�X�P�L�G�H�U�R��
 6. INSTALE���X�Q�D���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q���\���X�Q�D���X�Q�L�y�Q���H�Q���O�D���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D��
  JAMÁS���X�V�H���X�Q�D���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D���G�H���P�H�Q�R�U���W�D�P�D�x�R���T�X�H���O�D���G�H�V�F�D�U�J�D���G�H���O�D���E�R�P�E�D��

 7. JAMÁS�� �X�V�H�� �X�Q�D�� �E�R�P�E�D�� �G�H�� �V�X�P�L�G�H�U�R�� �F�R�P�R�� �X�Q�D�� �E�R�P�E�D�� �H�[�F�D�Y�D�G�R�U�D�� �R�� �S�D�U�D�� �]�D�Q�M�D�V���� �Q�L�� �S�D�U�D��
�E�R�P�E�H�D�U���D�J�X�D�V���F�O�R�D�F�D�O�H�V�����J�D�V�R�O�L�Q�D���X���R�W�U�R�V���O�t�T�X�L�G�R�V���S�H�O�L�J�U�R�V�R�V��

 8. PRUEBE la bomba inmediatamente después de su instalación para asegurarse de que el 
sistema funciona correctamente.

 9. CUBRA el foso con una tapa adecuada para sumidero.
 10. EXAMINE���W�R�G�R�V���O�R�V���F�y�G�L�J�R�V���Q�D�F�L�R�Q�D�O�H�V���\���O�R�F�D�O�H�V���D�S�O�L�F�D�E�O�H�V���\���Y�H�U�L�¿�T�X�H���T�X�H���O�D���L�Q�V�W�D�O�D�F�L�y�Q���H�V�W�p��

de acuerdo a cada uno de ellos.
 11. CONSULTE con el fabricante si necesita aclaraciones o tiene preguntas.
 12. CONSIDERE un sistema de dos bombas con alarma en donde la instalación puede sobrecargarse 

�R���O�D���I�D�O�O�D���G�H���X�Q�D���E�R�P�E�D���S�U�L�P�D�U�L�D���F�D�X�V�D�U�t�D���G�D�x�R�V���D���O�D���S�U�R�S�L�H�G�D�G��
 13. CONSIDERE���X�Q���V�L�V�W�H�P�D���G�H���D�S�R�\�R���G�H���&�'�� �H�Q���G�R�Q�G�H���X�Q�D���E�R�P�E�D���G�H���D�F�K�L�T�X�H���R���V�X�P�L�G�H�U�R���H�V��

necesaria para prevenir daños a la propiedad debido a inundación causada por interrupciones 
�H�Q�� �H�O�� �V�X�P�L�Q�L�V�W�U�R�� �G�H�� �H�Q�H�U�J�t�D�� �H�O�p�F�W�U�L�F�D���� �S�U�R�E�O�H�P�D�V�� �P�H�F�i�Q�L�F�R�V�� �R�� �H�O�p�F�W�U�L�F�R�V���� �R�� �V�R�E�U�H�F�D�U�J�D�� �G�H�O��
sistema.

 14. INSPECCIONE y pruebe el funcionamiento del sistema por lo menos cada 3 meses.

En aquellas instancias en que haya daños causados por una presunta falla de la 
�E�R�P�E�D�����H�O���S�U�R�S�L�H�W�D�U�L�R���G�H�E�H�U�i���F�R�Q�V�H�U�Y�D�U���O�D���E�R�P�E�D���D���¿�Q���G�H���L�Q�Y�H�V�W�L�J�D�U���G�L�F�K�D���I�D�O�O�D��

 PRECAUCIONES ELÉCTRICAS - �$�Q�W�H�V���G�H���S�U�R�S�R�U�F�L�R�Q�D�U���D�O�J�~�Q���V�H�U�Y�L�F�L�R���D���O�D���E�R�P�E�D�����G�H�V�D�F�W�L�Y�H���V�L�H�P�S�U�H���H�O���L�Q�W�H�U�U�X�S�W�R�U���S�U�L�Q�F�L�S�D�O���G�H���V�X�P�L�Q�L�V�W�U�R���G�H���H�Q�H�U�J�t�D��
eléctrica y desenchufe la bomba. Asegúrese de usar zapatos protectores con suelas aislantes y de no estar parado en el agua. Bajo condiciones de inundación, llame a 
�V�X���F�R�P�S�D�x�t�D���H�O�p�F�W�U�L�F�D���O�R�F�D�O���R���D���X�Q���W�p�F�Q�L�F�R���H�O�H�F�W�U�L�F�L�V�W�D���F�D�O�L�¿�F�D�G�R���S�D�U�D���G�H�V�F�R�Q�H�F�W�D�U���H�O���V�H�U�Y�L�F�L�R���H�O�p�F�W�U�L�F�R���D�Q�W�H�V���G�H���T�X�L�W�D�U���O�D���E�R�P�E�D����

 Las bombas sumergibles contienen aceites que se presurizan y calientan bajo condiciones operativas. 
Deje que pasen 2½ horas después de apagarla antes de proceder con el servicio.

�6�L���O�D���O�L�V�W�D���G�H���Y�H�U�L�À�F�D�F�L�y�Q���D�U�U�L�E�D���P�H�Q�F�L�R�Q�D�G�D���Q�R���U�H�Y�H�O�D���H�O���S�U�R�E�O�H�P�D�����F�R�Q�V�X�O�W�H���F�R�Q���O�D���I�i�E�U�L�F�D�����1�R���L�Q�W�H�Q�W�H���S�U�R�S�R�U�F�L�R�Q�D�U���D�O�J�~�Q���V�H�U�Y�L�F�L�R���R���G�H�V�D�U�P�D�U���O�D��
bomba. Las Estaciones de servicio autorizadas por Zoeller deberán proporcionar dicho servicio. 
Visite el sitio www.zoellerpumps.com/servicestations para encontrar la estación de servicio autorizada para su zona.

LISTA DE VERIFICACIÓN DE SERVICIO

CONDICIÓN CAUSAS COMUNES

A. La bomba no arranca o no funciona.
�9�H�U�L�¿�T�X�H���H�O���I�X�V�L�E�O�H�����Y�R�O�W�D�M�H���E�D�M�R�����S�U�R�W�H�F�F�L�y�Q���F�R�Q�W�U�D���V�R�E�U�H�F�D�U�J�D���D�E�L�H�U�W�D�����F�D�E�O�H�D�G�R���D�E�L�H�U�W�R���R���L�Q�F�R�U�U�H�F�W�R�����L�Q�W�H�U�U�X�S�W�R�U���D�E�L�H�U�W�R�����L�P�S�X�O�V�R�U���R���V�H�O�O�R��
�W�U�D�E�D�G�R���P�H�F�i�Q�L�F�D�P�H�Q�W�H�����F�D�S�D�F�L�W�R�U���R���U�H�O�p���G�H�I�H�F�W�X�R�V�R�����P�R�W�R�U���R���F�D�E�O�H�D�G�R���H�O�p�F�W�U�L�F�R���H�Q���F�R�U�W�R���F�L�U�F�X�L�W�R�����&�R�Q�M�X�Q�W�R���G�H�O���À�R�W�D�G�R�U���H�Q�J�D�Q�F�K�D�G�R����
Interruptor defectuoso, dañado o fuera de punto.

B.
El motor se sobrecalienta y activa la protección 
contra sobrecarga o desconecta el fusible.

�9�R�O�W�D�M�H���L�Q�F�R�U�U�H�F�W�R�����F�D�U�J�D���Q�H�J�D�W�L�Y�D�����G�H�V�F�D�U�J�D���D�E�L�H�U�W�D���P�H�Q�R�V���G�H���O�R���Q�R�U�P�D�O�������L�P�S�X�O�V�R�U���R���V�H�O�O�R���W�U�D�E�D�G�R���P�H�F�i�Q�L�F�D�P�H�Q�W�H�����F�D�S�D�F�L�W�R�U���R���U�H�O�p��
defectuoso, motor en corto circuito.

C.
La bomba se encienda y se apaga muy a 
menudo.

�(�O���À�R�W�D�G�R�U���H�V�W�i���D�S�U�H�W�D�G�R���H�Q���O�D���Y�D�U�L�O�O�D�����O�D���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q���H�V�W�i���D�W�D�V�F�D�G�D���R���Q�R���K�D�\���X�Q�D���L�Q�V�W�D�O�D�G�D���H�Q���X�Q�D���O�t�Q�H�D���G�H���O�D�U�J�D���G�L�V�W�D�Q�F�L�D����
protección contra sobrecarga abierta, interruptores defectuosos, foso del sumidero demasiado pequeño.

D. La bomba no se apaga.
�+�D�\���H�V�F�R�P�E�U�R�V���G�H�E�D�M�R���G�H�O���F�R�Q�M�X�Q�W�R���G�H�O���À�R�W�D�G�R�U�����H�O���À�R�W�D�G�R�U���R���O�D���Y�D�U�L�O�O�D���G�H�O���À�R�W�D�G�R�U���H�V�W�i�Q���W�U�D�E�D�G�R�V���S�R�U���O�R�V���O�D�G�R�V���G�H�O���I�R�V�R���X���R�W�U�R�V�����L�Q�W�H�U�U�X�S�W�R�U��
defectuoso, dañado o fuera de punto.

E. La bomba funciona pero sin o con poca agua.
�9�H�U�L�¿�T�X�H���O�D���F�D�M�D���G�H�O���¿�O�W�U�R���\���O�D���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D�����R���V�L���V�H���X�V�D���X�Q�D���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q�����H�O���D�J�X�M�H�U�R���G�H���Y�H�Q�W�L�O�D�F�L�y�Q���G�H�E�H���H�V�W�D�U���D�E�L�H�U�W�R�����/�D��
�F�D�U�J�D���G�H���G�H�V�F�D�U�J�D���H�[�F�H�G�H���O�D���F�D�S�D�F�L�G�D�G���G�H���O�D���E�R�P�E�D�����9�R�O�W�D�M�H���E�D�M�R���R���L�Q�F�R�U�U�H�F�W�R�����5�R�W�D�F�L�y�Q���L�Q�F�R�U�U�H�F�W�D���G�H�O���P�R�W�R�U�����&�D�S�D�F�L�W�R�U���G�H�I�H�F�W�X�R�V�R�����(�O��
agua de entrada contiene aire o hace que el aire entre en la bomba.

F.
Caída en la carga y/o capacidad después de un 
período de uso.

�$�X�P�H�Q�W�R���G�H���I�U�L�F�F�L�y�Q���H�Q���O�D���W�X�E�H�U�t�D�����O�t�Q�H�D���R���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q���D�W�D�V�F�D�G�D�����0�D�W�H�U�L�D�O���D�E�U�D�V�L�Y�R���R���S�U�R�G�X�F�W�R�V���T�X�t�P�L�F�R�V���D�G�Y�H�U�V�R�V���S�R�G�U�t�D�Q���K�D�E�H�U��
�G�H�W�H�U�L�R�U�D�G�R���H�O���L�P�S�X�O�V�R�U���R���H�O���F�i�U�W�H�U���G�H���O�D���E�R�P�E�D�����5�H�Y�L�V�H���O�D���O�t�Q�H�D�����4�X�L�W�H���O�D���E�D�V�H���H���L�Q�V�S�H�F�F�L�R�Q�H��

�(������������
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INSTALACIÓN RECOMENDADA PARA TODAS LAS APLICACIONES

Todas las instalaciones deben cumplir con todos los códigos eléctricos y de instalación sanitaria aplicables, incluyendo, pero sin limitarse al Código Eléctrico Nacional, 
los códigos locales, regionales y/o los códigos estatales de instalación sanitaria, etc.  No se debe usar las instalaciones en lugares peligrosos.

1. �(�O���F�D�E�O�H�D�G�R���\���O�D���S�U�R�W�H�F�F�L�y�Q���H�O�p�F�W�U�L�F�D���G�H�E�H�Q���H�V�W�D�U���G�H���D�F�X�H�U�G�R���F�R�Q���H�O���&�y�G�L�J�R��
Eléctrico Nacional y todos los otros requisitos eléctricos locales y estatales 
aplicables.

2. �,�Q�V�W�D�O�H���H�O���³�8�Q�L�F�K�H�F�N�´�����F�R�P�E�L�Q�D�F�L�y�Q���G�H���X�Q�L�y�Q���\���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q�����D�S�U�R�S�L�D�G�R���G�H��
�=�R�H�O�O�H�U�����O�X�H�J�R���D�U�U�L�E�D���G�H�O���H�V�W�D�Q�T�X�H���S�D�U�D���T�X�H���V�H���S�X�H�G�D���T�X�L�W�D�U���I�i�F�L�O�P�H�Q�W�H���O�D���E�R�P�E�D��
�S�D�U�D���V�X���O�L�P�S�L�H�]�D���R���U�H�S�D�U�D�F�L�y�Q�����6�L���O�R�V���V�L�V�W�H�P�D�V���S�D�U�D���D�J�X�D�V���F�O�R�D�F�D�O�H�V�����H�À�X�H�Q�W�H�V��
o achique requieren instalación de carga elevada o por debajo de la tapa, use 
�����������������H�Q���W�X�E�H�U�t�D���G�H���������P�P�������ò���S�X�O�J�������������������������H�Q���W�X�E�H�U�t�D���G�H���������P�P���������S�X�O�J������
�\�������������������H�Q���W�X�E�H�U�t�D���G�H���������P�P���������S�X�O�J���������9�H�D���H�O���Q�~�P�H�U�R�������P�i�V���D�E�D�M�R��

3. �7�R�G�D�V���O�D�V���L�Q�V�W�D�O�D�F�L�R�Q�H�V���U�H�T�X�L�H�U�H�Q���X�Q�D���W�D�S�D���S�D�U�D���S�U�H�Y�H�Q�L�U���T�X�H���H�V�F�R�P�E�U�R�V���F�D�L�J�D�Q��
dentro del estanque y prevenir lesiones accidentales.

4. �&�X�D�Q�G�R���L�Q�V�W�D�O�H���X�Q���³�8�Q�L�F�K�H�F�N�´�����S�H�U�I�R�U�H���X�Q���D�J�X�M�H�U�R���G�H�������P�P���������������S�X�O�J�������G�H��
�G�L�i�P�H�W�U�R���H�Q���O�D���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D���D�O���P�L�V�P�R���Q�L�Y�H�O���G�H���O�D���S�D�U�W�H���V�X�S�H�U�L�R�U���G�H���O�D��
bomba. NOTA:���(�/���$�*�8�-�(�5�2���7�$�0�%�,�e�1���'�(�%�(�5�È���(�6�7�$�5���3�2�5���'�(�%�$�-�2���'�(��
�/�$���7�$�3�$���'�(�/���(�6�7�$�1�4�8�(���<���6�(���'�(�%�(���/�,�0�3�,�$�5�/�2���3�(�5�,�Ï�'�,�&�$�0�(�1�7�(�������3�D�U�D��
�X�Q�L�G�D�G�H�V���G�H���F�D�U�J�D���H�O�H�Y�D�G�D�����Y�H�U���H�O���Q�~�P�H�U�R�������G�H���O�D���O�L�V�W�D���G�H���³�3�U�H�F�D�X�F�L�R�Q�H�V�´���H�Q���O�D��
�S�i�J�L�Q�D�����������6�H���Y�H�U�i���X�Q���F�K�R�U�U�R���G�H���D�J�X�D���V�D�O�L�H�Q�G�R���G�H�O���D�J�X�M�H�U�R���G�X�U�D�Q�W�H���O�R�V���S�H�U�t�R�G�R�V��
de bombeo.

5. �)�L�M�H���¿�U�P�H�P�H�Q�W�H���H�O���F�D�E�O�H���G�H���D�O�L�P�H�Q�W�D�F�L�y�Q���H�O�p�F�W�U�L�F�D���D�O���W�X�E�R���G�H���G�H�V�F�D�U�J�D���F�R�Q���F�L�Q�W�D��
o abrazadera.

6. �8�V�H���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D���G�H���W�D�P�D�x�R���F�R�P�S�O�H�W�R��
7. �(�O���H�V�W�D�Q�T�X�H���G�H�E�H���H�V�W�D�U���G�H���D�F�X�H�U�G�R���F�R�Q���O�R�V���F�y�G�L�J�R�V���\���O�D�V���H�V�S�H�F�L�¿�F�D�F�L�R�Q�H�V��

aplicables.
8. �/�D���E�R�P�E�D���G�H�E�H���H�V�W�D�U���Q�L�Y�H�O�D�G�D���\���H�O���P�H�F�D�Q�L�V�P�R���G�H�O���À�R�W�D�G�R�U���O�L�E�U�H���G�H���O�R�V���O�D�G�R�V���G�H�O��

estanque antes de encender la bomba.

9. El estanque debe estar limpio y libre de escombros después de la instalación.
10. �(�O���L�Q�V�W�D�O�D�G�R�U���G�H�E�H�U�i���V�X�P�L�Q�L�V�W�U�D�U���X�Q�D���Y�i�O�Y�X�O�D���G�H���S�D�V�R���G�L�U�H�F�W�R���R���X�Q�D���Y�i�O�Y�X�O�D���G�H��

bola y instalarla de acuerdo con cualesquiera y todos los códigos.
11. ���/�D���X�E�L�F�D�F�L�y�Q���G�H���O�R�V���L�Q�W�H�U�U�X�S�W�R�U�H�V���G�H���À�R�W�D�G�R�U���H�V���F�R�P�R���V�H���P�X�H�V�W�U�D���H�Q���H�O���H�V�T�X�H�P�D��

�D���O�D���L�]�T�X�L�H�U�G�D�����(�O���S�X�Q�W�R�����R�I�I�������D�S�D�J�D�G�R�����G�H�E�H���H�V�W�D�U���S�R�U���H�Q�F�L�P�D���G�H�O���F�i�U�W�H�U���G�H�O���P�R-
�W�R�U���\���D���������ƒ���G�H���O�D���H�Q�W�U�D�G�D������NOTA:���3�$�5�$���%�2�0�%�$�6���$�8�7�2�0�$�7�,�&�$�6�����8�7�,�/�,�&�(���(�/��
�(�6�4�8�(�0�$���3�$�5�$���/�$���,�1�6�7�$�/�$�&�,�2�1���3�$�5�$���$�&�+�,�4�8�(���0�È�6���$�%�$�-�2��

12. Los sellos herméticos contra gases son necesarios en todas las instalaciones de 
�D�J�X�D�V���F�O�R�D�F�D�O�H�V���D���¿�Q���G�H���F�R�Q�W�H�Q�H�U���O�R�V���J�D�V�H�V���\���R�O�R�U�H�V��

13. ���9�H�Q�W�L�O�H���O�R�V���J�D�V�H�V���\���R�O�R�U�H�V���D���O�D���D�W�P�y�V�I�H�U�D���D���W�U�D�Y�p�V���G�H�O���W�X�E�R���G�H���Y�H�Q�W�L�O�D�F�L�y�Q���� 
���V�y�O�R���S�D�U�D���F�O�R�D�F�D���\���D�F�K�L�T�X�H����

14. �,�Q�V�W�D�O�H���H�O���V�R�S�R�U�W�H���S�D�U�D���E�R�P�E�D���=�R�H�O�O�H�U�����0�R�G�H�O�R���������������������G�H�E�D�M�R���G�H���O�D���E�R�P�E�D���S�D�U�D��
�S�U�R�S�R�U�F�L�R�Q�D�U���X�Q���V�X�P�L�G�H�U�R���G�H���G�H�F�D�Q�W�D�F�L�y�Q�����V�y�O�R���S�D�U�D���H�À�X�H�Q�W�H���\���D�F�K�L�T�X�H���� 
�3�D�U�D���H�À�X�H�Q�W�H���V�R�O�D�P�H�Q�W�H��

15. �/�D���F�R�Q�H�[�L�y�Q���G�H�O���F�D�E�O�H�D�G�R���G�H���O�D���E�R�P�E�D���D���O�D���I�X�H�Q�W�H���G�H���D�O�L�P�H�Q�W�D�F�L�y�Q���H�O�p�F�W�U�L�F�D���G�H�E�H��
�K�D�F�H�U�V�H���D���W�U�D�Y�p�V���G�H���X�Q�D���F�D�M�D���G�H���F�R�Q�H�[�L�y�Q���K�H�U�P�p�W�L�F�D���=�R�H�O�O�H�U���R���X�Q���H�P�S�D�O�P�H���K�H�U-
mético. NOTA:���/�D���F�D�M�D���K�H�U�P�p�W�L�F�D���H�V���R�E�O�L�J�D�W�R�U�L�D���H�Q���i�U�H�D�V���K�~�P�H�G�D�V�����9�H�D���)�0������������
�9�H�D���H�O���Q�~�P�H�U�R�������H�Q���O�D���S�i�J�L�Q�D������

16. �&�R�Q�V�X�O�W�H���H�O���0�D�Q�X�D�O���V�R�E�U�H���W�D�P�D�x�R�V���G�H���H�À�X�H�Q�W�H�V���G�H�O���6�6�3�0�$���S�D�U�D���G�H�W�H�U�P�L�Q�D�U���O�D��
�S�R�V�L�F�L�y�Q���G�H���O�R�V���L�Q�W�H�U�U�X�S�W�R�U�H�V���³�R�Q���R�I�I�´�����H�Q�F�H�Q�G�L�G�R���D�S�D�J�D�G�R����

17. �6�H���G�H�E�H���X�V�D�U���W�X�E�R�V���Y�H�U�W�L�F�D�O�H�V���H�Q���H�O���W�D�Q�T�X�H���V�p�S�W�L�F�R���S�D�U�D���W�H�Q�H�U���I�i�F�L�O���D�F�F�H�V�R���D���O�D��
�E�R�P�E�D���\���D�O���¿�O�W�U�R�� 
NOTA: Las bombas de sello doble ofrecen protección adicional contra los daños 
causados por falla del sello.

En algunas instalaciones es deseable 
instalar un soporte colgante independiente 
para los interruptores de control de 
nivel para evitar posibles enganches en 
�O�D�V�� �E�R�P�E�D�V���� �W�X�E�H�U�t�D���� �Y�i�O�Y�X�O�D�V���� �H�W�F���� �/�R�V��
�V�R�S�R�U�W�H�V���F�R�O�J�D�Q�W�H�V���G�H�O���À�R�W�D�G�R�U���V�H���S�X�H�G�H�Q��
�F�R�P�S�U�D�U�� �G�H�� �=�R�H�O�O�H�U�� �&�R�P�S�D�Q�\�� �V�H�J�~�Q�� �O�D��
�+�R�M�D���G�H���F�D�W�i�O�R�J�R���)�0�������������R���I�D�E�U�L�F�D�U�V�H���G�H��
�W�X�E�H�U�t�D���\���H�P�S�D�O�P�H�V���F�R�P�X�Q�H�V��

MÉTODOS SUGERIDOS PARA LA INSTALACIÓN DEL FLOTADOR
SOPORTE COLGANTE PARA FLOTADOR TÍPICO EN FOSOS DE 
CONCRETO O TUBOS VERTICALES PARA TANQUES SÉPTICOS

SOPORTE COLGANTE PARA FLOTADOR 
TÍPICO EN FOSOS CON TAPA DE ACERO

SK1217 SK1218

�,�1�6�7�$�/�$�&�,�Ï�1���7�Ë�3�,�&�$���3�$�5�$���$�*�8�$�6���&�/�2�$�&�$�/�(�6����

SK290

ENCENDER

APAGAR

10 CM (4 PULG.) 
DE GRAVA

NOTA: Siempre 
consulte FM0551 
�G�H���=�R�H�O�O�H�U���\���R��
la Instalación y 
mantenimiento 
de bombas para 
aguas cloacales 
recomendada por 
SSPMA

�,�1�6�7�$�/�$�&�,�Ï�1���7�Ë�3�,�&�$���3�$�5�$���(�)�/�8�(�1�7�(�6��

SK291

A LA FUENTE DE 
SUMINISTRO DE 
CA, ALAMBRE 
TIPO U.F.

TANQUE SÉPTICO CÁMARA DE DOSIFICACIÓN

ENCENDER

APAGAR

FLOTADOR 
DEL ALARMA

WW FILTRO

AL SISTEMA DE BAJA PRESIÓN, 
SISTEMA DE MONTÍCULOS, FILTRO 
DE ARENA, CAMPOS DE DRENAJE 
U OTRO SITIO DE DESECHOLÍNEA DEL SUELO

 NOTA:���9�H�D���)�0������������
FM0732 y FM1420 
para referencia sobre 
alarmas, controles y 
�F�D�M�D�V���G�H���F�R�Q�H�[�L�y�Q��

�,�1�6�7�$�/�$�&�,�Ï�1���7�Ë�3�,�&�$���3�$�5�$���$�&�+�,�4�8�(

SK292

ENCENDER

APAGAR

10 CM (4 PULG.) 
DE GRAVA

 NOTA:���9�H�D���)�0�������������)�0�����������\���)�0�����������S�D�U�D���U�H�I�H�U�H�Q�F�L�D��
�V�R�E�U�H���D�O�D�U�P�D�V�����F�R�Q�W�U�R�O�H�V���\���F�D�M�D�V���G�H���F�R�Q�H�[�L�y�Q��

TAPA DE ACCESO

GRAVA FINA
TUBERÍA DE PVC O ACERO
INOXIDABLE DE PESO LIVIANO

BRIDA COMÚN 
DE LA TUBERÍA

ÁRBOL PARA 
FLOTADOR 10-
1457 CON TRES 
FLOTADORES

�(������������
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INSTRUCCIONES PARA LA INSTALACIÓN DE LOS MODELOS WD Y WH

AVISO IMPORTANTE: �&�L�H�U�W�D�V���S�y�O�L�]�D�V���G�H���V�H�J�X�U�R�����W�D�Q�W�R���F�R�P�H�U�F�L�D�O�H�V���F�R�P�R���U�H�V�L�G�H�Q�F�L�D�O�H�V�����H�[�W�L�H�Q�G�H�Q���O�D���F�R�E�H�U�W�X�U�D���D���O�R�V���G�D�x�R�V���F�D�X�V�D�G�R�V���S�R�U���O�D���I�D�O�O�D���G�H�O���S�U�R�G�X�F�W�R����
�(�Q���O�D���P�D�\�R�U�t�D���G�H���O�R�V���F�D�V�R�V�����X�V�W�H�G���G�H�E�H�U�i���F�R�Q�V�H�U�Y�D�U���H�O���S�U�R�G�X�F�W�R���S�D�U�D���U�H�V�S�D�O�G�D�U���V�X���U�H�F�O�D�P�R�����=�R�H�O�O�H�U���3�X�P�S���&�R�����U�H�H�P�S�O�D�]�D�U�i���O�D���X�Q�L�G�D�G���R���U�H�H�P�E�R�O�V�D�U�i���H�O���S�U�H�F�L�R��
�G�H���F�R�P�S�U�D���R�U�L�J�L�Q�D�O���X�Q�D���Y�H�]���T�X�H���O�D���F�R�P�S�D�x�t�D���G�H���V�H�J�X�U�R�V���O�L�T�X�L�G�H���H�O���U�H�F�O�D�P�R�����H�Q���H�O���F�D�V�R���G�H���T�X�H���X�V�W�H�G���Q�H�F�H�V�L�W�H���F�R�Q�V�H�U�Y�D�U���H�O���S�U�R�G�X�F�W�R���S�D�U�D���U�H�V�S�D�O�G�D�U���X�Q���U�H�F�O�D�P�R��
�S�R�U���G�D�x�R�V���T�X�H���O�H���K�D�\�D���S�U�H�V�H�Q�W�D�G�R���D���V�X���F�R�P�S�D�x�t�D���G�H���V�H�J�X�U�R�V��

(1) (2)

L1 L2

(3)

DIAGRAMA DE CABLEADO PARA LOS MODELOS:
�:�'���������9���������)�$�6�(�����������&�,�&�/�2�6

�:�+�����������������9���������)�$�6�(�����������&�,�&�/�2�6

Nota:���1�R���W�H�Q�H�U���H�Q���F�X�H�Q�W�D���O�R�V���O�t�P�L�W�H�V���D�G�H�F�X�D�G�R�V��
�G�H���O�D���D�W�D�G�X�U�D���S�R�G�U�t�D���D�O�W�H�U�D�U���H�O���I�X�Q�F�L�R�Q�D�P�L�H�Q�W�R��
seguro del interruptor.
Nota: El cable debe ser instalado en posición 
horizontal.

�/�R�V�� �P�R�G�H�O�R�V�� �:�'�� �\�� �:�+�� �V�R�Q�� �F�R�P�S�O�H�W�D�P�H�Q�W�H�� �D�X�W�R�P�i�W�L�F�R�V���� �6�H�� �L�Q�F�O�X�\�H�� �X�Q��
�L�Q�W�H�U�U�X�S�W�R�U���G�H���À�R�W�D�G�R�U���F�R�Q���F�D�E�O�H�D�G�R���G�H���I�i�E�U�L�F�D���H�Q���H�O���F�L�U�F�X�L�W�R���G�H���O�D���E�R�P�E�D���S�D�U�D��
�S�U�R�Y�H�H�U���X�Q�D���R�S�H�U�D�F�L�y�Q���D�X�W�R�P�i�W�L�F�D���X�Q�D���Y�H�]���T�X�H���H�O���L�Q�W�H�U�U�X�S�W�R�U���G�H���À�R�W�D�G�R�U���V�H��
�K�D�\�D���D�W�D�G�R���F�R�U�U�H�F�W�D�P�H�Q�W�H���D���O�D���W�X�E�H�U�t�D���G�H���V�D�O�L�G�D�����8�V�H���H�O���G�L�D�J�U�D�P�D���G�H���D�U�U�L�E�D��
�S�D�U�D���D�V�H�J�X�U�D�U���F�R�U�U�H�F�W�D�P�H�Q�W�H���H�O���L�Q�W�H�U�U�X�S�W�R�U���G�H���À�R�W�D�G�R�U���\���R�E�W�H�Q�H�U���O�D���D�W�D�G�X�U�D��
apropiada para adecuar el ciclo de encendido-apagado a cada aplicación.

5 PULG., MÍN. 
22 PULG., MÁX.

INTERRUPTOR DE 20 AMPERIOS
(MODELOS WD Y WH)

SK305

011835

BLANCO

VERDE

NEGRO

NEGRO

BLANCO

INTERRUPTOR 
DEL FLOTADOR

CAPACITOR

AZUL

AZUL
(BLANCO)

ROJO
(MARRÓN)

MOTOR

AMARILLO
(NEGRO)

ROJO

ARRANQUE 

ENCENDIDO 

O.L.

Determinación del rango de bombeo en pulgadas
(1 pulg. = 2,5 cm)

�8�V�D�U���V�R�O�D�P�H�Q�W�H���F�R�P�R���J�X�t�D�����'�H�E�L�G�R���D�O���S�H�V�R���G�H�O���F�D�E�O�H����el rango de bombeo 
sobre la horizontal no es igual al rango de bombeo debajo de la horizontal. 
Los rangos se basan en pruebas en condiciones no turbulentas. El rango 
puede variar debido a la temperatura del agua y a la forma del cable. 
A medida que aumenta la longitud de la atadura, también aumenta la 
variación en el rango de bombeo.

Longitud de la atadura 5 10 15 20 22

�P�t�Q�� �P�i�[��

�5�D�Q�J�R���G�H���E�R�P�E�H�R9 13.5 18 22 24

INSTRUCCIONES PARA EL CABLEADO MONOFÁSICO
  PARA SU PROTECCIÓN, SIEMPRE DESCONECTE LA BOMBA DE LA FUENTE DE ALIMENTACIÓN ELÉCTRICA ANTES DE 

MANIPULARLA.���/�D�V���E�R�P�E�D�V���P�R�Q�R�I�i�V�L�F�D�V���V�H���V�X�P�L�Q�L�V�W�U�D�Q���F�R�Q���H�Q�F�K�X�I�H�V���G�H�������S�D�W�L�O�O�D�V���F�R�Q���S�X�H�V�W�D���D���W�L�H�U�U�D���S�D�U�D���D�\�X�G�D�U���D���S�U�R�W�H�J�H�U�O�H���F�R�Q�W�U�D���O�D���S�R�V�L�E�L�O�L�G�D�G���G�H��
choque eléctrico. NO RETIRE BAJO NINGUNA CIRCUNSTANCIA LA CLAVIJA DE PUESTA A TIERRA. Los enchufes de 3 patillas se deben introducir 
en un tomacorriente para 3 patillas apropiado. Si la instalación no posee un tomacorriente de este tipo, se debe cambiar por uno apropiado, cableado 
�\���F�R�Q���S�X�H�V�W�D���D���W�L�H�U�U�D���G�H���D�F�X�H�U�G�R���D�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���\���D���W�R�G�D�V���O�D�V���R�U�G�H�Q�D�Q�]�D�V���\���F�y�G�L�J�R�V���O�R�F�D�O�H�V���D�S�O�L�F�D�E�O�H�V��

 “Riesgo de choque eléctrico”. No quite el cable de alimentación eléctrica ni el dispositivo de alivio de tensión y no conecte un 
conductor directamente a la bomba.

 �/�D���L�Q�V�W�D�O�D�F�L�y�Q���\���Y�H�U�L�¿�F�D�F�L�y�Q���G�H���O�R�V���F�L�U�F�X�L�W�R�V���H�O�p�F�W�U�L�F�R�V���\���G�H�O���H�T�X�L�S�R���G�H�E�H�U�i�Q���O�O�H�Y�D�U�V�H���D���F�D�E�R���S�R�U���X�Q���W�p�F�Q�L�F�R���H�O�H�F�W�U�L�F�L�V�W�D���F�D�O�L�¿�F�D�G�R��
 �$���O�D�V���X�Q�L�G�D�G�H�V���T�X�H���V�H���V�X�P�L�Q�L�V�W�U�D�Q���V�L�Q���H�Q�F�K�X�I�H�����P�R�Q�R�I�i�V�L�F�R���\���W�U�L�I�i�V�L�F�R�����\���D���O�D�V���X�Q�L�G�D�G�H�V���P�R�Q�R�I�i�V�L�F�D�V���Q�R���D�X�W�R�P�i�W�L�F�D�V���T�X�H���S�R�V�H�H�Q���X�Q��

�H�Q�F�K�X�I�H���G�H���������D�P�S�H�U�L�R�V���V�H���O�H�V���G�H�E�H���F�R�Q�H�F�W�D�U���X�Q���F�R�Q�W�U�R�O���G�H���P�R�W�R�U���\���X�Q���F�R�Q�W�U�R�O���G�H���Q�L�Y�H�O���G�H���O�t�T�X�L�G�R�V���G�X�U�D�Q�W�H���O�D���L�Q�V�W�D�O�D�F�L�y�Q�����/�R�V���Q�L�Y�H�O�H�V���G�H���Y�R�O�W�D�M�H�����D�P�S�H�U�D�M�H����
frecuencia, puesta a tierra y potencia del dispositivo de control deben ser apropiados para la bomba a la cual se conecta.

INSTRUCCIONES PARA EL CABLEADO TRIFÁSICO

(3)

L1 L2

006848

(1) (2)

L3

 PARA 
SU PROTECCIÓN, SIEMPRE 
DESCONECTE LA BOMBA DE LA 

FUENTE DE ALIMENTACIÓN ELÉCTRICA 
ANTES DE MANIPULARLA.

�/�D�V���E�R�P�E�D�V���W�U�L�I�i�V�L�F�D�V���Q�R���V�R�Q���D�X�W�R�P�i�W�L�F�D�V�����3�D�U�D��
�R�S�H�U�D�U�O�D�V���D�X�W�R�P�i�W�L�F�D�P�H�Q�W�H���V�H���U�H�T�X�L�H�U�H���X�Q���S�D�Q�H�O��
de control. Siga las instrucciones provistas con 
el panel para completar el cableado del sistema. 
�3�D�U�D�� �E�R�P�E�D�V�� �W�U�L�I�i�V�L�F�D�V�� �D�X�W�R�P�i�W�L�F�D�V���� �Y�H�U�� �H�O��
�G�L�D�J�U�D�P�D�� �G�H�� �F�D�E�O�H�D�G�R�� �S�D�U�D�� �E�R�P�E�D�V�� �W�U�L�I�i�V�L�F�D�V��
�D�X�W�R�P�i�W�L�F�D�V���D���O�D���G�H�U�H�F�K�D��

�$�Q�W�H�V���G�H���L�Q�V�W�D�O�D�U���X�Q�D���E�R�P�E�D�����Y�H�U�L�¿�T�X�H���O�D���U�R�W�D�F�L�y�Q���G�H���O�D���P�L�V�P�D��
para asegurarse de que los cables se hayan conectado 
correctamente a la fuente de alimentación eléctrica y que el 
�F�R�Q�G�X�F�W�R�U�� �Y�H�U�G�H�� �G�H�O�� �F�D�E�O�H�� �G�H�� �D�O�L�P�H�Q�W�D�F�L�y�Q�� �H�O�p�F�W�U�L�F�D�� ���Y�H�D�� �H�O��
�G�L�D�J�U�D�P�D�� �G�H�� �F�D�E�O�H�D�G�R���� �H�V�W�i�� �F�R�Q�H�F�W�D�G�R�� �F�R�Q�� �S�X�H�V�W�D�� �D�� �W�L�H�U�U�D��
�D�G�H�F�X�D�G�D���� �$�F�W�L�Y�H�� �P�R�P�H�Q�W�i�Q�H�D�P�H�Q�W�H�� �O�D�� �E�R�P�E�D���� �R�E�V�H�U�Y�D�Q�G�R��
la dirección del retroceso debido a la torsión de arranque. La 
�U�R�W�D�F�L�y�Q���H�V���F�R�U�U�H�F�W�D���V�L���H�O���U�H�W�U�R�F�H�V�R���H�V�W�i���H�Q���G�L�U�H�F�F�L�y�Q���R�S�X�H�V�W�D��
�D���O�D���À�H�F�K�D���G�H���U�R�W�D�F�L�y�Q���H�Q���O�D���F�D�M�D���G�H���O�D���E�R�P�E�D���� �6�L���O�D���U�R�W�D�F�L�y�Q��
no es correcta, cambiar dos de cualquiera de los conductores 
�H�O�p�F�W�U�L�F�R�V�����H�[�F�H�S�W�R���H�O���F�R�Q���S�X�H�V�W�D���D���W�L�H�U�U�D�����S�U�R�Y�H�H�U�i���O�D���U�R�W�D�F�L�y�Q��
apropiada.

�7�R�G�D�V���O�D�V���E�R�P�E�D�V���W�U�L�I�i�V�L�F�D�V���U�H�T�X�L�H�U�H�Q���G�L�V�S�R�V�L�W�L�Y�R�V���G�H���D�U�U�D�Q�T�X�H���G�H�O���P�R�W�R�U���F�R�Q���S�U�R�W�H�F�F�L�y�Q���F�R�Q�W�U�D���V�R�E�U�H�F�D�U�J�D����
�9�H�D���)�0�����������S�D�U�D���L�Q�V�W�D�O�D�F�L�R�Q�H�V���V�L�P�S�O�H�[���R���)�0�����������S�D�U�D���L�Q�V�W�D�O�D�F�L�R�Q�H�V���G�X�S�O�H�[�����/�D�V���E�R�P�E�D�V��se deben instalar de 
�D�F�X�H�U�G�R���D�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���\���D���W�R�G�D�V���O�D�V���R�U�G�H�Q�D�Q�]�D�V���\���F�y�G�L�J�R�V���O�R�F�D�O�H�V���D�S�O�L�F�D�E�O�H�V�����/�D�V���E�R�P�E�D�V���Q�R���V�H��
�G�H�E�H�Q���L�Q�V�W�D�O�D�U���H�Q���V�L�W�L�R�V���F�O�D�V�L�¿�F�D�G�R�V���F�R�P�R���S�H�O�L�J�U�R�V�R�V���V�H�J�~�Q���H�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���$�1�6�,���1�)�3�$��������
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ADRESSE POSTALE :���3���2�����%�2�;���������������‡���/�R�X�L�V�Y�L�O�O�H�����.�<�������������������������8�6�$
ADRESSE PHYSIQUE :�������������&�D�Q�H���5�X�Q���5�R�D�G���‡���/�R�X�L�V�Y�L�O�O�H�����.�<�������������������������8�6�$

TÉL : +1 �����������������������������‡��FAX +1 ����������������������������

Que vous dormiez en paix est notre priorité  
®

Les renseignements présentés 
�L�F�L���U�H�À�q�W�H�Q�W���O�H�V���F�R�Q�G�L�W�L�R�Q�V���D�X���P�R-
�P�H�Q�W���G�H���O�D���S�X�E�O�L�F�D�W�L�R�Q�����&�R�Q�V�X�O�W�H�U��
l’usine en cas de contradiction 
ou d’inconsistance.

Avis à l'installateur - Les instructions doivent rester avec l'installation.
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LISTE DE VÉRIFICATIONS AVANT L’INSTALLATION - TOUTES LES INSTALLATIONS
1. Inspecter la pompe. �'�H���W�H�P�S�V���H�Q���W�H�P�S�V�����O�D���S�R�P�S�H���H�V�W���H�Q�G�R�P�P�D�J�p�H���H�Q���F�R�X�U�V���G�¶�H�[�S�p�G�L�W�L�R�Q�����6�L���O�D���S�R�P�S�H���H�V�W���H�Q�G�R�P�P�D�J�p�H�����F�R�Q�W�D�F�W�H�U���O�H���G�L�V�W�U�L�E�X�W�H�X�U���D�Y�D�Q�W���G�H���O�¶�X�W�L�O�L�V�H�U����NE PAS enlever les bouchons test 

du couvercle ni du compartiment moteur.
2. Il faut lire attentivement tous les documents �I�R�X�U�Q�L�V���S�R�X�U���V�H���I�D�P�L�O�L�D�U�L�V�H�U���D�Y�H�F���O�H�V���G�p�W�D�L�O�V���V�S�p�F�L�¿�T�X�H�V���G�H���O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���H�W���G�H���O�¶�X�W�L�O�L�V�D�W�L�R�Q�����,�O���I�D�X�W���F�R�Q�V�H�U�Y�H�U���F�H�V���G�R�F�X�P�H�Q�W�V���S�R�X�U���S�R�X�Y�R�L�U���O�H�V���F�R�Q�V�X�O�W�H�U���X�O�W�p�U�L�H�X�U�H�P�H�Q�W��

 1.�� �,�O���I�D�X�W���Y�p�U�L�¿�H�U���T�X�H���O�D���S�U�L�V�H���H�V�W���j���S�R�U�W�p�H���G�X���F�R�U�G�R�Q���G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���G�H���O�D���S�R�P�S�H����NE PAS UTILISER 
DE RALLONGE. Les rallonges trop longues ou de trop faible capacité ne fournissent pas la tension 
nécessaire au moteur de la pompe, mais, encore plus important, elles peuvent être dangereuses 
�V�L���O�¶�L�V�R�O�D�Q�W���H�V�W���H�Q�G�R�P�P�D�J�p���R�X���V�L���O�¶�H�[�W�U�p�P�L�W�p���D�Y�H�F���O�H���E�U�D�Q�F�K�H�P�H�Q�W���W�R�P�E�H���G�D�Q�V���X�Q���H�Q�G�U�R�L�W���K�X�P�L�G�H��
ou mouillé.

 2. �9�p�U�L�À�H�U���T�X�H���O�H���F�L�U�F�X�L�W���G�·�D�O�L�P�H�Q�W�D�W�L�R�Q���G�H���O�D���S�R�P�S�H���H�V�W���p�T�X�L�S�p���G�H���I�X�V�L�E�O�H�V���R�X���G�H���G�L�V�M�R�Q�F�W�H�X�U�V���G�H��
capacité appropriée. �,�O���H�V�W���U�H�F�R�P�P�D�Q�G�p���G�¶�L�Q�V�W�D�O�O�H�U���X�Q���F�L�U�F�X�L�W���L�Q�G�p�S�H�Q�G�D�Q�W���G�H���F�D�S�D�F�L�W�p���V�X�I�¿�V�D�Q�W�H����
�F�R�Q�I�R�U�P�H���D�X�[���F�R�G�H�V���p�O�H�F�W�U�L�T�X�H�V���Q�D�W�L�R�Q�D�X�[���S�R�X�U���O�D���F�D�S�D�F�L�W�p���L�Q�G�L�T�X�p�H���V�X�U���O�D���S�O�D�T�X�H���G�¶�L�G�H�Q�W�L�¿�F�D�W�L�R�Q��
de la pompe.

 3. �9�p�U�L�À�F�D�W�L�R�Q���G�H���O�D���P�L�V�H���j���O�D���W�H�U�U�H�����3�R�X�U���G�H�V���U�D�L�V�R�Q�V���G�H���V�p�F�X�U�L�W�p�����L�O���I�D�X�W���Y�p�U�L�¿�H�U���O�D���W�H�U�U�H���G�H���F�K�D�T�X�H��
prise électrique en utilisant un analyseur de circuit sur la liste d’Underwriters Laboratory qui indique 
�V�L���O�H�V���¿�O�V���G�H���S�K�D�V�H�����G�H���Q�H�X�W�U�H���H�W���G�H���W�H�U�U�H���G�H���O�D���S�U�L�V�H���V�R�Q�W���E�U�D�Q�F�K�p�V���F�R�U�U�H�F�W�H�P�H�Q�W�����6�¶�L�O�V���Q�H���V�R�Q�W���S�D�V��
�E�U�D�Q�F�K�p�V���F�R�U�U�H�F�W�H�P�H�Q�W�����D�S�S�H�O�H�U���X�Q���p�O�H�F�W�U�L�F�L�H�Q���D�J�U�p�p���T�X�D�O�L�¿�p��

 4. Pour des raisons de sécurité�����O�H�V���S�R�P�S�H�V���H�W���D�X�W�U�H���p�T�X�L�S�H�P�H�Q�W���p�T�X�L�S�p�V���G�
�X�Q���¿�O���j���W�U�R�L�V���E�U�R�F�K�H�V����
�D�Y�H�F���P�L�V�H���j���O�D���W�H�U�U�H�����G�R�L�Y�H�Q�W���r�W�U�H���E�U�D�Q�F�K�p�V���V�X�U���X�Q�H���S�U�L�V�H���j���W�U�R�L�V���E�U�R�F�K�H�V�����3�R�X�U���G�H�V���U�D�L�V�R�Q�V���G�H��
�V�p�F�X�U�L�W�p�����O�D���S�U�L�V�H���G�R�L�W���r�W�U�H���S�U�R�W�p�J�p�H���S�D�U���X�Q���G�L�V�M�R�Q�F�W�H�X�U���G�L�I�I�p�U�H�Q�W�L�H�O�����4�X�D�Q�G���O�D���S�R�P�S�H���H�V�W���E�U�D�Q�F�K�p�H��
�G�D�Q�V���X�Q���E�R�v�W�L�H�U���G�H���E�U�D�Q�F�K�H�P�H�Q�W���p�W�D�Q�F�K�H�����L�O���H�V�W���S�R�V�V�L�E�O�H���G�
�H�Q�O�H�Y�H�U���O�D���¿�F�K�H���H�W���G�H���I�D�L�U�H���O�H���E�U�D�Q�F�K�H�P�H�Q�W��
�G�L�U�H�F�W�H�P�H�Q�W���V�X�U���O�
�D�O�L�P�H�Q�W�D�W�L�R�Q���D�Y�H�F���P�L�V�H���j���O�D���W�H�U�U�H���D�S�S�U�R�S�U�L�p�H�����3�R�X�U���G�H�V���U�D�L�V�R�Q�V���G�H���V�p�F�X�U�L�W�p�����F�H��
circuit peut être protégé par un disjoncteur différentiel. L'installation doit être conforme au code 
�Q�D�W�L�R�Q�D�O���G�
�p�O�H�F�W�U�L�F�L�W�p���H�W���W�R�X�V���O�H�V���U�q�J�O�H�P�H�Q�W�V���O�R�F�D�X�[��

 5. POUR DES RAISONS DE SÉCURITÉ, IL FAUT TOUJOURS DÉBRANCHER L’ALIMENTATION 
DE LA POMPE AVANT DE LA MANIPULER. Les pompes monophasées sont équipées d’un cordon 
�D�Y�H�F���¿�F�K�H���j���W�U�R�L�V���E�U�R�F�K�H�V���G�H���P�L�V�H���j���W�H�U�U�H���S�R�X�U���S�U�R�W�p�J�H�U���F�R�Q�W�U�H���O�H�V���p�O�H�F�W�U�R�F�X�W�L�R�Q�V����IL NE FAUT 
JAMAIS ENLEVER LA BROCHE DE MISE À TERRE. Il faut���E�U�D�Q�F�K�H�U���O�D���¿�F�K�H���j���W�U�R�L�V���E�U�R�F�K�H�V��
�G�D�Q�V���X�Q�H���S�U�L�V�H���j���W�U�R�L�V���E�U�R�F�K�H�V���G�H���P�L�V�H���j���W�H�U�U�H����Si le circuit n’est pas équipé d’une telle prise, il faut 
en installer une en respectant le code national d’électricité et toute la législation et réglementation 
locales en vigueur. Les pompes triphasées doivent être équipées d’un dispositif de mise en marche 
�D�Y�H�F���S�U�R�W�H�F�W�L�R�Q���W�K�H�U�P�L�T�X�H���G�X���P�R�W�H�X�U�����&�R�Q�V�X�O�W�H�U���O�D���Q�R�U�P�H���)�0�����������S�R�X�U���O�H�V���L�Q�V�W�D�O�O�D�W�L�R�Q�V���G�X�S�O�H�[����

 6. La ventilation du réservoir doit être conforme au code de plomberie local. Les pompes doivent être 
�L�Q�V�W�D�O�O�p�H�V���F�R�Q�I�R�U�P�p�P�H�Q�W���D�X���F�R�G�H���Q�D�W�L�R�Q�D�O���G�¶�p�O�H�F�W�U�L�F�L�W�p���H�W���j���W�R�X�W�H���O�D���O�p�J�L�V�O�D�W�L�R�Q���H�W���U�p�J�O�H�P�H�Q�W�D�W�L�R�Q��
�O�R�F�D�O�H�V���H�Q���Y�L�J�X�H�X�U�����/�H�V���S�R�P�S�H�V���Q�H���G�R�L�Y�H�Q�W���S�D�V���r�W�U�H���L�Q�V�W�D�O�O�p�H�V���G�D�Q�V���G�H�V���H�Q�G�U�R�L�W�V���F�O�D�V�V�L�¿�p�V���j���U�L�V�T�X�H����
�F�R�Q�I�R�U�P�p�P�H�Q�W���j���O�D���Q�R�U�P�H���$�1�6�,���1�)�3�$���������G�X���&�R�G�H���Q�D�W�L�R�Q�D�O���D�P�p�U�L�F�D�L�Q���G�H���O�¶�p�O�H�F�W�U�L�F�L�W�p����

 7. Risque d’électrocution. Ne pas enlever le cordon d’alimentation ni le distributeur de tension 
�P�p�F�D�Q�L�T�X�H�����Q�L���E�U�D�Q�F�K�H�U���O�H���F�R�Q�G�X�L�W���G�L�U�H�F�W�H�P�H�Q�W���j���O�D���S�R�P�S�H��

 8. �/�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���H�W���O�D���Y�p�U�L�¿�F�D�W�L�R�Q���G�H���O�¶�p�T�X�L�S�H�P�H�Q�W���p�O�H�F�W�U�L�T�X�H���G�R�L�Y�H�Q�W���r�W�U�H���I�D�L�W�H�V���S�D�U���X�Q���p�O�H�F�W�U�L�F�L�H�Q���T�X�D�O�L�¿�p��
 9.���/�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���H�W���O�D���Y�p�U�L�¿�F�D�W�L�R�Q���G�H���O�D���S�R�P�S�H���G�R�L�Y�H�Q�W���r�W�U�H���I�D�L�W�H�V���S�D�U���X�Q�H���S�H�U�V�R�Q�Q�H���T�X�D�O�L�¿�p�H��
 10. Risque d’électrocution. L’usage de ce type de pompe dans une piscine de natation et des zones 

marines n’a pas été étudié.
 11. �&�H���S�U�R�G�X�L�W���F�R�Q�W�L�H�Q�W���G�H�V���S�U�R�G�X�L�W�V���F�K�L�P�L�T�X�H�V���G�R�Q�W���O�¶�p�W�D�W���G�H���O�D���&�D�O�L�I�R�U�Q�L�H���D���G�p�W�H�U�P�L�Q�H�U���F�R�P�P�H���p�W�D�Q�W��

�O�D���F�D�X�V�H���G�H���F�D�Q�F�H�U���H�W���G�H���G�p�¿�F�L�H�Q�F�H�V���j���O�D���Q�D�L�V�V�D�Q�F�H���R�X���D�X�W�U�H�V���G�R�P�P�D�J�H�V���U�H�S�U�R�G�X�F�W�L�I�V��

 1.�� �9�p�U�L�¿�H�U���T�X�H���O�H���F�L�U�F�X�L�W���G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���D���X�Q�H���F�D�S�D�F�L�W�p���V�X�I�¿�V�D�Q�W�H���S�R�X�U���D�O�L�P�H�Q�W�H�U���O�H���P�R�W�H�X�U�����F�R�P�P�H��
�L�Q�G�L�T�X�p���V�X�U���O�D���S�R�P�S�H���R�X���V�X�U���O�D���S�O�D�T�X�H���G�¶�L�G�H�Q�W�L�¿�F�D�W�L�R�Q���G�H���O�¶�D�S�S�D�U�H�L�O��

 2.�� �/�¶�L�Q�V�W�D�O�O�D�W�H�X�U���H�V�W���U�H�V�S�R�Q�V�D�E�O�H���G�H���O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���G�H�V���S�R�P�S�H�V���D�X�W�R�P�D�W�L�T�X�H�V���D�Y�H�F���G�H�V���L�Q�W�H�U�U�X�S�W�H�X�U�V���j��
�Q�L�Y�H�D�X���Y�D�U�L�D�E�O�H���R�X���G�H�V���S�R�P�S�H�V���Q�R�Q���D�X�W�R�P�D�W�L�T�X�H�V���X�W�L�O�L�V�D�Q�W���G�H�V���L�Q�W�H�U�U�X�S�W�H�X�U�V���D�X�[�L�O�L�D�L�U�H�V���j���Q�L�Y�H�D�X��
�Y�D�U�L�D�E�O�H���H�W���L�O���G�R�L�W���V�¶�D�V�V�X�U�H�U���T�X�H���O�¶�L�Q�W�H�U�U�X�S�W�H�X�U���j���À�R�W�W�H�X�U���H�V�W���L�Q�V�W�D�O�O�p���I�H�U�P�H�P�H�Q�W���S�R�X�U���T�X�¶�L�O���Q�¶�D�F�F�U�R�F�K�H��
�S�D�V���j���O�D���S�R�P�S�H���Q�L���D�X���S�X�L�W�V���S�R�X�U���S�H�U�P�H�W�W�U�H���O�¶�D�U�U�r�W���G�H���O�D���S�R�P�S�H�����,�O���H�V�W���U�H�F�R�P�P�D�Q�G�p���G�¶�X�W�L�O�L�V�H�U���G�X���W�X�\�D�X��
�H�W���G�H�V���U�D�F�F�R�U�G�V���U�L�J�L�G�H�V���H�W���O�H���S�X�L�W�V���G�R�L�W���D�Y�R�L�U���X�Q���G�L�D�P�q�W�U�H���V�X�S�p�U�L�H�X�U���j���������F�P��������������

 3. Renseignements sur le trou d’évent. �,�O���H�V�W���Q�p�F�H�V�V�D�L�U�H���T�X�H���O�D���S�R�P�S�H���V�X�E�P�H�U�V�L�E�O�H�����O�H�V���S�R�P�S�H�V���j��
�H�I�À�X�H�Q�W�V���H�W���G�¶�p�J�R�X�W���F�D�S�D�E�O�H�V���G�H���S�D�V�V�H�U���G�H�V���V�R�O�L�G�H�V���G�H���G�L�I�I�p�U�H�Q�W�H�V���W�D�L�O�O�H�V���D�L�H�Q�W���O�H�X�U���D�O�L�P�H�Q�W�D�W�L�R�Q���j��
la base pour réduire le colmatage et la défaillance des joints. Si l’installation comprend un clapet 
�G�H���V�p�F�X�U�L�W�p�����L�O���I�D�X�W���S�H�U�F�H�U���X�Q���W�U�R�X���G�¶�p�Y�H�Q�W���G�¶�H�Q�Y�L�U�R�Q�������P�P�������������������G�D�Q�V���O�H���W�X�\�D�X���G�H���U�H�I�R�X�O�H�P�H�Q�W���D�X��
dessous du clapet de sécurité et le couvercle pour purger l’air de l’appareil. L’air emprisonné est 
�F�D�X�V�p���S�D�U���O�¶�D�J�L�W�D�W�L�R�Q���H�W�������R�X���X�Q���S�X�L�W�V���V�H�F�����,�O���I�D�X�W���Y�p�U�L�¿�H�U���S�p�U�L�R�G�L�T�X�H�P�H�Q�W���T�X�H���O�H���W�U�R�X���G�¶�p�Y�H�Q�W���Q�¶�H�V�W���S�D�V��
�F�R�O�P�D�W�p�����/�H�V���F�D�U�W�H�U�V���G�H���S�R�P�S�H���G�H���O�D���V�p�U�L�H�������������������H�W���������V�R�Q�W���p�T�X�L�S�p�V���G�¶�X�Q���W�U�R�X���G�¶�p�Y�H�Q�W���j���O�¶�R�S�S�R�V�p��
�G�X���À�R�W�W�H�X�U�����S�U�q�V���G�X���J�R�X�M�R�Q���G�X���F�D�U�W�H�U�����G�X���J�R�X�M�R�Q���G�X���F�D�U�W�H�U�����P�D�L�V���X�Q���W�U�R�X���G�
�p�Y�H�Q�W���H�V�W���U�H�F�R�P�P�D�Q�G�p����
�/�H���W�U�R�X���G�
�p�Y�H�Q�W���G�H���O�
�D�S�S�O�L�F�D�W�L�R�Q���j���X�Q�H���K�D�X�W�H�X�U���G�H���U�H�I�R�X�O�H�P�H�Q�W���G�\�Q�D�P�L�T�X�H���p�O�H�Y�p�H���S�H�X�W���F�D�X�V�H�U���X�Q�H��
turbulence trop élevée. Il peut être désirable de ne pas le percer. S'il est décidé de ne pas percer 
de trou d'évent, il faut s'assurer que le carter et le rotor de la pompe sont couverts de liquide 
�D�Y�D�Q�W���G�H���E�U�D�Q�F�K�H�U���O�H���W�X�\�D�X���V�X�U���O�H���F�O�D�S�H�W���D�Q�W�L���U�H�W�R�X�U���H�W���T�X�
�D�X�F�X�Q�H���F�R�Q�G�X�L�W�H���G�
�D�V�S�L�U�D�W�L�R�Q���Q�
�D�P�q�Q�H��
�G�H���O�
�D�L�U���j���O�
�D�G�P�L�V�V�L�R�Q���G�H���O�D���S�R�P�S�H�����5�(�0�$�5�4�8�(�������/�(���7�5�2�8���'�2�,�7���$�8�6�6�,���Ç�7�5�(���$�8���'�(�6�6�2�8�6��
�'�8���&�2�8�9�(�5�&�/�(���'�8���3�8�,�7�6���(�7���,�/���)�$�8�7���/�(���1�(�7�7�2�<�(�5���5�e�*�8�/�,�Ê�5�(�0�(�1�7�����8�Q���M�H�W���G�¶�H�D�X���V�H�U�D��
�Y�L�V�L�E�O�H���G�H���F�H�W�W�H���R�U�L�¿�F�H���G�X�U�D�Q�W���O�H�V���S�p�U�L�R�G�H�V���G�H���I�R�Q�F�W�L�R�Q�Q�H�P�H�Q�W���G�H���O�D���S�R�P�S�H��

 4.�� �,�O���I�D�X�W���Y�p�U�L�¿�H�U���I�U�p�T�X�H�P�P�H�Q�W���T�X�¶�L�O���Q�¶�\���D���S�D�V���G�H���G�p�E�U�L�V���Q�L���G�¶�D�F�F�X�P�X�O�D�W�L�R�Q���S�R�X�Y�D�Q�W���L�Q�W�H�U�I�p�U�H�U���D�Y�H�F���O�H��
�G�p�S�O�D�F�H�P�H�Q�W���G�X���À�R�W�W�H�X�U���G�H���P�D�U�F�K�H�������D�U�U�r�W�����/�H�V���U�p�S�D�U�D�W�L�R�Q�V���Q�H���G�R�L�Y�H�Q�W���r�W�U�H���I�D�L�W�H�V���T�X�H���S�D�U���X�Q���F�H�Q�W�U�H��
�G�H���U�p�S�D�U�D�W�L�R�Q���D�J�U�p�p���S�D�U���=�R�H�O�O�H�U���3�X�P�S���&�R�P�S�D�Q�\��

 5.�� �/�H�V���S�R�P�S�H�V���G�¶�D�V�V�q�F�K�H�P�H�Q�W���P�p�F�D�Q�L�T�X�H���H�W���G�¶�H�I�À�X�H�Q�W�V���V�R�Q�W���F�R�Q�o�X�H�V���S�R�X�U���S�R�P�S�D�J�H���G�¶�H�D�X���X�V�p�H���Q�R�Q��
traitée dans un puits.

 6.�� �/�D���W�H�P�S�p�U�D�W�X�U�H���G�H���I�R�Q�F�W�L�R�Q�Q�H�P�H�Q�W���P�D�[�L�P�D�O�H���G�¶�X�Q�H���S�R�P�S�H���V�W�D�Q�G�D�U�G���Q�H���S�H�X�W���S�D�V���r�W�U�H���S�O�X�V���G�H�������ƒ�&�����������ƒ�)������
 7.�� �,�O���I�D�X�W���X�W�L�O�L�V�H�U���O�H�V���S�R�P�S�H�V���P�R�G�q�O�H�V�����������������������H�W�����������H�Q���S�R�V�L�W�L�R�Q���Y�H�U�W�L�F�D�O�H�����,�O���Q�H���I�D�X�W���S�D�V���H�V�V�D�\�H�U��de 

mettre la pompe en marche quand elle est inclinée ou couchée sur le côté. 
 8. Il ne faut pas faire fonctionner la pompe dans une application où la hauteur de refoulement 

�G�\�Q�D�P�L�T�X�H���H�V�W���L�Q�I�p�U�L�H�X�U�H���j���O�D���K�D�X�W�H�X�U���G�H���U�H�I�R�X�O�H�P�H�Q�W���G�\�Q�D�P�L�T�X�H���P�L�Q�L�P�D�O�H���G�R�Q�Q�p�H���G�D�Q�V���O�H�V���F�R�X�U�E�H�V��
de refoulement et de capacité.

SE RÉFÉRER À LA GARANTIE EN PAGE 2.

REMARQUE�������/�H�V���S�R�P�S�H�V���D�Y�H�F���D�Q�Q�R�W�D�W�L�R�Q�V���³�8�/�´���H�W���³�8�6�´���V�R�Q�W���Y�p�U�L�¿�p�H�V���G�¶�D�S�U�qs la norme UL778. Les 
�S�R�P�S�H�V���F�H�U�W�L�¿�p�H�V���&�6�$���V�R�Q�W���Y�p�U�L�¿�p�H�V���G�¶�D�S�U�q�V���O�D���Q�R�U�P�H���&�����������Q�R����������

AVERTISSEMENT
VOIR PLUS BAS POUR LA

LISTE DES AVERTISSEMENTS
VOIR PLUS BAS POUR LA

LISTE DES MISES EN GARDEMISE EN GARDE

EFFLUENTS* / PUISARD / ASSÈCHEMENTÉGOUT
Série 49 / 53 / 57 Série 264

Série 137, Série 151 / 152 / 153 Série 266 / 267 / 268

®

�(������������
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AVERTISSEMENT  PRÉCAUTIONS AVEC LE SYSTÈME ÉLECTRIQUE���±���$�Y�D�Q�W���G�H���U�p�S�D�U�H�U���O�D���S�R�P�S�H�����L�O���I�D�X�W���W�R�X�M�R�X�U�V���R�X�Y�U�L�U���O�H���F�L�U�F�X�L�W���H�W���G�p�E�U�D�Q�F�K�H�U���O�D���S�R�P�S�H�����H�Q���S�U�H�Q�D�Q�W��
�V�R�L�Q���G�H���S�R�U�W�H�U���G�H�V���F�K�D�X�V�V�X�U�H�V���j���V�H�P�H�O�O�H���L�V�R�O�D�Q�W�H���H�W���G�H���Q�H���S�D�V���V�H���W�H�Q�L�U���G�D�Q�V���O�¶�H�D�X�����(�Q���F�D�V���G�¶�L�Q�R�Q�G�D�W�L�R�Q�����F�R�Q�W�D�F�W�H�U���O�D���F�R�P�S�D�J�Q�L�H���G�¶�p�O�H�F�W�U�L�F�L�W�p���R�X���X�Q���p�O�H�F�W�U�L�F�L�H�Q���D�J�U�p�p���S�R�X�U��
couper l’alimentation avant de déposer la pompe.

AVERTISSEMENT  Les pompes submersibles contiennent de l’huile qui peut être sous pression ou devenir chaude en cours de fonctionnement. Attendre 2 heures et demi après 
l’avoir débranchée avant de travailler sur la pompe.

LISTE DE VÉRIFICATIONS POUR L’ENTRETIEN

�6�L���O�H�V���Y�p�U�L�À�F�D�W�L�R�Q�V���F�L���G�H�V�V�X�V���Q�H���U�p�V�R�O�Y�H�Q�W���O�H���S�U�R�E�O�q�P�H�����F�R�Q�V�X�O�W�H�U���O�·�X�V�L�Q�H�����1�H���S�D�V���H�V�V�D�\�H�U���G�H���U�p�S�D�U�H�U���R�X���G�H���G�p�P�R�Q�W�H�U���O�D���S�R�P�S�H�����7�R�X�W�H�V���O�H�V���U�p�S�D�U�D�W�L�R�Q�V��
doivent être faites par un centre de réparation agréé par Zoeller. Visitez le site Web www.zoellerpumps.com/servicestations pour trouver le centre 
de service agréé le plus proche.

CAUSES FRÉQUENTES

�9�p�U�L�¿�H�U���T�X�H���O�H���I�X�V�L�E�O�H���H�V�W���H�Q���E�R�Q���p�W�D�W�����T�X�H���O�D���W�H�Q�V�L�R�Q���H�V�W���Q�R�U�P�D�O�H�����T�X�H���O�H���F�L�U�F�X�L�W���Q�¶�H�V�W���S�D�V���V�X�U�F�K�D�U�J�p���H�W���T�X�H���O�H���F�k�E�O�D�J�H���H�V�W���F�R�U�U�H�F�W����
que l’interrupteur n’est pas ouvert, que le rotor ou le joint n’est pas bloqué, que le condensateur ou le relais n’est pas défec-
�W�X�H�X�[�����V�L���L�Q�V�W�D�O�O�p�����T�X�¶�L�O���Q�¶�\���D���S�D�V���G�H���F�R�X�U�W���F�L�U�F�X�L�W���G�D�Q�V���O�H���P�R�W�H�X�U���R�X���O�H���E�R�E�L�Q�D�J�H�����)�O�R�W�W�H�X�U���E�O�R�T�X�p���H�Q���S�R�V�L�W�L�R�Q���E�D�V�V�H�����,�Q�W�H�U�U�X�S�W�H�X�U��
�G�p�I�H�F�W�X�H�X�[�����H�Q�G�R�P�P�D�J�p���R�X���P�D�O���U�p�J�O�p��

�0�D�X�Y�D�L�V�H���W�H�Q�V�L�R�Q�����K�D�X�W�H�X�U���G�H���U�H�I�R�X�O�H�P�H�Q�W���Q�p�J�D�W�L�Y�H�����U�H�I�R�X�O�H�P�H�Q�W���R�X�Y�H�U�W���D�X���G�H�V�V�R�X�V���G�H���O�D���Q�R�U�P�D�O�H�������E�O�R�F�D�J�H���P�p�F�D�Q�L�T�X�H���G�X��
rotor ou du joint, moteur court-circuité.

Flotteur grippé sur la tige, clapet de sécurité coincé ou pas de clapet installé sur une conduite longue, clapet de sécurité ouvert, 
�L�Q�W�H�U�U�X�S�W�H�X�U�V���G�H���Q�L�Y�H�D�X���G�p�I�H�F�W�X�H�X�[�����S�X�L�W�V���W�U�R�S���S�H�W�L�W��

�'�p�E�U�L�V���V�R�X�V���O�H���À�R�W�W�H�X�U�����À�R�W�W�H�X�U���R�X���W�L�J�H���G�X���À�R�W�W�H�X�U���F�R�L�Q�F�p���F�R�Q�W�U�H���O�D���S�D�U�R�L���G�X���S�X�L�W�V�����L�Q�W�H�U�U�X�S�W�H�X�U���G�p�I�H�F�W�X�H�X�[�����H�Q�G�R�P�P�D�J�p���R�X���P�D�O���U�p�J�O�p��

�9�p�U�L�¿�H�U���O�H���F�D�U�W�H�U���G�H���F�U�p�S�L�Q�H�����O�H���W�X�\�D�X���G�H���U�H�I�R�X�O�H�P�H�Q�W���R�X�����V�L���X�Q���F�O�D�S�H�W���G�H���V�p�F�X�U�L�W�p���H�V�W���L�Q�V�W�D�O�O�p�����O�H���W�U�R�X���G�¶�p�Y�H�Q�W�����/�D���K�D�X�W�H�X�U���G�H���U�H�I�R�X�O�H-
�P�H�Q�W���H�V�W���V�X�S�p�U�L�H�X�U�H���j���O�D���F�D�S�D�F�L�W�p���G�H���O�D���S�R�P�S�H�����0�D�X�Y�D�L�V�H���W�H�Q�V�L�R�Q�����0�D�X�Y�D�L�V�H���G�L�U�H�F�W�L�R�Q���G�H���U�R�W�D�W�L�R�Q���G�H���O�D���S�R�P�S�H�����&�R�Q�G�H�Q�V�D�W�H�X�U��
�G�p�I�H�F�W�X�H�X�[�����/�
�H�D�X���G�
�D�O�L�P�H�Q�W�D�W�L�R�Q���F�R�Q�W�L�H�Q�W���G�H���O�
�D�L�U���R�X���S�U�R�Y�R�T�X�H���O�
�H�Q�W�U�p�H���G�
�D�L�U���G�D�Q�V���O�D���F�K�D�P�E�U�H���G�H���O�D���S�R�P�S�H��

Augmentation de la friction dans le tuyau de refoulement, tuyau ou clapet de sécurité colmaté. Des produits abrasifs ou des 
produits chimiques peuvent détériorer le rotor et le carter de pompe. Inspecter la conduite. Déposer la base et inspecter.

CONDITION

A. La pompe ne démarre pas ou ne fonc-
tionne pas.  

B. Le moteur surchauffe et déclenche le 
disjoncteur ou la sécurité thermique.

C. La pompe se met en marche et s’arrête 
trop fréquemment. 

D. La pompe ne s’arrête pas.

E. La pompe fonctionne mais son débit 
est faible ou non existant.

F. Baisse de capacité ou de hauteur 
de refoulement après une période 
d’utilisation.

�H�[�S�U�H�V�V�H�V���R�X���L�P�S�O�L�F�L�W�H�V���H�W���Q�R�X�V���Q�¶�D�X�W�R�U�L�V�R�Q�V���D�X�F�X�Q���U�H�S�U�p�V�H�Q�W�D�Q�W���R�X���D�X�W�U�H���S�H�U�V�R�Q�Q�H���j��
accepter la responsabilité en notre nom pour nos produits.
�3�U�H�Q�G�U�H�� �F�R�Q�W�D�F�W�� �D�Y�H�F�� �O�H�� �)�D�E�U�L�F�D�Q�W���� ���������� �&�D�Q�H�� �5�X�Q�� �5�R�D�G���� �/�R�X�L�V�Y�L�O�O�H���� �.�<�� �������������� �j��
�O�¶�D�W�W�H�Q�W�L�R�Q�� �G�X�� �6�H�U�Y�L�F�H�� �j�� �O�D�� �&�O�L�H�Q�W�q�O�H���� �S�R�X�U�� �R�E�W�H�Q�L�U�� �G�H�V�� �U�p�S�D�U�D�W�L�R�Q�V���� �G�H�V�� �S�L�q�F�H�V�� �G�H��
remplacement ou des renseignements supplémentaires concernant la garantie.

LE FABRICANT REFUSE EXPRESSÉMENT TOUTE RESPONSABILITÉ POUR LES 
DÉGÂTS SPÉCIAUX, INDIRECTS OU SECONDAIRES OU POUR LES RUPTURES 
DE GARANTIE EXPRESSES OU IMPLICITES; ET TOUTE GARANTIE IMPLICITE 
D’APPLICABILITÉ À UNE UTILISATION SPÉCIFIQUE OU DE COMMERCIALITÉ 
EST LIMITÉE À LA DURÉE DE LA GARANTIE EXPRESSE.

�&�H�U�W�D�L�Q�H�V���S�U�R�Y�L�Q�F�H�V���Q�H���S�H�U�P�H�W�W�H�Q�W���S�D�V���O�H�V���O�L�P�L�W�D�W�L�R�Q�V���G�H���O�D���G�X�U�p�H���G�H���O�D���J�D�U�D�Q�W�L�H���L�P�S�O�L�F�L�W�H��
�H�W���L�O���H�V�W���S�R�V�V�L�E�O�H���T�X�H���F�H�W�W�H���O�L�P�L�W�D�W�L�R�Q���Q�H���V�¶�D�S�S�O�L�T�X�H���S�D�V�����&�H�U�W�D�L�Q�H�V���S�U�R�Y�L�Q�F�H�V���Q�H���S�H�U�P�H�W�W�H�Q�W��
�S�D�V���O�¶�H�[�F�O�X�V�L�R�Q���R�X���O�D���O�L�P�L�W�D�W�L�R�Q���G�H�V���G�p�J�k�W�V���V�H�F�R�Q�G�D�L�U�H�V���R�X���L�Q�G�L�U�H�F�W�V�����H�W���L�O���H�V�W���S�R�V�V�L�E�O�H���T�X�H��
�F�H�W�W�H���O�L�P�L�W�D�W�L�R�Q���R�X���H�[�F�O�X�V�L�R�Q���Q�H���V�¶�D�S�S�O�L�T�X�H���S�D�V��

�&�H�W�W�H���J�D�U�D�Q�W�L�H���Y�R�X�V���G�R�Q�Q�H���G�H�V���G�U�R�L�W�V���V�S�p�F�L�¿�T�X�H�V���U�H�F�R�Q�Q�X�V���S�D�U���O�D���O�R�L���H�W���Y�R�X�V���S�R�X�Y�H�]��
�p�J�D�O�H�P�H�Q�W���D�Y�R�L�U���G�¶�D�X�W�U�H�V���G�U�R�L�W�V���T�X�L���Y�D�U�L�H�Q�W���G�¶�X�Q�H���S�U�R�Y�L�Q�F�H���j���O�¶�D�X�W�U�H��

GARANTIE LIMITÉE
�/�H�� �I�D�E�U�L�F�D�Q�W�� �J�D�U�D�Q�W�L�W�� �j�� �O�¶�D�F�K�H�W�H�X�U�� �H�W�� �D�X�� �S�U�R�S�U�L�p�W�D�L�U�H�� �X�O�W�p�U�L�H�X�U�� �S�H�Q�G�D�Q�W�� �O�D�� �S�p�U�L�R�G�H�� �G�H��
garantie, tout produit neuf contre tout vice de matériel et de main-d’œuvre, en utilisation 
normale et quand utilisé et entretenu correctement, pendant une période de 3 ans de 
�O�D���G�D�W�H���G�H���I�D�E�U�L�F�D�W�L�R�Q���L�Q�L�W�L�D�O�H�������/�H�V���S�L�q�F�H�V���G�H�Y�H�Q�D�Q�W���G�p�I�H�F�W�X�H�X�V�H�V���S�H�Q�G�D�Q�W���O�D���S�p�U�L�R�G�H���G�H��
garantie, et que des inspections prouvent contenir des vices de fabrication ou de main-
�G�¶�°�X�Y�U�H�����V�H�U�R�Q�W���U�p�S�D�U�p�H�V�����U�H�P�S�O�D�F�p�H�V���R�X���U�p�Q�R�Y�p�H�V���D�X���F�K�R�L�[���G�X���)�D�E�U�L�F�D�Q�W�����j���F�R�Q�G�L�W�L�R�Q��
qu’en faisant cela nous ne soyons pas obligés de remplacer l’ensemble, le mécanisme 
�F�R�P�S�O�H�W���R�X���O�¶�D�S�S�D�U�H�L�O���F�R�P�S�O�H�W�����$�X�F�X�Q�H���S�U�R�Y�L�V�L�R�Q���Q�¶�H�V�W���I�D�L�W�H���S�R�X�U���O�H�V���I�U�D�L�V���G�¶�H�[�S�p�G�L�W�L�R�Q����
�O�H�V���G�p�J�k�W�V�����O�D���P�D�L�Q���G�¶�°�X�Y�U�H���Q�L���G�¶�D�X�W�U�H�V���I�U�D�L�V���F�D�X�V�p�V���S�D�U���O�D���G�p�I�D�L�O�O�D�Q�F�H�����O�D���U�p�S�D�U�D�W�L�R�Q���R�X��
le remplacement du produit.

�&�H�W�W�H�� �J�D�U�D�Q�W�L�H�� �Q�H�� �V�¶�D�S�S�O�L�T�X�H�� �S�D�V�� �H�W�� �Q�H�� �F�R�X�Y�U�H�� �D�X�F�X�Q�� �P�D�W�p�U�L�H�O�� �R�X�� �S�U�R�G�X�L�W�� �T�X�L�� �D�� �p�W�p��
�G�p�P�R�Q�W�p�� �V�D�Q�V�� �O�¶�D�X�W�R�U�L�V�D�W�L�R�Q�� �S�U�p�D�O�D�E�O�H�� �G�X�� �)�D�E�U�L�F�D�Q�W���� �V�R�X�P�L�V�� �j�� �X�Q�� �X�V�D�J�H�� �D�E�X�V�L�I���� �G�H�V��
�D�S�S�O�L�F�D�W�L�R�Q�V���L�Q�F�R�U�U�H�F�W�H�V�����G�H���O�D���Q�p�J�O�L�J�H�Q�F�H�����G�H�V���P�R�G�L�¿�F�D�W�L�R�Q�V�����G�H�V���D�F�F�L�G�H�Q�W�V���R�X���X�Q���F�D�V��
de force majeure ; qui n’a pas été installé, utilisé ou entretenu selon les instructions 
�G�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���G�X���)�D�E�U�L�F�D�Q�W�����T�X�L���D���p�W�p���H�[�S�R�V�p�����\���F�R�P�S�U�L�V�����P�D�L�V���Q�R�Q���G�H���I�D�o�R�Q���O�L�P�L�W�D�W�L�Y�H�����j��
du sable, des gravillons, du ciment, de la boue, du goudron, des hydrocarbures ou des 
�G�p�U�L�Y�p�V���G�¶�K�\�G�U�R�F�D�U�E�X�U�H�V�����K�X�L�O�H�����H�V�V�H�Q�F�H�����V�R�O�Y�D�Q�W�V�����H�W�F�������R�X���j���G�¶�D�X�W�U�H�V���S�U�R�G�X�L�W�V���D�E�U�D�V�L�I�V��
�R�X���F�R�U�U�R�V�L�I�V�����V�H�U�Y�L�H�W�W�H�V���R�X���S�U�R�G�X�L�W�V���G�¶�K�\�J�L�q�Q�H���I�p�P�L�Q�L�Q�H���H�W�F�������G�D�Q�V���W�R�X�W�H�V���O�H�V���D�S�S�O�L�F�D�W�L�R�Q�V��
de pompage. La garantie mentionnée ci-dessus remplace toutes les autres garanties 

CONSEILS POUR L’INSTALLATION D’UNE POMPE DE PUISARD
 1. IL FAUT lire toutes les instructions d’installation fournies avec la pompe.
 2. IL FAUT���Y�p�U�L�¿�H�U���T�X�H���O�H�V���D�S�S�D�U�H�L�O�V���Q�¶�R�Q�W���S�D�V���p�W�p���H�Q�G�R�P�P�D�J�p�V���H�Q���F�R�X�U�V���G�¶�H�[�S�p�G�L�W�L�R�Q����

�&�R�Q�W�D�F�W�H�U���O�H���G�L�V�W�U�L�E�X�W�H�X�U���V�L���O�D���S�R�P�S�H���D���p�W�p���H�Q�G�R�P�P�D�J�p�H��
 3. IL FAUT���Q�H�W�W�R�\�H�U���W�R�X�V���O�H�V���G�p�E�U�L�V���G�D�Q�V���O�H���S�X�L�V�D�U�G�����9�p�U�L�¿�H�U���T�X�¶�L�O���\���D���X�Q�H���V�X�U�I�D�F�H���G�X�U�H���H�W��

�S�O�D�W�H���j���O�¶�H�P�S�O�D�F�H�P�H�Q�W���G�p�V�L�U�p���S�R�X�U���O�D���S�R�P�S�H����NE PAS installer la pompe sur du sable, 
du gravier ou de la terre.

 4. IL FAUT���Y�p�U�L�¿�H�U���T�X�H���O�H���S�X�L�V�D�U�G���H�V�W���D�V�V�H�]���O�D�U�J�H���S�R�X�U���D�Y�R�L�U���G�H���O�¶�H�V�S�D�F�H���V�X�I�¿�V�D�Q�W���S�R�X�U��
le bon fonctionnement des interrupteurs de commande de niveau.

 5. IL FAUT toujours débrancher l’alimentation de la pompe avant de la 
manipuler.

  IL FAUT���W�R�X�M�R�X�U�V���E�U�D�Q�F�K�H�U���O�D���S�R�P�S�H���V�X�U���X�Q���F�L�U�F�X�L�W���V�p�S�D�U�p���P�L�V���j���O�D���W�H�U�U�H��
  IL NE FAUT JAMAIS couper, faire une épissure ou endommager un cordon 

�G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q�������3�R�X�U���I�D�L�U�H���X�Q�H���U�D�F�F�R�U�G�H�P�H�Q�W�����L�O���I�D�X�W���X�W�L�O�L�V�H�U���X�Q���E�R�v�W�L�H�U���G�H���U�D�F�F�R�U�G�H�P�H�Q�W��
étanche.

  IL NE FAUT PAS utiliser le cordon d’alimentation pour transporter ou soulever la 
pompe.  

  IL NE FAUT PAS utiliser de rallonge pour une pompe de puisard.
 6. IL FAUT installer un clapet de sécurité et un raccord sur la conduite de refoulement.
  IL NE FAUT PAS���X�W�L�O�L�V�H�U���X�Q�H���F�R�Q�G�X�L�W�H���G�H���U�H�I�R�X�O�H�P�H�Q�W���G�H���G�L�D�P�q�W�U�H���L�Q�I�p�U�L�H�X�U���j���F�H�O�X�L���G�X��

refoulement de la pompe.

 7. IL NE FAUT PAS utiliser une pompe de puisard comme pompe de tranchée 
�R�X�� �G�¶�H�[�F�D�Y�D�W�L�R�Q���� �R�X�� �S�R�X�U�� �S�R�P�S�H�U�� �G�H�V�� �p�J�R�X�W�V���� �G�H�� �O�¶�H�V�V�H�Q�F�H�� �R�X�� �W�R�X�W�� �D�X�W�U�H�� �O�L�T�X�L�G�H��
�G�D�Q�J�H�U�H�X�[��

 8. IL FAUT���H�V�V�D�\�H�U���O�D���S�R�P�S�H���L�P�P�p�G�L�D�W�H�P�H�Q�W���D�S�U�q�V���O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���S�R�X�U���r�W�U�H���F�H�U�W�D�L�Q���T�X�H��
�O�H���V�\�V�W�q�P�H���I�R�Q�F�W�L�R�Q�Q�H���F�R�U�U�H�F�W�H�P�H�Q�W��

 9. IL FAUT recouvrir la pompe de puisard d’un couvercle de puisard approprié.
 10. IL FAUT�� �p�W�X�G�L�H�U�� �W�R�X�V�� �O�H�V�� �F�R�G�H�V�� �O�R�F�D�X�[�� �H�W�� �Q�D�W�L�R�Q�D�X�[�� �D�S�S�O�L�F�D�E�O�H�V�� �H�W�� �Y�p�U�L�¿�H�U�� �T�X�H��

l’installation est conforme.
 11. IL FAUT���F�R�Q�V�X�O�W�H�U���O�H���I�D�E�U�L�F�D�Q�W���S�R�X�U���R�E�W�H�Q�L�U���G�H�V���F�O�D�U�L�¿�F�D�W�L�R�Q�V���R�X���G�H�V���U�p�S�R�Q�V�H�V���D�X�[��

questions.
 12. IL FAUT���F�R�Q�V�L�G�p�U�H�U���X�Q���V�\�V�W�q�P�H���j���G�H�X�[���S�R�P�S�H�V���D�Y�H�F���X�Q�H���D�O�D�U�P�H���T�X�D�Q�G���O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q��

�S�H�X�W���r�W�U�H���V�X�U�F�K�D�U�J�p�H���R�X���V�L���X�Q�H���G�p�I�D�L�O�O�D�Q�F�H���G�H���O�D���S�R�P�S�H���S�U�L�P�D�L�U�H���F�D�X�V�D�L�W���G�H�V���G�p�J�k�W�V��
importants.

 13. IL FAUT���F�R�Q�V�L�G�p�U�H�U���X�Q���V�\�V�W�q�P�H���G�H���V�H�F�R�X�U�V���H�Q���F�R�X�U�D�Q�W���D�O�W�H�U�Q�D�W�L�I���T�X�D�Q�G���X�Q�H���S�R�P�S�H��
�G�H���S�X�L�V�D�U�G���R�X���G�¶�V�p�F�K�D�J�H���P�p�F�D�Q�L�T�X�H���H�V�W���Q�p�F�H�V�V�D�L�U�H���S�R�X�U���p�Y�L�W�H�U���G�H�V���G�p�J�k�W�V���P�D�W�p�U�L�H�O�V��
�H�Q�� �F�D�V�� �G�¶�L�Q�R�Q�G�D�W�L�R�Q�� �j�� �O�D�� �V�X�L�W�H�� �G�¶�X�Q�H�� �S�D�Q�Q�H�� �G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q�� �V�H�F�W�H�X�U���� �G�H�� �S�U�R�E�O�q�P�H��
�P�p�F�D�Q�L�T�X�H���R�X���p�O�H�F�W�U�L�T�X�H���R�X���G�H���V�X�U�F�K�D�U�J�H���G�X���V�\�V�W�q�P�H��

 14. IL FAUT���L�Q�V�S�H�F�W�H�U���O�H���V�\�V�W�q�P�H���H�W���Y�p�U�L�¿�H�U���V�R�Q���I�R�Q�F�W�L�R�Q�Q�H�P�H�Q�W���D�X���P�R�L�Q�V���W�R�X�V���O�H�V���W�U�R�L�V��
mois. 

Lorsque des dégâts sont causés par une défaillance présumée de la pompe, le 
propriétaire doit garder la pompe en sa possession en vue d’enquête.

�(������������
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Toutes les installations doivent être conformes aux codes électriques et de plomberie applicables, y compris, mais pas limité aux codes électriques nationaux, locaux, 
régionaux et aux codes de plomberie provinciaux. Pas conçu pour utilisation dans les endroits dangereux.

Pour certaines installations, il peut être nécessaire d’installer un support indépendant pour les interrupteurs de commande de niveau pour éviter des accrochages possibles sur la 
�S�R�P�S�H�����O�D���W�X�\�D�X�W�H�U�L�H�����O�H�V���Y�D�Q�Q�H�V�����H�W�F�����,�O���H�V�W���S�R�V�V�L�E�O�H���G�H���I�D�E�U�L�T�X�H�U���O�H�V���V�X�S�S�R�U�W�V���G�H���À�R�W�W�H�X�U���H�Q���X�W�L�O�L�V�D�Q�W���G�H�V���W�X�\�D�X�[���H�W���G�H�V���U�D�F�F�R�U�G�V���V�W�D�Q�G�D�U�G���S�R�X�U���I�D�F�L�O�L�W�H�U���O�D���G�p�S�R�V�H���H�Q���F�D�V���G�H���U�p�S�D�U�D�W�L�R�Q����
�/�H�V���V�X�S�S�R�U�W�V���G�H���À�R�W�W�H�V���V�R�Q�W���G�L�V�S�R�Q�L�E�O�H���F�K�H�]���=�R�H�O�O�H�U���W�H�O���T�X�H���G�p�F�U�L�W���D�X���I�H�X�L�O�O�H�W���)�0�����������R�X���S�H�X�Y�H�Q�W��être fabriqué avec de la tuyauterie et des raccords standard. 

MÉTHODES SUGGÉRÉES POUR L’INSTALLATION DU FLOTTEUR

SUPPORT TYPIQUE DE FLOTTEUR POUR
COUVERCLE DE PUITS EN ACIER

SUPPORT DE FLOTTES TYPIQUE POUR PUISARD EN
BÉTON OU POUR PUIT D’ ACCÉS DE FOSSE SEPTIQUE

SK1218

SK1217

�&�2�8�9�(�5�&�/�(���'�¶�$�&�&�Ê�6

�&�2�/�/�(�7���'�(���7�8�<�$�8��
�6�7�$�1�'�$�5�'

�7�8�<�$�8���(�1���$�&�,�(�5���,�1�2�;�<�'�$�%�/�(��
�/�e�*�(�5���2�8���(�1���3�9�&�*�5�$�9�,�/�/�2�1

�����������������6�8�3�3�2�5�7��

�0�2�1�7�5�e ���$�9�(�&������
�)�/�2�7�7�(�6

INSTALLATION RECOMMANDÉE POUR TOUTES APPLICATIONS
�� �������� �/�H�V���F�L�U�F�X�L�W�V���H�W���O�H�V���S�U�R�W�H�F�W�L�R�Q�V���p�O�H�F�W�U�L�T�X�H�V���G�R�L�Y�H�Q�W���r�W�U�H���F�R�Q�I�R�U�P�H�V���D�X�[���Q�R�U�P�H�V���G�H�V��

�F�R�G�H�V���p�O�H�F�W�U�L�T�X�H�V���Q�D�W�L�R�Q�D�X�[�����S�U�R�Y�L�Q�F�L�D�X�[���H�W���O�R�F�D�X�[��
�� �������� �,�Q�V�W�D�O�O�H�U���X�Q���8�Q�L�F�K�H�F�N�����U�D�F�F�R�U�G�������F�O�D�S�H�W���G�H���V�p�F�X�U�L�W�p���F�R�P�E�L�Q�p�����G�H���=�R�H�O�O�H�U���D�S�S�U�R�S�U�L�p����

de préférence juste au-dessus du puits pour permettre la dépose de la pompe 
�S�R�X�U�� �O�H�� �Q�H�W�W�R�\�D�J�H�� �R�X�� �O�H�V�� �U�p�S�D�U�D�W�L�R�Q�V���� �3�R�X�U�� �O�H�V�� �p�J�R�X�W�V���� �O�H�V�� �H�I�À�X�H�Q�W�V�� �R�X�� �O�H�V�� �H�D�X�[��
�G�¶�D�V�V�q�F�K�H�P�H�Q�W���P�p�F�D�Q�L�T�X�H�����X�W�L�O�L�V�H�U���O�H���P�R�G�q�O�H�������������������D�Y�H�F���G�H�V���W�X�\�D�X�[���G�H����������������
���������P�P�������P�R�G�q�O�H�������������������D�Y�H�F���G�H�V���W�X�\�D�X�[���G�H�����������������P�P�����H�W���O�H���P�R�G�q�O�H������������������
�D�Y�H�F���G�H�V���W�X�\�D�X�[���G�H�����������������P�P�����V�¶�L�O���I�D�X�W���X�Q�H���J�U�D�Q�G�H���K�D�X�W�H�X�U���G�H���U�H�I�R�X�O�H�P�H�Q�W���R�X���H�Q��
�F�D�V���G�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���V�R�X�V���X�Q���F�R�X�Y�H�U�F�O�H�����9�R�L�U�����������F�L���G�H�V�V�R�X�V��

�� �������� �7�R�X�V���O�H�V���S�X�L�W�V���G�R�L�Y�H�Q�W���D�Y�R�L�U���X�Q���F�R�X�Y�H�U�F�O�H���S�R�X�U���H�P�S�r�F�K�H�U���O�H�V���G�p�E�U�L�V���G�¶�\���W�R�P�E�H�U���H�W��
éviter les chutes accidentelles.

�� �������� �4�X�D�Q�G���X�Q���8�Q�L�F�K�H�F�N���H�V�W���L�Q�V�W�D�O�O�p�����S�H�U�F�H�U���X�Q���W�U�R�X���G�H�������P�P�������������������G�D�Q�V���O�H���W�X�\�D�X���G�H��
refoulement, de niveau avec le dessus de la pompe. Les pompes de la série 50 et 90 ont 
un trou d’évent intégré. REMARQUE �± �/�(���7�5�2�8���'�2�,�7���$�8�6�6�,���Ç�7�5�(���$�8���'�(�6�6�2�8�6��
�'�8�� �&�2�8�9�(�5�&�/�(�� �'�8�� �3�8�,�7�6�� �(�7�� �,�/�� �)�$�8�7�� �/�(�� �1�(�7�7�2�<�(�5�� �5�e�*�8�/�,�Ê�5�(�0�(�1�7��
���S�R�P�S�H�V�� �j�� �K�D�X�W�H�X�U�� �G�H�� �U�H�I�R�X�O�H�P�H�Q�W�� �p�O�H�Y�p�H���� �Y�R�L�U�� �Q�ƒ�� ���� �G�H�� �O�D�� �S�U�H�P�L�q�U�H�� �S�D�J�H 
�©���0�,�6�(���(�1���*�$�5�'�(���ª�������8�Q���M�H�W���G�¶�H�D�X���V�H�U�D���Y�L�V�L�E�O�H���G�H���F�H�W�W�H���R�U�L�¿�F�H���G�X�U�D�Q�W���O�H�V���S�p�U�L�R�G�H�V��
de fonctionnement de la pompe.

�� �������� �$�W�W�D�F�K�H�U���I�H�U�P�H�P�H�Q�W���O�H���F�R�U�G�R�Q���G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���p�O�H�F�W�U�L�T�X�H���V�X�U���O�H���W�X�\�D�X���G�H���U�H�I�R�X�O�H�P�H�Q�W��
en utilisant du chatterton ou des colliers.

�� �������� �8�W�L�O�L�V�H�U���X�Q���W�X�\�D�X���G�H���U�H�I�R�X�O�H�P�H�Q�W���G�H���S�O�H�L�Q�H�V���G�L�P�H�Q�V�L�R�Q�V��
�� �������� �/�H���S�X�L�W�V���G�R�L�W���r�W�U�H���F�R�Q�I�R�U�P�H���j���W�R�X�V���O�H�V���U�q�J�O�H�P�H�Q�W�V���D�S�S�O�L�F�D�E�O�H�V��
�� �������� �$�Y�D�Q�W���O�D���P�L�V�H���H�Q���V�H�U�Y�L�F�H�����O�D���S�R�P�S�H���G�R�L�W���r�W�U�H���G�H���Q�L�Y�H�D�X���H�W���O�H���P�p�F�D�Q�L�V�P�H���G�X���À�R�W�W�H�X�U���Q�H���G�R�L�W��

pas toucher les bords du puits.
�� �������� �$�S�U�q�V���O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q�����O�H���S�X�L�W�V���G�R�L�W���r�W�U�H���S�U�R�S�U�H���H�W���Q�H���G�R�L�W���S�D�V���F�R�Q�W�H�Q�L�U���G�H���G�p�E�U�L�V��

������������ �/�¶�L�Q�V�W�D�O�O�D�W�H�X�U�� �G�R�L�W�� �I�R�X�U�Q�L�U�� �O�D�� �Y�D�Q�Q�H�� �G�¶�D�U�U�r�W�� �H�W�� �O�¶�L�Q�V�W�D�O�O�H�U�� �H�Q�� �U�H�V�S�H�F�W�D�Q�W�� �W�R�X�V�� �O�H�V��
codes.

������������ �,�G�H�Q�W�L�¿�H�U���O�H�V���L�Q�W�H�U�U�X�S�W�H�X�U�V���j���À�R�W�W�H�X�U���L�Q�G�L�T�X�p�V���G�D�Q�V���O�H�V���L�O�O�X�V�W�U�D�W�L�R�Q�V�����/�H���S�R�L�Q�W���G�
�D�U�U�r�W��
�G�R�L�W���r�W�U�H���D�X���G�H�V�V�X�V���G�X���F�D�U�W�H�U���G�X���P�R�W�H�X�U���H�W���j���������ƒ���G�H���O�
�D�G�P�L�V�V�L�R�Q�����/�H���S�R�L�Q�W���G�¶�D�U�U�r�W��
�Q�H���V�H���G�R�L�W���W�U�R�X�Y�H�U���M�D�P�D�L�V���D�X���G�H�V�V�R�X�V���G�X���U�H�I�R�X�O�H�P�H�Q�W���G�H���O�D���S�R�P�S�H�����X�Q�L�T�X�H�P�H�Q�W��
�S�R�X�U���O�H�V���V�\�V�W�q�P�H�V���G�
�H�D�X�[���X�V�p�H�V���H�W���G�¶�H�I�À�X�H�Q�W������REMARQUE - pour les pompes 
automatiques, utiliser  le schéma  d’installation pour l’assèchement ci-
dessous.

������������ �3�R�X�U���p�Y�L�W�H�U���O�D���S�U�R�S�D�J�D�W�L�R�Q���G�H�V���J�D�]���H�W���G�H�V���R�G�H�X�U�V�����W�R�X�W�H�V���O�H�V���L�Q�V�W�D�O�O�D�W�L�R�Q�V���G�R�L�Y�H�Q�W��
avoir des joints étanches.

������������ �/�H�V���J�D�]���H�W���O�H�V���R�G�H�X�U�V���V�R�Q�W���p�Y�D�F�X�p�V���j���O�¶�D�W�P�R�V�S�K�q�U�H���D�X���P�R�\�H�Q���G�¶�X�Q���W�X�\�D�X���G�¶�p�Y�H�Q�W����
���X�Q�L�T�X�H�P�H�Q�W���S�R�X�U���O�H�V���V�\�V�W�q�P�H�V���G�
�H�D�X�[���X�V�p�H�V���H�W���G�
�D�V�V�q�F�K�H�P�H�Q�W����

���������������� �,�Q�V�W�D�O�O�H�U���O�D���E�D�V�H���G�H���S�R�P�S�H���=�R�H�O�O�H�U�����P�R�G�q�O�H���������������������V�R�X�V���O�D���S�R�P�S�H���S�R�X�U���I�R�U�P�L�U���X�Q��
�E�D�V�V�L�Q���G�H���G�p�F�D�Q�W�D�W�L�R�Q�����X�Q�L�T�X�H�P�H�Q�W���S�R�X�U���O�H�V���V�\�V�W�q�P�H�V���G�¶�H�I�À�X�H�Q�W���H�W���G�¶�D�V�V�q�F�K�H�P�H�Q�W����
�8�Q�L�T�X�H�P�H�Q�W���S�R�X�U���O�H�V���V�\�V�W�q�P�H�V���G�¶�H�I�À�X�H�Q�W����

������������ �%�U�D�Q�F�K�H�U���O�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���G�H���O�D���S�R�P�S�H���S�D�U���O�¶�L�Q�W�H�U�P�p�G�L�D�L�U�H���G�¶�X�Q���E�R�v�W�L�H�U���p�W�D�Q�F�K�H���=�R�H�O�O�H�U��
ou d’une épissure étanche. �5�(�0�$�5�4�8�(���±���/�H���E�R�v�W�L�H�U���p�W�D�Q�F�K�H���H�V�W���X�Q�H���Q�p�F�H�V�V�L�W�p��
�D�E�V�R�O�X�H���G�D�Q�V���X�Q���P�L�O�L�H�X���K�X�P�L�G�H�����9�R�L�U���O�H���Q�ƒ�������j���O�D���S�U�H�P�L�q�U�H���S�D�J�H���G�H���)�0����������

������������ �&�R�Q�V�X�O�W�H�U���O�H���P�D�Q�X�H�O���G�H���G�L�P�H�Q�V�L�R�Q�V���S�R�X�U���O�H�V���p�J�R�X�W�V���G�H���6�6�3�0�$���D�¿�Q���G�H���G�p�W�H�U�P�L�Q�H�U��
�O�H���P�R�G�q�O�H���G�¶�L�Q�W�H�U�U�X�S�W�H�X�U���G�H���P�D�U�F�K�H�������D�U�U�r�W���j���X�W�L�O�L�V�H�U��

������������ �8�Q�� �D�F�F�q�V�� �j�� �O�D�� �I�R�V�V�H�� �V�H�S�W�L�T�X�H�� �G�R�L�W���r�W�U�H�� �S�U�p�Y�X�� �S�R�X�U�� �O�¶�H�Q�W�U�H�W�L�H�Q�� �G�X�� �¿�O�W�U�H�� �H�W���� �G�H�� �O�D��
pompe.

REMARQUE – �/�H�V���S�R�P�S�H�V���j���M�R�L�Q�W���G�R�X�E�O�H���R�I�I�U�H�Q�W���X�Q�H���S�U�R�W�H�F�W�L�R�Q���V�X�S�S�O�p�P�H�Q�W�D�L�U�H���F�R�Q�W�U�H��
�O�H�V���G�R�P�P�D�J�H�V���F�D�X�V�p�V���S�D�U���O�D���G�p�I�D�L�O�O�D�Q�F�H���G�X���M�R�L�Q�W��

INSTALLATION TYPIQUE
POUR ÉGOUT
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REMARQUE�±
Il faut toujours 
consulter le bulletin 
�)�0�����������G�H���=�R�H�O�O�H�U��
et/ou les instructions 
d’installation et 
d’entretien de la 
pompe d’égout de 
SSPMA.

INSTALLATION TYPIQUE
POUR L’ASSÈCHEMENT MÉCANIQUE

INSTALLATION TYPIQUE
POUR LES EFFLUENTS
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�9�(�5�6���6�<�6�7�Ê�0�(���¬���%�$�6�6�(���3�5�(�6�6�,�2�1
�6�<�6�7�Ê�0�(���¬���0�2�1�7�����)�,�/�7�5�(���(�1���6�$�%�/�(����
�6�<�6�7�Ê�0�(���6�(�3�7�,�4�8�(���2�8���$�8�7�5�(���6�<�6�7�Ê�0�(��
�'�(���7�5�$�,�7�(�0�(�1�7

�)�2�6�6�(���6�(�3�7�,�4�8�(

�0�$�5�&�+�(

�$�5�5�Ç�7

�9�(�5�6���$�/�,�0�(�1�7�$�7�,�2�1
�e�/�(�&�7�5�,�4�8�(
�)�,�/���'�(���7�<�3�(���8���)��

�3�8�,�6�$�5�'���'�(���'�2�6�$�*�(

�$�/�$�5�0�(

�:�:���)�,�/�7�5�(

 REMARQUE�±
�9�R�L�U���)�0�������������)�0�����������H�W���)�0�����������S�R�X�U��
alarmes, commandes et boîtiers de raccordent.

SK292
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�������F�P����������
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 REMARQUE�±
�9�R�L�U���)�0������������
FM0732 et FM1420 
pour alarmes, com-
mandes et boîtiers 
de raccordement.

DIMENSIONS 
MINIMALES DU BAS-
SIN : 45, 7 cm X 61 
cm (18 po x 24 po). 
UN PLUS GRANDE 
PROFONDEUR PEUT 
ÊTRE REQUISE.

�(������������
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AVERTISSEMENT  POUR DES RAISONS DE SÉCURITÉ, IL FAUT TOUJOURS DÉBRANCHER L’ALIMENTATION ÉLECTRIQUE DE LA POMPE 
AVANT L’INTERVENTION.���/�H�V���S�R�P�S�H�V���P�R�Q�R�S�K�D�V�p�H�V���V�R�Q�W���I�R�X�U�Q�L�H�V���D�Y�H�F���X�Q�H���¿�F�K�H���j���W�U�R�L�V���E�U�R�F�K�H�V���S�R�X�U���D�L�G�H�U���j���S�U�R�W�p�J�H�U���F�R�Q�W�U�H���O�H�V���U�L�V�T�X�H�V���G�¶�p�O�H�F�W�U�R�F�X�W�L�R�Q����
IL NE FAUT JAMAIS ENLEVER LA BROCHE DE TERRE.���/�D���¿�F�K�H���j���W�U�R�L�V���E�U�R�F�K�H�V��doit���r�W�U�H���E�U�D�Q�F�K�p�H���G�D�Q�V���X�Q�H���S�U�L�V�H���j���W�U�R�L�V���D�O�Y�p�R�O�H�V���F�R�U�U�H�V�S�R�Q�G�D�Q�W�H�V����
Si���O�H���F�L�U�F�X�L�W���G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���Q�¶�D���S�D�V���X�Q�H���W�H�O�O�H���S�U�L�V�H�����L�O���I�D�X�W���L�Q�V�W�D�O�O�H�U���X�Q�H���S�U�L�V�H���G�X���W�\�S�H���D�S�S�U�R�S�U�L�p�����E�U�D�Q�F�K�p�H���H�W���P�L�V�H���j���O�D���W�H�U�U�H���V�H�O�R�Q���O�H���F�R�G�H���Q�D�W�L�R�Q�D�O���G�H��
�O�¶�p�O�H�F�W�U�L�F�L�W�p���H�W���W�R�X�V���O�H�V���F�R�G�H�V���H�W���U�q�J�O�H�P�H�Q�W�V���O�R�F�D�X�[���D�S�S�U�R�S�U�L�p�V��

AVERTISSEMENT  « Risque d’électrocution ».���,�O���Q�H���I�D�X�W���S�D�V���H�Q�O�H�Y�H�U���O�H���F�R�U�G�R�Q���G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���H�W���O�H���V�H�U�U�H���F�k�E�O�H���Q�L���E�U�D�Q�F�K�H�U���G�L�U�H�F�W�H�P�H�Q�W���O�D���S�R�P�S�H����
AVERTISSEMENT  �/�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���H�W���O�D���Y�p�U�L�¿�F�D�W�L�R�Q���G�H�V���F�L�U�F�X�L�W�V���p�O�H�F�W�U�L�T�X�H�V���H�W���G�H���O�D���T�X�L�Q�F�D�L�O�O�H�U�L�H���G�R�L�Y�H�Q�W���r�W�U�H���I�D�L�W�H�V���S�D�U���X�Q���p�O�H�F�W�U�L�F�L�H�Q���T�X�D�O�L�¿�p��
AVERTISSEMENT �� �/�H�V���X�Q�L�W�p�V���Q�R�Q���p�T�X�L�S�p�H�V���G�¶�X�Q�H���¿�F�K�H�����P�R�Q�R�S�K�D�V�p�H���H�W���W�U�L�S�K�D�V�p�H�����H�W���O�H�V���X�Q�L�W�p�V���Q�R�Q���D�X�W�R�P�D�W�L�T�X�H�V���P�R�Q�R�S�K�D�V�p�H�V���j���¿�F�K�H���G�H���������D�P�S�q�U�H�V��

doivent être dotées d’une commande de moteur et d’un régulateur de niveau de liquide lors de l’installation. La tension, l’intensité, la fréquence, la mise 
�j���O�D���W�H�U�U�H���H�W���O�D���S�X�L�V�V�D�Q�F�H���G�X���G�L�V�S�R�V�L�W�L�I���G�H���F�R�P�P�D�Q�G�H���G�R�L�Y�H�Q�W���V�¶�D�F�F�R�U�G�H�U���j���O�D���S�R�P�S�H���V�X�U���O�H�T�X�H�O���L�O���H�V�W���E�U�D�Q�F�K�p��

Instructions de branchement monophasé

(1) (2)

L1 L2

(3)

Installation des modèles WD et WH

SCHÉMA ÉLECTRIQUE POUR LES MODÈLES
�:�'���������������9�����P�R�Q�R�S�K�D�V�p�����������+�]

WH - 200/208, monophasé, 60 Hz

�/�H�V�� �P�R�G�q�O�H�V�� �:�'�� �H�W�� �:�+�� �V�R�Q�W�� �H�Q�W�L�q�U�H�P�H�Q�W�� �D�X�W�R�P�D�W�L�T�X�H�V���� �8�Q�� �L�Q�W�H�U�U�X�S�W�H�X�U��
�j���À�R�W�W�H�X�U���H�V�W���L�Q�F�O�X�V���H�W���E�U�D�Q�F�K�p���G�D�Q�V���O�H���F�L�U�F�X�L�W���G�H���O�D���S�R�P�S�H���S�R�X�U���S�H�U�P�H�W�W�U�H��
�O�H�� �I�R�Q�F�W�L�R�Q�Q�H�P�H�Q�W�� �D�X�W�R�P�D�W�L�T�X�H�� �D�S�U�q�V�� �D�Y�R�L�U�� �L�Q�V�W�D�O�O�p�� �O�¶�L�Q�W�H�U�U�X�S�W�H�X�U�� �j�� �À�R�W�W�H�X�U��
correctement sur le tuyau de refoulement. Il faut utiliser le schéma ci-dessus 
�S�R�X�U���D�W�W�D�F�K�H�U���F�R�U�U�H�F�W�H�P�H�Q�W���O�¶�L�Q�W�H�U�U�X�S�W�H�X�U���j���À�R�W�W�H�X�U���H�W���R�E�W�H�Q�L�U���X�Q���E�U�D�V���D�S�S�U�R�S�U�L�p��
�S�R�X�U���P�R�G�L�¿�H�U���O�H���F�\�F�O�H���G�H���P�D�U�F�K�H���D�U�U�r�W���S�R�X�U���F�K�D�T�X�H���D�S�S�O�L�F�D�W�L�R�Q��

�'�p�À�Q�L�W�L�R�Q���G�H���O�D���S�O�D�J�H���G�H���S�R�P�S�D�J�H���H�Q��
pouces (1 pouce = 2,5 cm)

�&�H���W�D�E�O�H�D�X���Q�H���G�R�L�W���r�W�U�H���X�W�L�O�L�V�p���T�X�H���F�R�P�P�H��
�J�X�L�G�H�����¬���F�D�X�V�H���G�X���S�R�L�G�V���G�X���F�k�E�O�H����la plage 
de pompage au-dessus de l’horizontale n’est 
�S�D�V���p�J�D�O�H���j���O�D���S�O�D�J�H���G�H���S�R�P�S�D�J�H���D�X���G�H�V�V�R�X�V��
de l’horizontale. Les plages sont basées sur 
des essais sans turbulence. La plage peut 
varier en fonction de la température de 
l’eau et de la forme du cordon. Plus le bras 
est long, plus les variations de plage de 
pompage sont importantes.

Remarque �±���/�¶�L�Q�W�H�U�U�X�S�W�H�X�U���U�L�V�T�X�H���G�H��
�P�D�O���I�R�Q�F�W�L�R�Q�Q�H�U���V�L���O�H���F�k�E�O�H���G�¶�D�W�W�D�F�K�H��
n’est pas maintenu dans les limites 
appropriées.
Remarque �±���/�H���F�k�E�O�H���G�R�L�W���r�W�U�H���L�Q�V�W�D�O�O�p��
horizontalement.

Longueur du 
bras d’attache 

Plage de 
pompage 

 5 10 15 20 22

 9 13.5 18 22 24

5 po min.
22 po max.

SK305

�,�Q�W�H�U�U�X�S�W�H�X�U���������D�P�S�V�����P�R�G�q�O�H�V���:�'���H�W���:�+��

min. max.

011835

VERT

NOIR

MOTEUR

BLANC

COMMUTATEUR
DE FLOTTEUR

BLEU ROUGE

JAUNE
(NOIR)

EXÉCUTENT

DÉMARRENT

NOIR

BLANC
CONDENSATEUR

DE PASSAGE

BLEU
(BLANC)

ROUGE
(BRUN)

O.L.

Instructions de branchement triphasé

AVERTISSEMENT  POUR DES 
RAISONS DE SÉCURITÉ, IL 
FAUT TOUJOURS DÉBRANCHER 
L’ALIMENTATION ÉLECTRIQUE 

DE LA POMPE AVANT L’INTERVENTION. 

�7�R�X�W�H�V���O�H�V���S�R�P�S�H�V���W�U�L�S�K�D�V�p�H�V���G�R�L�Y�H�Q�W���r�W�U�H���p�T�X�L�S�p�H�V���G�¶�X�Q���G�L�V�S�R�V�L�W�L�I���G�H���G�p�P�D�U�U�D�J�H�����D�Y�H�F���G�L�V�S�R�V�L�W�L�I���G�H���S�U�R�W�H�F�W�L�R�Q��
�F�R�Q�W�U�H���O�D���V�X�U�F�K�D�U�J�H�����9�R�L�U���)�0�����������S�R�X�U���O�H�V���L�Q�V�W�D�O�O�D�W�L�R�Q�V���G�X�S�O�H�[�����/�D���S�R�P�S�H��doit être branchée conformément 
�D�X���F�R�G�H���Q�D�W�L�R�Q�D�O���G�H���O�¶�p�O�H�F�W�U�L�F�L�W�p���H�W���W�R�X�V���O�H�V���F�R�G�H�V���H�W���U�q�J�O�H�P�H�Q�W�V���O�R�F�D�X�[���D�S�S�U�R�S�U�L�p�V�����,�O���Q�H���I�D�X�W���S�D�V���L�Q�V�W�D�O�O�H�U���O�H�V��
�S�R�P�S�H�V���G�D�Q�V���X�Q���H�Q�G�U�R�L�W���F�O�D�V�V�p���G�D�Q�J�H�U�H�X�[���F�R�Q�I�R�U�P�p�P�H�Q�W���D�X���F�R�G�H���Q�D�W�L�R�Q�D�O���G�H���O�¶�p�O�H�F�W�U�L�F�L�W�p�����$�1�6�,���1�)�3�$��������

(3)

L1 L2

006848

(1) (2)

L3

NOIR

VERT

ROUGE

BLANC

BLEU ROUGE JAUNE

MOTEUR

Les pompes triphasées ne sont pas automatiques. Pour 
qu’elles fonctionnent automatiquement, il faut installer un 
�S�D�Q�Q�H�D�X�� �G�H�� �F�R�P�P�D�Q�G�H���� �3�R�X�U�� �E�U�D�Q�F�K�H�U�� �O�H�� �V�\�V�W�q�P�H���� �V�X�L�Y�U�H��
les instructions fournies avec le panneau de commande. Pour 
trois phases automatique les pompes voient le diagramme de 
�F�k�E�O�D�J�H���D�X�W�R�P�D�W�L�T�X�H���G�H�������S�K�D�V�H�V���V�L�W�X�p���Y�H�U�V���O�H���G�U�R�L�W��

�$�Y�D�Q�W���G�¶�L�Q�V�W�D�O�O�H�U���O�D���S�R�P�S�H�����Y�p�U�L�¿�H�U���O�D���U�R�W�D�W�L�R�Q���G�H���O�D���S�R�P�S�H���S�R�X�U���r�W�U�H��
�F�H�U�W�D�L�Q���T�X�H���O�H�V���¿�O�V���R�Q�W���p�W�p���E�U�D�Q�F�K�p�V���F�R�U�U�H�F�W�H�P�H�Q�W���V�X�U���O�¶�D�O�L�P�H�Q�W�D�W�L�R�Q��
�H�W�� �T�X�H�� �O�H�� �¿�O�� �Y�H�U�W�� �G�X�� �F�R�U�G�R�Q�� �G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q�� ���Y�R�L�U�� �V�F�K�p�P�D�� �p�O�H�F�W�U�L�T�X�H����
est branché sur une bonne terre. Mettre la pompe momentanément 
sous tension et observer la direction du retour causé par le couple de 
démarrage. La rotation est correcte si le retour est en sense contraire 
�j���O�D���À�q�F�K�H���G�H���U�R�W�D�W�L�R�Q���G�D�Q�V���O�H���F�D�U�W�H�U���G�H���O�D���S�R�P�S�H�����6�L���O�D���U�R�W�D�W�L�R�Q���Q�¶�H�V�W��
�S�D�V���F�R�U�U�H�F�W�H�����L�Q�Y�H�U�V�H�U���G�H�X�[���G�H�V���¿�O�V���G�H���S�K�D�V�H���S�R�X�U���R�E�W�H�Q�L�U���O�D���E�R�Q�Q�H��
direction de rotation.

(3)(1) (2)
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L3L2L1

013071

VERT

NOIR ROUGE

BLANC

RELAIS BLANC

ROUGE

FLOTTEUR

BLEU

BLEU

ROUGE

TAN

JAUNE

ORANGE

BLANC BLANC

POURPRE
POURPRE
OU BRUN

ENROULEMENTS

THERMOSTAT

COM

NC

Pompe non-automatique triphasée Pompe automatique triphasée

REMARQUE IMPORTANTE. – Certaines polices d’assurance commerciales et résidentielles couvrent les dommages résultant d’une défaillance du 
�S�U�R�G�X�L�W�����'�D�Q�V���O�D���S�O�X�S�D�U�W���G�H�V���F�D�V�����Y�R�X�V���G�H�Y�H�]���r�W�U�H���H�Q���S�R�V�V�H�V�V�L�R�Q���G�X���S�U�R�G�X�L�W���S�R�X�U���G�p�S�R�V�H�U���X�Q�H���U�p�F�O�D�P�D�W�L�R�Q�����=�R�H�O�O�H�U���3�X�P�S���&�R�����V�·�H�Q�J�D�J�H���j���U�H�P�S�O�D�F�H�U����
�O�·�D�S�S�D�U�H�L�O���R�X���j���U�H�P�E�R�X�U�V�H�U���O�H���S�U�L�[���G�·�D�F�K�D�W���R�U�L�J�L�Q�D�O���D�S�U�q�V���T�X�H���O�·�D�V�V�X�U�H�X�U���D�X�U�D���U�p�J�O�p���O�D���U�p�F�O�D�P�D�W�L�R�Q���G�D�Q�V���X�Q���F�D�V���R�•���Y�R�X�V���r�W�H�V���W�H�Q�X���G�·�r�W�U�H���H�Q���S�R�V�V�H�V�V�L�R�Q��
�G�X���S�U�R�G�X�L�W���S�R�X�U���G�R�F�X�P�H�Q�W�H�U���X�Q�H���U�p�F�O�D�P�D�W�L�R�Q���V�R�X�P�L�V�H���j���Y�R�W�U�H���D�V�V�X�U�H�X�U��

�(������������
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�'�8�/�&�2�0�(�7�(�5�p�����&�R�P�S�D�F�W���&�R�Q�W�U�R�O�O�H�U
�0�H�D�V�X�U�H�G���Y�D�U�L�D�E�O�H�����S�+�������2�5�3

�$�$�V�V�H�P�E�O�\���D�Q�G���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V

�$��������

�( �1

�3�D�U�W���Q�R������������������ �%�$���'�0�����������������������(�1

�3�O�H�D�V�H���F�D�U�H�I�X�O�O�\���U�H�D�G���W�K�H�V�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���E�H�I�R�U�H���X�V�H�����y���' �R���Q�R�W���G�L�V�F�D�U�G��
�7�K�H���R�S�H�U�D�W�R�U���V�K�D�O�O���E�H���O�L�D�E�O�H���I�R�U���D�Q�\���G�D�P�D�J�H���F�D�X�V�H�G���E�\���L�Q�V�W�D�O�O�D�W�L�R�Q���R�U���R�S�H�U�D�W�L�Q�J���H�U�U�R�U�V��

�7�K�H���O�D�W�H�V�W���Y�H�U�V�L�R�Q���R�I���W�K�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���D�U�H���D�Y�D�L�O�D�E�O�H���R�Q���R�X�U���K�R�P�H�S�D�J�H��

�(������������

�3�+���������������7�U�D�Q�V�P�L�W�W�H�U�����S�+�����3�U�R�P�L�Q�H�Q�W���'�X�O�F�R�P�H�W�H�U���S�+���R�U���2�5�3���������P�$��
�R�X�W�S�X�W������������������



�*�* �H�Q�H�U�D�O���Q�R�Q���G�L�V�F�U�L�P�L�Q�D�W�R�U�\���D�S�S�U�R�D�F�K �,�Q���R�U�G�H�U���W�R���P�D�N�H���L�W���H�D�V�L�H�U���W�R���U�H�D�G�����W�K�L�V
�G�R�F�X�P�H�Q�W���X�V�H�V���W�K�H���P�D�O�H���I�R�U�P���L�Q���J�U�D�P�P�D�W�£
�L�F�D�O���V�W�U�X�F�W�X�U�H�V���E�X�W���Z�L�W�K���D�Q���L�P�S�O�L�H�G���Q�H�X�W�U�D�O
�V�H�Q�V�H�����,�W���L�V���D�L�P�H�G���H�T�X�D�O�O�\���D�W���E�R�W�K���P�H�Q���D�Q�G
�Z�R�P�H�Q�����:�H���N�L�Q�G�O�\���D�V�N���I�H�P�D�O�H���U�H�D�G�H�U�V���I�R�U
�W�K�H�L�U���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���L�Q���W�K�L�V���V�L�P�S�O�L�I�L�F�D�W�L�R�Q���R�I
�W�K�H���W�H�[�W��

�6�X�S�S�O�H�P�H�Q�W�D�U�\���L�Q�I�R�U�P�D�W�L�R�Q

�3�O�H�D�V�H���U�H�D�G���W�K�H���V�X�S�S�O�H�P�H�Q�W�D�U�\���L�Q�I�R�U�P�D�W�L�R�Q���L�Q���L�W�V���H�Q�W�L�U�H�W�\��

�,�Q�I�R�U�P�D�W�L�R�Q
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Example: P16T2-FG,IT
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Low Differential Pressure Switches
for General Industrial Service

Specifications „ Installation and Operating Instructions
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3-39/64
[91.68]

”7/8 [22.23]
CONDUIT

CONNECTION

3-1/8
[79.38]

”4
[101.60]

1-27/32
[46.83]

1-1/8
[28.57]

1/8 FEMALE NPT
HIGH PRESSURE

CONNECTION
1/2 MALE NPT

MOUNTING SPUD

1/8 FEMALE NPT
LOW PRESSURE

CONNECTION

3-27/32
[97.63]

2-3/32
[53.18]

2-1/8
[53.98]

CLEARANCE FOR
COVER REMOVAL

3/4
[19.05]

One of our most popular pressure switches. Combines small
size and low price with 2% repeatability for enough accuracy for
all but the most demanding applications. Set point adjustment
inside the mounting switch on one side of a wall or panel with
adjustment easily accessible on the opposite side.

*Model 1823 shown; (1823 replaces 1820, 1821 and 1822
which are similar).

Environmental (MIL) Switch

Unlisted Model 1820 can be furnished with special snap switch
sealed against the environment for high humidity and/or for
government applications. Similar to standard Model 1823 except
dead band is slightly greater. Specify Model 1820 (Range No.)
"MIL" in ordering.

Model 1823 pressure switch.  UL
and CSA Listed, FM and CENELEC
approved.

Series 1823 pressure switch.
Conduit enclosure removed to
show electric switch.

Construction and dimensions. Series 1823 pressure switches.

Series 
1800

SERIES 1823 SWITCHES „ 
OPERATING RANGES & DEADBANDS 

SPECIFICATIONS

Service: Air and non-combustible, compatible gases.

Wetted Materials: Consult Factory.

Temperature Limits: -30 to 180°F (-34 to 82.2°C). 1823-00, 

-20 to 180°F (-28.9 to 82.2°C).

Pressure Limits: 10 psig (68.95 kPa) continuous, 25 psig

(172.4 kPa) surge.

Switch Type: Single-pole double-throw (SPDT).

Repeatability: ±2%.

Electrical Rating: 15 A @ 120-480 VAC, 60 Hz. Resistive 1/8

HP @125 VAC, 1/4 HP @ 250 VAC, 60 Hz. De-rate to 10 A for

operation at high cycle rates.

Electrical Connections: 3 screw type, common, normally open

and normally closed.

Process Connections: 1/8�  female NPT.

Mounting Orientation: Diaphragm in vertical position.  Consult

factory for other position orientations.

Set Point Adjustment: Screw type inside mounting spud.

Weight: 1 lb, 5 oz (595 g).

Agency Approvals: CE, UL, CSA, FM.

Model
Number

Operating
Range,

Inches W.C.

Approximate
Dead Band

At Min.
Set Point

At Max.
Set Point

1823-00
1823-0  
1823-1   
1823-2
1823-5
1823-10
1823-20
1823-40
1823-80

0.05
0.06
0.08
0.10
0.14
0.18
0.35
0.56
1.30

0.05
0.06
0.08
0.12
0.28
0.45
0.70
1.10
3.0 

0.07 to 0.22
0.15 to 0.5
0.3 to 1.0
0.5 to 2.0
1.5 to 5.0
2.0 to10
3 to 22
5 to 44
9 to 85       
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INSTALLATION
1. Select a location free form excessive vibration and where oil or

water will not drip upon the switch. See special housings for
unusual conditions.

2. While not required, positioning the pressure connections
down is recommended. Mount the switch with the diaphragm
in a vertical plane. Switch with the diaphragm in a vertical plane.
Switch must be recalibrated for each change in operating
position.

3. Connect switch to source of pressure differential. Metal tubing
with 1/4" O.D. is recommended but any tubing system which
will not restrict the air flow is satisfactory. Note that the low
pressure connection may be made to the 1/2" spud at the back
of the switch if desired. If so connected, drill 1/16" diameter
holes in the Spring Retainer flange and the head of Adjustment
Screw to provide opening to the switch interior and plug the
other low pressure connection.

4. Electrical connections to the standard single pole, double throw
snap switch are provided by means of screw terminals marked
"common", "norm open", and "norm closed". The normally
open contacts close and the normally closed contact open
when pressure increases beyond the set point.

5. Switch loads should not exceed the maximum specified current
rating of 15 amps resistive. Switch capabilities decrease with
high load inductance or rapid cycle rates. whenever and
application involves one or more of these factors, the user may
find it desirable to limit the switched current to 10 amps or less
in the interest of prolonged switch life.

ADJUSTMENT
1. If the switch has been factory preset, check the set-point before

placing in service to assure it has not shifted in transit.
2. If switching has not been preset or it is desired to change the

point, observe the following procedure:
a. To adjust the set point turn the slotted Adjustment Screw

clockwise to increase the set point and counterclockwise to
decrease the set point.

b. The following is a recommended procedure for calibrating or
checking calibration: Use a "T" assembly with three rubber
tubing leads, all as short as possible and the entire assembly
offering minimum flow restriction. Run one lead to the
pressure switch, another to a manometer of known accuracy
and appropriate range, and apply pressure through the third
tube. Make final approach to the set point slowly. Note the
manometer and pressure switch will have different response
characteristics due to different internal volumes, lengths of
tubing, oil drainage, etc. Be certain switch is checked in
position it will assume in use, i.e. vertical, horizontal, etc.

DWYER INSTRUMENTS, INC. Phone: 219/879-8000 www.dwyer-inst.com
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Explosion-Proof Housing
Cast iron base and aluminum dome cover. Approximate weight 7-
1/2 lb (3.4 kg). Specify "EXPL" in addition to switch catalog
number.

CO
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.
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N
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1/8 FEMALE NPT
LOW PRESSURE

CONNECTION

1-1/2 [38.10]
1-1/4 [31.75]
3/32 [2.38]

1-1/2 [38.10] TYP

1/8 FEMALE NPT HIGH
PRESSURE CONNECTION

1-7/16
[36.53]

4-1/6
[103.19]

3/4 [19.05]
CLEARANCE FOR
COVER REMOVAL

Ø5/16 [7.94]
MOUNTING 

HOLES
TYP 4 PLACES

6 [15.40]
SQ

4 [101.60]
TYP

1/2 FEMALE NPT
CONDUIT 

CONNECTION

3 
[76.20]

6-3/4
[171.45] TYP

7-1/2
[190.50]

Weatherproof Enclosure
16 ga. steel enclosure for unusually wet or oily conditions.
Withstands 200 hour salt spray test. Gasketed cover. Weight 5-1/2
lb (2.5 kg). Switch must be installed at factory. Specify "WP" in
addition to switch catalog number.

1/8 FEMALE NPT
HIGH PRESSURE 

CONNECTION Ø5/16 [7.94]
TYP 4 PLACES

1/8 FEMALE NPT
LOW PRESSURE

CONNECTION

4-1/4
[107.95]

TYP

5-7/8
[149.23]

TYP

6-3/8
[161.93]

4-1/4 
[107.95] TYP

7/16
[11.11]
3-3/4 
[95.25]

CLEARANCE
 FOR COVER 

REMOVAL

6-15/16
[176.21]

2-3/4
[70.61]

1/2 FEMALE NPT
COUNDUIT 

CONNECTION

1-1/16
[26.99]
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Uno de nuestros mas populares interruptores de presión.
Combina un pequeño tamaño y bajo precio, con una repetibilidad
del 2%, exactitud suficiente para las aplicaciones con mas
demanda. El ajuste del punto de operación en un extremo,
permite instalar el interruptor de un lado en las pared o tablero,
permitiendo acceso al tornillo de ajuste.

Interruptor para Ambiente Húmedo (MIL)

El modelo 1820 puede ser fabricado son un sello especial a
prueba de intemperie, o para aplicaciones con alta humedad.
Similar al modelo 1823, excepto que la banda de operación es
mayor.

Especifique el modelo 1820 (Rango No.) •MilŽ en su orden.

Model 1823 pressure switch. UL
and CSA Listed, FM approved.

Series 1823 pressure switch.
Conduit enclosure removed to
show electric switch.

Construction and dimensions. Series 1823 pressure switches.

SERIE 
1800

Model
Number

Operating
Range,

Inches W.C.

Approximate
Dead Band

At Min.
Set Point

At Max.
Set Point

1823-00
1823-0  
1823-1   
1823-2
1823-5
1823-10
1823-20
1823-40
1823-80

0.05
0.06
0.08
0.10
0.14
0.18
0.35
0.56
1.30

0.05
0.06
0.08
0.12
0.28
0.45
0.70
1.10
3.0 

0.07 to 0.22
0.15 to 0.5
0.3 to 1.0
0.5 to 2.0
1.5 to 5.0
2.0 to10
3 to 22
5 to 44
9 to 85        

Interruptor Para Baja

Presión Diferencial

Especificaciones:
Interruptor de presión diferencial operado por diafragma de 4Ž, para
activar un interruptor de presión tipo simple polo doble tiro. El diafragma
esta controlado por un resorte calibrado que se puede ajustar para fijar
la presión diferencial exacta a la cual el interruptor actuara. El movimiento
del diagragma es transmitido al botón del interruptor por un medio
mecánico. Interruptor Dwyer Instruments, Inc. Catalogo No. 1823-__ __
para el rango de operación requerido.

SPECIFICATIONS

Service: Air and non-combustible, compatible gases.

Wetted Materials: Consult Factory.

Temperature Limits: -30 to 180°F (-34 to 82.2°C). 1823-00, 

-20 to 180°F (-28.9 to 82.2°C).

Pressure Limits: 10 psig (68.95 kPa) continuous, 25 psig

(172.4 kPa) surge.

Switch Type: Single-pole double-throw (SPDT).

Repeatability: ±2%.

Electrical Rating: 15 A @ 120-480 VAC, 60 Hz. Resistive 1/8

HP @125 VAC, 1/4 HP @ 250 VAC, 60 Hz. De-rate to 10 A for

operation at high cycle rates.

Electrical Connections: 3 screw type, common, normally open

and normally closed.

Process Connections: 1/8�  female NPT.

Mounting Orientation: Diaphragm in vertical position.  Consult

factory for other position orientations.

Set Point Adjustment: Screw type inside mounting spud.

Weight: 1 lb, 5 oz (595 g).

Agency Approvals: CE, UL, CSA, FM.

�(������������



INSTALACIÓN:
1. Seleccione una ubicación libre de vibración excesiva, en donde el

agua o aceite no entre al interruptor. Revise encapsulados
especiales para aplicaciones especiales.

2. Mientras no se requiera otra, las conexión de presión inferior es
recomendada. Monte el interruptor con el diafragma en posición
vertical, el interruptor debe recalibrarse para cada cambio de
posición.

3. Conecte el interruptor a la fuente de presión diferencial. Tubo
metálico con diámetro de 1/4Ž es recomendado, pero cualquier
sistema de tubería que no restrinja el flujo de aire es bueno.

4. Conexiones eléctricas estándar de los interruptores SPDT, común,
NA y NC. Los contactos cambian cuando se incrementa la presión
del punto de operación.

5. La carga del interruptor no debe exceder los 15 Amp.
Especificados. Las capacidades decrecen con altas cargas
inductivas y ciclos rápidos de actuación, por lo que en estos casos
los limites de corriente deben ser 10 Amp. 0 menores para
incrementar la vida del interruptor.

AJUSTES:
1. Si el interruptor ha sido calibrado en fabrica, revise el punto de

operación antes de ponerlo en servico.
2. De lo contrario, siga los siguientes pasos:

A. Para ajustar el punto de operación, gire el tornillo de calibración
en sentido de las manecillas del reloj para aumentar el valor y en
contra de las manecillas del reloj para dis minuir el valor del punto
de operación.
B. Lo siguiente se recomienda para calibrar o revisar la calibración:
Use una T con tres mangueras plásticas, tan pequeñas como sean
posible. Conecte una manguera al interruptor de presión, otra al
manómetro y por la tercera aplique la presión de esta forma podrá
ajustar el interruptor a la presión requerida lo mas exacto posible.
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Encapsulado a Prueba de Intemperie
Encapsulado de acero para condiciones húmedas y/o aceitosas, soporta
pruebas de 200 horas de spray salino, pesa 5-1/2 libras. El interruptor
debe ser instalado en la planta al momento de su fabricación.
Especifique •WPŽ mas el modelo del interruptor en catalogo.

Encapsulado a Prueba de Explosión
Encapsulado a base de Hierro y Aluminio, pesa aproximadamente 7-1/2
libras. Especifique •EXPLŽ mas modelo del interruptor en catalogo.
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INTRODUCTION�� Step��One��

About��Switch�rPak™��Powered��Level��Switches:����This��manual��contains��information��on��all��four��series��of��powered��
level��switches;��Vibration��(LZ12��series),��Ultrasonic��(LU10��series),��Optic��Leak��(LO10��series)��and��SuperGuard��
Capacitance��(LP15��series).����The��switches��all��feature��two��outputs:��1)��a��4��or��20��mA��current��switch��and��2)��a��60VA��
SPST��dry��contact��relay.� � � �All��four��series��are��manufactured��with��thermoplastics,��including��the��cable,��making��
them��submersible��in��design��and��ideal��for��corrosive��applications.� � � �Package��the��switches��with��either��Flowline��
controllers��(LC10��or��LC40��series)��or��interface��directly��to��another��controller��or��PLC.��������

Table��of��Contents��
Specifications:����........................................................................................................................................................��3��
Sensor��Information:����...............................................................................................................................................��4��
�� Vibration��Switch��(LZ12��Series):����.............................................................................................................................��4��

� � � �Maintenance��Alarm:��.....................................................................................................................................��5��
�� Ultrasonic��Switch��(LU10��Series):����...............................................................................................................................��6��
�� Optic��Leak��Detection��(LO10��Series):����.........................................................................................................................��7��
�� SuperGuard��RD��Capacitance��Switch��(LP15��Series):����...................................................................................................��8��

Safety��Precautions:����................................................................................................................................................��9��
�� Make��a��Fail�rSafe��System::����........................................................................................................................��10��
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�� Top��Wall��Installation:����...............................................................................................................................��11��
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�� Cleaning��procedure:����................................................................................................................................................��18��
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Warranty,��Returns��&��Limitations:����........................................................................................................................��20��
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SPECIFICATIONS��(common)�� Step��Two��

Common��Specifications:��

Orientation:���� Universal��
Accuracy:� � � �±��1��mm��in��water��
Repeatability:� � � �±��0.5��mm��in��water��
Supply��voltage:�� 12�r36��VDC��
�� 12�r30��VDC��(LZ12��Only)��
Consumption:�� 25��mA��maximum��
Contact��type:�� (1)��SPST��relay��
Contact��rating:�� 60VA��(125��VAC��max��/ ��1A��max)��
Contact��output:�� Selectable��NO/NC��
Process��temp.:�� F:���r40°��to��176°����
�� C:���r40°��to��80°��

Pressure:�� 150��psi��(10��bar)��@��25��°C.,��derated��
@��1.667��psi��(.113��bar)��per��°C.��above��
25°��C.��

Sensor��rating:�� NEMA��6��(IP68)��
Cable��type:���� 4�rconductor,��#22��AWG��(shielded)��
Cable��length:�� 10'��(3m)���r��Standard��
�� 25'��(7.6m)��or��50'��(15.2m)���r��Special��
Process��mount:�� 3/4"��NPT��(3/4"��G��/ ��R)��
Mount.��gasket:�� Viton®��(G��/ ��R��version��only)��
Classification:�� General��purpose����
CE��compliance:�� EN��61326��EMC��/ ��EN��61010�r1��safety��

��
��
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SENSOR��INFORMATION��(vibration)�� Step��Three��

Vibration��Switch��(LZ12��Series):����The��Tuning��Fork��vibration��switch��operates��at��a��nominal��frequency��of��400��Hz.����
As��the��switch��becomes��immersed��in��a��liquid��or��slurry,��a��corresponding��frequency��shift��occurs.� � � �When��the��
measured��frequency��shift��reaches��the��set��point��value,��the��switch��changes��state��indicating��the��presence��of��a��
liquid��or��slurry��medium.��For��optimum��performance��and��proactive��maintenance,��the��sensor��automatically��
adjusts��for��coating,��and��if��necessary,��outputs��a��preventative��maintenance��alarm.��

��

��Do��not��squeeze��the��forks��together.��Doing��so��could��damage��or��break��the��sensor��and��void��the��warranty.��

When��powering��up��the��LZ12,��the��start�rup��procedure��requires��the��switch��to��cycle��through��a��wet��condition��for��
1/2��second��in��order��to��determine��an��initial��resonance.��

LZ12��Specifications:��

Sensor��material:�� Ryton®��(glass��fill)��
�� Viton®��cable��grommet��
Process��Temp.:�� F:���r40°��to��176°����
�� C:���r40°��to��80°��

Maint.��alarm:�� NPN��transistor,��10��mA��max.��
Cable��jacket��mat’l:�� PP��
Cable��type:�� 5�rconductor,��#24��AWG��

(shielded)��

Configurations:��

Part��Number�� Material����
(body)��

Material����
(cable)��

Thread����
(inside��x��outside)��

LZ12�r1405�� Ryton�� Polypropylene�� ¾”��NPT��x��¾”��NPT��
LZ12�r1425�� Ryton�� Polypropylene�� ¾”��R��x��¾”G��

��
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SENSOR��INFORMATION��(vibration)�� Step��Three��

Maintenance��Alarm��(LZ12��Vibration��only):����For��optimum��performance��and��proactive��maintenance,��the��sensor��
automatically��adjusts��for��coating,��and��if��necessary,��outputs��a��preventative��maintenance��alarm.� � � �The��Yellow��
wire��is��a��NPN��transistor��designed��to��switch��when��a��build�rup��of��material��prevents��the��vibration��switch��from��
operating��at��its��operational��frequency.� � � �Use��the��Yellow��wire��to��identify��when��the��Vibration��switch��requires��
cleaning.����To��wire��the��maintenance��output��wire��to��an��LED,��follow��the��wiring��diagram��below.����The��Yellow��wire��is��
connected��to��the��LED��and��a��2.2k�O��resistor��in��series��and��referenced��back��to��the��(+)��of��the��power��supply.����

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��
Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��
Maintenance��Alarm��
[YEL��wire]��/ ��NPN��Transistor��/ ��10mA��Max.��

To��wire��the��maintenance��output��wire��to��a��PLC,��follow��the��wiring��diagram��below.����The��Yellow��wire��is��connected��
to��the��PLC��input��with��a��10��k�O��resistor��parallel��to��the��PLC��input��and��the��(+)��of��the��power��supply.��

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��
Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��
Maintenance��Alarm��
[YEL��wire]��/ ��NPN��Transistor��/ ��10mA��Max.��

��
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SENSOR��INFORMATION��(ultrasonic)�� Step��Three��

Ultrasonic��Switch��(LU10��Series):� � � �The��Ultrasonic��level��switch��generates��a��1.5��MHz��ultrasonic��wave��from��a��
miniature��piezoelectric��transducer��located��on��one��side��of��the��gap��within��it’s��sensing��tip.� � � �Another��piezo��
transducer,��located��on��the��other��side��of��the��gap,��acts��as��a��microphone,��picking��up��the��sound��wave.� � � �When��
liquid��enters��the��gap,��there��is��a��change��in��the��speed��the��wave��crosses��the��gap.�� � �This��change��in��the��speed��of��
sound��identifies��whether��the��sensor��is��in��liquid��or��in��air.��

��The��sensor��should��be��installed��so��that��the��liquid��will ��drip��out��of��the��gap��when��the��sensor��becomes��dry.��

LU10��Specifications:��

Sensor��material:�� 1_��_5:��PP��
�� 2_��_5:��PFA��
Classification:�� Intrinsically��safe��
Approvals:�� CSA:��Class��I,��Groups��A,��B,��C��&��D;��

Class��II,��Groups��E,��F��and��G;��Class��III��
�� EEx:��Class��1,��Division��1,��Groups��A,��

B,��C,��D;��EEx��ib��IIC��T6��
��

Cable��jacket��mat’l:�� 1_��_5:��PP��
�� 2_��_5:��PFA��
Parameters:�� CSA:��Vmax��=��32V,��Imax��=��300��mA,��

Pmax��=��1.3��W;��Ci��=��0���RF,��Li��=��0���RH����
�� EEx:����Ui��=��32V;��Ii��=��300��mA;��Pi��=��

1.3��W;��Ci��=��0���RF;��Li��=��0���RH��
Certificates:�� CSA:��LR��79326��
�� EEx:��LCIE��01.E6048��X��

Configurations:��

Part��
Number��

Length��
Material����
(body)��

Material����
(cable)��

Thread����

cable��
side��

X
sensor��
side��

LU10�r1305�� Short��(3”)�� Polypropylene�� Polypropylene�� (¾”��NPT)����x����(¾”��NPT)��
LU10�r1325�� Short��(3”)�� Polypropylene�� Polypropylene�� (¾”��R)����x����(¾”R)��
LU10�r1405�� Long��(4.5”)�� Polypropylene�� Polypropylene�� (¾”��NPT)����x����(¾”��NPT)��
LU10�r1425�� Long��(4.5”)�� Polypropylene�� Polypropylene�� (¾”��R)����x����(¾”G)��
LU10�r2305�� Short��(3”)�� PFA�� PFA�� (¾”��NPT)����x����(¾”��NPT)��
LU10�r2325�� Short��(3”)�� PFA�� PFA�� (¾”��R)����x����(¾”R)��
LU10�r2405�� Long��(4.5”)�� PFA�� PFA�� (¾”��NPT)����x����(¾”��NPT)��
LU10�r2425�� Long��(4.5”)�� PFA�� PFA�� (¾”��R)����x����(¾”G)��

��

��

� � � �

�(������������



Rev��A�� LO900002�� 7��of��20��
��

SENSOR��INFORMATION��(optic)�� Step��Three��

Optic��Leak��Detection��Switch��(LO10��Series):� � � �The��Optic��Leak��Detector��use��principles��of��optical��refraction��to��
detect��the��presence��or��absence��of��fluid.� � � �A��pulsed��infrared��light��beam��is��internally��generated��by��a��light��
emitting��diode��and��aimed��at��the��slanted��optical��tip��of��the��sensor.����If��the��tip��is��dry,��the��light��beam��bounces��at��a��
90��degree��angle��to��a��receiving��photo��transistor,��indicating��a��dry��condition.��If��the��tip��is��immersed��in��liquid,��the��
light��beam��will��refract��out��into��the��liquid��instead��of��being��reflected��to��the��photo��transistor,��indicating��a��wet��
condition.��

��The��LO10��series��is��designed��as��a��leak��detection��switch.� � � �The��switch��should��be��installed��in��applications��
where��under��normal��conditions,��it ��remains��away��from��the��liquid��and��will ��only��come��into��contact��during��a��
leak.����

��The��Optic��Leak��Detector��cannot��detect��the��presence��or��absence��of��specular��application��liquids��that��
reflect��light��(such��as��milk),��or��viscous��liquids��(such��as��paint)��that��form��a��coating��on��the��sensor��tip.��

LO10��Specifications:��

Sensor��material:�� 1_��_5:��PP��
�� 2_��_5:��PFA��

Cable��jacket��mat’l:�� 1_��_5:��PP��
�� 2_��_5:��PFA��

Configurations:��

Part��
Number��

Length��
Material����
(body)��

Material����
(cable)��

Thread����

cable��
side��

X
sensor��
side��

LO10�r1305�� Short��(3”)�� Polypropylene�� Polypropylene�� (¾”��NPT)����x����(¾”��NPT)��
LO10�r1325�� Short��(3”)�� Polypropylene�� Polypropylene�� (¾”��R)����x����(¾”R)��
LO10�r1405�� Long��(4.5”)�� Polypropylene�� Polypropylene�� (¾”��NPT)����x����(¾”��NPT)��
LO10�r1425�� Long��(4.5”)�� Polypropylene�� Polypropylene�� (¾”��R)����x����(¾”G)��
LO10�r2305�� Short��(3”)�� PFA�� PFA�� (¾”��NPT)����x����(¾”��NPT)��
LO10�r2325�� Short��(3”)�� PFA�� PFA�� (¾”��R)����x����(¾”R)��
LO10�r2405�� Long��(4.5”)�� PFA�� PFA�� (¾”��NPT)����x����(¾”��NPT)��
LO10�r2425�� Long��(4.5”)�� PFA�� PFA�� (¾”��R)����x����(¾”G)��

��

��
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SENSOR��INFORMATION��(capacitance)�� Step��Three��

SuperGuard��Capacitance��Switch��(LP15��Series):� � � �The��SuperGuard��level��switch��generates��a��pulse�rwave��radio��
frequency��signal��from��the��capacitance��electrode��located��in��the��sensing��tip��of��each��sensor.��When��liquid��comes��
into��contact��with��the��sensing��tip,��the��capacitance��as��measured��by��the��sensor��changes��based��on��the��dielectric��
constant��of��the��liquid.� � � �The��guard��circuit��rejects��the��negative��effects��of��coating��buildup��on��the��probe��by��
eliminating��the��coating��signal��path��between��the��active��and��reference��electrodes.��

��

��The��sensor’s��operation��may��vary��based��on��the��dielectric��properties��of��various��application��liquids.��The��
LP15��series��sensor��is��factory�rcalibrated��to��be��used��with��liquids��with��a��dielectric��value��between��20��and��80.��
Liquids��with��a��dielectric��constant��less��than��20��will ��not��be��detected��by��an��LP15��series��sensor.��

Table��of��Common��Dielectric��Constants:����NOTE:��Liquids��with��a��dielectric��constant��less��than��20��will��not��be��
detected��by��an��LP15��series��level��switch.����

�$�F�H�W�R�Q�H������������������������������������������������������
�$�F�H�W�R�D�O�G�H�K�\�G�H������������������������������
�$�F�H�W�\�O���P�H�W�K�\�O���K�H�[�\�O��
�N�H�W�R�Q�H������������������������������������������������������������
�$�O�F�R�K�R�O�����������������������������������W�R��������
�$�P�P�R�Q�L�D�����������������������������W�R��������
�$�F�H�W�L�F���D�F�L�G�����������������������W�R����������
�%�X�W�\�O���F�K�O�R�U�L�G�H����������������������������������
�%�D�U�L�X�P���F�K�O�R�U�L�G�H���� �����W�R��������
�%�H�Q�]�H�Q�H����������������������������������������������������
�%�H�Q�]�L�Q�H������������������������������������������������������
�%�D�U�L�X�P���Q�L�W�U�D�W�H����������������������������������
�%�U�R�P�L�Q�H����������������������������������������������������
�&�K�O�R�U�R�E�H�Q�]�H�Q�H�����������������W�R������

�&�K�O�R�U�R�W�R�O�X�H�Q�H����������������������������������
�&�K�O�R�U�R�I�R�U�P�����������������������W�R����������
�&�K�O�R�U�L�Q�H�����O�L�T�X�L�G����������������������������
�&�D�U�E�R�Q���W�H�W�U�D�F�K�O�R�U�L�G�H������������
�&�\�D�Q��������������������������������������������������������������
�&�\�F�O�R�K�H�[�D�Q�H���P�H�W�K�D�Q�R�O��
��������������������������������������������������������������������������������
�'���,�����:�D�W�H�U����������������������������������������������
�(�W�K�\�O���W�R�O�X�H�Q�H������������������������������������
�(�W�K�\�O���D�O�F�R�K�R�O������������������������������������
�(�W�K�\�O�H�Q�H���J�O�\�F�R�O����������������������������
�(�W�K�\�O�H�Q�H���R�[�L�G�H��������������������������������
�(�W�K�\�O�H�Q�H���G�L�F�K�O�R�U�L�G�H��
���������������������������������������������������������������W�R��������

�(�W�K�\�O�H�Q�H���F�K�O�R�U�L�G�H��������������������
�(�W�K�\�O���D�F�H�W�D�W�H��������������������������������������
�(�W�K�\�O���V�D�O�L�F�\�O�D�W�H������������������������������
�(�W�K�\�O���V�W�H�D�U�D�W�H����������������������������������
�(�W�K�\�O���V�L�O�L�F�R�W�H������������������������������������
�)�R�U�P�L�F���D�F�L�G����������������������������������������
�)�H�U�U�L�F���R�O�H�D�W�H��������������������������������������
�)�U�H�R�Q������������������������������������������������������������
�*�O�\�F�H�U�L�Q�H������������������������������������������������
�*�O�\�F�R�O����������������������������������������������������������
�*�O�\�F�R�O���Q�L�W�U�L�W�H������������������������������������
�*�D�V�R�O�L�Q�H���������������������������������W�R����������
�+�\�G�U�R�F�K�O�R�U�L�F���D�F�L�G��������������������
�,�V�R�E�X�W�\�U�L�F���D�F�L�G������������������������������

�,�V�R�E�X�W�\�O���P�H�W�K�\�O���N�H�W�R�Q�H��
��������������������������������������������������������������������������������
�-�H�W���I�X�H�O��������������������������������������������������������
�/�H�D�G���F�D�U�E�R�Q�D�W�H������������������������������
�/�H�D�G���Q�L�W�U�D�W�H������������������������������������������
�0�H�W�K�\�O���V�D�O�L�F�\�O�D�W�H������������������������
�0�H�W�K�D�Q�R�O��������������������������������������������������
�0�H�W�K�\�O���D�O�F�R�K�R�O���������������W�R��������
�0�D�U�J�D�U�L�Q�H�����O�L�T�X�L�G��
�����������������������������������������������������������W�R����������
�0�H�W�K�\�O���D�F�H�W�D�W�H��������������������������������
�1���E�X�W�\�O���I�R�U�P�D�W�H����������������������������
�1�L�W�U�R�E�H�Q�]�H�Q�H�������������������W�R��������

�1�L�W�U�R�W�R�O�X�H�Q�H��������������������������������������
�1�D�S�K�W�K�D�O�H�Q�H�������������������W�R����������
�2�L�O�V�����Y�H�J�H�W�D�E�O�H�����������W�R����������
�2�L�O�V�����P�L�Q�H�U�D�O�������������������W�R����������
�2�L�O�V�����S�H�W�U�R�O�H�X�P��
�������������������������������������������������������������W�R����������
�2�O�H�L�F���D�F�L�G����������������������������������������������
�3�U�R�S�D�Q�H�����O�L�T�X�L�G��
�������������������������������������������������������������W�R����������
�3�R�W�D�V�V�L�X�P���Q�L�W�U�D�W�H��
�������������������������������������������������������������W�R����������
�3�R�W�D�V�V�L�X�P���F�K�O�R�U�L�G�H������������������
�6�W�H�D�U�L�F���D�F�L�G������������������������������������������
�7�R�O�X�H�Q�H������������������������������������������������������

�7�U�L�F�K�O�R�U�R�H�W�K�\�O�H�Q�H����������������������
�7�U�L�F�K�O�R�U�R�D�F�H�W�L�F���D�F�L�G���� ��������
�7�H�U�H�S�K�W�K�D�O�L�F���D�F�L�G��
�����������������������������������������������������������W�R����������
�7�K�L�Q�Q�H�U������������������������������������������������������
�8�U�H�D����������������������������������������������������������������
�9�L�Q�\�O���F�K�O�R�U�L�G�H�������������������W�R������
�9�L�Q�\�O���D�O�F�R�K�R�O���� ���������W�R����������
�:�D�W�H�U���������ƒ�&��������������������������������������
�:�D�W�H�U�����������ƒ�&����������������������������������

LP15��Specifications:��

Dielectric��range:���� >20��constants��
Conductive��range:�� >100��miromhos��
��

Sensor��material:�� PP��
Cable��jacket��mat’l:�� PP��

Configurations:��

Part��
Number��

Material����
(body)��

Material����
(cable)��

Thread����

cable��
side��

X��
sensor��
side��

LP15�r1405�� Polypropylene�� Polypropylene�� (¾”��NPT)����x����(¾”��NPT)��
LP15�r1425�� Polypropylene�� Polypropylene�� (¾”��R)����x����(¾”G)��

� � � �
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��

SAFETY��PRECAUTION�� Step��Four��

About��Manual:��PLEASE��READ��THE��ENTIRE��MANUAL��PRIOR��TO��INSTALLING��OR��USING��THIS��PRODUCT.��This��
manual��includes��information��on��all��models��of��Flowline��Switch�rTek™��Powered��Level��Switches:��LZ12,��LU10,��LP15��
and��LO10��series.����Please��refer��to��the��part��number��located��on��the��sensor��label��to��verify��the��exact��model��which��
you��have��purchased.����

User’s��Responsibility��for��Safety:��FLOWLINE��manufactures��a��wide��range��of��liquid��level��switches��and��
technologies.����While��each��of��the��these��switches��are��designed��to��operate��in��a��wide��variety��of��applications,��it��is��
the��user’s��responsibility��to��select��a��switch��model��that��is��appropriate��for��the��application,��install��it��properly,��
perform��tests��of��the��installed��system,��and��maintain��all��components.��The��failure��to��do��so��could��result��in��
property��damage��or��serious��injury.��

Proper��Installation��and��Handling:����Because��this��is��an��electrically��operated��device,��only��properly��trained��staff��
should��install��and/or��repair��this��product.����Use��a��proper��sealant��with��all��installations.��Note:��Always��install��the��
3/4” ��Viton��gasket��with��all��versions��of��Switch�rTek™��with��metric��threads.��The��G��threaded��version��will��not��seal��
unless��the��gasket��is��properly��installed.����Never��over��tighten��the��sensor��within��the��fitting,��beyond��a��maximum��of��
80��inch�rpounds��torque.��Always��check��for��leaks��prior��to��system��start�rup.��

Material��Compatibility:��The��LU10��and��LO10��series��sensors��are��available��in��two��different��wetted��materials.����
Models��L_10�r1__5��are��made��of��Polypropylene��(PP).� � � �Models��L_10�r2__5��are��made��of��Perfluoroalkoxy��(PFA).����
The��LZ12��series��is��made��of��made��of��Ryton®��(40%��glass��filled)��and��the��LP15��series��is��made��of��PP.� � � �Make��sure��
that��the��model��you��have��selected��is��compatible��with��the��application��liquid.��To��determine��the��chemical��
compatibility��between��the��sensor��and��its��application��liquids,��refer��to��an��industry��reference��such��as��the��
Compass��Corrosion��Guide��(available��from��Compass��Publications,��phone��858�r589�r9636).��

Wiring��and��Electrical:����The��supply��voltage��used��to��power��the��sensor��should��never��exceed��a��maximum��of��36��
volts��DC��(30��VDC��for��LZ12��series).����Electrical��wiring��of��the��sensor��should��be��performed��in��accordance��with��all��
applicable��national,��state,��and��local��codes.��

Flammable,��Explosive��and��Hazardous��Applications:��Only��the��LU10�r___5��series��switch��is��rated��for��use��in��
hazardous��locations.� � � �Refer��to��the��Certificate��of��Compliance��for��all��applicable��intrinsically��safe��ratings��and��
entity��parameters.� � � �Refer��to��the��National��Electric��Code��(NEC)��for��all��applicable��installation��requirements��in��
hazardous�� locations.��DO��NOT��USE��THE��LZ12,��LP15��OR��LO10��SERIES��GENERAL��PURPOSE��SWITCH��IN��
HAZARDOUS��LOCATIONS.��

Warning ��
The��rating��for��the��relay��is��60��VA��(125��VAC��max��/ ��1A��max).��

Flowline’s��Switch�rTek™��level��switches��are��not��recommended��for��use��with��electrically��charged��application��
liquids.����For��most��reliable��operation,��the��liquid��being��measured��may��need��to��be��electrically��grounded.��

Always��install��the��3/4” ��Viton��gasket��with��all��versions��of��the��powered��sensors��with��metric��threads.��The��G��
threaded��version��will ��not��seal��unless��the��gasket��is��installed��properly.��

��

��
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SAFETY��PRECAUTION��(capacitance)�� Step��Four��

Make��a��Fail�rSafe��System:����Design��a��fail�rsafe��system��that��accommodates��the��possibility��of��switch��and/or��power��
failure.����FLOWLINE��recommends��the��use��of��redundant��backup��systems��and��alarms��in��addition��to��the��primary��
system.����Adding��a��redundant��high��level��float��switch��to��the��system��is��a��cost��effective��means��to��prevent��costly��
tank��overflows.��

All��of��the��Switch�rTek™��Powered��Level��Sensors��have��a��single��internal��relay.� � � �The��normally��open��(NO)��or��
normally��closed��(NC)��operation��is��user��selected��based��on��the��desired��system��control.����Always��design��a��fail�rsafe��
system��that��accommodates��for��the��possibility��of��functional��and/or��power��failure��to��the��instrument.� � � �The��
"normal"��relay��state��is��where��the��relay��coil��is��de�renergized��and��the��relay��indicator��is��OFF.��Therefore,��if��power��is��
cut��OFF��to��the��switch��it��will��de�renergize��the��relay.��Make��sure��that��the��de�renergized��state��is��the��safe��state��in��
your��system��design.�� � �As��such,��if��switch��power��is��lost,��a��pump��will��turn��OFF��if��it��is��connected��to��the��normally��
open��side��of��the��relay.��

� � � �
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INSTALLATION���� Step��Five��

Through��Wall��Installation:� � � �Flowline’s��Switch�rTek™��
level��switches��may��be��installed��through��the��top,��side��
or��bottom��of��a��tank��wall.� � � �The��sensor��has��male��3/4"��
NPT��threads��on��either��side��of��a��15/16"��wrench��flat.����
This��enables��the��user��to��select��the��sensor’s��mounting��
orientation,��installed��outside��of��the��tank��in,��or��inside��
of��the��tank��out.��

��

� � � �Always��install��the��3/4” ��Viton��gasket��with��the��metric��(long��sensor��length)��versions��of��the��L_��_��_�r_��_2_.��
The��G��threaded��version��of��the��Switch�rTek™��will ��not��seal��unless��the��gasket��is��installed��properly.��

Top��Wall��Installation:����The��powered��level��switches��may��be��installed��through��the��top��wall��of��a��tank.����Flowline’s��
Smart��Trak��LM10��series��mounting��system��is��an��in�rtank��fitting��which��enables��users��to��install��up��to��four��
FLOWLINE��sensors��of��any��technology,��to��any��depth,��along��the��entire��length��of��track.� � � �Smart��Trak��may��be��
installed��through��the��top��wall��of��any��tank��using��a��standard��2"��NPT��tank��adapter.����If��no��tank��top��installation��is��
available,��Flowline's��side��mount��bracket,��LM50�r1001,��enables��Smart��Trak��to��be��installed��directly��to��the��side��
wall��of��a��tank.����Do��not��use��PFA��Teflon��sensors��with��Smart�rTrak.����

Flowline’s��Switch��Pak��LM45��series��mounting��system��is��an��in�rtank��fitting��which��enables��users��to��install��one��
FLOWLINE��sensor,��of��any��technology,��to��a��specific��depth.����The��Flowline��sensor��may��be��installed��onto��the��3/4"��
NPT��adapter��at��the��end��of��the��Switch��Pak.��Switch��Pak��may��be��installed��through��the��top��wall��of��any��tank��using��a��
standard��2"��NPT��tank��adapter.����Flowline's��side��mount��bracket,��model��LM50�r1001,��may��also��be��used��if��top��wall��
installation��is��not��available.��

��

��
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��ELECTRICAL�� Step��Six��

Supply��Voltage:� � � �The��supply��voltage��to��the��Switch�rTek™��level��switch��should��never��exceed��a��maximum��of��36��
VDC.��Flowline��controllers��have��a��built�rin��13.5��VDC��power��supply��which��provides��power��to��all��of��Flowline’s��
electrically��powered��sensors.��� �Alternative��controllers��and��power��supplies,��with��a��minimum��output��of��12��VDC��
up��to��a��maximum��output��of��36��VDC��(30��VDC��with��LZ12��series),��may��also��be��used��with��the��Switch�rTek™��level��
switch.��

Required��Cable��Length:����Determine��the��length��of��cable��required��between��the��Switch�rTek™��level��switch��and��its��
point��of��termination.��Allow��enough��slack��to��ensure��the��easy��installation,��removal��and/or��maintenance��of��the��
sensor.� � � �The��cable��length��may��be��extended��up��to��a��maximum��of��1000��feet,��using��a��well�rinsulated,��14��to��20��
gauge��shielded��four��conductor��cable.��

Wire��Stripping:����Using��a��10��gauge��wire��stripper,��carefully��remove��the��outer��layer��of��insulation��from��the��last��1�r
1/4"��of��the��sensor's��cable.����Unwrap��and��discard��the��exposed��foil��shield��from��around��the��signal��wires,��leaving��
the��drain��wire��attached��if��desired.��With��a��20��gauge��wire��stripper,��remove��the��last��1/4"��of��the��colored��
insulation��from��the��signal��wires.��

Signal�� Outputs�� (Current�� sensing):� � � �The�� standard��
method��used��by��Flowline��controllers;��this��technology��
uses��only��two��wires��(Red��and��Black).��The��sensor��
draws��5��mA��when��it��is��dry,��and��22��mA��when��wet.��
NC/NO��status��must��be��set��by��the��controller.� � � �The��
White��and��Green��wires��are��not��used.��

Signal��Output��(Relay��switching):����Allows��the��sensor��to��switch��a��small��load��on��or��off��directly,��using��an��internal��
1A��relay��(60��VAC/60��VDC).��Only��model��LU10�r___5��uses��the��relay��and��features��4��wires��(red,��black,��white��and��
green)��and��a��shield��wire.� � � �The��NO/NC��status��is��set��by��the��polarity��of��the��voltage��feeding��the��red��and��black��
wires.� � � �The��green��wire��is��the��common��for��the��relay��and��the��white��wire��is��the��NO��or��NC,��depending��on��the��
polarity��of��red��and��black.����

Normally��Open��Wiring:��

Normally��Closed��Wiring:��

��

�(������������
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WIRING���� Step��Seven��

Wiring��to��a��FLOWLINE��Controller��
LC40��Series��Controller��(4��or��20��mA��output):��
LC42�r1001��Shown��

LC10/LC11��Series��Controller��(4��or��20��mA��output):��
LC11�r1001��shown��

��

��

Switching��Inductive��Loads:� � � �The��use��of��suppressors��(snubbers)��is��strongly��recommended��when��switching��
inductive��loads��to��prevent��disrupting��the��microprocessor’s��operation.��The��suppressors��also��prolong��the��life��of��
the��relay��contacts.��Suppression��can��be��obtained��with��a��catch��diode��for��DC��circuits��and��a��resistor�rcapacitor��(RC)��
for��AC��circuits.������

��

Catch��Diode

�x�� Always��use��stepper��relays��between��the��sensor��and��external��loads.����
For��DC��circuits��use��a��catch��diode��such��as��1N4148,��shown��on��left.��

��

Refer��to��the��following��circuits��for��RC��network��assembly��and��installation:����

��

Choose��R��and��C��as��follows:

�x�� R:��0.5��to��1��Ohms��for��each��volt��across��the��contacts��

�x�� C:��0.5��to��1���…F��for��each��amp��through��closed��contacts��
Notes:��

1.�� Use��capacitors��rated��for��250��VAC.��
2.�� RC��networks��may��affect��load��release��time��of��solenoid��loads.��Check��

to��confirm��proper��operation.��
3.�� Install��the��RC��network��at��the��meters��relay��screw��terminals.��An��RC��

network��may��also��be��installed��across��the��load.��Experiment��for��best��
results.��

��
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��

WIRING����(continued)�� Step��Seven��

Wiring��the��Relay��Output:����Switch�rTek™��requires��12���r��36��VDC��(30��VDC��max.��for��LZ12��series)��power��to��operate��
the��sensor��and��switch��the��relay.����All��illustrations��below��identify��a��Dry��switch��state��as��the��normal��position��of��the��
relay.��

Switching��a��Normally��Open��DC��Load:����
The��Red��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Black��wire��connects��to��Negative��(�r).��
The��LOAD��can��be��attached��to��either��the��Green��or��
White��wires.� � � �Complete��the��circuit��by��connecting��the��
Green��to��(+)��VDC��power��or��White��to��(�r)��VDC��power��
(see��illustration��below).��

Switching��a��Normally��Closed��DC��Load:������
The��Black��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Red��wire��connects��to��Negative��(�r).����The��
LOAD��can��be��attached��to��either��the��Green��or��White��
wires.�� � �Complete��the��circuit��by��connecting��the��Green��
to��(+)��VDC��power��or��White��to��(�r)��VDC��power��(see��
illustration��below).��

� � � �

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��

Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��

��

Switching��a��Normally��Open��AC��Load:������
The��Red��wire��connects��to��Positive��(+)��of��the��DC��power��
supply��and��the��Black��wire��connects��to��Negative��(�r).����
The��LOAD��can��be��attached��to��the��Green��wire��and��the��
Hot��of��the��VAC��power.� � � �Connect��the��White��to��the��
Neutral��of��the��VAC��power��(see��illustration��below).��

Switching��a��Normally��Closed��AC��Load:������
The��Black��wire��connects��to��Positive��(+)��of��the��DC��
power��supply��and��the��Red��wire��connects��to��Negative��
(�r).����The��LOAD��can��be��attached��to��the��Green��wire��and��
the��Hot��of��the��VAC��power.����Connect��the��White��to��the��
Neutral��of��the��VAC��power��(see��illustration��below).��

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��

Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��

��

� � � �
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WIRING��(continued)�� Step��Seven��

Models��LU10�r___5��Only:����The��LU10�r___5��level��switch��has��been��approved��for��use��in��Class��I,��Groups��A,��B,��C��&��D;��
UNDER��CERTIFICATE��NUMBER��LR��79326�r4.� � � �DO��NOT��USE��THE��LZ12,��LP15��or��LO10��SERIES��IN��INTRINSICALLY��
SAFE��APPLICATIONS.��The��Entity��parameter��for��the��LU10�r_��_��_5��are:��

Vmax��=��32��VDC��/ ��Imax��=��0.5��A��/ ��Ci��=��0���…F��/ ��Li��=��0��mH��
Intrinsically��Safe��Control��Drawing:��

��

Wiring��to��a��Flowline��Controller:����LC90��Series��Controller��(4��or��20��mA��Signal��Output)��
��
��

LC90��Series��
Entity��Parameter��
Voc��=��17.47��VDC��
Isc��=��0.4597��A��
Ca��=��0.494���…F��
La��=��0.119���…H��

��

��

��
��

LU10��series��
Entity��Parameter��
Vmax��=��32��VDC��

Imax��=��0.5��A��
Ci��=��0���…F��
Li��=��0���…H��

��

��

��
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WIRING��(continued)�� Step��Seven��

Models��LU10�r___5��Only:����The��LU10�r___5��level��switch��has��been��approved��for��use��in��Class��I,��Division��1,��Groups��
A,��B,��C��&��D;��EEx��ib��IIC��T6;��UNDER��CERTIFICATE��NUMBER��LCIE��01.E6048X.��DO��NOT��USE��THE��LZ12,��LP15��or��LO10��
SERIES��IN��INTRINSICALLY��SAFE��APPLICATIONS.��The��Entity��parameter��for��the��LU10�r___5��are:��

North��America���r��Vmax��=��32��VDC��/ ��Imax��=��0.5��A��/ ��Pmax��=��1.3��W��/ ��Ci��=��0���…F��/ ��Li��=��0���…H��
Europe���r��Ui��=��32��VDC��/ ��Ii��=��0.5��A��/ ��Pi��=��1.3��W��/ ��Ci��=��0���…F��/ ��Li��=��0���…H��

Intrinsically��Safe��Control��Drawing:��

��

��

�(������������
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WIRING��(continued)�� Step��Seven��

Wiring��as��a��P�rChannel��or��N�rChannel��output:����The��Switch�rTek™��can��be��substituted��for��either��a��P�rChannel��(PNP,��
sourcing)��output��or��an��N�rChannel��(NPN,��sinking)��output.��

Normally��Open��DC��Load��as��a��P�rChannel��Output:������
The��Red��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Black��wire��connects��to��Negative��(�r).����
The��Green��wire��is��jumped��to��the��Red��wire��while��the��
White��wire��is��connected��to��the��LOAD.� � � �Jumper��the��
LOAD��to��the��Negative��(�r)��to��complete��the��circuit.��

Normally��Closed��DC��Load��as��a��P�rChannel��Output:������
The��Black��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Red��wire��connects��to��Negative��(�r).����The��
Green��wire��is��jumped��to��the��Black��wire��while��the��
White��wire��is��connected��to��the��LOAD.� � � �Jumper��the��
LOAD��to��the��Negative��(�r)��to��complete��the��circuit.��

�� ��

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��

Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��

��

Normally��Open��DC��Load��as��a��N�rChannel��Output:������
The��Red��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Black��wire��connects��to��Negative��(�r).����
The��White��wire��is��jumped��to��the��Black��wire��while��the��
Green��wire��is��connected��to��the��LOAD.� � � �Jumper��the��
LOAD��to��the��Positive��(+)��to��complete��the��circuit.��

Normally��Closed��DC��Load��as��a��N�rChannel��Output:������
The��Black��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Red��wire��connects��to��Negative��(�r).����The��
White��wire��is��jumped��to��the��Red��wire��while��the��White��
wire��is��connected��to��the��LOAD.�� � �Jumper��the��LOAD��to��
the��Positive��(+)��to��complete��the��circuit.��

�� ��

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��

Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��

� � � �
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MAINTENANCE�� ��Step��Eight��

General:����The��Switch�rTek™��level��switch��requires��no��periodic��maintenance��except��cleaning��as��required.��It��is��the��
responsibility��of��the��user��to��determine��the��appropriate��maintenance��schedule,��based��on��the��specific��
characteristics��of��the��application��liquids.��

Cleaning��procedure:��
1.�� Power:��Make��sure��that��all��power��to��the��switch,��controller��and/or��power��supply��is��completely��

disconnected.����
2.�� Switch��removal:��In��all��through�rwall��installations,��make��sure��that��the��tank��is��drained��well��below��the��

sensor��prior��to��removal.����Carefully,��remove��the��sensor��from��the��installation.��
3.�� Cleaning��the��switch:��Use��a��soft��bristle��brush��and��mild��detergent,��carefully��wash��the��Switch�rTek™��level��

switch.����Do��not��use��harsh��abrasives��such��as��steel��wool��or��sandpaper,��which��might��damage��the��surface��
sensor.� � � �Do��not��use��incompatible��solvents��which��may��damage��the��sensor's��PP,��PFA,��PVDF��or��Ryton��
plastic��body.��

4.�� Sensor��installation:��Follow��the��appropriate��steps��of��installation��as��outlined��in��the��Installation��section��of��
this��manual.��

Maintenance��Output��to��LED��(LZ12��Only):������
To��wire��the��maintenance��output��wire��to��an��LED,��
follow��the��wiring��diagram��below.����The��Yellow��wire��is��
connected��to��the��LED��and��a��2.2k�O��resistor��in��series��
and��referenced��back��to��the��(+)��of��the��power��supply.��

Maintenance��Output��to��PLC��(LZ12��Only):������
To��wire��the��maintenance��output��wire��to��a��PLC,��follow��
the�� wiring�� diagram�� below.� � � �The�� Yellow�� wire�� is��
connected��to��the��PLC��input��with��a��10��k�O��resistor��
parallel��to��the��PLC��input��and��the��(+)��of��the��power��
supply.��

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��

Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��
VA��

Maintenance��Alarm��
[YEL��wire]��/ ��NPN��Transistor��/ ��10mA��Max.��

��
��
� � � �
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MAINTENANCE��(continued)� � � �Step��Eight��

Testing��the��installation:��
1.�� Power:��Turn��on��power��to��the��controller��and/or��power��supply.��
2.�� Immersing��the��switch:��Immerse��the��sensing��tip��in��its��application��liquid,��by��filling��the��tank��up��to��the��

switches��point��of��actuation.����An��alternate��method��of��immersing��the��switch��during��preliminary��testing��is��
to��hold��a��cup��filled��with��application��liquid��up��to��the��switch's��tip.��

3.�� Test:��With��the��switch��being��fluctuated��between��wet��and��dry��states,��the��switch��indicator��light��in��the��
controller��should��turn��on��and��off.����If��the��controller��doesn't��have��an��input��indicator,��use��a��voltmeter��or��
ammeter��to��ensure��that��the��switch��produces��the��correct��signal��(see��below).��

4.�� Point��of��actuation:��Observe��the��point��at��which��the��rising��or��falling��fluid��level��causes��the��switch��to��
change��state,��and��adjust��the��installation��of��the��switch��if��necessary.��

��

��

Example:��Testing��the��LU10��series��with��a��Multimeter��set��to��read��current��(mA).����When��wired��NO��[Red��to��(+)],��the��
meter��will��read��5mA,��±1mA��when��dry��and��will��read��20mA,��±1mA��when��wet.��

��

Example:��Testing��the��LU10��series��with��a��multimeter��set��to��read��resistance��(ohms).� � � �When��wired��NO��[Red��to��
(+)],��the��meter��will��read��O.L��when��dry��and��will��read��some��small��amount��of��resistance��(ex.��0.2��Ohms)��when��wet.��

��

��
��
��
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Warranty,��Returns��&��Limitations���� Step��Nine��

Warranty��
Flowline��warrants��to��the��original��purchaser��of��its��products��that��such��products��will��be��free��from��defects��in��material��and��
workmanship��under��normal��use��and��service��in��accordance��with��instructions��furnished��by��Flowline��for��a��period��of��two��
years��from��the��date��of��manufacture��of��such��products.��Flowline's��obligation��under��this��warranty��is��solely��and��exclusively��
limited��to��the��repair��or��replacement,��at��Flowline's��option,��of��the��products��or��components,��which��Flowline's��examination��
determines��to��its��satisfaction��to��be��defective��in��material��or��workmanship��within��the��warranty��period.��Flowline��must��be��
notified��pursuant��to��the��instructions��below��of��any��claim��under��this��warranty��within��thirty��(30)��days��of��any��claimed��lack��of��
conformity��of��the��product.��Any��product��repaired��under��this��warranty��will��be��warranted��only��for��the��remainder��of��the��
original��warranty��period.��Any��product��provided��as��a��replacement��under��this��warranty��will��be��warranted��for��the��full��two��
years��from��the��date��of��manufacture.��

Returns��
Products��cannot��be��returned��to��Flowline��without��Flowline's��prior��authorization.��To��return��a��product��that��is��thought��to��be��
defective,��go��to��www.flowline.com,��and��submit��a��customer��return��(MRA)��request��form��and��follow��the��instructions��
therein.��All��warranty��and��non�rwarranty��product��returns��to��Flowline��must��be��shipped��prepaid��and��insured.��Flowline��will��
not��be��responsible��for��any��products��lost��or��damaged��in��shipment.��

Limitations��
This��warranty��does��not��apply��to��products��which:��1)��are��beyond��the��warranty��period��or��are��products��for��which��the��original��
purchaser��does��not��follow��the��warranty��procedures��outlined��above;��2)��have��been��subjected��to��electrical,��mechanical��or��
chemical��damage��due��to��improper,��accidental��or��negligent��use;��3)��have��been��modified��or��altered;����4)��anyone��other��than��
service��personnel��authorized��by��Flowline��have��attempted��to��repair;��5)��have��been��involved��in��accidents��or��natural��
disasters;��or��6)��are��damaged��during��return��shipment��to��Flowline.��Flowline��reserves��the��right��to��unilaterally��waive��this��
warranty��and��dispose��of��any��product��returned��to��Flowline��where:��1)��there��is��evidence��of��a��potentially��hazardous��material��
present��with��the��product;��or��2)��the��product��has��remained��unclaimed��at��Flowline��for��more��than��30��days��after��Flowline��has��
dutifully��requested��disposition.��This��warranty��contains��the��sole��express��warranty��made��by��Flowline��in��connection��with��its��
products.��ALL��IMPLIED��WARRANTIES,��INCLUDING��WITHOUT��LIMITATION,��THE��WARRANTIES��OF��MERCHANTABILITY��AND��
FITNESS��FOR��A��PARTICULAR��PURPOSE,��ARE��EXPRESSLY��DISCLAIMED.��The��remedies��of��repair��or��replacement��as��stated��
above��are��the��exclusive��remedies��for��the��breach��of��this��warranty.��IN��NO��EVENT��SHALL��FLOWLINE��BE��LIABLE��FOR��ANY��
INCIDENTAL��OR��CONSEQUENTIAL��DAMAGES��OF��ANY��KIND��INCLUDING��PERSONAL��OR��REAL��PROPERTY��OR��FOR��INJURY��TO��
ANY��PERSON.��THIS��WARRANTY��CONSTITUTES��THE��FINAL,��COMPLETE��AND��EXCLUSIVE��STATEMENT��OF��WARRANTY��TERMS��
AND��NO��PERSON��IS��AUTHORIZED��TO��MAKE��ANY��OTHER��WARRANTIES��OR��REPRESENTATIONS��ON��BEHALF��OF��FLOWLINE.��
This��warranty��will��be��interpreted��pursuant��to��the��laws��of��the��State��of��California.��If��any��portion��of��this��warranty��is��held��to��
be��invalid��or��unenforceable��for��any��reason,��such��finding��will��not��invalidate��any��other��provision��of��this��warranty.��

For��complete��product��documentation,��video��training,��and��technical��support,��go��to��www.flowline.com.��

For��phone��support,��call��562�r598�r3015��from��8am��to��5pm��PST,��Mon���r��Fri.��

(Please��make��sure��you��have��the��Part��and��Serial��number��available.)��

��
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1 Preliminary note

1.1 Symbols used

�y Instruction
> Reaction, result
[…] Designation of pushbuttons, buttons or indications
�: Cross-reference

Important note 
Non-compliance can result in malfunctions or interference.
Information 
Supplementary note.

2 Safety instructions
�‡��Please read this document prior to set-up of the unit. Ensure that the product is 

suitable for your application without any restrictions. 
�‡��If the operating instructions or the technical data are not adhered to, personal 

injury and/or damage to property can occur. 
�‡�� �&�K�H�F�N���W�K�H���F�R�P�S�D�W�L�E�L�O�L�W�\���R�I���W�K�H���S�U�R�G�X�F�W���P�D�W�H�U�L�D�O�V�����:���������7�H�F�K�Q�L�F�D�O���G�D�W�D�����Z�L�W�K���W�K�H��

media to be measured in all applications. 
�‡��Use in gases at pressures > 25 bar only after contacting the manufacturer ifm.

9.5 Service functions .........................................................................................22
9.5.1 Read min/max values for system pressure ........................................22
9.5.2 Reset all parameters to factory setting ...............................................22

10 Operation .........................................................................................................22
10.1 Read set parameters .................................................................................22
10.2 Error indications .........................................................................................22

11 Scale drawing  .................................................................................................23

12 Technical data ..................................................................................................24

13 Setting ranges..................................................................................................25

14 Factory setting .................................................................................................27
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�‡��High-pressure units (250 bar, 400 bar) are supplied with an integrated damping 
device to comply with the regulations for UL approval and to avoid any risk of 
injury in case of bursting when bursting pressure is exceeded.

Any manipulation of the damping device is not permissible.
When the damping device is removed, there is no damping function 
any more. ATTENTION: risk of injury!
For units with cULus approval this approval becomes invalid when the 
damping device is removed.

For the scope of validity cULus: 
The Sensor shall be connected only by using any R/C (CYJV2) cord, having suit-
able ratings.

The device shall be supplied from an isolating transformer having a secondary 
Listed fuse rated either 
a) max 5 amps for voltages 0~20 Vrms (0~28.3 Vp) or 
b) 100/Vp for voltages of 20~30 Vrms (28.3~42.4 Vp).

3 Functions and features
The unit monitors the system pressure in a plant.

3.1 Applications

Type of pressure: relative pressure 

Order no.
Measuring range

(in brackets:  
extended display range)

Permissible  
overpressure

Bursting  
pressure

bar PSI bar PSI bar PSI
PG2409 -1...1 (1.6) -14.52...14.52 (23.22) 10 145 30 435
PG2450 0...400 (600) 0...5800 (8700) 800 11600 1200 17400
PG2451 0...250 (400) 0...3625 (5800) 600 8700 1000 14500
PG2452 0...100 (160) 0...1449 (2322) 300 4350 700 9400
PG2453 -1...25 (40) -14.5...362.5 (580.0) 100 1450 350 5070
PG2454 -1...10 (16) -14.4...145 (232) 50 725 150 2175
PG2455 -1...4 (6.4) -14.5...58 (92.8) 30 435 100 1450
PG2456 -0.125...2.5 (4) -1.8...36.25 (58.00) 20 290 50 725
PG2457 -0.05...1 (1.6) -0.72...14.5 (23.20) 10 145 30 435

�(������������
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Order no.
Measuring range

(in brackets:  
extended display range)

Permissible  
overpressure

Bursting  
pressure

mbar inH2O bar inH2O bar inH2O
PG2458 -12.5...250 (400) -5.0..100.4 (160.6) 10 4015 30 12044
PG2489 -5...100 (160) -2.00...40.16 (64.24) 4 1606 30 12044

Avoid static and dynamic overpressure exceeding the given overload pres-
sure by taking appropriate measures.
The indicated bursting pressure must not be exceeded.
Even if the bursting pressure is exceeded only for a short time, the unit 
may be destroyed. ATTENTION: risk of injury!
Use in gases at pressures > 25 bar only after contacting the manufacturer 
ifm.

4 Function

4.1 Processing of the measured signals

�‡��The unit generates 2 output signals according to the parameter settings.

OUT1 �‡��Switching signal for system pressure limit value.
OUT2 �‡��Analogue signal (4...20 mA, 20...4 mA).

�‡��The unit displays the current system pressure.
Analogue display: circular scale with pointer.
Digital display (alphanumeric display, 4 digits).

�‡��In addition, an LED ring with one of the following display options is available:

Display of set point and reset point. 
Trend display (rising pressure / falling pressure).
Lag indicator function for maximum value or minimum value.
Display of pulsating signals and pressure peaks.

�(������������
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4.2 Pressure monitoring / switching function

OUT1 changes its switching state if it is above or below the set switching limits 
(SP1, rP1). The following switching functions can be selected:
�‡�� �+�\�V�W�H�U�H�V�L�V���I�X�Q�F�W�L�R�Q�������Q�R�U�P�D�O�O�\���R�S�H�Q�����>�2�8���@��� ���>�+�Q�R�@�����:���I�L�J����������
�‡�� �+�\�V�W�H�U�H�V�L�V���I�X�Q�F�W�L�R�Q�������Q�R�U�P�D�O�O�\���F�O�R�V�H�G�����>�2�8���@��� ���>�+�Q�F�@�����:���I�L�J����������

First the set point (SP1) is set, then the reset point (rP1) with the requested 
difference.

�‡�� �:�L�Q�G�R�Z���I�X�Q�F�W�L�R�Q�������Q�R�U�P�D�O�O�\���R�S�H�Q�����>�2�8���@��� ���>�)�Q�R�@�����:���I�L�J����������
�‡�� �:�L�Q�G�R�Z���I�X�Q�F�W�L�R�Q�������Q�R�U�P�D�O�O�\���F�O�R�V�H�G�����>�2�8���@��� ���>�)�Q�F�@�����:���I�L�J����������

The width of the window can be set by means of the difference between SP1 
and rP1. SP1 = upper value, rP1 = lower value.
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1 2

P = system pressure; HY = hysteresis; FE = window
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4.3 Pressure monitoring / analogue function

The analogue output can be configured.
�‡��[OU2] defines whether the set measuring range is provided as 4...20 mA 

([OU2] = [I]) or as 20...4 mA ([OU2] = [InEG]).
Scaling can be set by means of the teaching process or by entering a value for the 
ASP and AEP parameters.
�‡��Teaching the analogue start point [tASP] or setting the parameter [ASP] defines 

at which measured value the analogue signal is 4 mA (20 mA at [InEG]).
�‡��Teaching the analogue end point [tAEP] or setting the parameter [AEP] defines 

at which measured value the output signal is 20 mA (4 mA at [InEG]).
Minimum distance between [ASP] and [AEP] = 25 % of the final value of the 
measuring range.

Factory setting Measuring range scaled

������
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P = system pressure , MAW = initial value of the measuring range, MEW = final value of 
the measuring range
1 : [OU2] = [I]; 2 : [OU2] = [InEG]

In the set measuring range the output signal is between 4 and 20 mA ([OU2] = [I]) 
or between 20 and 4 mA ([OU2] = [InEG]).
It is also indicated:
�‡��System pressure above the measuring range: 

 - Output signal 20 to 20.5 mA at [OU2] = [I].
 - Output signal 4 to 3.8 mA at [OU2] = [InEG].

�‡��System pressure below the measuring range: 
 - Output signal 4 to 3.8 mA at [OU2] = [I].
 - Output signal 20 to 20.5 mA at [OU2] = [InEG].

�(������������
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4.4 Customer-specific calibration

The customer-specific calibration changes the curve of measured values com-
�S�D�U�H�G���W�R���W�K�H���U�H�D�O���P�H�D�V�X�U�H�G���Y�D�O�X�H�V�����V�K�L�I�W�L�Q�J�������F�K�D�Q�J�H���R�I���W�K�H���J�U�D�G�L�H�Q�W�����:��������������
[CAL]). 
�‡��Two calibration points can be defined (CP1, CP2). The two points are inde-

pendent of each other. They must be within the measuring range and not in the 
extended display range.

�‡��The zero point calibration [COF] influences the calibration of the curve of mea-
�V�X�U�H�G���Y�D�O�X�H�V�����5�H�F�R�P�P�H�Q�G�D�W�L�R�Q�����V�H�W���>�&�2�)�@���W�R���������:���������������>�&�2�)�@�������W�K�H�Q���F�D�O�L�E�U�D�W�H��
the curve of measured values.

�$�I�W�H�U���D���F�K�D�Q�J�H���W�K�H���F�D�O�L�E�U�D�W�L�R�Q���F�D�Q���E�H���U�H�V�H�W���W�R���I�D�F�W�R�U�\���V�H�W�W�L�Q�J�����:���������������>�U�(�6�@����
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�‡��P = measured pressure;  
P‘ = modified measured value

�‡��CP1 = calibration point 1;  
CP1‘ = modified measured value for 
CP1

�‡��CP2 = calibration point 2;  
CP2‘ = modified measured value for 
CP2

�‡��1 = curve of measured values at fac-
tory setting

�‡��2 = curve of measured values after 
calibration

�� ��
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5 Installation
Before installing and removing the unit: make sure that no pressure is ap-
plied to the system. Note: If 0% is displayed and no pointer is visible, this 
does not mean that no pressure is applied to the system !

We recommend horizontal installation for high medium temperatures.

The unit can be fixed to different process connections. Options are as follows:

1 Installation with seals to DIN EN 837-1
 �y Insert the unit and the seal into the process connection with cylindrical pipe thread 
G½ and tighten.

All seals to DIN EN 837-1 can be used if they are suitable for process connections 
with cylindrical pipe thread, e.g. flat seals or double-edge sealing rings.

2 Installation with sealing tape
 �y Insert the unit and the sealing tape into the process connection with G½ internal 
thread (e.g. welding adapter) and tighten.

3 Installation at flange G½ (based on DIN 3852-11)
The sealing ring on the sensor is used as process seal.
The upper sealing area on the process connection must be flush with the tapped hole 
and have a surface characteristic of min. Rz 6.3.

 �y Grease the sensor thread with a suitable paste.
 �y Insert the unit into the process connection.
 �y Tighten it using a spanner. Tightening torque: 35 Nm.

After installation the analogue display can be rotated / adapted to the instal-
lation position (to do so wear protective gloves). 

�(������������
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6 Electrical connection
The unit must be connected by a qualified electrician.
The national and international regulations for the installation of electrical 
equipment must be adhered to.
Voltage supply according to EN 50178, SELV, PELV.

 �y Disconnect power.
 �y Connect the unit as follows:

OUT1 positive switching OUT1 negative switching

�

�

��

�

� �
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�

�

�	
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� �
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�
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��

�

����	��
����	��

Pin 1 Ub+
Pin 3 Ub-
Pin 4 (OUT1) �‡��Binary switching output pressure monitoring
Pin 2 (OUT2) �‡��Analogue output for system pressure
Core colours of ifm sockets:
1 = BN (brown), 2 = WH (white), 3 = BU (blue), 4 = BK (black)

�(������������
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7 Operating and display elements

Mode/
Enter

Set

1

2

3

4

5

6

1: Analogue display
 - Display of the current system pressure in bar and PSI or mbar and inH2O.

2: LED ring
�$�F�F�R�U�G�L�Q�J���W�R���W�K�H���V�H�W�W�L�Q�J���R�I���S�D�U�D�P�H�W�H�U���>�/�(�'�@�����:������������

 - Display of set point and reset point.
 - Lag indicator function for maximum value or minimum value.
 - Display of pulsating signals and pressure peaks.
 - Trend display: rising pressure or falling pressure.

3: Indicator LEDs
 - LED 1 = system pressure of the digital display in bar.
 - LED 2 = system pressure of the digital display in mbar.
 - LED 3 = system pressure of the digital display in PSI.
 - LED 4 = system pressure of the digital display in  inH2O.
 - LED 6 = system pressure in % of the scaling (range ASP to AEP) or COF value in %.
 - LEDs 5, 7 =  not used.
 - LED 8 = switching status OUT1 (lights if output 1 is switched)

4: Alphanumeric display, 4 digits
 - Display of the current system pressure.
 - Display of the parameters and parameter values.

5: Touch button Set*
 - Setting of the parameter values (continuously by touching permanently; step by step by 
touching briefly several times).

�(������������
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6: Touch button Mode/Enter*
 - Selection of the parameters and acknowledgement of the parameter values. 

* The two touch buttons are activated simply by touching / deactivated by releasing the 
touch button.
The touch button must be completely covered to be activated.
Slow covering (e.g. liquid flows over the display) does not activate the touch button.

8 Menu

8.1 Menu structure: main menu

�

�
�
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�
�

�

�
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�
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�

1: Change to menu level 2 (extended functions) 
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8.2 Explanation of the main menu

SP1/rP1 Upper / lower limit value for system pressure at which OUT1 switches.
OU1 Output function for OUT1:

�‡��Switching signal for the pressure limit values: hysteresis function [H ..] or 
window function [F ..], either normally open [. no] or normally closed [. nc].

OU2 Output function for OUT2:
�‡��Analogue signal for the current system pressure: 4...20 mA [I], 20...4 mA 

[InEG].
tCOF Teach zero-point calibration.
tASP Teach analogue start point for system pressure: set measured value at which 

4 mA is provided (20 mA if [OU2] = [InEG]).
tAEP Teach analogue end point for system pressure: set measured value at which 

20 mA is provided (4 mA if [OU2] = [InEG]).
EF Extended functions / opening of menu level 2.

�(������������
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8.3 Menu structure: level 2 (extended functions)
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1: Change to the main menu
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8.4 Explanation of the menu level 2

Uni Standard unit of measurement for system pressure (bar or PSI).

SELd
Display mode:
�‡��Pressure in the unit set in [Uni].
�‡��Pressure in % of the set scaling of the analogue output.

ASP Analogue start point for system pressure: measured value at which 4 mA is 
provided (20 mA if [OU2] = [InEG]).

AEP Analogue end point for system pressure: measured value at which 20 mA is 
provided (4 mA if [OU2] = [InEG]).

HI Maximum value memory for system pressure.
LO Minimum value memory for system pressure.
COF Zero-point calibration.
dS1 Switch-on delay for OUT1.
dr1 Switch-off delay for OUT1.
P-n Switching logic for OUT1: pnp or npn.
dAP Damping for switching outputs and display.
dAA Damping for analogue output (OUT2).
diS Update rate and orientation of the display.
LED Setting for the LED ring.
CAL Calibration function (setting the curve of measured values).
CP1 Calibration point 1
CP2 Calibration point 2
rES Restore factory settings.

�(������������
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9 Parameter setting
During parameter setting the unit remains in the operating mode. It continues its 
monitoring function with the existing parameters until the parameter setting has 
been completed.
�(�[�F�H�S�W�L�R�Q�V�����F�K�D�Q�J�H�V���W�R���W�K�H���S�D�U�D�P�H�W�H�U�V���&�2�)�����:�������������������&�3�����D�Q�G���&�3�������:�����������������W�D�N�H���H�I�I�H�F�W��
immediately.

9.1 General parameter setting

3 steps must be taken for each parameter setting:

1 Select parameter 
 �y Touch [Mode/Enter] until the re-
quested parameter is displayed.

Mode/
Enter

Set

2 Set parameter value
 �y Touch [Set] and keep it touched.

 > Current setting value of the param-
eter flashes for 5 s.

 > After 5 s: setting value is changed: 
step by step by touching briefly 
several times or continuously by 
touching permanently.

Mode/
Enter

Set

Numerical values are incremented continuously. To reduce the value: let the display 
move to the maximum setting value. Then the cycle starts again at the minimum 
setting value.

3 Acknowledge parameter value
 �y Touch [Mode/Enter] briefly.

 > The parameter is displayed again. 
The new setting value is saved.

Mode/
Enter

Set

Set other parameters
 �y Start again with step 1.

Finish parameter setting
 �y Touch [Mode/Enter] several times until the current measured value is displayed or wait 
for 15 s. 

 > The unit returns to the operating mode.

�‡��Timeout:
If no touch button is activated for 15 s during parameter setting, the unit returns to the 
operating mode with unchanged values.

�(������������
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�‡��Change from menu level 1 to menu level 2:
 �y Touch [Mode/Enter] until [EF] is 
displayed.

Mode/
Enter

Set

 �y Touch [Set] briefly. 
 > The first parameter of the submenu is 

displayed (here: [Uni]).
If the menu level 2 is protected by an ac-
cess code, "Cod1" flashes in the display.

 �y Touch [Set] and keep it touched until 
the valid code no. appears.

 �y Touch [Mode/Enter] briefly.
On delivery by ifm electronic: no access 
restriction.

Mode/
Enter

Set

�‡��Locking / unlocking
The unit can be locked electronically to prevent an unintentional operation.

 �y Make sure that the unit is in the normal operating mode.
 �y Touch [Set], 
 �y additionally touch [Mode/Enter] and keep both buttons touched for 10 s.

 > The LED for the current unit of measurement flashes, the current system pressure 
continues to be displayed. After 10 s the display goes out for approx. 1 s. 

 �y Release [Mode/Enter] and [Set] again. Both buttons must be released within 4 s. If 
this does not happen, the unit remains unlocked.

 > [Loc] is displayed, the unit is locked. .
�'�X�U�L�Q�J���R�S�H�U�D�W�L�R�Q���W�K�H���L�Q�G�L�F�D�W�R�U���/�(�'���I�R�U���W�K�H���G�L�V�S�O�D�\���X�Q�L�W�����:���F�K�D�S�W�H�U���������L�V���I�O�D�V�K�L�Q�J���L�I���\�R�X��
try to open the menu.
For unlocking:

 �y Make sure that the unit is in the normal operating mode.
 �y TTouch [Set], 
 �y additionally touch [Mode/Enter] and keep both buttons touched for 10 s.

 > The LED for the current unit of measurement flashes, the current system pressure 
continues to be displayed. After 10 s the display goes out for approx. 1 s.

 �y Release [Mode/Enter] and [Set] again. Both buttons must be released within 4 s. If 
this does not happen, the unit remains unlocked.

 > [uLoc] is displayed, the unit is unlocked. 
On delivery: unlocked.

�(������������
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9.2 Configuration of the digital display (optional)
 �y Select [Uni] and set the unit of measurement:

 - [bAr] / [mbAr].
 - [PSI] / [inHO].

 �y Select [SELd] and set type of indication:
 - [P]: system pressure in the unit set in Uni.
 - [P%]: system pressure in % of the set scaling of the analogue output; 
the following applies: 0 % = ASP value / 100 % = AEP value.

Note: display “0 %” does not mean that no pressure is applied to the 
system.

 �y Select [diS] and set the update rate of the display:
 - [d1]: update of the measured values every 50 ms.
 - [d2]: update of the measured values every 200 ms.
 - [d3]: update of the measured values every 600 ms.
 - [OFF] = The measured value display is deactivated in the Run mode. 
Touching one of the buttons indicates the current measured value for 
15 s. Touching the [Mode/Enter] button again activates the display 
mode. The indicator LEDs remain active even if the display is deacti-
vated.

 �y Select [LED] and set the display function for the digital display and LED 
ring:
 - [SPRP]: One LED on the LED ring indicates the set point and a second 
LED the reset point.

 - [HInd]: 2 adjacent LEDs on the LED ring mark the lag indicator for 
maximum value ([HInd], high indication).

 - [LInd]: 2 adjacent LEDs on the LED ring mark the lag indicator for 
minimum value ([LInd], low indication).
To reset:

 �y Touch [Set] for 1 second.
 > The two LEDs jump to the current position of the pointer.

 - [Ph]: Display of pulsating signals and pressure peaks:
 - In case of quick pressure changes (quickly pulsating signals) the 
digital display and LED ring indicate the minimum value and the 
maximum value.

 - In case of one-time short pressure peaks the digital display and LED 
ring show the indication for a longer time.

 - [Pdir]: The LED ring indicates the trend of the pressure changes (5 
LEDs below the pointer for rising pressure; 5 LEDs above the pointer 
for falling pressure).

A damping set with dAP or dAA also has an effect on this display.

�(������������
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9.3 Set output signals

9.3.1 Set output functions
 �y Select [OU1] and set the switching function:

 - [Hno] = hysteresis function/NO.
 - [Hnc] = hysteresis function/NC.
 - [Fno] = window function/NO.
 - [Fnc] = window function/NC.

 �y Select [OU2 ] and set the analogue function:
 - [I] = current signal proportional to pressure 4…20 mA.
 - [InEG] = current signal proportional to pressure 20…4 mA.

9.3.2 Set  switching limits
 �y Select [SP1] and set the value at which the output switches.

 �y Select [rP1] and set the value at which OUT1 switches off.
rP1 is always smaller than SP1. The unit only accepts values which are 
lower than SP1.

9.3.3 Scale analogue value for OUT2
 �y Set the minimum pressure requested in the system.
 �y Touch [Mode/Enter] until [tASP] appears.
 �y Touch [Set] and keep it touched.

 > Current setting value flashes.
 �y Release [Set] when the display stops flashing.

 > New setting value is displayed.
 �y Touch [Mode/Enter] briefly.

 > The current system pressure is defined as start value for the analogue 
signal. 

 �y Set the maximum pressure requested in the system.
 �y Touch [Mode/Enter] until [tAEP] appears.
 �y Touch [Set] and keep it touched.

 > Current setting value flashes.
 �y Release [Set] when the display stops flashing.

 > New setting value is displayed.
 �y Touch [Mode/Enter] briefly.

 > The current system pressure is defined as end value for the analogue 
signal.

�$�6�3�������$�(�3���F�D�Q���R�Q�O�\���E�H���V�H�W���D�X�W�R�P�D�W�L�F�D�O�O�\���Z�L�W�K�L�Q���G�H�I�L�Q�H�G���O�L�P�L�W�V�����:�������������6�H�W�W�L�Q�J���U�D�Q�J�H�V������
If automatic setting is carried out at an invalid pressure value, [UL] or [OL] is displayed. 
After acknowledgement by [Mode/Enter] [Err] flashes, the ASP value / AEP value is not 
changed.

�(������������
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As an alternative:
 �y Select [ASP] and set the measured value at which 4 mA is provided 
(20 mA at [OU2] = [InEG]).

 �y Select [AEP] and set the measured value at which 20 mA is provided 
(4 mA at [OU2] = [InEG]).

Minimum distance between ASP and AEP = 25 % of the final value of the 
measuring range (turn-down 1:4).

9.4 User settings (optional)

9.4.1 Carry out zero point calibration 
 �y Select [COF] and set a value between -5 % and 5 % of the final value of 
the measuring range. The internal measured value "0" is shifted by this 
value.

As an alternative: automatic adjustment of the offset in the range 0 bar ± 
5 %.

 �y Make sure that no pressure is applied to the system.
 �y Touch [Mode/Enter] until [tCOF] appears.
 �y Touch [Set] and keep it touched.

 > The current offset value (in %) flashes briefly.
 > The current system pressure is displayed.
 �y Release [Set].
 �y Touch [Mode/Enter] briefly (= to confirm the new offset value).

9.4.2 Set delay time for OUT1
[dS1] = switch-on delay / [dr1] = switch-off delay.

 �y Select [dS1] or [dr1] and set a value between 0.1 and 50 s (at 0.0 the 
delay time is not active).

9.4.3 Set switching logic for OUT1

 �y Select [P-n] and set [PnP] or [nPn].

9.4.4 Set damping for the switching signal
 �y Select [dAP] and set a value between 0.01 and 30 s.

dAP value = response time between pressure change and change of the 
switching status in seconds.
[dAP] influences the switching frequency: fmax = 1 ÷ 2dAP.
[dAP] also has an effect on the display.

�(������������
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9.4.5 Set damping for the analogue signal
 �y Select [dAA] and set a value between 0.01 and 30 s.

dAA value = response time between pressure change and change of the 
analogue signal in seconds.

9.4.6 Calibrate curve of measured values
If the unit is to adopt the settings for the calibration points, the following conditions must be 
adhered to:

 - CP1 and CP2 must be within the measuring range (i.e. between ASP and AEP).
 - CP1 and CP2 must not be in the extended display range.
 - Minimum distance between the calibration points CP1 and CP2 = 5 % of the final value of 
the measuring range.

 - Maximum correction value = ± 2 % of the final value of the measuring range.

 �y Set a defined reference pressure between ASP and AEP in the system.
 �y Select [CAL].
 �y Touch [Set] briefly.

 > [CP1] is displayed.
 �y Touch [Set] for 5 s.

 > The pressure measured by the unit is displayed.
 �y Touch [Set] until the set reference pressure is indicated (measured 
pressure = reference pressure) or the corresponding analogue signal is 
provided to OUT2.

 �y Touch [Mode/Enter] briefly.
 > [CP1] is displayed.
 �y Touch [Mode/Enter] briefly.

 > [CP2] is displayed.
Continue with a) or b).
a) Finish calibration:

 �y Touch [Mode/Enter] briefly.
 > [CAL] is displayed. 

b) Change a 2nd point on the curve of measured values:
 �y Set a second defined reference pressure in the system.
 �y Touch [Set] for 5 s.

 > The pressure measured by the unit is displayed.
 �y Touch [Set] until the set reference pressure is indicated (measured 
pressure = reference pressure) or the corresponding analogue signal is 
provided to OUT2.

 �y Touch [Mode/Enter] briefly.
 > [CP2] is displayed.
 �y Touch [Mode/Enter] briefly.

 > [CAL] is displayed, the process is finished.

�(������������
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9.5 Service functions

9.5.1 Read min/max values for system pressure
 �y Select [HI] or [LO] and touch [Set] briefly.

[HI] = maximum value, [LO] = minimum value.
Delete memory:

 �y Select [HI] or [LO].
 �y Touch [Set] and keep it touched until [----] is displayed.
 �y Touch [Mode/Enter] briefly.

9.5.2 Reset all parameters to factory setting
 �y Select [rES].
 �y Touch [Set] and keep it touched until [----] is displayed.
 �y Touch [Mode/Enter] briefly.

It is recommended to take down your own settings in the table before carry-
�L�Q�J���R�X�W���D���U�H�V�H�W�����:�������)�D�F�W�R�U�\���V�H�W�W�L�Q�J����

10 Operation
After power on, the unit is in the Run mode (= normal operating mode). It carries 
out its measurement and evaluation functions and provides output signals accord-
ing to the set parameters.

�2�S�H�U�D�W�L�Q�J���L�Q�G�L�F�D�W�R�U�V���:���������2�S�H�U�D�W�L�Q�J���D�Q�G���G�L�V�S�O�D�\���H�O�H�P�H�Q�W�V��
Reset the lag indicator (if [LED] = [HInd] or [LInd]):

 �y Touch [Set] for 1 second.
 > The two lag indicator LEDs jump to the current position of the pointer.

10.1 Read set parameters

 �y Touch [Mode/Enter] until the requested parameter is displayed.
 �y Touch [Set] briefly.

 > The unit displays the corresponding parameter value for about 15 s. After 
another 15 s it returns to the Run mode.

10.2 Error indications

[OL] Overload pressure (measuring range exceeded).
[UL] Underload pressure (below measuring range).
[SC1] Short circuit in OUT1. The output is switched off as long as the short circuit 

persists.
[Err] Flashing: internal error, invalid entry.

The messages SC1 and Err are displayed even if the display is switched off.

�(������������
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11 Scale drawing 
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Dimensions in mm
1: analogue display
2: digital display
3: touch button (programming button)
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12 Technical data
Operating voltage [V] ........................................................................................... 18...32 DC 
Current consumption [mA] .................................................................................. < 70 (24 V)
Current rating [mA] ......................................................................................................... 250 
Short-circuit protection; reverse polarity protection / overload protection, integrated 
watchdog 
Voltage drop [V]  .............................................................................................................. < 2
Power-on delay time [s]  ..................................................................................................... 6 
Min. response time switching output [ms] .......................................................................... 9
Switching frequency [Hz]  ..................................................................................................75 
Analogue output   ...............................................................................  4...20 mA / 20...4 mA 
�0�D�[�����O�R�D�G���>�Ÿ�@�� ................................................................................................. (Ub - 10) x 50 
Step response time analogue output [ms]  ....................................................................... 28
Accuracy / deviations (in % of the span)1)

PG2409
PG2452

...
PG2458

PG2450
PG2451
PG2489

Switch point accuracy < ± 0.5 < ± 0.6
Switch point accuracy in the extended display 
range < ± 1.5 < ± 1.5

Characteristics deviation < ± 0.25 (BFSL) 
< ± 0.5 (LS)

< ± 0.35 (BFSL) 
< ± 0.6 (LS)

Hysteresis < 0.25 < 0.5
Repeatability (in case of temperature fluctuations 
< 10 K) < ± 0.1 < ± 0.1

Long-term stability (in % of the span / 6 months) < ± 0.1 < ± 0.1

Temperature coefficients (TEMPCO) in the compensated temperature range 0 ...70°C (in 
% of the span per 10 K)

PG2409
PG2452

...
PG2458

PG2450
PG2451
PG2489

Greatest TEMPCO of the zero point < ± 0.2 < ± 0.3
Greatest TEMPCO of the span < ± 0.2 < ± 0.3

�(������������
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Materials (wetted parts)  .......................................................... stainless steel 316L / 1.4404
 ceramics (Al2O3); FPM 
Housing materials ............................ stainless steel 316L / 1.4404; PA; FPM (Viton); PTFE;  
 viewing glass: laminated safety glass 4 mm
Protection rating   ............................................................................................IP 67 / IP 69K
Protection class ..................................................................................................................III
�,�Q�V�X�O�D�W�L�R�Q���U�H�V�L�V�W�D�Q�F�H���>�0�Ÿ�@ .........................................................................> 100 (500 V DC)
Shock resistance [g] ................................................................ 50 (DIN IEC 68-2-27, 11 ms)
Vibration resistance [g] ..................................................20 ( DIN IEC 68-2-6, 10 - 2000 Hz)
Switching cycles min. .......................................................................................... 100 million
Ambient temperature [°C] ....................................................................................... -20 ... 80
Medium temperature [°C] ......................................................................................... -25...80
Storage temperature [°C]........................................................................................ -40...100 
EMC  EN 61000-4-2 ESD:  ....................................................................................... 4 / 8 kV 
 EN 61000-4-3 HF radiated:  ............................................................................  10 V/m 
 EN 61000-4-4 Burst:  ........................................................................................... 2 kV 
 EN 61000-4-5 Surge:  .................................................................................. 0.5 / 1 kV 
 EN 61000-4-6 HF conducted:  ............................................................................  10 V 

1) 1) All indications are referred to a turn-down of 1:1

13 Setting ranges

SP1 rP1 ASP AEP
�û�3

min max min max min max min max

P
G

24
09 bar -0.992 1.600 -1.000 1.592 -1.000 1.100 -0.500 1.600 0.004

PSI -14.40 23.22 -14.52 23.10 -14.52 15.96 -7.26 23.22 0.06

P
G

24
50 bar 2 600 0 598 0 500 100 600 1

PSI 30 8700 0 8670 0 7250 1450 8700 10

P
G

24
51 bar 1.0 400.0 0.0 399.0 0.0 350.0 50.0 400.0 0.5

PSI 15 5800 0 5785 0 5075 725 5800 5

P
G

24
52 bar 0.4 160.0 0.0 159.6 0.0 135.0 25.0 160.0 0.2

PSI 6 2322 0 2316 0 1959 363 2322 3

�û�3��� ���V�W�H�S���L�Q�F�U�H�P�H�Q�W
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SP1 rP1 ASP AEP
�û�3

min max min max min max min max
P

G
24

53 bar -0.90 40.00 -1.00 39.90 -1.00 33.75 5.25 40.00 0.05

PSI -13.0 580.0 -14.5 578.5 -14.5 489.5 76.0 580.0 0.5

P
G

24
54 bar -0.96 16.00 -1.00 15.96 -1.00 13.50 1.50 16.00 0.02

PSI -14.0 232.0 -14.4 231.6 -14.4 195.8 21.8 232.0 0.2

P
G

24
55 bar -0.98 6.40 -1.00 6.38 -1.00 5.40 0.00 6.40 0.01

PSI -14.2 92.8 -14.5 92.5 -14.5 78.3 0.0 92.8 0.1

P
G

24
56 bar -0.115 4.000 -0.125 3.990 -0.125 3.350 0.525 4.000 0.005

PSI -1.65 58.00 -1.80 57.85 -1.80 48.60 7.60 58.00 0.05

P
G

24
57 bar -0.046 1.600 -0.050 1.596 -0.050 1.340 0.200 1.600 0.002

PSI -0.66 23.20 -0.72 23.14 -0.72 19.58 2.90 23.20 0.02

P
G

24
58 mbar -11.5 400.0 -12.5 399.0 -12.5 337.5 50.0 400.0 0.5

inH2O -4.6 160.6 -5.0 160.2 -5.0 135.6 20.0 160.6 0.2

P
G

24
89 mbar -4.6 160.0 -5.0 159.6 -5.0 135.0 20.0 160.0 0.2

inH2O -1.84 64.24 -2.00 64.08 -2.00 54.24 8.00 64.24 0.08

�û�3��� ���V�W�H�S���L�Q�F�U�H�P�H�Q�W

�(������������
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14 Factory setting

Factory setting User setting

SP1 25.0 % VMR*

rP1 24.9 % VMR*

OU1 Hno

OU2 I

COF / tCOF 0.0

ASP / tASP 0 % VMR*

AEP / tAEP 100 % VMR*

Uni bAr / mbAr

SELd P

dS1 0.0

dr1 0.0

P-n pnp

dAP 0.06

dAA 0.03

dis d2

LED SPRP

CP1 0.00

CP2 0.00
* = the indicated percentage of the final value of the measuring range (VMR) of the cor-
responding sensor is set.

More information at www.ifm.com

�(������������
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The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.

�)��������



�S������

����������������������
���������������������� ��������������������

�+�H �D �O�W �K

�)�L�U�H

� 5� H � D � F � W � L� Y � L� W � \

�3 �H �U�V �R �Q �D �O
� 3 � U� R � W � H � F � W � L� R � Q

��

��

��

�0�D�W�H�U�L�D�O���6�D�I�H�W�\���'�D�W�D���6�K�H�H�W
�6�R�G�L�X�P���+�\�S�R�F�K�O�R�U�L�W�H�����������0�6�'�6

�6�H�F�W�L�R�Q���������&�K�H�P�L�F�D�O���3�U�R�G�X�F�W���D�Q�G���&�R�P�S�D�Q�\���,�G�H�Q�W�L�I�L�F�D�W�L�R�Q

�3�U�R�G�X�F�W���1�D�P�H�����6�R�G�L�X�P���+�\�S�R�F�K�O�R�U�L�W�H��������

�&�D�W�D�O�R�J���&�R�G�H�V�����6�/�6��������

�&�$�6�������0�L�[�W�X�U�H��

�5�7�(�&�6�����1�R�W���D�S�S�O�L�F�D�E�O�H��

�7�6�&�$�����7�6�&�$�������E�����L�Q�Y�H�Q�W�R�U�\�����6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�����6�R�G�L�X�P
�K�\�G�U�R�[�L�G�H�����:�D�W�H�U

�&�,�������1�R�W���D�S�S�O�L�F�D�E�O�H��

�6�\�Q�R�Q�\�P���������&�K�O�R�U�L�Q�H���%�O�H�D�F�K�����%�O�H�D�F�K�����6�R�G�D���%�O�H�D�F�K��
�&�K�O�R�U�R�[�����6�R�G�L�X�P���+�\�S�R�F�K�O�R�U�L�W�H�����6�R�O�X�W�L�R�Q�����������$�Y�D�L�O�D�E�O�H
�&�K�O�R�U�L�Q�H

�&�K�H�P�L�F�D�O���1�D�P�H�����+�\�S�R�F�K�O�R�U�R�X�V���D�F�L�G�����V�R�G�L�X�P���V�D�O�W�����V�R�O�X�W�L�R�Q

�&�K�H�P�L�F�D�O���)�R�U�P�X�O�D�����1�R�W���D�S�S�O�L�F�D�E�O�H��

�&�R�Q�W�D�F�W���,�Q�I�R�U�P�D�W�L�R�Q��

�6�F�L�H�Q�F�H�O�D�E���F�R�P�����,�Q�F��
�������������6�P�L�W�K���5�G��
�+�R�X�V�W�R�Q�����7�H�[�D�V������������

�8�6���6�D�O�H�V��������������������������������
�,�Q�W�H�U�Q�D�W�L�R�Q�D�O���6�D�O�H�V��������������������������������

�2�U�G�H�U���2�Q�O�L�Q�H�����6�F�L�H�Q�F�H�/�D�E���F�R�P

�&�+�(�0�7�5�(�&���������+�5���(�P�H�U�J�H�Q�F�\���7�H�O�H�S�K�R�Q�H�������F�D�O�O��
����������������������������

�,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�+�(�0�7�5�(�&�����F�D�O�O��������������������������������

�)�R�U���Q�R�Q���H�P�H�U�J�H�Q�F�\���D�V�V�L�V�W�D�Q�F�H�����F�D�O�O��������������������������������

�6�H�F�W�L�R�Q���������&�R�P�S�R�V�L�W�L�R�Q���D�Q�G���,�Q�I�R�U�P�D�W�L�R�Q���R�Q���,�Q�J�U�H�G�L�H�Q�W�V

�&�R�P�S�R�V�L�W�L�R�Q��

�1�D�P�H �&�$�6���� �����E�\���:�H�L�J�K�W

�6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H ������������������ ������

�6�R�G�L�X�P���K�\�G�U�R�[�L�G�H ������������������ ����

�:�D�W�H�U ������������������ �!����

�7�R�[�L�F�R�O�R�J�L�F�D�O���'�D�W�D���R�Q���,�Q�J�U�H�G�L�H�Q�W�V�����6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�����2�5�$�/�����/�'�����������$�F�X�W�H���������������P�J���N�J���>�0�R�X�V�H�@���������������P�J���N�J���>�5�D�W�@��

�6�H�F�W�L�R�Q���������+�D�]�D�U�G�V���,�G�H�Q�W�L�I�L�F�D�W�L�R�Q

�3�R�W�H�Q�W�L�D�O���$�F�X�W�H���+�H�D�O�W�K���(�I�I�H�F�W�V��
�9�H�U�\���K�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���V�N�L�Q���F�R�Q�W�D�F�W�����L�U�U�L�W�D�Q�W�������R�I���H�\�H���F�R�Q�W�D�F�W�����L�U�U�L�W�D�Q�W�������R�I���L�Q�J�H�V�W�L�R�Q���������+�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���V�N�L�Q���F�R�Q�W�D�F�W
���F�R�U�U�R�V�L�Y�H�������R�I���H�\�H���F�R�Q�W�D�F�W�����F�R�U�U�R�V�L�Y�H�������6�O�L�J�K�W�O�\���K�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���L�Q�K�D�O�D�W�L�R�Q�����O�X�Q�J���V�H�Q�V�L�W�L�]�H�U�������1�R�Q���F�R�U�U�R�V�L�Y�H���I�R�U���O�X�Q�J�V�����/�L�T�X�L�G
�R�U���V�S�U�D�\���P�L�V�W���P�D�\���S�U�R�G�X�F�H���W�L�V�V�X�H���G�D�P�D�J�H���S�D�U�W�L�F�X�O�D�U�O�\���R�Q���P�X�F�R�X�V���P�H�P�E�U�D�Q�H�V���R�I���H�\�H�V�����P�R�X�W�K���D�Q�G���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W�����6�N�L�Q
�F�R�Q�W�D�F�W���P�D�\���S�U�R�G�X�F�H���E�X�U�Q�V�����,�Q�K�D�O�D�W�L�R�Q���R�I���W�K�H���V�S�U�D�\���P�L�V�W���P�D�\���S�U�R�G�X�F�H���V�H�Y�H�U�H���L�U�U�L�W�D�W�L�R�Q���R�I���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W�����F�K�D�U�D�F�W�H�U�L�]�H�G���E�\
�F�R�X�J�K�L�Q�J�����F�K�R�N�L�Q�J�����R�U���V�K�R�U�W�Q�H�V�V���R�I���E�U�H�D�W�K�����3�U�R�O�R�Q�J�H�G���H�[�S�R�V�X�U�H���P�D�\���U�H�V�X�O�W���L�Q���V�N�L�Q���E�X�U�Q�V���D�Q�G���X�O�F�H�U�D�W�L�R�Q�V�����2�Y�H�U���H�[�S�R�V�X�U�H���E�\
�L�Q�K�D�O�D�W�L�R�Q���P�D�\���F�D�X�V�H���U�H�V�S�L�U�D�W�R�U�\���L�U�U�L�W�D�W�L�R�Q�����,�Q�I�O�D�P�P�D�W�L�R�Q���R�I���W�K�H���H�\�H���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���U�H�G�Q�H�V�V�����Z�D�W�H�U�L�Q�J�����D�Q�G���L�W�F�K�L�Q�J�����6�N�L�Q
�L�Q�I�O�D�P�P�D�W�L�R�Q���L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\���L�W�F�K�L�Q�J�����V�F�D�O�L�Q�J�����U�H�G�G�H�Q�L�Q�J�����R�U�����R�F�F�D�V�L�R�Q�D�O�O�\�����E�O�L�V�W�H�U�L�Q�J��

�)��������



�S������

�3�R�W�H�Q�W�L�D�O���&�K�U�R�Q�L�F���+�H�D�O�W�K���(�I�I�H�F�W�V��
�6�O�L�J�K�W�O�\���K�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���V�N�L�Q���F�R�Q�W�D�F�W�����V�H�Q�V�L�W�L�]�H�U�������&�$�5�&�,�1�2�*�(�1�,�&���(�)�)�(�&�7�6�����&�O�D�V�V�L�I�L�H�G���������1�R�W���F�O�D�V�V�L�I�L�D�E�O�H���I�R�U���K�X�P�D�Q����
�E�\���,�$�5�&���>�6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�@�����0�8�7�$�*�(�1�,�&���(�)�)�(�&�7�6�����0�X�W�D�J�H�Q�L�F���I�R�U���E�D�F�W�H�U�L�D���D�Q�G���R�U���\�H�D�V�W�����>�6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�@��
�0�X�W�D�J�H�Q�L�F���I�R�U���P�D�P�P�D�O�L�D�Q���V�R�P�D�W�L�F���F�H�O�O�V�����>�6�R�G�L�X�P���K�\�G�U�R�[�L�G�H�@�����7�(�5�$�7�2�*�(�1�,�&���(�)�)�(�&�7�6�����1�R�W���D�Y�D�L�O�D�E�O�H�����'�(�9�(�/�2�3�0�(�1�7�$�/
�7�2�;�,�&�,�7�<�����1�R�W���D�Y�D�L�O�D�E�O�H�����7�K�H���V�X�E�V�W�D�Q�F�H���P�D�\���E�H���W�R�[�L�F���W�R���O�X�Q�J�V�����P�X�F�R�X�V���P�H�P�E�U�D�Q�H�V�����V�N�L�Q�����H�\�H�V�����5�H�S�H�D�W�H�G���R�U���S�U�R�O�R�Q�J�H�G
�H�[�S�R�V�X�U�H���W�R���W�K�H���V�X�E�V�W�D�Q�F�H���F�D�Q���S�U�R�G�X�F�H���W�D�U�J�H�W���R�U�J�D�Q�V���G�D�P�D�J�H�����5�H�S�H�D�W�H�G���R�U���S�U�R�O�R�Q�J�H�G���F�R�Q�W�D�F�W���Z�L�W�K���V�S�U�D�\���P�L�V�W���P�D�\���S�U�R�G�X�F�H
�F�K�U�R�Q�L�F���H�\�H���L�U�U�L�W�D�W�L�R�Q���D�Q�G���V�H�Y�H�U�H���V�N�L�Q���L�U�U�L�W�D�W�L�R�Q�����5�H�S�H�D�W�H�G���R�U���S�U�R�O�R�Q�J�H�G���H�[�S�R�V�X�U�H���W�R���V�S�U�D�\���P�L�V�W���P�D�\���S�U�R�G�X�F�H���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W
�L�U�U�L�W�D�W�L�R�Q���O�H�D�G�L�Q�J���W�R���I�U�H�T�X�H�Q�W���D�W�W�D�F�N�V���R�I���E�U�R�Q�F�K�L�D�O���L�Q�I�H�F�W�L�R�Q��

�6�H�F�W�L�R�Q���������)�L�U�V�W���$�L�G���0�H�D�V�X�U�H�V

�(�\�H���&�R�Q�W�D�F�W��
�&�K�H�F�N���I�R�U���D�Q�G���U�H�P�R�Y�H���D�Q�\���F�R�Q�W�D�F�W���O�H�Q�V�H�V�����,�Q���F�D�V�H���R�I���F�R�Q�W�D�F�W�����L�P�P�H�G�L�D�W�H�O�\���I�O�X�V�K���H�\�H�V���Z�L�W�K���S�O�H�Q�W�\���R�I���Z�D�W�H�U���I�R�U���D�W���O�H�D�V�W������
�P�L�Q�X�W�H�V�����&�R�O�G���Z�D�W�H�U���P�D�\���E�H���X�V�H�G�����*�H�W���P�H�G�L�F�D�O���D�W�W�H�Q�W�L�R�Q���L�P�P�H�G�L�D�W�H�O�\��

�6�N�L�Q���&�R�Q�W�D�F�W��
�,�Q���F�D�V�H���R�I���F�R�Q�W�D�F�W�����L�P�P�H�G�L�D�W�H�O�\���I�O�X�V�K���V�N�L�Q���Z�L�W�K���S�O�H�Q�W�\���R�I���Z�D�W�H�U���I�R�U���D�W���O�H�D�V�W���������P�L�Q�X�W�H�V���Z�K�L�O�H���U�H�P�R�Y�L�Q�J���F�R�Q�W�D�P�L�Q�D�W�H�G���F�O�R�W�K�L�Q�J
�D�Q�G���V�K�R�H�V�����&�R�Y�H�U���W�K�H���L�U�U�L�W�D�W�H�G���V�N�L�Q���Z�L�W�K���D�Q���H�P�R�O�O�L�H�Q�W�����&�R�O�G���Z�D�W�H�U���P�D�\���E�H���X�V�H�G���:�D�V�K���F�O�R�W�K�L�Q�J���E�H�I�R�U�H���U�H�X�V�H�����7�K�R�U�R�X�J�K�O�\���F�O�H�D�Q
�V�K�R�H�V���E�H�I�R�U�H���U�H�X�V�H�����*�H�W���P�H�G�L�F�D�O���D�W�W�H�Q�W�L�R�Q���L�P�P�H�G�L�D�W�H�O�\��

�6�H�U�L�R�X�V���6�N�L�Q���&�R�Q�W�D�F�W��
�:�D�V�K���Z�L�W�K���D���G�L�V�L�Q�I�H�F�W�D�Q�W���V�R�D�S���D�Q�G���F�R�Y�H�U���W�K�H���F�R�Q�W�D�P�L�Q�D�W�H�G���V�N�L�Q���Z�L�W�K���D�Q���D�Q�W�L���E�D�F�W�H�U�L�D�O���F�U�H�D�P�����6�H�H�N���P�H�G�L�F�D�O���D�W�W�H�Q�W�L�R�Q��

�,�Q�K�D�O�D�W�L�R�Q��
�,�I���L�Q�K�D�O�H�G�����U�H�P�R�Y�H���W�R���I�U�H�V�K���D�L�U�����,�I���Q�R�W���E�U�H�D�W�K�L�Q�J�����J�L�Y�H���D�U�W�L�I�L�F�L�D�O���U�H�V�S�L�U�D�W�L�R�Q�����,�I���E�U�H�D�W�K�L�Q�J���L�V���G�L�I�I�L�F�X�O�W�����J�L�Y�H���R�[�\�J�H�Q�����*�H�W���P�H�G�L�F�D�O
�D�W�W�H�Q�W�L�R�Q���L�P�P�H�G�L�D�W�H�O�\��

�6�H�U�L�R�X�V���,�Q�K�D�O�D�W�L�R�Q��
�(�Y�D�F�X�D�W�H���W�K�H���Y�L�F�W�L�P���W�R���D���V�D�I�H���D�U�H�D���D�V���V�R�R�Q���D�V���S�R�V�V�L�E�O�H�����/�R�R�V�H�Q���W�L�J�K�W���F�O�R�W�K�L�Q�J���V�X�F�K���D�V���D���F�R�O�O�D�U�����W�L�H�����E�H�O�W���R�U���Z�D�L�V�W�E�D�Q�G�����,�I
�E�U�H�D�W�K�L�Q�J���L�V���G�L�I�I�L�F�X�O�W�����D�G�P�L�Q�L�V�W�H�U���R�[�\�J�H�Q�����,�I���W�K�H���Y�L�F�W�L�P���L�V���Q�R�W���E�U�H�D�W�K�L�Q�J�����S�H�U�I�R�U�P���P�R�X�W�K���W�R���P�R�X�W�K���U�H�V�X�V�F�L�W�D�W�L�R�Q�����6�H�H�N���P�H�G�L�F�D�O
�D�W�W�H�Q�W�L�R�Q��

�,�Q�J�H�V�W�L�R�Q��
�'�R���1�2�7���L�Q�G�X�F�H���Y�R�P�L�W�L�Q�J���X�Q�O�H�V�V���G�L�U�H�F�W�H�G���W�R���G�R���V�R���E�\���P�H�G�L�F�D�O���S�H�U�V�R�Q�Q�H�O�����1�H�Y�H�U���J�L�Y�H���D�Q�\�W�K�L�Q�J���E�\���P�R�X�W�K���W�R���D�Q���X�Q�F�R�Q�V�F�L�R�X�V
�S�H�U�V�R�Q�����/�R�R�V�H�Q���W�L�J�K�W���F�O�R�W�K�L�Q�J���V�X�F�K���D�V���D���F�R�O�O�D�U�����W�L�H�����E�H�O�W���R�U���Z�D�L�V�W�E�D�Q�G�����*�H�W���P�H�G�L�F�D�O���D�W�W�H�Q�W�L�R�Q���L�I���V�\�P�S�W�R�P�V���D�S�S�H�D�U��

�6�H�U�L�R�X�V���,�Q�J�H�V�W�L�R�Q�����1�R�W���D�Y�D�L�O�D�E�O�H��

�6�H�F�W�L�R�Q���������)�L�U�H���D�Q�G���(�[�S�O�R�V�L�R�Q���'�D�W�D

�)�O�D�P�P�D�E�L�O�L�W�\���R�I���W�K�H���3�U�R�G�X�F�W�����1�R�Q���I�O�D�P�P�D�E�O�H��

�$�X�W�R���,�J�Q�L�W�L�R�Q���7�H�P�S�H�U�D�W�X�U�H�����1�R�W���D�S�S�O�L�F�D�E�O�H��

�)�O�D�V�K���3�R�L�Q�W�V�����1�R�W���D�S�S�O�L�F�D�E�O�H��

�)�O�D�P�P�D�E�O�H���/�L�P�L�W�V�����1�R�W���D�S�S�O�L�F�D�E�O�H��

�3�U�R�G�X�F�W�V���R�I���&�R�P�E�X�V�W�L�R�Q�����1�R�W���D�Y�D�L�O�D�E�O�H��

�)�L�U�H���+�D�]�D�U�G�V���L�Q���3�U�H�V�H�Q�F�H���R�I���9�D�U�L�R�X�V���6�X�E�V�W�D�Q�F�H�V�����F�R�P�E�X�V�W�L�E�O�H���P�D�W�H�U�L�D�O�V�����P�H�W�D�O�V�����R�U�J�D�Q�L�F���P�D�W�H�U�L�D�O�V

�(�[�S�O�R�V�L�R�Q���+�D�]�D�U�G�V���L�Q���3�U�H�V�H�Q�F�H���R�I���9�D�U�L�R�X�V���6�X�E�V�W�D�Q�F�H�V��
�6�O�L�J�K�W�O�\���H�[�S�O�R�V�L�Y�H���L�Q���S�U�H�V�H�Q�F�H���R�I���R�S�H�Q���I�O�D�P�H�V���D�Q�G���V�S�D�U�N�V�����1�R�Q���H�[�S�O�R�V�L�Y�H���L�Q���S�U�H�V�H�Q�F�H���R�I���V�K�R�F�N�V��

�)�L�U�H���)�L�J�K�W�L�Q�J���0�H�G�L�D���D�Q�G���,�Q�V�W�U�X�F�W�L�R�Q�V�����1�R�W���D�S�S�O�L�F�D�E�O�H��

�6�S�H�F�L�D�O���5�H�P�D�U�N�V���R�Q���)�L�U�H���+�D�]�D�U�G�V��
�5�H�O�H�D�V�H�V���F�K�O�R�U�L�Q�H���Z�K�H�Q���K�H�D�W�H�G���D�E�R�Y�H���������G�H�J�����&�����7�K�H���V�X�E�V�W�D�Q�F�H���L�W�V�H�O�I���L�V���Q�R�Q���F�R�P�E�X�V�W�L�E�O�H���D�Q�G���G�R�H�V���Q�R�W���E�X�U�Q�����+�R�Z�H�Y�H�U��
�Z�K�H�Q���K�H�D�W�H�G���W�R���G�H�F�R�P�S�R�V�L�W�L�R�Q���L�W���H�P�L�W�V���F�R�U�U�R�V�L�Y�H���D�Q�G���R�U���W�R�[�L�F���I�X�P�H�V�����0�D�\���L�J�Q�L�W�H���F�R�P�E�X�V�W�L�E�O�H�V�����)�L�U�H���U�L�V�N���L�Q���F�R�Q�W�D�F�W���Z�L�W�K���R�U�J�D�Q�L�F
�P�D�W�H�U�L�D�O�V�����&�R�Q�W�D�F�W���Z�L�W�K���P�H�W�D�O�V���P�D�\���H�Y�R�O�Y�H���I�O�D�P�P�D�E�O�H���K�\�G�U�R�J�H�Q���J�D�V��

�)��������



�S������

�6�S�H�F�L�D�O���5�H�P�D�U�N�V���R�Q���(�[�S�O�R�V�L�R�Q���+�D�]�D�U�G�V��
�$�Q�\�G�U�R�X�V���6�R�G�L�X�P���+�\�S�R�F�K�O�R�U�L�W�H���L�V���Y�H�U�\���H�[�S�O�R�V�L�Y�H�����3�U�L�P�D�U�\���D�P�L�Q�H�V���D�Q�G���F�D�O�F�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���R�U���V�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���U�H�D�F�W
�W�R���I�R�U�P���Q�R�U�P�D�O���F�K�O�R�U�R�D�P�L�Q�H�V�����Z�K�L�F�K���D�U�H���H�[�S�O�R�V�L�Y�H�����,�Q�W�H�U�D�F�W�L�R�Q���R�I���H�W�K�\�O�H�Q�H�L�P�L�Q�H���Z�L�W�K���V�R�G�L�X�P�����R�U���R�W�K�H�U�����K�\�S�R�F�K�O�R�U�L�W�H���J�L�Y�H�V
�W�K�H���H�[�S�O�R�V�L�Y�H���1���F�K�O�R�U�R���F�P�S�G�����5�H�P�R�Y�D�O���R�I���I�R�U�P�L�F���D�F�L�G���I�U�R�P���L�Q�G�X�V�W�U�L�D�O���Z�D�V�W�H���V�W�U�H�D�P�V���Z�L�W�K���V�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���V�R�O�Q���E�H�F�R�P�H�V
�H�[�S�O�R�V�L�Y�H���D�W���������G�H�J���&�����6�H�Y�H�U�D�O���H�[�S�O�R�V�L�R�Q�V���L�Q�Y�R�O�Y�L�Q�J���P�H�W�K�D�Q�R�O���D�Q�G���V�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���Z�H�U�H���D�W�W�U�L�E�X�W�H�G���W�R���I�R�U�P�D�W�L�R�Q���R�I���P�H�W�K�\�O
�K�\�S�R�F�K�O�R�U�L�W�H�����H�V�S�H�F�L�D�O�O�\���L�Q���S�U�H�V�H�Q�F�H���R�I���D�F�L�G���R�U���R�W�K�H�U���H�V�W�H�U�L�I�L�F�D�W�L�R�Q���F�D�W�D�O�\�V�W�����8�V�H���R�I���V�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���V�R�O�Q���W�R���G�H�V�W�U�R�\���D�F�L�G�L�I�L�H�G
�E�H�Q�]�\�O���F�\�D�Q�L�G�H���U�H�V�L�G�X�H�V���F�D�X�V�H�G���D���Y�L�R�O�H�Q�W���H�[�S�O�R�V�L�R�Q�����W�K�R�X�J�K�W���W�R���K�D�Y�H���E�H�H�Q���G�X�H���W�R���I�R�U�P�D�W�L�R�Q���R�I���Q�L�W�U�R�J�H�Q���W�U�L�F�K�O�R�U�L�G�H�������6�R�G�L�X�P
�K�\�S�R�F�K�O�R�U�L�W�H��

�6�H�F�W�L�R�Q���������$�F�F�L�G�H�Q�W�D�O���5�H�O�H�D�V�H���0�H�D�V�X�U�H�V

�6�P�D�O�O���6�S�L�O�O��
�'�L�O�X�W�H���Z�L�W�K���Z�D�W�H�U���D�Q�G���P�R�S���X�S�����R�U���D�E�V�R�U�E���Z�L�W�K���D�Q���L�Q�H�U�W���G�U�\���P�D�W�H�U�L�D�O���D�Q�G���S�O�D�F�H���L�Q���D�Q���D�S�S�U�R�S�U�L�D�W�H���Z�D�V�W�H���G�L�V�S�R�V�D�O���F�R�Q�W�D�L�Q�H�U��

�/�D�U�J�H���6�S�L�O�O��
�&�R�U�U�R�V�L�Y�H���O�L�T�X�L�G�����2�[�L�G�L�]�L�Q�J���P�D�W�H�U�L�D�O�����6�W�R�S���O�H�D�N���L�I���Z�L�W�K�R�X�W���U�L�V�N�����$�E�V�R�U�E���Z�L�W�K���'�5�<���H�D�U�W�K�����V�D�Q�G���R�U���R�W�K�H�U���Q�R�Q���F�R�P�E�X�V�W�L�E�O�H���P�D�W�H�U�L�D�O��
�'�R���Q�R�W���J�H�W���Z�D�W�H�U���L�Q�V�L�G�H���F�R�Q�W�D�L�Q�H�U�����$�Y�R�L�G���F�R�Q�W�D�F�W���Z�L�W�K���D���F�R�P�E�X�V�W�L�E�O�H���P�D�W�H�U�L�D�O�����Z�R�R�G�����S�D�S�H�U�����R�L�O�����F�O�R�W�K�L�Q�J�������������.�H�H�S���V�X�E�V�W�D�Q�F�H
�G�D�P�S���X�V�L�Q�J���Z�D�W�H�U���V�S�U�D�\�����'�R���Q�R�W���W�R�X�F�K���V�S�L�O�O�H�G���P�D�W�H�U�L�D�O�����8�V�H���Z�D�W�H�U���V�S�U�D�\���F�X�U�W�D�L�Q���W�R���G�L�Y�H�U�W���Y�D�S�R�U���G�U�L�I�W�����3�U�H�Y�H�Q�W���H�Q�W�U�\���L�Q�W�R���V�H�Z�H�U�V��
�E�D�V�H�P�H�Q�W�V���R�U���F�R�Q�I�L�Q�H�G���D�U�H�D�V�����G�L�N�H���L�I���Q�H�H�G�H�G�����&�D�O�O���I�R�U���D�V�V�L�V�W�D�Q�F�H���R�Q���G�L�V�S�R�V�D�O�����%�H���F�D�U�H�I�X�O���W�K�D�W���W�K�H���S�U�R�G�X�F�W���L�V���Q�R�W���S�U�H�V�H�Q�W���D�W���D
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���O�H�Y�H�O���D�E�R�Y�H���7�/�9�����&�K�H�F�N���7�/�9���R�Q���W�K�H���0�6�'�6���D�Q�G���Z�L�W�K���O�R�F�D�O���D�X�W�K�R�U�L�W�L�H�V��

�6�H�F�W�L�R�Q���������+�D�Q�G�O�L�Q�J���D�Q�G���6�W�R�U�D�J�H

�3�U�H�F�D�X�W�L�R�Q�V��
�.�H�H�S���O�R�F�N�H�G���X�S�������.�H�H�S���F�R�Q�W�D�L�Q�H�U���G�U�\�����.�H�H�S���D�Z�D�\���I�U�R�P���K�H�D�W�����.�H�H�S���D�Z�D�\���I�U�R�P���V�R�X�U�F�H�V���R�I���L�J�Q�L�W�L�R�Q�����.�H�H�S���D�Z�D�\���I�U�R�P���F�R�P�E�X�V�W�L�E�O�H
�P�D�W�H�U�L�D�O�������'�R���Q�R�W���L�Q�J�H�V�W�����'�R���Q�R�W���E�U�H�D�W�K�H���J�D�V���I�X�P�H�V�����Y�D�S�R�U���V�S�U�D�\�����1�H�Y�H�U���D�G�G���Z�D�W�H�U���W�R���W�K�L�V���S�U�R�G�X�F�W�����,�Q���F�D�V�H���R�I���L�Q�V�X�I�I�L�F�L�H�Q�W
�Y�H�Q�W�L�O�D�W�L�R�Q�����Z�H�D�U���V�X�L�W�D�E�O�H���U�H�V�S�L�U�D�W�R�U�\���H�T�X�L�S�P�H�Q�W�����,�I���L�Q�J�H�V�W�H�G�����V�H�H�N���P�H�G�L�F�D�O���D�G�Y�L�F�H���L�P�P�H�G�L�D�W�H�O�\���D�Q�G���V�K�R�Z���W�K�H���F�R�Q�W�D�L�Q�H�U���R�U
�W�K�H���O�D�E�H�O�����$�Y�R�L�G���F�R�Q�W�D�F�W���Z�L�W�K���V�N�L�Q���D�Q�G���H�\�H�V�����.�H�H�S���D�Z�D�\���I�U�R�P���L�Q�F�R�P�S�D�W�L�E�O�H�V���V�X�F�K���D�V���U�H�G�X�F�L�Q�J���D�J�H�Q�W�V�����F�R�P�E�X�V�W�L�E�O�H���P�D�W�H�U�L�D�O�V��
�R�U�J�D�Q�L�F���P�D�W�H�U�L�D�O�V�����P�H�W�D�O�V�����D�F�L�G�V��

�6�W�R�U�D�J�H��
�.�H�H�S���F�R�Q�W�D�L�Q�H�U���W�L�J�K�W�O�\���F�O�R�V�H�G�����.�H�H�S���F�R�Q�W�D�L�Q�H�U���L�Q���D���F�R�R�O�����Z�H�O�O���Y�H�Q�W�L�O�D�W�H�G���D�U�H�D�����6�H�S�D�U�D�W�H���I�U�R�P���D�F�L�G�V�����D�O�N�D�O�L�H�V�����U�H�G�X�F�L�Q�J���D�J�H�Q�W�V
�D�Q�G���F�R�P�E�X�V�W�L�E�O�H�V�����6�H�H���1�)�3�$�������$�����&�R�G�H���I�R�U���W�K�H���6�W�R�U�D�J�H���R�I���/�L�T�X�L�G���D�Q�G���6�R�O�L�G���2�[�L�G�L�]�H�U�V�����$�L�U���6�H�Q�V�L�W�L�Y�H���6�H�Q�V�L�W�L�Y�H���W�R���O�L�J�K�W�����6�W�R�U�H���L�Q
�O�L�J�K�W���U�H�V�L�V�W�D�Q�W���F�R�Q�W�D�L�Q�H�U�V��

�6�H�F�W�L�R�Q���������(�[�S�R�V�X�U�H���&�R�Q�W�U�R�O�V���3�H�U�V�R�Q�D�O���3�U�R�W�H�F�W�L�R�Q

�(�Q�J�L�Q�H�H�U�L�Q�J���&�R�Q�W�U�R�O�V��
�3�U�R�Y�L�G�H���H�[�K�D�X�V�W���Y�H�Q�W�L�O�D�W�L�R�Q���R�U���R�W�K�H�U���H�Q�J�L�Q�H�H�U�L�Q�J���F�R�Q�W�U�R�O�V���W�R���N�H�H�S���W�K�H���D�L�U�E�R�U�Q�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���Y�D�S�R�U�V���E�H�O�R�Z���W�K�H�L�U���U�H�V�S�H�F�W�L�Y�H
�W�K�U�H�V�K�R�O�G���O�L�P�L�W���Y�D�O�X�H��

�3�H�U�V�R�Q�D�O���3�U�R�W�H�F�W�L�R�Q��
�)�D�F�H���V�K�L�H�O�G�����)�X�O�O���V�X�L�W�����9�D�S�R�U���U�H�V�S�L�U�D�W�R�U�����%�H���V�X�U�H���W�R���X�V�H���D�Q���D�S�S�U�R�Y�H�G���F�H�U�W�L�I�L�H�G���U�H�V�S�L�U�D�W�R�U���R�U���H�T�X�L�Y�D�O�H�Q�W�����*�O�R�Y�H�V�����%�R�R�W�V��

�3�H�U�V�R�Q�D�O���3�U�R�W�H�F�W�L�R�Q���L�Q���&�D�V�H���R�I���D���/�D�U�J�H���6�S�L�O�O��
�6�S�O�D�V�K���J�R�J�J�O�H�V�����)�X�O�O���V�X�L�W�����9�D�S�R�U���U�H�V�S�L�U�D�W�R�U�����%�R�R�W�V�����*�O�R�Y�H�V�����$���V�H�O�I���F�R�Q�W�D�L�Q�H�G���E�U�H�D�W�K�L�Q�J���D�S�S�D�U�D�W�X�V���V�K�R�X�O�G���E�H���X�V�H�G���W�R���D�Y�R�L�G
�L�Q�K�D�O�D�W�L�R�Q���R�I���W�K�H���S�U�R�G�X�F�W�����6�X�J�J�H�V�W�H�G���S�U�R�W�H�F�W�L�Y�H���F�O�R�W�K�L�Q�J���P�L�J�K�W���Q�R�W���E�H���V�X�I�I�L�F�L�H�Q�W�����F�R�Q�V�X�O�W���D���V�S�H�F�L�D�O�L�V�W���%�(�)�2�5�(���K�D�Q�G�O�L�Q�J���W�K�L�V
�S�U�R�G�X�F�W��

�(�[�S�R�V�X�U�H���/�L�P�L�W�V��
�6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���7�:�$���������&�(�,�/�����������S�S�P���D�V���&�O�������6�7�(�/�����������S�S�P���D�V���&�O�������I�U�R�P���$�&�*�,�+�����7�/�9�����>�8�Q�L�W�H�G���6�W�D�W�H�V�@���6�R�G�L�X�P���K�\�G�U�R�[�L�G�H
�6�7�(�/�����������P�J���P�������I�U�R�P���$�&�*�,�+�����7�/�9�����>�8�Q�L�W�H�G���6�W�D�W�H�V�@���7�:�$���������&�(�,�/�����������P�J���P�������I�U�R�P���2�6�+�$�����3�(�/�����>�8�Q�L�W�H�G���6�W�D�W�H�V�@���&�(�,�/�����������P�J��
�P�������I�U�R�P���1�,�2�6�+���&�R�Q�V�X�O�W���O�R�F�D�O���D�X�W�K�R�U�L�W�L�H�V���I�R�U���D�F�F�H�S�W�D�E�O�H���H�[�S�R�V�X�U�H���O�L�P�L�W�V��

�6�H�F�W�L�R�Q���������3�K�\�V�L�F�D�O���D�Q�G���&�K�H�P�L�F�D�O���3�U�R�S�H�U�W�L�H�V

�)��������



�S������

�3�K�\�V�L�F�D�O���V�W�D�W�H���D�Q�G���D�S�S�H�D�U�D�Q�F�H�����/�L�T�X�L�G��

�2�G�R�U�����&�K�D�U�D�F�W�H�U�L�V�W�L�F�����&�K�O�R�U�L�Q�H���O�L�N�H�����6�O�L�J�K�W����

�7�D�V�W�H�����1�R�W���D�Y�D�L�O�D�E�O�H��

�0�R�O�H�F�X�O�D�U���:�H�L�J�K�W�����1�R�W���D�S�S�O�L�F�D�E�O�H��

�&�R�O�R�U�����&�R�O�R�U�O�H�V�V���W�R���O�L�J�K�W���J�U�H�H�Q�L�V�K���\�H�O�O�R�Z

�S�+�����������V�R�O�Q���Z�D�W�H�U�������1�H�X�W�U�D�O��

�%�R�L�O�L�Q�J���3�R�L�Q�W�����'�H�F�R�P�S�R�V�L�W�L�R�Q���W�H�P�S�H�U�D�W�X�U�H���������ƒ�&�����������ƒ�)��

�0�H�O�W�L�Q�J���3�R�L�Q�W�����1�R�W���D�Y�D�L�O�D�E�O�H��

�&�U�L�W�L�F�D�O���7�H�P�S�H�U�D�W�X�U�H�����1�R�W���D�Y�D�L�O�D�E�O�H��

�6�S�H�F�L�I�L�F���*�U�D�Y�L�W�\���������������������������������:�D�W�H�U��� ������

�9�D�S�R�U���3�U�H�V�V�X�U�H�������������N�3�D�����#�������ƒ�&��

�9�D�S�R�U���'�H�Q�V�L�W�\�����7�K�H���K�L�J�K�H�V�W���N�Q�R�Z�Q���Y�D�O�X�H���L�V���������������$�L�U��� �����������:�D�W�H�U����

�9�R�O�D�W�L�O�L�W�\�����1�R�W���D�Y�D�L�O�D�E�O�H��

�2�G�R�U���7�K�U�H�V�K�R�O�G�����1�R�W���D�Y�D�L�O�D�E�O�H��

�:�D�W�H�U���2�L�O���'�L�V�W�����&�R�H�I�I�������1�R�W���D�Y�D�L�O�D�E�O�H��

�,�R�Q�L�F�L�W�\�����L�Q���:�D�W�H�U�������1�R�W���D�Y�D�L�O�D�E�O�H��

�'�L�V�S�H�U�V�L�R�Q���3�U�R�S�H�U�W�L�H�V�����6�H�H���V�R�O�X�E�L�O�L�W�\���L�Q���Z�D�W�H�U��

�6�R�O�X�E�L�O�L�W�\�����(�D�V�L�O�\���V�R�O�X�E�O�H���L�Q���F�R�O�G���Z�D�W�H�U��

�6�H�F�W�L�R�Q�����������6�W�D�E�L�O�L�W�\���D�Q�G���5�H�D�F�W�L�Y�L�W�\���'�D�W�D

�6�W�D�E�L�O�L�W�\�����7�K�H���S�U�R�G�X�F�W���L�V���V�W�D�E�O�H��

�,�Q�V�W�D�E�L�O�L�W�\���7�H�P�S�H�U�D�W�X�U�H�����1�R�W���D�Y�D�L�O�D�E�O�H��

�&�R�Q�G�L�W�L�R�Q�V���R�I���,�Q�V�W�D�E�L�O�L�W�\�����,�Q�F�R�P�S�D�W�L�E�O�H���P�D�W�H�U�L�D�O�V�����O�L�J�K�W�����D�L�U�����K�H�D�W

�,�Q�F�R�P�S�D�W�L�E�L�O�L�W�\���Z�L�W�K���Y�D�U�L�R�X�V���V�X�E�V�W�D�Q�F�H�V�����5�H�D�F�W�L�Y�H���Z�L�W�K���U�H�G�X�F�L�Q�J���D�J�H�Q�W�V�����F�R�P�E�X�V�W�L�E�O�H���P�D�W�H�U�L�D�O�V�����R�U�J�D�Q�L�F���P�D�W�H�U�L�D�O�V�����P�H�W�D�O�V��
�D�F�L�G�V��

�&�R�U�U�R�V�L�Y�L�W�\��
�(�[�W�U�H�P�H�O�\���F�R�U�U�R�V�L�Y�H���L�Q���S�U�H�V�H�Q�F�H���R�I���D�O�X�P�L�Q�X�P�����&�R�U�U�R�V�L�Y�H���L�Q���S�U�H�V�H�Q�F�H���R�I���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���������������R�I���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���������������1�R�Q��
�F�R�U�U�R�V�L�Y�H���L�Q���S�U�H�V�H�Q�F�H���R�I���J�O�D�V�V��

�6�S�H�F�L�D�O���5�H�P�D�U�N�V���R�Q���5�H�D�F�W�L�Y�L�W�\��
�'�H�F�R�P�S�R�V�H�G���E�\���F�D�U�E�R�Q���G�L�R�[�L�G�H���I�U�R�P���D�L�U�����6�O�R�Z�O�\���G�H�F�R�P�S�R�V�H�V���R�Q���F�R�Q�W�D�F�W���Z�L�W�K���D�L�U�����8�Q�V�W�D�E�O�H���L�Q���D�L�U���X�Q�O�H�V�V���P�L�[�H�G���Z�L�W�K���V�R�G�L�X�P
�K�\�G�U�R�[�L�G�H�����,�Q�F�R�P�S�D�W�L�E�O�H���Z�L�W�K���D�P�P�R�Q�L�X�P���D�F�H�W�D�W�H�����D�P�P�R�Q�L�X�P���F�D�U�E�R�Q�D�W�H�����D�P�P�R�Q�L�X�P���Q�L�W�U�D�W�H�����D�P�P�R�Q�L�X�P���R�[�D�O�D�W�H�����D�Q�G
�D�P�P�R�Q�L�X�P���S�K�R�V�S�K�D�W�H�����'�H�F�R�P�S�R�V�W�L�R�Q���R�I���V�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���W�D�N�H�V���S�O�D�F�H���Z�L�W�K�L�Q���D���I�H�Z���V�H�F�R�Q�G�V���Z�L�W�K���W�K�H�V�H���V�D�O�W�V�����$�O�V�R
�L�Q�F�R�P�S�D�W�L�E�O�H���Z�L�W�K���S�U�L�P�D�U�\���D�P�L�Q�H�V�����S�K�H�Q�\�O���D�F�H�W�R�Q�L�W�U�L�O�H�����H�W�K�\�O�H�Q�H�L�P�L�Q�H�����P�H�W�K�D�Q�R�O�����D�F�L�G�L�I�L�H�G���E�H�Q�]�\�O���F�\�D�Q�L�G�H�����I�R�U�P�L�F���D�F�L�G��
�X�U�H�D�����Q�L�W�U�R���F�R�P�S�R�X�Q�G�V�����P�H�W�K�\�O�V�F�H�O�O�X�O�R�V�H�����F�H�O�O�R�O�X�V�H�����D�]�L�U�L�G�L�Q�H�����H�W�K�H�U�����D�P�P�R�Q�L�D�����0�L�[�L�Q�J���W�K�L�V���S�U�R�G�X�F�W���Z�L�W�K���F�K�H�P�L�F�D�O�V�����H���J��
�D�P�P�R�Q�L�D�����D�F�L�G�V�����G�H�W�H�U�J�H�Q�W�V�����H�W�F�������R�U���R�U�J�D�Q�L�F���P�D�W�W�H�U�����H���J�����X�U�L�Q�H�����I�H�F�H�V�����H�W�F�������Z�L�O�O���U�H�O�H�D�V�H���F�K�O�R�U�L�Q�H���J�D�V�����&�K�O�R�U�D�P�L�Q�H���J�D�V���P�D�\���E�H
�H�Y�R�O�Y�H�G���Z�K�H�Q���D�P�P�R�Q�L�D���D�Q�G���E�O�H�D�F�K���D�U�H���P�L�[�H�G�����'�H�F�R�P�S�R�V�H�G���E�\���K�R�W���Z�D�W�H�U�����6�H�Q�V�L�W�L�Y�H���W�R���O�L�J�K�W�����(�[�S�R�V�X�U�H���W�R���O�L�J�K�W���D�F�F�H�O�H�U�D�W�H�V
�G�H�F�R�P�S�R�V�L�W�R�Q��

�6�S�H�F�L�D�O���5�H�P�D�U�N�V���R�Q���&�R�U�U�R�V�L�Y�L�W�\��
�6�R�G�L�X�P���+�\�S�R�F�K�O�R�U�L�W�H���L�V���H�[�W�U�H�P�H�O�\���F�R�U�U�R�V�L�Y�H���W�R���E�U�D�V�V�����D�Q�G���P�R�G�H�U�D�W�H�O�\���F�R�U�U�R�V�L�Y�H���W�R���E�U�R�Q�]�H�����7�K�H�U�H���L�V���Q�R���F�R�U�U�R�V�L�Y�L�W�\���L�Q�I�R�U�P�D�W�L�R�Q
�I�R�U���F�R�S�S�H�U��

�3�R�O�\�P�H�U�L�]�D�W�L�R�Q�����:�L�O�O���Q�R�W���R�F�F�X�U��

�)��������



�S������

�6�H�F�W�L�R�Q�����������7�R�[�L�F�R�O�R�J�L�F�D�O���,�Q�I�R�U�P�D�W�L�R�Q

�5�R�X�W�H�V���R�I���(�Q�W�U�\�����$�E�V�R�U�E�H�G���W�K�U�R�X�J�K���V�N�L�Q�����(�\�H���F�R�Q�W�D�F�W�����,�Q�K�D�O�D�W�L�R�Q�����,�Q�J�H�V�W�L�R�Q��

�7�R�[�L�F�L�W�\���W�R���$�Q�L�P�D�O�V�����$�F�X�W�H���R�U�D�O���W�R�[�L�F�L�W�\�����/�'���������������������P�J���N�J���>�0�R�X�V�H�@�������6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H����

�&�K�U�R�Q�L�F���(�I�I�H�F�W�V���R�Q���+�X�P�D�Q�V��
�&�$�5�&�,�1�2�*�(�1�,�&���(�)�)�(�&�7�6�����&�O�D�V�V�L�I�L�H�G���������1�R�W���F�O�D�V�V�L�I�L�D�E�O�H���I�R�U���K�X�P�D�Q�������E�\���,�$�5�&���>�6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�@�����0�8�7�$�*�(�1�,�&
�(�)�)�(�&�7�6�����0�X�W�D�J�H�Q�L�F���I�R�U���E�D�F�W�H�U�L�D���D�Q�G���R�U���\�H�D�V�W�����>�6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�@�����0�X�W�D�J�H�Q�L�F���I�R�U���P�D�P�P�D�O�L�D�Q���V�R�P�D�W�L�F���F�H�O�O�V�����>�6�R�G�L�X�P
�K�\�G�U�R�[�L�G�H�@�����&�R�Q�W�D�L�Q�V���P�D�W�H�U�L�D�O���Z�K�L�F�K���P�D�\���F�D�X�V�H���G�D�P�D�J�H���W�R���W�K�H���I�R�O�O�R�Z�L�Q�J���R�U�J�D�Q�V�����O�X�Q�J�V�����P�X�F�R�X�V���P�H�P�E�U�D�Q�H�V�����V�N�L�Q�����H�\�H�V��

�2�W�K�H�U���7�R�[�L�F���(�I�I�H�F�W�V���R�Q���+�X�P�D�Q�V��
�9�H�U�\���K�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���V�N�L�Q���F�R�Q�W�D�F�W�����L�U�U�L�W�D�Q�W�������R�I���L�Q�J�H�V�W�L�R�Q���������+�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���V�N�L�Q���F�R�Q�W�D�F�W�����F�R�U�U�R�V�L�Y�H�������R�I���H�\�H���F�R�Q�W�D�F�W
���F�R�U�U�R�V�L�Y�H�������6�O�L�J�K�W�O�\���K�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���L�Q�K�D�O�D�W�L�R�Q�����O�X�Q�J���V�H�Q�V�L�W�L�]�H�U�����O�X�Q�J���F�R�U�U�R�V�L�Y�H����

�6�S�H�F�L�D�O���5�H�P�D�U�N�V���R�Q���7�R�[�L�F�L�W�\���W�R���$�Q�L�P�D�O�V�����1�R�W���D�Y�D�L�O�D�E�O�H��

�6�S�H�F�L�D�O���5�H�P�D�U�N�V���R�Q���&�K�U�R�Q�L�F���(�I�I�H�F�W�V���R�Q���+�X�P�D�Q�V�����0�D�\���D�I�I�H�F�W���J�H�Q�H�W�L�F���P�D�W�H�U�L�D�O�����P�X�W�D�J�H�Q�L�F�������6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H��

�6�S�H�F�L�D�O���5�H�P�D�U�N�V���R�Q���R�W�K�H�U���7�R�[�L�F���(�I�I�H�F�W�V���R�Q���+�X�P�D�Q�V��
�3�R�W�H�Q�W�L�D�O���+�H�D�O�W�K���(�I�I�H�F�W�V�����&�D�Q���F�D�X�V�H���V�H�Y�H�U�H���L�U�U�L�W�D�W�L�R�Q���D�Q�G���S�R�V�V�L�E�O�H���E�X�U�Q�V���W�R���V�N�L�Q���D�Q�G���H�\�H�V�����(�\�H���F�R�Q�W�D�F�W���P�D�\���D�O�V�R���F�D�X�V�H
�F�R�U�Q�H�D�O���D�Q�G���F�R�Q�M�X�Q�F�W�L�Y�D�O���H�G�H�P�D�����F�R�Q�M�X�Q�F�W�L�Y�D�O���K�H�P�R�U�U�K�D�J�H�V�����&�R�Q�W�D�F�W���Z�L�W�K���V�N�L�Q���P�D�\���D�O�V�R���F�D�X�V�H���Y�H�V�L�F�X�O�D�U���H�U�X�S�W�L�R�Q�V���D�Q�G
�H�F�]�H�P�D�W�R�L�G���G�H�U�P�D�W�L�W�L�V���Z�K�L�F�K���E�H�F�R�P�H�V���H�Y�L�G�H�Q�W���X�S�R�Q���U�H���H�[�S�R�V�X�U�H�����3�U�R�O�R�Q�J�H�G���R�U���U�H�S�H�D�W�H�G���H�\�H���F�R�Q�W�D�F�W���P�D�\���F�D�X�V�H���F�R�Q�M�X�Q�F�W�L�Y�L�W�L�V��
�,�Q�J�H�V�W�L�R�Q���F�D�Q���F�D�X�V�H���E�X�U�Q�V���W�R���W�K�H���G�L�J�H�V�W�L�Y�H���W�U�D�F�W�����6�\�P�S�W�R�P�V���P�D�\���L�Q�F�O�X�G�H�����������S�D�L�Q���D�Q�G���L�Q�I�O�D�P�P�D�W�L�R�Q���R�I���W�K�H���P�R�X�W�K�����S�K�D�U�\�Q�[��
�H�V�R�S�K�D�J�X�V�����D�Q�G���V�W�R�P�D�F�K�����������H�U�R�V�L�R�Q���R�I���W�K�H���P�X�F�R�X�V���P�H�P�E�U�D�Q�H�V�����F�K�L�H�I�O�\���R�I���W�K�H���V�W�R�P�D�F�K�������Q�D�X�V�H�D�����Y�R�P�L�W�L�Q�J�����F�K�R�N�L�Q�J��
�F�R�X�J�K�L�Q�J�����K�H�P�R�U�U�K�D�J�H�����������F�L�U�F�X�O�D�W�R�U�\���F�R�O�O�D�S�V�H���Z�L�W�K���F�R�O�G���D�Q�G���F�O�D�P�P�\���V�N�L�Q�����G�X�H���W�R���P�H�W�K�H�P�R�J�O�R�E�L�Q�H�P�L�D�������F�\�D�Q�R�V�L�V�����D�Q�G���V�K�D�O�O�R�Z
�U�H�V�S�L�U�D�W�L�R�Q�V�����������F�R�Q�I�X�V�L�R�Q�����G�H�O�L�U�L�X�P�����F�R�P�D�����������H�G�H�P�D���R�I���W�K�H���S�K�D�U�\�Q�[�����J�O�R�W�W�L�V�����O�D�U�\�Q�[���Z�L�W�K���V�W�U�L�G�R�U���D�Q�G���R�E�V�W�U�X�F�W�L�R�Q�����������S�H�U�I�R�U�D�W�L�R�Q
�R�I���W�K�H���H�V�R�S�K�D�J�X�V�����R�U���V�W�R�P�D�F�K�����Z�L�W�K���P�H�G�L�D�V�W�L�Q�L�W�L�V���R�U���S�H�U�L�W�R�Q�L�W�L�V�����,�Q�K�D�O�D�W�L�R�Q���F�D�X�V�H�V���V�O�L�J�K�W���W�R���V�H�Y�H�U�H���U�H�V�S�L�U�D�W�R�U�\���W�U�D�F�W���L�U�U�L�W�D�W�L�R�Q���D�Q�G
�G�H�O�D�\�H�G���S�X�O�P�R�Q�D�U�\���H�G�H�P�D�����3�U�R�O�R�Q�J�H�G���R�U���U�H�S�H�D�W�H�G���L�Q�K�D�O�D�W�L�R�Q���P�D�\���F�D�X�V�H���D�O�O�H�U�J�L�F���U�H�V�S�L�U�D�W�R�U�\���U�H�D�F�W�L�R�Q�����D�V�W�K�P�D����

�6�H�F�W�L�R�Q�����������(�F�R�O�R�J�L�F�D�O���,�Q�I�R�U�P�D�W�L�R�Q

�(�F�R�W�R�[�L�F�L�W�\�����1�R�W���D�Y�D�L�O�D�E�O�H��

�%�2�'�����D�Q�G���&�2�'�����1�R�W���D�Y�D�L�O�D�E�O�H��

�3�U�R�G�X�F�W�V���R�I���%�L�R�G�H�J�U�D�G�D�W�L�R�Q��
�3�R�V�V�L�E�O�\���K�D�]�D�U�G�R�X�V���V�K�R�U�W���W�H�U�P���G�H�J�U�D�G�D�W�L�R�Q���S�U�R�G�X�F�W�V���D�U�H���Q�R�W���O�L�N�H�O�\�����+�R�Z�H�Y�H�U�����O�R�Q�J���W�H�U�P���G�H�J�U�D�G�D�W�L�R�Q���S�U�R�G�X�F�W�V���P�D�\���D�U�L�V�H��

�7�R�[�L�F�L�W�\���R�I���W�K�H���3�U�R�G�X�F�W�V���R�I���%�L�R�G�H�J�U�D�G�D�W�L�R�Q�����7�K�H���S�U�R�G�X�F�W���L�W�V�H�O�I���D�Q�G���L�W�V���S�U�R�G�X�F�W�V���R�I���G�H�J�U�D�G�D�W�L�R�Q���D�U�H���Q�R�W���W�R�[�L�F��

�6�S�H�F�L�D�O���5�H�P�D�U�N�V���R�Q���W�K�H���3�U�R�G�X�F�W�V���R�I���%�L�R�G�H�J�U�D�G�D�W�L�R�Q�����1�R�W���D�Y�D�L�O�D�E�O�H��

�6�H�F�W�L�R�Q�����������'�L�V�S�R�V�D�O���&�R�Q�V�L�G�H�U�D�W�L�R�Q�V

�:�D�V�W�H���'�L�V�S�R�V�D�O��
�'�L�O�X�W�H���Z�L�W�K���Z�D�W�H�U���D�Q�G���I�O�X�V�K���W�R���V�H�Z�H�U���R�I���O�R�F�D�O���R�U�G�L�Q�D�Q�F�H�V���D�O�O�R�Z�����R�W�K�H�U�Z�L�V�H�����Z�K�D�W�H�Y�H�U���F�D�Q�Q�R�W���E�H���V�D�Y�H�G���I�R�U���U�H�F�R�Y�H�U�\���R�U���U�H�F�\�F�O�L�Q�J
�V�K�R�X�O�G���E�H���P�D�Q�D�J�H�G���L�Q���D�Q���D�S�S�U�R�S�U�L�D�W�H���D�Q�G���D�S�S�U�R�Y�H�G���Z�D�V�W�H���G�L�V�S�R�V�D�O���I�D�F�L�O�L�W�\�����:�D�V�W�H���P�X�V�W���E�H���G�L�V�S�R�V�H�G���R�I���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K
�I�H�G�H�U�D�O�����V�W�D�W�H���D�Q�G���O�R�F�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���F�R�Q�W�U�R�O���U�H�J�X�O�D�W�L�R�Q�V��

�6�H�F�W�L�R�Q�����������7�U�D�Q�V�S�R�U�W���,�Q�I�R�U�P�D�W�L�R�Q

�'�2�7���&�O�D�V�V�L�I�L�F�D�W�L�R�Q�����&�O�D�V�V���������&�R�U�U�R�V�L�Y�H���P�D�W�H�U�L�D�O

�,�G�H�Q�W�L�I�L�F�D�W�L�R�Q���������+�\�S�R�F�K�O�R�U�L�W�H���V�R�O�X�W�L�R�Q���8�1�1�$���������������3�*�����,�,�,

�6�S�H�F�L�D�O���3�U�R�Y�L�V�L�R�Q�V���I�R�U���7�U�D�Q�V�S�R�U�W�����1�R�W���D�Y�D�L�O�D�E�O�H��

�6�H�F�W�L�R�Q�����������2�W�K�H�U���5�H�J�X�O�D�W�R�U�\���,�Q�I�R�U�P�D�W�L�R�Q

�)��������



�S������

�)�H�G�H�U�D�O���D�Q�G���6�W�D�W�H���5�H�J�X�O�D�W�L�R�Q�V��
�,�O�O�L�Q�R�L�V���W�R�[�L�F���V�X�E�V�W�D�Q�F�H�V���G�L�V�F�O�R�V�X�U�H���W�R���H�P�S�O�R�\�H�H���D�F�W�����6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���,�O�O�L�Q�R�L�V���F�K�H�P�L�F�D�O���V�D�I�H�W�\���D�F�W�����6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���1�H�Z
�<�R�U�N���U�H�O�H�D�V�H���U�H�S�R�U�W�L�Q�J���O�L�V�W�����6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���5�K�R�G�H���,�V�O�D�Q�G���5�7�.���K�D�]�D�U�G�R�X�V���V�X�E�V�W�D�Q�F�H�V�����6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���3�H�Q�Q�V�\�O�Y�D�Q�L�D���5�7�.��
�6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�����6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���)�O�R�U�L�G�D�����6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���0�L�Q�Q�H�V�R�W�D�����6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�����6�R�G�L�X�P���K�\�G�U�R�[�L�G�H
�0�D�V�V�D�F�K�X�V�H�W�W�V���5�7�.�����6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�����6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���1�H�Z���-�H�U�V�H�\�����6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�����6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���/�R�X�L�V�L�D�Q�D
�V�S�L�O�O���U�H�S�R�U�W�L�Q�J�����6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���7�6�&�$�������E�����L�Q�Y�H�Q�W�R�U�\�����6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�����6�R�G�L�X�P���K�\�G�U�R�[�L�G�H�����:�D�W�H�U���&�(�5�&�/�$�����+�D�]�D�U�G�R�X�V
�V�X�E�V�W�D�Q�F�H�V�������6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H�������������O�E�V�������������������N�J�������6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���������������O�E�V�������������������N�J����

�2�W�K�H�U���5�H�J�X�O�D�W�L�R�Q�V�����2�6�+�$�����+�D�]�D�U�G�R�X�V���E�\���G�H�I�L�Q�L�W�L�R�Q���R�I���+�D�]�D�U�G���&�R�P�P�X�Q�L�F�D�W�L�R�Q���6�W�D�Q�G�D�U�G�����������&�)�5������������������������

�2�W�K�H�U���&�O�D�V�V�L�I�L�F�D�W�L�R�Q�V��

�:�+�0�,�6�����&�D�Q�D�G�D�������&�/�$�6�6���(�����&�R�U�U�R�V�L�Y�H���O�L�T�X�L�G��

�'�6�&�/�����(�(�&����
�5�������&�R�Q�W�D�F�W���Z�L�W�K���F�R�P�E�X�V�W�L�E�O�H���P�D�W�H�U�L�D�O���P�D�\���F�D�X�V�H���I�L�U�H�����5���������&�R�Q�W�D�F�W���Z�L�W�K���D�F�L�G�V���O�L�E�H�U�D�W�H�V���W�R�[�L�F���J�D�V�����5���������������,�U�U�L�W�D�W�L�Q�J���W�R���H�\�H�V
�D�Q�G���V�N�L�Q�����6���������$�I�W�H�U���F�R�Q�W�D�F�W���Z�L�W�K���V�N�L�Q�����Z�D�V�K���L�P�P�H�G�L�D�W�H�O�\���Z�L�W�K���S�O�H�Q�W�\���R�I���Z�D�W�H�U�����6���������������������:�H�D�U���V�X�L�W�D�E�O�H���S�U�R�W�H�F�W�L�Y�H���F�O�R�W�K�L�Q�J��
�J�O�R�Y�H�V���D�Q�G���H�\�H���I�D�F�H���S�U�R�W�H�F�W�L�R�Q�����6���������,�Q���F�D�V�H���R�I���D�F�F�L�G�H�Q�W���R�U���L�I���\�R�X���I�H�H�O���X�Q�Z�H�O�O�����V�H�H�N���P�H�G�L�F�D�O���D�G�Y�L�F�H���L�P�P�H�G�L�D�W�H�O�\�����V�K�R�Z���W�K�H���O�D�E�H�O
�Z�K�H�U�H���S�R�V�V�L�E�O�H����

�+�0�,�6�����8���6���$������

�+�H�D�O�W�K���+�D�]�D�U�G������

�)�L�U�H���+�D�]�D�U�G������

�5�H�D�F�W�L�Y�L�W�\������

�3�H�U�V�R�Q�D�O���3�U�R�W�H�F�W�L�R�Q��

�1�D�W�L�R�Q�D�O���)�L�U�H���3�U�R�W�H�F�W�L�R�Q���$�V�V�R�F�L�D�W�L�R�Q�����8���6���$������

�+�H�D�O�W�K������

�)�O�D�P�P�D�E�L�O�L�W�\������

�5�H�D�F�W�L�Y�L�W�\������

�6�S�H�F�L�I�L�F���K�D�]�D�U�G��

�3�U�R�W�H�F�W�L�Y�H���(�T�X�L�S�P�H�Q�W��
�*�O�R�Y�H�V�����)�X�O�O���V�X�L�W�����9�D�S�R�U���U�H�V�S�L�U�D�W�R�U�����%�H���V�X�U�H���W�R���X�V�H���D�Q���D�S�S�U�R�Y�H�G���F�H�U�W�L�I�L�H�G���U�H�V�S�L�U�D�W�R�U���R�U���H�T�X�L�Y�D�O�H�Q�W�����:�H�D�U���D�S�S�U�R�S�U�L�D�W�H���U�H�V�S�L�U�D�W�R�U
�Z�K�H�Q���Y�H�Q�W�L�O�D�W�L�R�Q���L�V���L�Q�D�G�H�T�X�D�W�H�����)�D�F�H���V�K�L�H�O�G��

�6�H�F�W�L�R�Q�����������2�W�K�H�U���,�Q�I�R�U�P�D�W�L�R�Q

�5�H�I�H�U�H�Q�F�H�V�����1�R�W���D�Y�D�L�O�D�E�O�H��

�2�W�K�H�U���6�S�H�F�L�D�O���&�R�Q�V�L�G�H�U�D�W�L�R�Q�V�����1�R�W���D�Y�D�L�O�D�E�O�H��

�&�U�H�D�W�H�G���������������������������������������3�0

�/�D�V�W���8�S�G�D�W�H�G���������������������������������������3�0

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.

�)��������



�0�D�W�H�U�L�D�O���6�D�I�H�W�\���'�D�W�D���6�K�H�H�W��

��
��
��

��
��
��
��
�6�H�F�W�L�R�Q���,�������3�U�R�G�X�F�W���,�G�H�Q�W�L�I�L�F�D�W�L�R�Q��

�7�U�D�G�H���1�D�P�H���D�Q�G���6�\�Q�R�Q�\�P�V�� �3�D�U�W���1�X�P�E�H�U�V���� ��
�$�(�2�1���3�' �� �����*�������������*�������������*�������������*�������������*�������������*���� �� �+�H�D�O�W�K���(�P�H�U�J�H�Q�F�\���3�K�R�Q�H���1�X�P�E�H�U��

�0�D�Q�X�I�D�F�W�X�U�H�U�¶�V���1�D�P�H�� ��������������������������������
�����������*�D�U�G�Q�H�U���'�H�Q�Y�H�U�����,�Q�F����

��
�6�D�I�H�W�\���'�H�S�D�U�W�P�H�Q�W����

�$�G�G�U�H�V�V��
���������������������*�D�U�G�Q�H�U���(�[�S�U�H�V�V�Z�D�\�������4�X�L�Q�F�\�����,�/��������������

��
��
��

�3�U�R�G�X�F�W���,�G�H�Q�W�L�I�L�F�D�W�L�R�Q�� �7�U�D�Q�V�S�R�U�W���(�P�H�U�J�H�Q�F�\���3�K�R�Q�H�����1�X�P�E�H�U��
�����������3�R�V�L�W�L�Y�H���'�L�V�S�O�D�F�H�P�H�Q�W���%�O�R�Z�H�U���/�X�E�U�L�F�D�Q�W�� ���������������������������������&�+�(�0�7�5�(�&����
�&�K�H�P�L�F�D�O���1�D�P�H�V���D�Q�G���6�\�Q�R�Q�\�P�V����
�����������3�R�O�\�D�O�S�K�D�R�O�H�I�L�Q��

�8�V�H���R�U���'�H�V�F�U�L�S�W�L�R�Q��
�����������*�H�D�U���2�L�O��

��

��
��

�6�H�F�W�L�R�Q���,�,�������&�R�P�S�R�V�L�W�L�R�Q���,�Q�I�R�U�P�D�W�L�R�Q���R�Q���,�Q�J�U�H�G�L�H�Q�W�V��
�&�K�H�P�L�F�D�O���)�D�P�L�O�\���������������6�\�Q�W�K�H�W�L�F���+�\�G�U�R�F�D�U�E�R�Q�� �&�$�6���1�X�P�E�H�U�����������3�U�R�S�U�L�H�W�D�U�\��
�)�R�U�P�X�O�D�������������������������������������������&�����Q�+�����Q������ � � � �
��
��
��

�6�H�F�W�L�R�Q���,�,�,�������&�K�H�P�L�F�D�O���D�Q�G���3�K�\�V�L�F�D�O���3�U�R�S�H�U�W�L�H�V��
�$�S�S�H�D�U�D�Q�F�H���� �%�O�X�H���/�L�T�X�L�G�� �6�S�H�F�L�I�L�F���*�U�D�Y�L�W�\�������Z�D�W�H�U� ��������������������������

�2�G�R�U���� �1�R�Q�H�� �9�D�S�R�U���3�U�H�V�V�X�U�H���������������P�P�+�J�#�����R�&��

�9�R�O�D�W�L�O�H�����3�H�U�F�H�Q�W���E�\��
�9�R�O�X�P�H����

������ �6�R�O�X�E�L�O�L�W�\���L�Q���:�D�W�H�U�����,�Q�V�R�O�X�E�O�H��

�%�R�L�O�L�Q�J���3�R�L�Q�W�����!������ �R�)�� �(�Y�D�S�R�U�D�W�L�R�Q���5�D�W�H��
���E�X�W�\�O���D�F�H�W�D�W�H� ��������

�1�L�O��

��
��

�6�H�F�W�L�R�Q���,�9�������+�D�]�D�U�G�V���,�G�H�Q�W�L�I�L�F�D�W�L�R�Q��
�7�K�U�H�V�K�R�O�G���/�L�P�L�W���9�D�O�X�H�������P�J���P�����$�&�*�,�+��

�6�L�W�X�D�W�L�R�Q�V���W�R���$�Y�R�L�G���$�Y�R�L�G���E�U�H�D�W�K�L�Q�J���R�L�O���P�L�V�W�V����

�7�K�L�V���S�U�R�G�X�F�W���L�V���Q�R�Q���K�D�]�D�U�G�R�X�V�������7�K�H���S�U�R�G�X�F�W���F�R�Q�W�D�L�Q�V���Q�R���N�Q�R�Z�Q���F�D�U�F�L�Q�R�J�H�Q�V�������1�R���V�S�H�F�L�D�O���Z�D�U�Q�L�Q�J���O�D�E�H�O�V���D�U�H���U�H�T�X�L�U�H�G���X�Q�G�H�U��
�2�6�+�$���������&�)�5��������������������������
��
��

�6�H�F�W�L�R�Q���9�������)�L�U�V�W���$�L�G���0�H�D�V�X�U�H�V��
�(�\�H���&�R�Q�W�D�F�W���� �)�O�X�V�K���H�\�H�V���Z�L�W�K���Z�D�W�H�U���I�R�U���������P�L�Q�X�W�H�V���D�Q�G���F�R�Q�V�X�O�W���S�K�\�V�L�F�L�D�Q����

�6�N�L�Q���&�R�Q�W�D�F�W���� �8�S�R�Q���F�R�Q�W�D�F�W���Z�L�W�K���V�N�L�Q�����Z�D�V�K���Z�L�W�K���V�R�D�S���D�Q�G���Z�D�W�H�U������

�,�Q�K�D�O�D�W�L�R�Q���� �3�U�R�G�X�F�W���L�V���Q�R�W���W�R�[�L�F���E�\���L�Q�K�D�O�D�W�L�R�Q�������,�I���R�L�O���P�L�V�W���L�V���L�Q�K�D�O�H�G�����U�H�P�R�Y�H���W�R���I�U�H�V�K���D�L�U���D�Q�G���F�R�Q�V�X�O�W���S�K�\�V�L�F�L�D�Q������

�,�Q�J�H�V�W�L�R�Q���� �&�R�Q�V�X�O�W���S�K�\�V�L�F�L�D�Q���D�W���R�Q�F�H���������'�2���1�2�7���,�1�'�8�&�(���9�2�0�,�7�,�1�*�������0�D�\���F�D�X�V�H���Q�D�X�V�H�D���D�Q�G���G�L�D�U�U�K�H�D������

�7�R���W�K�H���E�H�V�W���R�I���R�X�U���N�Q�R�Z�O�H�G�J�H���W�K�H���W�R�[�L�F�L�W�\���R�I���W�K�L�V���S�U�R�G�X�F�W���K�D�V���Q�R�W���E�H�H�Q���I�X�O�O�\���L�Q�Y�H�V�W�L�J�D�W�H�G�������$�Q�D�O�R�J�R�X�V���F�R�P�S�R�X�Q�G�V���D�U�H���F�R�Q�V�L�G�H�U�H�G���W�R��
�E�H���H�V�V�H�Q�W�L�D�O�O�\���Q�R�Q���W�R�[�L�F����
��

�6�H�F�W�L�R�Q���9�,�������)�L�U�H���)�L�J�K�W�L�Q�J���0�H�D�V�X�U�H�V��
�)�O�D�V�K���3�R�L�Q�W��������

���������������ƒ�)����
�0�H�W�K�R�G����
�����������&�O�H�Y�H�O�D�Q�G���2�S�H�Q���&�X�S�������&�2�&��

��

�)�O�D�P�P�D�E�O�H���/�L�P�L�W�V�������������������������������������������������������������������������1�R�W���H�V�W�D�E�O�L�V�K�H�G��

�$�X�W�R�L�J�Q�L�W�L�R�Q���7�H�P�S�H�U�D�W�X�U�H���������������������������������������������1�R���G�D�W�D��

�(�[�W�L�Q�J�X�L�V�K�L�Q�J���0�H�G�L�D���������������������������������������������������������������'�U�\���F�K�H�P�L�F�D�O�����&�2�����I�R�D�P�����Z�D�W�H�U���V�S�U�D�\�����I�R�J����
�)�L�U�H���)�L�J�K�W�L�Q�J���,�Q�V�W�U�X�F�W�L�R�Q�V�����������������������������������������������%�X�U�Q�L�Q�J���I�O�X�L�G���P�D�\���H�Y�R�O�Y�H���L�U�U�L�W�D�W�L�Q�J���Q�R�[�L�R�X�V���I�X�P�H�V�������)�L�U�H�I�L�J�K�W�H�U�V���V�K�R�X�O�G���X�V�H���1�,�2�6�+���0�1�6�$������
�������������������������������������������������������������������������������������������������������������������������������������$�S�S�U�R�Y�H�G���V�H�O�I���F�R�Q�W�D�L�Q�H�G���E�U�H�D�W�K�L�Q�J���D�S�S�D�U�D�W�X�V�������8�V�H���Z�D�W�H�U���W�R���F�R�R�O���I�L�U�H���H�[�S�R�V�H�G���F�R�Q�W�D�L�Q�H�U�V����
�������������������������������������������������������������������������������������������������������������������������������������8�V�H���Z�D�W�H�U���F�D�U�H�I�X�O�O�\���Q�H�D�U���H�[�S�R�Q�H�G���O�L�T�X�L�G���W�R���D�Y�R�L�G���I�U�R�W�K�L�Q�J���D�Q�G���V�S�O�D�V�K�L�Q�J���R�I���K�R�W���O�L�T�X�L�G����

�1�)�3�$���&�O�D�V�V�L�I�L�F�D�W�L�R�Q���������������������������������������������������������������1�R�W���H�V�W�D�E�O�L�V�K�H�G��

��
��
��

�+���0���,���6����
�+�H�D�O�W�K����������������������������
�)�O�D�P�P�D�E�L�O�L�W�\��������
�5�H�D�F�W�L�Y�L�W�\����������������
�7�K�H�V�H���U�D�W�L�Q�J�V���V�K�R�X�O�G���E�H��
�X�V�H�G���R�Q�O�\���D�V���D���S�D�U�W���R�I���D���I�X�O�O�\��
�L�P�S�O�H�P�H�Q�W�H�G���+���0���,���6����
�S�U�R�J�U�D�P����

�)��������



�$�(�2�1���3�' ��
��

�6�H�F�W�L�R�Q���9�,�,�������6�W�D�E�L�O�L�W�\���D�Q�G���5�H�D�F�W�L�Y�L�W�\��
�&�K�H�P�L�F�D�O���6�W�D�E�L�O�L�W�\�� �6�W�D�E�O�H��

�&�R�Q�G�L�W�L�R�Q�V���W�R���$�Y�R�L�G���� �(�[�F�H�V�V�L�Y�H���K�H�D�W��

�,�Q�F�R�P�S�D�W�L�E�L�O�L�W�\���Z�L�W�K���R�W�K�H�U��
�0�D�W�H�U�L�D�O�V����

�6�W�U�R�Q�J���R�[�L�G�L�]�H�U�V��

�+�D�]�D�U�G�R�X�V���'�H�F�R�P�S�R�V�L�W�L�R�Q��
�3�U�R�G�X�F�W�V����

�$�Q�D�O�R�J�R�X�V���F�R�P�S�R�X�Q�G�V���H�Y�R�O�Y�H���F�D�U�E�R�Q���P�R�Q�R�[�L�G�H�����F�D�U�E�R�Q���G�L�R�[�L�G�H�����D�Q�G���R�W�K�H�U���X�Q�L�G�H�Q�W�L�I�L�H�G��
�I�U�D�J�P�H�Q�W�V���Z�K�H�Q���E�X�U�Q�H�G������

�+�D�]�D�U�G�R�X�V���3�R�O�\�P�H�U�L�]�D�W�L�R�Q���� �:�L�O�O���Q�R�W���R�F�F�X�U����
��
��
��

�6�H�F�W�L�R�Q���9�,�,�,�������$�F�F�L�G�H�Q�W�D�O���5�H�O�H�D�V�H���0�H�D�V�X�U�H�V��
�6�D�I�H�J�X�D�U�G�V�����3�H�U�V�R�Q�Q�H�O�������:�H�D�U���V�X�L�W�D�E�O�H���S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W�����H�V�S�H�F�L�D�O�O�\���J�R�J�J�O�H�V������

�,�Q�L�W�L�D�O���&�R�Q�W�D�L�Q�P�H�Q�W�����6�W�R�S���V�R�X�U�F�H���R�I���V�S�L�O�O�������'�L�N�H���V�S�L�O�O���D�U�H�D�������8�V�H���D�E�V�R�U�E�H�Q�W���P�D�W�H�U�L�D�O�V���W�R���V�R�D�N���X�S���I�O�X�L�G�����L���H�����V�D�Q�G����
�V�D�Z�G�X�V�W�����D�Q�G���F�R�P�P�H�U�F�L�D�O�O�\���D�Y�D�L�O�D�E�O�H���P�D�W�H�U�L�D�O�V��������

�6�S�L�O�O���&�O�H�D�Q���8�S���� �:�D�V�K���V�S�L�O�O���D�U�H�D���Z�L�W�K���O�D�U�J�H���D�P�R�X�Q�W���R�I���Z�D�W�H�U�������3�U�R�S�H�U�O�\���G�L�V�S�R�V�H���R�I���D�O�O���P�D�W�H�U�L�D�O�V����
��
��
��

�6�H�F�W�L�R�Q���,�;�������+�D�Q�G�O�L�Q�J���D�Q�G���6�W�R�U�D�J�H��
�+�D�Q�G�O�L�Q�J�����3�H�U�V�R�Q�Q�H�O�������'�R���Q�R�W���W�D�N�H���L�Q�W�H�U�Q�D�O�O�\�����$�Y�R�L�G���F�R�Q�W�D�F�W���Z�L�W�K���V�N�L�Q�����H�\�H�V�����D�Q�G���F�O�R�W�K�L�Q�J�����8�S�R�Q���F�R�Q�W�D�F�W���Z�L�W�K���V�N�L�Q����

�Z�D�V�K���Z�L�W�K���V�R�D�S���D�Q�G���Z�D�W�H�U�����)�O�X�V�K���H�\�H�V���Z�L�W�K���Z�D�W�H�U���I�R�U���������P�L�Q�X�W�H�V���D�Q�G���F�R�Q�V�X�O�W���S�K�\�V�L�F�L�D�Q�����:�D�V�K��
�F�R�Q�W�D�P�L�Q�D�W�H�G���F�O�R�W�K�L�Q�J���E�H�I�R�U�H���U�H�X�V�H����

�+�D�Q�G�O�L�Q�J�����3�K�\�V�L�F�D�O���$�V�S�H�F�W�V������ ��

�6�W�R�U�D�J�H���� �.�H�H�S���F�R�Q�W�D�L�Q�H�U���W�L�J�K�W�O�\���V�H�D�O�H�G���Z�K�H�Q���Q�R�W���L�Q���X�V�H����

��
��
��

�6�H�F�W�L�R�Q���;�������(�[�S�R�V�X�U�H���&�R�Q�W�U�R�O�V���3�H�U�V�R�Q�D�O���3�U�R�W�H�F�W�L�R�Q��
�(�1�*�,�1�(�(�5�,�1�*���&�2�1�7�5�2�/�6����

�9�H�Q�W�L�O�D�W�L�R�Q���� �/�R�F�D�O���H�[�K�D�X�V�W��

�3�(�5�6�2�1�$�/���3�5�2�7�(�&�7�,�9�(���(�4�8�,�3�0�(�1�7����

�5�H�V�S�L�U�D�W�R�U�\���3�U�R�W�H�F�W�L�R�Q����
����

�8�V�H���L�Q���Z�H�O�O���Y�H�Q�W�L�O�D�W�H�G���D�U�H�D��

�3�U�R�W�H�F�W�L�Y�H���*�O�R�Y�H�V�����1�R�W���U�H�T�X�L�U�H�G�����E�X�W���U�H�F�R�P�P�H�Q�G�H�G�����H�V�S�H�F�L�D�O�O�\���I�R�U���S�U�R�O�R�Q�J�H�G���H�[�S�R�V�X�U�H����

�(�\�H���3�U�R�W�H�F�W�L�R�Q�����*�R�J�J�O�H�V��

�2�W�K�H�U���3�U�R�W�H�F�W�L�Y�H��
�(�T�X�L�S�P�H�Q�W����

��

�(�;�3�2�6�8�5�(���*�8�,�'�(�/�,�1�(�6����

�������������������������������$�S�S�O�L�F�D�E�O�H���(�[�S�R�V�X�U�H���/�L�P�L�W�V����
��
��

�6�H�F�W�L�R�Q���;�,�������7�R�[�L�F�R�O�R�J�L�F�D�O���,�Q�I�R�U�P�D�W�L�R�Q��
�$�Q�L�P�D�O���'�D�W�D���� �1�R���V�S�H�F�L�I�L�F���D�Q�L�P�D�O���W�R�[�L�F�R�O�R�J�L�F�D�O���G�D�W�D���D�Y�D�L�O�D�E�O�H���I�R�U���W�K�L�V���S�U�R�G�X�F�W����
��
��
��

�6�H�F�W�L�R�Q���;�,�,�������(�F�R�O�R�J�L�F�D�O���,�Q�I�R�U�P�D�W�L�R�Q��
�(�F�R�W�R�[�L�F�R�O�R�J�L�F�D�O���,�Q�I�R�U�P�D�W�L�R�Q�����1�R���V�S�H�F�L�I�L�F���D�T�X�D�W�L�F���G�D�W�D���D�Y�D�L�O�D�E�O�H���I�R�U���W�K�L�V���S�U�R�G�X�F�W����
��
��
��

�6�H�F�W�L�R�Q���;�,�,�,�������'�L�V�S�R�V�D�O���&�R�Q�V�L�G�H�U�D�W�L�R�Q�V��
�:�D�V�W�H���'�L�V�S�R�V�D�O���� �,�Q�F�L�Q�H�U�D�W�H���W�K�L�V���S�U�R�G�X�F�W���D�Q�G���D�O�O���D�V�V�R�F�L�D�W�H�G���Z�D�V�W�H�V���L�Q���D���O�L�F�H�Q�V�H�G���I�D�F�L�O�L�W�\���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K��

�)�H�G�H�U�D�O�����V�W�D�W�H�����D�Q�G���O�R�F�D�O���U�H�J�X�O�D�W�L�R�Q�V����

�&�R�Q�W�D�L�Q�H�U���'�L�V�S�R�V�D�O���� ��
��
��
��

�6�H�F�W�L�R�Q���;�,�9�������7�U�D�Q�V�S�R�U�W�D�W�L�R�Q���,�Q�I�R�U�P�D�W�L�R�Q��
�6�K�L�S�S�L�Q�J���,�Q�I�R�U�P�D�W�L�R�Q�����'�2�7�������1�R�W���U�H�J�X�O�D�W�H�G����

�,�&�$�2���,�0�2�������1�R�W���U�H�V�W�U�L�F�W�H�G����
��
��
�� �)��������



�$�(�2�1���3�' ��

�6�H�F�W�L�R�Q���;�9�������5�H�J�X�O�D�W�R�U�\���,�Q�I�R�U�P�D�W�L�R�Q��
�8���6�����)�(�'�(�5�$�/���5�(�*�8�/�$�7�,�2�1�6����

�2�6�+�$���+�D�]�D�U�G���'�H�W�H�U�P�L�Q�D�W�L�R�Q�����8�Q�G�H�U���Q�R�U�P�D�O���F�R�Q�G�L�W�L�R�Q�V���R�I���X�V�H�����W�K�L�V���P�D�W�H�U�L�D�O���L�V���Q�R�W���N�Q�R�Z�Q���W�R���E�H���K�D�]�D�U�G�R�X�V���D�V���G�H�I�L�Q�H�G��
�E�\���2�6�+�$�¶�V���+�D�]�D�U�G���&�R�P�P�X�Q�L�F�D�W�L�R�Q���6�W�D�Q�G�D�U�G�����������&�)�5������������������������

�&�(�5�&�/�$���6�X�S�H�U�I�X�Q�G���� �7�K�L�V���P�D�W�H�U�L�D�O���L�V���Q�R�W���N�Q�R�Z�Q���W�R���F�R�Q�W�D�L�Q���K�D�]�D�U�G�R�X�V���V�X�E�V�W�D�Q�F�H�V���L�Q���V�X�I�I�L�F�L�H�Q�W���T�X�D�Q�W�L�W�\���W�R��
�P�D�N�H���L�W���V�X�E�M�H�F�W���W�R���&�(�5�&�/�$���U�H�J�X�O�D�W�L�R�Q�V����

�6�$�5�$�����7�L�W�O�H���,�,�,���������������������� �7�K�L�V���P�D�W�H�U�L�D�O���L�V���Q�R�W���N�Q�R�Z�Q���W�R���F�R�Q�W�D�L�Q���H�[�W�U�H�P�H�O�\���K�D�]�D�U�G�R�X�V���V�X�E�V�W�D�Q�F�H�V����

�7�L�W�O�H���,�,�,���+�D�]�D�U�G���&�O�D�V�V�L�I�L�F�D�W�L�R�Q�V��
�6�H�F�W�L�R�Q�V����������������������

�$�F�X�W�H�������1�R��� � � � � � � � � �
�&�K�U�R�Q�L�F�������1�R��
�5�H�D�F�W�L�Y�L�W�\�������1�R��
�3�U�H�V�V�X�U�H�������1�R��
�)�L�U�H�������1�R��

�6�$�5�$���7�L�W�O�H���,�,�,�������������� �7�K�L�V���P�D�W�H�U�L�D�O���L�V���Q�R�W���N�Q�R�Z�Q���W�R���F�R�Q�W�D�L�Q���D�Q�\���F�K�H�P�L�F�D�O���V�����D�W���D���O�H�Y�H�O���R�I�������������R�U���J�U�H�D�W�H�U��
�������������I�R�U���F�D�U�F�L�Q�R�J�H�Q�V�����R�Q���W�K�H���O�L�V�W���R�I���7�R�[�L�F���&�K�H�P�L�F�D�O�V���D�Q�G���V�X�E�M�H�F�W���W�R���U�H�O�H�D�V�H���U�H�S�R�U�W�L�Q�J��
�U�H�T�X�L�U�H�P�H�Q�W�V����

�7�6�&�$���� �0�D�W�H�U�L�D�O���D�Q�G���R�U���F�R�P�S�R�Q�H�Q�W�V���D�U�H���O�L�V�W�H�G���L�Q���W�K�H���7�6�&�$���,�Q�Y�H�Q�W�R�U�\���R�I���&�K�H�P�L�F�D�O���6�X�E�V�W�D�Q�F�H�V��
���������&�)�5��������������

�5�&�5�$���� �7�K�L�V���P�D�W�H�U�L�D�O���K�D�V���E�H�H�Q���H�Y�D�O�X�D�W�H�G���I�R�U���5�&�5�$���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���D�Q�G���G�R�H�V���Q�R�W���P�H�H�W��
�K�D�]�D�U�G�R�X�V���Z�D�V�W�H���F�U�L�W�H�U�L�D���L�I���G�L�V�F�D�U�G�H�G���L�Q���L�W�V���S�X�U�F�K�D�V�H�G���I�R�U�P�������%�H�F�D�X�V�H���R�I���S�U�R�G�X�F�W���X�V�H����
�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�����P�L�[�L�Q�J�����S�U�R�F�H�V�V�L�Q�J�����H�W�F�������Z�K�L�F�K���P�D�\���U�H�Q�G�H�U���W�K�H���U�H�V�X�O�W�L�Q�J���P�D�W�H�U�L�D�O��
�K�D�]�D�U�G�R�X�V�����L�W���L�V���W�K�H���S�U�R�G�X�F�W���X�V�H�U�¶�V���U�H�V�S�R�Q�V�L�E�L�O�L�W�\���W�R���G�H�W�H�U�P�L�Q�H���D�W���W�K�H���W�L�P�H���R�I���G�L�V�S�R�V�D�O��
�Z�K�H�W�K�H�U���W�K�H���P�D�W�H�U�L�D�O���P�H�H�W�V���5�&�5�$���K�D�]�D�U�G�R�X�V���Z�D�V�W�H���F�U�L�W�H�U�L�D����

�&�O�H�D�Q���:�D�W�H�U���$�F�W���� �7�K�L�V���P�D�W�H�U�L�D�O���L�V���Q�R�W���N�Q�R�Z�Q���W�R���F�R�Q�W�D�L�Q���D�Q�\���L�Q�J�U�H�G�L�H�Q�W���V�����V�X�E�M�H�F�W���W�R���W�K�H���$�F�W����
�6�7�$�7�(���5�(�*�8�/�$�7�,�2�1�6�����8���6��������

�&�D�O�L�I�R�U�Q�L�D���³�3�U�R�S�������´����
�3�U�R�G�X�F�W���P�D�\���F�R�Q�W�D�L�Q���L�Q�J�U�H�G�L�H�Q�W���V�����N�Q�R�Z�Q���W�R���W�K�H���6�W�D�W�H���R�I���&�D�O�L�I�R�U�Q�L�D���W�R���F�D�X�V�H���F�D�Q�F�H�U����
�E�L�U�W�K���G�H�I�H�F�W�V�����R�U���R�W�K�H�U���U�H�S�U�R�G�X�F�W�L�Y�H���K�D�U�P�����E�X�W���W�K�H���G�H�J�U�H�H���R�I���H�[�S�R�V�X�U�H���S�R�V�H�V���D���K�H�D�O�W�K��
�U�L�V�N���W�K�D�W���L�V���E�H�O�R�Z���W�K�H���3�U�R�S���������1�R���6�L�J�Q�L�I�L�F�D�Q�W���5�L�V�N���/�H�Y�H�O���I�R�U���W�K�H���O�L�V�W�H�G���F�K�H�P�L�F�D�O���V������

�����������3�H�Q�Q�V�\�O�Y�D�Q�L�D���:�R�U�N�H�U���	��
�����������&�R�P�P�X�Q�L�W�\���5�L�J�K�W���W�R���.�Q�R�Z��
�����������$�F�W����

��
�7�K�L�V���P�D�W�H�U�L�D�O���L�V���Q�R�W���N�Q�R�Z�Q���W�R���F�R�Q�W�D�L�Q���D�Q�\���L�Q�J�U�H�G�L�H�Q�W���V�����V�X�E�M�H�F�W���W�R���W�K�H���$�F�W����

��

�&�$�1�$�'�,�$�1���5�(�*�8�/�$�7�,�2�1�6���� �7�K�L�V���L�V���Q�R�W���D���:�+�0�,�6���F�R�Q�W�U�R�O�O�H�G���S�U�R�G�X�F�W�����7�U�D�Q�V�S�R�U�W���0�H�G�L�F�D�O���(�P�H�U�J�H�Q�F�\���3�K�R�Q�H��

�1�X�P�E�H�U��������������������������������
��
��
��
�6�H�F�W�L�R�Q���;�9�,�������2�W�K�H�U���,�Q�I�R�U�P�D�W�L�R�Q��

�1�)�3�$�����1�3�&�$���+�0�,�6���� �� ��

�1�)�3�$���5�D�W�L�Q�J���� �� ��

�+�H�D�O�W�K�� ���� �3�H�U�V�R�Q�D�O���3�U�R�W�H�F�W�L�R�Q���%��

�)�O�D�P�P�D�E�L�O�L�W�\�� ���� ��

�5�H�D�F�W�L�Y�L�W�\�� ���� ��

�1�3�&�$���+�0�,�6���5�D�W�L�Q�J���� �� ��

�+�H�D�O�W�K�� �� �3�H�U�V�R�Q�D�O���3�U�R�W�H�F�W�L�R�Q���%��

�)�O�D�P�P�D�E�L�O�L�W�\�� �� ��

�5�H�D�F�W�L�Y�L�W�\�� �� ��
��
�7�K�L�V���L�Q�I�R�U�P�D�W�L�R�Q���L�Q���W�K�L�V���P�D�W�H�U�L�D�O���V�D�I�H�W�\���G�D�W�D���V�K�H�H�W���V�K�R�X�O�G���E�H���S�U�R�Y�L�G�H�G���W�R���D�O�O���Z�K�R���X�V�H�����K�D�Q�G�O�H�����V�W�R�U�H�����W�U�D�Q�V�S�R�U�W�����R�U���D�U�H���R�W�K�H�U�Z�L�V�H���H�[�S�R�V�H�G���W�R���W�K�L�V��
�S�U�R�G�X�F�W����
��
��
��
��
��
��
��
��
��
�1�R�Y�H�P�E�H�U������������
�%�3��������

�)��������



�1�2�9�2�=�<�0�(�6 �%�,�2�/�2�*�,�&�$�/�6�� �,�1�&��
������ �.�H�V�V�O�H�U �0�L�O�O �5�R�D�G
�6�D�O�H�P�� �9�$ ����������

�7�H�O�H�S�K�R�Q�H �Q�X�P�E�H�U�� ������������������������ �)�D�[�� ������������������������

�(�P�H�U�J�H�Q�F�\ �&�R�Q�W�D�F�W�� ������������������������ �&�+�(�0�7�5�(�&�� ����������������������������

�3�U�R�G�X�F�W �&�R�G�H �±��������������
�%�,���&�+�(�0�Š �'�& �&�:�7 �%�O�H�Q�G �&�$�1 �3�D�J�H �� �R�I ��

�0�D�W�H�U�L�D�O �6�D�I�H�W�\ �'�D�W�D �6�K�H�H�W �'�D�W�H�� ��������������������

�6�(�&�7�,�2�1 �,�²�3�5�2�'�8�&�7 �,�'�(�1�7�,�)�,�&�$�7�,�2�1

�1�$�0�(�� �±�%�,���&�+�(�0�Š �'�& �&�:�7 �%�O�H�Q�G �&�$�1 �3�5�2�'�8�&�7 �&�2�'�( �� ��������������

�'�2�7 �&�/�$�6�6���1�R�W �5�H�J�X�O�D�W�H�G��
�8�1 �1�8�0�%�(�5���1�$
�3�5�2�3�(�5 �6�+�,�3�3�,�1�* �1�$�0�(���1�$

�+�0�,�6 �5�$�7�,�1�* �	 �&�$�1�$�'�,�$�1 �:�+�0�,�6 �&�/�$�6�6�,�)�,�&�$�7�,�2�1

�+�(�$�/�7�+ �� �&�$�1�$�'�,�$�1 �:�+�0�,�6 �&�/�$�6�6�,�)�,�&�$�7�,�2�1�� �' �� �%
�)�,�5�( ��
�5�(�$�&�7�,�9�,�7�< ��

�6�(�&�7�,�2�1 �,�, �� �,�1�*�5�(�'�,�(�1�7�6

�$�/�/ �&�2�0�3�2�1�(�1�7�6 �$�3�3�(�$�5 �2�1 �7�+�( �7�6�&�$ �,�1�9�(�1�7�2�5�< �$�1�' �&�$�1�$�'�,�$�1 �'�6�/ �/�,�6�7�� �&�2�0�3�2�1�(�1�7�6
�1�2�7 �/�,�6�7�(�' �$�5�( �(�,�7�+�(�5 �1�2�1 �+�$�=�$�5�'�2�8�6 �2�5 �,�1 �&�2�1�&�(�1�7�5�$�7�,�2�1�6 �2�) �/�(�6�6 �7�+�$�1 ������

�,�Q�J�U�H�G�L�H�Q�W �1�D�P�H �&�$�6 �1�X�P�E�H�U �2�6�+�$ �3�(�/ �$�&�*�,�+ �7�/�9���7�:�$
�9�L�D�E�O�H �%�D�F�W�H�U�L�D�O �&�X�O�W�X�U�H�V �1�$ �1�$ �1�$

�6�(�&�7�,�2�1 �,�,�, �± �3�+�<�6�,�&�$�/ �&�+�$�5�$�&�7�(�5�,�6�7�,�&�6

�%�R�L�O�L�Q�J �3�R�L�Q�W�1�R �'�D�W�D �$�S�S�H�D�U�D�Q�F�H �D�Q�G �2�G�R�U �7�D�Q �I�U�H�H �I�O�R�Z�L�Q�J �J�U�D�L�Q �O�L�N�H
�V�X�E�V�W�D�Q�F�H�� �H�D�U�W�K�O�\ �R�G�R�U��

�%�X�O�N �'�H�Q�V�L�W�\ �$�S�S�U�R�[�L�P�D�W�H�O�\ ������������������ �J�P���F�P���0�H�O�W�L�Q�J �3�R�L�Q�W �1�R �'�D�W�D
�1�$ ������ �� ������ �9�D�S�R�U �'�H�Q�V�L�W�\ �1�R �'�D�W�D
�9�D�S�R�U �3�U�H�V�V�X�U�H�1�R �'�D�W�D �6�R�O�X�E�L�O�L�W�\ �0�L�Q�L�P�D�O

�)��������



�1�2�9�2�=�<�0�(�6 �%�,�2�/�2�*�,�&�$�/�6�� �,�1�&��
������ �.�H�V�V�O�H�U �0�L�O�O �5�R�D�G
�6�D�O�H�P�� �9�$ ����������

�7�H�O�H�S�K�R�Q�H �Q�X�P�E�H�U�� ������������������������ �)�D�[�� ������������������������

�(�P�H�U�J�H�Q�F�\ �&�R�Q�W�D�F�W�� ������������������������ �&�+�(�0�7�5�(�&�� ����������������������������

�3�U�R�G�X�F�W �&�R�G�H �±��������������
�%�,���&�+�(�0�Š �'�& �&�:�7 �%�O�H�Q�G �&�$�1 �3�D�J�H �� �R�I ��

�6�(�&�7�,�2�1 �,�9 �± �)�,�5�(���(�;�3�/�2�6�,�2�1

�)�O�D�V�K �3�R�L�Q�W���1�R �G�D�W�D
�)�O�D�V�K �3�R�L�Q�W �0�H�W�K�R�G

�8�V�H�G��
�1�$

�/�(�/�� �1�R�W �N�Q�R�Z
�8�(�/�� �1�R�W �N�Q�R�Z�Q

�(�[�W�L�Q�J�X�L�V�K�L�Q�J �0�H�G�L�D���:�D�W�H�U �V�S�U�D�\�� �F�D�U�E�R�Q �G�L�R�[�L�G�H �R�U �G�U�\ �F�K�H�P�L�F�D�O��

�6�S�H�F�L�D�O �)�L�U�H �)�L�J�K�W�L�Q�J �3�U�R�F�H�G�X�U�H�V���1�R�Q�H

�8�Q�X�V�X�D�O �)�L�U�H �D�Q�G �(�[�S�O�R�V�L�R�Q �+�D�]�D�U�G�V���1�R�Q�H �N�Q�R�Z�Q��

�6�(�&�7�,�2�1 �9 �± �5�(�$�&�7�,�9�,�7�< �'�$�7�$

�6�W�D�E�O�H���; �8�Q�V�W�D�E�O�H��

�,�Q�F�R�P�S�D�W�L�E�L�O�L�W�\���6�W�U�R�Q�J �D�F�L�G�V �R�U �D�O�N�D�O�L �F�R�P�S�R�X�Q�G�V �P�D�\ �L�Q�D�F�W�L�Y�D�W�H �E�L�R�O�R�J�L�F�D�O �F�X�O�W�X�U�H�V��

�+�D�]�D�U�G�R�X�V �'�H�F�R�P�S�R�V�L�W�L�R�Q �R�U �%�\ �3�U�R�G�X�F�W�V���1�R�W �.�Q�R�Z�Q��

�+�D�]�D�U�G�R�X�V �3�R�O�\�P�H�U�L�]�D�W�L�R�Q���:�L�O�O �Q�R�W �R�F�F�X�U��

�6�(�&�7�,�2�1 �9�, �± �+�(�$�/�7�+ �+�$�=�$�5�' �'�$�7�$
�$�F�X�W�H �+�H�D�O�W�K �$�I�I�H�F�W�V

�5�R�X�W�H�V �R�I �(�Q�W�U�\���,�Q�K�D�O�D�W�L�R�Q���\�H�V �$�E�V�R�U�S�W�L�R�Q���Q�R �,�Q�J�H�V�W�L�R�Q���\�H�V �(�\�H�V���\�H�V

�(�\�H�V���7�K�L�V �S�U�R�G�X�F�W �P�D�\ �F�D�X�V�H �H�\�H �L�U�U�L�W�D�W�L�R�Q��

�6�N�L�Q �&�R�Q�W�D�F�W���&�R�X�O�G �F�D�X�V�H �P�L�O�G �V�N�L�Q �L�U�U�L�W�D�W�L�R�Q �D�I�W�H�U �S�U�R�O�R�Q�J�H�G �F�R�Q�W�D�F�W��

�,�Q�K�D�O�D�W�L�R�Q���,�Q�K�D�O�L�Q�J �G�X�V�W �I�U�R�P �W�K�L�V �S�U�R�G�X�F�W �F�R�X�O�G �F�D�X�V�H �L�U�U�L�W�D�W�L�R�Q �W�R �W�K�H �O�X�Q�J�V �D�Q�G �P�X�F�X�V �P�H�P�E�U�D�Q�H�V��

�,�Q�J�H�V�W�L�R�Q���,�Q�J�H�V�W�L�R�Q �R�I �W�K�L�V �S�U�R�G�X�F�W �F�R�X�O�G �F�D�X�V�H �L�U�U�L�W�D�W�L�R�Q �W�R �W�K�H �P�R�X�W�K �D�Q�G �W�K�U�R�D�W �R�U�F�D�X�V�H �F�K�R�N�L�Q�J��

�6�L�J�Q�V �D�Q�G �6�\�P�S�W�R�P�V �R�I �2�Y�H�U �(�[�S�R�V�X�U�H���1�R�Q�H �.�Q�R�Z�Q

�)��������



�1�2�9�2�=�<�0�(�6 �%�,�2�/�2�*�,�&�$�/�6�� �,�1�&��
������ �.�H�V�V�O�H�U �0�L�O�O �5�R�D�G
�6�D�O�H�P�� �9�$ ����������

�7�H�O�H�S�K�R�Q�H �Q�X�P�E�H�U�� ������������������������ �)�D�[�� ������������������������

�(�P�H�U�J�H�Q�F�\ �&�R�Q�W�D�F�W�� ������������������������ �&�+�(�0�7�5�(�&�� ����������������������������

�3�U�R�G�X�F�W �&�R�G�H �±��������������
�%�,���&�+�(�0�Š �'�& �&�:�7 �%�O�H�Q�G �&�$�1 �3�D�J�H �� �R�I ��

�$�J�J�U�D�Y�D�W�H�G �0�H�G�L�F�D�O �&�R�Q�G�L�W�L�R�Q�V���1�R�Q�H �N�Q�R�Z�Q�� �K�R�Z�H�Y�H�U �S�H�U�V�R�Q�V �Z�L�W�K �U�H�V�S�L�U�D�W�R�U�\ �S�U�R�E�O�H�P�V �V�K�R�X�O�G �D�Y�R�L�G �E�U�H�D�W�K�L�Q�J
�G�X�V�W �I�U�R�P �W�K�L�V �S�U�R�G�X�F�W��

�6�X�S�S�O�H�P�H�Q�W�D�O �+�H�D�O�W�K �,�Q�I�R�U�P�D�W�L�R�Q� � � 1� R� Q� H

�(�P�H�U�J�H�Q�F�\ �)�L�U�V�W �$�L�G �3�U�R�F�H�G�X�U�H�V

�(�\�H �&�R�Q�W�D�F�W���5�L�Q�V�H �H�\�H�V �Z�L�W�K �Z�D�W�H�U �I�R�U �I�L�I�W�H�H�Q �P�L�Q�X�W�H�V�� �L�I �L�U�U�L�W�D�W�L�R�Q �S�H�U�V�L�V�W�V�� �V�H�H �D �S�K�\�V�L�F�L�D�Q��

�,�Q�K�D�O�D�W�L�R�Q���0�R�Y�H �S�H�U�V�R�Q �W�R �I�U�H�V�K �D�L�U �D�Q�G �D�Y�R�L�G �E�U�H�D�W�K�L�Q�J �G�X�V�W �I�U�R�P �S�U�R�G�X�F�W�� �,�I �E�U�H�D�W�K�L�Q� J � S� U� R� E� O� H� P� V � G� H� Y� H� O� R� S� � � V� H� H� N � W� K� H
�F�D�U�H �R�I �D �S�K�\�V�L�F�L�D�Q��

�6�N�L�Q �&�R�Q�W�D�F�W���:�D�V�K �W�K�H �S�U�R�G�X�F�W �R�I�I �W�K�H �V�N�L�Q �Z�L�W�K �V�R�D�S �D�Q�G �Z�D�W�H�U�� �L�I �L�U�U�L�W�D�W�L�R�Q �G�H�Y�H�O�R�S�V �V�H�H�N �W�K�H �F�D�U�H �R�I �D �S�K�\�V�L�F�L�D�Q��

�,�Q�J�H�V�W�L�R�Q���'�R �Q�R�W �L�Q�G�X�F�H �Y�R�P�L�W�L�Q�J�� �L�I �Y�L�F�W�L�P �L�V �F�K�R�N�L�Q�J �F�O�H�D�U �D�L�U�Z�D�\ �D�Q�G �V�H�H�N �P�H�G�L�F�D�O �D�W�W�H�Q�W�L�R�Q��

�6�(�&�7�,�2�1 �9�,�, �± �6�3�,�/�/ �2�5 �/�(�$�. �3�5�2�&�(�'�8�5�(

�6�W�H�S�V �W�R �E�H �W�D�N�H�Q �L�Q �F�D�V�H �P�D�W�H�U�L�D�O �L�V �V�S�L�O�O�H�G �R�U �O�H�D�N�H�G��

�:�D�V�W�H �'�L�V�S�R�V�D�O �0�H�W�K�R�G���&�R�Q�W�D�L�Q �D�Q�G �F�R�O�O�H�F�W �P�D�W�H�U�L�D�O�� �S�O�D�F�H �L�Q �S�U�R�S�H�U �F�R�Q�W�D�L�Q�H�U �I�R�U �U�H�X�V�H �R�U �G�L�V�S�R�V�D�O��
�'�L�V�S�R�V�H �R�I �P�D�W�H�U�L�D�O�V �L�Q �D�F�F�R�U�G�D�Q�F�H �Z�L�W�K�D�O�O �I�H�G�H�U�D�O�� �V�W�D�W�H �D�Q�G �O�R�F�D�O �O�D�Z�V��

�3�U�H�F�D�X�W�L�R�Q�V �7�R �%�H �7�D�N�H�Q �,�Q �+�D�Q�G�O�L�Q�J �D�Q�G �6�W�R�U�D�J�H���6�W�R�U�H �L�Q �D �O�R�F�D�W�L�R�Q �D�Z�D�\ �I�U�R�P �F�K�L�O�G�U�H�Q�� �I�R�R�G �L�W�H�P�V �D�Q�G
�S�R�W�D�E�O�H �Z�D�W�H�U��
�6�W�R�U�H �L�Q �D�Q �D�U�H�D �R�X�W �R�I �W�K�H �G�L�U�H�F�W �V�X�Q�O�L�J�K�W�� �N�H�H�S �F�R�Q�W�D�L�Q�H�U �F�O�R�V�H�G �Z�K�H�Q �Q�R�W �L�Q �X�V�H�� �D�Y�R�L�G �V�W�R�U�L�Q�J �L�Q �D �G�D�P�S
�H�Q�Y�L�U�R�Q�P�H�Q�W��
�$�O�Z�D�\�V �Z�D�V�K �K�D�Q�G�V �Z�L�W�K �V�R�D�S �D�Q�G �Z�D�W�H�U �E�H�I�R�U�H �K�D�Q�G�O�L�Q�J �I�R�R�G �R�U �V�P�R�N�L�Q�J��
�8�V�H �J�R�R�G �F�K�H�P�L�F�D�O �K�\�J�L�H�Q�H �S�U�D�F�W�L�F�H�V �Z�K�H�Q �Z�R�U�N�L�Q�J �Z�L�W�K �D�Q�\ �F�K�H�P�L�F�D�O��

�2�W�K�H�U �3�U�H�F�D�X�W�L�R�Q�V���1�R�Q�H

�6�(�&�7�,�2�1 �9�,�,�, �± �&�2�1�7�5�2�/ �0�(�$�6�8�5�(�6 ���3�3�(��

�5�H�V�S�L�U�D�W�R�U�\ �3�U�R�W�H�F�W�L�R�Q���8�V�H �D �1�,�2�6�+ �D�S�S�U�R�Y�H�G �G�X�V�W �P�D�V�N �W�R �F�R�Q�W�U�R�O �Q�X�L�V�D�Q�F�H �G�X�V�W��

�3�U�R�W�H�F�W�L�Y�H �*�O�R�Y�H�V���5�H�F�R�P�P�H�Q�G�H�G�� �'�L�V�S�R�V�D�E�O�H �Q�L�W�U�L�W�H �H�[�D�P �J�O�R�Y�H�V �D�U�H �V�X�L�W�D�E�O�H �I�R�U �S�U�H�Y�H�Q�W�L�Q�J�S�U�R�O�R�Q�J�H�G �F�R�Q�W�D�F�W
�Z�L�W�K �W�K�H �V�N�L�Q��

�(�\�H �3�U�R�W�H�F�W�L�R�Q���6�D�I�H�W�\ �J�O�D�V�V�H�V �Z�L�W�K �V�L�G�H �V�K�L�H�O�G�V �D�U�H �U�H�F�R�P�P�H�Q�G�H�G��

�2�W�K�H�U �3�U�R�W�H�F�W�L�Y�H �&�O�R�W�K�L�Q�J���1�R�Q�H �U�H�T�X�L�U�H�G�� �K�R�Z�H�Y�H�U�� �D�Y�R�L�G �S�U�R�O�R�Q�J�H�G �F�R�Q�W�D�F�W �Z�L�W�K �W�K�H �V�N�L�Q �I�U�R�P �V�R�L�O�H�G�F�O�R�W�K�L�Q�J��

�9�H�Q�W�L�O�D�W�L�R�Q���/�R�F�D�O �H�[�K�D�X�V�W �V�K�R�X�O�G �E�H �V�X�I�I�L�F�L�H�Q�W�� �$�Y�R�L�G �F�U�H�D�W�L�Q�J �G�X�V�W �I�U�R�P �W�K�H �S�U�R�G�X�F�W���,�I �X�V�H�G �L�Q �D �P�D�Q�Q�H�U �W�K�D�W
�F�U�H�D�W�H�V �G�X�V�W�� �P�H�F�K�D�Q�L�F�D�O �Y�H�Q�W�L�O�D�W�L�R�Q �P�D�\ �E�H �Q�H�F�H�V�V�D�U�\��

�)��������



�1�2�9�2�=�<�0�(�6 �%�,�2�/�2�*�,�&�$�/�6�� �,�1�&��
������ �.�H�V�V�O�H�U �0�L�O�O �5�R�D�G
�6�D�O�H�P�� �9�$ ����������

�7�H�O�H�S�K�R�Q�H �Q�X�P�E�H�U�� ������������������������ �)�D�[�� ������������������������

�(�P�H�U�J�H�Q�F�\ �&�R�Q�W�D�F�W�� ������������������������ �&�+�(�0�7�5�(�&�� ����������������������������

�3�U�R�G�X�F�W �&�R�G�H �±��������������
�%�,���&�+�(�0�Š �'�& �&�:�7 �%�O�H�Q�G �&�$�1 �3�D�J�H �� �R�I ��

�7�K�H �L�Q�I�R�U�P�D�W�L�R�Q �D�Q�G �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V �F�R�Q�W�D�L�Q�H�G �L�Q �W�K�L�V �0�D�W�H�U�L�D�O �6�D�I�H�W�\ �'�D�W�D �6�K�H�H�W �K�D�Y�H �E�H�H�Q �F�R�P�S�L�O�H�G �I�U�R�P
�V�R�X�U�F�H�V �E�H�O�L�H�Y�H�G �W�R �E�H �U�H�O�L�D�E�O�H �D�Q�G �W�R �U�H�S�U�H�V�H�Q�W �F�X�U�U�H�Q�W �R�S�L�Q�L�R�Q �R�Q �W�K�H �V�X�E�M�H�F�W �Z�K�H�Q �W�K�H �0�6�'�6 �Z�D�V �S�U�H�S�D�U�H�G�� �1�R
�Z�D�U�U�D�Q�W�\�� �J�X�D�U�D�Q�W�\ �R�U �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �L�V �P�D�G�H �D�V �W�R �W�K�H �F�R�U�U�H�F�W�Q�H�V�V �R�U �V�X�I�I�L�F�L�H�Q�F�\ �R�I �W�K�H �L�Q�I�R�U�P�D�W�L�R�Q�� �7�K�H �X�V�H�U �R�I �W�K�L�V
�S�U�R�G�X�F�W �P�X�V�W �G�H�F�L�G�H �Z�K�D�W �V�D�I�H�W�\ �P�H�D�V�X�U�H�V �D�U�H �Q�H�F�H�V�V�D�U�\ �W�R �V�D�I�H�O�\ �X�V�H �W�K�L�V �S�U�R�G�X�F�W�� �H�L�W�K�H�U �D�O�R�Q�H �R�U �L�Q �F�R�P�E�L�Q�D�W�L�R�Q
�Z�L�W�K �R�W�K�H�U �S�U�R�G�X�F�W�V�� �D�Q�G �G�H�W�H�U�P�L�Q�H �L�W�V �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �U�H�J�X�O�D�W�R�U�\ �F�R�P�S�O�L�D�Q�F�H �R�E�O�L�J�D�W�L�R�Q�V �X�Q�G�H�U �D�Q�\ �D�S�S�O�L�F�D�E�O�H
�I�H�G�H�U�D�O�� �V�W�D�W�H �D�Q�G �O�R�F�D�O �O�D�Z�V��

�)��������



Safety Data Sheet 

Product Name: MicroC® 2000 Publication Date: May 31, 2015 

Product Code: NA Replaces: February 26, 2015 

Product Use: A reducing agent for biological processes 

Supplier Information: 
Environmental Operating Solutions, Inc 
160 MacArthur Blvd., Unit 6 
Bourne, MA 02532 

 
Phone: 
Fax: 
Website: 

 
508-743-8440 
508-743-8443 
www.microc.com 

EMERGENCY TELEPHONE NUMBER: CHEMTREC 800-424-9300 

Chemical Name CAS #  % by Weight  
Glycerin; glycerol 56-81-5  70-74% 
Water 7732-18-5 22-26% 
Sodium Chloride 7647-14-5 4-6% 
Methanol 67-56-1 < 1% 

Potential Health Effects 
Routes of Exposure Ingestion, inhalation, skin contact, eye contact 
Eyes May cause slight irritation 
Skin May cause slight irritation 
Inhalation High mist concentrations may cause irritation of respiratory tract.   
Ingestion May be harmful if swallowed in large quantities 

Environmental Operating Solutions, Inc. 
160 MacArthur Blvd., Unit 6, Bourne, MA 02532 Page 1 of 6

1.  PRODUCT AND COMPANY IDENTIFICATION 

OSHA Regulatory Status:    
This product when used as intended is not hazardous according to 29 CFR 1910.1200 
 
Note: When vaporized, glycerin mist may cause irritation of the respiratory tract.   
 

2. HAZARDS IDENTIFICATION 

3.  COMPOSITION / INFORMATION ON INGREDIENTS 

Safety Data Sheet
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Safety Data Sheet 

Eye Contact Immediately flush eyes thoroughly with plenty of water for 15 minutes and 
consult a physician immediately. 

Skin Contact Remove contaminated clothing and wash affected area with water and 
soap.  Consult physician if irritation develops 

Inhalation Remove individual to fresh air.  Seek medical attention if breathing 
problems persist 

Ingestion Do not induce vomiting.  Rinse mouth thoroughly.  Seek medical attention. 

General Advice If  individual feels unwell following the exposure to the product consult a 
physician immediately.  Present this Safety Data Sheet to the doctor in 
attendance 
 

Note to physician Treat patient symptomatically 

Flammability Summary (OSHA and NFPA) Non-flammable Material 

Protection of Firefighters: Wear suitable protective equipment. Wear self contained breathing 
apparatus if necessary 
 

Extinguishing Media Use equipment appropriate to the main source of the fire.  Water spray, 
alcohol foam, dry chemical or CO2.  Water or alcohol foam may cause 
frothing 
 

Specific hazards arising from the chemical Carbon oxides 

Personal Protection for Spills Keep unnecessary personnel away from spill.  Use personal protective 
equipment.  Ventilate area of leak or spill.  Avoid breathing vapors and mist. 
 

Methods for Containment Eliminate all sources of ignition.  Stop flow of material if safe to do so.  Dike 
spilled material.  Absorb spill with inert absorbent material.  Sand, earth and 
vermiculite are suitable absorbent materials.   
 

Environmental Precautions Prevent further leakage.  Contain spill if safe to do so.  Do not let product enter 
storm drains if possible.   

Precautions for Safe Handling See other relevant sections of this SDS.  Avoid contact with skin and 
eyes.  Avoid breathing mist.  Use with adequate ventilation.  Do not 
handle and store near open flames, high heat or sources of ignition. 
 

Storage Keep containers closed when not in use.  Minimize evaporative losses.  
Keep away from ignition sources. 

Incompatible Materials for Storage None known 

Environmental Operating Solutions, Inc. 
160 MacArthur Blvd., Unit 6, Bourne, MA 02532 Page 2 of 6 

4.  FIRST AID MEASURES 

5.  FIRE FIGHTING MEASURES 

6. ACCIDENTAL RELEASE MEASURES 

7.  HANDLING AND STORAGE 
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8.  EXPOSURE CONTROLS / PERSONAL PROTECTION 

Component Concentration 
in Product 

ACGIH TLV OSHA TABLE Z-1 Limits 
for Air Contaminants 

NIOSH 

Glycerin 
CAS No: 56-81-5 

70-74% w/w Form: Glycerin Mist  
TWA: 10 mg/m3 

Form: Total Dust 
PEL: 15 mg/m3 
 
Form: Respirable 
Fraction 
PEL:  5 mg/m3 

Insufficient 
Data on 
Glycerin Mist 

Methanol  
CAS No: 67-56-1 

< 1 % w/w TWA: 260 mg/m3 PEL: 260 mg/m3 TWA: 260 
mg/m3 

INSUFFICIENT DATA ON MIXTURE.  DATA ON INDIVIDUAL COMPONENTS PROVIDED BELOW 

Engineering Controls Use proper equipment and storage conditions to control airborne levels 
below recommended exposure limits.  

Personal Protective Equipment 
 

Eye Protection:  Use normal eye protection practices such as safety glasses with side 
shields.  Use chemical goggles if risk of splashing is high. 
 

Skin Protection Handle with chemical resistant gloves.  Dispose of contaminated gloves 
after use.  Nitrile gloves recommended.   
 

Respiratory Protection If workers could be exposed to concentrations above the exposure 
limits in Section 8, use a full face respirator with multipurpose 
combination cartridges. 
 

Physical State Liquid Flash Point None to Boil (ASTM D93) 

Color Light brown Boiling Point Not determined 

Odor Musty – Sweet Odor Evaporation Rate Not determined 

Odor Threshold Not determined UEL/LEL Not determined 

Flammability (solid, gas) Not determined 

pH  4.00-11.00 Vapor Pressure Not determined 

Solubility in Water Highly soluble in water Vapor Density Not determined 

Relative Density Not Determined 

Bulk Density 10.22 lbs/gal Partition Coefficient Not determined 

Specific gravity 1.225@ 20°C Autoignition Temperatures 

Viscosity 45 cPs @ 20C 
Decomposition 
Temperature Not determined 

9.  PHYSICAL AND CHEMICAL PROPERTIES 

Safety Data Sheet 

Environmental Operating Solutions, Inc. 
160 MacArthur Blvd., Unit 6, Bourne, MA 02532 Page 3 of 6 

�)��������



Safety Data Sheet 

Reactivity Avoid contact with oxidizing agents (e.g. nitric acid, peroxides, chromates) 

Chemical Stability Stable under normal storage conditions 

Possibility of hazardous reactions None known  

Conditions to Avoid Heat, flames, sparks.  Contact with oxidizing agents 

Incompatible Materials None known 

Hazardous Decomposition Products Oxides of carbon under high heat 

Glycerin; Glycerol CAS No. 56-81-5 

Acute Toxicity Dermal LD50 = > 10,000 mg/kg (Rabbit) 
Inhalation LC50 = > 570 mg/m3 1 hr (Rat) 
Oral LD50 = 12,600 mg/kg (Rat) 

Carcinogenicity Not listed by ACGIH, IARC, NIOSH, NTP or OSHA 

Mutagenicity No data available 

Reproductive Toxicity No data available 

Environmental Operating Solutions, Inc. 
160 MacArthur Blvd., Unit 6, Bourne, MA 02532 Page 4 of 6 

10.  STABILITY AND REACTIVITY 

11. TOXICOLOGY 
INSUFFICIENT DATA ON MIXTURE.  DATA ON INDIVIDUAL COMPONENTS PROVIDED BELOW 

Methanol 67-56-1 

Acute Toxicity Dermal LD50 =  15,800 mg/kg (Rabbit) 
Inhalation LC50 =  64,000 mg/m3 4 hr (Rat) 
Oral LD50 = 5,600 mg/kg (Rat) 

Carcinogenicity Not listed by ACGIH, IARC, NIOSH, NTP or OSHA 

Mutagenicity No data available 

Reproductive Toxicity No data available 

Eye Contact The components in this product may result in mild eye irritation from 
contact with liquid or vapors.  Symptoms include redness, swelling, 
watering. 
 

Skin Contact The components in this product may result in mild skin irritation.  Symptoms 
include redness, itching, burning, dermatitis. 
 

Inhalation Breathing high mist concentrations may be harmful.  Inhalation can cause 
irritation of the throat and lungs. 

Ingestion Ingestion of this product may result in nausea, vomiting and diarrhea.  
Aspiration into the lungs can cause damage and inflammation to the lungs.    

Target Organs Lungs, Kidneys 

Prolonged Exposure  Symptoms include nausea, headache, vomiting 
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US Domestic DOT Not Regulated 

Shipping Name Glycerin; Glycerol 

IMDG Not dangerous goods 

IATA Not dangerous goods 

Marine pollutant No 

12.  ECOLOGICAL INFORMATION 

Ecotoxicity Glycerin:  96 hr LC50: 51,000-57,000 mg/L (Rainbow Trout), > 5000 mg/L Goldfish  
Methanol: 96 hr LC50: > 15,400-29,400 mg/L (Fish) 

Persistence and degradability No data available 

Bioaccumulative potential No data available 

Mobility in soil No data available 

Other adverse effects No data available 

13. DISPOSAL CONSIDERATIONS 
This product as supplied is not classified as a RCRA hazardous waste according to 40 CFR 261.  However it should 
be fully characterized prior to disposal as contamination with other materials may subject it to hazardous waste 
regulations.  RCRA requires the user of the product to determine whether the product meets RCRA criteria for 
hazardous waste.  Always consult with local, state and federal regulations prior to disposal.   

14.  TRANSPORTATION INFORMATION 

United States 

Toxic Substances Control Act 

The components of this product are listed on the TSCA Inventory of Existing Chemical Substances 

Section 302 (EHS) TPQ  Not applicable  

Section 304 (EHS) TPQ  Not applicable  

SARA Section 311/312 Hazard Categories 
 Acute  - NO 
 Chronic – NO 
 Physical - None  
 Pressure Hazard - NO  
 Fire Hazard - NO  

15.  REGULATORY INFORMATION 

Safety Data Sheet 

Environmental Operating Solutions, Inc. 
160 MacArthur Blvd., Unit 6, Bourne, MA 02532 Page 5 of 6 
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Safety Data Sheet 

Environmental Operating Solutions, Inc. 
160 MacArthur Blvd., Unit 6, Bourne, MA 02532 Page 6 of 6 

MSDS REVISION STATUS:  May 31, 2015|  Replaces February 26, 2015 
 
THIS MATERIAL SAFETY DATA SHEET (MSDS) HAS BEEN PREPARED IN COMPLIANCE WITH THE FEDERAL OSHA 
HAZARD COMMUNICATION STANDARD, 29 CFR 1910.1200. THE INFORMATION IN THIS MSDS SHOULD BE PROVIDED 
TO ALL WHO WILL USE, HANDLE, STORE, TRANSPORT, OR OTHERWISE BE EXPOSED TO THIS PRODUCT. WE BELIEVE 
THIS INFORMATION TO BE RELIABLE AND UP TO DATE AS OF ITS PUBLICATION DATE, BUT MAKE NO WARRANTY 
THAT IT IS. IF THIS MSDS IS MORE THAN THREE YEARS OLD YOU SHOULD CONTACT THE SUPPLIER TO MAKE CERTAIN 
THAT THE INFORMATION IS CURRENT. 
 

SARA Section 313 
This product may contain trace amounts of a chemical that is subject to reporting requirements of SARA 

Methanol  CAS # 67-56-1   Typical % Weight in Product  0.0-0.10% 

CERCLA 
This product may contain trace amounts of a chemical that is subject to reporting requirements of CERCLA  
 Methanol RQ # 5,000.  Typical % Weight in Product 0.0-0.10% 

Clean Water Act Section 311 Hazardous Substances (40 CFR 117.3):  None 
 
State Right to Know Regulations 

    Chemical Name: Glycerin   

California – Proposition 65 Not applicable 

Massachusetts Right to Know Glycerin 

Minnesota Hazardous Substances List Glycerin mist 

New Jersey Right to Know None 

Pennsylvania Right to Know Glycerin 

Rhode Island Right to Know Glycerin 

16.  ADDITIONAL INFORMATION 
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The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.
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�&�2�1�7�$�,�1�(�5 �(�1�&�/�2�6�8�5�(�6 �± �&�1�7�5 �6�(�5�,�(�6

�'�L�P�H�Q�V�L�R�Q �D�Q�G �6�S�H�F�L�I�L�F�D�W�L�R�Q �F�K�D�U�W��
�3�D�U�W

�1�X�P�E�H�U
�/�H�Q�J�W�K�:�L�G�W�K�+�H�L�J�K�W�:�H�L�J�K�W �(�P�S�W�\

���O�E�V��
�6�W�G �&�D�S��

���O�E�V��
�,�Q�W�H�U�L�R�U �'�L�P�H�Q�V�L�R�Q�V

�/�H�Q�J�W�K�:�L�G�W�K �+�H�L�J�K�W
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ���������� ���¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´

�2�S�W�L�R�Q�V �7�D�E�O�H��
�2�S�W�L�R�Q �'�H�V�F�U�L�S�W�L�R�Q
�3�( �D�S�S�U�R�Y�D�O �R�I �V�W�U�X�F�W�X�U�D�O
�G�U�D�Z�L�Q�J�V

�3�U�R�I�H�V�V�L�R�Q�D�O �(�Q�J�L�Q�H�H�U���V�W�D�P�S�H�G�� �Z�L�Q�G���O�R�D�G �K�R�O�G���G�R�Z�Q �G�R�F�X�P�H�Q�W�D�W�L�R�Q �L�Q
�F�R�P�S�O�L�D�Q�F�H �Z�L�W�K �O�R�F�D�O �E�X�L�O�G�L�Q�J �F�R�G�H

�(�[�W�H�U�L�R�U �6�W�H�H�O �6�L�G�L�Q�J �,�Q�G�X�V�W�U�L�D�O �V�W�H�H�O �V�L�G�L�Q�J �H�[�W�H�U�L�R�U
�(�3�'�0 �5�R�R�I �+�L�J�K���T�X�D�O�L�W�\ �(�3�'�0 �P�H�P�E�U�D�Q�H �U�R�R�I
�3�U�R�F�H�V�V �K�H�D�W �H�[�F�K�D�Q�J�H�U
�H�[�K�D�X�V�W

�(�[�K�D�X�V�W �K�D�W�F�K�H�V �F�D�Q �E�H �L�Q�V�H�U�W�H�G �L�Q �Z�D�O�O �W�R �G�L�I�I�X�V�H �K�H�D�W �R�X�W�V�L�G�H �R�I �E�X�L�O�G�L�Q�J

�(�[�W�U�D �O�R�X�Y�H�U �I�R�U �D�G�G�H�G
�Y�H�Q�W�L�O�D�W�L�R�Q

�)�R�U �D�G�G�H�G �Y�H�Q�W�L�O�D�W�L�R�Q �D�Q�G �D�L�U �F�L�U�F�X�O�D�W�L�R�Q �D �O�R�X�Y�H�U �F�D�Q �E�H �L�Q�V�W�D�O�O�H�G �L�Q�W�R �E�X�L�O�G�L�Q�J
�Z�D�O�O

�6�R�X�Q�G �,�Q�V�X�O�D�W�L�R�Q �/�D�\�H�U �R�I �V�R�X�Q�G���L�Q�V�X�O�D�W�L�R�Q �P�D�W�H�U�L�D�O �E�X�L�O�W �L�Q�W�R �Z�D�O�O�V �E�O�R�F�N�V �R�X�W �R�S�H�U�D�W�L�R�Q�D�O �Q�R�L�V�H
�5�X�E�E�H�U �I�O�R�R�U�L�Q�J �ô�´ �W�K�L�F�N �U�X�E�E�H�U �I�O�R�R�U �P�D�W�V
�6�X�P�S ���´ �V�X�P�S �L�Q �I�O�R�R�U �W�R �G�H�W�H�F�W �I�O�R�R�G�L�Q�J
�)�O�R�R�U �F�X�W�R�X�W �)�O�R�R�U �K�D�W�F�K �F�D�Q �E�H �F�X�W�R�X�W �W�R �D�O�O�R�Z �S�L�S�H �H�Q�W�U�D�Q�F�H �I�U�R�P �X�Q�G�H�U�J�U�R�X�Q�G
�5�R�R�I �H�[�W�H�Q�V�L�R�Q �R�U �K�D�W�F�K �)�R�U �W�D�O�O �H�T�X�L�S�P�H�Q�W�� �U�R�R�I �H�[�W�H�Q�V�L�R�Q�V �R�U �K�D�W�F�K�H�V �F�D�Q�E�H �E�X�L�O�W �L�Q�W�R �U�R�R�I
�3�L�S�H �V�W�X�E �R�X�W�V �3�L�S�H �V�W�X�E �R�X�W�V �F�D�Q �E�H �P�R�X�Q�W�H�G �R�Q �V�L�G�H �R�I �E�X�L�O�G�L�Q�J
�3�L�S�H �F�R�Q�Q�H�F�W�L�R�Q �V�O�R�W �3�L�S�H���F�R�Q�Q�H�F�W�L�R�Q �V�O�R�W �F�D�Q �E�H �P�R�X�Q�W�H�G �R�Q �V�L�G�H �R�I �E�X�L�O�G�L�Q�J
�9�H�Q�W�L�O�D�W�L�R�Q �)�D�Q �3�U�R�S�H�U�O�\ �V�L�]�H�G �Y�H�Q�W�L�O�D�W�L�R�Q �I�D�Q �Z�L�W�K �W�K�H�U�P�R�V�W�D�W
�+�H�D�W�H�U �3�U�R�S�H�U�O�\ �V�L�]�H�G �K�H�D�W�H�U �Z�L�W�K �W�K�H�U�P�R�V�W�D�W
�/�L�J�K�W�L�Q�J �3�U�R�S�H�U �O�L�J�K�W�L�Q�J �W�R �D�O�O�R�Z �I�R�U �D�F�F�H�S�W�D�E�O�H �D�P�R�X�Q�W �R�I �O�L�J�K�W �I�R�U �Z�R�U�N �L�Q�V�L�G�H �R�I �W�K�H

�F�R�Q�W�D�L�Q�H�U
�7�K�H�U�P�D�O �L�Q�V�X�O�D�W�L�R�Q �5������ �L�Q�V�X�O�D�W�L�R�Q �L�Q �Z�D�O�O�V �D�Q�G �F�H�L�O�L�Q�J
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���}�u�‰�o���š���o�Ç���Á���o���������.�o�š���Œ�������•�•���©�����(�}�Œ��
�š�Z�����.�o�š�Œ���Ÿ�}�v���}�(���Á���š���Œ�X���d�Ç�‰�]�����o�����‰�‰�o�]����-
�Ÿ�}�v�•�W
�t���•�š�����t���š���Œ���]�v���u���u���Œ���v�������]�}�Œ�������š�}�Œ�•�U��
�•�µ�Œ�(���������Á���š���Œ�X���d�Z���������•�•���©�������}�v�•�]�•�š�•���}�(�W

�>�� �Z�}�µ�•�]�v�P�����v�����Z���������Œ���u���������}�(���‰�}�o�Ç�r 
�� �‰�Œ�}�‰�Ç�o���v�����~�&���������‰�‰�Œ�}�À�����•

�>�� �î�ï�������Ÿ�À�����.�o�š���Œ���‰�o���š���•���u���������}�(���‰�}�o�Ç�r 
�� �‰�Œ�}�‰�Ç�o���v�����~�&���������‰�‰�Œ�}�À�����•

�>�� �î���‰�Œ�}�š�����Ÿ�À�����‰�o���š���•���u���������}�(���‰�}�o�Ç�‰�Œ�}�r 
�� �‰�Ç�o���v�����~�&���������‰�‰�Œ�}�À�����•

�>�� �o���•���Œ���Á���o���������u���u���Œ���v�����u���������}�(�� 
�� �W�}�o�Ç���š�Z���Œ�•�µ�o�(�}�v�����~�<�d�t�����‰�‰�Œ�}�À�����•

Parameter Unit Value

���]�u���v�•�]�}�v���}�(���.�o�š���Œ���Z�}�µ�•�]�v�P�� 
�~�]�v���o�X���G���v�P�����(�}�Œ�������Œ���Ÿ�}�v�•

�>���Æ���t���Æ���,�����u �î�ì�õ���Æ���ð�í�ô���Æ���ð�õ�ì

�}�µ�š�o���š�����]���u���š���Œ mm �î�ñ

�‰�Œ�}�š�����Ÿ�À�����‰�o���š���• �î

�v�µ�u�����Œ���}�(�������Ÿ�À�����‰�o���š���• �î�ï

�š�}�š���o���u���u���Œ���v�����•�µ�Œ�(�����������Œ����m² �ô

�‰�}�•�•�]���o�����G�}�Á�÷
�î�����Z���u�]�����o�����o�����v�]�v�P�• �l �Ç�����Œ
�í�����Z���u�]�����o�����o�����v�]�v�P �l �Ç�����Œ

�o�l�u�ø�Z  
�ï�ì 
�í�ñ

�u���Æ�X���G�}�Á �o�l�u�ø�Z �ñ�ì

�u���u���Œ���v�����u���š���Œ�]���o �ø �W���^ �l �W�s���&

�‰�}�Œ�����•�]�Ì�����v�}�u�X�ø �…�u �ì�X�ì�ð�r �ì�X�ï

�.�o�š�Œ���Ÿ�}�v���‰�Œ���•�•�µ�Œ�� �����Œ �ì�X�í �r �ì�X�î�ñ

�������l�G�µ�•�Z���‰�Œ���•�•�µ�Œ�� �����Œ �ì�X�ì�ó�r�ì�X�í

�.�o�š���Œ���Z�}�µ�•�]�v�P���u���š���Œ�]���o PP

�Á���]�P�Z�š �l�P ���‰�‰�Œ�}�Æ�X���í�í�X�ñ

�÷�������‰���v���]�v�P���}�v���Á���•�š���Á���š���Œ�����Z���Œ�����š���Œ�]�•�Ÿ���•
² ���u���u���Œ���v�����u���š���Œ�]���o���•���o�����š�����o�����(�}�Œ���•�‰�����]�.���������‰�‰�o�]�����Ÿ�}�v�•���}�Œ�����µ�•�š�}�u���Œ�•

Technical Data Sheet    CASSETTE FILTER MCXL2   ��r�Ÿcle�rNo. �ô0�î000�ó�î



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�(������������



�Ó�ä�ä�{ �Ê�  � ` � ˆ � Ì � ˆ �œ�˜

�,�I�Q�U�I�D���3�T�O�R�A�G�E���4�A�N�K�S
�/�…�ˆ � ˜ �Ž�Ê� /�>�˜ �Ž�Ã�° �Ê�Ê� / �…�ˆ � ˜ �Ž�Ê�  �œ�À�Ü� i �Ã�V�œ�°

�(������������

�7�1�.�������������������7�D�Q�N�����&�O�R�V�H�G���7�R�S�����&�\�O�L�Q�G�U�L�F�D�O���������������J�D�O�����1�R�U�Z�H�V�F�R�������Q�R���G�U�D�L�Q�����3�1������������
�7�1�.���������������7�D�Q�N�����&�O�R�V�H�G���7�R�S�����&�\�O�L�Q�G�U�L�F�D�O���������������J�D�O�����1�R�U�Z�H�V�F�R�������Q�R���G�U�D�L�Q�����3�1������������



� �"�,�7��-�
�"�Ê�Ì�>�˜�Ž�Ã�Ê�>�À�i�Ê�“�>�˜�Õ�v�>�V�Ì�Õ�À�i�`�Ê�Ì�œ�Ê�Ã�Ì�À�ˆ�V�Ì�Ê�µ�Õ�>�•�ˆ�Ì�Þ�Ê�}�Õ�ˆ�`�i�•�ˆ�˜�i�Ã�Ê�Ì�œ�Ê�i�˜�Ã�Õ�À�i�Ê�Þ�i�>�À�Ã�Ê�œ�v�Ê
�…�ˆ�}�…�‡�«�i�À�v�œ�À�“�>�˜�V�i�Ê�Õ�Ã�i�°�Ê�,�Õ�}�}�i�`�]�Ê�ˆ�“�«�>�V�Ì�‡�À�i�Ã�ˆ�Ã�Ì�>�˜�Ì�]�Ê�œ�˜�i�‡�«�ˆ�i�V�i�Ê�Ã�i�>�“�•�i�Ã�Ã�Ê�«�œ�•�Þ�i�Ì�…�Þ�•�i�˜�i�Ê
�V�œ�˜�Ã�Ì�À�Õ�V�Ì�ˆ�œ�˜�Ê�“�>�Ž�i�Ã�Ê�œ�Õ�À�Ê�Ì�>�˜�Ž�Ã�Ê�Ã�Õ�ˆ�Ì�>�L�•�i�Ê�v�œ�À�Ê�Ì�…�i�Ê�Ã�Ì�œ�À�>�}�i�Ê�>�˜�`�É�œ�À�Ê�Ì�À�>�˜�Ã�«�œ�À�Ì�Ê�œ�v�Ê�“�œ�Ã�Ì�Ê�•�ˆ�µ�Õ�ˆ�`�Ê
�v�i�À�Ì�ˆ�•�ˆ�â�i�À�Ã�]�Ê�…�i�À�L�ˆ�V�ˆ�`�i�Ã�]�Ê�ˆ�˜�Ã�i�V�Ì�ˆ�V�ˆ�`�i�Ã�Ê�>�˜�`�Ê�v�Õ�˜�}�ˆ�V�ˆ�`�i�Ã�Ê�>�Ã�Ê�Ü�i�•�•�Ê�>�Ã�Ê�>�Ê�Ü�ˆ�`�i�Ê�À�>�˜�}�i�Ê�œ�v�Ê�ˆ�˜�`�Õ�Ã�Ì�À�ˆ�>�•�Ê
�V�…�i�“�ˆ�V�>�•�Ã�°�Ê� �"�,�7��-�
�"�Ê�Ì�>�˜�Ž�Ã�Ê�>�À�i�Ê�“�>�˜�Õ�v�>�V�Ì�Õ�À�i�`�Ê�Õ�Ã�ˆ�˜�}�Ê�À�i�Ã�ˆ�˜�Ã�Ê�Ì�…�>�Ì�Ê�“�i�i�Ì�Ê�������Ê
�Ã�«�i�V�ˆ�v�ˆ�V�>�Ì�ˆ�œ�˜�Ã�Ê�Ì�œ�Ê�i�˜�Ã�Õ�À�i�Ê�Ã�>�v�i�Ê�Ã�Ì�œ�À�>�}�i�Ê�œ�v�Ê�«�œ�Ì�>�L�•�i�Ê�Ü�>�Ì�i�À�°

�+�Õ�>�•�ˆ�Ì�Þ�]�Ê�«�À�ˆ�V�i�]�Ê�«�À�œ�`�Õ�V�Ì�Ê�•�ˆ�˜�i�Ê�>�˜�`�Ê�•�i�>�`�ˆ�˜�}�Ê�i�`�}�i�Ê�Ì�i�V�…�˜�œ�•�œ�}�Þ�Ê�“�>�Ž�i�Ê� �"�,�7��-�
�"�Ê
� �œ�À�Ì�…�Ê���“�i�À�ˆ�V�>�½�Ã�Ê�•�>�À�}�i�Ã�Ì�Ê�“�>�˜�Õ�v�>�V�Ì�Õ�À�i�À�Ê�œ�v�Ê�À�œ�Ì�>�Ì�ˆ�œ�˜�>�•�•�Þ�Ê�“�œ�•�`�i�`�Ê�Ì�>�˜�Ž�Ã�°�Ê�-�Ì�>�˜�`�>�À�`�Ê�Ê
� �"�,�7��-�
�"�Ê�Ì�>�˜�Ž�Ã�Ê�Ü�ˆ�•�•�Ê�L�i�Ê�`�i�•�ˆ�Û�i�À�i�`�Ê�Ì�œ�Ê�Þ�œ�Õ�Ê�Ü�ˆ�Ì�…�Ê�>�Ê�v�ˆ�Ì�Ì�ˆ�˜�}�Ê�ˆ�˜�Ã�Ì�>�•�•�i�`�Ê�Ü�…�i�˜�Ê
�>�«�«�•�ˆ�V�>�L�•�i�°�Ê� �"�,�7��-�
�"�Ê�Ì�>�˜�Ž�Ã�Ê�“�>�Þ�Ê�L�i�Ê�œ�À�`�i�À�i�`�Ê�Ü�ˆ�Ì�…�œ�Õ�Ì�Ê�>�Ê�v�ˆ�Ì�Ì�ˆ�˜�}�Ê�>�Ã�Ê�Ü�i�•�•�°
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�6�E�R�T�I�C�A�L���3�T�O�R�A�G�E���4�A�N�K�S ���������������������������������������������������������������������������������������������������������������� ��
�(�O�R�I�Z�O�N�T�A�L���,�E�G���4�A�N�K�S �������������������������������������������������������������������������������������������������������������������� ��
�$�R�A�I�N�A�B�L�E���,�E�G���4�A�N�K�S������������������������������������������������������������������������������������������������������������������������ ��
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ELMRIDGE ® Liqui-Jet® Mixing Eductors ME Series
KEEPING SOLIDS IN SUSPENSION / D ISPERSING CHEMICALS / MAINTAINING

TANK CONCENTRATIONS / ELIMINATING THERMAL GRADIENTS

ELMRIDGE ‘ME Series’ Liqui-Jet Mixing Eductors vigor-
ously and efficiently circulate the liquid contents of tanks
without powered impellers or other insertion-type rotating
mechanical devices. ELMRIDGE ‘ME Series’ Liqui-Jet Mix-
ing Eductors operate on the same principle as our stan-
dard line of liquid-powered Jet-Apparatus. Liquid is pumped
through the Eductor nozzle, emerging at a relatively high
velocity, creating a localized zone of lower pressure. Tank
contents are drawn to this lower pressure zone, where the
momentum of the motive liquid is transferred to the tank
liquid, causing the tank liquid to be ‘pumped’ and circu-
lated. For every gallon of liquid pumped through the Educ-
tor nozzle, up to five gallons of liquid is circulated. Note
that Eductors can actually be ‘aimed’ at specific areas in
the vessel. Operating characteristics (Water Motive / Wa-
ter Suction), for standard models are shown below, and
special units are also available to meet your specifications.
Standard materials of construction are Glass Reinforced
Polypropylene, PVDF, PVC, CPVC, Teflon®, Cast Iron, 316
Stainless Steel, Alloy 20, and Hastelloy C®. Other materi-
als are available upon request. Threaded, flanged, or socket
weld connections (except Cast Iron).
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Dimensions and Specifications are subject to change without notice33

Table 1 Nozzle and Circulated Flow (usgpm) for ME Series
Liqui-Jet Tank Mixing Eductors using 70 deg. F Water

Model Flow Operating Water Pressure (psi)

Number Type 10 15 20 25 30 35 40 50 60

ME05P Nozzle Flow 3.2 3.9 4.5 5.0 5.5 5.9 6.3 7.1 7.8

Circ. Flow 16 20 23 25 28 30 32 36 39

ME10P Nozzle Flow 7.5 9.2 10.6 11.9 13.0 14.0 15 17 18

Circ. Flow 38 46 53 59 65 70 75 84 92

ME20P Nozzle Flow 13.5 17 19 21 23 25 27 30 33

Circ. Flow 68 83 95 107 117 126 135 151 165

ME30P Nozzle Flow 20 24 28 32 35 37 40 45 49

Circ. Flow 100 122 141 158 173 187 200 224 245

ME40P Nozzle Flow 33 40 47 52 57 62 66 74 81
Circ. Flow 165 202 233 261 286 309 330 369 404

ME10 Nozzle Flow 8.2 10 12 13 14 15 16 18 20
Circ. Flow 33 40 46 52 57 61 66 73 80

ME20 Nozzle Flow 12 15 17 19 21 22 24 27 29

Circ. Flow 48 59 68 76 83 90 96 107 118

ME30 Nozzle Flow 21 26 30 33 36 39 42 47 51
Circ. Flow 84 103 119 133 145 157 168 188 206

ME40 Nozzle Flow 35 43 49 55 61 65 70 78 86

Circ. Flow 140 171 198 221 242 262 280 313 343

ME50 Nozzle Flow 55 67 78 87 95 103 110 123 135

Circ. Flow 275 337 389 435 476 514 550 615 674

ME60 Nozzle Flow 126 154 178 199 218 236 252 282 309

Circ. Flow 630 772 891 996 1091 1179 1260 1409 1543

ME70 Nozzle Flow 285 349 403 451 494 533 570 637 698

Circ. Flow 1425 1745 2015 2253 2468 2666 2850 3186 3491

ME80 Nozzle Flow 590 723 834 933 1022 1104 1180 1319 1445

Circ. Flow 2950 3613 4172 4664 5110 5519 5900 6596 7226

ME90 Nozzle Flow 1062 1301 1502 1679 1839 1987 2124 2375 2601

Circ. Flow 5310 6503 7509 8396 9197 9934 10620 11874 13007

Dimensions
Model Pressure D L

Number Connection (inches) (inches)
ME05P 1/4" Male* 1-1/2" 3-1/8"

ME10P 3/8" Male* 2-1/8" 4-1/2"

ME20P 3/4" Male* 3" 6-3/8"

ME30P 1" Male* 3-13/16" 8-1/16"
ME40P 1-1/2" Male* 4-5/8" 9-7/8"

ME10M 3/8" Male* 1-3/4" 4-1/2"

ME20M 3/4" Male* 2-3/8" 6-3/4"

ME30M 1" Male* 2-7/8" 7-5/8"

ME40M 1-1/2" Male* 4-5/8" 9-7/8"

ME40 1-1/2" Female* 3-3/4" 9-1/2"

ME50 2" ** 5-5/8" 12-1/4"

ME60 3" ** 8-1/2" 17-5/8"

ME70 4" ** 12-1/2" 26-1/4"

ME80 6" *** 17-1/4" 36-1/2"

ME90 8" *** 22" 48-5/8"

* NPT or BSPT

** NPT or BSPT Female or 150# ANSI FF Flange
*** 150# ANSI FF Flange only

�(������������
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ELMRIDGE ® Liqui-Jet® Mixing Eductors ME Series
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APPLICATION EXAMPLES

EXAMPLE 1:

The volume of a rectangular process tank is 5,000 US gallons (approximately 10’W x 15’L x 4.5’H). In order that the
contents of the tank remain in homogenous solution, it is necessary that the tank volume be completely turned over (ie.
completely recirculated), in a period of approx. 8 minutes. It has further been determined that eductor spacing not exceed 3’
in order to utilize the eductor outlet plume to further agitate the bottom corners of the tank. There is an existing single header
of sufficient capacity centered longitudinally along the bottom of the tank, and a pump that will supply sufficient volume at 30
psig.

1. Four eductors spaced on 3’ centers on each side of the header pipe will meet the necessary spacing requirements.

2. The number of eductors required is:

4 x 2 sides = 8 eductors

3. Total required recirculation flowrate is:

5000 / 8 min. = 625 usgpm

4. Required recirculation flowrate per eductor is:

625 / 8 eductors = 78.1 usgpm

5. An ME20 eductor has a circulated flowrate of 83 usgpm at 30 psig., therefore a quantity of (8) ME20 eductors could
be used.

6. The nozzle flow of an ME20 eductor at 30 psig is 21 usgpm, therefore, the pump must be able to supply:

8 x 21 = 168 usgpm at 30 psig

EXAMPLE 2:

A steam-jacketed hot oil (S.G. = 1.21), preheat tank is 20’ high and 10’ in diameter (approx. 11750 usgal).
It is desired that a single eductor using a portion of the total oil inflow turn over the contents of the tank in
approx. 12 minutes in order to reduce temperature gradients within the tank. Pump pressure must also be
approximated; assume inflow rate is sufficient.

1. The static discharge pressure that the pump must overcome is:

20 x 1.21 = 24.2 feet of water
= 10.5 psig

2. Total required recirculation flowrate is:

11750 / 12 = 979 usgpm

4 An ME60 eductor has a circulated flowrate of 1091 usgpm at 30 psig, however, the pump must be sized to supply the
ME60 nozzle flowrate of 218 x SQRT(1/1.21) = 198 usgpm at:

30 + 10.5 = 40.5 psig

�(������������
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�)�H�D�W�X�U�H�V
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�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O��
�6�H�Z�D�J�H���W�U�H�D�W�P�H�Q�W���S�O�D�Q�W

�)�H�E�U�X�D�U�\����������

�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O
�6�H�Z�D�J�H �7�U�H�D�W�P�H�Q�W���3�O�D�Q�W ���6�7�3��

�3�U�H�S�D�U�H�G���E�\��
�$�J�Q�L�F�R �(�D�J�O�H���0�L�Q�H�V���/�L�P�L�W�H�G���± �0�H�D�G�R�Z�E�D�Q�N �'�L�Y�L�V�L�R�Q���± �:�K�D�O�H���7�D�L�O���3�L�W���3�U�R�M�H�F�W



�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O��
�6�H�Z�D�J�H���W�U�H�D�W�P�H�Q�W���S�O�D�Q�W

�)�H�E�U�X�D�U�\����������

�(�;�(�&�8�7�,�9�(���6�8�0�0�$�5�<

�$�J�Q�L�F�R�� �(�D�J�O�H�� �K�D�V�� �S�U�H�S�D�U�H�G�� �W�K�H�� �I�R�O�O�R�Z�L�Q�J�� �G�R�F�X�P�H�Q�W�� �Z�K�L�F�K�� �V�X�P�P�D�U�L�]�H�V�� �W�K�H�� �R�S�H�U�D�W�L�R�Q�D�O�� �D�Q�G��
�P�D�L�Q�W�H�Q�D�Q�F�H���S�U�R�F�H�G�X�U�H�V���W�R���E�H���I�R�O�O�R�Z�H�G���D�W���W�K�H���6�H�Z�D�J�H �7�U�H�D�W�P�H�Q�W���3�O�D�Q�W ���6�7�3����

�7�K�L�V���U�H�S�R�U�W���G�R�F�X�P�H�Q�W�V���W�K�H���V�W�D�Q�G���D�O�R�Q�H���2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O���± �6�H�Z�D�J�H �7�U�H�D�W�P�H�Q�W���3�O�D�Q�W����
�L�Q�F�O�X�G�H�V���W�K�H���I�R�O�O�R�Z�L�Q�J���U�H�T�X�L�U�H�P�H�Q�W�V��

�x �7�K�H�� �P�D�Q�X�D�O�� �Z�D�V�� �S�U�H�S�D�U�H�G �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �W�K�H�� �³�*�X�L�G�H�O�L�Q�H�V�� �I�R�U�� �W�K�H�� �3�U�H�S�D�U�D�W�L�R�Q�� �R�I�� �D�Q��
�2�S�H�U�D�W�L�R�Q�� �D�Q�G�� �0�D�L�Q�W�H�Q�D�Q�F�H�� �0�D�Q�X�D�O�� �I�R�U�� �6�H�Z�D�J�H�� �D�Q�G�� �6�R�O�L�G�� �:�D�V�W�H�� �'�L�V�S�R�V�D�O�� �)�D�F�L�O�L�W�L�H�V�� �L�Q�� �W�K�H��
�1�R�U�W�K�Z�H�V�W���7�H�U�U�L�W�R�U�L�H�V�������������´�����D�Q�G���D�G�D�S�W�H�G���I�R�U���W�K�H���X�V�H���R�I���D���P�H�F�K�D�Q�L�F�D�O���F�R�Q�W�D�F�W���Z�D�W�H�U �W�U�H�D�W�P�H�Q�W��
�I�D�F�L�O�L�W�\��

�x �7�K�H �P�D�Q�X�D�O���L�Q�F�O�X�G�H�V���F�R�Q�W�L�Q�J�H�Q�F�\���P�H�D�V�X�U�H�V���L�Q���W�K�H���H�Y�H�Q�W���R�I���D���S�O�D�Q�W���P�D�O�I�X�Q�F�W�L�R�Q�� �D�Q�G

�x �7�K�H���P�D�Q�X�D�O���L�Q�F�O�X�G�H�V���V�O�X�G�J�H���P�D�Q�D�J�H�P�H�Q�W���S�U�R�F�H�G�X�U�H�V��
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�$�J�Q�L�F�R���(�D�J�O�H �,�Q�W�H�U�Q�D�O��
�x �(�Q�H�U�J�\ �	 �,�Q�I�U�D�V�W�U�X�F�W�X�U�H�V���6�H�U�Y�L�F�H�V���6�X�S�H�U�L�Q�W�H�Q�G�H�Q�W
�x �(�Q�H�U�J�\ �	 �,�Q�I�U�D�V�W�U�X�F�W�X�U�H�V���6�H�U�Y�L�F�H�V���*�H�Q�H�U�D�O���)�R�U�H�P�D�Q
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�7�K�L�V�� �6�H�Z�D�J�H �7�U�H�D�W�P�H�Q�W�� �3�O�D�Q�W�� ���6�7�3���� �2�S�H�U�D�W�L�R�Q�� �D�Q�G�� �0�D�L�Q�W�H�Q�D�Q�F�H�� �0�D�Q�X�D�O ���2�0�0�� �I�R�U�� �W�K�H���:�K�D�O�H�� �7�D�L�O
�*�R�O�G�� �3�U�R�M�H�F�W�� ���W�K�H�� �3�U�R�M�H�F�W���� �K�D�V�� �E�H�H�Q�� �S�U�H�S�D�U�H�G�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �³Guidelines for the Preparation of an 
Operation and Maintenance Manual for Sewage and Solid Waste Disposal Facilities in the Northwest 
Territories, 1996, prepared by the Department of Municipal and Community Affairs, NWT�´�� �7�K�H���2�0�0
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�)�L�J�X�U�H�V���������� �D�Q�G �� �L�O�O�X�V�W�U�D�W�H���W�K�H���O�R�F�D�W�L�R�Q���D�Q�G���J�H�Q�H�U�D�O���D�U�U�D�Q�J�H�P�H�Q�W���R�I���W�K�H���6�7�3��
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�7�K�H���S�O�D�Q�W���L�V���G�H�V�L�J�Q�H�G �E�D�V�H�G���R�Q���W�K�H���R�F�F�X�S�D�W�L�R�Q���P�D�[�L�P�X�P���R�I���W�K�H���F�D�P�S���I�R�U�����������S�H�U�V�R�Q�V�����������/���S�H�U���G�D�\��
�D�Q�G���S�H�U���S�H�U�V�R�Q���� �7�K�H���G�H�V�L�J�Q���I�O�R�Z�V �D�U�H���S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H������

�7�D�E�O�H���������'�H�V�L�J�Q���I�O�R�Z���U�D�W�H

Parameters Design Value Unit 

Per capita design flow 240 L/p/d

Number of persons 400 People

Average daily flow (ADF) 96 m3/d

Maximum Daily Flow (MDF) 192 m3/d

Peak Hourly Flow (PHF) 24 m3/h

Overall time for speak to occur 2 hours

Maximum number of peak events per day 2 Qty

�7�D�E�O�H�������S�U�H�V�H�Q�W�V �W�K�H���W�\�S�L�F�D�O���V�H�Z�D�J�H���F�R�P�S�R�V�L�W�L�R�Q���X�V�H�G���I�R�U���W�K�H���G�H�V�L�J�Q ���E�D�V�H�G���R�Q���0�H�D�G�R�Z�E�D�Q�N���V�H�Z�D�J�H��

�T�X�D�O�L�W�\����

�7�D�E�O�H���������6�H�Z�D�J�H���W�\�S�L�F�D�O���F�K�H�P�L�F�D�O���F�R�P�S�R�V�L�W�L�R�Q

Parameters Unit Design Value 

Biochemical Oxygen Demand (BOD5) mg/L 952

Total Suspended Solids (TSS) mg/L 300

Total Kjeldahl Nitrogen (TKN) mg/L 130

Ammonia nitrogen (NH3-N) mg/L 130

Oil and Grease mg/L 30

pH - 6 to 9.5

Water Temperature OC 10 to 25

Alkalinity mg/L as CaCO3 471.1

2.1.1 Process summary

�7�K�H���V�H�Z�D�J�H���W�U�H�D�W�P�H�Q�W���S�O�D�Q�W���U�H�F�H�L�Y�H�V���W�Z�R���V�W�U�H�D�P�V���R�I���V�H�Z�D�J�H���D�V���S�U�H�V�H�Q�W�H�G���L�Q���)�L�J�X�U�H���� ���E�D�V�L�F���I�O�R�Z�V�K�H�H�W��
�R�I���W�K�H���6�7�3�������7�K�H���I�L�U�V�W���V�R�X�U�F�H���L�V���G�R�P�H�V�W�L�F���V�H�Z�D�J�H�����Z�K�L�F�K���L�V���I�H�G���G�L�U�H�F�W�O�\���W�R���W�K�H���I�L�Q�H���V�F�U�H�H�Q�L�Q�J���S�U�R�F�H�V�V���W�R��
�U�H�P�R�Y�H���D�Q�\���I�L�E�H�U�V���R�U���G�H�E�U�L�V���W�K�D�W���P�L�J�K�W���G�D�P�D�J�H���W�K�H���P�H�P�E�U�D�Q�H�V�����7�K�H���V�H�F�R�Q�G���V�R�X�U�F�H���L�V���N�L�W�F�K�H�Q���V�H�Z�D�J�H��
�Z�K�L�F�K���L�V���S�U�H���W�U�H�D�W�H�G���L�Q���W�K�H���R�L�O���D�Q�G���J�U�H�D�V�H���W�D�Q�N�V���W�R���U�H�P�R�Y�H���R�L�O���D�Q�G���J�U�H�D�V�H���S�U�L�R�U���W�R���E�H�L�Q�J���I�H�G���L�Q�W�R���W�K�H���I�L�Q�H��
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�V�F�U�H�H�Q�V�����7�K�H���F�R�P�E�L�Q�H�G���V�F�U�H�H�Q�H�G���V�H�Z�D�J�H���L�V���S�X�P�S�H�G���W�R���W�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N�����7�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N��
�E�X�I�I�H�U�V�� �Y�D�U�L�D�E�L�O�L�W�\�� �L�Q�� �W�K�H�� �L�Q�I�O�X�H�Q�W�� �I�O�R�Z�� �U�D�W�H�� �D�Q�G�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �R�I�� �L�Q�I�O�X�H�Q�W�� �F�R�Q�V�W�L�W�X�H�Q�W�V���� �P�D�L�Q�W�D�L�Q�L�Q�J�� �D��
�F�R�Q�V�L�V�W�H�Q�W���I�O�R�Z���U�D�W�H���D�Q�G���V�H�Z�D�J�H���V�W�U�H�Q�J�W�K���W�K�U�R�X�J�K���W�K�H���P�H�P�E�U�D�Q�H���E�L�R�U�H�D�F�W�R�U�����0�%�5�����V�\�V�W�H�P�����6�H�Z�D�J�H���L�V��
�W�K�H�Q���S�X�P�S�H�G���I�U�R�P���W�K�H���H�T�X�D�O�L�]�D�W�L�R�Q���W�D�Q�N���W�R���W�K�H���S�U�H���D�Q�R�[�L�F���W�D�Q�N���I�R�U���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q����

�,�Q���W�K�H���S�U�H���D�Q�R�[�L�F���W�D�Q�N�����V�F�U�H�H�Q�H�G���V�H�Z�D�J�H���F�R�Q�W�D�L�Q�L�Q�J���R�U�J�D�Q�L�F�V���L�V���F�R�P�E�L�Q�H�G���Z�L�W�K���U�H�F�\�F�O�H�G���P�L�[�H�G���O�L�T�X�R�U��
�I�U�R�P���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���F�R�Q�W�D�L�Q�L�Q�J���Q�L�W�U�D�W�H�V�����%�D�F�W�H�U�L�D���X�V�H���V�R�P�H���R�I���W�K�H���R�U�J�D�Q�L�F�V���W�R���G�U�L�Y�H���W�K�H���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q��
�S�U�R�F�H�V�V�����F�R�Q�Y�H�U�W�L�Q�J���Q�L�W�U�D�W�H���L�Q�W�R���Q�L�W�U�R�J�H�Q���J�D�V�����7�K�L�V���S�U�R�F�H�V�V���R�F�F�X�U�V���L�Q���D�Q���D�Q�R�[�L�F���H�Q�Y�L�U�R�Q�P�H�Q�W���Z�K�H�U�H���W�K�H�U�H��
�L�V���P�L�Q�L�P�D�O���R�[�\�J�H�Q�����$�V���V�X�F�K���D���S�X�P�S���D�Q�G���H�G�X�F�W�R�U�V���D�U�H���X�V�H�G���W�R���P�L�[���W�K�H���W�D�Q�N���W�R���S�U�H�Y�H�Q�W���D�G�G�L�W�L�R�Q���R�I���R�[�\�J�H�Q����
�7�K�H�� �G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q�� �S�U�R�F�H�V�V�� �L�V�� �X�V�H�G�� �W�R �P�H�H�W�� �W�K�H�� �H�I�I�O�X�H�Q�W�� �Q�L�W�U�D�W�H�R�S�H�U�D�W�L�R�Q�D�O�� �W�D�U�J�H�W���� �U�H�G�X�F�H�� �R�[�\�J�H�Q��
�U�H�T�X�L�U�H�P�H�Q�W�V���D�Q�G���W�R���U�H�F�R�Y�H�U���D�O�N�D�O�L�Q�L�W�\�����W�K�X�V���U�H�G�X�F�L�Q�J���F�K�H�P�L�F�D�O���F�R�Q�V�X�P�S�W�L�R�Q����

�0�L�[�H�G�� �O�L�T�X�R�U�� �I�U�R�P�� �W�K�H�� �D�Q�R�[�L�F�� �W�D�Q�N�� �I�O�R�Z�V�� �E�\�� �J�U�D�Y�L�W�\�� �W�R�� �W�K�H�� �I�L�U�V�W�� �D�H�U�R�E�L�F�� �W�D�Q�N�� �I�R�O�O�R�Z�H�G�� �E�\�� �W�K�H�� �V�H�F�R�Q�G��
�D�H�U�D�W�L�R�Q���W�D�Q�N���I�R�U �D�H�U�R�E�L�F���E�L�R�O�R�J�L�F�D�O���G�H�J�U�D�G�D�W�L�R�Q���R�I���W�K�H���L�Q�I�O�X�H�Q�W���F�R�Q�V�W�L�W�X�H�Q�W�V�����R�U�J�D�Q�L�F�V���D�Q�G���D�P�P�R�Q�L�D�������,�Q��
�W�K�H�� �D�H�U�R�E�L�F�� �W�D�Q�N�V�� �W�K�H�� �Q�L�W�U�L�I�L�F�D�W�L�R�Q�� �S�U�R�F�H�V�V�� �F�R�Q�Y�H�U�W�V�� �D�P�P�R�Q�L�D�� �W�R�� �Q�L�W�U�D�W�H�� �L�Q�� �R�U�G�H�U�� �W�R�� �P�H�H�W�� �W�K�H�� �H�I� I�O�X�H�Q�W��
�D�P�P�R�Q�L�D���R�S�H�U�D�W�L�R�Q�D�O���W�D�U�J�H�W�����7�K�L�V���S�U�R�F�H�V�V���F�R�Q�V�X�P�H�V���D�O�N�D�O�L�Q�L�W�\�����V�R���D���F�D�X�V�W�L�F���V�R�G�D���R�U���V�R�G�D���D�V�K���G�R�V�L�Q�J��
�S�X�P�S���L�V���X�V�H�G���W�R���F�R�Q�W�U�R�O���W�K�H���S�+�����$�G�G�L�W�L�R�Q�D�O�O�\�����O�L�T�X�L�G���D�O�X�P���L�V���G�R�V�H�G���L�Q�W�R���W�K�H���D�Q�R�[�L�F�� �]�R�Q�H���W�R���S�U�H�F�L�S�L�W�D�W�H��
�S�K�R�V�S�K�R�U�X�V���L�Q���R�U�G�H�U���W�R���P�H�H�W���W�K�H���H�I�I�O�X�H�Q�W���S�K�R�V�S�K�R�U�X�V���R�S�H�U�D�W�L�R�Q�D�O���W�D�U�J�H�W�����0�L�[�H�G���O�L�T�X�R�U���I�O�R�Z�V���E�\���J�U�D�Y�L�W�\��
�I�U�R�P���W�K�H���V�H�F�R�Q�G���D�H�U�D�W�L�R�Q���W�D�Q�N���W�R���W�K�H���S�R�V�W���D�Q�R�[�L�F���W�D�Q�N���I�R�U���I�L�Q�D�O���G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�R�O�L�V�K�L�Q�J�����,�Q���W�K�H���S�R�V�W���D�Q�R�[�L�F��
�W�D�Q�N�� �W�K�H�U�H�� �D�U�H�� �P�L�Q�L�P�D�O�� �G�L�V�V�R�O�Y�H�G�� �L�Q�I�O�X�H�Q�W�� �R�U�J�D�Q�L�F�V�� �W�R�� �G�U�L�Y�H�� �W�K�H�� �G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q�� �S�U�R�F�H�V�V���� �$�V�� �V�X�F�K���� �D�Q��
�H�[�W�H�U�Q�D�O�� �F�D�U�E�R�Q�� �V�R�X�U�F�H�� �L�Q�� �W�K�H�� �I�R�U�P�� �R�I�� �0�L�F�U�R�&�� �L�V�� �G�R�V�H�G�� �W�R�� �V�X�S�S�O�H�P�H�Q�W�� �W�K�H�� �R�U�J�D�Q�L�F�V�� �D�Q�G�� �G�U�L�Y�H�� �W�K�H��
�G�H�Q�L�W�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V��

�0�L�[�H�G���O�L�T�X�R�U���L�V���S�X�P�S�H�G���I�U�R�P���W�K�H���S�R�V�W���D�Q�R�[�L�F���W�D�Q�N���W�R���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�V�����7�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�V���V�H�U�Y�H��
�D�V�� �D�G�G�L�W�L�R�Q�D�O�� �Y�R�O�X�P�H�� �I�R�U�� �D�H�U�R�E�L�F�� �E�L�R�O�R�J�L�F�D�O�� �W�U�H�D�W�P�H�Q�W�� �W�R�� �U�H�P�R�Y�H�� �D�Q�\�� �H�[�F�H�V�V�� �0�L�F�U�R�&�� ���Z�K�L�F�K�� �Z�R�X�O�G��
�R�W�K�H�U�Z�L�V�H���L�Q�F�U�H�D�V�H���%�2�' �L�Q���W�K�H���H�I�I�O�X�H�Q�W�����D�Q�G���K�R�X�V�H���W�K�H���P�H�P�E�U�D�Q�H���I�L�O�W�H�U�V���X�V�H�G���I�R�U���V�R�O�L�G���O�L�T�X�L�G���V�H�S�D�U�D�W�L�R�Q����
�$���W�U�H�D�W�H�G���H�I�I�O�X�H�Q�W���L�V���G�U�D�Z�Q���W�K�U�R�X�J�K���W�K�H���P�H�P�E�U�D�Q�H�V���E�\���Y�D�F�X�X�P���S�X�P�S�V����

�6�L�Q�F�H���W�K�H���V�R�O�L�G���O�L�T�X�L�G���V�H�S�D�U�D�W�L�R�Q���S�U�R�F�H�V�V���U�H�V�X�O�W�V���L�Q���D�Q���D�F�F�X�P�X�O�D�W�L�R�Q���R�I���V�R�O�L�G�V���L�Q���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�����W�K�H��
�P�L�[�H�G���O�L�T�X�R�U�����F�R�Q�W�D�L�Q�L�Q�J���E�R�W�K���V�R�O�L�G�V���D�Q�G���I�L�O�W�U�D�W�H�����L�V���F�R�Q�W�L�Q�X�R�X�V�O�\���U�H�F�\�F�O�H�G���W�R���W�K�H���I�L�U�V�W���D�H�U�D�W�L�R�Q���W�D�Q�N�����7�K�L�V��
�S�U�H�Y�H�Q�W�V�� �H�[�F�H�V�V�L�Y�H�� �V�R�O�L�G�V�� �E�X�L�O�G���X�S�� �L�Q�� �W�K�H�� �P�H�P�E�U�D�Q�H�� �W�D�Q�N���� �D�Q�G�� �P�D�L�Q�W�D�L�Q�V�� �V�X�I�I�L�F�L�H�Q�W�� �E�L�R�P�D�V�V�� �L�Q�� �W�K�H��
�D�Q�R�[�L�F���D�Q�G���D�H�U�D�W�L�R�Q���W�D�Q�N�V�����7�K�H���V�R�O�L�G�V���W�K�D�W���D�F�F�X�P�X�O�D�W�H���L�Q���W�K�H���V�\�V�W�H�P���F�R�Q�V�L�V�W���R�I���E�L�R�P�D�V�V���W�K�D�W���K�D�V���J�U�R�Z�Q��
�I�U�R�P���W�K�H���L�Q�I�O�X�H�Q�W���R�U�J�D�Q�L�F�V���D�Q�G���D�P�P�R�Q�L�D�����D�V���Z�H�O�O���D�V���Q�R�Q���E�L�R�G�H�J�U�D�G�D�E�O�H���V�R�O�L�G�V���I�U�R�P���W�K�H���L�Q�I�O�X�H�Q�W���V�H�Z�D�J�H����
�,�Q���R�U�G�H�U���W�R���P�D�L�Q�W�D�L�Q���D�Q�� �R�S�W�L�P�D�O���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I�� �P�L�[�H�G���O�L�T�X�R�U���V�X�V�S�H�Q�G�H�G���V�R�O�L�G�V�����0�/�6�6���� ���W�\�S�L�F�D�O�O�\�� ������
�J���/������ �D�� �S�R�U�W�L�R�Q�� �R�I�� �W�K�H�� �P�L�[�H�G�� �O�L�T�X�R�U�� �L�V�� �S�H�U�L�R�G�L�F�D�O�O�\�� �Z�D�V�W�H�G�� �E�\�� �S�X�P�S�L�Q�J�� �I�U�R�P�� �W�K�H�� �$�H�U�D�W�L�R�Q�� �7�D�Q�N�� �W�R�� �W�K�H��
�V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N�����:�D�V�W�H�G���V�O�X�G�J�H���L�Q���W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N���L�V���W�K�L�F�N�H�Q�H�G���E�\���G�H�F�D�Q�W�L�Q�J���V�X�S�H�U�Q�D�W�D�Q�W��
�E�D�F�N���W�R���W�K�H���V�F�U�H�H�Q���W�D�Q�N�����7�K�L�F�N�H�Q�H�G���V�O�X�G�J�H���D�F�F�X�P�X�O�D�W�H�V���L�Q���W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N�V���X�Q�W�L�O���L�W���L�V���H�Y�H�Q�W�X�D�O�O�\��
�S�X�P�S�H�G���R�X�W���I�R�U���G�L�V�S�R�V�D�O��

�7�K�H���6�7�3 �J�H�Q�H�U�D�O���I�O�R�Z���G�L�D�J�U�D�P���L�V���L�O�O�X�V�W�U�D�W�H�G���L�Q���)�L�J�X�U�H���� �D�Q�G �3�L�S�L�Q�J���D�Q�G���,�Q�V�W�U�X�P�H�Q�W�D�W�L�R�Q���'�L�D�J�U�D�P�����3�,�'��
�L�Q���)�L�J�X�U�H�V �� �W�R������ �7�K�H���I�R�O�O�R�Z�L�Q�J���V�H�F�W�L�R�Q�V���G�H�V�F�U�L�E�H���W�K�H���6�7�3���F�R�P�S�R�Q�H�Q�W�V��
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�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O��
�6�H�Z�D�J�H���W�U�H�D�W�P�H�Q�W���S�O�D�Q�W

�)�H�E�U�X�D�U�\����������

2.1.2 Process description

�2�L�O���D�Q�G���*�U�H�D�V�H ���2���*�� �U�H�P�R�Y�D�O
�5�D�Z���V�H�Z�D�J�H���I�U�R�P���W�K�H���N�L�W�F�K�H�Q�V���H�Q�W�H�U�L�Q�J���W�K�H���V�\�V�W�H�P���F�D�Q���F�R�Q�W�D�L�Q���K�L�J�K���O�H�Y�H�O�V���R�I���I�D�W�V�����R�L�O�V���D�Q�G���J�U�H�D�V�H���W�K�D�W��
�F�D�Q���G�D�P�D�J�H���H�T�X�L�S�P�H�Q�W���D�Q�G���P�H�P�E�U�D�Q�H�V���G�R�Z�Q�V�W�U�H�D�P�����7�R���U�H�P�R�Y�H���W�K�H���R�L�O���D�Q�G���J�U�H�D�V�H���I�U�R�P���W�K�H���V�\�V�W�H�P��
�D�� �G�R�X�E�O�H�� �W�U�D�S�� �J�U�H�D�V�H�� �L�Q�W�H�U�F�H�S�W�R�U�� �L�V�� �L�Q�V�W�D�O�O�H�G�� �S�U�L�R�U�� �W�R�� �W�K�H�� �N�L�W�F�K�H�Q�� �V�H�Z�D�J�H�� �H�Q�W�H�U�L�Q�J�� �W�K�H�� �I�L�Q�H�� �V�F�U�H�H�Q����
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�6�R�G�L�X�P���&�D�U�E�R�Q�D�W�H���6�R�G�D���$�V�K�����L�V���X�V�H�G���I�R�U���S�+���D�G�M�X�V�W�P�H�Q�W���L�Q���F�D�V�H���W�K�H�U�H���L�V���D���G�H�I�L�F�L�H�Q�F�\���L�Q���D�O�N�D�O�L�Q�L�W�\���L�Q��
�L�Q�I�O�X�H�Q�W���V�H�Z�D�J�H���D�Q�G���S�+���G�U�R�S�V�����,�W���L�V���K�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���V�N�L�Q���F�R�Q�W�D�F�W�����L�U�U�L�W�D�Q�W�������R�I���H�\�H���F�R�Q�W�D�F�W�����L�U�U�L�W�D�Q�W������
�R�I���L�Q�J�H�V�W�L�R�Q�����R�I���L�Q�K�D�O�D�W�L�R�Q�����O�X�Q�J���L�U�U�L�W�D�Q�W������

�6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���1�D�2�&�O�����D�Q�G���&�L�W�U�L�F���$�F�L�G���&���+���2�������D�U�H���X�V�H�G���I�R�U���F�O�H�D�Q�L�Q�J���W�K�H���P�H�P�E�U�D�Q�H�V����
�x �6�R�G�L�X�P���K�\�S�R�F�K�O�R�U�L�W�H���L�V���D���F�R�P�P�R�Q���G�L�V�L�Q�I�H�F�W�D�Q�W�����Z�K�L�F�K���F�D�Q���E�H���D�Q���L�U�U�L�W�D�Q�W���R�U���F�R�U�U�R�V�L�Y�H�����G�H�S�H�Q�G�L�Q�J��

�R�Q���L�W�V���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����,�W���F�D�Q�Q�R�W���E�H���P�L�[�H�G���Z�L�W�K���R�U�J�D�Q�L�F�V�����D�P�P�R�Q�L�D���F�R�P�S�R�X�Q�G�V���R�U���D�F�L�G�V�����&�R�Q�W�D�F�W��
�Z�L�W�K���D�F�L�G�V���S�U�R�G�X�F�H�V���K�L�J�K�O�\���W�R�[�L�F���F�K�O�R�U�L�Q�H���J�D�V�����,�W���K�D�V���W�R���E�H���P�L�[�H�G���R�Q�O�\���Z�L�W�K���S�X�U�H���Z�D�W�H�U����

�x �&�L�W�U�L�F���$�F�L�G���L�V���K�D�]�D�U�G�R�X�V���L�Q���F�D�V�H���R�I���V�N�L�Q���F�R�Q�W�D�F�W�����L�U�U�L�W�D�Q�W�����V�H�Q�V�L�W�L�]�H�U�V�������R�U���L�Q�J�H�V�W�L�R�Q�����H�\�H���F�R�Q�W�D�F�W��
���L�U�U�L�W�D�Q�W�����D�Q�G���L�Q�K�D�O�D�W�L�R�Q�����O�X�Q�J���L�U�U�L�W�D�Q�W�V������

�$�O�X�P�L�Q�X�P���6�X�O�I�D�W�H���$�O�����6�2�����������L�V���X�V�H�G���I�R�U���3�K�R�V�S�K�R�U�X�V���5�H�P�R�Y�D�O�����0�L�O�G���W�R���P�R�G�H�U�D�W�H���L�U�U�L�W�D�W�L�R�Q���F�D�Q���R�F�F�X�U��
�I�U�R�P���X�Q�S�U�R�W�H�F�W�H�G���F�R�Q�W�D�F�W�����$�O�X�P�L�Q�X�P���L�V���Y�H�U�\���S�R�R�U�O�\���D�E�V�R�U�E�H�G���W�K�U�R�X�J�K �W�K�H���V�N�L�Q���D�Q�G���W�R�[�L�F���H�I�I�H�F�W�V���Z�R�X�O�G��
�Q�R�W���E�H���H�[�S�H�F�W�H�G���I�R�O�O�R�Z�L�Q�J���V�K�R�U�W���W�H�U�P���V�N�L�Q���F�R�Q�W�D�F�W�����,�Q�K�D�O�D�W�L�R�Q���R�I���P�L�V�W�V���F�D�Q���E�H���L�U�U�L�W�D�W�L�Q�J���W�R���W�K�H���U�H�V�S�L�U�D�W�R�U�\��
�W�U�D�F�W���D�Q�G���O�X�Q�J�V����

�0�L�F�U�R�&�����������L�V���X�V�H�G���I�R�U���Q�L�W�U�D�W�H���U�H�P�R�Y�D�O�����(�[�S�R�V�X�U�H���W�R���H�\�H�V���P�D�\���F�D�X�V�H���V�O�L�J�K�W���L�U�U�L�W�D�W�L�R�Q�����(�[�S�R�V�X�U�H �W�R���6�N�L�Q��
�P�D�\�� �F�D�X�V�H�� �V�O�L�J�K�W�� �L�U�U�L�W�D�W�L�R�Q���� �,�Q�K�D�O�D�W�L�R�Q�� �R�I�� �K�L�J�K�� �P�L�V�W�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �P�D�\�� �F�D�X�V�H�� �L�U�U�L�W�D�W�L�R�Q�� �R�I�� �U�H�V�S�L�U�D�W�R�U�\��
�W�U�D�F�W����

Consumable Usage Rate 

Purpose Name Value Unit Value Unit 

Supplemental Alkalinity Dry Soda Ash 6.28 kg/d 2292 Kg/year

Phosphorus Removal Liquid Alum, 48% 14.6 L/d 5346 L/year

Nitrate Removal MicroC 2000 16.5 L/d 6025 L/year

Membrane Cleaning Sodium Hyprochlorite, 12% �� L/d 150 L/year

����
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������ �%�,�2�/�2�*�,�&�$�/���2�3�(�5�$�7�,�2�1

�7�K�H���I�R�O�O�R�Z�L�Q�J���W�D�E�O�H���S�U�H�V�H�Q�W�V���W�D�U�J�H�W���S�D�U�D�P�H�W�H�U�V���U�H�T�X�L�U�H�G���I�R�U���D���J�R�R�G���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���6�7�3��

�7�D�E�O�H������ �%�L�R�O�R�J�L�F�D�O���V�\�V�W�H�P���W�D�U�J�H�W�V �R�S�H�U�D�W�L�R�Q�D�O���S�D�U�D�P�H�W�H�U�V

�3�D�U�D�P�H�W�H�U��
 

�5�H�F�R�P�P�H�Q�G�H�G��
 

�5�D�Q�J�H��
 

�1�R�W�H�V��
 

MLSS (mg/L): Mixed 
Liquor Suspended Solids10,000 8,000 – 15,000 

Never operate the membranes if MLSS < 
3,000 mg/l. Sludge wasting should be 
undertaken as required to maintain target 
MLSS 

Temperature (°C) 15 - 35 10 – 35
Avoid sudden changes in temperature. 
Minimum operating temperature is 15 °C 

pH 6.8 - 8.5 6.0 – 9.0 

Membrane module can handle a change in 
pH. However it is recommended to keep pH 
between 6.8 - 8.5 

Aeration Tank, DO (mg/L) �•���������� 1.0 – 8.0 
This can be maintained by adjusting the 
volume of air supplied to the aeration tank 

Viscosity (mPa-s) Not applicable 0 – 300
Aeration Tank to Anoxic 
Tank Recirculation 400% 200 – 500% 
Membrane Tank to 
Aeration Tank 
Recirculation 400% 200 – 600% 

F:M (kg BOD/kg MLSS/d) 0.1 0.03 – 0.2 
F:M = [Flow (m3/d) x BOD conc (mg/l)] / 
[Process volume (m3) x MLSS conc (mg/l)] 

F:M (kg COD/kg MLSS/d) 0.15 0.05 – 0.3 
F:M = [Flow (m3/d) x COD conc (mg/l)] / 
[Process volume (m3) x MLSS conc (mg/l)] 

SRT : sludge retention 
time (days) > 15 12 – 50

������ �0�(�0�%�5�$�1�(���2�3�(�5�$�7�,�2�1

�7�K�L�V�� �V�H�F�W�L�R�Q�� �R�X�W�O�L�Q�H�V�� �W�K�H�� �R�S�H�U�D�W�L�Q�J�� �F�R�Q�G�L�W�L�R�Q�V�� �W�K�D�W�� �D�U�H�� �U�H�T�X�L�U�H�G�� �I�R�U�� �S�U�R�S�H�U�� �V�H�Z�D�J�H �W�U�H�D�W�P�H�Q�W���� �D�Q�G��
�O�R�Q�J�H�Y�L�W�\���R�I���W�K�H���P�H�P�E�U�D�Q�H�V����

�*�H�Q�H�U�D�O�O�\�����W�K�H���I�R�O�O�R�Z�L�Q�J���S�R�L�Q�W�V���F�D�Q���E�H���X�V�H�G���W�R���R�S�H�U�D�W�H���W�K�H���0�%�5���V�\�V�W�H�P���S�U�R�S�H�U�O�\����
�x �7�K�H���0�%�5���V�\�V�W�H�P���L�V���G�H�V�L�J�Q�H�G���W�R���W�U�H�D�W���Z�D�V�W�H�Z�D�W�H�U���Z�L�W�K���V�S�H�F�L�I�L�H�G���L�Q�I�O�X�H�Q�W���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V����
�x �1�H�Y�H�U���R�S�H�U�D�W�H���W�K�H���0�%�5���W�D�Q�N���E�H�O�R�Z���W�K�H���P�L�Q�L�P�X�P���P�H�P�E�U�D�Q�H���V�X�E�P�H�U�J�H�G���O�H�Y�H�O�����,�W���L�V���Q�H�F�H�V�V�D�U�\��

�W�R���P�D�L�Q�W�D�L�Q���D���P�L�Q�L�P�X�P���R�I�����������P�P���O�L�T�X�L�G���O�H�Y�H�O���D�E�R�Y�H���W�K�H���P�H�P�E�U�D�Q�H���P�R�G�X�O�H�V���W�R���H�Q�V�X�U�H���W�K�H�\��
�D�U�H���Z�H�W���D�W���D�O�O���W�L�P�H�V���D�Q�G���W�R���D�O�O�R�Z���I�R�U���S�U�R�S�H�U���I�L�O�W�U�D�W�L�R�Q����

�x �$�O�Z�D�\�V���V�X�S�S�O�\���W�K�H���U�H�T�X�L�U�H�G���D�P�R�X�Q�W���R�I���D�L�U���I�R�U���V�F�R�X�U�L�Q�J���W�R���W�K�H���P�H�P�E�U�D�Q�H���P�R�G�X�O�H����
�x �$�O�Z�D�\�V���I�L�O�W�H�U���V�H�Z�D�J�H �D�W���R�U���E�H�O�R�Z���G�H�V�L�J�Q���I�O�R�Z���U�D�W�H����
�x �3�H�U�L�R�G�L�F�D�O�O�\���� �U�H�O�D�[�� �W�K�H���P�H�P�E�U�D�Q�H�V���E�\�� �H�Q�G�L�Q�J�� �I�L�O�W�U�D�W�L�R�Q�� �Z�K�L�O�H���D�O�O�R�Z�L�Q�J�� �W�K�H���P�H�P�E�U�D�Q�H���D�H�U�D�W�L�R�Q��

�V�F�R�X�U�� �W�R�� �R�S�H�U�D�W�H�� �F�R�Q�W�L�Q�X�R�X�V�O�\�� �D�Q�G�� �L�Q�L�W�L�D�W�H�� �E�D�F�N�Z�D�V�K�� �R�S�H�U�D�W�L�R�Q�� �G�X�U�L�Q�J�� �P�H�P�E�U�D�Q�H�� �U�H�O�D�[�D�W�L�R�Q��
���G�H�I�D�X�O�W���U�H�O�D�[�D�W�L�R�Q���P�R�G�H���S�U�H�V�H�W���L�Q���3�/�&���� �S�H�U�P�H�D�W�L�R�Q���F�R�Q�W�L�Q�X�H�V���I�R�U�������P�L�Q���D�Q�G���V�W�R�S�V���I�R�U�������P�L�Q������

�x �$�O�Z�D�\�V���R�S�H�U�D�W�H���W�K�H���0�%�5���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���S�D�U�D�P�H�W�H�U�V���O�L�V�W�H�G���L�Q���W�K�H���V�X�S�S�O�L�H�U���2�	�0���0�D�Q�X�D�O����
�x �&�O�H�D�Q�� �W�K�H�� �P�H�P�E�U�D�Q�H�V�� �L�Q���S�O�D�F�H�� �Z�L�W�K�� �D�� �G�L�O�X�W�H�� �F�K�H�P�L�F�D�O�� �L�Q�� �D�F�F�R�U�G�D�Q�F�H�� �Z�L�W�K�� �W�K�H �V�X�S�S�O�L�H�U �2�	�0��

�0�D�Q�X�D�O����

����
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������ �0�(�0�%�5�$�1�(���&�/�(�$�1�,�1�*

�,�Q���R�U�G�H�U���W�R���H�Q�K�D�Q�F�H���O�L�I�H���G�X�U�D�W�L�R�Q���R�I���W�K�H���P�H�P�E�U�D�Q�H�����V�H�Y�H�U�D�O���F�O�H�D�Q�L�Q�J���D�U�H���U�H�T�X�L�U�H�G���D�V���S�U�H�V�H�Q�W�H�G���E�H�O�R�Z����

�,�Q���V�L�W�X���&�K�H�P�L�F�D�O�O�\���(�Q�K�D�Q�F�H�G���%�D�F�N�I�O�X�V�K�����&�(�%��
�,�W �L�V���U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���L�Q���V�L�W�X���&�(�%���E�H���F�D�U�U�L�H�G���R�X�W���E�H�I�R�U�H���W�K�H���W�U�D�Q�V���P�H�P�E�U�D�Q�H���S�U�H�V�V�X�U�H�����7�0�3�� �H�[�F�H�H�G�V��
���������� �E�D�U�� ���R�U�� �S�H�U�P�H�D�E�L�O�L�W�\�� �G�U�R�S�V�� �U�D�S�L�G�O�\�� �W�R�� ������ �/�0�+���E�D�U���� �7�K�L�V�� �L�V���W�\�S�L�F�D�O�O�\�� �G�R�Q�H�� �R�Q�F�H�� �H�Y�H�U�\�� �F�R�X�S�O�H��
�Z�H�H�N�V���P�R�Q�W�K�V�� �G�H�S�H�Q�G�L�Q�J�� �R�Q�� �E�L�R�P�D�V�V�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �D�Q�G�� �V�\�V�W�H�P�� �R�S�H�U�D�W�L�Q�J�� �F�R�Q�G�L�W�L�R�Q���� �2�Q�� �F�H�U�W�D�L�Q��
�R�F�F�D�V�L�R�Q�V�����P�H�P�E�U�D�Q�H���P�R�G�X�O�H���F�D�V�V�H�W�W�H���P�D�\���Q�H�H�G���W�R���E�H���S�K�\�V�L�F�D�O�O�\���L�Q�V�S�H�F�W�H�G���I�R�U���P�H�P�E�U�D�Q�H���L�Q�W�H�J�U�L�W�\���L�I��
�P�H�P�E�U�D�Q�H�� �S�H�U�P�H�D�E�L�O�L�W�\�� �S�H�U�I�R�U�P�D�Q�F�H�� �L�V�� �Q�R�W�� �U�H�F�R�Y�H�U�H�G�� �D�I�W�H�U�� �W�K�H�� �F�O�H�D�Q�L�Q�J�� ���L���H������ �V�X�V�S�H�F�W�� �R�I�� �P�H�P�E�U�D�Q�H��
�G�H�W�H�U�L�R�U�D�W�L�R�Q���� �+�\�S�R�F�K�O�R�U�L�W�H���L�V���X�V�H�G���I�R�U���R�U�J�D�Q�L�F���I�R�R�O�L�Q�J���D�Q�G���F�L�W�U�L�F���D�F�L�G���I�R�U���L�Q�R�U�J�D�Q�L�F���D�F�L�G����

�0�H�P�E�U�D�Q�H���5�H�F�R�Y�H�U�\���&�O�H�D�Q�L�Q�J��
�7�K�H�� �P�H�P�E�U�D�Q�H�� �U�H�F�R�Y�H�U�\�� �F�O�H�D�Q�L�Q�J�� �L�V�� �W�R�� �E�H �G�R�Q�H�� �R�Q�F�H�� �D�� �\�H�D�U�� �D�W�� �D�� �P�L�Q�L�P�X�P���� �2�Q�� �F�H�U�W�D�L�Q�� �R�F�F�D�V�L�R�Q�V����
�P�H�P�E�U�D�Q�H�� �F�D�V�V�H�W�W�H�� �P�D�\�� �Q�H�H�G�� �W�R�� �E�H�� �L�Q�V�S�H�F�W�H�G�� �I�R�U�� �P�H�P�E�U�D�Q�H�� �L�Q�W�H�J�U�L�W�\�� ���V�X�V�S�H�F�W�� �R�I�� �P�H�P�E�U�D�Q�H��
�G�H�W�H�U�L�R�U�D�W�L�R�Q�����P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\���S�H�U�I�R�U�P�D�Q�F�H���G�R�H�V���Q�R�W���U�H�F�R�Y�H�U���D�I�W�H�U���W�K�H���F�O�H�D�Q�L�Q�J�����H�W�F��������

�x �&�O�H�D�Q�L�Q�J���Z�L�W�K���+�L�J�K���S�+ �6�R�O�X�W�L�R�Q���7�K�L�V���V�W�H�S���L�V���W�R���E�H���G�R�Q�H���L�I���P�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J���L�V���D���U�H�V�X�O�W���R�I��
�K�L�J�K���I�D�W�����R�L�O���D�Q�G���J�U�H�D�V�H�� �6�R�G�L�X�P���K�\�G�U�R�[�L�G�H���F�D�Q���E�H���X�V�H�G���I�R�U���W�K�L�V���F�O�H�D�Q�L�Q�J�������������P�J���/�����S�+��������������
�W�R�������K�R�X�U�V����

�x �&�O�H�D�Q�L�Q�J���Z�L�W�K���6�R�G�L�X�P���+�\�S�R�F�K�O�R�U�L�W�H�����������P�J���/���I�U�H�H���&�O�������������K�R�X�U�V��
�x �&�O�H�D�Q�L�Q�J���Z�L�W�K���&�L�W�U�L�F���$�F�L�G�R�Q�O�\���L�Q���F�D�V�H���R�I���L�Q�R�U�J�D�Q�L�F���I�R�X�O�L�Q�J���������W�R���������J���/���G�X�U�L�Q�J�������K����
�x �&�K�H�F�N�L�Q�J���3�H�U�P�H�D�E�L�O�L�W�\��

������ �6�(�5�9�,�&�(���:�$�7�(�5

�)�R�U���E�H�W�W�H�U���F�O�H�D�Q�L�Q�J���S�H�U�I�R�U�P�D�Q�F�H�����L�W���L�V���U�H�F�R�P�P�H�Q�G�H�G �W�R���X�V�H��
�x �3�R�W�D�E�O�H���Z�D�W�H�U�����S�H�U�P�H�D�W�H���L�V���D�F�F�H�S�W�D�E�O�H���L�I���S�R�W�D�E�O�H���Z�D�W�H�U���L�V���X�Q�D�Y�D�L�O�D�E�O�H �I�R�U���W�K�H���&�(�%���F�O�H�D�Q�L�Q�J����
�x �:�D�W�H�U���W�H�P�S�H�U�D�W�X�U�H���L�V���D�E�R�Y�H���������&��

�������� �2�3�(�5�$�7�,�2�1�1�$�/���3�(�5�)�2�5�0�$�1�&�(���7�$�5�*�(�7�6

�7�K�H���S�O�D�Q�W���L�V���G�H�V�L�J�Q�H�G���W�R���P�H�H�W���W�K�H���I�R�O�O�R�Z�L�Q�J���F�U�L�W�H�U�L�D���S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H���������1�R�W�H���W�K�D�W���W�K�H���W�U�H�D�W�H�G���Z�D�W�H�U��
�I�U�R�P�� �6�7�3�� �L�V�� �Q�R�W�� �G�L�U�H�F�W�O�\�� �G�L�V�F�K�D�U�J�H�G �W�R�� �W�K�H�� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �7�K�H�� �W�D�U�J�H�W�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V �S�U�H�V�H�Q�W�H�G�� �L�Q�� �W�K�H��
�I�R�O�O�R�Z�L�Q�J���W�D�E�O�H���I�R�U���W�K�H���W�U�H�D�W�H�G���Z�D�W�H�U���I�U�R�P���6�7�3�����D�U�H���V�H�W���W�R���O�L�P�L�W���H�I�I�H�F�W���R�Q���W�K�H���U�H�F�H�L�Y�L�Q�J���(�Q�Y�L�U�R�Q�P�H�Q�W �D�I�W�H�U��
�P�L�[�L�Q�J���Z�L�W�K���V�X�U�I�D�F�H���Z�D�W�H�U���L�Q�W�R���W�K�H���:�K�D�O�H���7�D�L�O���D�W�W�H�Q�X�D�W�L�R�Q���S�R�Q�G���D�Q�G���W�U�H�D�W�P�H�Q�W���L�Q���W�K�H���$�V�:�7�3�����7�K�H�U�H���D�U�H��
�Q�R���:�D�W�H�U���/�L�F�H�Q�F�H �F�U�L�W�H�U�L�D���I�R�U���W�K�H�� �6�7�3�� �W�U�H�D�W�H�G�� �Z�D�W�H�U���� �5�H�D�F�K�L�Q�J�� �W�K�H�V�H�� �Y�D�O�X�H�V���D�V�V�X�U�H���$�J�Q�L�F�R���(�D�J�O�H���W�R��
�R�S�H�U�D�W�H���W�K�H���6�7�3���D�W �D���K�L�J�K�H�V�W���O�H�Y�H�O���R�I���H�I�I�L�F�L�H�Q�F�\��

����



�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O��
�6�H�Z�D�J�H���7�U�H�D�W�P�H�Q�W���3�O�D�Q�W

�'�H�F�H�P�E�H�U����������

�7�D�E�O�H���������6�7�3���W�U�H�D�W�H�G���Z�D�W�H�U���T�X�D�O�L�W�\���R�S�H�U�D�W�L�R�Q�D�O���W�D�U�J�H�W

Parameters Unit Effluent 

pH s.u. 6.5 – 9.5

Oil, Grease mg/L <5

Biological Oxygen Demand (BOD) mg/L <25

Total Suspended Solids (TSS) mg/L <25

Total Kjeldahl Nitrogen (TKN) mgN/L -

Unionized Ammonia Nitrogen (NH3-N) mgN/L <1.25

Nitrate Nitrogen (NO3-N) mgN/L <5

Total Phosphorus (TP) mgP/L <0.5

Fecal Coliform CFU/100 ml <200

Total Residual Chlorine mg/L <0.02

�������� �*�(�1�(�5�$�/�� �2�3�(�5�$�7�,�2�1�� �	�� �0�$�,�1�7�(�1�$�1�&�(���� �6�$�0�3�/�,�1�*�� �3�5�2�&�(�'�8�5�(�6�� �$�1�'��
�)�5�(�4�8�(�1�&�<

�7�R���H�Q�V�X�U�H���H�I�I�L�F�L�H�Q�F�\���R�I���6�7�3�����V�D�P�S�O�H�V �R�I���Z�D�W�H�U �P�X�V�W���E�H���F�R�O�O�H�F�W�H�G���S�H�U�L�R�G�L�F�D�O�O�\�� �7�D�E�O�H�������S�U�H�V�H�Q�W�V���V�D�P�S�O�L�Q�J��
�V�F�K�H�G�X�O�H���W�R���D�V�V�H�V�V �W�K�D�W���6�7�3���S�H�U�I�R�U�P�D�Q�F�H���F�R�P�S�O�\���Z�L�W�K���R�S�H�U�D�W�L�R�Q�D�O���W�D�U�J�H�W���Y�D�O�X�H�V����

�0�R�U�H���V�D�P�S�O�H�V �F�D�Q���E�H���W�D�N�H�Q���D�W���G�L�I�I�H�U�H�Q�W���O�R�F�D�W�L�R�Q�V �L�Q���W�K�H���S�O�D�Q�W���W�R���D�V�V�H�V�V �D�Q�\���G�H�I�D�X�O�W���R�Q���6�7�3���R�S�H�U�D�W�L�R�Q����

�9�L�V�X�D�O���L�Q�V�S�H�F�W�L�R�Q���L�V���D�O�V�R���L�P�S�R�U�W�D�Q�W���W�R���Y�H�U�L�I�\���6�7�3���R�S�H�U�D�W�L�R�Q�����7�K�H���I�R�O�O�R�Z�L�Q�J���V�L�J�Q���P�X�V�W���E�H���U�H�S�R�U�W�H�G���D�V���V�R�R�Q��
�D�V���S�R�V�V�L�E�O�H��

�x �3�O�D�Q�W���9�L�V�X�D�O���&�K�H�F�N�V���1�R�L�V�H
�'�X�U�L�Q�J���Q�R�U�P�D�O���R�S�H�U�D�W�L�R�Q�����W�K�H�U�H���L�V���D���X�Q�L�I�R�U�P���K�X�P�P�L�Q�J���V�R�X�Q�G���D�W���W�K�H���S�O�D�Q�W�����,�Q���F�D�V�H���R�I���D�Q���X�Q�X�V�X�D�O��
�Q�R�L�V�H�����L�W���F�R�X�O�G���E�H���D�Q���L�Q�G�L�F�D�W�L�R�Q���W�K�D�W���W�K�H���E�O�R�Z�H�U���Q�H�H�G�V���P�D�L�Q�W�H�Q�D�Q�F�H���R�U���U�H�S�D�L�U�V

�x �6�P�H�O�O
�7�K�H���0�%�5���L�V���D�Q���D�H�U�R�E�L�F���V�\�V�W�H�P�����'�X�U�L�Q�J���Q�R�U�P�D�O���R�S�H�U�D�W�L�R�Q�����W�K�H���V�\�V�W�H�P���K�D�V���D�Q���H�D�U�W�K�\���V�P�H�O�O���V�L�P�L�O�D�U��
�W�R���W�K�D�W���R�I���D���Z�H�O�O���P�D�L�Q�W�D�L�Q�H�G���F�R�P�S�R�V�W���S�L�O�H�����,�I���R�W�K�H�U���R�G�R�U�V �D�U�H���Q�R�W�L�F�H�G�����W�K�H���D�H�U�D�W�L�R�Q���S�U�R�F�H�V�V���P�D�\��
�Q�R�W���E�H���R�S�H�U�D�W�L�Q�J���R�U���W�K�H���V�\�V�W�H�P���K�D�V���E�H�H�Q���R�Y�H�U�O�R�D�G�H�G�����&�K�H�F�N���W�K�H���'�2���P�D�Q�X�D�O�O�\���D�Q�G���W�K�H���E�O�R�Z�H�U��
�W�R���Y�H�U�L�I�\���W�K�H���S�U�R�S�H�U���R�S�H�U�D�W�L�R�Q��

�x �(�I�I�O�X�H�Q�W���$�V�S�H�F�W
�1�R�U�P�D�O�O�\���� �W�K�H�� �H�I�I�O�X�H�Q�W�� �L�V�� �U�H�D�V�R�Q�D�E�O�\�� �F�O�H�D�U���� �F�R�O�R�U�O�H�V�V���� �D�Q�G�� �R�G�R�U�O�H�V�V���� �,�I�� �W�K�H�� �H�I�I�O�X�H�Q�W�� �E�H�F�R�P�H�V��
�W�X�U�E�L�G���� �W�K�H�U�H�� �L�V�� �D�� �S�L�Q�� �K�R�O�H�� �L�Q�� �W�K�H�� �P�H�P�E�U�D�Q�H�� �R�U�� �D�� �O�H�D�N�D�J�H�� �L�Q�� �W�K�H�� �S�L�S�L�Q�J���� �7�D�N�H�� �W�K�H�� �X�Q�L�W�� �R�X�W�� �R�I��
�R�S�H�U�D�W�L�R�Q���D�Q�G���L�Q�Y�H�V�W�L�J�D�W�H�����&�K�H�F�N���X�Q�L�I�R�U�P�L�W�\���R�I���P�H�P�E�U�D�Q�H �D�L�U���G�L�V�W�U�L�E�X�W�L�R�Q���S�H�U�L�R�G�L�F�D�O�O�\���W�R���H�Q�V�X�U�H��
�D�L�U���V�F�R�X�U�L�Q�J���L�V���H�I�I�H�F�W�L�Y�H���D�F�U�R�V�V���D�O�O���P�H�P�E�U�D�Q�H���S�O�D�W�H�V��

����



�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O��
�6�H�Z�D�J�H���7�U�H�D�W�P�H�Q�W���3�O�D�Q�W

�'�H�F�H�P�E�H�U����������

�7�D�E�O�H���������0�R�Q�L�W�R�U�L�Q�J���S�U�R�J�U�D�P���I�R�U���R�S�H�U�D�W�L�R�Q�D�O���H�I�I�L�F�L�H�Q�F�\���D�V�V�H�V�V�P�H�Q�W��

Parameters Sewage 
Aeration 

tank 
Membrane  

tank 
Effluent 

Flow daily daily

Oil and Grease As required As required

Alkalinity As required

Biological Oxygen Demand Weekly Weekly

Total Suspended Solids Weekly Weekly

Total Kjeldahl Nitrogen / Total Nitrogen Monthly As required

Ammonia Nitrogen As required

Nitrate As required

Total Phosphorus Weekly Weekly

Mixed Liquor Suspended Solids (MLSS) Weekly

Mixed Liquor Volatile Suspended Solids (MLVSS) As required

Temperature daily

pH As required daily Weekly

Dissolved Oxygen daily

Filterability 3 times weekly

Turbidity As required

Fecal Coliform / E-Coli Weekly

�7�D�E�O�H�������V�X�P�P�D�U�L�]�H�V �D�O�V�R���5�R�X�W�L�Q�H���2�S�H�U�D�W�L�R�Q���D�Q�G���0�D�L�Q�W�H�Q�D�Q�F�H���&�K�H�F�N�X�S�V�� �0�R�U�H���G�H�W�D�L�O�V���D�U�H���S�U�R�Y�L�G�H�G��
�L�Q���W�K�H���V�X�S�S�O�L�H�U���2�	�0���0�D�Q�X�D�O��

�$�F�F�R�U�G�L�Q�J���W�R���W�K�H���Z�D�W�H�U���O�L�F�H�Q�F�H�����*�U�R�X�S�������3�D�U�D�P�H�W�H�U�V���V�K�D�O�O �E�H���D�Q�D�O�\�]�H�G �I�R�X�U���W�L�P�H�V���S�H�U���F�D�O�H�Q�G�D�U���\�H�D�U��
�G�X�U�L�Q�J���R�S�H�U�D�W�L�R�Q���D�Q�G���F�O�R�V�X�U�H�����7�K�H���S�D�U�D�P�H�W�H�U�V �D�U�H���S�U�H�V�H�Q�W�H�G���K�H�U�H�L�Q��

�� �S�+�����W�X�U�E�L�G�L�W�\�����K�D�U�G�Q�H�V�V�����D�O�N�D�O�L�Q�L�W�\�����F�K�O�R�U�L�G�H�����I�O�X�R�U�L�G�H�����V�X�O�S�K�D�W�H�����W�R�W�D�O���G�L�V�V�R�O�Y�H�G���V�R�O�L�G�V�����7�'�6�������W�R�W�D�O��
�V�X�V�S�H�Q�G�H�G���V�R�O�L�G�V�����7�6�6�������D�P�P�R�Q�L�D���Q�L�W�U�R�J�H�Q�����Q�L�W�U�L�W�H�����Q�L�W�U�D�W�H�� �R�U�W�K�R�S�K�R�V�S�K�D�W�H�����W�R�W�D�O���S�K�R�V�S�K�R�U�X�V��
�7�R�W�D�O���0�H�W�D�O�V�����D�O�X�P�L�Q�X�P�����D�U�V�H�Q�L�F�����E�D�U�L�X�P�����F�D�G�P�L�X�P�����F�K�U�R�P�L�X�P�����F�R�S�S�H�U�����L�U�R�Q�����O�H�D�G�����P�D�Q�J�D�Q�H�V�H����
�P�H�U�F�X�U�\�����P�R�O�\�E�G�H�Q�X�P�����Q�L�F�N�H�O�����V�H�O�H�Q�L�X�P�����V�L�O�Y�H�U�����W�K�D�O�O�L�X�P���D�Q�G���]�L�Q�F����

����



�2�S�H�U�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���0�D�Q�X�D�O��
�6�H�Z�D�J�H���7�U�H�D�W�P�H�Q�W���3�O�D�Q�W

�'�H�F�H�P�E�H�U����������

�7�D�E�O�H���������5�R�X�W�L�Q�H���2�S�H�U�D�W�L�R�Q���D�Q�G���0�D�L�Q�W�H�Q�D�Q�F�H���&�K�H�F�N�X�S�V

Location Item Action Comments 

Grease trap Periodic cleaning As needed Waste sent to Meadowbank TSF

Process

Visual check Daily Performance evaluation

Flow rate in and out Daily

Sampling Daily / as requested For water quality and performance evaluation

Vacuum pressure on membraneDaily Evaluate Membrane fouling

Mechanical 
& process

Inspect Membrane Weekly

Sensor cleaning and calibrationWeekly / yearly

Valves, fittings Weekly Prevent spill

Membrane Cleaning Quarterly/Yearly Permeability recovery

Aeration diffuser Yearly Process efficiency

Pumps Quarterly Prevent spill

Blower Monthly Process efficiency

Screening device
Daily/ Weekly/ 
Quarterly

Prevent clogging, remove solid waste and 
dispose it

Dosing pumps Quarterly Prevent spill

Fan and heaters Yearly Health and safety of operator

Electrical

Leads Quarterly Health and safety of operator and Process 
efficiency

Panel fan filter, inspection 
breaker, fuses, motor bold, clean 
dust

Monthly
Health and safety of operator Process 
efficiency

PLC functionality Weekly Process efficiency

�������� �7�5�2�8�%�/�(�6�+�2�2�7�,�1�*���$�1�' �0�$�,�1�7�(�1�$�1�&�(���3�5�2�&�(�'�8�5�(�6

�0�%�5���R�S�H�U�D�W�L�R�Q���U�H�O�L�H�V���F�U�L�W�L�F�D�O�O�\���R�Q���W�K�H���D�E�L�O�L�W�\���R�I���W�K�H���P�H�P�E�U�D�Q�H���X�Q�L�W���W�R���S�D�V�V���D�O�O���I�O�R�Z���L�Q�F�R�P�L�Q�J���W�R���W�K�H���S�O�D�Q�W����
�,�I���P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\���L�V���L�P�S�D�L�U�H�G�����W�K�H���0�%�5���S�O�D�Q�W���F�D�Q�Q�R�W���S�U�R�F�H�V�V���D�O�O���I�O�R�Z���Z�L�W�K���S�R�W�H�Q�W�L�D�O�O�\���Q�H�J�D�W�L�Y�H
�U�H�V�X�O�W�V�� �H�Y�H�Q�� �W�K�R�X�J�K�� �H�I�I�O�X�H�Q�W�� �T�X�D�O�L�W�\�� �U�H�P�D�L�Q�V�� �F�R�Q�V�L�V�W�H�Q�W�O�\�� �K�L�J�K���� �0�H�P�E�U�D�Q�H�� �I�R�X�O�L�Q�J�� ���D�Q�G�� �D�V�V�R�F�L�D�W�H�G��
�U�H�G�X�F�W�L�R�Q���R�I���I�O�X�[���R�U���L�Q�F�U�H�D�V�H���R�I���7�0�3�����U�H�P�D�L�Q�V���D�V���D�Q���R�S�H�U�D�W�L�R�Q�D�O���F�K�D�O�O�H�Q�J�H����

�0�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J���L�Q���0�%�5���L�V���D���U�H�V�X�O�W���R�I���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H���L�Q�F�R�P�L�Q�J���Z�D�W�H�U���T�X�D�O�L�W�\�����P�L�[�H�G���O�L�T�X�R�U��
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�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����
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�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��

�$�7�7�(�1�7�,�2�1���6�<�0�%�2�/��

�6�S�H�F�L�D�O���D�W�W�H�Q�W�L�R�Q���L�V���U�H�T�X�L�U�H�G���W�R���H�Q�V�X�U�H���F�R�P�S�O�L�D�Q�F�H���Z�L�W�K��

�L�Q�V�W�U�X�F�W�L�R�Q�V���F�R�Q�F�H�U�Q�L�Q�J���F�R�U�U�H�F�W���R�S�H�U�D�W�L�Q�J���V�H�T�X�H�Q�F�H�V���W�R��

�S�U�H�Y�H�Q�W���G�D�P�D�J�H���W�R���W�K�H���S�O�D�Q�W���R�U���L�W�V���I�X�Q�F�W�L�R�Q����

�*�(�1�(�5�$�/���:�$�5�1�,�1�*���6�,�*�1��

�7�K�L�V���V�\�P�E�R�O���D�F�F�R�P�S�D�Q�L�H�V���D�O�O���L�P�S�R�U�W�D�Q�W���L�Q�V�W�U�X�F�W�L�R�Q�V���R�U��

�Z�D�U�Q�L�Q�J�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���U�L�V�N�V���R�I���L�Q�M�X�U�\���D�V���Z�H�O�O���D�V��

�S�R�V�V�L�E�O�H���H�T�X�L�S�P�H�Q�W���G�D�P�D�J�H��������

���������� �6�$�)�(�7�<��

��
�������� �,�Q�W�U�R�G�X�F�W�L�R�Q��
��
�7�K�L�V���V�H�F�W�L�R�Q���S�U�R�Y�L�G�H�V���J�H�Q�H�U�D�O���S�H�U�V�R�Q�D�O���D�Q�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���V�D�I�H�W�\���L�Q�I�R�U�P�D�W�L�R�Q���I�R�U���Q�H�Z�W�H�U�U�D���0�%�5��
�:�:�7�3���R�S�H�U�D�W�R�U�V����
 
Always refer to local codes and regulations. 
��
�6�S�H�F�L�I�L�F���H�T�X�L�S�P�H�Q�W���D�Q�G���S�D�U�W�V���V�D�I�H�W�\���L�Q�I�R�U�P�D�W�L�R�Q���F�D�Q���E�H���I�R�X�Q�G���L�Q���$�S�S�H�Q�G�L�[���(�����0�D�W�H�U�L�D�O���6�D�I�H�W�\��
�'�D�W�D���6�K�H�H�W�V�����0�6�'�6�V�����L�Q�F�O�X�G�H���G�H�W�D�L�O�H�G���L�Q�I�R�U�P�D�W�L�R�Q���U�H�J�D�U�G�L�Q�J���K�H�D�O�W�K���	���V�D�I�H�W�\���R�I���F�K�H�P�L�F�D�O�V���X�V�H�G��
�L�Q���Z�D�V�W�H�Z�D�W�H�U���W�U�H�D�W�P�H�Q�W���S�U�R�F�H�V�V���D�Q�G���D�U�H���S�U�H�V�H�Q�W�H�G���L�Q���$�S�S�H�Q�G�L�[���)�������7�K�H�V�H���D�U�H���V�D�P�S�O�H���0�6�'�6��
�V�K�H�H�W�V���D�Q�G���Q�H�H�G���W�R���E�H���U�H�S�O�D�F�H�G���E�\���W�K�H���D�F�W�X�D�O���Y�H�Q�G�R�U���0�6�'�6���V�K�H�H�W�V����
�,�Q�I�R�U�P�D�W�L�R�Q���D�Q�G���J�X�L�G�H�O�L�Q�H�V���R�X�W�O�L�Q�H�G���L�Q���W�K�L�V���P�D�Q�X�D�O���P�X�V�W���E�H���I�R�O�O�R�Z�H�G���D�W���D�O�O���W�L�P�H�V���S�U�L�R�U���W�R���V�\�V�W�H�P��
�L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���G�X�U�L�Q�J���R�S�H�U�D�W�L�R�Q���D�Q�G���P�D�L�Q�W�H�Q�D�Q�F�H����
��
�(�6�6�(�1�7�,�$�/���)�2�5���6�$�)�(���2�3�(�5�$�7�,�2�1����

�x�� �,�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���Q�H�Z�W�H�U�U�D���V�\�V�W�H�P���P�X�V�W���R�Q�O�\���E�H���F�D�U�U�L�H�G���R�X�W���E�\���W�U�D�L�Q�H�G���D�Q�G��
�T�X�D�O�L�I�L�H�G���S�H�U�V�R�Q�Q�H�O����

�x�� �$�O�O���Q�H�F�H�V�V�D�U�\���V�D�I�H�W�\���S�U�H�F�D�X�W�L�R�Q�V���P�X�V�W���E�H���F�D�U�H�I�X�O�O�\���H�[�H�U�F�L�V�H�G�����L�Q�F�O�X�G�L�Q�J���E�X�W���Q�R�W���O�L�P�L�W�H�G��
�W�R�� �S�U�R�S�H�U�� �X�V�H�� �R�I�� �S�H�U�V�R�Q�D�O�� �S�U�R�W�H�F�W�L�Y�H�� �H�T�X�L�S�P�H�Q�W���F�R�Q�V�L�G�H�U�L�Q�J�� �J�L�Y�H�Q�� �Z�R�U�N�L�Q�J�� �H�Q�Y�L�U�R�Q�P�H�Q�W��
�D�Q�G���F�R�Q�G�L�W�L�R�Q�V����

�x�� �$�O�O���H�O�H�F�W�U�L�F�D�O�� �L�Q�V�W�D�O�O�D�W�L�R�Q�V�� �D�Q�G�� �W�U�R�X�E�O�H�V�K�R�R�W�L�Q�J�� �P�X�V�W�� �R�Q�O�\�� �E�H�� �F�D�U�U�L�H�G�� �R�X�W�� �E�\�� �O�L�F�H�Q�V�H�G��
�H�O�H�F�W�U�L�F�L�D�Q�V������

�x�� �$�O�O���S�O�X�P�E�L�Q�J���Z�R�U�N���P�X�V�W���R�Q�O�\���E�H���F�D�U�U�L�H�G���R�X�W���E�\���O�L�F�H�Q�V�H�G���S�O�X�P�E�H�U�V���R�U���T�X�D�O�L�I�L�H�G���S�H�U�V�R�Q�Q�H�O������

�x�� �3�O�H�D�V�H���N�H�H�S���L�Q���P�L�Q�G���W�K�D�W���W�U�H�H�V���D�Q�G���V�K�U�X�E�V���W�D�O�O�H�U���W�K�D�Q���W�Z�R���P�H�W�H�U�V���O�R�F�D�W�H�G���L�Q���F�O�R�V�H���S�U�R�[�L�P�L�W�\��
�W�R���W�K�H���Q�H�Z�W�H�U�U�D���V�\�V�W�H�P���P�D�\���E�H�F�R�P�H���D���V�D�I�H�W�\���F�R�Q�F�H�U�Q���D�W���W�K�H���W�L�P�H���R�I���L�Q�V�W�D�O�O�D�W�L�R�Q���R�U���V�H�U�Y�L�F�H������

��
�'�(�)�,�1�,�7�,�2�1���2�)���6�$�)�(�7�<���$�1�'���:�$�5�1�,�1�*���6�,�*�1�6���8�6�(�'���,�1���7�+�(���0�$�1�8�$�/��
��
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�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��

�&�5�,�7�,�&�$�/���:�$�5�1�,�1�*���6�,�*�1��

�:�D�U�Q�V���D�J�D�L�Q�V�W���D�Q���X�Q�V�D�I�H���V�L�W�X�D�W�L�R�Q���R�U��

�S�U�D�F�W�L�F�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���V�H�Y�H�U�H���L�Q�M�X�U�\���D�V��

�Z�H�O�O���D�V���P�D�M�R�U���H�T�X�L�S�P�H�Q�W���G�D�P�D�J�H������������������������ ���:�$�5�1�,�1�*����

��
�������� �3�H�U�V�R�Q�D�O���3�U�R�W�H�F�W�L�Y�H���(�T�X�L�S�P�H�Q�W�����3�3�(����
��
�3�H�U�V�R�Q�D�O���S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W�����3�3�(�����U�H�I�H�U�V���W�R���S�U�R�W�H�F�W�L�Y�H���F�O�R�W�K�L�Q�J�����J�O�R�Y�H�V�����K�H�O�P�H�W�V�����J�R�J�J�O�H�V�����R�U��
�R�W�K�H�U���J�D�U�P�H�Q�W�V���R�U���H�T�X�L�S�P�H�Q�W���G�H�V�L�J�Q�H�G���W�R���S�U�R�W�H�F�W���W�K�H���Z�H�D�U�H�U�
�V���E�R�G�\���I�U�R�P���L�Q�M�X�U�\���R�U���L�Q�I�H�F�W�L�R�Q�����7�K�H��
�K�D�]�D�U�G�V���D�G�G�U�H�V�V�H�G���E�\���S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W���L�Q�F�O�X�G�H���S�K�\�V�L�F�D�O�����H�O�H�F�W�U�L�F�D�O�����K�H�D�W�����F�K�H�P�L�F�D�O�V����
biohazards, and airborne particulate matter.  ”Protective clothing" is applied to traditional 
�F�D�W�H�J�R�U�L�H�V���R�I���F�O�R�W�K�L�Q�J�����D�Q�G�����S�U�R�W�H�F�W�L�Y�H���J�H�D�U�����D�S�S�O�L�H�V���W�R���L�W�H�P�V���V�X�F�K���D�V���S�D�G�V�����J�X�D�U�G�V�����V�K�L�H�O�G�V����
�P�D�V�N�V�����D�Q�G���R�W�K�H�U�V����
��
�7�K�H���S�X�U�S�R�V�H���R�I���S�H�U�V�R�Q�D�O���S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W���L�V���W�R���U�H�G�X�F�H���H�P�S�O�R�\�H�H���H�[�S�R�V�X�U�H���W�R���K�D�]�D�U�G�V���Z�K�H�Q��
�H�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���D�G�P�L�Q�L�V�W�U�D�W�L�Y�H���F�R�Q�W�U�R�O�V���D�U�H���Q�R�W���I�H�D�V�L�E�O�H���R�U���H�I�I�H�F�W�L�Y�H���W�R���U�H�G�X�F�H���W�K�H�V�H���U�L�V�N�V���W�R��
�D�F�F�H�S�W�D�E�O�H���O�H�Y�H�O�V�����3�3�(���L�V���Q�H�H�G�H�G���Z�K�H�Q���W�K�H�U�H���D�U�H���K�D�]�D�U�G�V���S�U�H�V�H�Q�W�����3�3�(���K�D�V���W�K�H���V�H�U�L�R�X�V��
�O�L�P�L�W�D�W�L�R�Q���W�K�D�W���L�W���G�R�H�V���Q�R�W���H�O�L�P�L�Q�D�W�H���W�K�H���K�D�]�D�U�G���D�W���V�R�X�U�F�H���D�Q�G���P�D�\���U�H�V�X�O�W���L�Q���H�P�S�O�R�\�H�H�V���E�H�L�Q�J��
�H�[�S�R�V�H�G���W�R���W�K�H���K�D�]�D�U�G���L�I���W�K�H���H�T�X�L�S�P�H�Q�W���I�D�L�O�V����
�7�K�H���I�R�O�O�R�Z�L�Q�J���O�L�V�W���L�Q�F�O�X�G�H�V���W�K�H���P�L�Q�L�P�X�P���V�F�R�S�H���R�I���3�3�(���W�K�D�W���V�K�R�X�O�G���E�H���D�Y�D�L�O�D�E�O�H���W�R���V�\�V�W�H�P��
�R�S�H�U�D�W�R�U�V����
��
������������ �+�H�D�G���S�U�R�W�H�F�W�L�R�Q��
��
�+�D�U�G���K�D�W�V�����E�X�P�S���F�D�S�V�����R�U���K�H�O�P�H�W�V���D�U�H���W�\�S�H�V���R�I���S�U�R�W�H�F�W�L�R�Q���W�K�D�W���V�K�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���L�I���W�K�H�U�H���L�V���D��
�K�D�]�D�U�G���R�I���K�H�D�G���L�Q�M�X�U�\�����+�H�D�G���L�Q�M�X�U�L�H�V���F�D�Q���R�F�F�X�U���X�Q�G�H�U���Y�D�U�L�R�X�V���F�L�U�F�X�P�V�W�D�Q�F�H�V���L�Q�F�O�X�G�L�Q�J���D�V���W�K�H��
�U�H�V�X�O�W���R�I���D���V�O�L�S���R�U���I�D�O�O�����Z�R�U�N�L�Q�J���L�Q���F�R�Q�I�L�Q�H�G���D�U�H�D�V���R�U���Z�K�H�U�H���W�K�H�U�H���D�U�H���O�R�Z���F�H�L�O�L�Q�J�V�����Z�K�H�U�H���W�K�H�U�H��
�P�D�\���E�H���I�D�O�O�L�Q�J���R�E�M�H�F�W�V�������+�D�U�G���K�D�W�V���V�K�R�X�O�G���E�H���Z�R�U�Q���D�W���D�O�O���W�L�P�H�V���Z�K�H�Q���R�Y�H�U�K�H�D�G���Z�R�U�N���L�V���E�H�L�Q�J��
�F�R�Q�G�X�F�W�H�G����
��
������������ �(�\�H���D�Q�G���)�D�F�H���3�U�R�W�H�F�W�L�R�Q��
��
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�x�� �:�K�H�U�H�� �O�R�F�N�R�X�W�� �L�V�� �F�R�P�S�O�H�[���� �D�� �Z�U�L�W�W�H�Q�� �V�H�T�X�H�Q�F�H�� �L�Q�� �F�K�H�F�N�O�L�V�W���I�R�U�P�� �V�K�R�X�O�G�� �E�H�� �S�U�H�S�D�U�H�G���I�R�U��
�H�T�X�L�S�P�H�Q�W���D�F�F�H�V�V�����O�R�F�N�R�X�W���W�D�J�R�X�W�����F�O�H�D�U�D�Q�F�H�����U�H�O�H�D�V�H���D�Q�G���V�W�D�U�W���X�S����

�x�� �$�O�O���Z�R�U�N�H�U�V���D�I�I�H�F�W�H�G���E�\���W�K�H���O�R�F�N�R�X�W���V�K�R�X�O�G���E�H���Q�R�W�L�I�L�H�G����

�x�� �(�T�X�L�S�P�H�Q�W�� �V�K�R�X�O�G�� �E�H�� �V�K�X�W�� �G�R�Z�Q�� �E�\�� �Q�R�U�P�D�O�� �P�H�D�Q�V�� �E�\�� �W�X�U�Q�L�Q�J�� �R�I�� �V�Z�L�W�F�K�H�V�� �D�Q�G�� �F�O�R�V�L�Q�J��
�Y�D�O�Y�H�V���H�W�F����

�x�� �(�T�X�L�S�P�H�Q�W�� �V�K�R�X�O�G�� �E�H�� �L�V�R�O�D�W�H�G�� �I�U�R�P�� �H�Q�H�U�J�\�� �V�R�X�U�F�H�V�� �E�\�� �G�L�V�F�R�Q�Q�H�F�W�L�Q�J�� �R�U�� �E�O�R�F�N�L�Q�J�� �W�K�H��
�V�R�X�U�F�H�V���R�I���H�Q�H�U�J�\����

�x�� �/�R�F�N�R�X�W���D�Q�G���W�D�J���W�K�H���H�Q�H�U�J�\���L�V�R�O�D�W�L�Q�J���G�H�Y�L�F�H�V���E�\���S�D�G�O�R�F�N���R�U���V�R�P�H���R�W�K�H�U���O�R�F�N�L�Q�J���G�H�Y�L�F�H���W�K�D�W��
�W�K�H���Z�R�U�N�H�U���K�D�V���F�R�Q�W�U�R�O���R�Y�H�U���D�V���Z�H�O�O���D�V���D���W�D�J���L�Q�G�L�F�D�W�L�Q�J���W�K�D�W���W�K�H���H�T�X�L�S�P�H�Q�W���K�D�V���E�H�H�Q���V�K�X�W��
�G�R�Z�Q����

�x�� �9�H�U�L�I�\�� �W�K�D�W�� �D�O�O�� �H�Q�H�U�J�\�� �V�R�X�U�F�H�V�� �K�D�Y�H�� �E�H�H�Q�� �L�V�R�O�D�W�H�G�� �E�\�� �D�W�W�H�P�S�W�L�Q�J�� �W�R�� �F�\�F�O�H�� �W�K�H�� �H�T�X�L�S�P�H�Q�W��
�S�U�L�R�U���W�R���Z�R�U�N�L�Q�J���R�Q���L�W����

�x�� �:�K�H�Q���Z�R�U�N���L�V���F�R�P�S�O�H�W�H�G�����U�H�O�H�D�V�H���H�T�X�L�S�P�H�Q�W���I�U�R�P���O�R�F�N�R�X�W����

�x�� �7�H�V�W���H�T�X�L�S�P�H�Q�W��

��
�������� �&�R�Q�I�L�Q�H�G���6�S�D�F�H�V��
��
“�F�R�Q�I�L�Q�H�G���V�S�D�F�H” means a fully or partially enclosed space:��

�x�� �W�K�D�W���L�V���Q�R�W���E�R�W�K���G�H�V�L�J�Q�H�G���D�Q�G���F�R�Q�V�W�U�X�F�W�H�G���I�R�U���F�R�Q�W�L�Q�X�R�X�V���K�X�P�D�Q���R�F�F�X�S�D�Q�F�\�����D�Q�G��

�x�� �L�Q���Z�K�L�F�K���D�W�P�R�V�S�K�H�U�L�F���K�D�]�D�U�G�V���P�D�\���R�F�F�X�U���E�H�F�D�X�V�H���R�I���L�W�V���F�R�Q�V�W�U�X�F�W�L�R�Q�����O�R�F�D�W�L�R�Q���R�U��
�F�R�Q�W�H�Q�W�V���R�U���E�H�F�D�X�V�H���R�I���Z�R�U�N���W�K�D�W���L�V���G�R�Q�H���L�Q���L�W����

�,�I���\�R�X���K�D�Y�H���D���V�S�D�F�H���W�K�D�W���L�V���I�X�O�O�\���R�U���S�D�U�W�L�D�O�O�\���H�Q�F�O�R�V�H�G�����W�K�H���W�Z�R���F�R�Q�G�L�W�L�R�Q�V��–�����D�����D�Q�G�����E�����D�E�R�Y�H��–��
�P�X�V�W���E�R�W�K���D�S�S�O�\���E�H�I�R�U�H���W�K�H���V�S�D�F�H���F�D�Q���E�H���F�R�Q�V�L�G�H�U�H�G���D�����F�R�Q�I�L�Q�H�G���V�S�D�F�H������
��
���D�W�P�R�V�S�K�H�U�L�F���K�D�]�D�U�G�V�����P�H�D�Q�V����

�x�� �W�K�H���D�F�F�X�P�X�O�D�W�L�R�Q���R�I���I�O�D�P�P�D�E�O�H�����F�R�P�E�X�V�W�L�E�O�H���R�U���H�[�S�O�R�V�L�Y�H���D�J�H�Q�W�V����

�x�� �D�Q���R�[�\�J�H�Q���F�R�Q�W�H�Q�W���L�Q���W�K�H���D�W�P�R�V�S�K�H�U�H���W�K�D�W���L�V���O�H�V�V���W�K�D�Q�������������S�H�U���F�H�Q�W���R�U���P�R�U�H���W�K�D�Q���������S�H�U��
�F�H�Q�W���E�\���Y�R�O�X�P�H�����R�U��

�x�� �W�K�H���D�F�F�X�P�X�O�D�W�L�R�Q���R�I���D�W�P�R�V�S�K�H�U�L�F���F�R�Q�W�D�P�L�Q�D�Q�W�V�����L�Q�F�O�X�G�L�Q�J���J�D�V�H�V�����Y�D�S�R�X�U�V�����I�X�P�H�V�����G�X�V�W�V���R�U��
�P�L�V�W�V�����W�K�D�W���F�R�X�O�G����

o�� �U�H�V�X�O�W���L�Q���D�F�X�W�H���K�H�D�O�W�K���H�I�I�H�F�W�V���W�K�D�W���S�R�V�H���D�Q���L�P�P�H�G�L�D�W�H���W�K�U�H�D�W���W�R���O�L�I�H�����R�U��

o�� �L�Q�W�H�U�I�H�U�H���Z�L�W�K���D���S�H�U�V�R�Q�
�V���D�E�L�O�L�W�\���W�R���H�V�F�D�S�H���X�Q�D�L�G�H�G���I�U�R�P���D���F�R�Q�I�L�Q�H�G���V�S�D�F�H����

�)�R�O�O�R�Z���O�R�F�D�O���O�D�Z�V���D�Q�G���U�H�J�X�O�D�W�L�R�Q�V���Z�L�W�K���U�H�V�S�H�F�W���W�R���H�Q�W�H�U�L�Q�J���D���F�R�Q�I�L�Q�H�G���V�S�D�F�H����
��
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��
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�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��

�,�I���D���Z�R�U�N�S�O�D�F�H���L�Q�F�O�X�G�H�V���D���F�R�Q�I�L�Q�H�G���V�S�D�F�H���W�K�D�W���Z�R�U�N�H�U�V���P�D�\���H�Q�W�H�U���W�R���S�H�U�I�R�U�P���Z�R�U�N�����L�W���L�V���K�L�J�K�O�\��
�U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���Z�U�L�W�W�H�Q���S�U�R�J�U�D�P���I�R�U���W�K�H���F�R�Q�I�L�Q�H�G���V�S�D�F�H���L�V���G�H�Y�H�O�R�S�H�G���D�Q�G���P�D�L�Q�W�D�L�Q�H�G���L�Q��
�D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�L�V���O�R�F�D�O���U�H�J�X�O�D�W�L�R�Q�V���D�Q�G���S�R�O�L�F�L�H�V���E�H�I�R�U�H���D���Z�R�U�N�H�U���H�Q�W�H�U�V���W�K�H���F�R�Q�I�L�Q�H�G���V�S�D�F�H����
�$���F�R�Q�I�L�Q�H�G���V�S�D�F�H���S�U�R�J�U�D�P���L�V���D���Z�U�L�W�W�H�Q���G�R�F�X�P�H�Q�W���W�K�D�W���Z�R�X�O�G���L�Q�F�O�X�G�H�����D���P�H�W�K�R�G���I�R�U���U�H�F�R�J�Q�L�]�L�Q�J��
�H�D�F�K���F�R�Q�I�L�Q�H�G���V�S�D�F�H���W�R���Z�K�L�F�K���W�K�H���S�U�R�J�U�D�P���D�S�S�O�L�H�V�����D���P�H�W�K�R�G���I�R�U���D�V�V�H�V�V�L�Q�J���W�K�H���K�D�]�D�U�G�V���W�R��
�Z�K�L�F�K���Z�R�U�N�H�U�V���P�D�\���E�H���H�[�S�R�V�H�G�����D���P�H�W�K�R�G���I�R�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���F�R�Q�I�L�Q�H�G���V�S�D�F�H���H�Q�W�U�\���S�O�D�Q�V�����D��
�P�H�W�K�R�G���I�R�U���W�U�D�L�Q�L�Q�J���Z�R�U�N�H�U�V�����D�Q�G�����D�Q���H�Q�W�U�\���S�H�U�P�L�W���V�\�V�W�H�P����
��
�������� �)�L�U�H���6�D�I�H�W�\��
��
�(�[�S�R�V�H�G���K�R�W���V�X�U�I�D�F�H�V���F�D�Q���F�U�H�D�W�H���S�R�W�H�Q�W�L�D�O���E�X�U�Q���L�J�Q�L�W�L�R�Q���K�D�]�D�U�G�V�������%�O�R�Z�H�U�V���D�Q�G���D�L�U���F�R�P�S�U�H�V�V�R�U�V��
�F�R�P�S�U�H�V�V���D�P�E�L�H�Q�W���D�L�U�����F�D�X�V�L�Q�J���K�H�D�W���W�R���E�H���J�H�Q�H�U�D�W�H�G�������7�K�L�V���K�H�D�W���F�D�Q���E�U�L�Q�J���W�K�H���W�H�P�S�H�U�D�W�X�U�H���R�I���W�K�H��
�D�L�U���F�R�P�S�U�H�V�V�R�U���K�H�D�G���D�Q�G���E�O�R�Z�H�U���S�L�S�L�Q�J���W�R���D���O�H�Y�H�O���W�K�D�W���F�D�Q���F�D�X�V�H���E�X�U�Q�V���W�R���H�[�S�R�V�H�G���I�O�H�V�K����
�)�R�O�O�R�Z���O�R�F�D�O���O�D�Z�V���D�Q�G���U�H�J�X�O�D�W�L�R�Q�V���Z�L�W�K���U�H�V�S�H�F�W���W�R���)�L�U�H���6�D�I�H�W�\���D�Q�G���U�H�J�X�O�D�W�L�R�Q�V����
��
�������� �5�H�V�S�R�Q�V�L�E�L�O�L�W�\���I�R�U���6�D�I�H�W�\����
��
������������ �0�D�Q�D�J�H�P�H�Q�W��
��
�0�D�Q�D�J�H�P�H�Q�W���L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���S�U�R�Y�L�G�L�Q�J���D���V�D�I�H���Z�R�U�N�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�����7�K�L�V���L�V���D�F�F�R�P�S�O�L�V�K�H�G��
�S�D�U�W�O�\���E�\����

�x�� �(�Q�V�X�U�L�Q�J���W�K�D�W���D�O�O���I�D�F�L�O�L�W�L�H�V���D�Q�G���H�T�X�L�S�P�H�Q�W���D�U�H���E�X�L�O�W���D�Q�G���P�D�L�Q�W�D�L�Q�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H��
�D�S�S�U�R�S�U�L�D�W�H���V�D�I�H�W�\���V�W�D�Q�G�D�U�G�V��

�x�� �3�U�R�Y�L�G�L�Q�J���D�G�H�T�X�D�W�H���I�X�Q�G�V���I�R�U���H�T�X�L�S�P�H�Q�W���D�Q�G���S�O�D�Q�W���P�D�L�Q�W�H�Q�D�Q�F�H����

�x�� �(�V�W�D�E�O�L�V�K�L�Q�J�����S�U�R�P�R�W�L�Q�J�����D�Q�G���H�Q�I�R�U�F�L�Q�J���D��safety policy ��

�x�� �(�V�W�D�E�O�L�V�K�L�Q�J���D���V�D�I�H�W�\���W�U�D�L�Q�L�Q�J���S�U�R�J�U�D�P��

�x�� �6�X�S�S�O�\�L�Q�J���H�D�V�\���D�F�F�H�V�V�L�E�O�H���H�\�H�Z�D�V�K���D�Q�G���I�L�U�V�W���D�L�G���V�W�D�W�L�R�Q�V���D�Q�G���S�U�R�S�H�U���S�H�U�V�R�Q�D�O���S�U�R�W�H�F�W�L�Y�H��
�H�T�X�L�S�P�H�Q�W�����3�3�(�����I�R�U���S�H�U�V�R�Q�Q�H�O���V�H�U�Y�L�F�L�Q�J���Z�D�V�W�H�Z�D�W�H�U���W�U�H�D�W�P�H�Q�W���I�D�F�L�O�L�W�\����

��

������������ �:�R�U�N�H�U��

�x�� �7�R���G�H�Y�H�O�R�S���D���S�R�V�L�W�L�Y�H���D�Q�G���S�U�R�I�H�V�V�L�R�Q�D�O���D�W�W�L�W�X�G�H���W�R�Z�D�U�G�V���V�D�I�H�W�\����

�x�� �7�R�� �D�Y�R�L�G�� �P�L�V�W�D�N�H�V�� �F�D�X�V�H�G�� �E�\�� �L�Q�G�L�I�I�H�U�H�Q�F�H�� �W�R�� �V�D�I�H�W�\���� �S�R�R�U�� �Z�R�U�N���K�D�E�L�W�V���� �O�D�F�N�� �R�I��
�D�W�W�H�Q�W�L�Y�H�Q�H�V�V�����U�X�V�K�L�Q�J���W�K�H���M�R�E�����I�D�L�O�X�U�H���W�R���R�E�V�H�U�Y�H���H�V�W�D�E�O�L�V�K�H�G���V�D�I�H�W�\���S�U�R�F�H�G�X�U�H�V���D�Q�G���S�R�R�U��
�S�K�\�V�L�F�D�O���F�R�Q�G�L�W�L�R�Q����

��

 
 
Remembe r the “ABC” of accident prevention ������
�$�/�:�$�<�6���%�(���&�$�5�(�)�8�/��������
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��
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�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��
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�������� �3�/�$�1�7���,�1�6�7�$�/�/�$�7�,�2�1�����,�1�6�3�(�&�7�,�2�1�����$�1�'���7�(�6�7�,�1�*��
��
�������� �6�\�V�W�H�P���2�Y�H�U�Y�L�H�Z��
��
�7�K�H���Q�H�Z�W�H�U�U�D���0�L�F�U�R�&�O�H�D�U�7�0���0�%�5���:�:�7�3���L�V�������P�����G�D�\���0�%�5���I�R�U���I�R�U���W�K�H���$�P�D�U�X�T���0�L�Q�H���O�R�F�D�W�H�G���L�Q��
�1�X�Q�D�Y�X�W�������7�K�H���V�\�V�W�H�P���F�R�Q�V�L�V�W�V���R�I���I�L�Y�H�����������P�R�G�L�I�L�H�G���������I�R�R�W���+�L�J�K���&�X�E�H���,�6�2���V�K�L�S�S�L�Q�J���F�R�Q�W�D�L�Q�H�U�V��
�D�Q�G���R�Q�H�����������P�R�G�L�I�L�H�G���������I�R�R�W���+�L�J�K���&�X�E�H���,�6�2���V�K�L�S�S�L�Q�J���F�R�Q�W�D�L�Q�H�U�������6�H�H���E�H�O�R�Z����������
��
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�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
�7�K�H���I�L�U�P���E�D�V�H���I�R�U���W�K�H���F�R�Q�W�D�L�Q�H�U���P�X�V�W���E�H���O�H�Y�H�O���D�Q�G��

�P�X�V�W���E�H���F�D�S�D�E�O�H���R�I���V�X�S�S�R�U�W�L�Q�J���W�K�H���R�S�H�U�D�W�L�Q�J��

�Z�H�L�J�K�W����

��
��
�������� �6�L�W�H���&�R�Q�G�L�W�L�R�Q�V���5�H�T�X�L�U�H�P�H�Q�W�V��
��

�x�� �,�Q�V�W�D�O�O�D�W�L�R�Q���V�L�W�H���I�R�U���W�K�H���Q�H�Z�W�H�U�U�D���0�L�F�U�R�&�O�H�D�U�7�0���0�%�5���:�:�7�3���V�K�R�X�O�G���E�H���F�O�R�V�H���W�R���W�K�H���V�H�Z�H�U��
�G�U�D�L�Q���D�Q�G���K�D�Y�H���D���V�X�I�I�L�F�L�H�Q�W���S�R�Z�H�U���V�R�X�U�F�H�����U�H�I�H�U���W�R���(�O�H�F�W�U�L�F�D�O���'�U�D�Z�L�Q�J�V���L�Q���$�S�S�H�Q�G�L�F�H�V���%��
�)������

�x�� �/�R�F�D�W�L�R�Q���P�X�V�W���S�H�U�P�L�W���H�D�V�\���D�F�F�H�V�V���I�R�U���H�T�X�L�S�P�H�Q�W���F�D�S�D�E�O�H���R�I���W�U�D�Q�V�S�R�U�W�L�Q�J�����R�I�I�O�R�D�G�L�Q�J�����D�Q�G��
�K�D�Q�G�O�L�Q�J���R�I���W�K�H���G�H�V�L�J�Q�H�G���O�R�D�G�V����

�x�� �7�K�H�U�H���V�K�R�X�O�G���E�H���D�G�H�T�X�D�W�H���V�S�D�F�H���D�U�R�X�Q�G���W�K�H���F�R�Q�W�D�L�Q�H�U�V���I�R�U���V�D�I�H���R�S�H�U�D�W�L�R�Q���D�Q�G��
�P�D�L�Q�W�H�Q�D�Q�F�H����

�x�� �7�K�H���I�L�U�P���E�D�V�H�����I�R�X�Q�G�D�W�L�R�Q�����P�X�V�W���E�H���E�X�L�O�W���W�R���V�X�S�S�R�U�W���W�K�H���I�X�O�O���R�S�H�U�D�W�L�Q�J���Z�H�L�J�K�W���R�I���W�K�H���S�O�D�Q�W��
�W�R���S�U�H�Y�H�Q�W���E�X�L�O�G�L�Q�J�V���I�U�R�P���V�K�L�I�W�L�Q�J���D�Q�G���S�L�S�H���H�O�H�F�W�U�L�F�D�O���F�R�Q�G�X�L�W���F�R�Q�Q�H�F�W�L�R�Q���I�D�L�O�X�U�H��–���S�L�O�L�Q�J�V��
�D�U�H���U�H�F�R�P�P�H�Q�G�H�G����

��
��
������������ � � � � � � � �� �����

��

��

��

��

�:�$�5�1�,�1�*����Always check with the local utility companies for the location of 

water lines, electrical and telephone ca bles, or any additi onal hazards below 

grade, prior to excavation. Fa ilure to do so could result in severe bodily injury or 

death. 

 

�������� �,�Q�V�S�H�F�W�L�R�Q���X�S�R�Q���'�H�O�L�Y�H�U�\��������������
��
�7�K�H���Q�H�Z�W�H�U�U�D���0�L�F�U�R�&�O�H�D�U�7�0���0�%�5���:�:�7�3���L�V���F�D�U�H�I�X�O�O�\���P�D�Q�X�I�D�F�W�X�U�H�G�����F�K�H�F�N�H�G�����D�Q�G���W�H�V�W�H�G���D�W���W�K�H��
�P�D�Q�X�I�D�F�W�X�U�L�Q�J���S�O�D�Q�W�������$�O�O���H�T�X�L�S�P�H�Q�W���L�V���S�U�H���Z�L�U�H�G�����S�U�H���S�L�S�H�G�����P�R�X�Q�W�H�G���L�Q�V�L�G�H���W�K�H���H�Q�F�O�R�V�X�U�H�V���D�Q�G��
�I�D�F�W�R�U�\���W�H�V�W�H�G���������8�S�R�Q���U�H�F�H�L�Y�L�Q�J���W�K�H���V�\�V�W�H�P�����S�O�H�D�V�H���S�H�U�I�R�U�P���W�K�H���I�R�O�O�R�Z�L�Q�J����

�x�� �3�O�D�F�H���W�K�H���F�R�Q�W�D�L�Q�H�U���R�Q�W�R���W�K�H���S�U�H�S�D�U�H�G���I�L�U�P���E�D�V�H���W�R���D�Y�R�L�G���V�D�J�J�L�Q�J�����H�T�X�L�S�P�H�Q�W���Y�L�E�U�D�W�L�R�Q����
�D�Q�G���V�K�L�I�W�L�Q�J�������:�K�H�Q���O�L�I�W�L�Q�J���W�K�H���F�R�Q�W�D�L�Q�H�U�V�����H�Q�V�X�U�H���W�K�D�W���O�L�I�W�L�Q�J���H�T�X�L�S�P�H�Q�W���L�V���F�O�H�D�U���R�I��
�R�Y�H�U�K�H�D�G���R�E�V�W�U�X�F�W�L�R�Q�V���V�X�F�K���D�V���S�R�Z�H�U���O�L�Q�H�V�����W�U�H�H�V���R�U���U�R�R�I�W�R�S�V�����%�H���F�D�U�H�I�X�O���G�X�U�L�Q�J���W�K�L�V��
�S�U�R�F�H�G�X�U�H������

�x�� �%�H���F�D�U�H�I�X�O���Z�K�H�Q���R�I�I�O�R�D�G�L�Q�J���W�K�H���F�R�Q�W�D�L�Q�H�U�V���W�R���S�U�H�Y�H�Q�W���G�D�P�D�J�H���W�R���W�K�H���L�Q�W�H�U�Q�D�O���S�L�S�H���Z�R�U�N����

�x�� �&�K�H�F�N���W�K�H���F�R�Q�W�D�L�Q�H�U�V���I�R�U���D�Q�\���V�L�J�Q�V���R�I���V�K�L�S�S�L�Q�J���G�D�P�D�J�H�V������
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�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�x�� �,�Q�V�S�H�F�W�� �W�K�H�� �F�R�Q�W�D�L�Q�H�U�V�� �W�R�� �H�Q�V�X�U�H�� �W�K�D�W�� �Q�R�� �F�R�P�S�R�Q�H�Q�W�V�� �R�U�� �S�D�U�W�V�� �D�U�H�� �P�L�V�V�L�Q�J�� ���U�H�I�H�U�� �W�R�� �W�K�H��
�3�D�F�N�L�Q�J�� �/�L�V�W��–�� �V�H�H�� �$�S�S�H�Q�G�L�[�� �%������ �$�O�V�R���� �L�Q�V�S�H�F�W�� �I�R�U�� �Y�L�V�X�D�O�� �G�D�P�D�J�H�� �R�I�� �W�K�H�� �W�D�Q�N�V��� � �S�X�P�S�V� �� �
�E�O�R�Z�H�U�V�����S�L�S�L�Q�J�����D�Q�G���F�R�Q�W�U�R�O���S�D�Q�H�O������

�x�� �,�I�� �W�K�H�� �F�R�Q�W�D�L�Q�H�U�V���� �H�T�X�L�S�P�H�Q�W�� �L�Q�V�L�G�H�� �D�Q�G�� �D�Q�\�� �S�D�U�W�V�� �V�K�L�S�S�H�G�� �O�R�R�V�H�� �D�U�H�� �I�U�H�H�� �R�I�� �G�D�P�D�J�H����
�S�U�R�F�H�H�G���Z�L�W�K���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q����

��
�)�R�U���D�Q�\���G�D�P�D�J�H�V���R�U���O�R�V�V���R�I���H�T�X�L�S�P�H�Q�W�����S�O�H�D�V�H���Q�R�W�L�I�\���Q�H�Z�W�H�U�U�D���O�W�G�����D�W��������������������������������
�L�P�P�H�G�L�D�W�H�O�\����
��
��
�������� �3�O�D�Q�W���,�Q�L�W�L�D�O���6�H�W���X�S��
��

���:�$�5�1�,�1�*����The installer must ensure that the installation site is safe from 

hazards. These could include exca vations left open overnight, debris left lying around, 

and tanks & equipment not proper ly blocked. Provisions must  be made to eliminate the 

potential hazards by roping of f and proper shoring around th e excavations, cleaning up 

at the end of each workday, and proper storage of equipmen t. Failure to do so could 

result in severe in jury or death. 
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������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���&�K�H�F�N�O�L�V�W��
��
�$�W���$�S�S�H�Q�G�L�[���&���L�V���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���F�R�P�P�L�V�V�L�R�Q�L�Q�J���F�K�H�F�N�O�L�V�W���I�R�U���W�K�H���V�\�V�W�H�P�������%�H�O�R�Z���L�V���D��
�V�X�P�P�D�U�\���R�I���L�Q�V�W�D�O�O�D�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V����
��

����������������Customer’s Scope List ��
��
�x�� �3�O�D�F�H�P�H�Q�W���D�Q�G���D�Q�F�K�R�U�L�Q�J�����L�I���U�H�T�X�L�U�H�G�����R�I���H�T�X�L�S�P�H�Q�W��
�x�� �,�Q�W�H�U�F�R�Q�Q�H�F�W�L�Q�J���S�L�S�L�Q�J���V�X�S�S�O�\���D�Q�G���L�Q�V�W�D�O�O�D�W�L�R�Q��
�x�� �,�Q�W�H�U�F�R�Q�Q�H�F�W�L�Q�J���H�O�H�F�W�U�L�F�D�O���D�Q�G���F�R�Q�W�U�R�O�V���V�X�S�S�O�\���D�Q�G���L�Q�V�W�D�O�O�D�W�L�R�Q���L�Q�F�O�X�G�L�Q�J���F�R�Q�Q�H�F�W�L�R�Q���L�Q�V�L�G�H��

newterra’s control panel��
�x�� �(�O�H�F�W�U�L�F�D�O���S�R�Z�H�U���V�X�S�S�O�\���W�R���R�X�U���H�O�H�F�W�U�L�F�D�O���S�D�Q�H�O�����O�L�J�K�W�Q�L�Q�J�����J�U�R�X�Q�G�L�Q�J�����H�W�F������
�x� � � 3� H� U� P� L� W� W� L� Q� J� �
�x�� �3�R�W�D�E�O�H���Z�D�W�H�U���V�X�S�S�O�\���W�R���W�K�H���S�O�D�Q�W���V�L�W�H���I�R�U���S�O�D�Q�W���K�\�G�U�D�X�O�L�F���W�H�V�W���G�X�U�L�Q�J���V�W�D�U�W�X�S��
�x�� �6�H�H�G���V�O�X�G�J�H��
�x�� �:�D�V�W�H�Z�D�W�H�U���W�H�V�W�L�Q�J��
�x�� �&�K�H�P�L�F�D�O�V���V�X�S�S�O�\���D�Q�G���V�W�R�U�D�J�H��
�x�� �7�U�H�D�W�H�G���H�I�I�O�X�H�Q�W���D�Q�G���Z�D�V�W�H���V�O�X�G�J�H���G�L�V�S�R�V�D�O��
�x�� �$�O�O���V�L�W�H���F�L�Y�L�O���Z�R�U�N���L�Q�F�O�X�G�L�Q�J���G�H�V�L�J�Q��
��
� � � �
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Note:  At design flow when the membrane discharge vacuum exceeds 0.2 bar (80” WC), as 
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�P�D�Q�X�D�O�������P������
�0�/�6�6�V�����0�/�6�6���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���V�H�H�G���V�O�X�G�J�H���I�U�R�P���D���W�U�H�D�W�P�H�Q�W���V�\�V�W�H�P���Z�L�W�K���V�L�P�L�O�D�U��
�S�U�R�F�H�V�V�H�V�����Q�L�W�U�L�I�L�F�D�W�L�R�Q�����G�H���Q�L�W�U�L�I�L�F�D�W�L�R�Q���H�W�F���������P�J���/������������
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�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�$�U�U�D�Q�J�H���I�R�U���G�H�O�L�Y�H�U�\���R�I���I�U�H�V�K���V�H�H�G���V�O�X�G�J�H���I�U�R�P���D�Q���D�F�W�L�Y�D�W�H�G���V�O�X�G�J�H���V�\�V�W�H�P���H�P�S�O�R�\�L�Q�J��
�D���V�X�V�S�H�Q�G�H�G���J�U�R�Z�W�K���W�\�S�H���S�U�R�F�H�V�V�����,�I���L�W���L�V���S�R�V�V�L�E�O�H�����R�E�W�D�L�Q���V�H�H�G���V�O�X�G�J�H���I�U�R�P���D���I�D�F�L�O�L�W�\��
�W�U�H�D�W�L�Q�J���V�L�P�L�O�D�U���Z�D�V�W�H�Z�D�W�H�U���D�Q�G���R�S�H�U�D�W�H�G���Z�L�W�K���V�L�P�L�O�D�U���S�U�R�F�H�V�V�H�V�����Q�L�W�U�L�I�L�F�D�W�L�R�Q���H�W�F��������
��

�E���� �,�I���S�R�V�V�L�E�O�H���G�U�D�L�Q���W�K�H���Z�D�W�H�U���X�V�H�G���I�R�U���F�O�H�D�Q���Z�D�W�H�U���W�H�V�W�L�Q�J���I�U�R�P���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N�����7�K�L�V���Z�L�O�O��
�P�L�Q�L�P�L�]�H���G�L�O�X�W�L�R�Q���R�I���W�K�H���V�H�H�G���E�D�F�W�H�U�L�D����

�F���� �3�X�P�S�� �V�H�H�G�� �V�O�X�G�J�H�� �W�K�U�R�X�J�K�� �W�K�H�� �V�F�U�H�H�Q�� �P�R�G�X�O�H�� �W�R�� �U�H�P�R�Y�H�� �D�Q�\�� �G�H�E�U�L�V�� �W�K�D�W�� �P�L�J�K�W��
�G�D�P�D�J�H���W�K�H���P�H�P�E�U�D�Q�H�V�����7�K�L�V���F�D�Q���X�V�X�D�O�O�\���E�H���G�R�Q�H���E�\���V�O�R�Z�O�\���G�X�P�S�L�Q�J���W�K�H���V�H�H�G���L�Q�W�R��
�W�K�H���F�O�R�V�H�V�W���O�L�I�W���V�W�D�W�L�R�Q�����(�Q�V�X�U�H���V�F�U�H�H�Q���S�U�R�F�H�V�V���D�Q�G���I�H�H�G���S�X�P�S�V���W�R���D�H�U�D�W�L�R�Q���W�D�Q�N���D�U�H���L�Q��
“AUTO” mode. ��

�G���� �,�I���D���S�U�L�P�D�U�\���F�O�D�U�L�I�L�H�U���L�V���L�Q�F�O�X�G�H�G���D�Q�G���W�K�H�U�H���L�V���D���V�F�U�H�H�Q���E�H�W�Z�H�H�Q���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���D�Q�G��
�P�H�P�E�U�D�Q�H���W�D�Q�N�����$�G�G���V�H�H�G���V�O�X�G�J�H���G�L�U�H�F�W�O�\���W�R���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N������

�H���� �2�Q�F�H���D�H�U�D�W�L�R�Q���W�D�Q�N���O�L�T�X�L�G���O�H�Y�H�O���K�D�V���I�L�O�O�H�G���D�E�R�Y�H�����������Z�L�W�K���V�H�H�G���V�O�X�G�J�H�����W�X�U�Q���D�H�U�D�W�L�R�Q��
tank blowers to “AUTO” mode.��

�I���� �&�R�Q�W�L�Q�X�H���D�G�G�L�Q�J���U�H�P�D�L�Q�L�Q�J���V�H�H�G���V�O�X�G�J�H����

�J���� �2�Q�F�H���D�O�O���V�H�H�G���V�O�X�G�J�H���K�D�V���E�H�H�Q���S�X�P�S�H�G���L�Q�W�R���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���W�D�N�H���Q�R�W�H���R�I���W�K�H���O�L�T�X�L�G��
�O�H�Y�H�O�����,�I���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���L�V���I�X�O�O���W�K�H�Q���F�R�Q�W�L�Q�X�H���W�R���6�W�H�S���������,�I���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���L�V���Q�R�W���I�X�O�O��
�W�K�H�Q�� �F�R�Q�W�L�Q�X�H�� �W�R�� �I�L�O�O�� �W�K�H�� �D�H�U�D�W�L�R�Q�� �W�D�Q�N�� �������� �R�I�� �L�W�V�� �W�R�W�D�O�� �Y�R�O�X�P�H� � � S� H� U� � � G� D� \� � � X� V� L� Q� J� � � U� D� Z� �
�Z�D�V�W�H�Z�D�W�H�U�����7�K�L�V���L�V���W�R���D�Y�R�L�G���V�K�R�F�N�L�Q�J���W�K�H���E�D�F�W�H�U�L�D���Z�L�W�K���H�[�F�H�V�V���%�2�'�����U�H�G�X�F�L�Q�J���W�K�H���U�L�V�N��
�R�I���I�R�U�P�L�Q�J���I�R�D�P���F�D�X�V�L�Q�J���E�D�F�W�H�U�L�D���D�Q�G���U�H�G�X�F�L�Q�J���W�K�H���L�P�S�D�F�W���R�I���X�Q���P�H�W�D�E�R�O�L�]�H�G���%�2�'���R�Q��
�W�K�H���P�H�P�E�U�D�Q�H�V����

��
�'�U�\���6�H�H�G��

��
�D���� �,�I���S�R�V�V�L�E�O�H���G�U�D�L�Q���W�K�H���Z�D�W�H�U���L�Q���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���X�V�H�G���I�R�U���F�O�H�D�Q���Z�D�W�H�U���W�H�V�W�����7�K�L�V���Z�L�O�O��

�P�L�Q�L�P�L�]�H���G�L�O�X�W�L�R�Q���R�I���W�K�H���V�H�H�G���E�D�F�W�H�U�L�D����
��

�E���� �7�X�U�Q���V�F�U�H�H�Q���P�R�G�X�O�H���D�Q�G���I�H�H�G���S�X�P�S���V�����W�R���D�H�U�D�W�L�R�Q���W�D�Q�N��to “AUTO”. ��
��

�F���� �$�O�O�R�Z���D�H�U�D�W�L�R�Q���W�D�Q�N���W�R���I�L�O�O���W�R�����������Z�L�W�K���U�D�Z���Z�D�V�W�H�Z�D�W�H�U�����D�Q�G���W�K�H�Q���W�X�U�Q���R�I�I���V�F�U�H�H�Q��
�P�R�G�X�O�H���D�Q�G���I�H�H�G���S�X�P�S���V������

�G���� �5�H�P�R�Y�H���W�K�H���D�F�F�H�V�V���F�R�Y�H�U���I�U�R�P���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N������
��

�H���� �$�G�M�X�V�W���W�K�H���'�2���S�U�R�E�H���D�Q�G���S�+���S�U�R�E�H���S�R�V�L�W�L�R�Q�L�Q�J���L�Q���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���X�Q�W�L�O���E�R�W�K���S�U�R�E�H�V��
�D�U�H���V�X�E�P�H�U�J�H�G���L�Q���W�K�H���Z�D�V�W�H�Z�D�W�H�U����

��
�I����Turn aeration tank blowers to “HAND” to ensure vigorous mixing when adding dry 

seed bacteria. Note: When set to “HAND” the blowers will only run for 2 minutes. If 
�W�K�L�V���W�L�P�H���U�X�Q�V���R�X�W���E�H�I�R�U�H���D�O�O���W�K�H���G�U�\���E�D�F�W�H�U�L�D���K�D�Y�H���E�H�H�Q���D�G�G�H�G�����W�K�H�Q���W�K�H���E�O�R�Z�H�U�V���P�X�V�W��
be set to “OFF” and then back to “HAND”.��
��
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��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�J���� �6�O�R�Z�O�\���D�G�G�����������R�I���W�K�H���V�X�S�S�O�L�H�G���K�H�W�H�U�R�W�U�R�S�K�L�F���G�U�\���V�H�H�G���E�D�F�W�H�U�L�D���W�K�U�R�X�J�K���W�K�H���Y�L�H�Z��
�S�R�U�W�������7�K�H���I�R�O�O�R�Z�L�Q�J���T�X�D�Q�W�L�W�L�H�V���L�Q���7�D�E�O�H�������D�U�H���W�\�S�L�F�D�O�O�\���V�K�L�S�S�H�G���Z�L�W�K���V�W�D�Q�G�D�U�G���F�D�P�S��
�V�\�V�W�H�P�V�����L�I���W�K�H���F�X�U�U�H�Q�W���V�\�V�W�H�P���L�V���Q�R�W���R�Q���W�K�L�V���O�L�V�W���S�O�H�D�V�H���F�R�Q�V�X�O�W���Z�L�W�K���D���3�U�R�F�H�V�V��
�(�Q�J�L�Q�H�H�U����

��
�7�D�E�O�H�����������6�H�H�G���E�D�F�W�H�U�L�D���T�X�D�Q�W�L�W�L�H�V���S�H�U���V�W�D�Q�G�D�U�G���F�D�P�S���P�R�G�H�O��

�6�W�D�Q�G�D�U�G���&�D�P�S���0�R�G�H�O���'�U�\���%�D�F�W�H�U�L�D�����%�L�R�U�H�P�R�Y�H��
���������������O�E�V����

�1�L�W�U�L�I�\�L�Q�J���%�D�F�W�H�U�L�D��
���%�L�R�U�H�P�R�Y�H�����������������O�E�V����

�������0�D�Q�� ������ ������
���������0�D�Q�� ������ ������
���������0�D�Q�� ������ ������
���������0�D�Q�� ������ ������

�����������0�D�Q�� �������� ������
��
��

�K����Turn aeration tank blowers to “AUTO”.��
��

�L���� �&�R�Q�W�L�Q�X�H���D�G�G�L�Q�J���U�D�Z���Z�D�V�W�H�Z�D�W�H�U���D�Q�G���G�U�\���V�H�H�G���E�D�F�W�H�U�L�D���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���V�F�K�H�G�X�O�H��
�R�X�W�O�L�Q�H�G���L�Q���7�D�E�O�H�������E�H�O�R�Z����

��
�7�D�E�O�H�����������'�U�\���V�H�H�G���D�Q�G���Z�D�V�W�H�Z�D�W�H�U���G�R�V�L�Q�J���V�F�K�H�G�X�O�H��

�'�D�\��

�'�D�L�O�\���:�D�V�W�H�Z�D�W�H�U��
�)�O�R�Z�U�D�W�H���������R�I��
�$�H�U�D�W�L�R�Q���7�D�Q�N��

�9�R�O�X�P�H����

�$�H�U�D�W�L�R�Q���7�D�Q�N���)�L�O�O��
�/�H�Y�H�O����������

�'�U�\�����K�H�W�H�U�R�W�U�R�S�K�L�F����
�6�H�H�G���W�R���E�H���$�G�G�H�G��

�������R�I���7�R�W�D�O���6�X�S�S�O�L�H�G����

���� �������� �������� ��������
���� �������� �������� ��������
���� �������� �������� ��������
���� �������� �������� ��������
���� �������� �������� ��������
���� �������� �������� ��������
���� ������ ���������� ��������

��
�M���� �$�V���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���I�L�O�O�V�����F�R�Q�W�L�Q�X�H���W�R���D�G�M�X�V�W���W�K�H���S�R�V�L�W�L�R�Q�L�Q�J���R�I���W�K�H���'�2���D�Q�G���S�+���S�U�R�E�H�V��

�D�F�F�R�U�G�L�Q�J�O�\����
��

������ �2�Q�F�H���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���L�V���I�X�O�O�����O�L�T�X�L�G���O�H�Y�H�O���!�����������W�K�H���U�H�P�D�L�Q�L�Q�J���H�T�X�L�S�P�H�Q�W���L�Q���W�K�H���V�\�V�W�H�P��
�F�D�Q���E�H���V�W�D�U�W�H�G�����7�X�U�Q���D�O�O���H�T�X�L�S�P�H�Q�W�����H�[�F�H�S�W���V�O�X�G�J�H���Z�D�V�W�L�Q�J���S�U�R�F�H�V�V�L�Q�J���H�T�X�L�S�P�H�Q�W�����W�R��
“AUTO”. Set the permeate flow rate at a value to achieve a flux of 6.5 lmh initially.��
��
�&�R�Q�Y�H�U�W���I�O�X�[�����O�P�K�����W�R���I�O�R�Z���U�D�W�H�����O�S�P�����D�V���I�R�O�O�R�Z�V����

�(�H�K�S���N�=�P�A���:�H�L�I�; L
�(�H�Q�T���:�H�I�D�; �Û �I�A�I�>�N�=�J�A���O�Q�N�B�=�?�A���=�N�A�=���:�I �6�;

�x�r�� �@
�I�E�J

�D �A
��

�������9�H�U�L�I�\���W�K�H���P�H�P�E�U�D�Q�H���F�D�V�V�H�W�W�H���P�R�G�H�O��–���� �0�&�;�/����� �������P�����R�I���V�X�U�I�D�F�H���D�U�H�D��
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�/�H�J�H�Q�G�����'��� ���G�D�L�O�\�����:��� ���Z�H�H�N�O�\�����7�:��� ���W�K�U�H�H���W�L�P�H�V���Z�H�H�N�O�\�����0��� ���P�R�Q�W�K�O�\�����$�5��� ���D�V���U�H�T�X�L�U�H�G����
����,�I���0�/�9�6�6�����0�/�6�6���U�D�W�L�R���R�I���D���P�L�Q�L�P�X�P���R�I�����������L�V���G�H�W�H�F�W�H�G�����0�/�9�6�6���W�H�V�W�L�Q�J���F�D�Q���E�H���G�R�Q�H��
periodically, on an “as required” basis. ��
��
���7�K�H���H�I�I�O�X�H�Q�W���V�K�R�X�O�G���E�H���U�R�X�W�L�Q�H�O�\���F�K�H�F�N�H�G���I�R�U���D�Q�\���V�L�J�Q�V���R�I���S�U�R�E�O�H�P�����1�R�U�P�D�O�O�\�����W�K�H���H�I�I�O�X�H�Q�W���L�V��
�U�H�D�V�R�Q�D�E�O�\���F�O�H�D�U�����F�R�O�R�X�U�O�H�V�V�����D�Q�G���R�G�R�X�U�O�H�V�V�����,�I���W�K�H���H�I�I�O�X�H�Q�W���E�H�F�R�P�H�V���W�X�U�E�L�G�����W�H�V�W�L�Q�J���V�K�R�X�O�G���E�H��
�F�D�U�U�L�H�G���R�X�W���U�H�T�X�L�U�H�G����
��

�3�D�U�D�P�H�W�H�U����� �,�Q�I�O�X�H�Q�W���$�H�U�D�W�L�R�Q��
�7�D�Q�N��

�0�H�P�E�U�D�Q�H��
�7�D�Q�N��

�0�%�5��
�(�I�I�O�X�H�Q�W��

�)�O�R�Z���U�D�W�H�� �'�����3�/�&���� � � � ��'�����3�/�&����

�)�D�W�����2�L�O���D�Q�G���*�U�H�D�V�H�����)�2�*���� �$�5�� �� �� �$�5��
�$�O�N�D�O�L�Q�L�W�\�� �$�5�� �� �� ��
�%�L�R�O�R�J�L�F�D�O���2�[�\�J�H�Q���'�H�P�D�Q�G�����%�2�'���� �:�� �� �� �:��
�7�R�W�D�O���6�X�V�S�H�Q�G�H�G���6�R�O�L�G�V�����7�6�6���� �:�� �� �� �:��
�7�R�W�D�O���.�M�H�O�G�D�K�O���1�L�W�U�R�J�H�Q�������7�R�W�D�O���1�L�W�U�R�J�H�Q��
���7�.�1�������7�1���� �0�� � � � ��$�5��

�$�P�P�R�Q�L�D���1�L�W�U�R�J�H�Q���1�+�����1���� �� �� �� �$�5��

�1�L�W�U�D�W�H���1�L�W�U�R�J�H�Q�����1�2�����1���� �� �� �� �$�5��

�7�R�W�D�O���3�K�R�V�S�K�R�U�X�V�����7�3���� �:�� �� �� �:��
�0�L�[�H�G���/�L�T�X�R�U���6�X�V�S�H�Q�G�H�G���6�R�O�L�G�V�����0�/�6�6���� �� �� �:�� ��
�0�L�[�H�G���/�L�T�X�R�U���9�R�O�D�W�L�O�H���6�X�V�S�H�Q�G�H�G���6�R�O�L�G�V��
���0�/�9�6�6���� � � � � � $� 5� �� ��

�7�H�P�S�H�U�D�W�X�U�H�� �� �'�����3�/�&���� �� ��
�S�+�� �$�5�� �'�����3�/�&���� �� �:��
�'�L�V�V�R�O�Y�H�G���2�[�\�J�H�Q�����'�2���� �� �'�����3�/�&���� �� ��
�)�L�O�W�H�U�D�E�L�O�L�W�\�� �� �� �7�:�� ��

�7�X�U�E�L�G�L�W�\�� �� �� �� �$�5����

�)�H�F�D�O���&�R�O�L�I�R�U�P��/ E-Coli � � � � � � � :� �
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�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
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�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��������(�[�S�O�D�Q�D�W�L�R�Q���D�Q�G���G�H�I�L�Q�L�W�L�R�Q���R�I���D�E�E�U�H�Y�L�D�W�L�R�Q�V�����D�F�U�R�Q�\�P�V���D�Q�G���W�H�U�P�V���X�V�H�G���L�Q���W�K�H���P�D�Q�X�D�O���D�U�H��
�S�U�H�V�H�Q�W�H�G���L�Q���$�S�S�H�Q�G�L�[���*��–���*�O�R�V�V�D�U�\���	���7�H�U�P�V���D�Q�G���$�S�S�H�Q�G�L�[���+��–���%�L�R�O�R�J�L�F�D�O���7�U�H�D�W�P�H�Q�W���	��
�0�R�Q�L�W�R�U�L�Q�J���3�D�U�D�P�H�W�H�U�V����
��
��
�����������������)�L�O�W�H�U�D�E�L�O�L�W�\���7�H�V�W����
��
�7�K�H���R�E�M�H�F�W�L�Y�H���R�I���W�K�H���I�L�O�W�H�U�D�E�L�O�L�W�\���W�H�V�W���L�V���W�R���H�Y�D�O�X�D�W�H���W�K�H���F�R�Q�G�L�W�L�R�Q���R�I���W�K�H���Z�R�U�N�L�Q�J���E�L�R�P�D�V�V�����7�K�L�V���L�V��
�D�V�V�H�V�V�H�G���E�\���P�H�D�V�X�U�L�Q�J���W�K�H���Y�R�O�X�P�H���R�I���I�L�O�W�U�D�W�H���S�D�V�V�L�Q�J���W�K�U�R�X�J�K���W�K�H���I�L�O�W�H�U���S�D�S�H�U�����,�I���I�L�O�W�U�D�W�H���L�V���J�U�H�D�W�H�U��
�W�K�D�Q���������P�/���������P�L�Q�����W�K�H�Q���E�L�R�P�D�V�V���I�L�O�W�H�U�D�E�L�O�L�W�\���L�V���D�F�F�H�S�W�D�E�O�H�����K�R�Z�H�Y�H�U�����L�I���L�W���L�V���O�H�V�V���W�K�D�Q���������P�/��������
�P�L�Q�����P�R�G�L�I�L�F�D�W�L�R�Q�V���W�R���W�K�H���S�O�D�Q�W���R�S�H�U�D�W�L�Q�J���F�R�Q�G�L�W�L�R�Q���D�U�H���U�H�T�X�L�U�H�G���W�R���S�U�H�Y�H�Q�W���S�U�H�P�D�W�X�U�H���P�H�P�E�U�D�Q�H��
�I�R�X�O�L�Q�J�����6�H�H���W�K�H���0�H�P�E�U�D�Q�H���)�R�X�O�L�Q�J���7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J���*�X�L�G�H�O�L�Q�H�V���W�D�E�O�H���L�Q���6�H�F�W�L�R�Q���������������W�R��
�G�H�W�H�U�P�L�Q�H���W�K�H���F�D�X�V�H���R�I���W�K�H���O�R�Z���I�L�O�W�H�U�D�E�L�O�L�W�\���D�Q�G���K�R�Z���W�R���F�R�U�U�H�F�W���R�S�H�U�D�W�L�R�Q���W�R���L�P�S�U�R�Y�H���W�K�H��
�I�L�O�W�H�U�D�E�L�O�L�W�\����
 
�/�D�E�R�U�D�W�R�U�\���*�O�D�V�V�Z�D�U�H���D�Q�G���)�L�O�W�H�U���3�D�S�H�U��
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
�$�S�S�D�U�D�W�X�V����

��

�)�L�O�W�H�U�D�E�L�O�L�W�\���.�L�W���L�V���G�L�V�W�U�L�E�X�W�H�G���E�\���Q�H�Z�W�H�U�U�D���O�W�G�����3�D�U�W����������������������

��
�0�H�D�V�X�U�H�P�H�Q�W���3�U�R�F�H�G�X�U�H����
��
������ �3�O�H�D�W���I�L�O�W�H�U���S�D�S�H�U���E�\���I�R�O�G�L�Q�J���L�Q���K�D�O�I�����T�X�D�U�W�H�U�V���H�W�F����

������ �/�L�Q�H���W�K�H���I�X�Q�Q�H�O���Z�L�W�K���S�O�H�D�W�H�G���I�L�O�W�H�U���S�D�S�H�U���D�Q�G���S�O�D�F�H���W�K�H���I�X�Q�Q�H�O���L�Q���W�K�H���J�U�D�G�X�D�W�H�G���F�\�O�L�Q�G�H�U����

������ �&�R�O�O�H�F�W���������P�/���R�I���D�F�W�L�Y�D�W�H�G���V�O�X�G�J�H���V�D�P�S�O�H���L�Q���D���E�H�D�N�H�U���D�Q�G���V�W�L�U����

������ �3�R�X�U���W�K�H���������P�/���V�D�P�S�O�H���L�Q�W�R���W�K�H���I�X�Q�Q�H�O����

������ �6�W�D�U�W���W�L�P�H�U���Z�K�H�Q���W�K�H���I�L�U�V�W���G�U�R�S���R�I���Z�D�W�H�U���I�L�O�W�H�U�H�G���W�K�U�R�X�J�K���W�K�H���I�L�O�W�H�U���S�D�S�H�U����

������ �$�I�W�H�U���������P�L�Q�X�W�H�V���R�I���I�L�O�W�U�D�W�L�R�Q�����U�H�F�R�U�G���W�K�H���O�H�Y�H�O���R�I���I�L�O�W�U�D�W�H���L�Q���W�K�H���J�U�D�G�X�D�W�H�G���F�\�O�L�Q�G�H�U����
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�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

����

�)�L�O�W�H�U�D�E�L�O�L�W�\�����)�7�����$�F�W�L�R�Q���� �6�W�D�W�H���R�I���X�U�J�H�Q�F�\��

�!���������P�O���� Excellent, no action req’�� ��

���������������P�O�� �7�Z�H�D�N���S�U�R�F�H�V�V���R�S�H�U�D�W�L�R�Q����

���������P�O�� �3�U�R�F�H�V�V���D�G�M�X�V�W�P�H�Q�W���U�H�T���&�R�Q�W�D�F�W���Q�H�Z�W�H�U�U�D���O�W�G����

 
��
�������������6�X�J�J�H�V�W�H�G���7�H�V�W���(�T�X�L�S�P�H�Q�W���I�R�U���0�R�Q�L�W�R�U�L�Q�J������
��
The following test equipment’s will assist in the monitoring of the MWWTP but are not provided 
�Z�L�W�K���W�K�H���V�\�V�W�H�P����������
��
�����������������)�L�O�W�H�U�D�E�L�O�L�W�\�������/�D�E�R�U�D�W�R�U�\���*�O�D�V�V�Z�D�U�H���D�Q�G���)�L�O�W�H�U���3�D�S�H�U��
��
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��
��
�$�S�S�D�U�D�W�X�V����
��

�x�� �)�L�O�W�H�U���S�D�S�H�U�������$�0�'���0�D�Q�X�I�D�F�W�X�U�L�Q�J�����3�D�U�W���1�X�P�E�H�U���1�2���&�����������&�0���R�U���H�T�X�L�Y�D�O�H�Q�W����
�x�� �)�X�Q�Q�H�O�����������P�P���G�L�D�P�H�W�H�U���U�H�F�R�P�P�H�Q�G�H�G������
�x�� �������P�/���J�U�D�G�X�D�W�H�G���F�\�O�L�Q�G�H�U�������&�R�O�H���3�D�U�P�H�U���*�U�D�G�X�D�W�H�G���&�\�O�L�Q�G�H�U�����3�D�U�W���1�X�P�E�H�U���5�.��������������������

�R�U���H�T�X�L�Y�D�O�H�Q�W����
�x�� �%�H�D�N�H�U�����P�L�Q�����������P�O���V�L�]�H�����D�Q�G���V�W�L�U���U�R�G��
�x�� �:�D�W�F�K���Z�L�W�K���V�H�F�R�Q�G�V���G�L�V�S�O�D�\���R�U���H�T�X�L�Y�D�O�H�Q�W��

� � � �
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�5�H�P�R�Y�H���Y�D�F���R�X�W��
�J�U�H�D�V�H���I�L�O�P���I�U�R�P��
�W�R�S���R�I���W�D�Q�N�V���D�Q�G��
�D�Q�\���I�R�R�G���S�D�U�W�L�F�O�H�V��
�I�U�R�P���W�K�H���E�R�W�W�R�P���R�I��
�W�D�Q�N�V����
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�3�H�U�I�R�U�P���Y�L�V�X�D�O���F�K�H�F�N�� �; �� �� �� �� �� �5�H�I�H�U���W�R���3�O�D�Q�W��
�9�L�V�X�D�O���&�K�H�F�N�V��

�5�H�F�R�U�G���S�H�U�P�H�D�W�H���I�O�R�Z���U�D�W�H���;�� �� �� �� �� ��
�5�H�F�R�U�G���'�2���L�Q���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���;�� �� �� �� �� ��
�5�H�F�R�U�G���S�+���L�Q���W�K�H���D�H�U�D�W�L�R�Q���W�D�Q�N���;�� �� �� �� �� ��

�5�H�F�R�U�G���Y�D�F�X�X�P���S�U�H�V�V�X�U�H���D�W���W�K�H��
�P�H�P�E�U�D�Q�H�V�� �;�� �� �� �� ��

�1�R�U�P�D�O���U�D�Q�J�H����
����������–�������������E�D�U��
(28” ��100” WC) ��

Note: When the vacuum at the membranes reache s 0.25 bar/3.5 psig/100" WC), it may be 
necessary to stop the permeati on and perform recovery cleaning (please see Section 7.6.1 for 
membrane fouling troubleshooting  and subsection 7.3 for me mbrane cleaning procedures ) ��
��
��
��
��
��
��
�0�(�&�+�$�1�,�&�$�/
�	���3�5�2�&�(�6�6��
��
��

�,�Q�V�S�H�F�W���P�H�P�E�U�D�Q�H�V���D�Q�G���S�H�U�P�H�D�W�H��
�Z�L�W�K�G�U�D�Z�D�O���V�\�V�W�H�P��
��

�� �;�� �� �� �� �����K�R�X�U ��

�&�O�H�D�Q���W�K�H���'�2���V�H�Q�V�R�U��–���'�2����������
�5�H�S�O�D�F�H���'�2���S�U�R�E�H���H�Y�H�U�\���V�H�F�R�Q�G��
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�x�� �:�D�W�H�U���W�H�P�S�H�U�D�W�X�U�H���L�V���D�E�R�Y�H�����������&�����E�H�W�W�H�U���F�O�H�D�Q�L�Q�J���H�I�I�L�F�L�H�Q�F�\���L�I���Z�D�W�H�U���W�H�P�S�H�U�D�W�X�U�H���U�D�Q�J�H�V���I�U�R�P��
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�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
�����������������3�U�R�F�H�G�X�U�H��–���%�D�F�N�Z�D�V�K���6�R�O�X�W�L�R�Q���3�U�H�S�D�U�D�W�L�R�Q��
��
�1�R�W�H�������,�W���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�K�D�W���R�Q�O�\���R�Q�H���P�H�P�E�U�D�Q�H���P�R�G�X�O�H���D�W���D���W�L�P�H���E�H���F�O�H�D�Q�H�G��
���E�D�F�N�Z�D�V�K������
��
�3�U�H�S�D�U�H���W�K�H���E�D�F�N�Z�D�V�K���V�R�O�X�W�L�R�Q���D�V���I�R�O�O�R�Z�V����
��
������ �,�I���E�D�F�N�Z�D�V�K���W�D�Q�N���7�1�.�����������L�V���H�P�S�W�\������

�D���� �(�Q�V�X�U�H�� �P�H�P�E�U�D�Q�H�� �L�V�� �H�Q�D�E�O�H�G�� �D�Q�G�� �S�X�O�O�L�Q�J���� �D�Q�G�� �W�X�U�Q�� �6�9���������� �V�R�O�H�Q�R�L�G�� �Y�D�O�Y�H�V�� �R�Q��
hand (“H”) until backwash tank is filled with required volume for chemical 
�E�D�F�N�Z�D�V�K�� �����/�� �S�H�U�� �F�D�V�V�H�W�W�H�� �;�� ������ �F�D�V�V�H�W�W�H�V�� �S�H�U�� �P�R�G�X�O�H�� � �� ������ �/�� �2�5�� �D�S�S�U�R�[���� ��������
�F�D�S�D�F�L�W�\���R�I���7�1�.�����������������1�R�W�H���7�1�.�����������F�D�S�D�F�L�W�\���L�V���������/������

�E���� �7�X�U�Q���6�9����������series solenoid valves off (“O”)��

��

�F���� �6�N�L�S���W�R���V�W�H�S������

� � � �
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�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

������ �,�I���E�D�F�N�Z�D�V�K���W�D�Q�N���7�1�.�����������L�V���I�X�O�O����

�D���� �'�L�V�D�E�O�H�� �P�H�P�E�U�D�Q�H�� �E�\�� �K�R�O�G�L�Q�J�� �G�R�Z�Q�� �W�K�H�� �G�L�V�D�E�O�H�� �P�H�P�E�U�D�Q�H�� �E�X�W�W�R�Q�� �I�R�U�� �D�E�R�X�W�� ����
�V�H�F�R�Q�G�V��

��

��

�E���� �7�X�U�Q���6�9����������solenoid valves to off (“O”)��

�F���� �7�X�U�Q���0�9���������������������G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���P�H�P�E�U�D�Q�H�V���W�R���E�H���F�O�H�D�Q�H�G�����P�R�W�R�U�L�]�H�G���Y�D�O�Y�H�V��
to hand (“H”)��

�G���� �7�X�U�Q���S�X�P�S���3����������to hand (“H”) until the backwash tank has drained to the required 
�Y�R�O�X�P�H���I�R�U���F�K�H�P�L�F�D�O���E�D�F�N�Z�D�V�K�������/���S�H�U���F�D�V�V�H�W�W�H���;���������F�D�V�V�H�W�W�H�V���S�H�U���P�R�G�X�O�H��� ��������
�/���2�5���D�S�S�U�R�[�������������F�D�S�D�F�L�W�\���R�I���7�1�.������������–���W�K�H���H�[�D�F�W���Y�R�O�X�P�H���F�D�Q���E�H���G�H�W�H�U�P�L�Q�H�G���E�\��
�E�D�F�N�Z�D�V�K���W�D�Q�N���O�H�Y�H�O���G�U�R�S�������1�R�W�H���7�1�.�����������F�D�S�D�F�L�W�\���L�V���������/����

�H���� �7�X�U�Q���3��801 to off (“O”)��

��
�����������������3�U�R�F�H�G�X�U�H��–���2�U�J�D�Q�L�F���)�R�X�O�L�Q�J���6�R�O�X�W�L�R�Q��
��
�2�U�J�D�Q�L�F���)�R�X�O�L�Q�J�������1�D�2�&�O�������������P�J���/���V�R�O�X�W�L�R�Q�����D�F�F�H�S�W�D�E�O�H���U�D�Q�J�H���R�I�����������W�R�������������P�J���/�������8�V�H�G���I�R�U��
�U�H�P�R�Y�D�O���R�I���R�U�J�D�Q�L�F���I�R�X�O�L�Q�J�����Z�K�L�F�K���L�V���W�K�H���P�R�V�W���F�R�P�P�R�Q���W�\�S�H���R�I���I�R�X�O�L�Q�J���L�Q���0�%�5�V����

�9�R�O�X�P�H���R�I���F�R�Q�F�H�Q�W�U�D�W�H�G���1�D�2�&�,���U�H�T�X�L�U�H�G���F�D�Q���E�H���F�D�O�F�X�O�D�W�H�G���Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J��
�I�R�U�P�X�O�D����

��

������������������������������ ��
�‚ �“ �����9�R�O�X�P�H���R�I���W�K�H���V�R�O�X�W�L�R�Q�����*�D�O�O�R�Q�����R�U���/�L�W�U�H�������H�T�X�D�O���W�R�������/���P�X�O�W�L�S�O�\�L�Q�J���W�K�H���Q�X�P�E�H�U���R�I���0�&�;�/��
�F�D�V�V�H�W�W�H�V���������������/���S�H�U���P�R�G�X�O�H��������
�o�™�������&�R�Q�F�H�Q�W�U�D�W�H�G���1�D�2�&�,���F�R�Q�F�H�Q�W�U�D�W�L�R�Q��������������������������������������������
�‚ �ž�����9�R�O�X�P�H���R�I���F�R�Q�F�H�Q�W�U�D�W�H�G���1�D�2�&�,���U�H�T�X�L�U�H�G�����*�D�O�O�R�Q�����R�U���/�L�W�U�H����
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�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�����������������3�U�R�F�H�G�X�U�H��–���2�U�J�D�Q�L�F���)�R�X�O�L�Q�J���6�R�O�X�W�L�R�Q��
��
�,�Q�R�U�J�D�Q�L�F���)�R�X�O�L�Q�J�������&�L�W�U�L�F���$�F�L�G���������J���/���V�R�O�X�W�L�R�Q�����X�S���W�R���������J���/�������8�V�H�G���I�R�U���U�H�P�R�Y�D�O���R�I���L�Q�R�U�J�D�Q�L�F���I�R�X�O�L�Q�J����
�7�K�L�V���L�V���W�\�S�L�F�D�O�O�\���R�Q�O�\���U�H�T�X�L�U�H�G���I�R�U���V�\�V�W�H�P�V���W�U�H�D�W�L�Q�J���Z�D�W�H�U���Z�L�W�K���D���K�L�J�K���K�D�U�G�Q�H�V�V������

��
�5�L�Q�V�H���P�H�P�E�U�D�Q�H���I�L�O�W�H�U���D�Q�G���E�D�F�N�Z�D�V�K���W�D�Q�N���W�K�R�U�R�X�J�K�O�\���Z�L�W�K���S�R�W�D�E�O�H���Z�D�W�H�U��
�W�R���F�R�P�S�O�H�W�H�O�\���U�H�P�R�Y�H���1�D�2�&�O���V�R�O�X�W�L�R�Q���E�H�I�R�U�H���W�U�H�D�W�P�H�Q�W���Z�L�W�K���F�L�W�U�L�F���D�F�L�G����
�0�L�[�L�Q�J���1�D�2�&�O���Z�L�W�K���F�L�W�U�L�F���D�F�L�G���U�H�O�H�D�V�H�V���W�R�[�L�F���F�K�O�R�U�L�Q�H���J�D�V������
��
��

��
�����������������3�U�R�F�H�G�X�U�H��
��
������ �(�Q�V�X�U�H���0�9���������������V�H�U�L�H�V���P�R�W�R�U�L�]�H�G���Y�D�O�Y�H�V���D�Q�G���6�9�����������V�R�O�Hnoid valve are set to off (“O”).����

�7�K�H���V�\�V�W�H�P���L�V���Q�R�Z���U�H�D�G�\���I�R�U���D���F�K�H�P�L�F�D�O���E�D�F�N�Z�D�V�K�����1�R�W�H�����R�Q�O�\���R�Q�H���P�H�P�E�U�D�Q�H���P�R�G�X�O�H��
�V�K�R�X�O�G���E�H���E�D�F�N�Z�D�V�K�H�G���D�W���D���W�L�P�H�������7�K�H���P�R�G�X�O�H�V���F�D�Q���E�H���L�V�R�O�D�W�H�G���E�\���F�O�R�V�L�Q�J���W�K�H���S�H�U�P�H�D�W�H��
�Y�D�O�Y�H�V�����W�K�H�U�H���D�U�H���Y�D�O�Y�H�V���S�H�U���P�R�G�X�O�H����

��

��

������ �7�X�U�Q���R�I�I���D�O�O���E�O�R�Z�H�U�V���L�Q���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N���W�R���E�H���E�D�F�N�Z�D�V�K�H�G�����%������������

������ �7�X�U�Q���W�K�H���0�9�������������������P�R�W�R�U�L�]�H�G���Y�D�O�Y�H��to hand (“H”) then turn pump P����������to hand (“H”) until 
�W�K�H���E�D�F�N�Z�D�V�K���W�D�Q�N���K�D�V���G�U�D�L�Q�H�G����

������ �7�X�U�Q���S�X�P�S���3�����������W�R���R�If (“O”) and then turn the MV������������������motorized valve to off (“O”).��

������ �/�H�W���P�H�P�E�U�D�Q�H�V���V�R�D�N���I�R�U���������P�L�Q�V���R�U���V�R����

������ �$�I�W�H�U���V�R�D�N�L�Q�J���P�H�P�E�U�D�Q�H�V�����W�X�U�Q���W�K�H���E�O�R�Z�H�U�V���E�D�F�N���R�Q�����%�������������D�Q�G���D�O�O�R�Z���E�O�R�Z�H�U�V���W�R���V�F�R�X�U���I�R�U����
�������P�L�Q�X�W�H�V����

������After the 15 minute scour turn all valves and pump back to auto (“A”)��

������ �7�X�U�Q���6�9����������solenoid valves to off (“O”)��
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�Q�H�Z�W�H�U�U�D���O�W�G����
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�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

������ �(�Q�D�E�O�H���P�H�P�E�U�D�Q�H�V���E�\���K�R�O�G�L�Q�J���G�R�Z�Q���W�K�H���H�Q�D�E�O�H���P�H�P�E�U�D�Q�H���E�X�W�W�R�Q���I�R�U���D�E�R�X�W�������V�H�F�R�Q�G�V��
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�D�S�S�U�R�[�L�P�D�W�H�O�\�����������/���R�I���V�R�O�X�W�L�R�Q���Z�R�X�O�G���E�H���U�H�T�X�L�U�H�G���S�H�U���P�����R�I���P�H�P�E�U�D�Q�H���W�D�Q�N�����$�G�G�L�W�L�R�Q�D�O��
�&�U�L�W�L�F���$�F�L�G���P�D�\���E�H���U�H�T�X�L�U�H�G���G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���D�O�N�D�O�L�Q�L�W�\���R�I���W�K�H���Z�D�W�H�U�����7�K�H���R�S�H�U�D�W�R�U���V�K�R�X�O�G��
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Turn all equipment back to Automatic mode “A”,���D�Q�G���H�Q�D�E�O�H���W�K�H���P�H�P�E�U�D�Q�H�V����
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�:�$�5�1�,�1�*: A membrane cassette that has been in operation weighs more 
than dry membrane cassette before installation.                                   
Failure to comply with the instructions provided in this manual can cause 
equipment & property damage or severe personal injury, and will render 
the warranty null and void.  
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�0�H�P�E�U�D�Q�H���P�R�G�X�O�H���U�H�S�O�D�F�H�P�H�Q�W������If membranes require changing  v�H�U�L�I�\���P�H�P�E�U�D�Q�H��
�P�R�G�X�O�H�V���D�U�H���V�H�F�X�U�H�G���Z�L�W�K�L�Q���W�K�H���P�H�P�E�U�D�Q�H���W�D�Q�N�V���D�I�W�H�U���U�H���L�Q�V�W�D�O�O�L�Q�J���W�K�H���Q�H�Z���P�R�G�X�O�H�V��–���L���H�����Y�H�U�L�I�\��
�Z�K�H�H�O���F�K�R�F�N�V���D�U�H���L�Q���W�K�H���F�R�U�U�H�F�W���O�R�F�D�W�L�R�Q���D�Q�G���W�K�D�W���W�K�H�U�H���L�V���Q�R���O�D�W�H�U�D�O���P�R�Y�H�P�H�Q�W�����O�H�V�V���W�K�D�Q���D�Q��
�L�Q�F�K�����R�I���W�K�H���P�H�P�E�U�D�Q�H���P�R�G�X�O�H�V���R�Q���W�K�H���Z�K�H�H�O���W�U�D�F�N�V���L�Q���W�K�H���W�D�Q�N����
��
������ �5�H�P�R�Y�H���W�K�H���P�H�P�E�U�D�Q�H�V���I�U�R�P���W�K�H���F�D�V�V�H�W�W�H�������1�2�7�(�������7�K�H���P�H�P�E�U�D�Q�H�V���D�U�H���W�U�L�S�O�H���V�W�D�F�N�H�G�������7�K�H��

�E�R�W�W�R�P�� �P�H�P�E�U�D�Q�H�� �K�D�V�� �D�� �S�O�X�J�� �L�Q�� �W�K�H�� �E�R�W�W�R�P�� �R�S�H�Q�L�Q�J���� �� �'�R�� �Q�R�W�� �U�H�P�R�Y�H� � �W�K�L�V� � �S�O�X�J� �� � � � � 1�R�W�H� � �W�K�H� �
�P�H�P�E�U�D�Q�H���R�U�L�H�Q�W�D�W�L�R�Q�V���I�R�U���U�H���L�Q�V�W�D�O�O�D�W�L�R�Q���������7�K�H���P�H�P�E�U�D�Q�H�V���D�U�H���M�R�L�Q�H�G���W�R�J�H�W�K�H�U���Z�L�W�K���H�L�W�K�H�U���D��
�3�9�&���X�Q�L�R�Q���Z�L�W�K���W�Z�R���2���5�L�Q�J�V���R�Q���H�D�F�K���V�L�G�H���2�5���F�O�H�D�U���3�9�&���K�R�V�H���D�Q�G���K�R�V�H���F�O�D�P�S�V����

��
��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
��
��
��
��
��
������ �$�I�W�H�U���P�H�P�E�U�D�Q�H�V���D�U�H���V�H�S�D�U�D�W�H�G�����Z�D�V�K���Z�L�W�K���F�O�H�D�Q���Z�D�W�H�U�������5�H�P�R�Y�H���W�K�H���E�O�X�H���E�D�F�N�L�Q�J���S�O�D�W�H��

�D�Q�G���J�H�Q�W�O�\���V�H�S�D�U�D�W�H���W�K�H���P�H�P�E�U�D�Q�H���S�O�D�W�H�V���D�Q�G���F�O�H�D�Q���Z�L�W�K���Z�D�W�H�U���W�R���U�H�P�R�Y�H���D�Q�\���G�H�E�U�L�V������
�5�H�S�O�D�F�H���E�D�F�N�L�Q�J���S�O�D�W�H��������
��

�7�K�L�V���P�H�P�E�U�D�Q�H���K�D�V���D��
�S�O�D�V�W�L�F���S�O�X�J�������'�R���Q�R�W��
�U�H�P�R�Y�H���L�W����

�&�R�Q�Q�H�F�W�H�G���Z�L�W�K���H�L�W�K�H�U���3�9�&���X�Q�L�R�Q��
�Z�L�W�K���W�Z�R���2���5�L�Q�J�V���R�Q���H�D�F�K���V�L�G�H��
�2�5���F�O�H�D�U���3�9�&���K�R�V�H���D�Q�G���K�R�V�H��
�F�O�D�P�S�V����

�&�R�Q�Q�H�F�W�H�G���W�R���W�K�H��
�S�H�U�P�H�D�W�H���K�R�V�H�V����



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

�� ������������������
��
��
������ �3�O�D�F�H���E�R�W�W�R�P���P�H�P�E�U�D�Q�H���F�D�V�V�H�W�W�H�V���L�Q���W�K�H���0�%�5���W�D�Q�N���D�Q�G���W�K�H�Q���L�Q�W�H�J�U�D�W�H���W�R�S���P�H�P�E�U�D�Q�H�V���L�Q�W�R��

�W�K�H���W�U�L�S�O�H���V�W�D�F�N���F�R�Q�I�L�J�X�U�D�W�L�R�Q�������6�O�L�G�H���L�Q���W�K�H���F�D�V�V�H�W�W�H���D�Q�G���U�H�F�R�Q�Q�H�F�W���W�K�H���S�H�U�P�H�D�W�H���K�R�V�H�V������
�&�O�R�V�H���W�K�H���0�%�5���W�D�Q�N���G�R�R�U���D�Q�G���V�W�D�U�W���V�\�V�W�H�P���R�S�H�U�D�W�L�R�Q����

� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

���������6�O�X�G�J�H���'�H�F�D�Q�W�L�Q�J�����7�1�.������������
��
�,�Q���R�U�G�H�U���W�R���P�D�L�Q�W�D�L�Q���D�Q���R�S�W�L�P�D�O���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���P�L�[�H�G���O�L�T�X�R�U���V�X�V�S�H�Q�G�H�G���V�R�O�L�G�V�����0�/�6�6�������W�\�S�L�F�D�O�O�\��
�������J���/�������D���S�R�U�W�L�R�Q���R�I���W�K�H���P�L�[�H�G���O�L�T�X�R�U���L�V���S�H�U�L�R�G�L�F�D�O�O�\���Z�D�V�W�H�G���E�\���S�X�P�S�L�Q�J���I�U�R�P���W�K�H���$�H�U�D�W�L�R�Q���7�D�Q�N��
���7�1�.�������������W�R���W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N�����7�1�.���������������:�D�V�W�H�G���V�O�X�G�J�H���L�Q���W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N���L�V��
�W�K�L�F�N�H�Q�H�G���E�\���G�H�F�D�Q�W�L�Q�J���V�X�S�H�U�Q�D�W�D�Q�W���E�D�F�N���W�R���W�K�H���V�F�U�H�H�Q���W�D�Q�N�����7�K�L�F�N�H�Q�H�G���V�O�X�G�J�H���D�F�F�X�P�X�O�D�W�H�V���L�Q��
�W�K�H���V�O�X�G�J�H���K�R�O�G�L�Q�J���W�D�Q�N�V���X�Q�W�L�O���L�W���L�V���H�Y�H�Q�W�X�D�O�O�\���S�X�P�S�H�G���R�X�W���I�R�U���G�L�V�S�R�V�D�O����
��
�(�[�F�H�V�V���V�O�X�G�J�H���Z�L�O�O���E�H���Z�D�V�W�H�G���E�\���3�����������I�U�R�P���W�K�H���$�H�U�D�W�L�R�Q���7�D�Q�N�����7�1�.�������������H�Y�H�U�\���������P�L�Q�V���D�W��
�Q�R�R�Q�������6�H�H���E�H�O�R�Z����
��

�7�D�J�� �'�H�V�F�U�L�S�W�L�R�Q����
�)�D�F�W�R�U�\��
�6�H�W�S�R�L�Q�W��

�6�H�W�S�R�L�Q�W���5�D�Q�J�H���D�Q�G��
�8�Q�L�W�V��

�3���������:�$�6�7�(��
�+�2�8�5�� �:�K�H�Q���3�����������Z�L�O�O���Z�D�V�W�H�������S�P�� ����������

�3���������:�$�6�7�(��
�6�3��

�7�L�P�H���W�K�D�W���3�����������Z�D�V�W�H�V���I�R�U�������P�L�Q�� ����������

��
�,�Q���R�U�G�H�U���W�R���G�H�F�D�Q�W���W�K�H���Z�D�W�H�U���I�U�R�P���W�K�H���V�O�X�G�J�H�����W�K�H���D�L�U���W�R���7�1�.�����������G�L�I�I�X�V�H�U���P�X�V�W���E�H���W�X�U�Q�H�G���R�I�I������
�6�H�H���Y�D�O�Y�H���O�R�F�D�W�L�R�Q���E�H�O�R�Z����
��
�$�I�W�H�U���W�K�H���V�O�X�G�J�H���K�D�V���V�H�W�W�O�H�G�����W�K�D�W���W�K�H���R�S�H�U�D�W�R�U���Z�R�X�O�G���R�S�H�Q���W�K�H���D�S�S�U�R�S�U�L�D�W�H���Y�D�O�Y�H���R�Q���7�1�.�����������W�R��
�G�H�F�H�Q�W���R�I�I���W�K�H���Z�D�W�H�U����
��

��
��

�'�L�I�I�X�V�H�U���$�L�U���9�D�O�Y�H��

�'�H�F�D�Q�W�L�Q�J���9�D�O�Y�H��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
���������7�U�R�X�E�O�H���6�K�R�R�W�L�Q�J��
��
�������������0�%�5���0�H�P�E�U�D�Q�H���)�R�X�O�L�Q�J��

�,�Q�W�U�R�G�X�F�W�L�R�Q��

�0�%�5���R�S�H�U�D�W�L�R�Q���U�H�O�L�H�V���F�U�L�W�L�F�D�O�O�\���R�Q���W�K�H���D�E�L�O�L�W�\���R�I���W�K�H���P�H�P�E�U�D�Q�H���X�Q�L�W���W�R���S�D�V�V���D�O�O���I�O�R�Z���L�Q�F�R�P�L�Q�J���W�R��
�W�K�H���S�O�D�Q�W�����,�I���P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\���L�V���L�P�S�D�L�U�H�G�����W�K�H���0�%�5���S�O�D�Q�W���F�D�Q�Q�R�W���S�U�R�F�H�V�V���D�O�O���I�O�R�Z���Z�L�W�K��
�S�R�W�H�Q�W�L�D�O�O�\���F�D�W�D�V�W�U�R�S�K�L�F���U�H�V�X�O�W�V���H�Y�H�Q���W�K�R�X�J�K���H�I�I�O�X�H�Q�W���T�X�D�O�L�W�\���U�H�P�D�L�Q�V���F�R�Q�V�L�V�W�H�Q�W�O�\���K�L�J�K�����7�K�L�V��
�F�R�Q�W�U�D�V�W�V���Z�L�W�K���W�\�S�L�F�D�O���R�S�H�U�D�W�L�R�Q���R�I���D�F�W�L�Y�D�W�H�G���V�O�X�G�J�H���V�\�V�W�H�P���Z�K�H�U�H���W�K�H���S�O�D�Q�W���K�\�G�U�D�X�O�L�F���F�D�S�D�F�L�W�\���L�V��
�U�D�U�H�O�\���H�[�F�H�H�G���E�X�W���H�I�I�O�X�H�Q�W���T�X�D�O�L�W�\���L�V���P�X�F�K���P�R�U�H���Y�D�U�L�D�E�O�H�����+�H�Q�F�H�����P�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J�����D�Q�G��
�D�V�V�R�F�L�D�W�H�G���U�H�G�X�F�W�L�R�Q���R�I���I�O�X�[���R�U���L�Q�F�U�H�D�V�H���R�I���7�0�3�����U�H�P�D�L�Q�V���D�V���D�Q���R�S�H�U�D�W�L�R�Q�D�O���F�K�D�O�O�H�Q�J�H������

�0�H�P�E�U�D�Q�H���)�R�X�O�L�Q�J���L�Q���0�%�5���L�V���D���U�H�V�X�O�W���R�I���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H���L�Q�F�R�P�L�Q�J���Z�D�W�H�U���T�X�D�O�L�W�\����
�P�L�[�H�G���O�L�T�X�R�U���I�L�O�W�H�U�D�E�L�O�L�W�\�����V�\�V�W�H�P���R�S�H�U�D�W�L�R�Q���F�R�Q�G�L�W�L�R�Q�����D�Q�G���P�H�P�E�U�D�Q�H���P�D�W�H�U�L�D�O�����7�K�H�U�H���D�U�H���I�R�X�U��
�F�D�W�H�J�R�U�L�H�V���R�I���P�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J�����7�K�H�\���D�U�H���P�L�F�U�R�E�L�D�O���I�R�X�O�L�Q�J�����S�D�U�W�L�F�O�H���F�R�O�O�R�L�G�V���I�R�X�O�L�Q�J�����L�Q�R�U�J�D�Q�L�F��
�I�R�X�O�L�Q�J�����D�Q�G���R�U�J�D�Q�L�F���I�R�X�O�L�Q�J�����$���E�U�L�H�I���G�H�V�F�U�L�S�W�L�R�Q���R�Q���W�K�H���Q�D�W�X�U�H���R�I���I�R�X�O�L�Q�J���D�Q�G���F�R�Q�W�U�R�O���P�H�D�V�X�U�H�V���L�V��
�V�X�P�P�D�U�L�]�H�G���E�H�O�R�Z����

��
�����������������0�L�F�U�R�E�L�D�O���%�L�R�O�R�J�L�F�D�O���)�R�X�O�L�Q�J��

�0�L�F�U�R�E�L�D�O���I�R�X�O�L�Q�J���L�V���D���U�H�V�X�O�W���R�I���I�R�U�P�D�W�L�R�Q���R�I���E�L�R�I�L�O�P�V���R�Q���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H�V�����/�L�Y�L�Q�J���P�D�W�H�U�L�D�O�V����
�V�X�F�K���D�V���E�D�F�W�H�U�L�D�����I�X�Q�J�X�V���D�Q�G���D�O�J�D�H�����R�U���V�R�O�X�E�O�H���P�L�F�U�R�E�L�D�O���S�U�R�G�X�F�W�V�����6�0�3�����D�Q�G���H�[�W�U�D�F�H�O�O�X�O�D�U��
�S�R�O�\�P�H�W�U�L�F���V�X�E�V�W�D�Q�F�H�V�����(�3�6�����E�R�X�Q�G���W�R���W�K�H���D�F�W�L�Y�D�W�H�G���V�O�X�G�J�H���D�W�W�D�F�K���W�R���W�K�H���P�H�P�E�U�D�Q�H�����W�K�H�\���V�W�D�U�W��
�W�R���P�X�O�W�L�S�O�H���D�Q�G���S�U�R�G�X�F�H���(�3�6���W�R���I�R�U�P���D���Y�L�V�F�R�X�V�����V�O�L�P�\�����K�\�G�U�D�W�H�G���J�H�O�����(�3�6���W�\�S�L�F�D�O�O�\���F�R�Q�V�L�V�W�V���R�I��
�K�H�W�H�U�R�S�R�O�\�V�D�F�F�K�D�U�L�G�H�V���D�Q�G���K�D�Y�H���K�L�J�K���Q�H�J�D�W�L�Y�H���F�K�D�U�J�H���G�H�Q�V�L�W�\�����7�K�L�V���J�H�O���V�W�U�X�F�W�X�U�H���S�U�R�W�H�F�W�V��
�E�D�F�W�H�U�L�D�O���F�H�O�O�V���I�U�R�P���K�\�G�U�D�X�O�L�F���V�K�H�D�U�L�Q�J���D�Q�G���I�U�R�P���F�K�H�P�L�F�D�O���D�W�W�D�F�N�V���R�I���E�L�R�F�L�G�H�V���V�X�F�K���D�V���F�K�O�R�U�L�Q�H����

��
�����������������3�D�U�W�L�F�X�O�D�W�H���F�R�O�O�R�L�G���)�R�X�O�L�Q�J��

�7�K�L�V���W�\�S�H���R�I���I�R�X�O�L�Q�J���P�D�\���E�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���K�L�J�K���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���F�R�O�O�R�L�G�D�O���V�R�O�L�G�V���S�U�H�V�H�Q�W���L�Q��
�P�L�[�H�G���O�L�T�X�R�U�����,�Q���P�R�V�W���F�D�V�H�V�����S�D�U�W�L�F�O�H�V���D�Q�G���F�R�O�O�R�L�G�V���G�R���Q�R�W���U�H�D�O�O�\���I�R�X�O���W�K�H���P�H�P�E�U�D�Q�H���E�H�F�D�X�V�H���W�K�H��
�I�O�X�[���G�H�F�O�L�Q�H���F�D�X�V�H�G���E�\���W�K�H�L�U���D�F�F�X�P�X�O�D�W�L�R�Q���R�Q���W�K�H���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H���L�V���O�D�U�J�H�O�\���U�H�Y�H�U�V�L�E�O�H���E�\��
�K�\�G�U�D�X�O�L�F���F�O�H�D�Q�L�Q�J���P�H�D�V�X�U�H�V���V�X�F�K���D�V���E�D�F�N�Z�D�V�K���D�Q�G���D�L�U���V�F�R�X�U�L�Q�J�����+�R�Z�H�Y�H�U�����W�K�H���D�F�F�X�P�X�O�D�W�L�R�Q���R�I��
�V�R�O�L�G�V���E�H�W�Z�H�H�Q���W�K�H���P�H�P�E�U�D�Q�H�V���F�D�Q���F�U�H�D�W�H���L�Q�F�U�H�D�V�H�G���P�H�P�E�U�D�Q�H���U�H�V�L�V�W�D�Q�F�H���W�R���S�H�U�P�H�D�W�L�R�Q���D�Q�G��
�S�H�U�P�D�Q�H�Q�W���S�K�\�V�L�F�D�O���P�H�P�E�U�D�Q�H���G�D�P�D�J�H����

�7�R���G�L�V�W�L�Q�J�X�L�V�K���W�K�H���G�L�I�I�H�U�H�Q�W���I�R�X�O�L�Q�J���S�K�H�Q�R�P�H�Q�D�����S�D�U�W�L�F�O�H�V���D�Q�G���F�R�O�O�R�L�G�V���K�H�U�H���D�U�H���U�H�I�H�U�U�H�G���W�R��
�E�L�R�O�R�J�L�F�D�O�O�\���L�Q�H�U�W���S�D�U�W�L�F�O�H�V���D�Q�G���F�R�O�O�R�L�G�V���W�K�D�W���D�U�H���L�Q�R�U�J�D�Q�L�F���L�Q���Q�D�W�X�U�H����
� � � �



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
�����������������,�Q�R�U�J�D�Q�L�F���)�R�X�O�L�Q�J��

�,�Q�R�U�J�D�Q�L�F���I�R�X�O�L�Q�J���R�U���S�U�H�F�L�S�L�W�D�W�L�Y�H���I�R�X�O�L�Q�J���L�V���F�D�X�V�H�G���E�\���W�K�H���D�F�F�X�P�X�O�D�W�L�R�Q���R�I���L�Q�R�U�J�D�Q�L�F���S�U�H�F�L�S�L�W�D�W�H�V��
such as metal hydroxides, and “scales” on membrane surface �R�U���Z�L�W�K�L�Q���S�R�U�H���V�W�U�X�F�W�X�U�H����
�3�U�H�F�L�S�L�W�D�W�H�V���D�U�H���I�R�U�P�H�G���Z�K�H�Q���W�K�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I���F�K�H�P�L�F�D�O���V�S�H�F�L�H�V���H�[�F�H�H�G�L�Q�J���W�K�H�L�U���V�D�W�X�U�D�W�L�R�Q��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�����6�F�D�O�H���F�D�Q���E�H���F�D�X�V�H�G���E�\���K�L�J�K���S�+���D�Q�G���H�[�W�U�H�P�H�O�\���K�D�U�G���I�H�H�G���Z�D�W�H�U�����)�R�U���W�K�H��
�X�O�W�U�D�I�L�O�W�U�D�W�L�R�Q�����8�)�����P�H�P�E�U�D�Q�H�V���L�Q���R�X�U���0�%�5���V�\�V�W�H�P�����L�Q�R�U�J�D�Q�L�F���I�R�X�O�L�Q�J���F�D�Q���H�[�L�V�W���P�R�V�W���O�L�N�H�O�\���G�X�H���W�R��
�L�Q�W�H�U�D�F�W�L�R�Q�V���E�H�W�Z�H�H�Q���L�R�Q�V���D�Q�G���R�W�K�H�U���I�R�X�O�L�Q�J���P�D�W�H�U�L�D�O�V�����L���H�������R�U�J�D�Q�L�F���S�R�O�\�P�H�U�V�����Y�L�D���F�K�H�P�L�F�D�O��
�E�R�Q�G�L�Q�J����
��
��
�����������������2�U�J�D�Q�L�F���)�R�X�O�L�Q�J��

�2�U�J�D�Q�L�F���I�R�X�O�L�Q�J���L�V���W�K�H���D�W�W�D�F�K�P�H�Q�W���R�I���P�D�W�H�U�L�D�O�V���V�X�F�K���D�V���R�L�O���R�U���J�U�H�D�V�H���W�R���W�K�H���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H�����,�W��
�L�V���F�R�P�P�R�Q���L�Q���0�%�5���V�\�V�W�H�P�V���X�V�H�G���I�R�U���W�U�H�D�W�L�Q�J���L�Q�G�X�V�W�U�L�D�O���H�I�I�O�X�H�Q�W�����2�U�J�D�Q�L�F���I�R�X�O�L�Q�J���R�I�W�H�Q���O�H�D�G�V���W�R��
�V�X�U�I�D�F�H���D�Q�G���L�Q�W�H�U�Q�D�O���S�R�U�H���I�R�X�O�L�Q�J�����0�R�U�H���L�P�S�R�U�W�D�Q�W�O�\�����R�U�J�D�Q�L�F���I�R�X�O�L�Q�J���S�U�R�J�U�H�V�V�L�Y�H�O�\���O�H�D�G�V���W�R��
�E�L�R�O�R�J�L�F�D�O���I�R�X�O�L�Q�J�����L���H�������E�L�R�I�L�O�P���J�U�R�Z�W�K���E�X�L�O�G���X�S���R�Q���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H�������6�R�P�H�W�L�P�H�V���W�K�H���D�G�V�R�U�S�W�L�R�Q��
�S�U�R�F�H�V�V���L�V���L�U�U�H�Y�H�U�V�L�E�O�H���Z�K�H�Q���W�K�H���R�U�J�D�Q�L�F���V�X�E�V�W�D�Q�F�H�V���D�U�H���K�\�G�U�R�S�K�R�E�L�F���R�U���S�R�V�L�W�L�Y�H�O�\���F�K�D�U�J�H�G��
�S�R�O�\�P�H�U�V���Z�L�W�K���K�L�J�K���P�R�O�H�F�X�O�D�U���Z�H�L�J�K�W�����6�X�F�K���R�U�J�D�Q�L�F���V�X�E�V�W�D�Q�F�H�V���L�Q�F�O�X�G�L�Q�J���R�U�J�D�Q�L�F�V���S�U�H�V�H�Q�W���D�V���D�Q��
�H�P�X�O�V�L�R�Q���P�X�V�W���E�H���U�H�P�R�Y�H�G���L�Q���W�K�H���S�U�H�W�U�H�D�W�P�H�Q�W����

�7�K�H���I�R�O�O�R�Z�L�Q�J���S�L�F�W�X�U�H�V���D�U�H���H�[�D�P�S�O�H�V���R�I���F�O�H�D�Q���P�H�P�E�U�D�Q�H�V��

��

��������������������������������������������������������

��

��

��

������������

��

��

�7�K�H���I�R�O�O�R�Z�L�Q�J���S�L�F�W�X�U�H�V���D�U�H���H�[�D�P�S�O�H�V���R�I���I�R�X�O�H�G���P�H�P�E�U�D�Q�H�V��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
�����������������)�R�X�O�L�Q�J���3�U�H�Y�H�Q�W�L�R�Q��

�&�R�Q�W�U�R�O���R�I���I�R�X�O�L�Q�J���D�Q�G���F�O�R�J�J�L�Q�J���L�Q���S�U�D�F�W�L�F�H���L�V���J�H�Q�H�U�D�O�O�\���O�L�P�L�W�H�G���W�R���V�L�[���P�D�L�Q���V�W�U�D�W�H�J�L�H�V����

������ �$�S�S�O�\�L�Q�J���D�S�S�U�R�S�U�L�D�W�H���S�U�H�W�U�H�D�W�P�H�Q�W���W�R���W�K�H���I�H�H�G���Z�D�W�H�U���� �)�L�Q�H���V�F�U�H�H�Q���K�H�O�S�V���W�R���H�O�L�P�L�Q�D�W�H���W�K�H��
�E�X�L�O�G���X�S�� �R�I�� �W�U�D�V�K���� �K�D�L�U���� �O�L�Q�W�� �D�Q�G�� �R�W�K�H�U�� �I�L�E�U�R�X�V�� �P�D�W�H�U�L�D�O�V���� �D�Q�G���G�H�F�U�H�D�V�H�� �W�K�H�� �U�L�V�N�� �R�I�� �V�R�O�L�G�V��
�D�F�F�X�P�X�O�D�W�L�R�Q����
��

������ �0�D�L�Q�W�D�L�Q�L�Q�J�� �R�S�H�U�D�W�L�R�Q�� �Z�L�W�K�L�Q�� �W�K�H�� �G�H�V�L�J�Q�� �F�R�Q�G�L�W�L�R�Q�V���� �V�X�F�K�� �D�V���+�5�7���� �6�5�7���� �0�/�6�6���� �W�H�P�S����
�%�2�'���&�2�'���O�R�D�G�L�Q�J�����S�+�����'�2�����)�����0���U�D�W�L�R�����6�O�X�G�J�H���Z�D�V�W�L�Q�J���L�V���D���N�H�\���L�Q���F�R�Q�W�U�R�O�O�L�Q�J���W�K�H���W�D�U�J�H�W��
operating SRT (typically �• 15 day) in the system. Table F.1 shows some examples.��
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�R�Q���P�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J��
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�3�D�U�D�P�H�W�H�U�� �(�I�I�H�F�W���R�Q���P�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J��

�0�/�6�6���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���9 or �;�� �)�R�X�O�L�Q�J���S�R�W�H�Q�W�L�D�O���9��

�6�5�7���9 or �;�� �)�R�X�O�L�Q�J���S�R�W�H�Q�W�L�D�O���9��

�+�5�7���;�� �)�R�X�O�L�Q�J���S�R�W�H�Q�W�L�D�O���9��

�7�H�P�S�H�U�D�W�X�U�H���;�� �9�L�V�F�R�V�L�W�\���9 => �P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\���;��

�)�L�O�D�P�H�Q�W�R�X�V���E�D�F�W�H�U�L�D���9�� �9�L�V�F�R�V�L�W�\���9 => �P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\���;��

�$�L�U���V�F�R�X�U���L�Q�W�H�Q�V�L�W�\���9�� �P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\���9��

�(�3�6���9�� �)�R�X�O�L�Q�J���U�D�W�H���9��

�6�0�3���9�� �)�R�X�O�L�Q�J���S�R�W�H�Q�W�L�D�O���9��
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�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
������ �(�P�S�O�R�\�L�Q�J�� �D�S�S�U�R�S�U�L�D�W�H�� �S�K�\�V�L�F�D�O�� �R�U�� �F�K�H�P�L�F�D�O�� �F�O�H�D�Q�L�Q�J�� �S�U�R�W�R�F�R�O�V���� �)�R�U�� �H�[�D�P�S�O�H���� �V�R�G�L�X�P��

�K�\�S�R�F�K�O�R�U�L�W�H���D�Q�G���F�L�W�U�L�F���D�F�L�G���V�R�O�X�W�L�R�Q�V���D�U�H���X�V�H�G���W�R���U�H�P�R�Y�H���R�U�J�D�Q�L�F���D�Q�G���L�Q�R�U�J�D�Q�L�F���I�R�X�O�D�Q�W�V��
�U�H�V�S�H�F�W�L�Y�H�O�\����
��

������ �&�K�H�P�L�F�D�O�O�\�� �R�U�� �E�L�R�F�K�H�P�L�F�D�O�O�\�� �P�R�G�L�I�\�L�Q�J�� �W�K�H�� �P�L�[�H�G�� �O�L�T�X�R�U���� �V�X�F�K�� �D�V�� �D�G�G�L�W�L�R�Q�� �R�I�� �F�R�D�J�X�O�D�Q�W�V��
�D�Q�G���S�R�Z�G�H�U�H�G���D�F�W�L�Y�D�W�H�G���F�D�U�E�R�Q�����P�R�V�W�O�\���L�Q���L�Q�G�X�V�W�U�L�D�O���H�I�I�O�X�H�Q�W������
��

������ �5�H�G�X�F�L�Q�J���W�K�H���I�O�X�[�����3�D�U�W�L�F�X�O�D�W�H���F�R�O�O�R�L�G���I�R�X�O�L�Q�J���L�V�����U�H�Y�H�U�V�L�E�O�H�����L�Q���W�K�H���V�H�Q�V�H���W�K�D�W���D���U�H�G�X�F�W�L�R�Q���R�I��
�W�K�H�� �I�R�U�Z�D�U�G�� �I�O�X�[�� ���W�K�U�R�X�J�K�� �O�R�Z�H�U�L�Q�J�� �R�I�� �W�K�H�� �P�H�P�E�U�D�Q�H�� �I�O�X�[�� �R�U�� �V�R�O�L�G�V�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q���� �R�U�� �D�Q��
�L�Q�F�U�H�D�V�H���R�I���E�D�F�N�Z�D�V�K���L�Q�W�H�Q�V�L�W�\���U�H�V�W�R�U�H�V���P�H�P�E�U�D�Q�H���S�H�U�P�H�D�E�L�O�L�W�\����
��

������ �(�Q�V�X�U�H���V�X�I�I�L�F�L�H�Q�W���D�L�U���V�F�R�X�U�L�Q�J���L�V���E�H�L�Q�J���P�D�L�Q�W�D�L�Q�H�G���W�R���V�O�R�X�J�K���R�I�I���H�[�F�H�V�V�L�Y�H���E�L�R�I�L�O�P���O�D�\�H�U���R�Q��
�W�K�H���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H������

��

�����������������0�%�5���:�:�7�3���)�R�X�O�L�Q�J���&�R�Q�W�U�R�O���	���7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J���&�K�D�U�W��

�&�R�P�E�L�Q�D�W�L�R�Q���R�I���P�H�P�E�U�D�Q�H���S�K�\�V�L�F�D�O���F�O�H�D�Q�L�Q�J���R�S�H�U�D�W�L�R�Q�V���D�V���D�L�U���V�F�R�X�U�L�Q�J�����E�D�F�N�Z�D�V�K�L�Q�J���D�Q�G��
�U�H�O�D�[�D�W�L�R�Q���D�U�H���H�I�I�L�F�L�H�Q�W���L�Q���P�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J���F�R�Q�W�U�R�O����

���������������������$�L�U���6�F�R�X�U�L�Q�J����

�$�H�U�D�W�L�R�Q���J�H�Q�H�U�D�W�H�V���D���V�K�H�D�U���V�W�U�H�V�V���D�W���W�K�H���P�H�P�E�U�D�Q�H���V�X�U�I�D�F�H�����Z�K�L�F�K���S�U�R�Y�L�G�H�V���D���V�F�R�X�U�L�Q�J���D�F�W�L�R�Q��
�D�Q�G���U�H�G�X�F�H�V���P�H�P�E�U�D�Q�H���F�D�N�H���I�R�X�O�L�Q�J������
��
�0�H�P�E�U�D�Q�H���D�L�U���V�F�R�X�U�L�Q�J���F�K�H�F�N���L�V���H�V�V�H�Q�W�L�D�O���S�U�R�F�H�G�X�U�H���I�R�U���Q�H�Z�W�H�U�U�D���0�%�5���:�:�7�3�����$�L�U���V�F�R�X�U���K�D�V���W�R��
�E�H���R�E�V�H�U�Y�H�G���I�R�U���X�Q�L�I�R�U�P�L�W�\���R�I���E�X�E�E�O�L�Q�J���D�F�W�L�R�Q���D�O�O���D�F�U�R�V�V���W�K�H���P�H�P�E�U�D�Q�H���P�R�G�X�O�H���F�D�V�V�H�W�W�H���R�Q��
�U�H�J�X�O�D�U���E�D�V�L�V�����,�W���L�V���H�D�V�\���W�R���R�E�V�H�U�Y�H���W�K�U�R�X�J�K���F�O�H�D�U���Z�L�Q�G�R�Z���L�Q���P�H�P�E�U�D�Q�H���W�D�Q�N�����2�S�H�U�D�W�R�U���V�K�R�X�O�G��
�Q�R�W�H���D�Q�\���X�Q�X�V�X�D�O���S�D�W�W�H�U�Q�V���R�I���D�L�U���G�L�V�W�U�L�E�X�W�L�R�Q�����2�S�H�U�D�W�R�U���K�D�V���W�R���F�K�H�F�N���I�R�U����
��

�x�� �G�D�P�D�J�H���R�I���D�L�U���G�L�I�I�X�V�H�U�V���D�Q�G���L�I���W�K�L�V���R�F�F�X�U�V�����H�P�S�W�\���W�K�H���W�D�Q�N���D�Q�G���I�L�[���W�K�H���G�L�I�I�X�V�H�U����
�x�� �D�L�U���O�H�D�N�D�J�H�V�����L�I���W�K�L�V���R�F�F�X�U�V�����W�L�J�K�W�H�Q���X�S���W�K�H���I�L�W�W�L�Q�J�V����

��
�,�I���W�K�H�U�H���L�V���L�Q�V�X�I�I�L�F�L�H�Q�W���D�L�U���V�F�R�X�U�L�Q�J�����O�R�F�D�O�L�]�H�G���G�H�Z�D�W�H�U�L�Q�J�����F�O�R�J�J�L�Q�J�����V�O�X�G�J�L�Q�J�����F�D�N�L�Q�J���D�Q�G��
�S�O�X�J�J�L�Q�J�����P�D�\���R�F�F�X�U���D�Q�G���D�V���D���U�H�V�X�O�W�����P�H�P�E�U�D�Q�H���I�R�X�O�L�Q�J���R�F�F�X�U�V����
��
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��

�3�U�R�S�H�U���D�L�U���V�F�R�X�U�L�Q�J��
�L�Q���P�H�P�E�U�D�Q�H���W�D�Q�N��

�8�Q�H�Y�H�Q���D�H�U�D�W�L�R�Q���L�Q��
�P�H�P�E�U�D�Q�H���W�D�Q�N��
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�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��
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�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

��
�������������0�%�5���$�O�D�U�P���7�U�R�X�E�O�H���6�K�R�R�W�L�Q�J��
��
��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

PLC ALM�� �&�3��
�6�+�8�7�'�2�:

�1���3�/�&��
�)�D�X�O�W��

�)�/�$�6�+��

�7�X�U�Q���R�I�I���H�Q�W�L�U�H��
�V�\�V�W�H�P�����:�D�L�W��������
�V�H�F�R�Q�G�V���E�H�I�R�U�H��

�U�H�V�W�R�U�L�Q�J���S�R�Z�H�U����

�3�O�H�D�V�H���F�R�Q�W�D�F�W��
�Q�H�Z�W�H�U�U�D�����3�/�&��

�S�U�R�E�O�H�P��

PWR FAIL 
ALM�� �&�3��

�:�$�5�1�,�1�*
�����3�R�Z�H�U���)�D�L�O���6�2�/�,�'��

�3�R�Z�H�U���K�D�V���I�D�L�O�H�G��
�W�R���W�K�H���X�Q�L�W���3�U�H�V�V���5�H�V�H�W��

�(�6�7�2�3��
�$�/�0 

�3�D�Q�H�O�� �(���6�W�R�S���)�/�$�6�+��

�&�K�H�F�N���D�O�O��
�O�R�F�D�W�L�R�Q�V���R�I���(��
�6�W�R�S���%�X�W�W�R�Q�V���W�R��
�H�Q�V�X�U�H���W�K�H�\���D�U�H��
�Q�R�W���S�X�V�K�H�G���L�Q����

�3�X�O�O���R�X�W���(���6�W�R�S��

TALL-201 �&�O�D�U�L�I�L�H�U��
�7�H�P�S�H�U�D�W�X�U
�H���D�O�D�U�P���O�R�Z��

�O�R�Z��
�)�/�$�6�+��

�&�K�H�F�N���I�R�U��
�E�X�L�O�G�L�Q�J���K�H�D�W�H�U��
�P�D�O�I�X�Q�F�W�L�R�Q����

�$�V�V�H�V�V���L�Q�I�O�X�H�Q�W��
�Z�D�W�H�U���W�H�P�S�H�U�D�W�X�U�H��

�5�H�S�O�D�F�H���K�H�D�W�H�U����
�7�D�N�H���D�F�W�L�R�Q���W�R��

�L�Q�F�U�H�D�V�H���L�Q�I�O�X�H�Q�W��
�Z�D�W�H�U���W�H�P�S�H�U�D�W�X�U�H����

B-201/ 
B-202 Fail 

�&�O�D�U�L�I�L�H�U��

�%�O�R�Z�H�U��
�%�����������%��
���������K�D�V��

�S�R�W�H�Q�W�L�D�O�O�\��
�I�D�L�O�H�G��

�)�/�$�6�+��
�&�K�H�F�N���E�O�R�Z�H�U���I�R�U��
�I�D�L�O�X�U�H�������&�K�H�F�N��

�E�U�H�D�N�H�U��

�5�H�S�O�D�F�H���E�O�R�Z�H�U��
�%�����������%������������

LAHH-401��
�6�&�5�(�(�1��

�'�,�6�&�+�$�5�*
�(��

�+�L�J�K���K�L�J�K��
�O�H�Y�H�O���D�O�D�U�P��
�L�Q���6�F�U�H�H�Q��
�0�R�G�X�O�H��

�G�L�V�F�K�D�U�J�H��
�W�D�Q�N��

�)�/�$�6�+��

�3�R�W�H�Q�W�L�D�O��
�G�L�V�F�K�D�U�J�H���W�D�Q�N��

�S�X�P�S��
�3�����������3����������
�I�D�L�O�X�U�H���&�K�H�F�N��

�%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���S�X�P�S��

P-401 or 
P-402 FAIL 

�6�&�5�(�(�1��
�3�8�0�3��

�3�����������3��
���������K�D�V��

�S�R�W�H�Q�W�L�D�O�O�\��
�I�D�L�O�H�G��

�)�/�$�6�+��
�3�����������3�����������I�R�U��
�I�D�L�O�X�U�H�����&�K�H�F�N��

�%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���S�X�P�S��
�3�����������3����������
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�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

SCN-401 
Or SCN-402 

FAIL 
�6�&�5�(�(�1��

�3�R�W�H�Q�W�L�D�O��
�V�F�U�H�H�Q��
�S�D�G�G�O�H��
�Z�K�H�H�O��
�P�R�W�R�U��
�I�D�L�O�X�U�H����

�)�/�$�6�+��
�&�K�H�F�N���V�F�U�H�H�Q��

�P�R�W�R�U���I�R�U���I�D�L�O�X�U�H����
�&�K�H�F�N���%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���P�R�W�R�U��

LAHH-301�� �(�4���7�D�Q�N��

�/�H�Y�H�O��
�$�O�D�U�P���+�L�J�K��
�+�L�J�K�������������(�4��

�7�D�Q�N��

�)�/�$�6�+��

�,�Q�Y�H�V�W�L�J�D�W�H���L�I��
�S�X�P�S���3�������������3��

���������K�D�V���I�D�L�O�H�G�����R�U��
�V�\�V�W�H�P���L�V��

�U�H�F�H�L�Y�L�Q�J���K�L�J�K�H�U��
�W�K�D�Q���G�H�V�L�J�Q���I�O�R�Z����
�R�U���P�H�P�E�U�D�Q�H���L�V��

�I�R�X�O�L�Q�J����

�5�H�S�O�D�F�H���S�X�P�S�����G�L�Y�H�U�W��
�I�O�R�Z�����S�H�U�I�R�U�P��

�P�H�P�E�U�D�Q�H���F�K�H�P�L�F�D�O��
�F�O�H�D�Q�L�Q�J����

LALL-301�� �(�4���7�$�1�.��
�/�R�Z���/�R�Z��

�/�H�Y�H�O��
�$�O�D�U�P��

��
�:�$�5�1��

�&�K�H�F�N���I�R�U���O�H�Y�H�O��
�W�U�D�Q�V�P�L�W�W�H�U��
�R�S�H�U�D�W�L�R�Q���R�U��

�X�S�V�W�U�H�D�P���S�L�S�H��
�R�E�V�W�U�X�F�W�L�R�Q���R�U��
�S�X�P�S���I�D�L�O�X�U�H����

�&�O�H�D�U���R�E�V�W�U�X�F�W�L�R�Q���R�U��
�U�H�S�D�L�U���U�H�S�O�D�F�H���I�D�X�O�W�\��

�H�T�X�L�S�P�H�Q�W����

P-301 or P-
302 FAIL�� �(�4���3�8�0�3��

�3�X�P�S���3����������
�K�D�V��

�S�R�W�H�Q�W�L�D�O�O�\��
�I�D�L�O�H�G��

�)�/�$�6�+��

�&�K�H�F�N���S�X�P�S���3��
���������R�U���3�����������I�R�U��
�I�D�L�O�X�U�H���R�U���L�I���L�W���L�V��

�X�Q�S�O�X�J�J�H�G�����&�K�H�F�N��
�%�U�H�D�N�H�U��

�3�O�X�J���L�Q���R�U���U�H�S�O�D�F�H��
�S�X�P�S���3�����������R�U���3������������

PAL-301�� �(�4���7�$�1�.��

�3�U�H�V�V�X�U�H��
�$�O�D�U�P���O�R�Z��
�R�Q���D�L�U���L�Q�O�H�W��

�W�R���(�4��
�7�D�Q�N�V��

�)�/�$�6�+��

�&�K�H�F�N���L�I���E�O�R�Z�H�U��
�%�����������R�U���%����������

�K�D�Y�H���I�D�L�O�H�G����
�&�K�H�F�N���%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���E�O�R�Z�H�U�V���L�I��
�U�H�T�X�L�U�H�G����

LAHH-501 or 
LAHH-502��

�$�(�5�$�7�,�2�1��
�7�$�1�.��

�+�L�J�K���+�L�J�K��
�O�H�Y�H�O���D�O�D�U�P��
�L�Q���$�H�U�D�W�L�R�Q��

�7�D�Q�N��

�)�/�$�6�+��
�&�K�H�F�N���S�X�P�S���3��
���������3�����������I�R�U��

�I�D�L�O�X�U�H��
�5�H�S�O�D�F�H���I�D�X�O�W�\���S�X�P�S��

LALL-501�� �$�(�5�$�7�,�2�1��
�7�$�1�.��

�/�R�Z���/�R�Z��
�/�H�Y�H�O��
�$�O�D�U�P��

��
�:�$�5�1��

�&�K�H�F�N���O�H�Y�H�O���L�Q���W�K�H��
�W�D�Q�N���D�Q�G���H�Q�V�X�U�H��
�/�H�Y�H�O���V�Z�L�W�F�K���R�U��
�W�U�D�Q�V�P�L�W�W�H�U���L�V��
�I�X�Q�F�W�L�R�Q�L�Q�J��
�F�R�U�U�H�F�W�O�\����

�&�O�H�D�U���R�E�V�W�U�X�F�W�L�R�Q���R�U���U�H�S�D�L�U����
�U�H�S�O�D�F�H���I�D�X�O�W�\���H�T�X�L�S�P�H�Q�W��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

PHAL-501��
�$�(�5�$�7�,�2�1��
�7�$�1�.�$�(�5�$
�7�,�2�1���7�$�1�.��

�/�R�Z���S�+��
�$�O�D�U�P�/�R�Z��

�O�R�Z���L�Q��
�$�H�U�D�W�L�R�Q��

�7�D�Q�N��

�:�$�5�1
�:�$�5�1��

�&�K�H�F�N���L�I���F�D�X�V�W�L�F��
�L�Q�M�H�F�W�L�R�Q���V�\�V�W�H�P��
�L�V���Z�R�U�N�L�Q�J���D�Q�G���R�U��

�Q�H�H�G�V���U�H�I�L�O�O��
�&�K�H�F�N���L�I���W�K�H���S�+��

�S�U�R�E�H���L�V���I�R�X�O�H�G���R�U��
�L�I���W�K�H���S�U�R�E�H��

�U�H�T�X�L�U�H�V��
�F�D�O�L�E�U�D�W�L�R�Q�����&�K�H�F�N��

�V�H�W�S�R�L�Q�W��
�W�H�P�S�H�U�D�W�X�U�H����

��

�5�H�S�O�D�F�H���F�D�X�V�W�L�F��
�L�Q�M�H�F�W�L�R�Q���V�\�V�W�H�P���R�U��
�U�H�I�L�O�O�������&�O�H�D�Q���S�+��

�S�U�R�E�H�����&�D�O�L�E�U�D�W�H���S�+��
�S�U�R�E�H�����$�G�M�X�V�W���V�H�W��
�S�R�L�Q�W���W�H�P�S�H�U�D�W�X�U�H����

��

PHAH-501��
�$�(�5�$�7�,�2�1��
�7�$�1�.�$�(�5�$
�7�,�2�1���7�$�1�.��

�+�L�J�K���S�+��
�D�O�D�U�P��

�:�$�5�1
�:�$�5�1��

�&�K�H�F�N���L�I���F�D�X�V�W�L�F����
�L�Q�M�H�F�W�L�R�Q���V�\�V�W�H�P��
�L�V���P�D�O�I�X�Q�F�W�L�R�Q�L�Q�J��
�R�U���L�I���3�+���S�U�R�E�H���L�V��

�F�D�O�L�E�U�D�W�H�G���R�U��
�I�R�X�O�H�G����

�5�H�S�O�D�F�H���F�D�X�V�W�L�F���V�R�G�D��
�L�Q�M�H�F�W�L�R�Q�����&�D�O�L�E�U�D�W�H��
�S�+���S�U�R�E�H���R�U���F�O�H�D�Q��

�V�H�Q�V�R�U��

DOAL-501��
�$�(�5�$�7�,�2�1��
�7�$�1�.�$�(�5�$
�7�,�2�1���7�$�1�.��

�'�L�V�V�R�O�Y�H�G��
�2�[�\�J�H�Q��

�$�O�D�U�P���O�R�Z��

�:�$�5�1
�:�$�5�1��

�,�Q�Y�H�V�W�L�J�D�W�H���L�I��
�W�K�H�U�H���L�V���V�H�S�W�L�F��

�V�P�H�O�O���	���F�K�H�F�N���W�K�H��
�P�L�[�L�Q�J���S�D�W�W�H�U�Q�����,�I��

�V�\�V�W�H�P���V�P�H�O�O�V��
�V�H�S�W�L�F���Z�L�W�K���Q�R��

�X�Q�L�I�R�U�P���P�L�[�L�Q�J����
�D�L�U���G�L�I�I�X�V�H�U���P�L�J�K�W��

�E�H���F�O�R�J�J�H�G����
�E�O�R�Z�H�U�V���P�D�\���Q�R�W��
�Z�R�U�N���R�U���S�O�D�Q�W���L�V��

�R�Y�H�U�O�R�D�G�H�G����
�(�Q�V�X�U�H���'�2���S�U�R�E�H��
�L�V���F�D�O�L�E�U�D�W�H�G���D�Q�G��

�F�O�H�D�Q����

�,�Q�F�U�H�D�V�H���D�H�U�D�W�L�R�Q���U�D�W�H��
�W�R���P�D�L�Q�W�D�L�Q���'�2���D�E�R�Y�H��
���������P�J���/�����R�U���U�H�S�O�D�F�H��
�F�O�R�J�J�H�G���G�L�I�I�X�V�H�U�����R�U��
�F�K�D�Q�J�H���E�O�R�Z�H�U�����R�U��

�F�D�O�L�E�U�D�W�H���R�U���F�O�H�D�Q���'�2��
�S�U�R�E�H�������5�H�S�O�D�F�H��

�F�D�X�V�W�L�F���V�R�G�D���L�Q�M�H�F�W�L�R�Q����
�&�D�O�L�E�U�D�W�H���S�+���S�U�R�E�H���R�U��

�F�O�H�D�Q���V�H�Q�V�R�U��

P-501 or 
P-502 FAIL��

�$�(�5�$�7�,�2�1��
�7�$�1�.��

�3�X�P�S���3����������
�R�U���3����������

�K�D�V��
�S�R�W�H�Q�W�L�D�O�O�\��

�I�D�L�O�H�G��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���S�X�P�S���3��
���������R�U���3�����������I�R�U��
�I�D�L�O�X�U�H�����&�K�H�F�N��

�%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���S�X�P�S���3����������
�R�U���3������������



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

P-503 FAIL�� �$�(�5�$�7�,�2�1��
�7�$�1�.��

�3�X�P�S���3����������
�K�D�V��

�S�R�W�H�Q�W�L�D�O�O�\��
�I�D�L�O�H�G��

�)�/�$�6�+
�)�/�$�6�+��

�&�K�H�F�N���S�X�P�S���3��
���������I�R�U���I�D�L�O�X�U�H����
�&�K�H�F�N���%�U�H�D�N�H�U��

�5�H�S�O�D�F�H���S�X�P�S���3����������

PAL-501�� �$�(�5�$�7�,�2�1��

�%�O�R�Z�H�U��
�P�R�W�R�U��

�W�U�L�S�S�H�G���R�I�I��
�R�Q���R�Y�H�U�O�R�D�G��

�3�U�H�V�V�X�U�H��

�:�$�5�1
�)�/�$�6�+
�)�/�$�6�+��

�&�K�H�F�N���E�O�R�Z�H�U���D�L�U��
�O�L�Q�H���H�T�X�L�S�P�H�Q�W��

�D�Q�G���E�O�R�Z�H�U���P�R�W�R�U��
�&�K�H�F�N���L�I����������
�V�H�U�L�H�V���E�O�R�Z�H�U�V��

�K�D�Y�H���I�D�L�O�H�G��

�5�H�S�O�D�F�H���I�D�X�O�W�\��
�H�T�X�L�S�P�H�Q�W���5�H�S�O�D�F�H��
�E�O�R�Z�H�U�V���L�I���U�H�T�X�L�U�H�G��

PAL-601 or 
PAL-602��

�0�(�0�%�5�$�1
�(���7�$�1�.��

�3�U�H�V�V�X�U�H��
�$�O�D�U�P���O�R�Z��
�R�Q���D�L�U���L�Q�O�H�W��

�W�R��
�F�R�U�U�H�V�S�R�Q�G�L

�Q�J��
�0�H�P�E�U�D�Q�H��

�7�D�Q�N����
�%�O�R�Z�H�U��
�P�R�W�R�U��

�W�U�L�S�S�H�G���R�I�I��
�R�Q���R�Y�H�U�O�R�D�G��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���L�I���E�O�R�Z�H�U��
�%�����������R�U���%����������

�K�D�V���I�D�L�O�H�G�����&�K�H�F�N��
�E�O�R�Z�H�U���D�L�U���O�L�Q�H��
�H�T�X�L�S�P�H�Q�W���D�Q�G��
�E�O�R�Z�H�U���P�R�W�R�U��

�5�H�S�O�D�F�H���E�O�R�Z�H�U���L�I��
�U�H�T�X�L�U�H�G�����5�H�S�O�D�F�H��
�I�D�X�O�W�\���H�T�X�L�S�P�H�Q�W����

LAHH-601 or 
LAHH-602��

�0�(�0�%�5�$�1
�(���7�$�1�.��

�+�L�J�K���+�L�J�K��
�O�H�Y�H�O���D�O�D�U�P��

�L�Q��
�0�H�P�E�U�D�Q�H��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���S�X�P�S���3��
���������I�R�U���I�D�L�O�X�U�H��

�5�H�S�O�D�F�H���S�X�P�S�����3����������
�5�H�S�O�D�F�H���I�D�X�O�W�\��

�H�T�X�L�S�P�H�Q�W��

FLT-701 or 
702��

�3�(�5�0���9�)�'��
�����R�U������ �9�)�'���)�D�X�O�W��

�)�/�$�6�+
�:�$�5�1�� �&�K�H�F�N�����9�)�'���I�D�X�O�W��

�5�H�S�O�D�F�H���S�X�P�S���D�Q�G��
�9�)�'���5�H�S�O�D�F�H���I�D�X�O�W�\��

�H�T�X�L�S�P�H�Q�W��

VTAL-701 or 
702 

��

�0�(�0�%�5�$�1
�(�������R�U���7�$�1�.��

����

�/�R�Z��
�Y�D�F�X�X�P��
�D�O�D�U�P���R�Q��
�S�H�U�P�H�D�W�H��
�O�L�Q�H���I�U�R�P��
�0�%�5�������R�U��

�0�%�5����

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���I�R�U��
�Y�D�F�X�X�P���O�H�D�N���D�Q�G����

�P�H�P�E�U�D�Q�H���R�U��
�S�X�P�S���I�D�L�O��

�5�H�S�D�L�U���D�Q�G���U�H�S�O�D�F�H���D�V��
�U�H�T�X�L�U�H�G��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

VTAH-701 or 
702 

 

�0�(�0�%�5�$�1
�(�������R�U���7�$�1�.��

����

�+�L�J�K��
�Y�D�F�X�X�P��
�D�O�D�U�P���R�Q��
�S�H�U�P�H�D�W�H��
�O�L�Q�H���I�U�R�P��
�0�%�5�����R�U��
�0�%�5����

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���I�R�U���F�O�R�V�H�G��
�Y�D�O�Y�H���R�Q���S�H�U�P�H�D�W�H��

�V�L�G�H���R�U���F�K�H�F�N��
�P�H�P�E�U�D�Q�H�V���I�R�U��
�V�H�Y�H�U�H���I�R�X�O�L�Q�J��

�2�S�H�Q���Y�D�O�Y�H���R�U���F�O�H�D�Q��
�P�H�P�E�U�D�Q�H�V���5�H�S�D�L�U��

�D�Q�G���U�H�S�O�D�F�H���D�V��
�U�H�T�X�L�U�H�G��

FTAL-701 or 
702 

 

�0�(�0�%�5�$�1
�(�������R�U���7�$�1�.��

����

�/�R�Z��
�S�H�U�P�H�D�W�H��

�I�O�R�Z���D�O�D�U�P��
�R�Q���S�H�U�P�H�D�W�H��

�O�L�Q�H���I�U�R�P��
�0�%�5�����R�U��
�0�%�5����

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���I�R�U���F�O�R�V�H�G��
�Y�D�O�Y�H���R�U���S�H�U�P�H�D�W�H��

�S�X�P�S���I�D�L�O�X�U�H��
�&�K�H�F�N���I�R�U���F�O�R�V�H�G��

�Y�D�O�Y�H���R�Q���S�H�U�P�H�D�W�H��
�V�L�G�H���R�U���F�K�H�F�N��

�P�H�P�E�U�D�Q�H�V���I�R�U��
�V�H�Y�H�U�H���I�R�X�O�L�Q�J��

�2�S�H�Q���Y�D�O�Y�H���R�U���U�H�S�D�L�U����
�U�H�S�O�D�F�H���S�H�U�P�H�D�W�H��

�S�X�P�S���2�S�H�Q���Y�D�O�Y�H���R�U��
�F�O�H�D�Q���P�H�P�E�U�D�Q�H�V��

�5�H�S�D�L�U���D�Q�G���U�H�S�O�D�F�H���D�V��
�U�H�T�X�L�U�H�G��

FTAH-701 or 
702 

�0�(�0�%�5�$�1
�(�������R�U���7�$�1�.��

����

�+�L�J�K��
�S�H�U�P�H�D�W�H��

�I�O�R�Z���D�O�D�U�P��
�R�Q���S�H�U�P�H�D�W�H��

�O�L�Q�H���I�U�R�P��
�0�%�5�����R�U��
�0�%�5����

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���I�R�U��
�Y�D�F�X�X�P���O�H�D�N���R�U��

�P�H�P�E�U�D�Q�H���I�D�L�O�X�U�H��
�D�Q�G���R�S�H�U�D�W�L�R�Q���R�I��
�S�H�U�P�H�D�W�H���S�X�P�S��

�5�H�S�D�L�U���D�Q�G���U�H�S�O�D�F�H���D�V��
�U�H�T�X�L�U�H�G���2�S�H�Q���Y�D�O�Y�H��

�R�U���U�H�S�D�L�U�����U�H�S�O�D�F�H��
�S�H�U�P�H�D�W�H���S�X�P�S���2�S�H�Q��

�Y�D�O�Y�H���R�U���F�O�H�D�Q��
�P�H�P�E�U�D�Q�H�V��

UVA-811 or 
812 

�3�(�5�0��
�8�9�����������R�U��
�8�9�����������K�D�V��

�I�D�L�O�H�G����

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���L�I���8�9���O�D�P�S��
�K�D�V���I�D�L�O�H�G��

�&�K�D�Q�J�H���8�9���O�D�P�S��

UVA-BOTH�� �3�(�5�0�(�$�7�(��

�8�9���O�L�J�K�W��
���������D�Q�G��
�8�9����������

�K�D�Y�H���I�D�L�O�H�G��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���L�I���8�9���O�D�P�S��
�K�D�V���I�D�L�O�H�G���&�K�H�F�N��
�L�I���8�9���O�D�P�S���K�D�V��
�I�D�L�O�H�G���&�K�H�F�N���L�I��
�8�9���O�D�P�S���K�D�V��

�I�D�L�O�H�G��

�&�K�D�Q�J�H���8�9���O�D�P�S��
�&�K�D�Q�J�H���8�9���O�D�P�S��
�&�K�D�Q�J�H���8�9���O�D�P�S��

�5�H�S�D�L�U���D�Q�G���U�H�S�O�D�F�H���D�V��
�U�H�T�X�L�U�H�G��

BACKWASH1 
or 

BACKWASH2 
FAILED��

�%�$�&�.�:�$�6
�+���3�(�5�0�����R�U��

�3�(�5�0����

�%�D�F�N�Z�D�V�K��
�W�R���7�1�.����������
�R�U���7�1�.����������

�I�D�L�O�H�G��

�)�/�$�6�+
�:�$�5�1��

�%�D�F�N�Z�D�V�K���G�L�G���Q�R�W��
�F�R�P�S�O�H�W�H��–��

�V�\�V�W�H�P���V�N�L�S�S�H�G��
�E�D�F�N�Z�D�V�K��

�&�K�H�F�N���I�X�Q�F�W�L�R�Q���R�I��
�E�D�F�N���Z�D�V�K���S�X�P�S���D�Q�G��

�Y�D�O�Y�H��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����

�Q�H�Z�W�H�U�U�D���O�W�G����
�����������&�D�O�L�I�R�U�Q�L�D���$�Y�H�Q�X�H�����%�U�R�F�N�Y�L�O�O�H�����2�1���.���9�����:����

�������������������������������������Z�Z�Z���Q�H�Z�W�H�U�U�D���F�R�P��

Alarm Name�� �$�O�D�U�P��
�/�R�F�D�W�L�R�Q��

�$�O�D�U�P��
�'�H�V�F�U�L�S�W�L�R�Q��

�%�H�D�F�R�Q��
�6�W�D�W�X�V��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��
�5�H�F�R�P�P�H�Q�G�D�W�L�R

�Q��
�5�H�P�H�G�\���$�F�W�L�R�Q��

P-901 FAIL�� �0�(�0�%�5�$�1
�(���3�(�5�0������

�3�X�P�S���3����������
�K�D�V��

�S�R�W�H�Q�W�L�D�O�O�\��
�I�D�L�O�H�G��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���S�X�P�S���3��
���������I�R�U���I�D�L�O�X�U�H��

�&�K�H�F�N���I�R�U��
�Y�D�F�X�X�P���O�H�D�N���R�U��

�P�H�P�E�U�D�Q�H���I�D�L�O�X�U�H��
�D�Q�G���R�S�H�U�D�W�L�R�Q���R�I��
�S�H�U�P�H�D�W�H���S�X�P�S��

�5�H�S�O�D�F�H���S�X�P�S���3����������
�5�H�S�D�L�U���D�Q�G���U�H�S�O�D�F�H���D�V��

�U�H�T�X�L�U�H�G��

TALL-7901�� �%�/�'�*������������

�/�R�Z���O�R�Z��
�7�H�P�S�H�U�D�W�X�U
�H���D�O�D�U�P���I�R�U��
�E�X�L�O�G�L�Q�J��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���L�I���H�O�H�F�W�U�L�F��
�K�H�D�W�H�U�V���K�D�Y�H��

�I�D�L�O�H�G���R�U���L�I���%�/�'�*��
�G�R�R�U���L�V���R�S�H�Q��

�5�H�S�D�L�U���R�U���U�H�S�O�D�F�H��
�K�H�D�W�H�U���V�����L�I���U�H�T�X�L�U�H�G����
�5�H�S�D�L�U���D�Q�G���U�H�S�O�D�F�H���D�V��

�U�H�T�X�L�U�H�G��

B-7901 FAIL��
�$�,�5��

�(�;�&�+�$�1�*�(��
�%�/�'�*������������

�3�R�W�H�Q�W�L�D�O��
�E�O�R�Z�H�U��
�I�D�L�O�X�U�H��

�)�/�$�6�+
�:�$�5�1��

�&�K�H�F�N���P�R�W�R�U��
�E�U�H�D�N�H�U��

�7�X�U�Q���E�U�H�D�N�H�U���R�Q��

��

��
��
��
��
�������������0�%�5���3�U�R�F�H�V�V���7�U�R�X�E�O�H���6�K�R�R�W�L�Q�J��
��
�7�K�H���I�R�O�O�R�Z�L�Q�J��newterra MicroClear™ MBR WWTP troubleshooting guide ���F�D�Q���E�H���X�V�H�G���D�V���D��
�T�X�L�F�N���U�H�I�H�U�H�Q�F�H�����,�I���D�Q�\���R�I���W�K�H���S�U�R�E�O�H�P�V���G�L�V�F�X�V�V�H�G���L�Q���W�K�L�V���V�H�F�W�L�R�Q���R�U���R�W�K�H�U���G�L�I�I�L�F�X�O�W�L�H�V���S�H�U�V�L�V�W����
�F�R�Q�V�X�O�W���Q�H�Z�W�H�U�U�D���O�W�G������
��

�����������������%�L�R�O�R�J�L�F�D�O���6�\�V�W�H�P��
 

�&�R�Q�G�L�W�L�R�Q�� �3�R�V�V�L�E�O�H���&�D�X�V�H�� �3�R�W�H�Q�W�L�D�O���5�H�P�H�G�L�H�V��

�0�L�[�H�G���O�L�T�X�R�U���L�V��
�E�O�D�F�N���R�U���G�D�U�N��
�E�U�R�Z�Q����

�,�Q�V�X�I�I�L�F�L�H�Q�W���D�H�U�D�W�L�R�Q���L�V��
�V�X�S�S�O�L�H�G���I�R�U���P�L�[�H�G���O�L�T�X�R�U��
�D�Q�G���R�U���S�O�D�Q�W���L�V���X�Q�G�H�U��
�O�R�D�G�L�Q�J��

�,�Q�F�U�H�D�V�H���D�H�U�D�W�L�R�Q���U�D�W�H���D�Q�G���N�H�H�S���L�W���D�E�R�Y�H������
�P�J���/�����:�D�V�W�H���P�R�U�H���V�O�X�G�J�H��

���,�Q�F�U�H�D�V�H���L�Q�I�O�X�H�Q�W���I�H�H�G���U�D�W�H���L�I���U�H�T�X�L�U�H�G��

�0�L�[�H�G���O�L�T�X�R�U��
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���L�V��
�W�R�R���K�L�J�K���R�U���W�R�R���O�R�Z��

�6�O�X�G�J�H���Z�D�V�W�L�Q�J���U�D�W�H�V���D�U�H��
�L�Q�F�R�U�U�H�F�W��

�5�H�Y�L�H�Z���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���D�F�W�L�Y�D�W�H�G���V�O�X�G�J�H��
�S�U�R�F�H�V�V���D�Q�G���U�H�Y�L�V�H���W�K�H���V�O�X�G�J�H���Z�D�V�W�L�Q�J��
�U�D�W�H�V���D�V���Q�H�F�H�V�V�D�U�\��

�1�R���P�L�[�L�Q�J���L�Q���W�D�Q�N�V���%�O�R�Z�H�U�V���I�D�L�O�X�U�H�� �&�K�H�F�N���I�R�U���H�O�H�F�W�U�L�F�D�O���E�O�R�Z�H�U���I�D�L�O�X�U�H�����D�Q�G����
�U�H�S�O�D�F�H���E�O�R�Z�H�U�V���D�V���Q�H�F�H�V�V�D�U�\��



��
��
��

��
�Q�H�Z�W�H�U�U�D���2�	�0���0�D�Q�X�D�O����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�‹�������������E�\���Q�H�Z�W�H�U�U�D�����O�W�G����
�$�O�O���U�L�J�K�W�V���U�H�V�H�U�Y�H�G�����1�R���S�D�U�W���R�I���W�K�L�V���G�R�F�X�P�H�Q�W���P�D�\���E�H���U�H�S�U�R�G�X�F�H�G���R�U���W�U�D�Q�V�P�L�W�W�H�G���L�Q���D�Q�\���I�R�U�P���R�U���E�\���D�Q�\���P�H�D�Q�V�����H�O�H�F�W�U�R�Q�L�F�����P�H�F�K�D�Q�L�F�D�O����
�S�K�R�W�R�F�R�S�\�L�Q�J�����U�H�F�R�U�G�L�Q�J�����R�U���R�W�K�H�U�Z�L�V�H�����Z�L�W�K�R�X�W���S�U�L�R�U���Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���Q�H�Z�W�H�U�U�D���O�W�G����
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control panel. If the customer’s computer network is accessible to the internet, this system can 
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�� �����������	�������� �
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�� �����������	�������� �
�����	���� �����$�$�� �#���(���1���������-���#�?�����	�����+���������/�!�/���"� �������#���(���1�����������-�������������	������.�	���%���!�"���%�"�*

�� �����������	�������� �
�����	���� �����$�$�$ �#���(���1���������-���#�?�����	���������������/�!�/���"� �������#���(���1�����������-��������������������.�	���%���!�"���%�"�*

�� �����������	�������� �
�����	���� �����$�$�7 �#���(���1���������-���#�?�@�����������������������*���:�����%�����"���&�������#�?�������������#���(���1�*
�� �����������	�������� �
�����	���� ���������� �#���(���1���������-���#�?�����	���������������/�!�/���"� �������#���(���1���������-�������������
�� �����������	�������� �
�����	���� ���������. �#���(���1���������-���#�?�@�����������$�����������*���:�����%�����"���&�������#�?�������������#���(���1�*
�� �����������	�������� �
�����	���� ���������. ��� �*�)�����������-�����1�*�������"�����"�����*�����A�.�	�;�
���.���	�����	�?
�� �����������	�������� �
�����	���� ���������. ����0�)�/�!���"�/���!�����"�����"���������-�����1�*�������"���!�<�����<������!�"�����(�����!�/�"�����������	�����������:�.���0�	�������
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�� �����������	�������� �
�����	���� ���������� ����2�������9��������� �'�'�(�1���������������������0�	
�� �����������	�������� �
�����	���� ���������� �#���(���1�����������-�������������������/�(
�� �����������	�������� �
�����	���� ���.�$���7 �$�
�������/�%���������������B���1
�� �����������	�������� �
�����	���� ���$���$�� ��������������!�"�����(�(����������� ���(�����"�2�����!���"
�� �����������	�������� �
�����	���� ���7������ ���;����������*�1�������������	���:����(�(���#��� �"������������������������9����
�� �����������	�������� �
�����	���� ���������� ����������������9��������� �'�'�(�1�����������;�������	
�� �����������	�������� �
�����	���� ���.���$�� �-���������.���������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� ���.���$�$ �-���������.���������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� ���.���$�7 �-�����������%�2���!�!���(���	�������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� ���.���7�� �-�������$���%�2���!�!���(���	�������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� ���.�����. �-��� �%�2�*�%�������!���������=���C���-������8�������	�#�-�������������	�D
�� �����������	�������� �
�����	���� ���.�����. ���-�����#�������	�<���'�"�����������"�2�����!���"
�� �����������	�������� �
�����	���� ���.������ �-�������$���'���/�!�"�����������>�'���!�*�/���!�������<� �(��
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�� �����������	�������� �
�����	���� ���.������ �+� �*���������.���0�	�������������+���*�"���	�%�"�/�!�6�������/�!�/���"� ���������>�����0�0
�� �����������	�������� �
�����	���� ���.������ �-��������� �*���-�����!�*�0�/�"�"�����������<� �(��
�� �����������	�������� �
�����	���� ���.�����$ �-��������� �*���#���%���/�5�����������<� �(��
�� �����������	�������� �
�����	���� �������7�. �-���������.���'���/�!�"�����������>�'���!�*�/���!�������<� �(��
�� �����������	�������� �
�����	���� �����7���. ���$�C���>�����.�C���>�������C���������	���������"�����(�����!�%�(���*� ����
�� �����������	�������� �
�����	���� ���$���.�7 ��������������������� �(�"�/�7�����$���:�����������������	����������������-���/�'���� ���5�������������������#
�� �����������	�������� �
�����	���� ���$������ ��������������������� �(�"�/�7�����$���:�����������������	����������������-���/�'���� ���5�������������������#
�� �����������	�������� �
�����	���� ���$������ ��������������������� �(�"�/�7�����$���:�����������������	����������������-���/�'���� ���5�������������������#
�� �����������	�������� �
�����	���� ���$���7�� ��������������������� �(�"�/�7�������$���:�����������������	����������������-���/�'���� ���5�������������������#
�� �����������	�������� �
�����	���� ���$���7�� �������/���)�(�����+�����E� ���!�%�1�������/�5�����������!�&���*�*���+��������������B���������+�������$���������8���������=���	�������8����

�������������9�:�����/�!�������/�<�����+� �*�/�)�(�������/�*�%
�� �����������	�������� �
�����	���� ���$���7�� �������/���)�(�����+�����E� ���!�%�1�������/�5�����������!�&���*�*���+����������������B�������+�������$�����������8�����������	��

�����8�����������������9�:�����/�!�������/�<�����+� �*�/�)�(�������/�*�%
�� �����������	�������� �
�����	���� ���$�����. ���������������������������������	�������������
�� �����������	�������� �
�����	���� ���$������ ���������������������������������	�������������
�� �����������	�������� �
�����	���� ���$�����$ ���������������������������������	�������������
�� �����������	�������� �
�����	���� ���$�����7 ���������������������������������	�������������
�� �����������	�������� �
�����	���� ���$������ �;���(�(�������%�����������;�����������%�:�9�����2���"�����1��
�� �����������	�������� �
�����	���� ���$�����7 �-���������.�#�������>�'���!�*�/���!�������<� �(��
�� �������������������� �
�����	���� �7�7�7�7 ��� �0�'���������"�����/�!�6�����������0�/�!���!�"�����#���)� �/�(�<���B�/�"�������-�����������$�����-�������������������	��������

�+�(���9�F�����=�$�$�
���8���:�����=�������:�8�����������*�*� �����F�����������������:���������	�#

�� �������������������� �
�����	���� ���������$ ���(���9����������� �"�����)�/�(�"���������<���(���������#�8�
�� �������������������� ���������������������� ���������7 �+�/�(�"�����������(���0���!�"���������(�)�����6�������������������'���������(���0���!�"�����&�������!���9�"�����������������������7�.

�� �������������������� �
�����	���� ���������� ���(���9���������������"���������(�"���<���/�5�����������2�'
�� �������������������� ���������������������� �������7�� �+�/�(�"�����������(���0���!�"���������(�)�����6���������������������'���������(���0���!�"���&�������!���9�"�����������������������$�7

�� �������������������� ���������������������� ���������� �+�/�(�"�����������(���0���!�"���������(�)�����6�������$�����������'���������(���0���!�"�����&�������!���9�"�������������������������.

�� �������������������� �
�����	���� ���������. �����"���������-���%���������2�'�������$�������'�0�����������-
�� �������������������� ���������������������� �����7���� ���/�(�������(���9���������	�����!���������)�(���9���������/�(
�� �������������������� �
�����	���� �������$�� �����"���������-���%�����������2�'�������.�������'�0�����������-
�� �������������������� �
�����	���� ���.���7�. �
��� �6�������������*�*� �����������������'�*�/�������!�<� �0�����"���������.�-�����+�
������
�� �������������������� �
�����	���� ���.������ �
��� �6�������������*�*� �����������������'�*�/�������!�<� �0�����"���������.�-�����+�
������
�� �������������������� �
�����	���� ���7�����7 ���9�/�"�%�2���������5���(���������%�2���+�(�����"���������������9���	�!�6�(���������=��=�����D����
�� �������������������� �
�����	���� ���������� ���9�/�"�%�2���������5���(�����-���"�2�������;���/�6�2�"
���� �������������������� �
�����	���� �����$���$ �	�!���<�����������6�!���*�/� �0�����0��� �!�"���<�����!���9�/�������9�/�"�2���9���*�2����
�� �������������������� �
�����	���� ���������7 �-�����!�*�0�/�"�"���������������*�*� ���������B�����������������*�����/���*�����������&�"���8����
�� �������������������� �
�����	���� �������.�� �8�����"�����������0�0�����*�/���!��������(�����/�"���%�2���.�B�;�����.���������'�2
�� �������������������� �
�����	���� ���������� ���(���9����������/�!�%�/�!�!���"�/�������������������=���C���?�����=�7�C���;�/�<�"�2���	�(� �0���9�2�����(
�� �������������������� �
�����	���� �����$���� �-�����!�*�0�/�"�"���������������*�*� �����:�������%� � �0�������+�������&���%�"����
�� �������������������� �
�����	���� ���$���.�7 ��� �0�'��������!�"���/�&� �6���(���������/�%������� �0�'�*���-�1�'�������.�������#���������(����������
�� �������������������� �
�����	���� ���$�.���� ��� �0�'��������!�"���/�&� �6���(���������/�%������� �0�'�����:���2�'�����.���������'�2�����$�����#����



������ �������������	��
�
�����	�����

����������������������
�����������	�	���� ���������	������������

�� �������������������� �
�����	���� ���$�.���� ��� �0�'��������!�"���/�&� �6���(���������/�%������� �0�'�����2�'�����.���������'�2�����.�����#����
�� �������������������� �
�����	���� ���$������ �+�(���9���0���"�������������+�������&���%�"�������������7���������������6�!���"�/�%���&�(���9���0���"����
�� �������������������� �
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�����	���� ���������� ���9�/�"�%�2���������5���(�������(�"�����*���!�/�%�����+�(���9�(�/�!������������������������
�$ �������������������� �
�����	���� �����7�$�� �A���������"���/�!�(���*�*�������%�������C���-���/�0�������.�C�������!�6�"�2�������=�������(���%���������(�1������� �*�2
�� �������������������� �
�����	���� ���.���7�� ��� �0�'������� �0�'�����@�����(�(�������������������!���	� �"���0���"�/�%�����'�������"�/���!
�� �������������������� �
�����	���� ���.�$���� �-�����!�*�0�/�"�"���������'�8�����������0�/�!���!�"���'�8�������!�*���������8���#������������
�� �������������������� �
�����	���� ���.�7���� ��� �0�'��������!�"���/�&� �6���(���������/�%���������/�*�%
�� �������������������� �
�����	���� �����.�.�� �����(�5�����������(�(����������������C�����-��� �������!�/���!�����+�������������/�!�6�*
�� �������������������� �
�����	���� ���$���$�. ��� �0�'��������!�"���/�&� �6���(���������/�%������� �0�'�����2�'�����.���������'�2�����.�����#����
�� �������������������� �
�����	���� ���$�����7 �
�������������"���������������:���.�����������:�.�������������.���:�����2�G�����:���2�'
�� �������������������� �
�����	���� ���$���7�. �-�����!�*�0�/�"�"�����������/�*�*���(�5���<�����>�1�6���!�������'�"�/�%���(�����#���������#�����?���������!�*����������'��

�#���'�(���%���0���!�"���B�/�"���������$�$������
�� �������������������� �
�����	���� ���������� ��� �0�'�����������6�����*�*�/�5��������5�/�"�1���������1�!�����������.����
�� �������������������� �
�����	���� ���������� ���9�/�"�%�2���������5���(���������%�2���+�(�����"���������������9���	�!�6�(���������=���=�������(� ��
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1151 Ardmore Ave. �Œ Itasca, IL  60143 USA 
Tel: +1 630 616 4900 �Œ Fax: +1 630 773 2643 

E-mail: sales@solbergmfg.com �Œ Web Site: www.solbergmfg.comSolberg …  Discover the Possibilities 

with with DIMENSIONS - mm Screw, No. of
Polyester Paper BSPT Blower, Element Silencing Approx.
Element Element Outlet A B C Piston Fan Rating Tubes Wt. Kg

I FS-05-025 FS-04-025 1/4" 70 16 64 7 7 14 1 0.11
I FS-05-038 FS-04-038 3/8" 70 16 64 10 14 14 1 0.11
S FS-07-038 FS-06-038 3/8" 90 16 83 14 14 20 1 0.23
I FS-05-050 FS-04-050 1/2" 76 22 64 10 14 14 1 0.11
I FS-07-050 FS-06-050 1/2" 97 22 83 17 20 20 1 0.23
S FS-11-050 FS-10-050 1/2" 105 22 105 20 20 60 1 0.45
I FS-07-075 FS-06-075 3/4" 106 32 83 20 20 20 1 0.23

I FS-11-075 FS-10-075 3/4" 114 32 105 34 43 60 1 0.45
I FS-11-100 FS-10-100 1" 114 32 105 43 60 60 1 0.45

Rated Flow m3/h

�Œ  Industrial & Severe Duty��
�Œ  Piston Compressors 
�Œ  Screw Compressors 
�Œ  Blowers - Side Channel & Roots 
�Œ  Hydraulic Breathers … fine filtration

�Œ  Various media available 
�Œ  Epoxy coated housings

SMALL COMPACT FILTER SILENCERS 
w/ •Hockey PuckŽ Patented Element
"FS" Series  1/4Ž - 1Ž BSPT

I = Industrial Duty   S = Severe Duty  

Dimension tolerance + 6 mm

EFS15-105

�Œ  Engines 
�Œ  Construction\Contractor Industry 
�Œ  Workshop 
�Œ  Medical\Dental Industry 
�Œ  Hobby

�Œ  Pneumatic Conveying 
�Œ  Waste Water Aeration 
�Œ  Nailers and Staplers

�Œ  Polyester: 99%+ removal efficiency standard to 5 micron 
�Œ  Paper: 99%+ removal efficiency standard to 2 micron 
�Œ  Interchangeable media:  Polyester, Paper, HEPA 
�Œ  Temp (continuous): min -26°C (-15°F) max 104°C (220°F) 
�Œ  Filter change out differential: 255-380 mm H2O
 over initial delta P 
�Œ  A single noise attenuation graph is insufficient; please  
 inquire for your specific requirement

�Œ  Straight Through Design (Vertical) 
�Œ  Custom connections

�Œ  Patented high grade element w/Built-in Butterfly gasket seal  
 Creates positive seal between housing hemispheres 
 New seal with each element, Minimizes parts 
�Œ  Fully drawn weatherhood - no welds to rust or vibrate apart 
�Œ  Tubular silencing design - tube is positioned to maximize  
  attenuation and air flow while minimizing pressure drop 
�Œ  Durable Compact  carbon steel construction with black 
 powder coated finish 
�Œ  Ability to mount vertically, horizontally 

pg. 5 

APPLICATIONS & EQUIPMENT 

FEATURES & SPECIFICATIONS 

OPTIONS (Inquiries Encouraged)

CONFIGURATION       DRAWING

�Œ  Noise attenuation may vary due to the wide range of  
 applications and machines
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Note: Model offerings and design parameters may change without notice. 
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1151 Ardmore Ave. �Œ Itasca, IL  60143 USA 
Tel: +1 630 616 4900 �Œ Fax: +1 630 773 2643 

E-mail: sales@solbergmfg.com �Œ Web Site: www.solbergmfg.comSolberg …  Discover the Possibilities 

with with DIMENSIONS - mm Screw, No. of
Polyester Paper BSPT Blower, Element Silencing Approx.
Element Element Outlet A B C Piston Fan Rating Tubes Wt. Kg

I FS-15-050 FS-14-050 1/2" 102 38 152 17 17 60 1 0.8
I FS-15-075 FS-14-075 3/4" 102 38 152 34 43 60 2 0.9
I FS-15-100 FS-14-100 1" 102 38 152 43 60 60 3 0.9
S FS-19P-100 FS-18P-100 1" 168 41 152 60 94 170 3 1.4
I FS-19P-126 FS-18P-126 1 1/4" 168 41 152 94 119 170 5 1.5
I FS-19P-151 FS-18P-151 1 1/2" 168 41 152 119 145 170 5 2
I FS-31P-201 FS-30P-201 2" 184 57 254 145 230 332 5 4
S FS-231P-201 FS-230P-201 2" 311 57 254 230 230 510 5 6
I FS-31P-251 FS-30P-251 2 1/2" 191 64 254 170 332 332 5 4
S FS-231P-251 FS-230P-251 2 1/2" 318 64 254 332 332 510 9 7
I FS-231P-301 FS-230P-301 3" 330 76 254 340 510 510 9 7

Rated Flow m3/h

EFS25-105

Dimension tolerance + 6 mm

�Œ  Industrial & Severe Duty��
�Œ  Piston Compressors 
�Œ  Screw Compressors 
�Œ  Blowers - Side Channel & Roots 
�Œ  Hydraulic Breathers … fine filtration

�Œ  1/8Ž tap holes 
�Œ  Pressure Drop Indicator

�Œ  Fully drawn weatherhood - no welds to rust or vibrate apart 
�Œ  Tubular silencing design - tube is positioned to maximize  
  attenuation and air flow while minimizing pressure drop 
�Œ  Durable carbon steel construction with baked enamel  
 finish and powder coated weatherhood 
�Œ  Polyester: 99%+ removal efficiency standard to 5 micron 
�Œ  Paper: 99%+ removal efficiency standard to 2 micron��

�Œ  Engines 
�Œ  Construction\Contractor Industry 
�Œ  Workshop 
�Œ  Medical\Dental Industry 
�Œ  Pneumatic Conveying

�Œ  Waste Water Aeration 
�Œ  Nailers and Staplers 
�Œ  Vacuum Vent Breathers

�Œ  Interchangeable media:  Polyester, Paper, HEPA��
�Œ  Several element sizes available per given connection 
 (safety factor) 
�Œ  Temp (continuous): min -26°C (-15°F) max 104°C (220°F) 
�Œ  Filter change out differential: 255-380 mm H2O
 over initial delta P 
�Œ  Pressure drop graphs available upon request

�Œ  Available in Stainless Steel 
�Œ  Epoxy coated housings 

SMALL COMPACT FILTER SILENCERS 
w/ Standard Filter Design
"FS" Series  1/2Ž - 3Ž BSPT

�Œ  Various media available 
�Œ  Custom connections, MPT

�Œ  Noise attenuation may vary due to the wide range of  
 applications and machines

I = Industrial Duty   S = Severe Duty  

APPLICATIONS & EQUIPMENT 

FEATURES & SPECIFICATIONS 

OPTIONS (Inquiries Encouraged)

CONFIGURATION       DRAWING
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1151 Ardmore Ave. �Œ Itasca, IL  60143 USA 
Tel: +1 630 616 4900 �Œ Fax: +1 630 773 2643 

E-mail: sales@solbergmfg.com �Œ Web Site: www.solbergmfg.comSolberg …  Discover the Possibilities 

with with DIMENSIONS - mm Screw, No. of
Polyester Paper BSPT Blower, Element Silencing Approx.
Element Element Outlet A B C Piston Fan Rating Tubes Wt. Kg

S FS-235P-301 FS-234P-301 3" 330 76 406 340 510 970 9 13
S FS-245P-301 FS-244P-301 3" 330 76 406 340 510 1500 9 14
E FS-275P-301 FS-274P-301 3" 330 76 406 340 510 1870 9 15
I FS-235P-401 FS-234P-401 4" 356 102 406 510 885 970 9 14
S FS-245P-401 FS-244P-401 4" 356 102 406 765 885 1500 9 14
E FS-275P-401 FS-274P-401 4" 356 102 406 765 885 1870 9 15
I FS-245P-501 FS-244P-501 5" 356 102 406 850 1360 1500 14 15
S FS-275P-501 FS-274P-501 5" 356 102 406 1105 1360 1870 14 16
I FS-275P-601 FS-274P-601 6" 394 133 406 1105 1870 1870 18 17

Rated Flow m3/h

EFS35-105

Dimension tolerance + 6 mm

�Œ  Industrial & Severe Duty 
�Œ  Blowers - Side Channel & Roots��
�Œ  Piston Compressors 
�Œ  Screw Compressors 
�Œ  Hydraulic Breathers … fine filtration

�Œ  Various media available 
�Œ  Pressure Drop Indicator 
�Œ  Epoxy coated housings

�Œ  Fully drawn weatherhood - no welds to rust or vibrate apart 
�Œ  Tubular silencing design - tube is positioned to maximize  
  attenuation and air flow while minimizing pressure drop 
�Œ  Durable carbon steel construction with gray baked enamel  
 finish and powder coated weatherhood 
�Œ  Low pressure drop center bracket and outlet pipe design 
�Œ  1/8Ž  tap hole 
�Œ  Polyester: 99%+ removal efficiency standard to 5 micron 
�Œ  Paper: 99%+ removal efficiency standard to 2 micron 

�Œ  Engines 
�Œ  Fans 
�Œ  Construction\Contractor Industry 
�Œ  Medical 
�Œ  Pneumatic Conveying

�Œ  Waste Water Aeration 
�Œ  Sparging 
�Œ  Factory Air 
�Œ  Vacuum Vent Breathers

�Œ  Interchangeable media:  Polyester, Paper, HEPA��
�Œ  Several element sizes available per given connection 
 (safety factor) 
�Œ  Temp (continuous): min -26°C (-15°F) max 104°C (220°F) 
�Œ  Filter change out differential: 255-380mm H2O
 over initial delta P 
�Œ  Pressure drop graphs available upon request 

�Œ  Available in Stainless Steel 
�Œ  Custom connections, NPT

COMPACT FILTER SILENCERS
"FS" Series  3Ž - 6Ž BSPT

�Œ  Side Access QB Series Filters for 
 space restricted enclosures 
 (Selected models)

�Œ  Noise attenuation may vary due to the wide range of  
 applications and machines

I = Industrial Duty   S = Severe Duty  E = Extreme Duty

APPLICATIONS & EQUIPMENT 

FEATURES & SPECIFICATIONS 

OPTIONS (Inquiries Encouraged)

CONFIGURATION       DRAWING
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1151 Ardmore Ave. �Œ Itasca, IL  60143 USA 
Tel: +1 630 616 4900 �Œ Fax: +1 630 773 2643 

E-mail: sales@solbergmfg.com �Œ Web Site: www.solbergmfg.comSolberg …  Discover the Possibilities 

with with DIMENSIONS - mm Screw, No. of
Polyester Paper Flange Blower, Element Silencing Approx.
Element Element Outlet A B C Piston Fan Rating Tubes Wt. Kg

S FS-235P-DN80 FS-234P-DN80 DN80 330 76 406 340 510 970 9 13
S FS-245P-DN80 FS-244P-DN80 DN80 330 76 406 340 510 1500 9 14
E FS-275P-DN80 FS-274P-DN80 DN80 330 76 406 340 510 1870 9 15
I FS-235P-DN100 FS-234P-DN100 DN100 356 102 406 510 885 970 9 15
S FS-245P-DN100 FS-244P-DN100 DN100 356 102 406 765 885 1500 9 16
E FS-275P-DN100 FS-274P-DN100 DN100 356 102 406 765 885 1870 9 18
I FS-245P-DN125 FS-244P-DN125 DN125 356 102 406 850 1360 1500 14 17
S FS-275P-DN125 FS-274P-DN125 DN125 356 102 406 1105 1360 1870 14 18
I FS-275P-DN150 FS-274P-DN150 DN150 394 133 406 1105 1870 1870 18 19

Rated Flow m3/h

EFS45-105

Dimension tolerance + 6 mm

�Œ  Industrial & Severe Duty 
�Œ  Blowers - Side Channel & Roots��
�Œ  Piston Compressors 
�Œ  Screw Compressors 
�Œ  Hydraulic Breathers … fine filtration

�Œ  Various media available 
�Œ  Pressure Drop Indicator 
�Œ  Epoxy coated housings

�Œ  Fully drawn weatherhood - no welds to rust or vibrate apart 
�Œ  Tubular silencing design - tube is positioned to maximize  
  attenuation and air flow while minimizing pressure drop 
�Œ  Durable carbon steel construction with gray baked enamel  
 finish and powder coated weatherhood 
�Œ  Low pressure drop center bracket and outlet pipe design 
�Œ  1/8Ž  tap hole 
�Œ  Polyester: 99%+ removal efficiency standard to 5 micron 
�Œ  Paper: 99%+ removal efficiency standard to 2 micron 

�Œ  Engines 
�Œ  Fans 
�Œ  Construction\Contractor Industry 
�Œ  Medical 
�Œ  Pneumatic Conveying

�Œ  Waste Water Aeration 
�Œ  Sparging 
�Œ  Factory Air 
�Œ  Vacuum Vent Breathers

�Œ  Interchangeable media:  Polyester, Paper, HEPA��
�Œ  Several element sizes available per given connection 
 (safety factor) 
�Œ  Temp (continuous): min -26°C (-15°F) max 104°C (220°F) 
�Œ  Filter change out differential: 255-380 mm H2O
 over initial delta P 
�Œ  Pressure drop graphs available upon request

�Œ  Available in Stainless Steel 
�Œ  Custom connections, NPT

COMPACT FILTER SILENCERS
"FS" Series  DN80 - DN150 PN10 Pattern Flange

�Œ  Side Access QB Series Filters for 
 space restricted enclosures 
 (Selected models)

�Œ  Noise attenuation may vary due to the wide range of  
 applications and machines

I = Industrial Duty   S = Severe Duty  E = Extreme Duty

PN10 DIMENSIONS - mm No. of Thickness
Pattern Flg O.D. B.C. B.H. Holes Flg - mm

DN80 200 160 18 8 10
DN100 220 180 18 8 10
DN125 250 210 18 8 10
DN150 285 240 22 8 10

APPLICATIONS & EQUIPMENT 

FEATURES & SPECIFICATIONS 

OPTIONS (Inquiries Encouraged)

CONFIGURATION       DRAWING
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1151 Ardmore Ave. �Œ Itasca, IL  60143 USA 
Tel: +1 630 616 4900 �Œ Fax: +1 630 773 2643 

E-mail: sales@solbergmfg.com �Œ Web Site: www.solbergmfg.comSolberg …  Discover the Possibilities 

with with DIMENSIONS - mm Screw, No. of
Polyester Paper Flange Blower, Element Silencing Approx.
Element Element Outlet A B C Piston Fan Rating Tubes Wt. Kg

I FS-377P-DN200 FS-376P-DN200 DN200 584 152 572 2450 3060 3105 12 54
S FS-385P-DN200 FS-384P-DN200 DN200 584 152 724 2450 3060 5605 12 56
E FS-485P-DN200 FS-484P-DN200 DN200 787 152 724 3060 3060 8000 12 62
I FS-385P-DN250 FS-384P-DN250 DN250 584 152 724 3060 5610 5610 16 59
S FS-485P-DN250 FS-484P-DN250 DN250 787 152 724 4420 5610 8000 16 64
E FS-685P-DN250 FS-384P(2)-DN250 DN250 965 152 724 4900 5610 11220 16 74
I FS-385P-DN300 FS-384P-DN300 DN300 584 152 724 4420 5610 5610 24 61

S FS-485P-DN300 FS-484P-DN300 DN300 787 152 724 4420 7990 8000 24 70
E FS-685P-DN300 FS-384P(2)-DN300 DN300 965 152 724 5950 7990 11220 24 79
E FS-485P(2)-DN300 FS-484P(2)-DN300 DN300 1346 152 724 7345 7990 16000 24 88

Rated Flow m3/h

EFS55-105

Dimension tolerance + 6 mm 

�Œ  Industrial & Severe Duty 
�Œ  Blowers - Side Channel & Roots��
�Œ  Piston Compressors 
�Œ  Screw Compressors 
�Œ  Hydraulic Breathers … fine filtration

�Œ  Various media available 
�Œ  Pressure Drop Indicator 
�Œ  Epoxy coated housings

�Œ  Engines 
�Œ  Fans 
�Œ  Construction Industry 
�Œ  Medical 
�Œ  Pneumatic Conveying

�Œ  Waste Water Aeration 
�Œ  Sparging 
�Œ  Cement
�Œ  Power Plants 
�Œ  Vacuum Vent Breathers

�Œ  Available in Stainless Steel 
�Œ  Custom connections, NPT

•BIG BOYŽ FILTER SILENCERS
"FS" Series  DN200-DN300 PN10 Pattern Flange

�Œ  Side Access QB Series Filters for 
 space restricted enclosures 
 (Selected models)

�Œ  Tubular silencing design - tube is positioned to maximize  
  attenuation and air flow while minimizing pressure drop 
�Œ  Durable carbon steel construction with gray baked  
 enamel finish  
�Œ  Low pressure drop center bracket and outlet pipe design 
�Œ  1/8Ž tap hole 
�Œ  Polyester: 99%+ removal efficiency standard to 5 micron 
�Œ  Paper: 99%+ removal efficiency standard to 2 micron 

�Œ  Several element sizes available per given connection 
 (safety factor) 
�Œ  Interchangeable media:  Polyester, Paper, HEPA 
�Œ  Temp (continuous): min -26°C (-15°F) max 104°C (220°F) 
�Œ  Filter change out differential: 255-380 mm H2O
 over initial delta P 
�Œ  Pressure drop graphs available upon request

I = Industrial Duty   S = Severe Duty  E = Extreme Duty

PN10 DIMENSIONS - mm No. of Thickness
Pattern Flg O.D. B.C. B.H. Holes Flg - mm

DN200 340 295 22 8 14
DN250 395 350 22 12 14
DN300 445 400 22 12 14

�Œ  Noise attenuation may vary due to the wide range of  
 applications and machines

APPLICATIONS & EQUIPMENT 

FEATURES & SPECIFICATIONS 

OPTIONS (Inquiries Encouraged)

CONFIGURATION       DRAWING
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Fig. 1: Design of gas-ring 
vacuum 
pump/compressor 

 

1 Vacuum pump/compressor 
housing 

2 Vacuum pump/compressor cover 

3 Inlet connection with muffler 

4 Discharge connection with 
muffler 

5 Base 

6 Flow direction arrow 

7 Rotating direction arrow 

8 Drive motor 

9 Fan guard (over external fan) 

10 Terminal box 
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1 Safety 

1.1 Definitions 

To point out dangers and important information, 
the following signal words and symbols are used 
in these operating instructions: 
 

 

1.1.1 Safety alert symbol 

The safety alert symbol  ��  is located in the 
safety precautions in the highlighted heading field 
on the left next to the signal word (DANGER, 
WARNING, CAUTION). 

Safety precautions with  a safety alert symbol 
indicate a danger of injuries . 
Be sure to follow these safety precautions to 
protect against injuries or death ! 

Safety precautions without  a safety alert symbol 
indicate a danger of damage . 

 

 

1.1.2 Signal words 

DANGER 

WARNING 

CAUTION 

NOTICE 

NOTE 

The signal words  are located in 
the safety precautions in the 
highlighted heading field. 

They follow a certain hierarchy and 
indicate (in conjunction with the 
safety alert symbol, see 
Chapter 1.1.1) the seriousness of 
the danger  and the type of 
warning. 
See the following explanations: 
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1.3 Residual risks 
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2 Intended Use 

These operating instructions 

�x apply to gas-ring vacuum pumps/compressors 
of the G-BH7 series, models 2BH72, 2BH73, 
2BH74, 2BH75 and 2BH76, 

�x contains instructions concerning transport and 
handling, installation, commissioning, 
operation, shut-down, storage, servicing and 
disposal of the G-BH7, 

�x must be completely read and understood by 
all operating and servicing personnel before 
beginning to work with or on the G-BH7, 

�x must be strictly observed, 

�x must be available at the site of operation of 
the G-BH7. 

 

About the operating and servicing personnel of 
the G-BH7 

�x These persons must be trained and 
authorized for the work to be carried out. 

�x Work on electrical installations may be carried 
out by trained and authorized electricians 
only. 

 

The G-BH7s 

�x are pump-motor units for generating vacuum 
or gauge pressure; 

�x are used to extract, pump and compress 
the following  gases :  
– Air, 

– Non-flammable, non-aggressive, non-toxic 
and non-explosive gases or gas-air 
mixtures. 

– For differing gases/gas-air mixtures, 
inquire with the Service Department. 

�x are equipped with one of the following kind of 
drive motors:  

– 3-phase AC drive motor with a standard or 
explosion-protected design 

– Single-phase AC drive motor 

These operating instructions apply only to 
pump-motor units with a standard design . 

For the explosion-protected design 
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3 Technical Data 

3.1 Mechanical data  

Weight 

Single-impeller design 

Model Weight 

 [kg] 
approx. 

[lbs] 
approx. 

2BH7210-0..1.-. 16 35 

2BH7310-0..1.-. 16 35 

2BH7310-0..2.-. 17 38 

2BH7410-0..1.-. 23 51 

2BH7510-0..1.-. 26 57 

2BH7510-0..2.-. 29 64 

2BH7610-0..1.-. 32 71 

2BH7610-0..3.-. 35 77 
 

Two-impeller design 

Model Weight 

 [kg] 
approx. 

[lbs] 
approx. 

2BH7220-0..2.-. 24 53 

2BH7220-0..5.-. 28 62 

2BH7320-0..5.-. 30 66 

2BH7420-0..2.-. 33 73 

2BH7420-0..5.-. 39 86 

2BH7520-0..2.-. 40 88 

2BH7520-0..7.-. 51 112 

2BH7620-0..3.-. 48 106 

2BH7620-0..5.-. 65 143 
 

Three-impeller design 

Model Weight 

 [kg] 
approx. 

[lbs] 
approx. 

2BH7530-0..8.-. 68 150 

2BH7630-0..6.-. 94 207 

 

 
 

 

 
 

 

Minimum distances 

Minimum distance to fan guard (for sucking in 
cooling air): 

Model [mm] 
approx. 

[inches] 
approx. 

2BH72 34 1.34 

2BH73 34 1.34 

2BH74 52 2.05 

2BH75 52 2.05 

2BH76 53 2.09 

 

Minimum distance to face of vacuum 
pump/compressor cover: 

Model [mm] 
approx. 

[inches] 
approx. 

2BH7… 30 1.18 

 

Vibrations 

The following table provides information on the 
maximum permissible loading due to vibrations. 

Model Vibration velocity 
Veff 

 [mm/s] 
�” 

[ft/s] 
�” 

2BH72.. - 2BH75.. 3.0 0.010 

2BH76.. 3.5 0.011 
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Noise level 

Measuring-surface sound-pressure level as per 
EN ISO 3744, measured at a distance of 1 m 
[3.28 ft] at an operating point of approximately 
2/3 of the permissible total pressure difference 
with the lines connected without a vacuum or 
pressure relief valve, tolerance ±3 dB (A). 

Single-impeller design 

Model 1-m measuring-surface 
sound pressure level L  

[dB (A)] 

 50 Hz 60 Hz 

2BH7210-0..1.-. 70 

2BH7310-0..1.-. 70 

2BH7310-0..2.-. 70 

2BH7410-0..1.-. 70 

2BH7510-0..1.-. 70 

2BH7510-0..2.-. 70 

2BH7610-0..1.-. 71 

2BH7610-0..3.-. 

70 

71 
 

Two-impeller design 

Model 1-m measuring-surface 
sound pressure level L  

[dB (A)] 

 50 Hz 60 Hz 

2BH7220-0..2.-. 70 

2BH7220-0..5.-. 70 

2BH7320-0..5.-. 70 

2BH7420-0..2.-. 70 

2BH7420-0..5.-. 70 

2BH7520-0..2.-. 70 

2BH7520-0..7.-. 71 

2BH7620-0..3.-. 71 

2BH7620-0..5.-. 

70 

72 
 

Three-impeller design 

Model 1-m measuring-surface 
sound pressure level L  

[dB (A)] 

 50 Hz 60 Hz 

2BH7530-0..8.-. 67 73 

2BH7630-0..6.-. 77 80 

 

 
 

 

Temperature increase 

The information listed in the following tables 
corresponds to the heating of vacuum 
pump/compressor housings and the air exiting 
compared to the ambient temperature during 
operation with a permissible total pressure 
difference and an air pressure of 1,013 mbar  
[14.7 psi]. At lower air pressures these values 
increase. 

Single-impeller design 

Model Temperature increase 

 �¨T [K] 
approx. 

�¨�-�- [F] 
approx. 

 50 Hz 60 Hz 50 Hz 60 Hz

2BH7210-0..1.-. 52 61 94 110 

2BH7310-0..1.-. 61 61 110 110 

2BH7310-0..2.-. 81 86 146 155 

2BH7410-0..1.-. 90 101 162 182 

2BH7510-0..1.-. 93 111 167 200 

2BH7510-0..2.-. 120 112 216 202 

2BH7610-0..1.-. 118 124 212 223 

2BH7610-0..3.-. 118 124 212 223 
 

Two-impeller design 

Model Temperature increase 

 �¨T [K] 
approx. 

�¨�- [F] 
approx. 

 50 Hz 60 Hz 50 Hz 60 Hz

2BH7220-0..2.-. 55 77 99 139 

2BH7220-0..5.-. 74 110 133 198 

2BH7320-0..5.-. 81 124 146 223 

2BH7420-0..2.-. 89 80 160 144 

2BH7420-0..5.-. 121 117 218 211 

2BH7520-0..2.-. 89 102 160 184 

2BH7520-0..7.-. 125 110 225 198 

2BH7620-0..3.-. 124 126 223 227 

2BH7620-0..5.-. 124 128 223 230 
 

Three-impeller design 

Model Temperature increase 

 �¨T [K] 
approx. 

�¨�- [F] 
approx. 

 50 Hz 60 Hz 50 Hz 60 Hz

2BH7530-0..8.-. 120 120 216 216 

2BH7630-0..6.-. 120 120 216 216 
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Tightening torques for screw connections 

The following values apply if no other information 
is available. 

With non-electrical connections, property classes 
of 8.8 and 8 or higher as per ISO 898-1 are 
assumed. 
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3.2 Electrical data 

See rating plate. 

 

 

3.3 Operating conditions 

Temperatures 
 

max. permissible temperature: 

+40°C [+104°F] 
 

Nominal value: 

+15°C  [+59°F] 

Temperature of 
pumped gases: 

Pump-motor units for higher fluid 
temperatures on request. 

max. permissible temperature: 

+40°C [+104°F] 
 

min. permissible temperature: 

-15°C  [+5°F]  
 

Nominal value: 

+25°C  [+77°F]  

Ambient 
temperature  
(standard 
design)1: 

Ambient temperatures between 
25°C [+77°F] and 40°C [+104°F] 
affect the permissible total 
pressure difference (see Section 
"Permissible total pressure 
difference").  

At higher temperatures the 
winding may be damaged and 
the grease change interval may 
be shortened. 

 

 

                                                      
1 For design with frequency converter, see 
separate operating instructions. 

Pressures 

Min. inlet 
pressure: 

See rating plate. 

Max. discharge 
pressure during 
compressor 
operation: 

See rating plate. 

Max. permissible 
pressure in 
pump-motor unit:

2.5 bar abs.  [36.2 psia] 
 

At this pressure the operation of 
the pump-motor unit may be 
considerably impaired.  
Provide a corresponding 
protective device (e.g. pressure 
relief valve) if necessary. 

Permissible total 
pressure 
difference:  

The total pressure difference 
specified on the rating plate only 
applies under the following 
conditions: 

�x Ambient temperature: 
25°C [77°F]. 

�x Inlet temperature  
(temperature of pumped 
gases at inlet connection): 
15°C [59°F]. 

�x Pressure: 
during vacuum-pump 
operation: 
1,013 mbar  [14.7 psia] at 
discharge connection; 
 
during compressor 
operation: 
1,013 mbar  [14.7 psia] at 
inlet connection; 

At an ambient temperature of 
40°C [104°F] the total pressure 
difference specified on the rating 
plate must be reduced by 10%.  

If the ambient temperature is 
between 25°C [77°F] and 40°C 
[104°F], then the total pressure 
difference specified on the rating 
plate must be reduced linearly to 
the temperature by between 0 
and 10 %. 

 

Installation altitude 

Max. of 1,000 m [3,280 ft] above sea level.  

 

When installing the pump-motor unit at an 
altitude of more than 1,000 m [3,280 ft] above 
sea level, first inquire with the Service 
department. 
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4 Transport and Handling 
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5 Installation 
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The pump-motor unit is ready to connect on 
delivery. 

 

However, if the time from delivery to 
commissioning of the pump-motor unit exceeds a 
certain period, the lubrication of the rolling 
bearings must be renewed. 
See Chapter 8.2, "Storage conditions", 
Section "Lubrication of rolling bearings after 
longer storage", Pg. 23 for information on this 
topic. 

 

Carry out the following work to install the pump-
motor unit: 

�x Installation and securing, 

�x Attachment of the included loose muffler if 
necessary, 

�x Attachment of threaded flange or hose flange 
(available as accessories)  
for the connection of inlet or discharge pipe to 
the muffler, 

�x Electrical connection, 

�x Connection of inlet and discharge connection 
to the system. 

 
 

5.1 Installation 
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Components for reducing noise on the pump-
motor unit: 

�x Mufflers  (included as standard equipment): 
On delivery the pump-motor units are 
equipped with attached mufflers as standard. 
The noise radiation is considerably reduced 
by the mufflers. See Fig. 2 to Fig. 4, Pg. 18 ff. 

�x Additional mufflers  (available as an option): 
The additional mufflers enable a further noise 
reduction. They may only be used with free 
entry and exit of gases, i.e. with direct intake 
out of or direct feeding into the atmosphere 
without piping . 

�x Noise protection hoods  (available as an 
option): 
Noise protection hoods are suitable for 
installation in rooms and in the open. They 
reduce both the total sound pressure level 
and tonal components that are perceived as 
particularly annoying. 

 

Installation variants/axis position:  

Basically, when installing the pump-motor unit, 
the following variants are possible with a different 
axis position (horizontal or vertical): 

�x Horizontal installation 

�x Vertical installation on the vacuum 
pump/compressor cover ("cover installation") 

�x Vertical mounting on the wall. 

Basically, all variants are possible with all 
models.  

 
However, a distinction must be made between a 
design with and a design without a condensed 
water opening for the axis position: 

�x The pump-motor units without a condensed 
water opening can be installed and secured in 
any axis position. 

�x The pump-motor unit with a condensed water 
opening may only be installed and secured 
horizontally with the base at the bottom. 

 

Horizontal installation 

Screw the base of the pump-motor unit to the 
surface with suitable mounting elements. 
Proceed as follows: 

�x Provide the base of the pump-motor unit with 
mounting holes. 

�x Select the suitable screw type. 

�x Screw the base of the pump-motor unit to the 
surface with the screws. 
When doing so, be sure to provide all  
mounting holes with screws! 

 

Vertical installation on the vacuum 
pump/compressor cover ("cover installation") 

With vertical installation of the pump-motor unit 
with the vacuum pump/compressor cover facing 
downward, rubber feet must be used. 

Proceed as follows: 

�x The rubber feet are available as accessories. 
They are delivered in a set of 3. 
On the upper section they are provided with 
stud bolts and on the lower section with a 
threaded hole. 

�x Mount the rubber feet on the pump-motor unit: 
Screw the stud bolts of the rubber feed into 
the holes on the face of the vacuum 
pump/compressor cover and tighten them. 

�x Mount the pump-motor unit together with the 
rubber feet on the installation surface: 
Select suitable mounting elements for the 
threaded hole. 
Screw the rubber feet to the surface or 
foundation via the threaded hole. 

 

Vertical mounting on the wall 

With vertical mounting of the pump-motor unit on 
the wall, the pump-motor unit is mounted via the 
holes in the base. 

Proceed as follows: 

�x Position the pump-motor unit as close to the 
wall as possible on a stable supporting plate 
with sufficient load-bearing capacity. 
The pump-motor unit must be positioned with 
the base toward the wall. 

�x Provide the base of the pump-motor unit with 
mounting holes. 

�x Select the suitable screw type. 

�x Screw the base of the pump-motor unit to the 
wall with the screws. 
When doing so, be sure to provide all  
mounting holes with screws! 

�x Remove the supporting plate. 

 

Eye bolt:  

Following installation, the eye bolt must be either 
firmly tightened or removed. 
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5.2 Electrical connection (motor) 



Installation 
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�x For the tightening torques for terminal board 
connections (except terminal strips), see 
Chapter 3.1, "Mechanical data", 
Section "Tightening torques for screw 
connections", Pg. 10. 

�x For terminals with clamping straps (e.g. as per 
DIN 46282), the conductors must be inserted 
so that approximately the same clamping 
height results on both sides of the bar. 
Individual conductors must therefore be bent 
into a U-shape or connected with a cable lug 
(DIN 46234).  

 

This also applies to: 

�x the protective conductor, 

�x the outer ground conductor. 

Both conductors can be recognized from their 
color (green/yellow). 
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5.3 Connecting pipes/hoses (vacuum 
pump/compressor) 

Mufflers: 

The pump-motor units are delivered with mufflers 
(indicated with arrows in the following 
illustrations) for the inlet and discharge 
connections as standard equipment. 
 

With single-impeller pump-motor units , the 
mufflers are already mounted on delivery. 
 

 
 

Fig. 2: 2BH721 ... 2BH761 (single-impeller pump-
motor units) 

 

With two-impeller and three-impeller pump-
motor units , the inlet-side muffler is included 
loose for packaging-related reasons and must be 
mounted by the operator. 
 

 
 

Fig. 3: 2BH722 ... 2BH762 (two-impeller pump-
motor units with two-stage design) 

 
 

 
 

Fig. 4: 2BH723 ... 2BH763 (three-impeller pump-
motor units with three-stage design) 
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6 Commissioning 
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Operation 
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6.2 Start-up and shut-down 

Start-up 

�x Open shut-off device in intake/discharge pipe. 

�x Switch on power supply for drive motor. 

 

Shut-down: 

�x Switch off power supply for drive motor. 

�x Close shut-off device in intake/discharge pipe. 

 

 

7 Operation 



Servicing 
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�x Provide mufflers on inlet and discharge side 
with sealing plugs. 

 

 

8.2 Storage conditions 

To prevent standstill damage during storage, the 
environment must provide the following 
conditions: 

�x dry, 

�x dust-free, 

�x low-vibration (effective value of vibration speed 
veff �” 2.8 mm/s).  

�x Ambient temperature: max. +40°C [+104°F]. 
 



Servicing 
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9.1 Repairs/troubleshooting 

Fault Cause Remedy Carried out by

Motor does not 
start; 
no motor 
noise. 

At least two power supply 
leads interrupted. 

Eliminate interruption by fuses, terminals or 
power supply cables. 

Electrician 

One power supply lead 
interrupted. 

Eliminate interruption by fuses, terminals or 
power supply cables. 

Electrician 

Open vacuum pump/compressor cover, 
remove foreign body, clean. 

Service*) Impeller is jammed. 

Check or correct impeller gap setting if 
necessary. 

Service 

Impeller defective. Replace impeller. Service*) 

Motor does not 
start; humming 
noise. 

Rolling bearing on drive 
motor side or vacuum 
pump/compressor side 
defective. 

Replace motor bearing or vacuum 
pump/compressor bearing. 

Service*) 

Winding short-circuit. Have winding checked. Electrician 

Reduce throttling. Service*) Motor overloaded. Throttling 
does not match specification 
on rating plate. Clean filters, mufflers and connection pipes 

if necessary. 
Service*) 

Protective 
motor switch 
trips when 
motor is 
switched on. 
Power 
consumption 
too high. 

Compressor is jammed. See fault: "Motor does not start; humming 
noise" with cause: "Impeller is jammed.". 

Service*) 

Leak in system. Seal leak in the system. Operator 

Wrong direction of rotation. Reverse direction of rotation by 
interchanging two connecting leads. 

Electrician 

Incorrect frequency (on 
pump-motor units with 
frequency converter). 

Correct frequency. Electrician 

Shaft seal defective. Replace shaft seal. Service*) 

Different density of pumped 
gas. 

Take conversion of pressure values into 
account. Inquire with Service Department. 

Service 

Pump-motor 
unit does not 
generate any 
or generates 
insufficient 
pressure 
difference. 

Change in blade profile due 
to soiling. 

Clean impeller, check for wear and replace 
if necessary. 

Service*) 

Flow speed too high. Clean pipes. Use pipe with larger cross-
section if necessary. 

Operator Abnormal flow 
noises. 

Muffler soiled. Clean muffler inserts, check condition and 
replace if necessary. 

Service*) 

Abnormal 
running noise. 

Ball bearing lacking grease 
or defective. 

Regrease or replace ball bearing. Service*) 

Seals on muffler defective. Check muffler seals and replace if 
necessary. 

Service*) Compressor 
leaky. 

Seals in motor area 
defective. 

Check motor seals and replace if 
necessary. 

Service 

*) Only when the maintenance manual is at hand: rectification by the operator. 
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9.2 Service/After-sales service 

Our Service is available for work (in particular the 
installation of spare parts, as well as 
maintenance and repair work), not described in 
these operating instruction. 

 

A list of spare parts with an exploded drawing is 
available on the Internet at  
www.gd-elmorietschle.com. 

 
Observe the following when returning  pump-
motor unit: 

�x The pump-motor unit must be delivered 
complete, i.e. not dismantled. 

�x The pump-motor unit may not present a 
danger to the workshop personnel. 
If the pump-motor unit has come into contact 
with dangerous substances, then the 
procedure described in Chapter 9.3, 
"Decontamination and Declaration of 
Clearance", Pg. 25, must be used. 

�x The original rating plate of the pump-motor 
unit must be properly mounted, intact and 
legible. 
All warranty claims are voided for pump-motor 
units delivered for a damage expertise without 
the original rating plate or with a destroyed 
original rating plate. 

�x In case of warranty claims, the manufacturer 
must be informed of the operating conditions, 
operating duration etc. and additional detailed 
information provided on request if necessary. 

 

 

9.3 Decontamination and Declaration of 
Clearance 
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EU declaration of conformity 

 

EU declaration of conformity 

Manufacturer: Gardner Denver Deutschland GmbH 
Industriestraße 26 
97616 Bad Neustadt • Germany 

Representative for the com-
pilation of technical docu-
ments: 

Holger Krause 
Industriestraße 26 
97616 Bad Neustadt • Germany 
Vacuum pumps/Compressors (Side channel blower) 
Series G-BH7 

Description and identification 
of the machine: 

Types 2BH72..-.....-.   2BH73..-.....-.   
2BH74..-.....-.   2BH75..-.....-.   
2BH76..-.....-.  

 

The machine described above meets the following applicable Community harmonisation legislation:  

2006/42/EC European Parliament and Council Directive 2006/42/EC from 17th May 2006 on machinery 
and amending Directive 95/16/EC. 

2004/108/EC*) Directive 2004/108/EC of the European Parliament and Council from 15th December 2004 
for the application of the legal regulations of the EU member states concerning electrical 
devices and repealing Directive 89/336/EEC 

  

  

Harmonised standards applied:  

EN 1012-1:2010 Compressors and vacuum pumps - Safety requirements��  - Part 1: Compressors 

EN 1012-2:1996 
+A1:2009 

Compressors and vacuum pumps - Safety requirements��  - Part 2: Vacuum pumps 

EN ISO 12100:2010 Safety of machinery - General principles for design -  
Risk assessment and risk reduction (ISO 12100:2010) 

EN 60204-1:2006 Safety of machinery - Electrical equipment of machines Part 1:  
General requirements IEC 60204-1:2005 (amended) 

EN 60034-1:2010/ 
AC:2010 

Rotating electrical machines - Part 1:  
Rating and performance IEC 60034-1:2010 (amended) 

  

  

Bad Neustadt, 18.04.2012 
(Place and date of issue) 
 

 

 

 Andreas Bernklau, product management/attorney  Dr. Rudi Dittmar, development  
 (Name and function)  (Name and function)  
*) Only applicable for version with frequency converter 2FC 664.44436.40.000 
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 Form for statement on safety  

  

 
Statement on health safety and on the protection of the environment  

  

�x For the safety of our employees and to comply with statutory requirements on handling substances harmful to the health and 
the environment, this statement must be enclosed, fully completed, with each unit/system sent. 

�x Without the fully completed statement, repair/disposal is not possible and delays are unavoidable! 
�x The statement is to be completed and signed by suitably qualified, authorised personnel at the operating organisation. 
�x In the case of shipment to Germany, the statement is to be completed in German or English. 
�x The statement is to be attached to the outside of the packing on shipment. 
�x If necessary, the carrier is to be informed.  

 1. Product designation (type):   

 2. Serial number (no. BN):   

 3. Reason for sending:   

 4. The unit/system  

  
 has not  come into contact with hazardous substances. There will be no hazards for personnel or the environment during 
repair/disposal. Continue with "6. Legally binding statement“  

   has come into contact with hazardous substances. Continue with "5. Information on the contamination“  

 5. Information on the contamination (if necessary provide more information on an additional sheet) 

  The unit/system was used in the following application:  

    
    

  and has come into contact with the following classifiable substances or substances presenting a hazard to health/environment:  
    

  Trade name: Chemical designation: 
Hazardous 
substance class: 

Properties (e.g. toxic, inflammable, 
caustic, radioactive):  

       

       

       
     

   The unit/system has been emptied in accordance with the operating instructions, flushed and cleaned externally.  
     

   Safety data sheets in accordance with the applicable regulations are enclosed (  sheet).  
     

   The following safety precautions are necessary for handling (e.g. personal protective equipment):  

     

     

 6. Legally binding statement  

  

I herewith guarantee that the details specified are true and complete and that I, as signatory, am in a position to judge that this is 
so.  
We are aware that we are liable to the contractor for any damages arising from incomplete or incorrect specifications. We are 
obliged to indemnify the contractor against claims for damages by third parties arising from incomplete or incorrect specifications. 
We are aware that, irrespective of this statement, we are directly liable to third parties - in particular including the contractor's 
employees tasked with repair/disposal.  

  Company/institute:   

  Name, position:   Phone:   

  Street:   Fax:   

  Post code, city:      

  Country:   Stamp:   

  Date, signature:      
   
   

 © Gardner Denver Deutschland GmbH   610.44436.40.000 

 P.O. box 1510 Phone: +49 7622 392 0 E-mail: er.de@gardnerdenver.com Edition: 04.2012 

 97605 Bad Neustadt Fax: +49 7622 392 300 Internet: www.gd-elmorietschle.com English 
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Blower speed, line losses, elevation, and increased inlet temperatures will affect the maximum 
operating limitations.  The minimum RPM for the blowers is based on lubrication only.  The blowers 
may only be operated down to the minimum RPM, when the temperature rise and discharge 
temperature are below the maximum limitations as shown. ��
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1 Introduction

1.1 Purpose of the Operating Guide

This operating guide provides information for safe instal-
lation and commissioning of the frequency converter.

The operating guide is intended for use by quali�ed
personnel.
Read and follow the instructions to use the frequency
converter safely and professionally, and pay particular
attention to the safety instructions and general warnings.
Always keep this operating guide available with the
frequency converter.

VLT�p is a registered trademark.

1.2 Additional Resources

Other resources are available to understand advanced
frequency converter functions and programming.

€ The VLT�p AQUA Drive FC 202 Programming Guide
provides greater detail on working with
parameters and many application examples.

€ The VLT�p AQUA Drive FC 202 Design Guide
provides detailed information about capabilities
and functionality to design motor control
systems.

€ Instructions for operation with optional
equipment.

Supplementary publications and manuals are available
from Danfoss. See www.vlt-drives.danfoss.com/Support/
Technical-Documentation/ for listings.

1.3 Manual and Software Version

This manual is regularly reviewed and updated. All
suggestions for improvement are welcome.

Table 1.1 shows the manual version and the corresponding
software version.

Edition Remarks Software

version

MG20MDxx The parameter list is updated to

re�ect software version 2.6x. Editorial

update.

2.6x

Table 1.1 Manual and Software Version

1.4 Product Overview

1.4.1 Intended Use

The frequency converter is an electronic motor controller
intended for:

€ Regulation of motor speed in response to system
feedback or to remote commands from external
controllers. A power drive system consists of the
frequency converter, the motor, and equipment
driven by the motor.

€ System and motor status surveillance.

Depending on con�guration, the frequency converter can
be used in standalone applications or form part of a larger
appliance or installation.

The frequency converter is allowed for use in residential,
industrial, and commercial environments in accordance
with local laws, standards, and emission limits as described
in the design guide.

Single-phase frequency converters (S2 and S4) installed
in the EU

The following limitations apply:

€ Units with an input current below 16 A and an
input power above 1 kW (1.5 hp) are only
intended for professional use in trades,
professions, or industries and not for sale to the
general public.

€ Designated application areas are public pools,
public water supplies, agriculture, commercial
buildings, and industries. All other single-phase
units are only intended for use in private low-
voltage systems interfacing with public supply
only at a medium or high-voltage level.

€ Operators of private systems must ensure that
the EMC environment complies with IEC
610000-3-6 and/or the contractual agreements.

NOTICE
In a residential environment, this product can cause
radio interference, in which case supplementary
mitigation measures may be required.

Foreseeable misuse
Do not use the frequency converter in applications, which
are non-compliant with speci�ed operating conditions and
environments. Ensure compliance with the conditions
speci�ed in chapter 8 Speci�cations.

Introduction VLT�p�p AQUA Drive FC 202
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1.4.2 Features

The VLT�p AQUA Drive FC 202 is designed for water and
wastewater applications. The range of standard and
optional features includes:

€ Cascade control.

€ Dry run detection.

€ End-of-curve detection.

€ SmartStart.

€ Motor alternation.

€ Deragging.

€ 2-step ramps.

€ Flow con�rmation.

€ Check valve protection.

€ Safe Torque O�.

€ Low �ow detection.

€ Pre/post lubrication.

€ Pipe �ll mode.

€ Sleep mode.

€ Real-time clock.

€ User-con�gurable info texts.

€ Warnings and alarms.

€ Password protection.

€ Overload protection.

€ Smart logic control.

€ Dual power rating (high/normal overload).

Introduction Operating Guide
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1.4.3 Exploded Views

1

2
3

4

5

6

7

8

9

10

111213

14

8

15

16

17

18

13
0B

B
49

2.
11

1 Local control panel (LCP) 10 Motor output terminals 96 (U), 97 (V), 98 (W)

2 RS485 �eldbus connector (+68, -69) 11 Relay 2 (01, 02, 03)

3 Analog I/O connector 12 Relay 1 (04, 05, 06)

4 LCP input plug 13 Brake (-81, +82) and load sharing (-88, +89) terminals

5 Analog switches (A53), (A54) 14 Mains input terminals 91 (L1), 92 (L2), 93 (L3)

6 Cable shield connector 15 USB connector

7 Ground termination plate 16 Fieldbus terminal switch

8 Grounding clamp (PE) 17 Digital I/O and 24 V supply

9 Shielded cable grounding clamp and strain relief 18 Cover

Illustration 1.1 Exploded View Enclosure Size A, IP20
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1

2
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5
6

7

8

9

10

11

12 13

16
17

18
19

14
15

FAN MOUNTING

QDF-30

DC- DC+

Remove jumper to activate Safe Stop

Max. 24 Volt !
12 13 18 19 27 29 32 33 20 37

06
05

04
03

02
01

13
0B

B
49

3.
11

37

ax. 24 Volt !

Removejum t i

MaMMMMMM 222222222 VVVVVVVVV !!!!!!M 222222 VVVVMMMMMMMMMMMMMMMMMM 222222222222222222 VVVVVVVVVVVVVVVVVVVVVVVVVV !!!!!!!!!!!

61 68 6969 39 42 50 535 54 555555555555555555555555555555

1 Local control panel (LCP) 11 Relay 2 (04, 05, 06)

2 Cover 12 Lifting ring

3 RS485 �eldbus connector 13 Mounting slot

4 Digital I/O and 24 V supply 14 Grounding clamp (PE)

5 Analog I/O connector 15 Cable shield connector

6 Cable shield connector 16 Brake terminal (-81, +82)

7 USB connector 17 Load sharing terminal (DC bus) (-88, +89)

8 Fieldbus terminal switch 18 Motor output terminals 96 (U), 97 (V), 98 (W)

9 Analog switches (A53), (A54) 19 Mains input terminals 91 (L1), 92 (L2), 93 (L3)

10 Relay 1 (01, 02, 03) … …

Illustration 1.2 Exploded View Enclosure Sizes B and C, IP55 and IP66
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Illustration 1.3 is a block diagram of the internal
components of the frequency converter.

Area Title Functions

1 Mains input
€ 3-phase AC mains supply to the

frequency converter.

2 Recti�er

€ The recti�er bridge converts the

AC input to DC current to supply

inverter power.

3 DC bus
€ The intermediate DC bus circuit

handles the DC current.

4 DC reactors

€ Filter the intermediate DC circuit

voltage.

€ Prove mains transient protection. 

€ Reduce RMS current.

€ Raise the power factor re�ected

back to the line.

€ Reduce harmonics on the AC

input.

5 Capacitor bank

€ Stores the DC power.

€ Provides ride-through protection

for short power losses.

6 Inverter

€ Converts the DC into a controlled

PWM AC waveform for a

controlled variable output to the

motor.

7 Output to motor
€ Regulated 3-phase output power

to the motor.

8 Control circuitry

€ Input power, internal processing,

output, and motor current are

monitored to provide e�cient

operation and control. 

€ User interface and external

commands are monitored and

performed. 

€ Status output and control can be

provided.

Illustration 1.3 Frequency Converter Block Diagram

1.4.4 Enclosure Sizes and Power Ratings

For enclosure sizes and power ratings of the frequency
converters, refer to chapter 8.9 Power Ratings, Weight, and
Dimensions.

1.5 Approvals and Certi�cations

Table 1.2 Approvals and Certi�cations

More approvals and certi�cations are available. Contact the
local Danfoss partner. Frequency converters of enclosure
size T7 (525…690 V) are UL certi�ed for only 525…600 V.

The frequency converter complies with UL 508C thermal
memory retention requirements. For more information,
refer to the section Motor Thermal Protection in the
product-speci�c design guide.

For compliance with the European Agreement concerning
International Carriage of Dangerous Goods by Inland
Waterways (ADN), refer to ADN-compliant Installation in the
product-speci�c design guide.

1.6 Disposal

Do not dispose of equipment containing

electrical components together with

domestic waste.

Collect it separately in accordance with

local and currently valid legislation.

Introduction VLT�p AQUA Drive FC 202
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2 Safety

2.1 Safety Symbols

The following symbols are used in this guide:

WARNING
Indicates a potentially hazardous situation that could
result in death or serious injury.

CAUTION
Indicates a potentially hazardous situation that could
result in minor or moderate injury. It can also be used to
alert against unsafe practices.

NOTICE
Indicates important information, including situations that
can result in damage to equipment or property.

2.2 Quali�ed Personnel

Correct and reliable transport, storage, installation,
operation, and maintenance are required for the trouble-
free and safe operation of the frequency converter. Only
quali�ed personnel are allowed to install and operate this
equipment.

Quali�ed personnel are de�ned as trained sta�, who are
authorized to install, commission, and maintain equipment,
systems, and circuits in accordance with pertinent laws and
regulations. Also, the quali�ed personnel must be familiar
with the instructions and safety measures described in this
manual.

2.3 Safety Precautions

WARNING
HIGH VOLTAGE
Frequency converters contain high voltage when
connected to AC mains input, DC supply, or load sharing.
Failure to perform installation, start-up, and maintenance
by quali�ed personnel can result in death or serious
injury.

€ Only quali�ed personnel must perform instal-
lation, start-up, and maintenance.

WARNING
UNINTENDED START
When the frequency converter is connected to AC mains,
DC supply, or load sharing, the motor may start at any
time. Unintended start during programming, service, or
repair work can result in death, serious injury, or
property damage. The motor can start via an external
switch, a �eldbus command, an input reference signal
from the LCP, or after a cleared fault condition.

To prevent unintended motor start:

€ Disconnect the frequency converter from the
mains.

€ Press [O�/Reset] on the LCP before
programming parameters.

€ Completely wire and assemble the frequency
converter, motor, and any driven equipment
before connecting the frequency converter to
AC mains, DC supply, or load sharing.

WARNING
DISCHARGE TIME
The frequency converter contains DC-link capacitors,
which can remain charged even when the frequency
converter is not powered. High voltage can be present
even when the warning LED indicator lights are o�.
Failure to wait the speci�ed time after power has been
removed before performing service or repair work can
result in death or serious injury.

€ Stop the motor.

€ Disconnect AC mains and remote DC-link power
supplies, including battery back-ups, UPS, and
DC-link connections to other frequency
converters.

€ Disconnect or lock PM motor.

€ Wait for the capacitors to discharge fully. The
minimum duration of waiting time is speci�ed
in Table 2.1.

€ Before performing any service or repair work,
use an appropriate voltage measuring device to
make sure that the capacitors are fully
discharged.

Safety Operating Guide
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Voltage [V]
Minimum waiting time (minutes)

4 7 15

200…240 0.25…3.7 kW

(0.34…5 hp)

… 5.5…45 kW

(7.5…60 hp)

380…480 0.37…7.5 kW

(0.5…10 hp)

… 11…90 kW

(15…121 hp)

525…600 0.75…7.5 kW

(1…10 hp)

… 11…90 kW

(15…121 hp)

525…690 … 1.1…7.5 kW

(1.5…10 hp)

11…90 kW

(15…121 hp)

Table 2.1 Discharge Time

WARNING
LEAKAGE CURRENT HAZARD
Leakage currents exceed 3.5 mA. Failure to ground the
frequency converter properly can result in death or
serious injury.

€ Ensure the correct grounding of the equipment
by a certi�ed electrical installer.

WARNING
EQUIPMENT HAZARD
Contact with rotating shafts and electrical equipment
can result in death or serious injury.

€ Ensure that only trained and quali�ed personnel
perform installation, start-up, and maintenance.

€ Ensure that electrical work conforms to national
and local electrical codes.

€ Follow the procedures in this guide.

WARNING
UNINTENDED MOTOR ROTATION
WINDMILLING
Unintended rotation of permanent magnet motors
creates voltage and can charge the unit, resulting in
death, serious injury, or equipment damage.

€ Ensure that permanent magnet motors are
blocked to prevent unintended rotation.

CAUTION
INTERNAL FAILURE HAZARD
An internal failure in the frequency converter can result
in serious injury when the frequency converter is not
properly closed.

€ Ensure that all safety covers are in place and
securely fastened before applying power.

Safety VLT�p�p AQUA Drive FC 202
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3 Mechanical Installation

3.1 Unpacking

3.1.1 Items Supplied

Items supplied may vary according to product con�gu-
ration.

€ Make sure the items supplied and the information
on the nameplate correspond to the order con�r-
mation.

€ Check the packaging and the frequency converter
visually for damage caused by inappropriate
handling during shipment. File any claim for
damage with the carrier. Retain damaged parts
for clari�cation.

13
0B

D
66

6.
10

CHASSIS/ IP20 Tamb.45  C/113  F

VLT

MADE IN 
DENMARK

R

P/N: 131F6653                 S/N: 038010G502

45kW(400V) / 60HP(460V)

IN: 3x380-480V 50/60Hz  82/73A 

OUT: 3x0-Vin 0-590Hz  90/80A
o

CAUTION:
See manual for special condition/mains fuse
voir manual de conditions speclales/fusibles

WARNING:
Stored charge, wait 15 min.
Charge residuelle, attendez 15 min.

* 1 3 1 F 6 6 5 3 0 3 8 0 1 0 G 5 0 2 *

`

AQUA Drive
www.danfoss.com

T/C: FC-202P45KT4E20H1XGXXXXSXXXXAXBXCXXXXDX

Listed 76X1 E134261 Ind. Contr. Eq.

o

`

1

2

4

5

6

7 8

9

10

3

1 Type code

2 Ordering number

3 Serial number

4 Power rating

5
Input voltage, frequency, and current (at low/high

voltages)

6
Output voltage, frequency, and current (at low/high

voltages)

7 Enclosure type and IP rating

8 Maximum ambient temperature

9 Certi�cations

10 Discharge time (Warning)

Illustration 3.1 Product Nameplate (Example)

NOTICE
Do not remove the nameplate from the frequency
converter. Removing the nameplate voids the warranty.

3.1.2 Storage

Ensure that the requirements for storage are ful�lled. Refer
to chapter 8.4 Ambient Conditions for further details.

3.2 Installation Environments

NOTICE
In environments with airborne liquids, particles, or
corrosive gases, ensure that the IP/type rating of the
equipment matches the installation environment. Failure
to meet requirements for ambient conditions can reduce
the lifetime of the frequency converter. Ensure that
requirements for air humidity, temperature, and altitude
are met.

Vibration and shock
The frequency converter complies with requirements for
units mounted on the walls and �oors of production
premises, and in panels bolted to walls or �oors.

For detailed ambient conditions speci�cations, refer to 
chapter 8.4 Ambient Conditions.

Mechanical Installation Operating Guide

MG20MD02 Danfoss A/S © 10/2016 All rights reserved. 11

3 3

�(����������



3.3 Mounting

NOTICE
Improper mounting can result in overheating and
reduced performance.

Cooling

€ Ensure that top and bottom clearance for air
cooling is provided. See Illustration 3.2 for
clearance requirements.

a

a

13
0B

D
52

8.
10

Enclosure A2…A5 B1…B4 C1, C3 C2, C4

a [mm (in)] 100 (3.9) 200 (7.9) 200 (7.9) 225 (8.9)

Illustration 3.2 Top and Bottom Cooling Clearance

Lifting

€ To determine a safe lifting method, check the
weight of the unit, see chapter 8.9 Power Ratings,
Weight, and Dimensions.

€ Ensure that the lifting device is suitable for the
task.

€ If necessary, plan for a hoist, crane, or forklift with
the appropriate rating to move the unit.

€ For lifting, use the hoist rings on the unit, when
provided.

Mounting
1. Ensure that the strength of the mounting location

supports the unit weight. The frequency
converter allows side-by-side installation.

2. Locate the unit as near to the motor as possible.
Keep the motor cables as short as possible.

3. Mount the unit vertically to a solid �at surface or
to the optional backplate to provide cooling
air�ow.

4. Use the slotted mounting holes on the unit for
wall mounting, when provided.

Mounting with backplate and railings

13
0B

D
50

4.
10

Illustration 3.3 Proper Mounting with Backplate

NOTICE
A backplate is required when mounted on railings.

C

a

b

13
0B

A
64

8.
12

f

e

B

A

a

d

e

b

c

Illustration 3.4 Top and Bottom Mounting Holes (See

chapter 8.9 Power Ratings, Weight, and Dimensions)

Mechanical Installation VLT�p�p AQUA Drive FC 202
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a

e

f
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A
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Illustration 3.5 Top and Bottom Mounting Holes (B4, C3, and

C4)
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4 Electrical Installation

4.1 Safety Instructions

See chapter 2 Safety for general safety instructions.

WARNING
INDUCED VOLTAGE
Induced voltage from output motor cables that run
together can charge equipment capacitors, even with the
equipment turned o� and locked out. Failure to run
output motor cables separately or to use shielded cables
could result in death or serious injury.

€ Run output motor cables separately, or

€ Use shielded cables.

CAUTION
SHOCK HAZARD
The frequency converter can cause a DC current in the
PE conductor. Failure to follow the recommendation may
lead to the RCD not providing the intended protection.

€ When a residual current-operated protective
device (RCD) is used for protection against
electrical shock, only an RCD of Type B is
allowed on the supply side.

Overcurrent protection

€ Extra protective equipment, such as short-circuit
protection or motor thermal protection between
frequency converter and motor, is required for
applications with multiple motors.

€ Input fusing is required to provide short circuit
and overcurrent protection. If not factory-
supplied, the installer must provide fuses. See
maximum fuse ratings in chapter 8.8 Fuses and
Circuit Breakers.

Wire type and ratings

€ All wiring must comply with local and national
regulations regarding cross-section and ambient
temperature requirements.

€ Power connection wire recommendation:
Minimum 75 �rC (167 �rF) rated copper wire.

See chapter 8.1 Electrical Data and chapter 8.5 Cable Speci�-
cations for recommended wire sizes and types.

4.2 EMC-compliant Installation

To obtain an EMC-compliant installation, follow the
instructions provided in chapter 4.3 Grounding, 
chapter 4.4 Wiring Schematic, chapter 4.6 Motor Connection,
and chapter 4.8 Control Wiring.

4.3 Grounding

WARNING
LEAKAGE CURRENT HAZARD
Leakage currents exceed 3.5 mA. Failure to ground the
frequency converter properly could result in death or
serious injury.

€ Ensure the correct grounding of the equipment
by a certi�ed electrical installer.

For electrical safety

€ Ground the frequency converter in accordance
with applicable standards and directives.

€ Use a dedicated ground wire for input power,
motor power, and control wiring.

€ Do not ground 1 frequency converter to another
in a daisy-chain fashion (see Illustration 4.1).

€ Keep the ground wire connections as short as
possible.

€ Follow motor manufacturer wiring requirements.

€ Minimum cable cross-section: 10 mm2 (7 AWG).
Separately terminate 2 ground wires, both
complying with the dimension requirements.

13
0B

C
50

0.
10

FC 1

FC 1

FC 2

FC 2

FC 3

FC 3

PE

PE

Illustration 4.1 Grounding Principle
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For EMC-compliant installation

€ Establish electrical contact between the cable
shield and the frequency converter enclosure by
using metal cable glands or by using the clamps
provided on the equipment (see chapter 4.6 Motor
Connection).

€ Use high-strand wire to reduce burst transient.

€ Do not use pigtails.

NOTICE
POTENTIAL EQUALIZATION
Risk of burst transient when the ground potential
between the frequency converter and the control system
is di�erent. Install equalizing cables between the system
components. Recommended cable cross-section: 16 mm2

(6 AWG).

Electrical Installation Operating Guide
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4.4 Wiring Schematic
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55

2.
12
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power
input

DC bus Switch Mode
Power Supply

Motor

Analog Output

Interface

relay1

relay2
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91 (L1)
92 (L2)
93 (L3)

PE

88 (-)
89 (+)

50 (+10 V OUT)

53 (A IN)

54 (A IN)

55 (COM A IN)
0/4-20 mA

12 (+24 V OUT)

13 (+24 V OUT)

37 (D IN)

18 (D IN)

20 (COM D IN)

10 V DC
15 mA 200 mA

+ - + -

(U) 96
(V) 97
(W) 98
(PE) 99

(COM A OUT) 39

(A OUT) 42

(P RS-485) 68

(N RS-485) 69

(COM RS-485) 61

0 V

5V
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0/4-20 mA

RS-485RS-485

03 

+10 V DC
0/-10 V DC -

+10 V DC

+10 V DC
0/4-20 mA

0/-10 V DC-

240 V AC, 2 A

24 V DC

02

01

05

04

06

24 V (NPN)
 0 V (PNP)

 0 V (PNP)
24 V (NPN)

19 (D IN)

24 V (NPN)
 0 V (PNP)27

24 V

 0 V

(D IN/OUT)

 0 V (PNP)
24 V (NPN)

(D IN/OUT)

 0 V

24 V
29

24 V (NPN)
 0 V (PNP)

0 V (PNP)
24 V (NPN)

33 (D IN)

32 (D IN)

1
2

O
N

A53

O
N2

1A54
ON=0/4-20 mA
OFF=0/-10 V DC -
          +10 V DC

95

P 5-00

2
1 O

N

S801

(R+) 82

(R-) 81

: Chassis

: PE

**

240 V AC, 2 A

400 V AC, 2 A

* : Ground 1

: Ground 2

: Ground

Illustration 4.2 Basic Wiring Schematic

A=Analog, D=Digital

*Terminal 37 (optional) is used for Safe Torque O�. For Safe Torque O� installation instructions, refer to the VLT�p Frequency
Converters - Safe Torque O� Operating Guide.
**Do not connect cable shield.

NOTICE
Actual con�gurations vary with unit types and optional equipment.
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1

2

3

4

5

6

7

8

9

L1
L2
L3
PE

10 11 PE

u

v

w

1 PLC 6 Cable gland

2 Frequency converter 7 Motor, 3-phase, and PE

3 Output contactor 8 Mains, 3-phase, and reinforced PE

4 Grounding rail (PE) 9 Control wiring

5 Cable insulation (stripped) 10 Equalizing minimum 16 mm2 (5 AWG)

Illustration 4.3 EMC-compliant Connection of Mains

NOTICE
EMC INTERFERENCE
Use shielded cables for motor and control wiring and separate cables for input power, motor wiring, and control wiring.
Failure to isolate power, motor, and control cables can result in unintended behavior or reduced performance. Minimum
clearance requirement between power, motor, and control cables is 200 mm (7.9 in).
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4.5 Access

1. Remove the cover with a screwdriver (See
Illustration 4.4) or by loosening the attaching
screws (See Illustration 4.5).

13
0B

T
24

8.
10

Illustration 4.4 Access to Wiring for IP20 and IP21 Enclosures

13
0B

T3
34

.1
0

Illustration 4.5 Access to Wiring for IP55 and IP66 Enclosures

Tighten the cover screws using the tightening
torques speci�ed in Table 4.1.

Enclosure IP55 IP66

A4/A5 2 (18) 2 (18)

B1/B2 2.2 (19) 2.2 (19)

C1/C2 2.2 (19) 2.2 (19)

No screws to tighten for A2/A3/B3/B4/C3/C4.

Table 4.1 Tightening Torques for Covers [N�µm (in-lb)]

4.6 Motor Connection

WARNING
INDUCED VOLTAGE
Induced voltage from output motor cables that run
together can charge equipment capacitors, even with the
equipment turned o� and locked out. Failure to run
output motor cables separately or use shielded cables
could result in death or serious injury.

€ Run output motor cables separately, or

€ Use shielded cables.

€ Comply with local and national electrical codes
for cable sizes. For maximum wire sizes, see 
chapter 8.1 Electrical Data.

€ Follow motor manufacturer wiring requirements.

€ Motor wiring knockouts or access panels are
provided at the base of IP21 (NEMA1/12) and
higher units.

€ Do not wire a starting or pole-changing device
(for example Dahlander motor or slip ring
asynchronous motor) between the frequency
converter and the motor.

Procedure

1. Strip a section of the outer cable insulation.

2. Position the stripped wire under the cable clamp
to establish mechanical �xation and electrical
contact between the cable shield and ground.

3. Connect the ground wire to the nearest
grounding terminal in accordance with the
grounding instructions provided in 
chapter 4.3 Grounding, see Illustration 4.6.

4. Connect the 3-phase motor wiring to terminals
96 (U), 97 (V), and 98 (W), see Illustration 4.6.

5. Tighten the terminals in accordance with the
information provided in chapter 8.7 Connection
Tightening Torques.
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Illustration 4.6 Motor Connection

Illustration 4.7 shows mains input, motor, and grounding
for basic frequency converters. Actual con�gurations vary
with unit types and optional equipment.

+DC BR- B

M
A

I
N

S
L1    L2     L391    92     93

R
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L
A

Y
  
1
  
 R

E
L
A

Y
 

2

99 U V W

MOTOR

99

13
0

BF
9

48
.1

0

Illustration 4.7 Example of Motor, Mains, and Ground Wiring

4.7 AC Mains Connection

€ Size the wiring based on the input current of the
frequency converter. For maximum wire sizes, see 
chapter 8.1 Electrical Data.

€ Comply with local and national electrical codes
for cable sizes.

Procedure
1. Connect the 3-phase AC input power wiring to

terminals L1, L2, and L3 (see Illustration 4.7).

2. Depending on the con�guration of the
equipment, connect the input power to the
mains input terminals or the input disconnect.

3. Ground the cable in accordance with the
grounding instructions provided in 
chapter 4.3 Grounding.

4. When supplied from an isolated mains source (IT
mains or �oating delta) or TT/TN-S mains with a
grounded leg (grounded delta), ensure that
parameter 14-50 RFI Filter is set to [0] O�  to avoid
damage to the DC link and to reduce ground
capacity currents in accordance with IEC 61800-3.

4.8 Control Wiring

€ Isolate the control wiring from the high-power
components in the frequency converter.

€ When the frequency converter is connected to a
thermistor, ensure that the thermistor control
wiring is shielded and reinforced/double
insulated. A 24 V DC supply voltage is
recommended. See Illustration 4.8.

4.8.1 Control Terminal Types

Illustration 4.8 and Illustration 4.9 show the removable
frequency converter connectors. Terminal functions and
default settings are summarized in Table 4.2.

1

4
3

2

13
0B

B9
21

.1
2

Illustration 4.8 Control Terminal Locations
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Illustration 4.9 Terminal Numbers

€ Connector 1 provides:

- 4 programmable digital inputs terminals.

- 2 extra digital terminals programmable
as either input or output.

- 24 V DC terminal supply voltage.

- Optional customer supplied 24 V DC
voltage.

€ Connector 2 terminals (+)68 and (-)69 are for an
RS485 serial communication connection. 

€ Connector 3 provides:

- 2 analog inputs.

- 1 analog output.

- 10 V DC supply voltage.

- Commons for the inputs and output.

€ Connector 4 is a USB port available for use with
the MCT 10 Set-up Software.

Terminal description

Terminal Parameter

Default

setting Description

Digital Inputs/Outputs

12, 13 … +24 V DC 24 V DC supply voltage

for digital inputs and

external transducers.

Maximum output

current 200 mA for all

24 V loads.

Terminal description

Terminal Parameter

Default

setting Description

18

Parameter 5

-10 Termina

l 18 Digital

Input [8] Start

Digital inputs.

19 Parameter 5

-11 Termina

l 19 Digital

Input

[0] No

operation

32 Parameter 5

-14 Termina

l 32 Digital

Input

[0] No

operation

33 Parameter 5

-15 Termina

l 33 Digital

Input

[0] No

operation

27 Parameter 5

-12 Termina

l 27 Digital

Input

[2] Coast

inverse
For digital input or

output. Default setting

is input.
29 Parameter 5

-13 Termina

l 29 Digital

Input

[14] Jog

20 … … Common for digital

inputs and 0 V

potential for 24 V

supply.

37 … Safe Torque

O� (STO)

Safe input (optional).

Used for STO.

Analog Inputs/Outputs

39 …
…

Common for analog

output

42 Parameter 6

-50 Termina

l 42 Output

Speed 0 …

High Limit

Programmable analog

output. 0…20 mA or 4…

20 mA at a maximum

of 500 �Ö

50 … +10 V DC 10 V DC analog supply

voltage for potenti-

ometer or thermistor.

15 mA maximum

53

Parameter

group 6-1*

Analog

Input 53 Reference

Analog input. For

voltage or current.

Switches A53 and A54

select mA or V.

54 Parameter

group 6-2*

Analog

Input 54

Feedback

55 …
…

Common for analog

input

Serial Communication
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Terminal description

Terminal Parameter

Default

setting Description

61 … … Integrated RC-Filter for

cable shield. ONLY for

connecting the shield if

EMC problems occur.

68 (+)

Parameter

group 8-3*

FC Port

Settings

…

RS485 Interface. A

control card switch is

provided for

termination resistance.

69 (-) Parameter

group 8-3*

FC Port

Settings

…

Relays

01, 02, 03

Parameter 5

-40 Functio

n Relay [0] [9] Alarm

Form C relay output.

For AC or DC voltage

and resistive or

inductive loads.

04, 05, 06 Parameter 5

-40 Functio

n Relay [1]

[5] Running

Table 4.2 Terminal Description

Extra terminals

€ 2 form C relay outputs. Location of the outputs
depends on frequency converter con�guration.

€ Terminals on built-in optional equipment. See the
manual provided with the equipment option.

4.8.2 Wiring to Control Terminals

Control terminal connectors can be unplugged from the
frequency converter for ease of installation, as shown in
Illustration 4.10.

NOTICE
Keep control wires as short as possible and separate
from high-power cables to minimize interference.

1. Open the contact by inserting a small screwdriver
into the slot above the contact and push the
screwdriver slightly upwards.

13
0B

D
54
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21
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m
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es

]
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Illustration 4.10 Connecting Control Wires

2. Insert the bare control wire into the contact.

3. Remove the screwdriver to fasten the control wire
into the contact.

4. Ensure that the contact is �rmly established and
not loose. Loose control wiring can be the source
of equipment faults or less than optimal
operation.

See chapter 8.5 Cable Speci�cations for control terminal
wiring sizes and chapter 6 Application Set-up Examples for
typical control wiring connections.

4.8.3 Enabling Motor Operation
(Terminal 27)

A jumper wire is required between terminal 12 (or 13) and
terminal 27 for the frequency converter to operate when
using factory default programming values.

€ Digital input terminal 27 is designed to receive
24 V DC external interlock command.

€ When no interlock device is used, wire a jumper
between control terminal 12 (recommended) or
13 to terminal 27. The jumper provides an
internal 24 V signal on terminal 27.

€ When the status line at the bottom of the LCP
reads AUTO REMOTE COAST, it indicates that the
unit is ready to operate but is missing an input
signal on terminal 27.

€ When factory installed optional equipment is
wired to terminal 27, do not remove that wiring.

Electrical Installation Operating Guide
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4.8.4 Voltage/Current Input Selection
(Switches)

The analog input terminals 53 and 54 allow setting of
input signal to voltage (0…10 V) or current (0/4…20 mA).

Default parameter setting

€ Terminal 53: Speed reference signal in open loop
(see parameter 16-61 Terminal 53 Switch Setting).

€ Terminal 54: Feedback signal in closed loop (see
parameter 16-63 Terminal 54 Switch Setting).

NOTICE
Disconnect power to the frequency converter before
changing switch positions.

1. Remove the LCP (see Illustration 4.11).

2. Remove any optional equipment covering the
switches.

3. Set switches A53 and A54 to select the signal
type. U selects voltage, I selects current.

13
0B

D
53

0.
10

1
2

N
   

O

VLT

BUSTER.
OFF-ON

A53 A54
U- I    U- I

Illustration 4.11 Location of Terminal 53 and 54 Switches

To run STO, more wiring for the frequency converter is

required. Refer to VLT�p Frequency Converters Safe Torque O�
Operating Guide for further information.

4.8.5 RS485 Serial Communication

Connect RS485 serial communication wiring to terminals
(+)68 and (-)69.

€ Use shielded serial communication cable
(recommended).

€ See chapter 4.3 Grounding for proper grounding.

61

68

69

 +

13
0B

B4
89

.1
0

RS485

Illustration 4.12 Serial Communication Wiring Diagram

For basic serial communication set-up, select the following:
1. Protocol type in parameter 8-30 Protocol.

2. Frequency converter address in
parameter 8-31 Address.

3. Baud rate in parameter 8-32 Baud Rate.

€ 2 communication protocols are internal to the
frequency converter:

- Danfoss FC.

- Modbus RTU.

€ Functions can be programmed remotely using
the protocol software and RS485 connection or in
parameter group 8-** Communications and
Options.

€ Selecting a speci�c communication protocol
changes various default parameter settings to
match that protocol•s speci�cations and makes
more protocol-speci�c parameters available.

€ Option cards for the frequency converter are
available to provide extra communication
protocols. See the option card documentation for
installation and operation instructions.

Electrical Installation VLT�p�p AQUA Drive FC 202
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4.9 Installation Check List

Before completing installation of the unit, inspect the entire installation as detailed in Table 4.3. Check and mark the items
when completed.

Inspect for Description �ò�ò

Auxiliary equipment € Look for auxiliary equipment, switches, disconnects, or input fuses/circuit breakers, residing on the input

power side of the frequency converter, or output side to the motor. Ensure that they are ready for full-

speed operation.

€ Check the function and installation of any sensors used for feedback to the frequency converter.

€ Remove any power factor correction caps on the motor.

€ Adjust any power factor correction caps on the mains side and ensure that they are dampened.

 

Cable routing € Ensure that the motor wiring and control wiring are separated, shielded, or in 3 separate metallic conduits

for high frequency interference isolation.

 

Control wiring € Check for broken or damaged wires and loose connections.

€ Check that the control wiring is isolated from power and motor wiring for noise immunity.

€ Check the voltage source of the signals, if necessary.

The use of shielded cable or twisted pair is recommended. Ensure that the shield is terminated correctly.

 

Cooling clearance € Ensure that the top and bottom clearance is adequate to ensure proper air�ow for cooling, see 

chapter 3.3 Mounting.

 

Ambient conditions € Check that requirements for ambient conditions are met.  

Fusing and circuit

breakers
€ Check for proper fusing or circuit breakers.

€ Check that all fuses are inserted �rmly and are in operational condition, and that all circuit breakers are in

the open position.

 

Grounding € Check for su�cient ground connections and ensure that those connections are tight and free of oxidation.

€ Grounding to conduit, or mounting the back panel to a metal surface, is not a suitable grounding.

 

Input and output

power wiring
€ Check for loose connections.

€ Check that the motor and mains cables are in separate conduit or separated shielded cables.

 

Panel interior € Inspect that the unit interior is free of dirt, metal chips, moisture, and corrosion.

€ Check that the unit is mounted on an unpainted metal surface.

 

Switches € Ensure that all switch and disconnect settings are in the proper positions.  

Vibration € Check that the unit is mounted solidly, or that shock mounts are used, as necessary.

€ Check for an unusual amount of vibration.

 

Table 4.3 Installation Check List

CAUTION
POTENTIAL HAZARD IN THE EVENT OF INTERNAL FAILURE
Risk of personal injury if the frequency converter is not properly closed.

€ Before applying power, ensure that all safety covers are in place and securely fastened.
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5 Commissioning

5.1 Safety Instructions

See chapter 2 Safety for general safety instructions.

WARNING
HIGH VOLTAGE
Frequency converters contain high voltage when
connected to AC mains input power. Failure to perform
installation, start-up, and maintenance by quali�ed
personnel could result in death or serious injury.

€ Installation, start-up, and maintenance must be
performed by quali�ed personnel only.

Before applying power:
1. Close the cover properly.

2. Check that all cable glands are �rmly tightened.

3. Ensure that input power to the unit is o� and
locked out. Do not rely on the frequency
converter disconnect switches for input power
isolation.

4. Verify that there is no voltage on input terminals
L1 (91), L2 (92), and L3 (93), phase-to-phase, and
phase-to-ground.

5. Verify that there is no voltage on output
terminals 96 (U), 97 (V), and 98 (W), phase-to-
phase, and phase-to-ground.

6. Con�rm continuity of the motor by measuring �Ö
values on U…V (96…97), V…W (97…98), and W…U
(98…96).

7. Check for proper grounding of the frequency
converter and the motor.

8. Inspect the frequency converter for loose
connections on the terminals.

9. Con�rm that the supply voltage matches the
voltage of the frequency converter and the
motor.

5.2 Applying Power

Apply power to the frequency converter using the
following steps:

1. Con�rm that the input voltage is balanced within
3%. If not, correct the input voltage imbalance
before proceeding. Repeat this procedure after
the voltage correction.

2. Ensure that any optional equipment wiring
matches the installation application.

3. Ensure that all operator devices are in the OFF
position. Panel doors must be closed and covers
securely fastened.

4. Apply power to the unit. Do not start the
frequency converter now. For units with a
disconnect switch, turn it to the ON position to
apply power to the frequency converter.

5.3 Local Control Panel Operation

The local control panel (LCP) is the combined display and
keypad on the front of the unit.

The LCP has several user functions:

€ Start, stop, and control speed when in local
control.

€ Show operational data, status, warnings, and
cautions.

€ Program frequency converter functions. 

€ Manually reset the frequency converter after a
fault when auto reset is inactive.

An optional numeric LCP (NLCP) is also available. The NLCP
operates in a manner similar to the LCP. See the product
relevant programming guide for details on use of the NLCP.

NOTICE
For commissioning via PC, install the MCT 10 Set-up
Software. The software is available for download (basic
version) or for ordering (advanced version, code number
130B1000). For more information and downloads, see
www.danfoss.com/BusinessAreas/DrivesSolutions/Software
+MCT10/MCT10+Downloads.htm.

5.3.1 Graphic Local Control Panel Layout

The graphic local control panel (GLCP) is divided into 4
functional groups (see Illustration 5.1).

A. Display area.

B. Display menu keys.

C. Navigation keys and indicator lights.

D. Operation keys and reset.
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Illustration 5.1 GLCP

A. Display area
The display area is activated when the frequency converter
receives power from the mains voltage, a DC bus terminal,
or a 24 V DC external supply.

The information shown on the LCP can be customized for
user applications. Select options in the Quick Menu Q3-13
Display Settings.

Display Parameter Default setting

1 Parameter 0-20 Display

Line 1.1 Small

[1617] Speed [RPM]

2 Parameter 0-21 Display

Line 1.2 Small

[1614] Motor Current

3 Parameter 0-22 Display

Line 1.3 Small

[1610] Power [kW]

4 Parameter 0-23 Display

Line 2 Large

[1613] Frequency

5 Parameter 0-24 Display

Line 3 Large

[1602] Reference %

Table 5.1 Legend to Illustration 5.1, Display Area

B. Display menu keys
Menu keys are used for menu access for parameter set-up,
toggling through status display modes during normal
operation, and viewing fault log data.

 Key Function

6 Status Shows operational information.

7 Quick Menu Allows access to programming parameters

for initial set-up instructions and many

detailed application instructions.

8 Main Menu Allows access to all programming

parameters.

9 Alarm Log Shows a list of current warnings, the last

10 alarms, and the maintenance log.

Table 5.2 Legend to Illustration 5.1, Display Menu Keys

C. Navigation keys and indicator lights (LEDs)
Navigation keys are used for programming functions and
moving the display cursor. The navigation keys also
provide speed control in local operation. There are also 3
frequency converter status indicator lights in this area.

 Key Function

10 Back Reverts to the previous step or list in the

menu structure.

11 Cancel Cancels the last change or command as long

as the display mode is not changed.

12 Info Press for a de�nition of the function being

showed.

13 Navigation

Keys

Press the navigation keys to move between

items in the menu.

14 OK Press to access parameter groups or to

enable a selection.

Table 5.3 Legend to Illustration 5.1, Navigation Keys

 Indicator Color Function

15 On Green The ON indicator light activates

when the frequency converter

receives power from the mains

voltage, a DC bus terminal, or a

24 V external supply.

16 Warn Yellow When warning conditions are met,

the yellow WARN indicator light

comes on and text appears in the

display area identifying the

problem.

17 Alarm Red A fault condition causes the red

alarm LED to �ash and an alarm

text is shown.

Table 5.4 Legend to Illustration 5.1, Indicator Lights (LEDs)

Commissioning Operating Guide

MG20MD02 Danfoss A/S © 10/2016 All rights reserved. 25

5 5

�(����������



D. Operation keys and reset
Operation keys are at the bottom of the LCP.

 Key Function

18 [Hand On] Starts the frequency converter in local

control.

€ An external stop signal by control input

or serial communication overrides the

local hand on.

19 O� Stops the motor but does not remove power

to the frequency converter.

20 [Auto On] Puts the system in remote operational mode.

€ Responds to an external start command

by control terminals or serial communi-

cation.

21 Reset Resets the frequency converter manually

after a fault has been cleared.

Table 5.5 Legend to Illustration 5.1, Operation Keys and Reset

NOTICE
The display contrast can be adjusted by pressing [Status]
and the [�£�£]/[ �] keys.

5.3.2 Parameter Settings

Establishing the correct programming for applications
often requires setting functions in several related
parameters. Details for parameters are provided in 
chapter 9.2 Parameter Menu Structure.

Programming data is stored internally in the frequency
converter.

€ For back-up, upload data into the LCP memory.

€ To download data to another frequency
converter, connect the LCP to that unit and
download the stored settings.

€ Restoring factory default settings does not
change data stored in the LCP memory.

5.3.3 Uploading/Downloading Data to/from
the LCP

1. Press [O�] to stop the motor before uploading or
downloading data.

2. Press [Main Menu], select parameter 0-50 LCP Copy
and press [OK].

3. Select [1] All to LCP to upload data to the LCP or
select [2] All from LCP to download data from the
LCP.

4. Press [OK]. A progress bar shows the uploading or
downloading progress.

5. Press [Hand On] or [Auto On] to return to normal
operation.

5.3.4 Changing Parameter Settings

Access and change parameter settings from the Quick
Menu or from the Main Menu. The Quick Menu only gives
access to a limited number of parameters.

1. Press [Quick Menu] or [Main Menu] on the LCP.

2. Press [�£] [�] to browse through the parameter
groups, press [OK] to select a parameter group.

3. Press [�£] [�] to browse through the parameters,
press [OK] to select a parameter.

4. Press [�£] [�] to change the value of a parameter
setting.

5. Press [�µ] [�«] to shift digit when a decimal
parameter is in the editing state.

6. Press [OK] to accept the change.

7. Press either [Back] twice to enter Status, or press
[Main Menu] once to enter the Main Menu.

View changes
Quick Menu Q5 - Changes Made lists all parameters
changed from default settings.

€ The list only shows parameters, which are
changed in the current edit set-up.

€ Parameters, which were reset to default values,
are not listed.

€ The message Empty indicates that no parameters
are changed.

5.3.5 Restoring Default Settings

NOTICE
Risk of losing programming, motor data, localization, and
monitoring records by restoration of default settings. To
provide a back-up, upload data to the LCP before initiali-
zation.

Restoring the default parameter settings is done by initiali-
zation of the frequency converter. Initialization is carried
out through parameter 14-22 Operation Mode
(recommended) or manually.

€ Initialization using parameter 14-22 Operation
Mode does not reset frequency converter settings
such as hours run, serial communication
selections, personal menu settings, fault log,
alarm log, and other monitoring functions.

€ Manual initialization erases all motor,
programming, localization, and monitoring data
and restores factory default settings.
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Recommended initialization procedure via
parameter 14-22 Operation Mode

1. Press [Main Menu] twice to access parameters.

2. Scroll to parameter 14-22 Operation Mode and
press [OK].

3. Scroll to [2] initialization and press [OK].

4. Remove power to the unit and wait for the
display to turn o�.

5. Apply power to the unit.

Default parameter settings are restored during start-up.
The start-up may take slightly longer than normal.

6. Alarm 80, Drive initialized to default value is shown.

7. Press [Reset] to return to operating mode.

Manual initialization procedure

1. Remove power to the unit and wait for the
display to turn o�.

2. Press and hold [Status], [Main Menu], and [OK] at
the same time while applying power to the unit
(approximately 5 s or until audible click and fan
starts).

Factory default parameter settings are restored during
start-up. The start-up may take slightly longer than usual.

Manual initialization does not reset the following
frequency converter information:

€ Parameter 15-00 Operating hours.

€ Parameter 15-03 Power Up's.

€ Parameter 15-04 Over Temp's.

€ Parameter 15-05 Over Volt's.

5.4 Basic Programming

5.4.1 Commissioning with SmartStart

The SmartStart wizard enables fast con�guration of basic
motor and application parameters.

€ SmartStart starts automatically at �rst power-up
or after initialization of the frequency converter.

€ Follow the on-screen instructions to complete the
commissioning of the frequency converter.
Always reactivate SmartStart by selecting Quick
Menu Q4 - SmartStart.

€ For commissioning without use of the SmartStart
wizard, refer to chapter 5.4.2 Commissioning via
[Main Menu] or the programming guide.

NOTICE
Motor data is required for the SmartStart set-up. The
required data is normally available on the motor
nameplate.

The SmartStart con�gures the frequency converter in 3
phases, each consisting of several steps, see Table 5.6.

Phase Action

1 Basic Programming Perform the programming

2 Application Section

Select and program

appropriate application:

€ Single pump/motor.

€ Motor alternation.

€ Basic cascade control.

€ Master/slave.

3 Water and Pump Features
Go to water and pump

dedicated parameters.

Table 5.6 SmartStart, Setup in 3 Phases

5.4.2 Commissioning via [Main Menu]

Recommended parameter settings are intended for start-
up and check-out purposes. Application settings may vary.

Enter data with power ON, but before operating the
frequency converter.

1. Press [Main Menu] on the LCP.

2. Press the navigation keys to scroll to parameter
group 0-** Operation/Display and press [OK].

13
0B

P
06

6.
10

1107 RPM

0 - **  Operation/Display

1 - **  Load/Motor

2 - **  Brakes

3 - **  Reference / Ramps

3.84 A 1 (1)

Main menu

Illustration 5.2 Main Menu

3. Press the navigation keys to scroll to parameter
group 0-0* Basic Settings and press [OK].

0-**Operation / Display
0.0%

0-0* Basic Settings
0-1* Set-up Operations
0-2* LCP Display
0-3* LCP Custom Readout

0.00A 1(1)

13
0B

P
08

7.
10

Illustration 5.3 Operation/Display
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4. Press the navigation keys to scroll to
parameter 0-03 Regional Settings and press [OK].

                          0-0*Basic Sett ings
0.0%

0-03 Regional Sett ings

[0] International

      0.00A                            1(1)

13
0B

P
08

8.
10

Illustration 5.4 Basic Settings

5. Press the navigation keys to select [0] Interna-
tional or [1] North America as appropriate and
press [OK]. (This changes the default settings for
several basic parameters).

6. Press [Main Menu] on the LCP.

7. Press the navigation keys to scroll to
parameter 0-01 Language.

8. Select the language and press [OK].

9. If a jumper wire is in place between control
terminals 12 and 27, leave
parameter 5-12 Terminal 27 Digital Input at factory
default. Otherwise, select [0] No operation in
parameter 5-12 Terminal 27 Digital Input. 

10. Make the application-speci�c settings in the
following parameters:

10a Parameter 3-02 Minimum Reference.

10b Parameter 3-03 Maximum Reference.

10c Parameter 3-41 Ramp 1 Ramp Up Time.

10d Parameter 3-42 Ramp 1 Ramp Down
Time.

10e Parameter 3-13 Reference Site. Linked to
Hand/Auto Local Remote.

5.4.3 Asynchronous Motor Set-up

Enter the following motor data. Find the information on
the motor nameplate.

1. Parameter 1-20 Motor Power [kW] or
parameter 1-21 Motor Power [HP].

2. Parameter 1-22 Motor Voltage.

3. Parameter 1-23 Motor Frequency.

4. Parameter 1-24 Motor Current.

5. Parameter 1-25 Motor Nominal Speed.

For optimum performance in VVC+ mode, extra motor data
is required to set up the following parameters. Find the
data in the motor datasheet (this data is typically not

available on the motor nameplate). Run a complete
automatic motor adaptation (AMA) using
parameter 1-29 Automatic Motor Adaptation (AMA) [1]
Enable Complete AMA or enter the parameters manually.
Parameter 1-36 Iron Loss Resistance (Rfe) is always entered
manually.

6. Parameter 1-30 Stator Resistance (Rs).

7. Parameter 1-31 Rotor Resistance (Rr).

8. Parameter 1-33 Stator Leakage Reactance (X1).

9. Parameter 1-34 Rotor Leakage Reactance (X2).

10. Parameter 1-35 Main Reactance (Xh).

11. Parameter 1-36 Iron Loss Resistance (Rfe).

Application-speci�c adjustment when running VVC+

VVC+ is the most robust control mode. In most situations,
it provides optimum performance without further
adjustments. Run a complete AMA for best performance.

5.4.4 PM Motor Setup in VVC+

NOTICE
Only use permanent magnet (PM) motor with fans and
pumps.

Initial programming steps

1. Activate PM motor operation
Parameter 1-10 Motor Construction, select [1] PM,
non salient SPM.

2. Set parameter 0-02 Motor Speed Unit to [0] RPM.

Programming motor data
After selecting PM motor in parameter 1-10 Motor
Construction, the PM motor-related parameters in
parameter groups 1-2* Motor Data, 1-3* Adv. Motor Data
and 1-4* are active.
The necessary data can be found on the motor nameplate
and in the motor datasheet.

Program the following parameters in the listed order:
1. Parameter 1-24 Motor Current.

2. Parameter 1-26 Motor Cont. Rated Torque.

3. Parameter 1-25 Motor Nominal Speed.

4. Parameter 1-39 Motor Poles.

5. Parameter 1-30 Stator Resistance (Rs).
Enter line to common stator winding resistance
(Rs). If only line-line data is available, divide the
line-line value with 2 to achieve the line to
common (startpoint) value.

6. Parameter 1-37 d-axis Inductance (Ld).
Enter line to common direct axis inductance of
the PM motor.
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If only line-line data is available, divide the line-
line value by 2 to achieve the line-common
(startpoint) value.

7. Parameter 1-40 Back EMF at 1000 RPM.
Enter line-to-line back EMF of the PM motor at
1000 RPM mechanical speed (RMS value). Back
EMF is the voltage generated by a PM motor
when no frequency converter is connected and
the shaft is turned externally. Back EMF is
normally speci�ed for nominal motor speed or for
1000 RPM measured between 2 lines. If the value
is not available for a motor speed of 1000 RPM,
calculate the correct value as follows: If back EMF
is for example 320 V at 1800 RPM, it can be
calculated at 1000 RPM as follows: Back EMF =
(Voltage / RPM)*1000 = (320/1800)*1000 = 178.
This is the value that must be programmed for
parameter 1-40 Back EMF at 1000 RPM.

Test motor operation

1. Start the motor at low speed (100…200 RPM). If
the motor does not turn, check installation,
general programming, and motor data.

2. Check if the start function in parameter 1-70 PM
Start Mode �ts the application requirements.

Rotor detection
This function is the recommended choice for applications
where the motor starts from standstill, for example pumps
or conveyors. On some motors, a sound is heard when the
impulse is sent out. This does not harm the motor.

Parking
This function is the recommended choice for applications
where the motor is rotating at slow speed, for example
windmilling in fan applications. Parameter 2-06 Parking
Current and parameter 2-07 Parking Time can be adjusted.
Increase the factory setting of these parameters for
applications with high inertia.

Start the motor at nominal speed. If the application does
not run well, check the VVC+ PM settings. Recommended
settings in di�erent applications can be found in Table 5.7.

Application Settings

Low inertia applications

ILoad/IMotor <5

Parameter 1-17 Voltage �lter time

const. to be increased by factor 5…

10.

Parameter 1-14 Damping Gain should

be reduced.

Parameter 1-66 Min. Current at Low

Speed should be reduced (<100%).

Low inertia applications

50>ILoad/IMotor >5

Keep calculated values.

High inertia applications

ILoad/IMotor > 50

Parameter 1-14 Damping Gain,

parameter 1-15 Low Speed Filter Time

Const., and parameter 1-16 High

Speed Filter Time Const. should be

increased.

High load at low speed

<30% (rated speed)

Parameter 1-17 Voltage �lter time

const. should be increased.

Parameter 1-66 Min. Current at Low

Speed should be increased (>100%

for a prolonged time can overheat

the motor).

Table 5.7 Recommended Settings in Di�erent Applications

If the motor starts oscillating at a certain speed, increase
parameter 1-14 Damping Gain. Increase the value in small
steps. Depending on the motor, a good value for this
parameter can be 10% or 100% higher than the default
value.

The starting torque can be adjusted in parameter 1-66 Min.
Current at Low Speed. 100% provides nominal torque as
starting torque.

5.4.5 SynRM Motor Set-up with VVC+

This section describes how to set up a SynRM motor with
VVC+.

NOTICE
The SmartStart wizard covers the basic con�guration of
SynRM motors.

Initial programming steps
To activate SynRM motor operation, select [5] Sync.
Reluctance in parameter 1-10 Motor Construction.

Programming motor data
After performing the initial programming steps, the SynRM
motor-related parameters in parameter groups 1-2* Motor
Data, 1-3* Adv. Motor Data, and 1-4* Adv. Motor Data II are
active.

Use the motor nameplate data and the motor datasheet to
program the following parameters in the order listed:
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1. Parameter 1-23 Motor Frequency.

2. Parameter 1-24 Motor Current.

3. Parameter 1-25 Motor Nominal Speed.

4. Parameter 1-26 Motor Cont. Rated Torque.

Run a complete AMA using parameter 1-29 Automatic
Motor Adaptation (AMA) [1] Enable Complete AMA or enter
the following parameters manually:

1. Parameter 1-30 Stator Resistance (Rs).

2. Parameter 1-37 d-axis Inductance (Ld).

3. Parameter 1-44 d-axis Inductance Sat. (LdSat).

4. Parameter 1-45 q-axis Inductance Sat. (LqSat).

5. Parameter 1-48 Inductance Sat. Point.

Application-speci�c adjustments
Start the motor at nominal speed. If the application does
not run well, check the VVC+ SynRM settings. Table 5.8
provides application-speci�c recommendations:

Application Settings

Low-inertia applications

ILoad/IMotor<5

Increase parameter 1-17 Voltage �lter

time const. by factor 5…10.

Reduce parameter 1-14 Damping

Gain.

Reduce parameter 1-66 Min. Current

at Low Speed (<100%).

Low-inertia applications

50>ILoad/IMotor>5

Keep the default values.

High-inertia applications

ILoad/IMotor>50

Increase parameter 1-14 Damping

Gain, parameter 1-15 Low Speed Filter

Time Const., and parameter 1-16 High

Speed Filter Time Const.

High-load at low speed

<30% (rated speed)

Increase parameter 1-17 Voltage �lter

time const.

Increase parameter 1-66 Min. Current

at Low Speed to adjust the starting

torque. 100% current provides

nominal torque as starting torque.

Working at a current level higher

than 100% for a prolonged time can

cause the motor to overheat.

Application Settings

Dynamic applications Increase parameter 14-41 AEO

Minimum Magnetisation for highly

dynamic applications. Adjusting

parameter 14-41 AEO Minimum

Magnetisation ensures a good

balance between energy e�ciency

and dynamics. Adjust

parameter 14-42 Minimum AEO

Frequency to specify the minimum

frequency at which the frequency

converter should use minimum

magnetization.

Motor sizes less than 18

kW (24 hp)

Avoid short ramp-down times.

Table 5.8 Recommendations for Various Applications

If the motor starts oscillating at a certain speed, increase
parameter 1-14 Damping Gain. Increase the damping gain
value in small steps. Depending on the motor, this
parameter can be set to 10…100% higher than the default
value.

5.4.6 Automatic Energy Optimization (AEO)

NOTICE
AEO is not relevant for permanent magnet motors.

AEO is a procedure which minimizes voltage to the motor,
as a result of that reducing energy consumption, heat, and
noise.

To activate AEO, set parameter 1-03 Torque Characteristics to
[2] Auto Energy Optim. CT or [3] Auto Energy Optim. VT.

5.4.7 Automatic Motor Adaptation (AMA)

AMA is a procedure which optimizes compatibility
between the frequency converter and the motor.

€ The frequency converter builds a mathematical
model of the motor for regulating output motor
current. The procedure also tests the input phase
balance of electrical power. It compares the
motor characteristics with the entered nameplate
data.

€ The motor shaft does not turn and no harm is
done to the motor while running the AMA.

€ Some motors may be unable to run the complete
version of the test. In that case, select [2] Enable
reduced AMA.

€ If an output �lter is connected to the motor,
select [2] Enable reduced AMA.
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€ If warnings or alarms occur, see chapter 7.4 List of
Warnings and Alarms.

€ Run this procedure on a cold motor for best
results.

To run AMA
1. Press [Main Menu] to access parameters.

2. Scroll to parameter group 1-** Load and Motor and
press [OK].

3. Scroll to parameter group 1-2* Motor Data and
press [OK].

4. Scroll to parameter 1-29 Automatic Motor
Adaptation (AMA) and press [OK].

5. Select [1] Enable complete AMA and press [OK].

6. Follow the on-screen instructions.

7. The test runs automatically and indicates when it
is complete.

8. The advanced motor data is entered in parameter
group 1-3* Adv. Motor Data.

5.5 Checking Motor Rotation

NOTICE
Risk of damage to pumps/compressors caused by motor
running in wrong direction. Before running the
frequency converter, check the motor rotation.

The motor runs brie�y at 5 Hz or the minimum frequency
set in parameter 4-12 Motor Speed Low Limit [Hz].

1. Press [Main Menu].

2. Scroll to parameter 1-28 Motor Rotation Check and
press [OK].

3. Scroll to [1] Enable.

The following text appears: Note! Motor may run in wrong
direction.

4. Press [OK].

5. Follow the on-screen instructions.

NOTICE
To change the direction of rotation, remove power to the
frequency converter and wait for power to discharge.
Reverse the connection of any 2 of the 3 motor wires on
the motor or frequency converter side of the connection.

5.6 Local-control Test

1. Press [Hand On] to provide a local start command
to the frequency converter.

2. Accelerate the frequency converter by pressing
[�£] to full speed. Moving the cursor left of the
decimal point provides quicker input changes.

3. Note any acceleration problems.

4. Press [O�]. Note any deceleration problems.

If acceleration or deceleration problems occur, see 
chapter 7.5 Troubleshooting. See chapter 7.4 List of Warnings
and Alarms for resetting the frequency converter after a
trip.

5.7 System Start-up

The procedure in this section requires wiring and
application programming to be completed. The following
procedure is recommended after application set-up is
completed.

1. Press [Auto On].

2. Apply an external run command.

3. Adjust the speed reference throughout the speed
range.

4. Remove the external run command.

5. Check the sound and vibration levels of the
motor to ensure that the system is working as
intended.

If warnings or alarms occur, see chapter 7.3 Warning and
Alarm Types or chapter 7.4 List of Warnings and Alarms.
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6 Application Set-up Examples

The examples in this section are intended as a quick reference for common applications.

€ Parameter settings are the regional default values unless otherwise indicated (selected in parameter 0-03 Regional
Settings).

€ Parameters associated with the terminals and their settings are shown next to the drawings.

€ Required switch settings for analog terminals A53 or A54 are also shown.

NOTICE
When using the optional STO feature, a jumper wire may be required between terminal 12 (or 13) and terminal 37 for
the frequency converter to operate with factory default programming values.

6.1 Application Examples

6.1.1 Feedback

 Parameters

FC

4-20 mA

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A 54

U - I

+

-

13
0B

B
67

5.
10 Function Setting

Parameter 6-22 Terminal

54 Low Current

4 mA*

Parameter 6-23 Terminal

54 High Current

20

mA*

Parameter 6-24 Terminal

54 Low Ref./Feedb.

Value

0*

Parameter 6-25 Terminal

54 High Ref./Feedb.

Value

50*

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.1 Analog Current Feedback Transducer

 Parameters

  FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A54

U - I

0 - 10V

+

-

13
0B

B
67

6.
10

Function Setting

Parameter 6-20 Ter

minal 54 Low

Voltage

0.07 V*

Parameter 6-21 Ter

minal 54 High

Voltage

10 V*

Parameter 6-24 Ter

minal 54 Low Ref./

Feedb. Value

0*

Parameter 6-25 Ter

minal 54 High Ref./

Feedb. Value

50*

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.2 Analog Voltage Feedback Transducer (3-wire)
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 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A54

U - I

0 - 10V

+

-

13
0B

B
67

7.
10 Function Setting

Parameter 6-20 Ter

minal 54 Low

Voltage

0.07 V*

Parameter 6-21 Ter

minal 54 High

Voltage

10 V*

Parameter 6-24 Ter

minal 54 Low Ref./

Feedb. Value

0*

Parameter 6-25 Ter

minal 54 High Ref./

Feedb. Value

50*

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.3 Analog Voltage Feedback Transducer (4-wire)

6.1.2 Speed

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A53

U - I

-10 - +10V

+

-

13
0B

B9
26

.1
0 Function Setting

Parameter 6-10 Ter

minal 53 Low

Voltage

0.07 V*

Parameter 6-11 Ter

minal 53 High

Voltage

10 V*

Parameter 6-14 Ter

minal 53 Low Ref./

Feedb. Value

0 Hz

Parameter 6-15 Ter

minal 53 High Ref./

Feedb. Value

50 Hz

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.4 Analog Speed Reference (Voltage)

 Parameters

13
0B

B
92

7.
10

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A53

U - I

4 - 20mA

+

-

Function Setting

Parameter 6-12 Ter

minal 53 Low

Current

4 mA*

Parameter 6-13 Ter

minal 53 High

Current

20 mA*

Parameter 6-14 Ter

minal 53 Low Ref./

Feedb. Value

0 Hz

Parameter 6-15 Ter

minal 53 High Ref./

Feedb. Value

50 Hz

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.5 Analog Speed Reference (Current)

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

A53

U - I

� 5k�

13
0B

B
68

3.
10 Function Setting

Parameter 6-10 Ter

minal 53 Low

Voltage

0.07 V*

Parameter 6-11 Ter

minal 53 High

Voltage

10 V*

Parameter 6-14 Ter

minal 53 Low Ref./

Feedb. Value

0 Hz

Parameter 6-15 Ter

minal 53 High Ref./

Feedb. Value

50 Hz

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.6 Speed Reference (Using a Manual Potentiometer)
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6.1.3 Run/Stop

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

13
0B

B
68

0.
10 Function Setting

Parameter 5-10 T

erminal 18

Digital Input

[8] Start*

Parameter 5-12 T

erminal 27

Digital Input

[7] External

interlock

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.7 Run/Stop Command with External Interlock

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

R1
R2

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

01

02

03

04

05

06

13
0B

B
68

1.
10 Function Setting

Parameter 5-10 T

erminal 18

Digital Input

[8] Start*

Parameter 5-12 T

erminal 27

Digital Input

[7] External

interlock

* = Default value

Notes/comments:

If parameter 5-12 Terminal 27

Digital Input is set to [0] No

operation, a jumper wire to

terminal 27 is not needed.

D IN 37 is an option.

Table 6.8 Run/Stop Command without External Interlock

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

R1
R2

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

01

02

03

04

05

06

13
0B

B
68

4.
10 Function Setting

Parameter 5-10 T

erminal 18

Digital Input

[8] Start*

Parameter 5-11 T

erminal 19

Digital Input

[52] Run

Permissive

Parameter 5-12 T

erminal 27

Digital Input

[7] External

interlock

Parameter 5-40 F

unction Relay

[167] Start

command

act.

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.9 Run Permissive

6.1.4 External Alarm Reset

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

13
0B

B
68

2.
10 Function Setting

Parameter 5-11 T

erminal 19

Digital Input

[1] Reset

* = Default value

Notes/comments:

D IN 37 is an option.

Table 6.10 External Alarm Reset

Application Set-up Examples VLT�p AQUA Drive FC 202
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6.1.5 RS485

 Parameters

FC

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

D IN 

+10 V

A IN 

A IN 

COM

A OUT

COM

R1
R2

12

13

18

19

20

27

29

32

33

37

50

53

54

55

42

39

01

02

03

04

05

06

-

61
68
69

RS-485

+

13
0B

B
68

5.
10

Function Setting

Parameter 8-30 P

rotocol FC*

Parameter 8-31 A

ddress

1*

Parameter 8-32 B

aud Rate

9600*

* = Default value

Notes/comments:

Select protocol, address, and

baud rate in the above-

mentioned parameters.

D IN 37 is an option.

Table 6.11 RS485 Network Connection

6.1.6 Motor Thermistor

CAUTION
THERMISTOR INSULATION
Risk of personal injury or equipment damage.

€ Use only thermistors with reinforced or double
insulation to meet PELV insulation
requirements.

 Parameters

13
0B

B
68

6.
12

VLT

+24 V

+24 V

D IN

D IN

D IN

COM

D IN

D IN

D IN

+10 V

A IN 

A IN 

COM

A OUT

COM

12

13

18

19

20

27

29

32

33

50

53

54

55

42

39

A53

U - I

D IN 37

Function Setting

Parameter 1-90 

Motor Thermal

Protection

[2] Thermistor

trip

Parameter 1-93 T

hermistor Source

[1] Analog

input 53

* = Default value

Notes/comments:

If only a warning is required,

set parameter 1-90 Motor

Thermal Protection to [1]

Thermistor warning.

D IN 37 is an option.

Table 6.12 Motor Thermistor

Application Set-up Examples Operating Guide
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7 Maintenance, Diagnostics, and Troubleshooting

This chapter includes:

€ Maintenance and service guidelines.

€ Status messages.

€ Warnings and alarms.

€ Basic troubleshooting.

7.1 Maintenance and Service

Under normal operating conditions and load pro�les, the
frequency converter is maintenance-free throughout its
designed lifetime. To prevent breakdown, danger, and
damage, examine the frequency converter at regular
intervals depending on the operating conditions. Replace
worn or damaged parts with original spare parts or
standard parts. For service and support, contact the local
Danfoss supplier.

WARNING
UNINTENDED START
When the frequency converter is connected to AC mains,
DC supply, or load sharing, the motor may start at any
time. Unintended start during programming, service, or
repair work can result in death, serious injury, or
property damage. The motor can start via an external
switch, a �eldbus command, an input reference signal
from the LCP or LOP, via remote operation using MCT 10
Set-up Software, or after a cleared fault condition.

7.2 Status Messages

When the frequency converter is in Status mode, status
messages are generated automatically and appear in the
bottom line of the display (see Illustration 7.1).

Status
799RPM                     7.83A                              36.4kW

0.000

  53.2%

1(1)

Auto
Hand
O�

Remote
Local

Ramping
Stop
Running
Jogging
.
.
.
Stand by

13
0B

B
03

7.
11

1 2 3

1 Operating mode (see Table 7.1)

2 Reference site (see Table 7.2)

3 Operation status (see Table 7.3)

Illustration 7.1 Status Display

Table 7.1 to Table 7.3 describe the status messages shown.

O� The frequency converter does not react to any

control signal until [Auto On] or [Hand On] is

pressed. 

Auto On The frequency converter is controlled from the

control terminals and/or the serial communi-

cation. 

Hand On Control the frequency converter via the

navigation keys on the LCP. Stop commands,

reset, reversing, DC brake, and other signals

applied to the control terminals override local

control.

Table 7.1 Operating Mode

Remote The speed reference is given from external

signals, serial communication, or internal

preset references. 

Local The frequency converter uses [Hand On]

control or reference values from the LCP. 

Table 7.2 Reference Site

AC Brake [2] AC brake is selected in parameter 2-10 Brake

Function. The AC brake overmagnetizes the

motor to achieve a controlled slow down.

AMA �nish OK AMA was carried out successfully.

AMA ready AMA is ready to start. Press [Hand On] to start.

AMA running AMA process is in progress.

Braking The brake chopper is in operation. Generative

energy is absorbed by the brake resistor.

Maintenance, Diagnostics, a... VLT�p�p AQUA Drive FC 202
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Braking max. The brake chopper is in operation. The power

limit for the brake resistor de�ned in

parameter 2-12 Brake Power Limit (kW) has

been reached.

Coast € [2] Coast inverse was selected as a function

for a digital input (parameter group 5-1*

Digital Inputs). The corresponding terminal

is not connected.

€ Coast activated by serial communication.

Ctrl. ramp-down [1] Control Ramp-down was selected in

parameter 14-10 Mains Failure.

€ The mains voltage is below the value set

in parameter 14-11 Mains Voltage at Mains

Fault at mains fault.

€ The frequency converter ramps down the

motor using a controlled ramp down.

Current High The frequency converter output current is

above the limit set in parameter 4-51 Warning

Current High.

Current Low The frequency converter output current is

below the limit set in parameter 4-52 Warning

Speed Low.

DC Hold [1] DC hold is selected in

parameter 1-80 Function at Stop and a stop

command is active. The motor is held by a DC

current set in parameter 2-00 DC Hold/Preheat

Current.

DC Stop The motor is held with a DC current

(parameter 2-01 DC Brake Current) for a

speci�ed time (parameter 2-02 DC Braking

Time).

€ The DC brake cut-in speed is reached in

parameter 2-03 DC Brake Cut In Speed [RPM]

and a stop command is active.

€ [5] DC-brake inverse is selected as a

function for a digital input (parameter

group 5-1* Digital Inputs). The

corresponding terminal is not active.

€ The DC brake is activated via serial

communication.

Feedback high The sum of all active feedbacks is above the

feedback limit set in parameter 4-57 Warning

Feedback High.

Feedback low The sum of all active feedbacks is below the

feedback limit set in parameter 4-56 Warning

Feedback Low.

Freeze output The remote reference is active, which holds

the present speed.

€ [20] Freeze output is selected as a function

for a digital input (parameter group 5-1*

Digital Inputs). The corresponding terminal

is active. Speed control is only possible via

the terminal options [21] Speed up and [22]

Speed down.

€ Hold ramp is activated via serial communi-

cation.

Freeze output

request

A freeze output command was given, but the

motor remains stopped until a run permissive

signal is received. 

Freeze ref. [19] Freeze reference is selected as a function

for a digital input (parameter group 5-1* Digital

Inputs). The corresponding terminal is active.

The frequency converter saves the actual

reference. Changing the reference is now only

possible via terminal options [21] Speed up

and [22] Speed down.

Jog request A jog command was given, but the motor

remains stopped until a run permissive signal

is received via a digital input.

Jogging The motor is running as programmed in

parameter 3-19 Jog Speed [RPM].

€ [14] Jog was selected as a function for a

digital input (parameter group 5-1* Digital

Inputs). The corresponding terminal (for

example, terminal 29) is active.

€ The jog function is activated via the serial

communication.

€ The jog function is selected as a reaction

for a monitoring function (for example, for

the no signal function). The monitoring

function is active.

Motor check In parameter 1-80 Function at Stop, [2] Motor

Check is selected. A stop command is active.

To ensure that a motor is connected to the

frequency converter, a permanent test current

is applied to the motor.

OVC control Overvoltage control is activated via

parameter 2-17 Over-voltage Control, [2]

Enabled. The connected motor supplies the

frequency converter with generative energy.

The overvoltage control adjusts the V/Hz ratio

to run the motor in controlled mode and to

prevent the frequency converter from tripping.

PowerUnit O� (Only frequency converters with a 24 V

external supply installed).

Mains supply to the frequency converter was

removed, and the control card is supplied by

the external 24 V.

Maintenance, Diagnostics, a... Operating Guide
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Protection md Protection mode is active. The unit detected a

critical status (overcurrent or overvoltage).

€ To avoid tripping, switching frequency is

reduced to 4 kHz. 

€ If possible, protection mode ends after

approximately 10 s.

€ Protection mode can be restricted in

parameter 14-26 Trip Delay at Inverter Fault.

Qstop The motor is decelerating using

parameter 3-81 Quick Stop Ramp Time.

€ [4] Quick stop inverse is selected as a

function for a digital input (parameter

group 5-1* Digital Inputs). The

corresponding terminal is not active.

€ The quick stop function is activated via

serial communication.

Ramping The motor is accelerating/decelerating using

the active ramp up/down. The reference, a

limit value, or a standstill is not yet reached. 

Ref. high The sum of all active references is above the

reference limit set in parameter 4-55 Warning

Reference High.

Ref. low The sum of all active references is below the

reference limit set in parameter 4-54 Warning

Reference Low.

Run on ref. The frequency converter is running in the

reference range. The feedback value matches

the setpoint value.

Run request A start command was given, but the motor

remains stopped until a run permissive signal

is received via digital input.

Running The frequency converter drives the motor.

Sleep Mode The energy-saving function is enabled. The

motor has stopped, but restarts automatically

when required.

Speed high Motor speed is above the value set in

parameter 4-53 Warning Speed High.

Speed low Motor speed is below the value set in

parameter 4-52 Warning Speed Low.

Standby In auto-on mode, the frequency converter

starts the motor with a start signal from a

digital input or serial communication.

Start delay In parameter 1-71 Start Delay, a delay starting

time was set. A start command is activated,

and the motor starts after the start delay time

expires.

Start fwd/rev [12] Enable start forward and [13] Enable start

reverse are selected as options for 2 di�erent

digital inputs (parameter group 5-1* Digital

Inputs). The motor starts in forward or reverse

direction depending on which terminal is

activated.

Stop The frequency converter received a stop

command from the LCP, digital input, or serial

communication.

Trip An alarm occurred and the motor is stopped.

Once the cause of the alarm is cleared, the

frequency converter can be reset manually by

pressing [Reset] or remotely by control

terminals or serial communication.

Trip lock An alarm occurred, and the motor is stopped.

When the cause of the alarm is cleared, cycle

power to the frequency converter. The

frequency converter can then be reset

manually by pressing [Reset], or remotely by

control terminals or serial communication.

Table 7.3 Operation Status

NOTICE
In auto/remote mode, the frequency converter requires
external commands to execute functions.

7.3 Warning and Alarm Types

Warnings
A warning is issued when an alarm condition is impending,
or when an abnormal operating condition is present and
may result in the frequency converter issuing an alarm. A
warning clears by itself when the abnormal condition
ceases.

Alarms
An alarm indicates a fault that requires immediate
attention. The fault always triggers a trip or a trip lock.
Reset the system after an alarm.

Trip
An alarm is issued when the frequency converter is
tripped, meaning that the frequency converter suspends
operation to prevent frequency converter or system
damage. The motor coasts to a stop. The frequency
converter logic continues to operate and monitor the
frequency converter status. After the fault condition is
remedied, the frequency converter can be reset. It is then
ready to start operation again.

Resetting the frequency converter after trip/trip lock
A trip can be reset in any of 4 ways:

€ Press [Reset] on the LCP.

€ Digital reset input command.

€ Serial communication reset input command.

€ Auto reset.

Trip lock
Input power is cycled. The motor coasts to a stop. The
frequency converter continues to monitor the frequency
converter status. Remove input power to the frequency
converter, correct the cause of the fault, and reset the
frequency converter.
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Warning and alarm displays

€ A warning is shown in the LCP along with the
warning number.

€ An alarm �ashes along with the alarm number.

13
0B

P
08

6.
11

Status
0.0Hz                              0.000kW                        0.00A

0.0Hz
0

Earth Fault [A14]
Auto Remote Trip

1(1)

Illustration 7.2 Alarm Example

In addition to the text and alarm code in the LCP, there are
3 status indicator lights.

Bac
k Cancel

InfoOKOn

Alarm

Warn.

13
0B

B
46

7.
11

 Warning indicator light Alarm indicator light

Warning On O�

Alarm O� On (�ashing)

Trip lock On On (�ashing)

Illustration 7.3 Status Indicator Lights

7.4 List of Warnings and Alarms

The warning/alarm information in this chapter de�nes each
warning/alarm condition, provides the probable cause for
the condition, and details a remedy or troubleshooting
procedure.

WARNING 1, 10 Volts low
The control card voltage from terminal 50 is <10 V.
Remove some of the load from terminal 50, as the 10 V
supply is overloaded. Maximum 15 mA or minimum 590 5.

A short circuit in a connected potentiometer or improper
wiring of the potentiometer can cause this condition.

Troubleshooting

€ Remove the wiring from terminal 50.

€ If the warning clears, the problem is with the
customer wiring.

€ If the warning does not clear, replace the control
card.

WARNING/ALARM 2, Live zero error
This warning or alarm only appears if programmed in
parameter 6-01 Live Zero Timeout Function. The signal on 1
of the analog inputs is less than 50% of the minimum
value programmed for that input. Broken wiring or signals
from a faulty device cause this condition.

Troubleshooting

€ Check connections on all the analog input
terminals. Control card terminals 53 and 54 for

signals, terminal 55 common. VLT�p General
Purpose I/O MCB 101 terminals 11 and 12 for

signals, terminal 10 common. VLT�p Analog I/O
Option MCB 109 terminals 1, 3, 5 for signals,
terminals 2, 4, 6 common). 

€ Check that the frequency converter programming
and switch settings match the analog signal type.

€ Perform an input terminal signal test.

WARNING/ALARM 3, No motor
No motor has been connected to the output of the
frequency converter.

WARNING/ALARM 4, Mains phase loss
A phase is missing on the supply side, or the mains
voltage imbalance is too high. This message also appears
in case of a fault in the input recti�er on the frequency
converter. Options are programmed in
parameter 14-12 Function at Mains Imbalance. 

Troubleshooting

€ Check the supply voltage and supply currents to
the frequency converter.

WARNING 5, DC link voltage high
The DC-link voltage is higher than the high-voltage
warning limit. The limit depends on the frequency
converter voltage rating. The unit is still active. 

WARNING 6, DC link voltage low
The DC-link voltage is lower than the low-voltage warning
limit. The limit depends on the frequency converter
voltage rating. The unit is still active.

WARNING/ALARM 7, DC overvoltage
If the DC-link voltage exceeds the limit, the frequency
converter trips after some time.

Troubleshooting

€ Connect a brake resistor.

€ Extend the ramp time.

€ Change the ramp type.

€ Activate the functions in parameter 2-10 Brake
Function.

€ Increase parameter 14-26 Trip Delay at Inverter
Fault.

WARNING/ALARM 8, DC under voltage
If the DC-link voltage drops below the undervoltage limit,
the frequency converter checks if a 24 V DC back-up
supply is connected. If no 24 V DC back-up supply is
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connected, the frequency converter trips after a �xed time
delay. The time delay varies with unit size.

Troubleshooting

€ Check that the supply voltage matches the
frequency converter voltage.

€ Perform an input voltage test.

€ Perform a soft charge circuit test.

WARNING/ALARM 9, Inverter overload
The frequency converter is about to cut out because of an
overload (too high current for too long). The counter for
electronic thermal inverter protection issues a warning at
98% and trips at 100%, while issuing an alarm. The
frequency converter cannot be reset until the counter is
below 90%.

Troubleshooting

€ Compare the output current shown on the LCP
with the frequency converter rated current.

€ Compare the output current shown on the LCP
with measured motor current.

€ Show the thermal load on the LCP and monitor
the value. When running above the frequency
converter continuous current rating, the counter
should increase. When running below the
frequency converter continuous current rating,
the counter should decrease.

WARNING/ALARM 10, Motor overload temperature
According to the electronic thermal protection (ETR), the
motor is too hot. Select whether the frequency converter
issues a warning or an alarm when the counter reaches
100% in parameter 1-90 Motor Thermal Protection. The fault
occurs when the motor overload exceeds 100% for too
long.

Troubleshooting

€ Check for motor overheating.

€ Check if the motor is mechanically overloaded.

€ Check that the motor current set in
parameter 1-24 Motor Current is correct.

€ Ensure the motor data in parameters 1-20
through 1-25 is set correctly.

€ If an external fan is used, check that it is selected
in parameter 1-91 Motor External Fan.

€ Running AMA in parameter 1-29 Automatic Motor
Adaptation (AMA) tunes the frequency converter
to the motor more accurately and reduces
thermal loading. 

WARNING/ALARM 11, Motor thermistor overtemp
The thermistor may be disconnected. Select whether the
frequency converter issues a warning or an alarm in
parameter 1-90 Motor Thermal Protection.

Troubleshooting

€ Check for motor overheating.

€ Check if the motor is mechanically overloaded.

€ Check that the thermistor is connected correctly
between either terminal 53 or 54 (analog voltage
input) and terminal 50 (+10 V supply) and that
the terminal switch for 53 or 54 is set for voltage.
Check parameter 1-93 Thermistor Source selects
terminal 53 or 54.

€ When using digital inputs 18 or 19, check that
the thermistor is connected correctly between
either terminal 18 or 19 (digital input PNP only)
and terminal 50.

€ If a KTY sensor is used, check for correct
connection between terminals 54 and 55.

€ If using a thermal switch or thermistor, check that
the programming if parameter 1-93 Thermistor
Source matches sensor wiring.

WARNING/ALARM 12, Torque limit
The torque has exceeded the value in
parameter 4-16 Torque Limit Motor Mode or the value in
parameter 4-17 Torque Limit Generator Mode.
Parameter 14-25 Trip Delay at Torque Limit can change this
from a warning-only condition to a warning followed by an
alarm.

Troubleshooting

€ If the motor torque limit is exceeded during
ramp-up, extend the ramp-up time.

€ If the generator torque limit is exceeded during
ramp down, extend the ramp-down time.

€ If torque limit occurs while running, possibly
increase the torque limit. Be sure that the system
can operate safely at a higher torque.

€ Check the application for excessive current draw
on the motor.

WARNING/ALARM 13, Over current
The inverter peak current limit (approximately 200% of the
rated current) is exceeded. The warning lasts about 1.5 s,
then the frequency converter trips and issues an alarm.
Shock loading or fast acceleration with high-inertia loads
can cause this fault. If extended mechanical brake control
is selected, the trip can be reset externally.

Troubleshooting

€ Remove power and check if the motor shaft can
be turned.

€ Check that the motor size matches the frequency
converter.

€ Check parameters 1-20 to 1-25 for correct motor
data.
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ALARM 14, Earth (ground) fault
There is current from the output phases to ground, either
in the cable between the frequency converter and the
motor, or in the motor itself.

Troubleshooting

€ Remove power from the frequency converter and
repair the ground fault.

€ Check for ground faults in the motor by
measuring the resistance to ground of the motor
cables and the motor with a megohmmeter.

€ Perform current sensor test.

ALARM 15, Hardware mismatch
A �tted option is not operational with the present control
board hardware or software.

Record the value of the following parameters and contact
the local Danfoss supplier:

€ Parameter 15-40 FC Type.

€ Parameter 15-41 Power Section.

€ Parameter 15-42 Voltage.

€ Parameter 15-43 Software Version.

€ Parameter 15-45 Actual Typecode String.

€ Parameter 15-49 SW ID Control Card.

€ Parameter 15-50 SW ID Power Card.

€ Parameter 15-60 Option Mounted.

€ Parameter 15-61 Option SW Version (for each
option slot).

ALARM 16, Short circuit
There is short-circuiting in the motor or motor wiring.

Troubleshooting

€ Remove power from the frequency converter and
repair the short circuit.

WARNING/ALARM 17, Control word timeout
There is no communication to the frequency converter.
The warning is only active when parameter 8-04 Control
Timeout Function is NOT set to [0] O�.
If parameter 8-04 Control Timeout Function is set to [5] Stop
and trip, a warning appears and the frequency converter
ramps down until it trips, then it shows an alarm.

Troubleshooting

€ Check the connections on the serial communi-
cation cable.

€ Increase parameter 8-03 Control Timeout Time.

€ Check the operation of the communication
equipment.

€ Verify a proper installation based on EMC
requirements.

WARNING/ALARM 22, Hoist mechanical brake
When this warning is active, the LCP shows the type of
issue.
0 = The torque ref. was not reached before timeout.
1 = There was no brake feedback before timeout.

WARNING 23, Internal fan fault
The fan warning function is an extra protective function
that checks if the fan is running/mounted. The fan warning
can be disabled in parameter 14-53 Fan Monitor ([0]
Disabled).

Troubleshooting

€ Check the fan resistance.

€ Check the soft charge fuses.

WARNING 24, External fan fault
The fan warning function is an extra protective function
that checks if the fan is running/mounted. The fan warning
can be disabled in parameter 14-53 Fan Monitor ([0]
Disabled).

Troubleshooting

€ Check the fan resistance.

€ Check the soft charge fuses.

WARNING 25, Brake resistor short circuit
The brake resistor is monitored during operation. If a short
circuit occurs, the brake function is disabled and the
warning appears. The frequency converter is still
operational but without the brake function. Remove power
from the frequency converter and replace the brake
resistor (see parameter 2-15 Brake Check).

WARNING/ALARM 26, Brake resistor power limit
The power transmitted to the brake resistor is calculated as
a mean value over the last 120 s of run time. The
calculation is based on the DC-link voltage and the brake
resistance value set in parameter 2-16 AC brake Max.
Current. The warning is active when the dissipated braking
is higher than 90% of the brake resistance power. If [2] Trip
is selected in parameter 2-13 Brake Power Monitoring, the
frequency converter trips when the dissipated braking
power reaches 100%.

WARNING/ALARM 27, Brake chopper fault
The brake transistor is monitored during operation. If a
short circuit occurs, the brake function is disabled and a
warning is issued. The frequency converter is still
operational, but since the brake transistor has short-
circuited, substantial power is transmitted to the brake
resistor, even if it is inactive.
Remove power from the frequency converter and remove
the brake resistor.

This alarm/warning could also occur if the brake resistor
overheats. Terminals 104 and 106 are available as brake
resistor Klixon inputs, see Brake Resistor Temperature Switch
in the design guide.

WARNING/ALARM 28, Brake check failed
The brake resistor is not connected or not working.
Check parameter 2-15 Brake Check.
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ALARM 29, Heat Sink temp
The maximum temperature of the heat sink has been
exceeded. The temperature fault does not reset until the
temperature drops below a de�ned heatsink temperature.
The trip and reset points vary based on the frequency
converter power size.

Troubleshooting
Check for the following conditions:

€ Ambient temperature too high.

€ Motor cable too long.

€ Incorrect air�ow clearance above and below the
frequency converter.

€ Blocked air�ow around the frequency converter.

€ Damaged heat sink fan.

€ Dirty heat sink.

This alarm is based on the temperature measured by the
heat sink sensor mounted inside the IGBT modules.

Troubleshooting

€ Check the fan resistance.

€ Check the soft charge fuses.

€ Check the IGBT thermal sensor.

ALARM 30, Motor phase U missing
Motor phase U between the frequency converter and the
motor is missing.

Troubleshooting

€ Remove power from the frequency converter and
check motor phase U.

ALARM 31, Motor phase V missing
Motor phase V between the frequency converter and the
motor is missing.

Troubleshooting

€ Remove power from the frequency converter and
check motor phase V.

ALARM 32, Motor phase W missing
Motor phase W between the frequency converter and the
motor is missing.

Troubleshooting

€ Remove power from the frequency converter and
check motor phase W.

ALARM 33, Inrush fault
Too many power-ups have occurred within a short time
period. Let the unit cool to operating temperature.

WARNING/ALARM 34, Fieldbus communication fault
The �eldbus on the communication option card is not
working.

WARNING/ALARM 36, Mains failure
This warning/alarm is only active if the supply voltage to
the frequency converter is lost and parameter 14-10 Mains
Failure is NOT set to [0] No Function.

Troubleshooting

€ Check the fuses to the frequency converter and
mains power supply to the unit.

ALARM 38, Internal fault
When an internal fault occurs, a code number de�ned in
Table 7.4 is shown.

Troubleshooting

€ Cycle power.

€ Check that the option is properly installed.

€ Check for loose or missing wiring.

Contact the Danfoss supplier or Danfoss service if
necessary. Note the code number for further trouble-
shooting directions.

Number Text

0 The serial port cannot be initialized. Contact the

Danfoss supplier or Danfoss Service.

256…258 Power EEPROM data is defective or too old.

512 The control board EEPROM data is defective or too

old.

513 Communication timeout reading EEPROM data.

514 Communication timeout reading EEPROM data.

515 Application-oriented control cannot recognize the

EEPROM data.

516 Cannot write to the EEPROM because a write

command is in progress.

517 Write command is under timeout.

518 Failure in the EEPROM.

519 Missing or invalid barcode data in EEPROM.

783 Parameter value outside of minimum/maximum

limits.

1024…1279 Sending a CAN telegram failed.

1281 Digital signal processor �ash timeout.

1282 Power micro software version mismatch.

1283 Power EEPROM data version mismatch.

1284 Cannot read digital signal processor software

version.

1299 The option SW in slot A is too old.

1300 The option SW in slot B is too old.

1301 The option SW in slot C0 is too old.

1302 The option SW in slot C1 is too old.

1315 The option SW in slot A is not supported (not

allowed).

1316 The option SW in slot B is not supported (not

allowed).

1317 The option SW in slot C0 is not supported (not

allowed).

1318 The option SW in slot C1 is not supported (not

allowed).

1379 The option A did not respond when calculating

the platform version.

1380 The option B did not respond when calculating

the platform version.
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Number Text

1381 The option C0 did not respond when calculating

the platform version.

1382 The option C1 did not respond when calculating

the platform version.

1536 An exception in the application-oriented control is

registered. Debug information written in LCP.

1792 The DSP watchdog is active. Debugging of power

part data, motor-oriented control data not

transferred correctly.

2049 Power data restarted.

2064…2072 H081x: Option in slot x restarted.

2080…2088 H082x: Option in slot x issued a power-up wait.

2096…2104 H983x: Option in slot x issued a legal power-up

wait.

2304 Could not read any data from power EEPROM.

2305 Missing SW version from power unit.

2314 Missing power unit data from power unit.

2315 Missing SW version from power unit.

2316 Missing lo_statepage from power unit.

2324 The power card con�guration is determined to be

incorrect at power-up.

2325 A power card has stopped communicating while

main power is applied.

2326 The power card con�guration is determined to be

incorrect after the delay for power cards to

register.

2327 Too many power card locations are registered as

present.

2330 Power size information between the power cards

does not match.

2561 No communication from DSP to ATACD.

2562 No communication from ATACD to DSP (state

running).

2816 Stack over�ow control board module.

2817 Scheduler slow tasks.

2818 Fast tasks.

2819 Parameter thread.

2820 LCP stack over�ow.

2821 Serial port over�ow.

2822 USB port over�ow.

2836 cfListMempool too small.

3072…5122 Parameter value is outside its limits.

5123 Option in slot A: Hardware incompatible with

control board hardware.

5124 Option in slot B: Hardware incompatible with

control board hardware.

5125 Option in slot C0: Hardware incompatible with

control board hardware.

5126 Option in slot C1: Hardware incompatible with

control board hardware.

5376…6231 Out of memory.

Table 7.4 Code Numbers for Internal Faults

ALARM 39, Heat sink sensor
No feedback from the heat sink temperature sensor.

The signal from the IGBT thermal sensor is not available on
the power card. The problem could be in the power card,
in the gatedrive card, or the ribbon cable between the
power card and the gatedrive card.

WARNING 40, Overload of digital output terminal 27
Check the load connected to terminal 27 or remove the
short circuit connection. Check parameter 5-00 Digital I/O
Mode and parameter 5-01 Terminal 27 Mode.

WARNING 41, Overload of digital output terminal 29
Check the load connected to terminal 29 or remove the
short circuit connection. Check parameter 5-00 Digital I/O
Mode and parameter 5-02 Terminal 29 Mode.

WARNING 42, Overload of digital output on X30/6 or
overload of digital output on X30/7
For X30/6, check the load connected to X30/6 or remove
the short circuit connection. Check parameter 5-32 Term
X30/6 Digi Out (MCB 101).

For X30/7, check the load connected to X30/7 or remove
the short circuit connection. Check parameter 5-33 Term
X30/7 Digi Out (MCB 101).

ALARM 46, Power card supply
The supply on the power card is out of range.

There are 3 supplies powered by the switch mode power
supply (SMPS) on the power card: 24 V, 5 V, �s18 V. When

powered with 24 V DC with the VLT�p 24V DC Supply MCB
107 option, only the 24 V and 5 V supplies are monitored.
When powered with 3-phase mains voltage, all 3 supplies
are monitored.

WARNING 47, 24 V supply low
The 24 V DC supply is measured on the control card. The
external 24 V DC back-up supply may be overloaded,
otherwise contact the Danfoss supplier.

WARNING 48, 1.8 V supply low
The 1.8 V DC supply used on the control card is outside of
the allowable limits. The supply is measured on the control
card. Check for a defective control card. If an option card is
present, check for an overvoltage condition.

WARNING 49, Speed limit
When the speed is not within the speci�ed range in
parameter 4-11 Motor Speed Low Limit [RPM] and
parameter 4-13 Motor Speed High Limit [RPM], the frequency
converter shows a warning. When the speed is below the
speci�ed limit in parameter 1-86 Trip Speed Low [RPM]
(except when starting or stopping) the frequency converter
trips.

ALARM 50, AMA calibration failed
Contact the Danfoss supplier or Danfoss Service.

ALARM 51, AMA check Unom and Inom

The settings for motor voltage, motor current, and motor
power are wrong. Check the settings in parameters 1-20 to
1-25.
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ALARM 52, AMA low Inom

The motor current is too low. Check the settings.

ALARM 53, AMA motor too big
The motor is too big for the AMA to operate.

ALARM 54, AMA motor too small
The motor is too small for the AMA to operate.

ALARM 55, AMA parameter out of range
The parameter values of the motor are outside of the
acceptable range. AMA does not run.

ALARM 56, AMA interrupted by user
The user has interrupted the AMA.

ALARM 57, AMA internal fault
Try to restart AMA several times, until the AMA is carried
out. Repeated runs may heat the motor to a level where
the resistance Rs and Rr are increased. Usually this is not
critical.

ALARM 58, AMA Internal fault
Contact the Danfoss supplier.

WARNING 59, Current limit
The current is higher than the value in
parameter 4-18 Current Limit. Ensure that motor data in
parameters 1-20 to 1-25 are set correctly. Possibly increase
the current limit. Be sure that the system can operate
safely at a higher limit.

WARNING 60, External interlock
External interlock has been activated. To resume normal
operation:

1. Apply 24 V DC to the terminal programmed for
external interlock.

2. Reset the frequency converter via

2a Serial communication.

2b Digital I/O.

2c The [Reset] key.

WARNING 62, Output frequency at maximum limit
The output frequency is higher than the value set in
parameter 4-19 Max Output Frequency.

WARNING 64, Voltage Limit
The load and speed combination demands a motor
voltage higher than the actual DC-link voltage.

WARNING/ALARM 65, Control card over temperature
The control card has reached its trip temperature of 75 �rC
(167 �rF).

WARNING 66, Heat sink temperature low
The frequency converter is too cold to operate. This
warning is based on the temperature sensor in the IGBT
module. Also, a trickle amount of current can be supplied
to the frequency converter whenever the motor is stopped
by setting parameter 2-00 DC Hold/Preheat Current at 5%
and parameter 1-80 Function at Stop.

Troubleshooting

€ Check the temperature sensor.

€ Check the sensor wire between the IGBT and the
gatedrive card.

ALARM 67, Option module con�guration has changed
One or more options have either been added or removed
since the last power-down. Check that the con�guration
change is intentional and reset the unit.

ALARM 68, Safe Stop activated
STO is activated.

Troubleshooting

€ To resume normal operation, apply 24 V DC to
terminal 37, then send a reset signal (via bus,
digital I/O, or by pressing [Reset]).

ALARM 69, Power card temperature
The temperature sensor on the power card is either too
hot or too cold.

Troubleshooting

€ Check the operation of the door fans.

€ Check that the �lters for the door fans are not
blocked.

€ Check that the gland plate is properly installed
on IP21/IP54 (NEMA 1/12) frequency converters.

ALARM 70, Illegal FC con�guration
The control card and power card are incompatible.

Troubleshooting

€ Contact the supplier with the type code of the
unit from the nameplate and the part numbers of
the cards to check compatibility.

ALARM 71, PTC 1 safe stop

Safe Torque O� is activated from the VLT�p PTC Thermistor
Card MCB 112 (motor too warm). Normal operation can be
resumed when the MCB 112 applies 24 V DC to T37 again
(when the motor temperature reaches an acceptable level)
and when the digital input from the MCB 112 is
deactivated. When that happens, a reset signal must be is
be sent (via bus, digital I/O, or by pressing [Reset]).

NOTICE
If automatic restart is enabled, the motor may start
when the fault is cleared.

ALARM 72, Dangerous failure
Safe Torque O� (STO) with trip lock. Unexpected signal
levels on Safe Torque O� (STO) and digital input from the

VLT�p PTC Thermistor Card MCB 112.

WARNING 73, Safe Stop auto restart
Safe Torque O� (STO). With automatic restart enabled, the
motor can start when the fault is cleared.
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WARNING 76, Power unit setup
The required number of power units does not match the
detected number of active power units. When replacing an
enclosure size F module, this warning occurs if the power-
speci�c data in the module power card does not match
the rest of the frequency converter. If the power card
connection is lost, the unit also triggers this warning.

Troubleshooting

€ Con�rm that the spare part and its power card
are the correct part number.

€ Ensure that the 44-pin cables between the MDCIC
and power cards are mounted properly.

WARNING 77, Reduced power mode
This warning indicates that the frequency converter is
operating in reduced power mode (that is, less than the
allowed number of inverter sections). This warning is
generated on power cycle when the frequency converter is
set to run with fewer inverters and remains on.

ALARM 79, Illegal power section con�guration
The scaling card is the incorrect part number or not
installed. Also, the MK102 connector on the power card
could not be installed.

ALARM 80, Drive initialised to default value
Parameter settings are initialized to default settings after a
manual reset.

Troubleshooting

€ Reset the unit to clear the alarm.

ALARM 81, CSIV corrupt
CSIV (Customer-speci�c initialization values) �le has syntax
errors.

ALARM 82, CSIV parameter error
CSIV (Customer-speci�c initialization values) failed to
initialize a parameter.

ALARM 85, Dang fail PB
PROFIBUS/PROFIsafe error.

ALARM 92, No �ow
A no-�ow condition is detected in the system.
Parameter 22-23 No-Flow Function is set for alarm.

Troubleshooting

€ Troubleshoot the system and reset the frequency
converter after clearing the fault.

ALARM 93, Dry pump
A no-�ow condition in the system with the frequency
converter operating at high speed can indicate a dry
pump. Parameter 22-26 Dry Pump Function is set for alarm.

Troubleshooting

€ Troubleshoot the system and reset the frequency
converter after clearing the fault.

ALARM 94, End of curve
The feedback is lower than the setpoint. This condition can
indicate leakage in the system. Parameter 22-50 End of
Curve Function is set for alarm.

Troubleshooting

€ Troubleshoot the system and reset the frequency
converter after clearing the fault.

ALARM 95, Broken belt
Torque is below the torque level set for no load, indicating
a broken belt. Parameter 22-60 Broken Belt Function is set
for alarm.

Troubleshooting

€ Troubleshoot the system and reset the frequency
converter after clearing the fault.

ALARM 100, Derag limit fault
The Deragging feature failed during execution. Check the
pump impeller for blockage.

WARNING/ALARM 104, Mixing fan fault
The fan monitor checks that the fan is spinning at
frequency converter power-up or whenever the mixing fan
is turned on. If the fan is not operating, the fault is issued.
The mixing-fan fault can be con�gured as a warning or an
alarm trip by parameter 14-53 Fan Monitor.

Troubleshooting

€ Cycle power to the frequency converter to
determine if the warning/alarm returns.

WARNING 250, New spare part
A component in the frequency converter has been
replaced. To resume normal operation, reset the frequency
converter.

WARNING 251, New typecode
The power card or other components have been replaced
and the type code changed.

Troubleshooting

€ Reset to remove the warning and resume normal
operation.
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7.5 Troubleshooting

Symptom Possible cause Test Solution

Display

dark/No

function

Missing input power. See Table 4.3. Check the input power source.

Missing or open fuses, or circuit

breaker tripped.

See Open fuses and tripped circuit breaker in

this table for possible causes.

Follow the recommendations provided.

No power to the LCP. Check the LCP cable for proper connection

or damage.

Replace the faulty LCP or connection cable.

Shortcut on control voltage

(terminal 12 or 50) or at control

terminals.

Check the 24 V control voltage supply for

terminals 12/13 to 20-39 or 10 V supply for

terminals 50…55.

Wire the terminals properly.

Incompatible LCP (LCP from

VLT�p 2800 or 5000/6000/8000/

FCD or FCM).

…

Use only LCP 101 (P/N 130B1124) or LCP

102 (P/N 130B1107).

Wrong contrast setting.
…

Press [Status] + [�£]/[�] to adjust the

contrast.

Display (LCP) is defective. Test using a di�erent LCP. Replace the faulty LCP or connection cable.

Internal voltage supply fault or

SMPS is defective.
…

Contact supplier.

Intermittent

display

Overloaded supply (SMPS) due

to improper control wiring or a

fault within the frequency

converter.

To rule out a problem in the control wiring,

disconnect all control wiring by removing

the terminal blocks.

If the display stays lit, the problem is in

the control wiring. Check the wiring for

short circuits or incorrect connections. If

the display continues to cut out, follow the

procedure for display dark.

Motor not

running

Service switch is open or

missing motor connection.

Check if the motor is connected and the

connection is not interrupted (by a service

switch or other device).

Connect the motor and check the service

switch.

No mains power with 24 V DC

option card.

If the display is functioning but no output,

check that mains power is applied to the

frequency converter.

Apply mains power to run the unit.

LCP stop. Check if [O�] has been pressed. Press [Auto On] or [Hand On] (depending

on operating mode) to run the motor.

Missing start signal (Standby). Check parameter 5-10 Terminal 18 Digital

Input for correct setting for terminal 18 (use

default setting).

Apply a valid start signal to start the

motor.

Motor coast signal active

(Coasting).

Check parameter 5-12 Terminal 27 Digital

Input for correct setting for terminal 27 (use

default setting).

Apply 24 V on terminal 27 or program this

terminal to No operation.

Wrong reference signal source. Check the following:

€ Reference signal: Local, remote, or bus

reference.

€ Preset reference.

€ Terminal connection.

€ Scaling of terminals.

€ Reference signal availability.

Program the correct settings. Check

parameter 3-13 Reference Site. Set preset

reference active in parameter group 3-1*

References.

Motor running

in wrong

direction

Motor rotation limit. Check that parameter 4-10 Motor Speed

Direction is programmed correctly.

Program the correct settings.

Active reversing signal. Check if a reversing command is

programmed for the terminal in parameter

group 5-1* Digital inputs.

Deactivate reversing signal.

Wrong motor phase

connection.
…

See chapter 5.5 Checking Motor Rotation.
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Symptom Possible cause Test Solution

Motor is not

reaching

maximum

speed

Frequency limits are set

incorrectly.

Check the output limits in

parameter 4-13 Motor Speed High Limit

[RPM], parameter 4-14 Motor Speed High

Limit [Hz] and parameter 4-19 Max Output

Frequency.

Program the correct limits.

Reference input signal is not

scaled correctly.

Check the reference input signal scaling in

parameter group 6-0* Analog I/O Mode and

parameter group 3-1* References. Check the

reference limits in parameter group 3-0*

Reference Limit.

Program the correct settings.

Motor speed

unstable

Possible incorrect parameter

settings.

Check the settings of all motor parameters,

including all motor compensation settings.

For closed-loop operation, check the PID

settings.

Check the settings in parameter group 1-6*

Load Depen. Setting. For closed-loop

operation, check the settings in parameter

group 20-0* Feedback.

Motor runs

rough

Possible overmagnetization. Check for incorrect motor settings in all

motor parameters.

Check the motor settings in parameter

groups 1-2* Motor Data, 1-3* Adv Motor

Data, and 1-5* Load Indep. Setting.

Motor does

not brake

Possible incorrect settings in

the brake parameters. Possible

too short ramp-down times.

Check the brake parameters. Check the

ramp time settings.

Check parameter groups 2-0* DC Brake and

3-0* Reference Limits.

Open power

fuses or circuit

breaker trip

Phase-to-phase short circuit. The motor or panel has a short phase-to-

phase. Check the motor and panel phase

for short circuits.

Eliminate any short circuits detected.

Motor overload. Motor is overloaded for the application. Perform a start-up test and verify that the

motor current is within the speci�cations. If

the motor current exceeds the nameplate

full load current, the motor may run only

with reduced load. Review the speci�-

cations for the application.

Loose connections. Perform a pre-startup check for loose

connections.

Tighten any loose connections.

Mains current

imbalance

>3%

Problem with the mains power

(See alarm 4, Mains phase loss

description).

Rotate input power leads into the

frequency converter 1 position: A to B, B to

C, C to A.

If imbalanced leg follows the wire, it is a

power problem. Check the mains supply.

Problem with the frequency

converter.

Rotate input power leads into the

frequency converter 1 position: A to B, B to

C, C to A.

If imbalance leg stays on the same input

terminal, it is a problem with the unit.

Contact the supplier.

Motor current

imbalance

>3%

Problem with the motor or

motor wiring.

Rotate output motor cables 1 position: U to

V, V to W, W to U.

If imbalanced leg follows the wire, the

problem is in the motor or motor wiring.

Check the motor and motor wiring.

Problem with the frequency

converter.

Rotate output motor cables 1 position: U to

V, V to W, W to U.

If imbalance leg stays on same output

terminal, it is a problem with the

frequency converter. Contact the Danfoss

supplier.

Frequency

converter

acceleration

problems

Motor data was entered

incorrectly.

If warnings or alarms occur, see 

chapter 7.4 List of Warnings and Alarms.

Check that motor data is entered correctly.

Increase the ramp-up time in

parameter 3-41 Ramp 1 Ramp Up Time.

Increase the current limit in

parameter 4-18 Current Limit. Increase the

torque limit in parameter 4-16 Torque Limit

Motor Mode. 

Frequency

converter

deceleration

problems

Motor data was entered

incorrectly.

If warnings or alarms occur, see 

chapter 7.4 List of Warnings and Alarms.

Check that motor data is entered correctly.

Increase the ramp-down time in

parameter 3-42 Ramp 1 Ramp Down Time.

Enable overvoltage control in

parameter 2-17 Over-voltage Control.
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Symptom Possible cause Test Solution

Acoustic noise

or vibration

Resonances. Bypass critical frequencies by using

parameters in parameter group 4-6* Speed

Bypass.

Check if noise and/or vibration have been

reduced to an acceptable limit.

Turn o� overmodulation in

parameter 14-03 Overmodulation.

Change the switching pattern and

frequency in parameter group 14-0* Inverter

Switching.

Increase resonance dampening in

parameter 1-64 Resonance Damping.

Table 7.5 Troubleshooting
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8 Speci�cations

8.1 Electrical Data

8.1.1 Mains Supply 1x200…240 V AC

Type designation P1K1 P1K5 P2K2 P3K0 P3K7 P5K5 P7K5 P15K P22K

Typical shaft output [kW] 1.1 1.5 2.2 3.0 3.7 5.5 7.5 15 22

Typical shaft output at 240 V [hp] 1.5 2.0 2.9 4.0 4.9 7.5 10 20 30

Protection rating IP20/Chassis A3 … … … … … … … …

Protection rating IP21/Type 1 … B1 B1 B1 B1 B1 B2 C1 C2

Protection rating IP55/Type 12 A5 B1 B1 B1 B1 B1 B2 C1 C2

Protection rating IP66/NEMA 4X A5 B1 B1 B1 B1 B1 B2 C1 C2

Output current

Continuous (3x200…240 V) [A] 6.6 7.5 10.6 12.5 16.7 24.2 30.8 59.4 88

Intermittent (3x200…240 V) [A] 7.3 8.3 11.7 13.8 18.4 26.6 33.4 65.3 96.8

Continuous kVA at 208 V [kVA] 2.4 2.7 3.8 4.5 6.0 8.7 11.1 21.4 31.7

Maximum input current

Continuous (1x200…240 V) [A] 12.5 15 20.5 24 32 46 59 111 172

Intermittent (1x200…240 V) [A] 13.8 16.5 22.6 26.4 35.2 50.6 64.9 122.1 189.2

Maximum pre-fuses [A] 20 30 40 40 60 80 100 150 200

Additional speci�cations

Maximum cable cross-section (mains, motor, brake)

[mm2 (AWG)]
0.2…4 (4…10) 10 (7) 35 (2) 50 (1/0) 95 (4/0)

Maximum cable cross-section for mains with

disconnect switch [mm2 (AWG)]

5.26

(10)
16 (6) 16 (6) 16 (6) 16 (6) 16 (6) 25 (3) 50 (1/0)

2 x 50 (2

x 1/0)9) 10)

Maximum cable cross-section for mains without

disconnect switch [mm2 (AWG)]

5.26

(10)
16 (6) 16 (6) 16 (6) 16 (6) 16 (6) 25 (3) 50 (1/0) 95 (4/0)

Cable insulation temperature rating [�rC (�rF)] 75

(167)

75

(167)

75

(167)

75

(167)

75

(167)
75 (167) 75 (167) 75 (167) 75 (167)

Estimated power loss3) at rated maximum load [W]4) 44 30 44 60 74 110 150 300 440

E�ciency 5) 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

Table 8.1 Mains Supply 1x200…240 V AC, Normal Overload 110% for 1 Minute, P1K1…P22K
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8.1.2 Mains Supply 3x200…240 V AC

Type designation PK25 PK37 PK55 PK75

High/normal overload1) HO NO HO NO HO NO HO NO

Typical shaft output [kW] 0.25 0.37 0.55 0.75

Typical shaft output at 208 V [hp] 0.34 0.5 0.75 1

Protection rating IP20/Chassis6)

Protection rating IP21/Type 1
A2 A2 A2 A2

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
A4/A5 A4/A5 A4/A5 A4/A5

Output current

Continuous (3x200…240 V) [A] 1.8 2.4 3.5 4.6

Intermittent (3x200…240 V) [A] 2.7 2.0 3.6 2.6 5.3 3.9 6.9 5.1

Continuous kVA at 208 V [kVA] 0.65 0.86 1.26 1.66

Maximum input current

Continuous (3x200…240 V) [A] 1.6 2.2 3.2 4.1

Intermittent (3x200…240 V) [A] 2.4 1.8 3.3 2.4 4.8 3.5 6.2 4.5

Maximum pre-fuses [A] 10 10 10 10

Additional speci�cations

Maximum cable cross-section2) for mains, motor, brake,

and load sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

(minimum 0.2 (24))

Maximum cable cross-section2) for mains disconnect

[mm2 (AWG)]
6, 4, 4 (10, 12, 12)

Estimated power loss3) at rated maximum load [W (hp)]4) 21 (0.03) 29 (0.04) 42 (0.06) 54 (0.07)

E�ciency 5) 0.94 0.94 0.95 0.95

Table 8.2 Mains Supply 3x200…240 V AC, PK25…PK75

Type designation P1K1 P1K5 P2K2 P3K0 P3K7

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 1.1 1.5 2.2 3.0 3.7

Typical shaft output at 208 V [hp] 1.5 2 3 4 5

Protection rating IP20/Chassis6)

Protection rating IP21/Type 1
A2 A2 A2 A3 A3

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
A4/A5 A4/A5 A4/A5 A5 A5

Output current

Continuous (3x200…240 V) [A] 6.6 7.5 10.6 12.5 16.7

Intermittent (3x200…240 V) [A] 9.9 7.3 11.3 8.3 15.9 11.7 18.8 13.8 25 18.4

Continuous kVA at 208 V [kVA] 2.38 2.70 3.82 4.50 6.00

Maximum input current

Continuous (3x200…240 V) [A] 5.9 6.8 9.5 11.3 15.0

Intermittent (3x200…240 V) [A] 8.9 6.5 10.2 7.5 14.3 10.5 17.0 12.4 22.5 16.5

Maximum pre-fuses [A] 20 20 20 32 32

Additional speci�cations

Maximum cable cross-section2) for mains, motor,

brake, and load sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

(minimum 0.2 (24))

Maximum cable cross-section2) for mains disconnect

[mm2] [(AWG)]
6, 4, 4 (10, 12, 12)

Estimated power loss3) at rated maximum load [W

(hp)]4)
63 (0.09) 82 (0.11) 116 (0.16) 155 (0.21) 185 (0.25)

E�ciency 5) 0.96 0.96 0.96 0.96 0.96

Table 8.3 Mains Supply 3x200…240 V AC, P1K1…P3K7

Speci�cations VLT�p�p AQUA Drive FC 202
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Type designation P5K5 P7K5 P11K P15K

High/normal overload1) HO NO HO NO HO NO HO NO

Typical shaft output [kW] 3.7 5.5 5.5 7.5 7.5 11 11 15

Typical shaft output at 208 V [hp] 5.0 7.5 7.5 10 10 15 15 20

IP20/Chassis7) B3 B3 B3 B4

Protection rating IP21/Type 1

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X

B1 B1 B1 B2

Output current

Continuous (3x200…240 V) [A] 16.7 24.2 24.2 30.8 30.8 46.2 46.2 59.4

Intermittent (3x200…240 V) [A] 26.7 26.6 38.7 33.9 49.3 50.8 73.9 65.3

Continuous kVA at 208 V [kVA] 6.0 8.7 8.7 11.1 11.1 16.6 16.6 21.4

Maximum input current

Continuous (3x200…240 V) [A] 15.0 22.0 22.0 28.0 28.0 42.0 42.0 54.0

Intermittent (3x200…240 V) [A] 24.0 24.2 35.2 30.8 44.8 46.2 67.2 59.4

Maximum pre-fuses [A] 63 63 63 80

Additional speci�cations

IP20 maximum cable cross-section2) for mains, brake,

motor, and load sharing [mm2 (AWG)]
10, 10, … (8, 8, …) 10, 10, … (8, 8, …) 10, 10, … (8, 8, …) 35, …, … (2, …, …)

Protection rating IP21 maximum cable cross-section2)

for mains, brake, and load sharing [mm2 (AWG)]
16, 10, 16 (6, 8, 6) 16, 10, 16 (6, 8, 6) 16, 10, 16 (6, 8, 6) 35, …, … (2, …, …)

Protection rating IP21 maximum cable cross-section2)

for motor

[mm2 (AWG)]

10, 10, … (8, 8, …) 10, 10, … (8, 8, …) 10, 10, … (8, 8, …) 35, 25, 25 (2, 4, 4)

Maximum cable cross-section2) for mains disconnect

[mm2 (AWG)]
16, 10, 10 (6, 8, 8) 35 (2)

Estimated power loss3) at rated maximum load [W

(hp)]4)
239 (0.33) 310 (0.42)

239

(0.33)

310

(0.42)

371

(0.51)
514 (0.7)

463

(0.63)

602

(0.82)

E�ciency 5) 0.96 0.96 0.96 0.96

Table 8.4 Mains Supply 3x200…240 V AC, P5K5…P15K
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Type designation P18K P22K P30K P37K P45K

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 15 18.5 18.5 22 22 30 30 37 37 45

Typical shaft output at 208 V [hp] 20 25 25 30 30 40 40 50 50 60

Protection rating IP20/Chassis7) B4 C3 C3 C4 C4

Protection rating IP21/Type 1

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X

C1 C1 C1 C2 C2

Output current

Continuous (3x200…240 V) [A] 59.4 74.8 74.8 88.0 88.0 115 115 143 143 170

Intermittent (3x200…240 V) [A] 89.1 82.3 112 96.8 132 127 173 157 215 187

Continuous kVA at 208 V [kVA] 21.4 26.9 26.9 31.7 31.7 41.4 41.4 51.5 51.5 61.2

Maximum input current

Continuous (3x200…240 V) [A] 54.0 68.0 68.0 80.0 80.0 104 104 130 130 154.0

Intermittent (3x200…240 V) [A] 81.0 74.8 102 88.0 120 114 156 143 195 169.0

Maximum pre-fuses [A] 125 125 160 200 250

Additional speci�cations

Protection rating IP20 maximum cable cross-

section for mains, brake, motor, and load

sharing

[mm2 (AWG)]

35 (2) 50 (1) 50 (1) 150 (300 MCM) 150 (300 MCM)

Protection ratings IP21, IP55, IP66 maximum

cable cross-section for mains and motor

[mm2 (AWG)]

50 (1) 50 (1) 50 (1) 150 (300 MCM) 150 (300 MCM)

Protection ratings IP21, IP55, IP66 maximum

cable cross-section for brake, and load

sharing [mm2 (AWG)]

50 (1) 50 (1) 50 (1) 95 (3/0) 95 (3/0)

Maximum cable cross-section2) for

disconnect [mm2 (AWG)]

50, 35, 35

(1, 2, 2)

95, 70, 70

(3/0, 2/0, 2/0)

185, 150, 120

(350 MCM, 300

MCM, 4/0)

Estimated power loss3) at rated maximum

load [W (hp)]4)

624

(0.85)
737 (1) 740 (1)

845

(1.2)

874

(1.2)

1140

(1.6)

1143

(1.6)

1353

(1.8)
1400 (1.9) 1636 (2.2)

E�ciency 5) 0.96 0.97 0.97 0.97 0.97

Table 8.5 Mains Supply 3x200…240 V AC, P18K…P45K

8.1.3 Mains Supply 1x380…480 V AC

Type designation P7K5 P11K P18K P37K

Typical shaft output [kW] 7.5 11 18.5 37

Typical shaft output at 240 V [hp] 10 15 25 50

Protection rating IP21/Type 1 B1 B2 C1 C2

Protection rating IP55/Type 12 B1 B2 C1 C2

Protection rating IP66/NEMA 4X B1 B2 C1 C2

Output current

Continuous (3x380…440 V) [A] 16 24 37.5 73

Intermittent (3x380…440 V) [A] 17.6 26.4 41.2 80.3

Continuous (3x441…480 V) [A] 14.5 21 34 65

Intermittent (3x441…480 V) [A] 15.4 23.1 37.4 71.5

Continuous kVA at 400 V [kVA] 11.0 16.6 26 50.6

Continuous kVA at 460 V [kVA] 11.6 16.7 27.1 51.8

Maximum input current

Continuous (1x380…440 V) [A] 33 48 78 151

Intermittent (1x380…440 V) [A] 36 53 85.5 166

Speci�cations VLT�p�p AQUA Drive FC 202
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Type designation P7K5 P11K P18K P37K

Continuous (1x441…480 V) [A] 30 41 72 135

Intermittent (1x441…480 V) [A] 33 46 79.2 148

Maximum pre-fuses [A] 63 80 160 250

Additional speci�cations

Maximum cable cross-section for mains, motor, and brake

[mm2] (AWG)]
10 (7) 35 (2) 50 (1/0) 120 (4/0)

Estimated power loss3) at rated maximum load [W (hp)]4) 300 (0.41) 440 (0.6) 740 (1) 1480 (2)

E�ciency 5) 0.96 0.96 0.96 0.96

Table 8.6 Mains Supply 1x380…480 V AC, Normal Overload 110% for 1 Minute, P7K5…P37K

8.1.4 Mains Supply 3x380…480 V AC

Type designation PK37 PK55 PK75 P1K1 P1K5

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 0.37 0.55 0.75 1.1 1.5

Typical shaft output at 460 V [hp] 0.5 0.75 1.0 1.5 2.0

Protection rating IP20/Chassis6) A2 A2 A2 A2 A2

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
A4/A5 A4/A5 A4/A5 A4/A5 A4/A5

Output current

Continuous (3x380…440 V) [A] 1.3 1.8 2.4 3.0 4.1

Intermittent (3x380…440 V) [A] 2.0 1.4 2.7 2.0 3.6 2.6 4.5 3.3 6.2 4.5

Continuous (3x441…480 V) [A] 1.2 1.6 2.1 2.7 3.4

Intermittent (3x441…480 V) [A] 1.8 1.3 2.4 1.8 3.2 2.3 4.1 3.0 5.1 3.7

Continuous kVA at 400 V [kVA] 0.9 1.3 1.7 2.1 2.8

Continuous kVA at 460 V [kVA] 0.9 1.3 1.7 2.4 2.7

Maximum input current

Continuous (3x380…440 V) [A] 1.2 1.6 2.2 2.7 3.7

Intermittent (3x380…440 V) [A] 1.8 1.3 2.4 1.8 3.3 2.4 4.1 3.0 5.6 4.1

Continuous (3x441…480 V) [A] 1.0 1.4 1.9 2.7 3.1

Intermittent (3x441…480 V) [A] 1.5 1.1 2.1 1.5 2.9 2.1 4.1 3.0 4.7 3.4

Maximum pre-fuses [A] 10 10 10 10 10

Additional speci�cations

Protection ratings IP20, IP21

maximum cable cross-section2) for

mains, motor, brake, and load

sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

(minimum 0.2 (24))

Protection ratings IP55, IP66

maximum cable cross-section2) for

mains, motor, brake, and load

sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

Maximum cable cross-section2) for

disconnect [mm2 (AWG)]
6, 4, 4 (10, 12, 12)

Estimated power loss3)

at rated maximum load [W (hp)]4)
35 (0.05) 42 (0.06) 46 (0.06) 58 (0.08) 62 (0.08)

E�ciency 5) 0.93 0.95 0.96 0.96 0.97

Table 8.7 Mains Supply 3x380…480 V AC, PK37…P1K5
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Type designation P2K2 P3K0 P4K0 P5K5 P7K5

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 2.2 3.0 4.0 5.5 7.5

Typical shaft output at 460 V [hp] 2.9 4.0 5.3 7.5 10

Protection rating IP20/Chassis6) A2 A2 A2 A3 A3

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
A4/A5 A4/A5 A4/A5 A5 A5

Output current

Continuous (3x380…440 V) [A] 5.6 7.2 10 13 16

Intermittent (3x380…440 V) [A] 8.4 6.2 10.8 7.9 15.0 11.0 19.5 14.3 24.0 17.6

Continuous (3x441…480 V) [A] 4.8 6.3 8.2 11 14.5

Intermittent (3x441…480 V) [A] 7.2 5.3 9.5 6.9 12.3 9.0 16.5 12.1 21.8 16.0

Continuous kVA at 400 V [kVA] 3.9 5.0 6.9 9.0 11.0

Continuous kVA at 460 V [kVA] 3.8 5.0 6.5 8.8 11.6

Maximum input current

Continuous (3x380…440 V) [A] 5.0 6.5 9.0 11.7 14.4

Intermittent (3x380…440 V) [A] 7.5 5.5 9.8 7.2 13.5 9.9 17.6 12.9 21.6 15.8

Continuous(3x441…480 V) [A] 4.3 5.7 7.4 9.9 13.0

Intermittent (3x441…480 V) [A] 6.5 4.7 8.6 6.3 11.1 8.1 14.9 10.9 19.5 14.3

Maximum pre-fuses [A] 20 20 20 30 30

Additional speci�cations

Protection ratings IP20, IP21

maximum cable cross-section2) for

mains, motor, brake, and load

sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

(minimum 0.2 (24))

Protection ratings IP55, IP66

maximum cable cross-section2) for

mains, motor, brake, and load

sharing [mm2 (AWG)]

4, 4, 4 (12, 12, 12)

Maximum cable cross-section2) for

disconnect [mm2 (AWG)]
6, 4, 4 (10, 12, 12)

Estimated power loss3)

at rated maximum load [W (hp)]4)
88 (0.12) 116 (0.16) 124 (0.17) 187 (0.25) 225 (0.31)

E�ciency 5) 0.97 0.97 0.97 0.97 0.97

Table 8.8 Mains Supply 3x380…480 V AC, P2K2…P7K5

Speci�cations VLT�p�p AQUA Drive FC 202
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Type designation P11K P15K P18K P22K P30K

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 7.5 11 11 15 15 18.5 22.0 22.0 22.0 30

Typical shaft output at 460 V [hp] 10 15 15 20 20 25 30 30 30 40

Protection rating IP20/Chassis7) B3 B3 B3 B4  B4

Protection rating IP21/Type 1 B1 B1 B1 B2 B2

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
B1 B1 B1 B2 B2

Output current

Continuous (3x380…440 V) [A] … 24 24 32 32 37.5 37.5 44 44 61

Intermittent (60 s overload)

(3x380…440 V) [A]
… 26.4 38.4 35.2 51.2 41.3 60 48.4 70.4 67.1

Continuous (3x441…480 V) [A] … 21 21 27 27 34 34 40 40 52

Intermittent (60 s overload)

(3x441…480 V) [A]
… 23.1 33.6 29.7 43.2 37.4 54.4 44 64 61.6

Continuous kVA at 400 V [kVA] … 16.6 16.6 22.2 22.2 26 26 30.5 30.5 42.3

Continuous kVA at 460 V [kVA] … 16.7 16.7 21.5 21.5 27.1 27.1 31.9 31.9 41.4

Maximum input current

Continuous (3x380…440 V) [A] … 22 22 29 29 34 34 40 40 55

Intermittent (60 s overload)

(3x380…440 V) [A]
… 24.2 35.2 31.9 46.4 37.4 54.4 44 64 60.5

Continuous (3x441…480 V) [A] … 19 19 25 25 31 31 36 36 47

Intermittent (60 s overload)

(3x441…480 V) [A]
… 20.9 30.4 27.5 40 34.1 49.6 39.6 57.6 51.7

Maximum pre-fuses [A] … 63  63  63  63  80

Additional speci�cations

Protection ratings IP21, IP55, IP66

maximum cable cross-section2) for

mains, brake, and load sharing

[mm2 (AWG)]

16, 10, 16 (6, 8, 6) 35, …, … (2, …, …)

Protection ratings IP21, IP55, IP66

maximum cable cross-section2) for

motor [mm2 (AWG)]

10, 10,… (8, 8,…) 35, 25, 25 (2, 4, 4)

Protection rating IP20 maximum

cable cross-section2) for mains,

brake, motor, and load sharing

[mm2 (AWG)]

10, 10,… (8, 8,…) 35, …, … (2, …, …)

Maximum cable cross-section2) for

disconnect [mm2 (AWG)]
16, 10, 10 (6, 8, 8)

Estimated power loss3)

at rated maximum load [W (hp)]4)
291 (0.4)

392

(0.53)
291 (0.4)

392

(0.53)

379

(0.52)

465

(0.63)

444

(0.61)

525

(0.72)

547

(0.75)
739 (1)

E�ciency 5) 0.98 0.98 0.98 0.98 0.98

Table 8.9 Mains Supply 3x380…480 V AC, P11K…P30K
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Type designation P37K P45K P55K P75K P90K

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 30 37 37 45 45 55 55 75 75 90

Typical shaft output at 460 V [hp] 40 50 50 60 60 75 75 100 100 125

Protection rating IP20/Chassis6) B4 C3 C3 C4 C4

Protection rating IP21/Type 1 C1 C1 C1 C2 C2

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X
C1 C1 C1 C2 C2

Output current

Continuous (3x380…440 V) [A] 61 73 73 90 90 106 106 147 147 177

Intermittent (60 s overload) (3x380…

440 V) [A]
91.5 80.3 110 99 135 117 159 162 221 195

Continuous (3x441…480 V) [A] 52 65 65 80 80 105 105 130 130 160

Intermittent (60 s overload) (3x441…

480 V) [A]
78 71.5 97.5 88 120 116 158 143 195 176

Continuous kVA at 400 V [kVA] 42.3 50.6 50.6 62.4 62.4 73.4 73.4 102 102 123

Continuous kVA at 460 V [kVA] 41.4 51.8 51.8 63.7 63.7 83.7 83.7 104 103.6 128

Maximum input current

Continuous (3x380…440 V) [A] 55 66 66 82 82 96 96 133 133 161

Intermittent (60 s overload) (3x380…

440 V) [A]
82.5 72.6 99 90.2 123 106 144 146 200 177

Continuous (3x441…480 V) [A] 47 59 59 73 73 95 95 118 118 145

Intermittent (60 s overload) (3x441…

480 V) [A]
70.5 64.9 88.5 80.3 110 105 143 130 177 160

Maximum pre-fuses [A] 100 125 160 250 250

Additional speci�cations

Protection rating IP20 maximum

cable cross-section for mains and

motor [mm2 (AWG)]

35 (2) 50 (1) 50 (1) 150 (300 MCM) 150 (300 MCM)

Protection rating IP20 maximum

cable cross-section for brake and

load sharing

[mm2 (AWG)]

35 (2) 50 (1) 50 (1) 95 (4/0) 95 (4/0)

Protection ratings IP21, IP55, IP66

maximum cable cross-section for

mains and motor

[mm2 (AWG)]

50 (1) 50 (1) 50 (1) 150 (300 MCM) 150 (300 MCM)

Protection ratings IP21, IP55, IP66

maximum cable cross-section for

brake and load sharing [mm2

(AWG)]

50 (1) 50 (1) 50 (1) 95 (3/0) 95 (3/0)

Maximum cable cross-section2) for

mains disconnect

[mm2 (AWG)]

50, 35, 35

(1, 2, 2)

95, 70, 70

(3/0, 2/0, 2/0)

185, 150, 120

(350 MCM, 300

MCM, 4/0)

Estimated power loss3)

at rated maximum load [W (hp)]4)

570

(0.78)

698

(0.95)

697

(0.95)
843 (1.1) 891 (1.2)

1083

(1.5)

1022

(1.4)

1384

(1.9)

1232

(1.7)
1474 (2)

E�ciency 5) 0.98 0.98 0.98 0.98 0.99

Table 8.10 Mains Supply 3x380…480 V AC, P37K…P90K
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8.1.5 Mains Supply 3x525…600 V AC

Type designation PK75 P1K1 P1K5 P2K2

High/normal overload1) HO NO HO NO HO NO HO NO

Typical shaft output [kW] 0.75 1.1 1.5 2.2

Typical shaft output [hp] 1 1.5 2 3

Protection rating IP20/Chassis

Protection rating IP21/Type 1
A3 A3 A3 A3

Protection rating IP55/Type 12 A5 A5 A5 A5

Output current

Continuous (3x525…550 V) [A] 1.8 2.6 2.9 4.1

Intermittent (3x525…550 V) [A] 2.7 2.0 3.9 2.9 4.4 3.2 6.2 4.5

Continuous (3x551…600 V) [A] 1.7 2.4 2.7 3.9

Intermittent (3x551…600 V) [A] 2.6 1.9 3.6 2.6 4.1 3.0 5.9 4.3

Continuous kVA at 550 V [kVA] 1.7 2.5 2.8 3.9

Continuous kVA at 550 V [kVA] 1.7 2.4 2.7 3.9

Maximum input current

Continuous (3x525…600 V) [A] 1.7 2.4 2.7 4.1

Intermittent (3x525…600 V) [A] 2.6 1.9 3.6 2.6 4.1 3.0 6.2 4.5

Maximum pre-fuses [A] 10 10 10 20

Additional speci�cations

Maximum cable cross-section2) for

mains, motor, brake, and load sharing

[mm2 (AWG)]

4,4,4 (12,12,12)

(minimum 0.2 (24))

Maximum cable cross-section2) for

mains disconnect [mm2 (AWG)]
6,4,4 (10,12,12)

Estimated power loss3)

at rated maximum load [W (hp)]4)
35 (0.05) 50 (0.07) 65 (0.09) 92 (0.13)

E�ciency 5) 0.97 0.97 0.97 0.97

Table 8.11 Mains Supply 3x525…600 V AC, PK75…P2K2
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Type designation P3K0 P4K0 P5K5 P7K5

High/normal overload1) HO NO HO NO HO NO HO NO

Typical shaft output [kW] 3.0 4.0 5.5 7.5

Typical shaft output [hp] 4 5 7.5 10

Protection rating IP20/Chassis

Protection rating IP21/Type 1
A2 A2 A3 A3

IP55/Type 12 A5 A5 A5 A5

Output current

Continuous (3x525…550 V) [A] 5.2 6.4 9.5 11.5

Intermittent (3x525…550 V) [A] 7.8 5.7 9.6 7.0 14.3 10.5 17.3 12.7

Continuous (3x551…600 V) [A] 4.9 6.1 9.0 11.0

Intermittent (3x551…600 V) [A] 7.4 5.4 9.2 6.7 13.5 9.9 16.5 12.1

Continuous kVA at 550 V [kVA] 5.0 6.1 9.0 11.0

Continuous kVA at 550 V [kVA] 4.9 6.1 9.0 11.0

Maximum input current

Continuous (3x525…600 V) [A] 5.2 5.8 8.6 10.4

Intermittent (3x525…600 V) [A] 7.8 5.7 8.7 6.4 12.9 9.5 15.6 11.4

Maximum pre-fuses [A] 20 20 32 32

Additional speci�cations

Maximum cable cross-section2) for

mains, motor, brake, and load sharing

[mm2 (AWG)]

4,4,4 (12,12,12)

(minimum 0.2 (24))

Maximum cable cross-section2) for

mains disconnect [mm2 (AWG)]
6,4,4 (10,12,12)

Estimated power loss3)

at rated maximum load [W (hp)]4)
122 (0.17) 145 (0.2) 195 (0.27) 261 (0.36)

E�ciency 5) 0.97 0.97 0.97 0.97

Table 8.12 Mains Supply 3x525…600 V AC, P3K0…P7K5

Speci�cations VLT�p�p AQUA Drive FC 202
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Type designation P11K P15K P18K P22K P30K P37K

High/normal overload1) HO NO HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 7.5 11 11 15 15 18.5 18.5 22 22 30 30 37

Typical shaft output [hp] 10 15 15 20 20 25 25 30 30 40 40 50

Protection rating IP20/

Chassis
B3 B3 B3 B4 B4 B4

Protection rating IP21/

Type 1

Protection rating IP55/

Type 12

Protection rating IP66/

NEMA 4X

B1 B1 B1 B2 B2 C1

Output current

Continuous (3x525…550 V)

[A]
11.5 19 19 23 23 28 28 36 36 43 43 54

Intermittent (3x525…

550 V) [A]
18.4 21 30 25 37 31 45 40 58 47 65 59

Continuous (3x551…600 V)

[A]
11 18 18 22 22 27 27 34 34 41 41 52

Intermittent (3x551…

600 V) [A]
17.6 20 29 24 35 30 43 37 54 45 62 57

Continuous kVA at 550 V

[kVA]
11 18.1 18.1 21.9 21.9 26.7 26.7 34.3 34.3 41.0 41.0 51.4

Continuous kVA at 575 V

[kVA]
11 17.9 17.9 21.9 21.9 26.9 26.9 33.9 33.9 40.8 40.8 51.8

Maximum input current

Continuous at 550 V [A] 10.4 17.2 17.2 20.9 20.9 25.4 25.4 32.7 32.7 39 39 49

Intermittent at 550 V [A] 16.6 19 28 23 33 28 41 36 52 43 59 54

Continuous at 575 V [A] 9.8 16 16 20 20 24 24 31 31 37 37 47

Intermittent at 575 V [A] 15.5 17.6 26 22 32 27 39 34 50 41 56 52

Maximum pre-fuses [A] 40 40 50 60 80 100

Additional speci�cations

Protection rating IP20,

maximum cable cross-

section2) for mains, brake,

motor, and load sharing

[mm2 (AWG)]

10, 10,…

(8, 8,…)

35,…,…

(2,…,…)

Protection ratings IP21,

IP55, IP66 maximum cable

cross-section2) for mains,

brake, and load sharing

[mm2 (AWG)]

16, 10, 10

(6, 8, 8)

35,…,…

(2,…,…)

Protection ratings IP21,

IP55, IP66 maximum cable

cross-section2) for motor

[mm2 (AWG)]

10, 10,…

(8, 8,…)

35, 25, 25

(2, 4, 4)

Maximum cable cross-

section2) for mains

disconnect [mm2 (AWG)]

16, 10, 10

(6, 8, 8)

50, 35, 35

(1, 2, 2)

Estimated power loss3)

at rated maximum load

[W (hp)]4)

220

(0.3)

300

(0.41)

220

(0.3)

300

(0.41)

300

(0.41)

370

(0.5)

370

(0.5)

440

(0.6)

440

(0.6)

600

(0.82)

600

(0.82)
740 (1)

E�ciency 5) 0.98 0.98 0.98 0.98 0.98 0.98

Table 8.13 Mains supply 3x525…600 V AC, P11K…P37K
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Type designation P45K P55K P75K P90K

High/normal overload1) HO NO HO NO HO NO HO NO

Typical shaft output [kW] 37 45 45 55 55 75 75 90

Typical shaft output [hp] 50 60 60 75 75 100 100 125

Protection rating IP20/Chassis C3 C3 C4 C4

Protection rating IP21/Type 1

Protection rating IP55/Type 12

Protection rating IP66/NEMA 4X

C1 C1 C2 C2

Output current

Continuous (3x525…550 V) [A] 54 65 65 87 87 105 105 137

Intermittent (3x525…550 V) [A] 81 72 98 96 131 116 158 151

Continuous (3x525…600 V) [A] 52 62 62 83 83 100 100 131

Intermittent (3x525…600 V) [A] 78 68 93 91 125 110 150 144

Continuous kVA at 525 V [kVA] 51.4 61.9 61.9 82.9 82.9 100 100.0 130.5

Continuous kVA at 575 V [kVA] 51.8 61.7 61.7 82.7 82.7 99.6 99.6 130.5

Maximum input current

Continuous at 550 V [A] 49 59 59 78.9 78.9 95.3 95.3 124.3

Intermittent at 550 V [A] 74 65 89 87 118 105 143 137

Continuous at 575 V [A] 47 56 56 75 75 91 91 119

Intermittent at 575 V [A] 70 62 85 83 113 100 137 131

Maximum pre-fuses [A] 150 160 225 250

Additional speci�cations

Protection rating IP20 maximum cable

cross-section for mains and motor

[mm2 (AWG)]

50 (1) 150 (300 MCM)

Protection rating IP20 maximum cable

cross-section for brake and load

sharing [mm2 (AWG)]

50 (1) 95 (4/0)

Protection ratings IP21, IP55, IP66

maximum cable cross-section for

mains and motor

[mm2 (AWG)]

50 (1) 150 (300 MCM)

Protection ratings IP21, IP55, IP66

maximum cable cross-section for

brake and load sharing [mm2 (AWG)]

50 (1) 95 (4/0)

Maximum cable cross-section2) for

mains disconnect [mm2 (AWG)]

50, 35, 35

(1, 2, 2)

95, 70, 70

(3/0, 2/0, 2/0)

185, 150, 120

(350 MCM, 300 MCM,

4/0)

Estimated power loss3)

at rated maximum load [W (hp)]4)
740 (1) 900 (1.2) 900 (1.2) 1100 (1.5) 1100 (1.5) 1500 (2) 1500 (2) 1800 (2.5)

E�ciency 5) 0.98 0.98 0.98 0.98

Table 8.14 Mains supply 3x525…600 V AC, P45K…P90K
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8.1.6 Mains Supply 3x525…690 V AC

Type designation P1K1 P1K5 P2K2 P3K0 P4K0 P5K5 P7K5

High/normal overload1) HO NO HO NO HO NO HO NO HO NO HO NO HO NO

Typical shaft output [kW] 1.1 1.5 2.2 3.0 4.0 5.5 7.5

Typical shaft output [hp] 1.5 2 3 4 5 7.5 10

IP20/Chassis A3 A3 A3 A3 A3 A3 A3

Output current

Continuous (3x525…550 V) [A] 2.1 2.7 3.9 4.9 6.1 9.0 11.0

Intermittent (3x525…550 V) [A] 3.2 2.3 4.1 3.0 5.9 4.3 7.4 5.4 9.2 6.7 13.5 9.9 16.5 12.1

Continuous (3x551…690 V) [A] 1.6 2.2 3.2 4.5 5.5 7.5 10.0

Intermittent (3x551…690 V) [A] 2.4 1.8 3.3 2.4 4.8 3.5 6.8 5.0 8.3 6.1 11.3 8.3 15.0 11.0

Continuous kVA at 525 V [kVA] 1.9 2.5 3.5 4.5 5.5 8.2 10.0

Continuous kVA at 690 V [kVA] 1.9 2.6 3.8 5.4 6.6 9.0 12.0

Maximum input current

Continuous (3x525…550 V) [A] 1.9 2.4 3.5 4.4 5.5 8.1 9.9

Intermittent (3x525…550 V) [A] 2.9 2.1 3.6 2.6 5.3 3.9 6.6 4.8 8.3 6.1 12.2 8.9 14.9 10.9

Continuous (3x551…690 V) [A] 1.4 2.0 2.9 4.0 4.9 6.7 9.0

Intermittent (3x551…690 V) [A] 2.1 1.5 3.0 2.2 4.4 3.2 6.0 4.4 7.4 5.4 10.1 7.4 13.5 9.9

Additional speci�cations

Maximum cable cross…section2)

for mains, motor, brake, and load

sharing [mm2 (AWG)]

4, 4, 4

(12, 12, 12)

(minimum (24)

Maximum cable cross…section2)

for mains disconnect

[mm2 (AWG)]

6, 4, 4

(10, 12, 12)

Estimated power loss3)

at rated maximum load [W (hp)]4) 44 (0.06) 60 (0.08) 88 (0.12) 120 (0.16) 160 (0.22) 220 (0.3) 300 (0.41)

E�ciency 5) 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Table 8.15 A3 Enclosure, Mains Supply 3x525…690 V AC IP20/Protected Chassis, P1K1…P7K5
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Type designation P11K P15K P18K P22K P30K

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output at 550 V [kW] 5.9 7.5 7.5 11 11 15 15 18.5 18.5 22

Typical shaft output at 550 V [hp] 7.5 10 10 15 15 20 20 25 25 30

Typical shaft output at 690 V [kW] 7.5 11 11 15 15 18.5 18.5 22 22 30

Typical shaft output at 690 V [hp] 10 15 15 20 20 25 25 30 30 40

IP20/Chassis B4 B4 B4 B4 B4

IP21/Type 1

IP55/Type 12 B2 B2 B2 B2 B2

Output current

Continuous (3x525…550 V) [A] 11 14 14.0 19.0 19.0 23.0 23.0 28.0 28.0 36.0

Intermittent (60 s overload) (3x525…550 V)

[A]
17.6 15.4 22.4 20.9 30.4 25.3 36.8 30.8 44.8 39.6

Continuous (3x551…690 V) [A] 10 13 13.0 18.0 18.0 22.0 22.0 27.0 27.0 34.0

Intermittent (60 s overload) (3x551…690 V)

[A]
16 14.3 20.8 19.8 28.8 24.2 35.2 29.7 43.2 37.4

Continuous kVA at 550 V [kVA] 10 13.3 13.3 18.1 18.1 21.9 21.9 26.7 26.7 34.3

Continuous kVA at 690 V kVA] 12 15.5 15.5 21.5 21.5 26.3 26.3 32.3 32.3 40.6

Maximum input current

Continuous at 550 V [A] 9.9 15 15.0 19.5 19.5 24.0 24.0 29.0 29.0 36.0

Intermittent (60 s overload) at 550 V [A] 15.8 16.5 23.2 21.5 31.2 26.4 38.4 31.9 46.4 39.6

Continuous (at 690 V) [A] 9 14.5 14.5 19.5 19.5 24.0 24.0 29.0 29.0 36.0

Intermittent (60 s overload) at 690 V [A] 14.4 16 23.2 21.5 31.2 26.4 38.4 31.9 46.4 39.6

Additional speci�cations

Maximum cable cross…section2 for mains,

motor, brake, and load sharing [mm2 (AWG)]

35, 25, 25

(2, 4, 4)

Maximum cable cross…section2) for mains

disconnect [mm2 (AWG)]

16,10,10

(6, 8, 8)

Estimated power loss3)

at rated maximum load [W (hp)]4)

150

(0.2)

220

(0.3)

150

(0.2)

220

(0.3)

220

(0.3)

300

(0.41)

300

(0.41)

370

(0.5)

370

(0.5)

440

(0.6)

E�ciency 5)
0.98 0.98 0.98 0.98 0.98

Table 8.16 B2/B4 Enclosure, Mains Supply 3x525…690 V AC IP20/IP21/IP55 … Chassis/NEMA 1/NEMA 12, P11K…P22K

Speci�cations VLT�p�p AQUA Drive FC 202

62 Danfoss A/S © 10/2016 All rights reserved. MG20MD02

88

�(����������



Type designation P37K P45K P55K P75K/N75K8) P90K/N90K8)

High/normal overload1) HO NO HO NO HO NO HO NO HO NO

Typical shaft output at 550 V [kW] 22 30 30 37 37 45 45 55 55 75

Typical shaft output at 550 V [hp] 30 40 40 50 50 60 60 75 75 100

Typical shaft output at 690 V [kW] 30 37 37 45 45 55 55 75 75 90

Typical shaft output at 690 V [hp] 40 50 50 60 60 75 75 100 199 125

IP20/Chassis B4 C3 C3 D3h D3h

IP21/Type 1

IP55/Type 12 C2 C2 C2 C2 C2

Output current

Continuous (3x525…550 V) [A] 36.0 43.0 43.0 54.0 54.0 65.0 65.0 87.0 87.0 105

Intermittent (60 s overload) (3x525…550 V) [A] 54.0 47.3 64.5 59.4 81.0 71.5 97.5 95.7 130.5 115.5

Continuous (3x551…690 V) [A] 34.0 41.0 41.0 52.0 52.0 62.0 62.0 83.0 83.0 100

Intermittent (60 s overload) (3x551…690 V) [A] 51.0 45.1 61.5 57.2 78.0 68.2 93.0 91.3 124.5 110

Continuous kVA at 550 V [kVA] 34.3 41.0 41.0 51.4 51.4 61.9 61.9 82.9 82.9 100

Continuous kVA at 690 V [kVA] 40.6 49.0 49.0 62.1 62.1 74.1 74.1 99.2 99.2 119.5

Maximum input current

Continuous at 550 V [A] 36.0 49.0 49.0 59.0 59.0 71.0 71.0 87.0 87.0 99.0

Intermittent (60 s overload) at 550 V [A] 54.0 53.9 72.0 64.9 87.0 78.1 105.0 95.7 129 108.9

Continuous at 690 V [A] 36.0 48.0 48.0 58.0 58.0 70.0 70.0 86.0 … …

Intermittent (60 s overload) at 690 V [A] 54.0 52.8 72.0 63.8 87.0 77.0 105 94.6 … …

Additional speci�cations

Maximum cable cross-section for mains and

motor [mm2 (AWG)]
150 (300 MCM)

Maximum cable cross-section for brake and

load sharing [mm2 (AWG)]
95 (3/0)

Maximum cable cross-section2) for mains

disconnect [mm2 (AWG)]
95 (3/0)

185, 150, 120

(350 MCM, 300

MCM, 4/0)

…

Estimated power loss3)

at rated maximum load [W (hp)]4)

600

(0.82)
740 (1) 740 (1)

900

(1.2)

900

(1.2)

1100

(1.5)

1100

(1.5)

1500

(2)

1500

(2)

1800

(2.5)

E�ciency 5) 0.98 0.98 0.98 0.98 0.98

Table 8.17 B4, C2, C3 Enclosure, Mains Supply 3x525…690 V AC IP20/IP21/IP55 … Chassis/NEMA1/NEMA 12, P30K…P75K

For fuse ratings see chapter 8.8 Fuses and Circuit Breakers.

1) High overload=150% or 160% torque for a duration of 60 s. Normal overload=110% torque for a duration of 60 s.

2) The 3 values for the maximum cable cross-section are for single core, �exible wire, and �exible wire with sleeve, respectively.

3) Applies for dimensioning of frequency converter cooling. If the switching frequency is higher than the default setting, the power losses may

increase. LCP and typical control card power consumptions are included. For power loss data according to EN 50598…2, refer to

www.danfoss.com/vltenergye�ciency.

4) E�ciency measured at nominal current. For energy e�ciency class see chapter 8.4.1 Ambient Conditions. For part load losses see

www.danfoss.com/vltenergye�ciency.

5) Measured using 5 m (16 ft) shielded motor cables at rated load and rated frequency.

6) Enclosure sizes A2+A3 can be converted to IP21 using a conversion kit. See also chapters Mechanical mounting and IP21/Type 1 Enclosure kit in

the design guide.

7) Enclosure sizes B3+B4 and C3+C4 can be converted to IP21 using a conversion kit. See also chapters Mechanical mounting and IP21/Type 1

Enclosure kit in the design guide.

8) Enclosure sizes for N75K, N90K are D3h for IP20/Chassis, and D5h for IP54/Type 12.

9) Two wires are required.

10) Variant not available in IP21.
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8.2 Mains Supply

Mains supply (L1, L2, L3)
Supply voltage 200…240 V �s10%
Supply voltage 380…480 V �s10%
Supply voltage 525…600 V �s10%
Supply voltage 525…690 V �s10%

Mains voltage low/mains drop-out:
During low mains voltage or a mains drop-out, the frequency converter continues until the DC-link voltage drops below the
minimum stop level. Typically, this corresponds to 15% below the lowest rated supply voltage of the frequency converter. Power-
up and full torque cannot be expected at mains voltage <10% below the lowest rated supply voltage of the frequency converter.

Supply frequency 50/60 Hz +4/-6%

The frequency converter power supply is tested in accordance with IEC61000-4-28, 50 Hz +4/-6%.

Maximum imbalance temporary between mains phases 3.0% of rated supply voltage
True power factor (�è) �0.9 nominal at rated load
Displacement power factor (cos�ó) near unity (>0.98)
Switching on input supply L1, L2, L3 (power-ups) �7.5 kW (10 hp) Maximum 2 times/minute
Switching on input supply L1, L2, L3 (power-ups) 11…90 kW (15…125 hp) Maximum 1 time/minute
Environment according to EN 60664-1 Overvoltage category III/pollution degree 2

The unit is suitable for use on a circuit capable of delivering not more than 100000 RMS symmetrical Amperes,
240/480/600/690 V maximum.

8.3 Motor Output and Motor Data

Motor output (U, V, W)
Output voltage 0…100% of supply voltage

Output frequency 0…590 Hz1)

Switching on output Unlimited
Ramp times 1…3600 s

1) Dependent on power size.

Torque characteristics, normal overload

Starting torque (constant torque) Maximum 110% for 1 minute, once in 10 minutes2)

Overload torque (constant torque) Maximum 110% for 1 minute, once in 10 minutes2)

Torque characteristics, high overload

Starting torque (constant torque) Maximum 150/160% for 1 minute, once in 10 minutes2)

Overload torque (constant torque) Maximum 150/160% for 1 minute, once in 10 minutes2)

2) Percentage relates to the nominal torque of the frequency converter, dependent on power size.
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8.4 Ambient Conditions

Environment
Enclosure size A IP20/Chassis, IP21/Type 1, IP55/Type 12, IP66/Type 4X
Enclosure size B1/B2 IP21/Type 1, IP55/Type 12, IP66/Type 4X
Enclosure size B3/B4 IP20/Chassis
Enclosure size C1/C2 IP21/Type 1, IP55/Type 12, IP66/Type 4X
Enclosure size C3/C4 IP20/Chassis
Enclosure kit available � enclosure size A IP21/TYPE 1/IP4X top
Vibration test enclosure A/B/C 1.0 g
Maximum relative humidity 5…95% (IEC 721-3-3; Class 3K3 (non-condensing) during operation
Aggressive environment (IEC 721-3-3), uncoated Class 3C2
Aggressive environment (IEC 721-3-3), coated Class 3C3
Test method according to IEC 60068-2-43 H2S (10 days)
Ambient temperature Maximum 50 °C (122 °F)

Derating for high ambient temperature, see chapter Special Conditions in the design guide. 

Minimum ambient temperature during full-scale operation 0 °C (32 °F)
Minimum ambient temperature at reduced performance -10 °C (14 °F)
Temperature during storage/transport -25 to +65/70 °C (-13 to 149/158 °F)
Maximum altitude above sea level without derating 1000 m (3281 ft)
Maximum altitude above sea level with derating 3000 m (9843 ft)

Derating for high altitude, see chapter Special Conditions in the design guide.

EMC standards, Emission EN 61800-3
EMC standards, Immunity EN 61800-3

Energy e�ciency class1) IE2

1) Determined according to EN50598-2 at:

€ Rated load.

€ 90% rated frequency.

€ Switching frequency factory setting.

€ Switching pattern factory setting.

8.5 Cable Speci�cations

Maximum motor cable length, shielded/armored 150 m (492 ft)
Maximum motor cable length, unshielded/unarmored 300 m (984 ft)

Maximum cross-section to motor, mains, load sharing, and brake1)

Maximum cross-section to control terminals, rigid wire 1.5 mm2 or 2 x 0.75 mm2 (16 AWG)

Maximum cross-section to control terminals, �exible cable 1 mm2 (18 AWG)

Maximum cross-section to control terminals, cable with enclosed core 0.5 mm2 (20 AWG)

Minimum cross-section to control terminals 0.25 mm2 (24 AWG)

1) See electrical data tables in chapter 8.1 Electrical Data for more information.

It is mandatory to ground the mains connection properly using T95 (PE) of the frequency converter. The ground connection
cable cross-section must be at least 10 mm2 (8 AWG) or 2 rated mains wires terminated separately according to EN 50178.
See alsochapter 4.3.1 Grounding . Use unshielded cable.

8.6 Control Input/Output and Control Data

Control card, RS485 serial communication
Terminal number 68 (P,TX+, RX+), 69 (N,TX-, RX-)
Terminal number 61 Common for terminals 68 and 69

The RS485 serial communication circuit is functionally separated from other central circuits and galvanically isolated from the
supply voltage (PELV).
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Analog inputs
Number of analog inputs 2
Terminal number 53, 54
Modes Voltage or current
Mode select Switches S201 and S202
Voltage mode Switch S201/S202 = OFF (U)
Voltage level 0…10 V (scaleable)
Input resistance, Ri Approximately 10 k5
Maximum voltage �s20 V
Current mode Switch S201/S202=On (I)
Current level 0/4-20 mA (scaleable)
Input resistance, Ri Approximately 200 5
Maximum current 30 mA
Resolution for analog inputs 10 bit (+ sign)
Accuracy of analog inputs Maximum error 0.5% of full scale
Bandwidth 200 Hz

The analog inputs are galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

Mains

Functional
isolation

PELV isolation

Motor

DC-Bus

High
voltage

Control
+24V

RS485

18

37

13
0B

A1
17

.1
0

Illustration 8.1 PELV Isolation of Analog Inputs

Analog output
Number of programmable analog outputs 1
Terminal number 42
Current range at analog output 0/4…20 mA
Maximum resistor load to common at analog output 500 5
Accuracy on analog output Maximum error 0.8% of full scale
Resolution on analog output 8 bit

The analog output is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

Digital inputs
Programmable digital inputs 4 (6)

Terminal number 18, 19, 271), 291), 32, 33,
Logic PNP or NPN
Voltage level 0…24 V DC
Voltage level, logic 0 PNP ��5 V DC
Voltage level, logic 1 PNP �!10 V DC
Voltage level, logic 0 NPN �!19 V DC
Voltage level, logic 1 NPN ��14 V DC
Maximum voltage on input 28 V DC
Input resistance, Ri Approximately 4 k5

All digital inputs are galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.
1) Terminals 27 and 29 can also be programmed as output.
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Digital output
Programmable digital/pulse outputs 2

Terminal number 27, 291)

Voltage level at digital/frequency output 0…24 V
Maximum output current (sink or source) 40 mA
Maximum load at frequency output 1 k5
Maximum capacitive load at frequency output 10 nF
Minimum output frequency at frequency output 0 Hz
Maximum output frequency at frequency output 32 kHz
Accuracy of frequency output Maximum error 0.1% of full scale
Resolution of frequency outputs 12 bit

1) Terminal 27 and 29 can also be programmed as input.
The digital output is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

Pulse inputs
Programmable pulse inputs 2
Terminal number pulse 29, 33
Maximum frequency at terminal 29, 33 110 kHz (push-pull driven)
Maximum frequency at terminal 29, 33 5 kHz (open collector)
Minimum frequency at terminal 29, 33 4 Hz
Voltage level See Digital inputs
Maximum voltage on input 28 V DC
Input resistance, Ri Approximately 4 k5
Pulse input accuracy (0.1…1 kHz) Maximum error 0.1% of full scale

Control card, 24 V DC output
Terminal number 12, 13
Maximum load 200 mA

The 24 V DC supply is galvanically isolated from the supply voltage (PELV), but has the same potential as the analog and digital
inputs and outputs.

Relay outputs
Programmable relay outputs 2
Relay 01 terminal number 1-3 (break), 1-2 (make)

Maximum terminal load (AC-1)1) on 1-3 (NC), 1-2 (NO) (resistive load) 240 V AC, 2 A

Maximum terminal load (AC-15)1) (inductive load �#  cos�ó 0.4) 240 V AC, 0.2 A

Maximum terminal load (DC-1)1) on 1-2 (NO), 1-3 (NC) (resistive load) 60 V DC, 1 A

Maximum terminal load (DC-13)1) (inductive load) 24 V DC, 0.1 A
Relay 02 terminal number 4-6 (break), 4-5 (make)

Maximum terminal load (AC-1)1) on 4-5 (NO) (resistive load)2) 3) 400 V AC, 2 A

Maximum terminal load (AC-15)1) on 4-5 (NO) (inductive load �#  cos�ó 0.4) 240 V AC, 0.2 A

Maximum terminal load (DC-1)1) on 4-5 (NO) (resistive load) 80 V DC, 2 A

Maximum terminal load (DC-13)1) on 4-5 (NO) (inductive load) 24 V DC, 0.1 A

Maximum terminal load (AC-1)1) on 4-6 (NC) (resistive load) 240 V AC, 2 A

Maximum terminal load (AC-15)1) on 4-6 (NC) (inductive load �#  cos�ó 0.4) 240 V AC, 0.2 A

Maximum terminal load (DC-1)1) on 4-6 (NC) (resistive load) 50 V DC, 2 A

Maximum terminal load (DC-13)1) on 4-6 (NC) (inductive load) 24 V DC, 0.1 A
Minimum terminal load on 1-3 (NC), 1-2 (NO), 4-6 (NC), 4-5 (NO) 24 V DC, 10 mA, 24 V AC, 20 mA
Environment according to EN 60664-1 Overvoltage category III/pollution degree 2

1) IEC 60947 parts 4 and 5.
The relay contacts are galvanically isolated from the rest of the circuit by reinforced isolation (PELV).
2) Overvoltage category II.
3) UL applications 300 V AC 2 A.
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Control card, 10 V DC output
Terminal number 50
Output voltage 10.5 V �s0.5 V
Maximum load 25 mA

The 10 V DC supply is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.

Control characteristics
Resolution of output frequency at 0…590 Hz �s0.003 Hz
System response time (terminals 18, 19, 27, 29, 32, 33) �72 ms
Speed control range (open loop) 1:100 of synchronous speed
Speed accuracy (open loop) 30…4000 RPM: Maximum error of �s8 RPM

All control characteristics are based on a 4-pole asynchronous motor.

Control card performance
Scan interval 5 ms

Control card, USB serial communication
USB standard 1.1 (full speed)
USB plug USB type B •deviceŽ plug

NOTICE
Connection to a PC is carried out via a standard host/device USB cable.
The USB connection is galvanically isolated from the supply voltage (PELV) and other high-voltage terminals.
The USB connection is not galvanically isolated from protective earth. Use only an isolated laptop/PC as a connection to
the USB connector on the frequency converter, or an isolated USB cable/converter.

8.7 Connection Tightening Torques

 Torque [N�µm (in-lb)]

Enclosure Mains Motor
DC

connection
Brake Ground Ground

A2 1.8 (16) 1.8 (16) 1.8 (16) 1.8 (16) 3 (27) 0.6 (5)

A3 1.8 (16) 1.8 (16) 1.8 (16) 1.8 (16) 3 (27) 0.6 (5)

A4 1.8 (16) 1.8 (16) 1.8 (16) 1.8 (16) 3 (27) 0.6 (5)

A5 1.8 (16) 1.8 (16) 1.8 (16) 1.8 (16) 3 (27) 0.6 (5)

B1 1.8 (16) 1.8 (16) 1.5 (13) 1.5 (13.3) 3 (27) 0.6 (5)

B2 4.5 (40) 4.5 (40) 3.7 (33) 3.7 (33) 3 (27) 0.6 (5)

B3 1.8 (16) 1.8 (16) 1.8 (16) 1.8 (16) 3 (27) 0.6 (5)

B4 4.5 (40) 4.5 (40) 4.5 (40) 4.5 (40) 3 (27) 0.6 (5)

C1 10 (89) 10 (89) 10 (89) 10 (89) 3 (27) 0.6 (5)

C2 14/24 (124/221)1) 14/24 (124/221)1) 14 (124) 14 (124) 3 (27) 0.6 (5)

C3 10 (89) 10 (89) 10 (89) 10 (89) 3 (27) 0.6 (5)

C4 14/24 (124/221)1) 14/24 (124/221)1) 14 (124) 14 (124) 3 (27) 0.6 (5)

Table 8.18 Terminal Tightening Torques

1) For di�erent cable dimensions x/y, where x�795 mm2 (3 AWG) and y�895 mm2 (3 AWG).
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8.8 Fuses and Circuit Breakers

Use recommended fuses and/or circuit breakers on the supply side as protection if there is component break-down inside
the frequency converter (�rst fault).

NOTICE
Use of fuses on the supply side is mandatory for IEC 60364 (CE) and NEC 2009 (UL) compliant installations.

Recommendations

€ gG type fuses.

€ Moeller type circuit breakers. For other circuit breaker types, ensure that the energy into the frequency converter is
equal to or lower than the energy provided by Moeller types.

Use of recommended fuses and circuit breakers ensures that possible damage to the frequency converter is limited to
damage inside the unit. For further information, see Application Note Fuses and Circuit Breakers.

The fuses in chapter 8.8.1 CE Compliance to chapter 8.8.2 UL Compliance are suitable for use on a circuit capable of delivering
100000 Arms (symmetrical), depending on the frequency converter voltage rating. With the proper fusing, the frequency
converter short circuit current rating (SCCR) is 100000 Arms.

8.8.1 CE Compliance

Enclosure Power [kW (hp)] Recommended

fuse size

Recommended

maximum fuse

Recommended circuit

breaker

Moeller

Maximum trip level

[A]

A2 0.25…2.2

(0.34…3)

gG-10 (0.25…1.5)

gG-16 (2.2)

gG-25 PKZM0-25 25

A3 3.0…3.7

(4…5)

gG-16 (3)

gG-20 (3.7)

gG-32 PKZM0-25 25

A4 0.25…2.2

(0.34…3)

gG-10 (0.25…1.5)

gG-16 (2.2)

gG-32 PKZM0-25 25

A5 0.25…3.7

(0.34…5)

gG-10 (0.25…1.5)

gG-16 (2.2…3)

gG-20 (3.7)

gG-32 PKZM0-25 25

B1 5.5…11

(7.5…15)

gG-25 (5.5)

gG-32 (7.5)

gG-80 PKZM4-63 63

B2 15 (20) gG-50 gG-100 NZMB1-A100 100

B3 5.5…11

(7.5…15)

gG-25 gG-63 PKZM4-50 50

B4 15…18

(20…24)

gG-32 (7.5)

gG-50 (11)

gG-63 (15)

gG-125 NZMB1-A100 100

C1 18.5…30

(25…40)

gG-63 (15)

gG-80 (18.5)

gG-100 (22)

gG-160 (15…18.5)

aR-160 (22)

NZMB2-A200 160

C2 37…45

(50…60)

aR-160 (30)

aR-200 (37)

aR-200 (30)

aR-250 (37)

NZMB2-A250 250

C3 22…30

(30…40)

gG-80 (18.5)

aR-125 (22)

gG-150 (18.5)

aR-160 (22)

NZMB2-A200 150

C4 37…45

(50…60)

aR-160 (30)

aR-200 (37)

aR-200 (30)

aR-250 (37)

NZMB2-A250 250

Table 8.19 200…240 V, Enclosure Sizes A, B, and C
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Enclosure Power [kW (hp)] Recommended

fuse size

Recommended

maximum fuse

Recommended circuit

breaker

Moeller

Maximum trip level

[A]

A2 1.1…4.0

(1.5…5)

gG-10 (0.37-3)

gG-16 (4)

gG-25 PKZM0-25 25

A3 5.5…7.5

(7.5…10)

gG-16 gG-32 PKZM0-25 25

A4 1.1…4.0

(1.5…5)

gG-10 (0.37-3)

gG-16 (4)

gG-32 PKZM0-25 25

A5 1.1…7.5

(1.5…10)

gG-10 (0.37-3)

gG-16 (4-7.5)

gG-32 PKZM0-25 25

B1 11…18.5

(15…25)

gG-40 gG-80 PKZM4-63 63

B2 22…30

(30…40)

gG-50 (18.5)

gG-63 (22)

gG-100 NZMB1-A100 100

B3 11…18

(15…24)

gG-40 gG-63 PKZM4-50 50

B4 22…37

(30…50)

gG-50 (18.5)

gG-63 (22)

gG-80 (30)

gG-125 NZMB1-A100 100

C1 37…55

(50…75)

gG-80 (30)

gG-100 (37)

gG-160 (45)

gG-160 NZMB2-A200 160

C2 75…90

(100…125)

aR-200 (55)

aR-250 (75)

aR-250 NZMB2-A250 250

C3 45…55

(60…75)

gG-100 (37)

gG-160 (45)

gG-150 (37)

gG-160 (45)

NZMB2-A200 150

C4 75…90

(100…125)

aR-200 (55)

aR-250 (75)

aR-250 NZMB2-A250 250

Table 8.20 380…480 V, Enclosure Sizes A, B, and C
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Enclosure Power [kW (hp)] Recommended

fuse size

Recommended

maximum fuse

Recommended circuit

breaker

Moeller

Maximum trip level

[A]

A2 1.1…4.0

(1.5…5)

gG-10 gG-25 PKZM0-25 25

A3 5.5…7.5

(7.5…10)

gG-10 (5.5)

gG-16 (7.5)

gG-32 PKZM0-25 25

A5 1.1…7.5

(1.5…10)

gG-10 (0.75-5.5)

gG-16 (7.5)

gG-32 PKZM0-25 25

B1 11…18

(15…24)

gG-25 (11)

gG-32 (15)

gG-40 (18.5)

gG-80 PKZM4-63 63

B2 22…30

(30…40)

gG-50 (22)

gG-63 (30)

gG-100 NZMB1-A100 100

B3 11…18.5

(15…25)

gG-25 (11)

gG-32 (15)

gG-63 PKZM4-50 50

B4 22…37

(30…50)

gG-40 (18.5)

gG-50 (22)

gG-63 (30)

gG-125 NZMB1-A100 100

C1 37…55

(50…75)

gG-63 (37)

gG-100 (45)

aR-160 (55)

gG-160 (37-45)

aR-250 (55)

NZMB2-A200 160

C2 75…90

(100…125)

aR-200 (75) aR-250 NZMB2-A250 250

C3 45…55

(60…75)

gG-63 (37)

gG-100 (45)

gG-150 NZMB2-A200 150

C4 75…90

(100…125)

aR-160 (55)

aR-200 (75)

aR-250 NZMB2-A250 250

Table 8.21 525…600 V, Enclosure Sizes A, B, and C

Enclosure Power [kW (hp)] Recommended fuse size Recommended

maximum fuse

Recommended circuit

breaker

Danfoss

Maximum trip

level [A]

A3

1.1 (1.5) gG-6 gG-25 CTI25M 10-16 16

1.5 (2) gG-6 gG-25 CTI25M 10-16 16

2.2 (3) gG-6 gG-25 CTI25M 10-16 16

3 (4) gG-10 gG-25 CTI25M 10-16 16

4 (5) gG-10 gG-25 CTI25M 10-16 16

5.5 (7.5) gG-16 gG-25 CTI25M 10-16 16

7.5 (10) gG-16 gG-25 CTI25M 10-16 16

B2

11 (15) gG-25 gG-63 … …

15 (20) gG-25 gG-63 … …

18 (24) gG-32 … … …

22 (30) gG-32 … … …

C2

30 (40) gG-40 … … …

37 (50) gG-63 gG-80 … …

45 (60) gG-63 gG-100 … …

55 (75) gG-80 gG-125 … …

75 (100) gG-100 gG-160 … …

C3
37 (50) gG-100 gG-125 … …

45 (60) gG-125 gG-160 … …

Table 8.22 525…690 V, Enclosure Sizes A, B, and C
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8.8.2 UL Compliance

Recommended maximum fuse

Power

[kW

(hp)]

Maxi-

mum

prefuse

size [A]

Buss-

mann

JFHR2

Buss-

mann

RK1

Buss-

mann

J

Buss-

mann

T

Buss-

mann

CC

Buss-

mann

CC

Buss-

mann

CC

SIBA

RK1

Littelfu

se

RK1

Ferraz-

Shawmut

CC

Ferraz-

Shawmut

RK1

Ferraz-

Shawmut

J

1.1

(1.5) 15 FWX-15 KTN-R15 JKS-15 JJN-15

FNQ-

R-15

KTK-

R-15

LP-

CC-15

5017906-

016

KLN-

R15 ATM-R15 A2K-15R HSJ15

1.5 (2) 20 FWX-20 KTN-R20 JKS-20 JJN-20

FNQ-

R-20

KTK-

R-20

LP-

CC-20

5017906-

020

KLN-

R20 ATM-R20 A2K-20R HSJ20

2.2 (3) 301) FWX-30 KTN-R30 JKS-30 JJN-30

FNQ-

R-30

KTK-

R-30

LP-

CC-30

5012406-

032

KLN-

R30 ATM-R30 A2K-30R HSJ30

3.0 (4) 35 FWX-35 KTN-R35 JKS-35 JJN-35 … … … …

KLN-

R35 … A2K-35R HSJ35

3.7 (5) 50 FWX-50 KTN-R50 JKS-50 JJN-50 … … …

5014006-

050

KLN-

R50 … A2K-50R HSJ50

5.5

(7.5) 602) FWX-60 KTN-R60 JKS-60 JJN-60 … … …

5014006-

063

KLN-

R60 … A2K-60R HSJ60

7.5

(10) 80 FWX-80 KTN-R80 JKS-80 JJN-80 … … …

5014006-

080

KLN-

R80 … A2K-80R HSJ80

15

(20) 150

FWX-

150

KTN-

R150 JKS-150 JJN-150 … … …

2028220-

150

KLN-

R150 … A2K-150R HSJ150

22

(30) 200

FWX-

200

KTN-

R200 JKS-200 JJN-200 … … …

2028220-

200

KLN-

R200 … A2K-200R HSJ200

Table 8.23 1x200…240 V, Enclosure Sizes A, B, and C

1) Siba allowed up to 32 A.

2) Siba allowed up to 63 A.

Recommended maximum fuse

Power

[kW

(hp)]

Maxi-

mum

pre-

fuse

size

[A]

Buss-

mann

JFHR2

Buss-

mann

RK1

Buss-

mann

J

Buss-

mann

T

Buss-

mann

CC

Buss-

mann

CC

Buss-

mann

CC

SIBA

RK1

Littelfus

e

RK1

Ferraz-

Shawmut

CC

Ferraz-

Shawmut

RK1

Ferraz-

Shawmut

J

7.5

(10) 60 FWH-60 KTS-R60 JKS-60 JJS-60 … … …

5014006-

063 KLS-R60 … A6K-60R HSJ60

11 (15) 80 FWH-80 KTS-R80 JKS-80 JJS-80 … … …

2028220-

100 KLS-R80 … A6K-80R HSJ80

22 (30) 150

FWH-

150

KTS-

R150 JKS-150 JJS-150 … … …

2028220-

160 KLS-R150 … A6K-150R HSJ150

37 (50) 200

FWH-

200

KTS-

R200 JKS-200 JJS-200 … … …

2028220-

200 KLS-200 … A6K-200R HSJ200

Table 8.24 1x380…500 V, Enclosure Sizes B and C

€ KTS-fuses from Bussmann may substitute KTN for 240 V frequency converters.

€ FWH-fuses from Bussmann may substitute FWX for 240 V frequency converters.

€ JJS-fuses from Bussmann may substitute JJN for 240 V frequency converters.

€ KLSR fuses from Littelfuse may substitute KLNR fuses for 240 V frequency converters.

€ A6KR fuses from Ferraz-Shawmut may substitute A2KR for 240 V frequency converters.
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 Recommended maximum fuse

Power [kW

(hp)]

Bussmann

Type RK1 1)

Bussmann

Type J

Bussmann

Type T

Bussmann

Type CC

Bussmann Bussmann

Type CC

0.25…0.37

(0.34…0.5)

KTN-R-05 JKS-05 JJN-05 FNQ-R-5 KTK-R-5 LP-CC-5

0.55…1.1

(0.75…1.5)

KTN-R-10 JKS-10 JJN-10 FNQ-R-10 KTK-R-10 LP-CC-10

1.5 (2) KTN-R-15 JKS-15 JJN-15 FNQ-R-15 KTK-R-15 LP-CC-15

2.2 (3) KTN-R-20 JKS-20 JJN-20 FNQ-R-20 KTK-R-20 LP-CC-20

3.0 (4) KTN-R-25 JKS-25 JJN-25 FNQ-R-25 KTK-R-25 LP-CC-25

3.7 (5) KTN-R-30 JKS-30 JJN-30 FNQ-R-30 KTK-R-30 LP-CC-30

5.5…7.5

(7.5…10)

KTN-R-50 JKS-50 JJN-50 … … …

11 (15) KTN-R-60 JKS-60 JJN-60 … … …

15 (20) KTN-R-80 JKS-80 JJN-80 … … …

18.5…22

(25…30)

KTN-R-125 JKS-125 JJN-125 … … …

30 (40) KTN-R-150 JKS-150 JJN-150 … … …

37 (50) KTN-R-200 JKS-200 JJN-200 … … …

45 (60) KTN-R-250 JKS-250 JJN-250 … … …

Table 8.25 3x200…240 V, Enclosure Sizes A, B, and C

Recommended maximum fuse

Power [kW

(hp)]

SIBA

Type RK1

Littelfuse

Type RK1

Ferraz-

Shawmut

Type CC

Ferraz-

Shawmut

Type RK12)

Bussmann

Type JFHR23)

Littelfuse

JFHR2

Ferraz-

Shawmut

JFHR24)

Ferraz-

Shawmut

J

0.25…0.37

(0.34…0.5)

5017906-005 KLN-R-05 ATM-R-05 A2K-05-R FWX-5 … … HSJ-6

0.55…1.1

(0.75…1.5)

5017906-010 KLN-R-10 ATM-R-10 A2K-10-R FWX-10 … … HSJ-10

1.5 (2) 5017906-016 KLN-R-15 ATM-R-15 A2K-15-R FWX-15 … … HSJ-15

2.2 (3) 5017906-020 KLN-R-20 ATM-R-20 A2K-20-R FWX-20 … … HSJ-20

3.0 (4) 5017906-025 KLN-R-25 ATM-R-25 A2K-25-R FWX-25 … … HSJ-25

3.7 (5) 5012406-032 KLN-R-30 ATM-R-30 A2K-30-R FWX-30 … … HSJ-30

5.5…7.5

(7.5…10)

5014006-050 KLN-R-50 … A2K-50-R FWX-50 … … HSJ-50

11 (15) 5014006-063 KLN-R-60 … A2K-60-R FWX-60 … … HSJ-60

15 (20) 5014006-080 KLN-R-80 … A2K-80-R FWX-80 … … HSJ-80

18.5…22

(25…30)

2028220-125 KLN-R-125 … A2K-125-R FWX-125 … … HSJ-125

30 (40) 2028220-150 KLN-R-150 … A2K-150-R FWX-150 L25S-150 A25X-150 HSJ-150

37 (50) 2028220-200 KLN-R-200 … A2K-200-R FWX-200 L25S-200 A25X-200 HSJ-200

45 (60) 2028220-250 KLN-R-250 … A2K-250-R FWX-250 L25S-250 A25X-250 HSJ-250

Table 8.26 3x200…240 V, Enclosure Sizes A, B, and C

1) KTS-fuses from Bussmann may substitute KTN for 240 V frequency converters.

2) A6KR fuses from Ferraz-Shawmut may substitute A2KR for 240 V frequency converters.

3) FWH-fuses from Bussmann may substitute FWX for 240 V frequency converters.

4) A50X fuses from Ferraz-Shawmut may substitute A25X for 240 V frequency converters.
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Recommended maximum fuse

Power

[kW (hp)]

Bussmann

Type RK1

Bussmann

Type J

Bussmann

Type T

Bussmann

Type CC

Bussmann

Type CC

Bussmann

Type CC

… KTS-R-6 JKS-6 JJS-6 FNQ-R-6 KTK-R-6 LP-CC-6

1.1…2.2

(1.5…3)

KTS-R-10 JKS-10 JJS-10 FNQ-R-10 KTK-R-10 LP-CC-10

3 (4) KTS-R-15 JKS-15 JJS-15 FNQ-R-15 KTK-R-15 LP-CC-15

4 (5) KTS-R-20 JKS-20 JJS-20 FNQ-R-20 KTK-R-20 LP-CC-20

5.5 (7.5) KTS-R-25 JKS-25 JJS-25 FNQ-R-25 KTK-R-25 LP-CC-25

7.5 (10) KTS-R-30 JKS-30 JJS-30 FNQ-R-30 KTK-R-30 LP-CC-30

11 (15) KTS-R-40 JKS-40 JJS-40 … … …

15 (20) KTS-R-50 JKS-50 JJS-50 … … …

22 (30) KTS-R-60 JKS-60 JJS-60 … … …

30 (40) KTS-R-80 JKS-80 JJS-80 … … …

37 (50) KTS-R-100 JKS-100 JJS-100 … … …

45 (60) KTS-R-125 JKS-125 JJS-125 … … …

55 (75) KTS-R-150 JKS-150 JJS-150 … … …

75 (100) KTS-R-200 JKS-200 JJS-200 … … …

90 (125) KTS-R-250 JKS-250 JJS-250 … … …

Table 8.27 3x380…480 V, Enclosure Sizes A, B, and C

Recommended maximum fuse

Power

[kW (hp)]

SIBA

Type RK1

Littelfuse

Type RK1

Ferraz-

Shawmut

Type CC

Ferraz-

Shawmut

Type RK1

Bussmann

JFHR2

Ferraz-

Shawmut

J

Ferraz-

Shawmut

JFHR21)

Littelfuse

JFHR2

… 5017906-006 KLS-R-6 ATM-R-6 A6K-6-R FWH-6 HSJ-6 … …

1.1…2.2

(1.5…3)

5017906-010 KLS-R-10 ATM-R-10 A6K-10-R FWH-10 HSJ-10 … …

3 (4) 5017906-016 KLS-R-15 ATM-R-15 A6K-15-R FWH-15 HSJ-15 … …

4 (5) 5017906-020 KLS-R-20 ATM-R-20 A6K-20-R FWH-20 HSJ-20 … …

5.5 (7.5) 5017906-025 KLS-R-25 ATM-R-25 A6K-25-R FWH-25 HSJ-25 … …

7.5 (10) 5012406-032 KLS-R-30 ATM-R-30 A6K-30-R FWH-30 HSJ-30 … …

11 (15) 5014006-040 KLS-R-40 … A6K-40-R FWH-40 HSJ-40 … …

15 (20) 5014006-050 KLS-R-50 … A6K-50-R FWH-50 HSJ-50 … …

22 (30) 5014006-063 KLS-R-60 … A6K-60-R FWH-60 HSJ-60 … …

30 (40) 2028220-100 KLS-R-80 … A6K-80-R FWH-80 HSJ-80 … …

37 (50) 2028220-125 KLS-R-100 … A6K-100-R FWH-100 HSJ-100 … …

45 (60) 2028220-125 KLS-R-125 … A6K-125-R FWH-125 HSJ-125 … …

55 (75) 2028220-160 KLS-R-150 … A6K-150-R FWH-150 HSJ-150 … …

75 (100) 2028220-200 KLS-R-200 … A6K-200-R FWH-200 HSJ-200 A50-P-225 L50-S-225

90 (125) 2028220-250 KLS-R-250 … A6K-250-R FWH-250 HSJ-250 A50-P-250 L50-S-250

Table 8.28 3x380…480 V, Enclosure Sizes A, B, and C

1) Ferraz-Shawmut A50QS fuses may substitute A50P fuses.
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Recommended maximum fuse

Power

[kW

(hp)]

Bussmann

Type RK1

Bussman

n

Type J

Bussmann

Type T

Bussmann

Type CC

Bussman

n

Type CC

Bussman

n

Type CC

SIBA

Type RK1

Littelfuse

Type RK1

Ferraz-

Shawmut

Type RK1

Ferraz-

Shawmut

J

0.75…

1.1

(1…1.5)

KTS-R-5 JKS-5 JJS-6 FNQ-R-5 KTK-R-5 LP-CC-5 5017906-005 KLS-R-005 A6K-5-R HSJ-6

1.5…2.2

(2…3)

KTS-R-10 JKS-10 JJS-10 FNQ-R-10 KTK-R-10 LP-CC-10 5017906-010 KLS-R-010 A6K-10-R HSJ-10

3 (4) KTS-R15 JKS-15 JJS-15 FNQ-R-15 KTK-R-15 LP-CC-15 5017906-016 KLS-R-015 A6K-15-R HSJ-15

4 (5) KTS-R20 JKS-20 JJS-20 FNQ-R-20 KTK-R-20 LP-CC-20 5017906-020 KLS-R-020 A6K-20-R HSJ-20

5.5

(7.5)

KTS-R-25 JKS-25 JJS-25 FNQ-R-25 KTK-R-25 LP-CC-25 5017906-025 KLS-R-025 A6K-25-R HSJ-25

7.5 (10) KTS-R-30 JKS-30 JJS-30 FNQ-R-30 KTK-R-30 LP-CC-30 5017906-030 KLS-R-030 A6K-30-R HSJ-30

11…15

(15…20)

KTS-R-35 JKS-35 JJS-35 … … … 5014006-040 KLS-R-035 A6K-35-R HSJ-35

18 (24) KTS-R-45 JKS-45 JJS-45 … … … 5014006-050 KLS-R-045 A6K-45-R HSJ-45

22 (30) KTS-R-50 JKS-50 JJS-50 … … … 5014006-050 KLS-R-050 A6K-50-R HSJ-50

30 (40) KTS-R-60 JKS-60 JJS-60 … … … 5014006-063 KLS-R-060 A6K-60-R HSJ-60

37 (50) KTS-R-80 JKS-80 JJS-80 … … … 5014006-080 KLS-R-075 A6K-80-R HSJ-80

45 (60) KTS-R-100 JKS-100 JJS-100 … … … 5014006-100 KLS-R-100 A6K-100-R HSJ-100

55 (75) KTS-R-125 JKS-125 JJS-125 … … … 2028220-125 KLS-R-125 A6K-125-R HSJ-125

75

(100)

KTS-R-150 JKS-150 JJS-150 … … … 2028220-150 KLS-R-150 A6K-150-R HSJ-150

90

(125)

KTS-R-175 JKS-175 JJS-175 … … … 2028220-200 KLS-R-175 A6K-175-R HSJ-175

Table 8.29 3x525…600 V, Enclosure Sizes A, B, and C

Recommended maximum fuse

Power

[kW

(hp)]

Maximum

pre-fuse

[A]

Bussmann

E52273

RK1/JDDZ

Bussmann

E4273

J/JDDZ

Bussmann

E4273

T/JDDZ

SIBA

E180276

RK1/JDDZ

Littelfuse

E81895

RK1/JDDZ

Ferraz-

Shawmut

E163267/E2137

RK1/JDDZ

Ferraz-

Shawmut

E2137

J/HSJ

11…15

(15…20)

30 KTS-R-30 JKS-30 JJS-30 5017906-030 KLS-R-030 A6K-30-R HST-30

22 (30) 45 KTS-R-45 JKS-45 JJS-45 5014006-050 KLS-R-045 A6K-45-R HST-45

30 (40) 60 KTS-R-60 JKS-60 JJS-60 5014006-063 KLS-R-060 A6K-60-R HST-60

37 (50) 80 KTS-R-80 JKS-80 JJS-80 5014006-080 KLS-R-075 A6K-80-R HST-80

45 (60) 90 KTS-R-90 JKS-90 JJS-90 5014006-100 KLS-R-090 A6K-90-R HST-90

55 (75) 100 KTS-R-100 JKS-100 JJS-100 5014006-100 KLS-R-100 A6K-100-R HST-100

75 (100) 125 KTS-R-125 JKS-125 JJS-125 2028220-125 KLS-150 A6K-125-R HST-125

90 (125) 150 KTS-R-150 JKS-150 JJS-150 2028220-150 KLS-175 A6K-150-R HST-150

Table 8.30 3x525…690 V, Enclosure Sizes B and C
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8.9 Power Ratings, Weight, and Dimensions

Enclosure size [kW (hp)]  A2 A3 A4 A5

3x525…690 V T7 … … … …

3x525…600 V T6 …
0.75…7.5

(1…10)
… 0.75…7.5 (1…10)

3x380…480 V T4 0.37…4.0 (0.5…5)
5.5…7.5

(7.5…10)

0.37…4.0

(0.5…5)

0.37…7.5 (0.5…

10)

1x380…480 V S4 … …
1.1…4.0

(1.5…5)
…

3x200…240 V T2 0.25…3.0 (0.34…4) 3.7 (0.5)
0.25…2.2 (0.34…

3)

0.25…3.7 (0.34…

5)

1x200…240 V S2 … 1.1 (1.5) 1.1…2.2 (1.5…3) 1.1 (1.5)

IP

NEMA

20

Chassis

21

Type 1

20

Chassis

21

Type 1

55/66

Type 12/4X

55/66

Type 12/4X

Height [mm (in)]

Height of backplate A1) 268 (10.6) 375 (14.8) 268 (10.6) 375 (14.8) 390 (15.4) 420 (16.5)

Height with de-coupling plate for �eldbus

cables
A 374 (14.7) … 374 (14.7) … … …

Distance between mounting holes a 257 (10.1) 350 (13.8) 257 (10.1) 350 (13.8) 401 (15.8) 402 (15.8)

Width [mm (in)]

Width of backplate B 90 (3.5) 90 (3.5) 130 (5.1) 130 (5.1) 200 (7.9) 242 (9.5)

Width of backplate with 1 C option B 130 (5.1) 130 (5.1) 170 (6.7) 170 (6.7) … 242 (9.5)

Width of backplate with 2 C options B 90 (3.5) 90 (3.5) 130 (5.1) 130 (5.1) … 242 (9.5)

Distance between mounting holes b 70 (2.8) 70 (2.8) 110 (4.3) 110 (4.3) 171 (6.7) 215 (8.5)

Depth2) [mm (in)]

Without option A/B C 205 (8.1) 205 (8.1) 205 (8.1) 205 (8.1) 175 (6.9) 200 (7.9)

With option A/B C 220 (8.7) 220 (8.7) 220 (8.7) 220 (8.7) 175 (6.9) 200 (7.9)

Screw holes [mm (in)]

c 8.0 (0.31) 8.0 (0.31) 8.0 (0.31) 8.0 (0.31) 8.25 (0.32) 8.2 (0.32)

d ø11 (0.43) ø11 (0.43) ø11 (0.43) ø11 (0.43) ø12 (0.47) ø12 (0.47)

e ø5.5 (0.22) ø5.5 (0.22) ø5.5 (0.22) ø5.5 (0.22) ø6.5 (0.26) ø6.5 (0.26)

f 9 (0.35) 9 (0.35) 9 (0.35) 9 (0.35) 6 (0.24) 9 (0.35)

Maximum weight [kg (lb)]  4.9 (10.8) 5.3 (11.7) 6.6 (14.6) 7 (15.4) 9.7 (21.4) 14 (31)

1) See Illustration 3.4 and Illustration 3.5 for top and bottom mounting holes.

2) Depth of enclosure varies with di�erent options installed.

Table 8.31 Power Ratings, Weight, and Dimensions, Enclosure Sizes A2-A5
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Enclosure size [kW (hp)]  B1 B2 B3 B4 C1 C2 C3 C4

3x525…690 V T7 …
11…30

(15…40)
… … …

37…90

(50…125)
… …

3x525…600 V T6
11…18.5

(15…25)

22…30

(30…40)

11…18.5

(15…25)

22…37

(30…50)

37…55

(50…75)

75…90

(100…125)

45…55

(60…75)

75…90

(100…

125)

3x380…480 V T4
11…18.5

(15…25)

22…30

(30…40)

11…18.5

(15…25)

22…37

(30…50)

37…55

(50…75)

75…90

(100…125)

45…55

(60…75)

75…90

(100…

125)

1x380…480 V S4 7.5 (10) 11 (15) … … 18 (24) 37 (50) … …

3x200…240 V T2
5.5…11

(7.5…15)
15 (20)

5.5…11

(7.5…15)

15…18.5

(20…25)

18.5…30

(25…40)

37…45

(50…60)

22…30

(30…40)

37…45

(50…60)

1x200…240 V S2
1.5…3.7

(2…5)
7.5 (10) … … 15 (20) 22 (30) … …

IP

NEMA

21/55/66

Type 1/12/4X

21/55/66

Type

1/12/4X

20

Chassis

20

Chassis

21/55/66

Type

1/12/4X

21/55/66

Type

1/12/4X

20

Chassis

20

Chassis

Height [mm (in)]

Height of backplate A1) 480 (18.9) 650 (25.6) 399 (15.7) 520 (20.5) 680 (26.8) 770 (30.3)
550

(21.7)
660 (26)

Height with de-coupling plate for

�eldbus cables
A … … 419 (16.5) 595 (23.4) … …

630

(24.8)

800

(31.5)

Distance between mounting

holes
a 454 (17.9) 624 (24.6) 380 (15) 495 (19.5) 648 (25.5) 739 (29.1)

521

(20.5)

631

(24.8)

Width [mm (in)]

Width of backplate B 242 (9.5) 242 (9.5) 165 (6.5) 231 (9.1) 308 (12.1) 370 (14.6)
308

(12.1)

370

(14.6)

Width of backplate with 1 C

option
B 242 (9.5) 242 (9.5) 205 (8.1) 231 (9.1) 308 (12.1) 370 (14.6)

308

(12.1)

370

(14.6)

Width of backplate with 2 C

options
B 242 (9.5) 242 (9.5) 165 (6.5) 231 (9.1) 308 (12.1) 370 (14.6)

308

(12.1)

370

(14.6)

Distance between mounting

holes
b 210 (8.3) 210 (8.3) 140 (5.5) 200 (7.9) 272 (10.7) 334 (13.1)

270

(10.6)
330 (13)

Depth2)[mm (in)]

Without option A/B C 260 (10.2) 260 (10.2) 248 (9.8) 242 (9.5) 310 (12.2) 335 (13.2)
333

(13.1)

333

(13.1)

With option A/B C 260 (10.2) 260 (10.2) 262 (10.3) 242 (9.5) 310 (12.2) 335 (13.2)
333

(13.1)

333

(13.1)

Screw holes [mm (in)]

c 12 (0.47) 12 (0.47) 8 (0.32) … 12 (0.47) 12 (0.47) … …

d ø19 (0.75) ø19 (0.75) 12 (0.47) … ø19 (0.75) ø19 (0.75) … …

e ø9 (0.35) ø9 (0.35) 6.8 (0.27) 8.5 (0.33) ø9 (0.35) ø9 (0.35) 8.5 (0.33)
8.5

(0.33)

f 9 (0.35) 9 (0.35) 7.9 (0.31) 15 (0.59) 9.8 (0.39) 9.8 (0.39) 17 (0.67)
17

(0.67)

Maximum weight [kg (lb)]  23 (51) 27 (60) 12 (26.5) 23.5 (52) 45 (99) 65 (143) 35 (77) 50 (110)

1) See Illustration 3.4 and Illustration 3.5 for top and bottom mounting holes.

2) Depth of enclosure varies with di�erent options installed.
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9 Appendix

9.1 Symbols, Abbreviations, and Conventions

�rC Degrees Celsius

�rF Degrees Fahrenheit

AC Alternating current

AEO Automatic energy optimization

AWG American wire gauge

AMA Automatic motor adaptation

DC Direct current

EMC Electro-magnetic compatibility

ETR Electronic thermal relay

fM,N Nominal motor frequency

FC Frequency converter

IINV Rated inverter output current

ILIM Current limit

IM,N Nominal motor current

IVLT,MAX Maximum output current

IVLT,N Rated output current supplied by the frequency converter

IP Ingress protection

LCP Local control panel

MCT Motion control tool

ns Synchronous motor speed

PM,N Nominal motor power

PELV Protective extra low voltage

PCB Printed circuit board

PM Motor Permanent magnet motor

PWM Pulse width modulation

RPM Revolutions per minute

Regen Regenerative terminals

TLIM Torque limit

UM,N Nominal motor voltage

Table 9.1 Symbols and Abbreviations

Conventions
Numbered lists indicate procedures. Bullet lists indicate other information.

Italicized text indicates:

€ Cross-reference.

€ Link.

€ Parameter name.

€ Parameter group name.

€ Parameter option.

€ Footnote.

All dimensions in drawings are in [mm] (in).

9.2 Parameter Menu Structure

NOTICE
The availability of some parameters depends on the hardware con�guration (installed options and power rating).

Appendix VLT�p�p AQUA Drive FC 202
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High voltage......................................................................................  9, 24

Humidity..................................................................................................  65

I
IEC 61800-3.............................................................................................  19

Initialization............................................................................................  27

Input
Analog input........................................................................  20, 39, 66
Digital input...........................................................  20, 21, 38, 40, 66
disconnect..........................................................................................  19
power................................................................... 8, 14, 17, 19, 23, 38
power wiring...................................................................................... 23
signal....................................................................................................  22
terminal..........................................................................  19, 22, 24, 39
voltage.................................................................................................  24
Pulse input.......................................................................................... 67

Installation
Check list.............................................................................................  23
Installation................................................................................... 21, 22
environment......................................................................................  11

Intended use............................................................................................. 4

Interference isolation..........................................................................  23

Interlock...................................................................................................  34

Items supplied.......................................................................................  11

J
Jumper...................................................................................................... 21

L
LCP.............................................................................................................  24

Leakage current.............................................................................  10, 14

Lifting........................................................................................................ 12

Load sharing........  9, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, 63

Local control panel............................................................................... 24

M
Main menu.............................................................................................. 25

Mains
voltage..........................................................................................  25, 37
Transient................................................................................................  8

Maintenance..........................................................................................  36

Manual initialization............................................................................  27

MCT 10............................................................................................... 20, 24

Menu key..........................................................................................  24, 25

Menu structure...................................................................................... 25

Modbus RTU...........................................................................................  22

Motor
cable..............................................................................................  14, 18
current...............................................................................  8, 25, 30, 43
data...........................................................................  28, 31, 40, 44, 47
output..................................................................................................  64
power.....................................................................................  14, 25, 43
rotation................................................................................................  31
speed....................................................................................................  27
status....................................................................................................... 4
thermal protection..........................................................................  35
thermistor...........................................................................................  35
wiring............................................................................................  17, 23
Output current..................................................................................  40
Output performance (U, V, W)..................................................... 64
Thermistor..........................................................................................  35
Unintended motor rotation.........................................................  10

Mounting.......................................................................................... 12, 23

N
Nameplate............................................................................................... 11

Navigation key.................................................................. 24, 25, 27, 36

O
Open loop...............................................................................................  22

Operation key........................................................................................  24

Optional equipment.............................................................. 19, 21, 24

Output power wiring..........................................................................  23

Overcurrent protection......................................................................  14

Overload
High overload............................................................................. 63, 64
Normal overload................................................................. 49, 53, 64
torque................................................................................................... 64

Overvoltage.......................................................................  37, 47, 64, 67

P
Parameter menu structure................................................................  79

PELV...............................................................................  35, 65, 66, 67, 68

Phase loss................................................................................................  39

PM Motor.................................................................................................  28

Potential equalization.........................................................................  15

Potentiometer........................................................................................ 33
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Power
Input power................................................................................  24, 46
connection.........................................................................................  14
factor................................................................................................  8, 23

Power factor...........................................................................................  64

Programming.............................................................  21, 24, 25, 26, 39

Q
Quali�ed personnel................................................................................ 9

Quick menu............................................................................................  25

R
Ramp-down time.................................................................................. 47

Ramp-up time........................................................................................ 47

Reference
Reference................................................................  25, 32, 36, 37, 38
Remote reference............................................................................. 37
Speed reference........................................................... 22, 31, 33, 36

Relay
Relay.....................................................................................................  21
1.............................................................................................................. 67
2.............................................................................................................. 67
output..................................................................................................  67

Remote commands................................................................................  4

Reset....................................................................... 24, 26, 27, 38, 40, 45

RFI �lter....................................................................................................  19

RMS current............................................................................................... 8

RS485........................................................................................................  35

Run command.......................................................................................  31

Run permissive...............................................................................  34, 37

Run/stop command............................................................................. 34

S
Safe Torque O�......................................................................................  22

Safety........................................................................................................  10

Serial communication
RS485.................................................................................................... 22
Serial communication.................................  20, 22, 26, 36, 37, 38

Service......................................................................................................  36

Setpoint.................................................................................................... 38

Set-up.......................................................................................................  31

Shielded cable................................................................................  17, 23

Shock......................................................................................................... 11

Short circuit............................................................................................  41

Sleep mode............................................................................................. 38

SmartStart...............................................................................................  27

Speci�cations.........................................................................................  22

Start-up....................................................................................................  27

Status display.........................................................................................  36

Status mode...........................................................................................  36

STO............................................................................................................. 22
see also Safe Torque O�

Storage..............................................................................................  11, 65

Supply voltage.................................................................. 19, 20, 24, 42

Switch.......................................................................................................  22

Switching frequency...........................................................................  38

Symbol...................................................................................................... 78

SynRM.......................................................................................................  29

System feedback.....................................................................................  4

T
Terminal

Output terminal................................................................................ 24
53...........................................................................................................  22
54...........................................................................................................  22
tightening torques..........................................................................  68

Thermal protection................................................................................  8

Thermistor........................................................................................ 19, 40

Torque
Starting torque.................................................................................. 64
characteristic.....................................................................................  64
limit.......................................................................................................  47

Transient protection............................................................................... 8

Trip
Trip.................................................................................................. 35, 38
level......................................................................................... 69, 70, 71
lock........................................................................................................  38

Troubleshooting...................................................................................  48

True power factor.................................................................................  64

U
UL compliance.......................................................................................  72

Unintended start..............................................................................  9, 36

V
Vibration..................................................................................................  11

Voltage imbalance...............................................................................  39

Voltage level...........................................................................................  66

VVC+.......................................................................................................... 28

W
Warnings.................................................................................................. 38

Weight...............................................................................................  76, 77

Windmilling............................................................................................  10

Wire size............................................................................................  14, 18

Wiring
Control wiring...................................................................................  21
Thermistor control wiring.............................................................  19
schematic............................................................................................ 16
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®

SMALL COMPACT FILTER SILENCERS  
WITH STANDARD FILTER DESIGN  

"FS" Series 1/2" - 3" MPT

 APPLICATIONS

  Blowers-PD Type   Blowers-Side Channel   Compressor-Piston

  Compressor-Screw   Construction\Contractor Industry   Dental

  Engines   Hydraulic Breathers - fine filtration   Industrial & Severe Duty

  Medical   Pneumatic Conveying Systems   Sparging

  Waste Water Aeration   Workshop

 FEATURES & SPECIFICATIONS

  ;99%+ removal efficiency std: Paper=2 micron, Polyester=5 micron   Durable carbon steel construction with powder coated finish or 
galvanized steel

  Filter change out differential: 10"-15" in. H2O above initial delta P   Fully drawn weatherhood - no welds to rust or vibrate apart

  Interchangeable elements: Polyester, Paper, HEPA   Low pressure drop center bracket and outlet pipe design

  Pressure drop graphs available upon request   Temp (continuous): min -15° F ( -26° C) max 220° F (104° C)

  Tubular silencing design - tube is positioned to maximize attenuation 
and air flow while minimizing pressure drop   

Typical noise attenuation up to 15 dB's (due to the wide range of 
applications and machines these units are used on, a single graph is 
insufficient. Please inquire for your specific requirement)

 OPTIONS

  1/8" tap holes for differential pressure gauges   Available in Stainless Steel   Epoxy coated housings

  Hot dipped galvanized housings   Special connections, BSPT/Metric   Various elements available

 Line Drawing  

*All measurements are shown in standards.

Add To 
Order Model Number Element 

Type 

Outlet 
in. 

NPT 
or FLG

Connection
Style

Dim 
A 
in. 

Dim 
B 
in. 

Dim 
C 
in. 

Rated
Flow

Piston
SCFM 

Rated 
Flow 

Screw 
Blower 

Fan 
SCFM 

Element  
Parent 
Flow 

SCFM 

Tube 
Count 

Approx. 
Weight 

lbs. 
CAD

FS-15-050 Polyester 0.5 MPT 4 1.5 6 10 10 35 1 1.8

FS-15-075 Polyester 0.75 MPT 4 1.5 6 20 25 35 2 2

FS-15-100 Polyester 1 MPT 4 1.5 6 25 35 35 3 2.1

FS-19P-100 Polyester 1 MPT 6.63 1.5 6 35 55 100 3 3

FS-19P-125 Polyester 1.25 MPT 6.63 1.63 6.1 55 70 100 5 3.3

FS-19P-150 Polyester 1.5 MPT 6.63 1.5 6 70 85 100 5 3.5

Page 1 of 2View Datasheet

9/23/2008http://www.solbergmfg.biz/View_Datasheet.asp?part_number=SFS_2-2
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Solberg Mfg.  

1151 W. Ardmore Ave.·Itasca, IL 60143·(630)773-1363· Fax: (630)773-0727 

SFS_2-2  

FS-231P-200 Polyester 2 MPT 12.25 2.25 10 135 135 300 5 14

FS-31P-200 Polyester 2 MPT 7.25 2.25 10 85 135 195 5 7.8

FS-231P-250 Polyester 2.5 MPT 12.5 2.5 10 195 195 300 9 14.5

FS-31P-250 Polyester 2.5 MPT 7.5 2.5 10 100 195 195 5 8.2

FS-231P-300 Polyester 3 MPT 13 3 10 200 300 300 9 15

FS-14-050 Paper 0.5 MPT 4 1.5 6 10 10 35 1 1.8

FS-14-075 Paper 0.75 MPT 4 1.5 6 20 25 35 2 2

FS-14-100 Paper 1 MPT 4 1.5 6 25 35 35 3 2.1

FS-18P-100 Paper 1 MPT 6.63 1.5 6 35 55 100 3 3

FS-18P-125 Paper 1.25 MPT 6.63 1.63 6.1 55 70 100 5 3.3

FS-18P-150 Paper 1.5 MPT 6.63 1.5 6 70 85 100 5 3.5

FS-230P-200 Paper 2 MPT 12.25 2.25 10 135 135 300 5 14

FS-30P-200 Paper 2 MPT 7.25 2.25 10 85 135 195 5 8.2

FS-230P-250 Paper 2.5 MPT 12.5 2.5 10 195 195 300 9 14.5

FS-30P-250 Paper 2.5 MPT 7.5 2.5 10 100 195 195 5 8.2

FS-230P-300 Paper 3 MPT 13 3 10 200 300 300 9 15

Page 2 of 2View Datasheet

9/23/2008http://www.solbergmfg.biz/View_Datasheet.asp?part_number=SFS_2-2
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1 Vacuum pump/compressor 
housing 

2 Vacuum pump/compressor cover 
3 Inlet connection with muffler 
4 Discharge connection with 

muffler 
5 Base 
6 Arrow indicating delivery direction
7 Arrow indicating direction of 

rotation 
8 Drive motor 
9 Fan guard (over external fan) 
10 Terminal box 
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���� �6�D�I�H�W�\��

�������� �'�H�I�L�Q�L�W�L�R�Q�V��

To point out dangers and important information, 
the following signal words and symbols are used 
in these operating instructions: 
 

������������ �6�D�I�H�W�\���D�O�H�U�W���V�\�P�E�R�O��

The �V�D�I�H�W�\���D�O�H�U�W���V�\�P�E�R�O �� ��is located in the 
safety precautions in the highlighted heading field 
on the left next to the signal word (DANGER, 
WARNING, CAUTION). 

Safety precautions �Z�L�W�K a safety alert symbol 
indicate a danger of �L�Q�M�X�U�L�H�V. 

Be sure to follow these safety precautions to 
protect against �L�Q�M�X�U�L�H�V���R�U���G�H�D�W�K! 
Safety precautions �Z�L�W�K�R�X�W a safety alert symbol 
indicate a danger of �G�D�P�D�J�H. 

 

������������ �6�L�J�Q�D�O���Z�R�U�G�V��
 

�'�$�1�*�(�5��

�:�$�5�1�,�1�*��

�&�$�8�7�,�2�1��

�1�2�7�,�&�(��

�1�2�7�(��

The �V�L�J�Q�D�O���Z�R�U�G�V are located in 
the safety precautions in the 
highlighted heading field. 
They follow a certain hierarchy 
and indicate (in conjunction with 
the safety alert symbol, see 
Chapter 1.1.1) the �V�H�U�L�R�X�V�Q�H�V�V��
�R�I���W�K�H���G�D�Q�J�H�U and the �W�\�S�H���R�I��
�Z�D�U�Q�L�Q�J����
See the following explanations: 

 

���� �����'�$�1�*�(�5��
�'�D�Q�J�H�U���R�I���L�Q�M�X�U�L�H�V����
Indicates an imminently hazardous situation, 
that �Z�L�O�O result in �G�H�D�W�K���R�U���V�H�U�L�R�X�V���L�Q�M�X�U�\ if the 
corresponding measures are not taken. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���R�I���L�Q�M�X�U�L�H�V����
Indicates a potentially hazardous situation, that 
�F�R�X�O�G result in �G�H�D�W�K���R�U���V�H�U�L�R�X�V���L�Q�M�X�U�\ if the 
corresponding measures are not taken. 

 

�� �����&�$�8�7�,�2�1��
�'�D�Q�J�H�U���R�I���L�Q�M�X�U�L�H�V����
Indicates a potentially hazardous situation, that 
may result in �P�L�Q�R�U���R�U���P�R�G�H�U�D�W�H���L�Q�M�X�U�\ if the 
corresponding measures are not taken. 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���G�D�P�D�J�H����
Indicates a potentially hazardous situation that 
may result in �S�U�R�S�H�U�W�\���G�D�P�D�J�H if the 
corresponding measures are not taken. 

 

�1�2�7�,�&�(��
Indicates a possible �G�L�V�D�G�Y�D�Q�W�D�J�H, i.e. 
undesirable conditions or consequences can 
occur if the corresponding measures are not 
taken. 

 

�1�2�7�(��
Indicates a possible �D�G�Y�D�Q�W�D�J�H if the 
corresponding measures are taken; tip. 
 

 

�������� �*�H�Q�H�U�D�O���V�D�I�H�W�\���S�U�H�F�D�X�W�L�R�Q�V��

�� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
These operating instructions 

�x must have been read completely and 
understood before beginning any work with 
or at the pump-motor unit, 

�x must be strictly observed, 
�x must be available at the operating location of 

the pump-motor unit. 
 

�� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Only operate the pump-motor unit 

�x for the purposes indicated under "Intended 
Use"! 

�x with the fluids indicated under 'Intended Use'!
�x with the values indicated under 'Technical 

Data'! 
 

�� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
All work on and with the pump-motor unit 
(transport, installation, operation, shut-down, 
maintenance, disposal) may only be carried out 
by �W�U�D�L�Q�H�G�����U�H�O�L�D�E�O�H���H�[�S�H�U�W���S�H�U�V�R�Q�Q�H�O! 

 

�(����������
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���� �����:�$�5�1�,�1�*��
�:�K�H�Q���Z�R�U�N�L�Q�J���R�Q���W�K�H���X�Q�L�W�����W�K�H�U�H���L�V���D���G�D�Q�J�H�U��
�R�I���L�Q�M�X�U�\�����H���J�����L�Q���W�K�H���I�R�U�P���R�I���F�X�W�V���F�X�W�W�L�Q�J���R�I�I����
�F�U�X�V�K�L�Q�J���D�Q�G���E�X�U�Q�V����
During all work on and with the pump-motor unit 
(transport, installation, operation, shut-down, 
maintenance, disposal) wear �S�H�U�V�R�Q�D�O���V�D�I�H�W�\��
�H�T�X�L�S�P�H�Q�W�����V�D�I�H�W�\���K�H�O�P�H�W�����S�U�R�W�H�F�W�L�Y�H���J�O�R�Y�H�V����
�V�D�I�H�W�\���V�K�R�H�V��! 

 

�� �����:�$�5�1�,�1�*��
�+�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J���F�D�Q���E�H���S�X�O�O�H�G���L�Q�W�R���W�K�H���X�Q�L�W��
�R�U���F�D�X�J�K�W���D�Q�G���Z�R�X�Q�G���X�S���P�R�Y�L�Q�J���S�D�U�W�V����
Do not wear long, loose hair or wide, loose 
clothes! Use a hair net! 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Work on electrical installations may be carried 
out by trained and authorized electricians only! 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Before beginning work on the unit or system, the 
following measures must be carried out: 

�x Deenergize. 
�x Secure against being switched on again. 
�x Determine whether deenergized. 
�x Ground and short-circuit. 
�x Cover or block off adjacent energized parts. 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Do not open the motor terminal box until 
absence of electricity has been ensured! 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���G�X�H���W�R���Y�D�F�X�X�P���D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H����
�V�X�G�G�H�Q���H�V�F�D�S�H���R�I���I�O�X�L�G�V�����V�N�L�Q���D�Q�G���H�\�H��
�L�Q�M�X�U�L�H�V������
�V�X�G�G�H�Q���G�U�D�Z�L�Q�J���L�Q���R�I���K�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���H�V�F�D�S�L�Q�J���I�O�X�L�G�����%�X�U�Q�V����
Use mounting elements, connections, lines, 
fittings and containers with sufficient freedom 
from leaks and strength for the pressures which 
occur. 

Check the mounting elements, connections, 
lines, fittings and containers for strength, leaks 
and firm seating at regular intervals! 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���S�D�U�W�V�����H�[�W�H�U�Q�D�O���I�D�Q����
�L�P�S�H�O�O�H�U�����V�K�D�I�W������
�&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I�I���R�I���H�[�W�U�H�P�L�W�L�H�V����
�*�U�D�V�S�L�Q�J���Z�L�Q�G�L�Q�J���X�S���R�I���K�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���Y�D�F�X�X�P���D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H����
�V�X�G�G�H�Q���H�V�F�D�S�H���R�I���I�O�X�L�G�V�����V�N�L�Q���D�Q�G���H�\�H��
�L�Q�M�X�U�L�H�V�������V�X�G�G�H�Q���G�U�D�Z�L�Q�J���L�Q���R�I���K�D�L�U���D�Q�G��
�F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���H�V�F�D�S�L�Q�J���I�O�X�L�G�����%�X�U�Q�V����
Start-up and operation only under the following 
conditions: 

�x The pump-motor unit must be completely 
assembled. When doing so, pay particular 
attention to the following components: 
�± the vacuum pump/compressor cover, 
�± the muffler on inlet and discharge 

connections, 
�± the fan guard. 

�x The pipes/hoses must be connected to inlet 
and discharge connections. 

�x Inlet and discharge connections and the 
connected pipes/hoses may not be closed, 
clogged or soiled. 

�x Check the mounting elements, connections 
of the pipe/hose connections, lines, fittings 
and containers for strength, leaks and firm 
seating at regular intervals. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���S�D�U�W�V�����H�[�W�H�U�Q�D�O���I�D�Q����
�L�P�S�H�O�O�H�U�����V�K�D�I�W������
�&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I�I���R�I���H�[�W�U�H�P�L�W�L�H�V����
�*�U�D�V�S�L�Q�J���Z�L�Q�G�L�Q�J���X�S���R�I���K�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���Y�D�F�X�X�P���D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H����
�V�X�G�G�H�Q���H�V�F�D�S�H���R�I���I�O�X�L�G�V�����V�N�L�Q���D�Q�G���H�\�H��
�L�Q�M�X�U�L�H�V�������V�X�G�G�H�Q���G�U�D�Z�L�Q�J���L�Q���R�I���K�D�L�U���D�Q�G��
�F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���H�V�F�D�S�L�Q�J���I�O�X�L�G�����%�X�U�Q�V����
Before beginning work on the pump-motor unit, 
take the following measures: 

�x Shut down pump-motor unit and secure 
against being switched on again. 

�x Attach a sign on the system controller and on 
the control elements for the pump-motor unit: 
"DANGER! Maintenance work on vacuum 
pump/compressor! Do not switch on!" 

�x Wait for pump-motor unit to come to a 
complete stop. Observe run-on time! 

�x Allow pump-motor unit to cool! 
�x Shut-off lines. Release pressure. 
�x Make sure that no vacuum or gauge pressure 

is present in the lines/tanks to be opened. 
�x Make sure that no fluids can escape. 

 

�(����������
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���� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���L�P�S�H�O�O�H�U����
�&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I���R�I�I���H�[�W�U�H�P�L�W�L�H�V����
The rotating impeller is accessible with the inlet 
and discharge connections open! 

Do not reach into the unit through open 
connections! 
Do not insert objects into the unit through the 
openings! 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���L�P�S�H�O�O�H�U����
�&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I���R�I�I���H�[�W�U�H�P�L�W�L�H�V����
The rotating impeller is accessible with the inlet 
and discharge connections open! 
With free entry and exit of gases, i.e. with direct 
intake out of or direct feeding into the 
atmosphere without piping, the following 
therefore applies: 

Provide the inlet and discharge connections of 
the pump-motor unit either with additional 
mufflers or with additional piping of a sufficient 
length to prevent access to the impeller! 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���R�I���E�X�U�Q�V���I�U�R�P���K�R�W���V�X�U�I�D�F�H�V���R�I���W�K�H��
�S�X�P�S���P�R�W�R�U���X�Q�L�W���D�Q�G���I�U�R�P���K�R�W���I�O�X�L�G�V����
High temperatures of up to approx. 160°C 
[320°F] can occur on the surface of the pump-
motor unit. 

Cover the pump-motor unit with a suitable touch 
protection (e.g. perforated plate cover or wire 
cover). Do not touch during operation! 
Allow to cool after shut-down! 

 

 

�������� �5�H�V�L�G�X�D�O���U�L�V�N�V��

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���]�R�Q�H����
Hot surface up to approx. 160°C [320°F]. 

�+�D�]�D�U�G����
Possible burns. 

�3�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V����
Cover the pump-motor unit with a suitable touch 
protection (e.g. perforated plate cover or wire 
cover). 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���]�R�Q�H����
Fan guard 

�+�D�]�D�U�G����
Long, loose hair can be drawn into external fan 
through fan guard grate, even with fan guard 
mounted! 

�3�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V����
Wear hair net! 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���]�R�Q�H����
Missing or defective muffler inlet or discharge 
connection. 

�+�D�]�D�U�G����
Possible serious hearing damage due to emitted 
noise. 

�3�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V����
Have missing or defective mufflers replaced. 
Conduct a noise measurement in the system 
after installing the pump-motor unit. The 
following measures can be taken from 85 dB(A) 
and must be taken from 90 dB(A): 

�x Mark noise area with a warning sign. 
�x Wear hearing protection. 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���]�R�Q�H����
Environment of pump-motor unit. 

�+�D�]�D�U�G����
Possible serious hearing damage due to emitted 
noise. 

�3�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V����
Conduct a noise measurement in the system 
during operation after installing the pump-motor 
unit. 

The following measures can be taken from 
85 dB(A) and must be taken from 90 dB(A): 

�x Mark noise area with a warning sign. 
�x Wear hearing protection. 
�x With free entry and exit of gases, i.e. with 

direct intake out of or direct feeding into the 
atmosphere without piping, attach an 
additional muffler. 
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���� �,�Q�W�H�Q�G�H�G���8�V�H��

�7�K�L�V���R�S�H�U�D�W�L�Q�J���P�D�Q�X�D�O��

�x is intended for side channel compressors of 
the  
G-BH1 and G-BH9 series, types 2BH1 1   
2BH1 2   2BH1 3   2BH1 4   2BH1 5   2BH1 6   
2BH1 8   2BH1 9   2BH9 23, 

�x contains instructions bearing on transport and 
handling, installation, commissioning, 
operation, shut-down, storage, servicing and 
disposal of the G-BH1,G-BH9, 

�x must be completely read and understood by 
all operating and servicing personnel before 
beginning to work with or on the G-BH1,       
G-BH9, 

�x must be strictly observed, 

�x must be available at the site of operation of 
the G-BH1, G-BH9. 

 

�$�E�R�X�W���W�K�H���R�S�H�U�D�W�L�Q�J���D�Q�G���V�H�U�Y�L�F�L�Q�J���S�H�U�V�R�Q�Q�H�O��
�R�I���W�K�H���*���%�+�������*���%�+����

�x These persons must be trained and 
authorized for the work to be carried out. 

�x Work on electrical installations may be carried 
out by trained and authorized electricians 
only. 

 

�7�K�H���*���%�+�����*���%�+����

�x are pump-motor units for generating vacuum 
or gauge pressure; 

�x are used to �H�[�W�U�D�F�W, �S�X�P�S and �F�R�P�S�U�H�V�V 
�W�K�H���I�R�O�O�R�Z�L�Q�J���J�D�V�H�V: 

– Air, 
– Non-flammable, non-aggressive, non-toxic 

and non-explosive gases or gas-air 
mixtures. 

– With differing gases/gas-air mixtures, 
inquire with the Service Department. 

�x are equipped with one of the following kind of 
drive motors: 
– 3-phase AC drive motor 

with a standard or explosion-protected 
design 

– Single-phase AC drive motor 

These operating instructions apply �R�Q�O�\���W�R��
pump-motor units with a �V�W�D�Q�G�D�U�G���G�H�V�L�J�Q. 
For an explosion-protected design (EEx e II), 
see the separate operating instructions. 

 

 
 

 

 

�x are intended for industrial applications, 

�x are designed for continuous operation. 
With increased switch-on frequency (6x per 
hour with equal pauses and operating times) 
or with increased gas inflow and ambient 
temperature, the excess temperature limit of 
the coil and the bearing can be exceeded. 
Consult the manufacturer when using under 
such conditions. 

When operating the G-BH1, G-BH9 the limits 
listed in Chapter 3, "Technical Data", Pg. 7 ff. 
must always be complied with. 

 

�)�R�U�H�V�H�H�D�E�O�H���0�L�V�X�V�H��
 

It is prohibited 

�x to use the G-BH1, G-BH9 in applications other 
than industrial applications unless the 
necessary protection is provided on the 
system, e.g. guards suitable for children's 
fingers; 

�x to use the device in rooms in which explosive 
gases can occur if the G-BH1, G-BH9 is not 
expressly intended for this purpose; 

�x to extract, to deliver and to compress 
explosive, flammable, corrosive or toxic fluids, 
unless the G-BH1, G-BH9 is specifically 
designed for this purpose; 

�x to operate the G-BH1 with values other than 
those specified in Chapter 3, "Technical 
Data", Pg. 7 ff. 

 
Any unauthorized modifications of the G-BH1, 
 G-BH9 are prohibited for safety reasons. 

The operator is only permitted to perform the 
maintenance and service work described in these 
operating instructions.  

Maintenance and servicing work which goes 
beyond this may only be carried out by 
companies which have been authorised by the 
manufacturer (ask the service department for 
details). 
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���� �7�H�F�K�Q�L�F�D�O���'�D�W�D��

�������� �0�H�F�K�D�Q�L�F�D�O���G�D�W�D��

�:�H�L�J�K�W��

�6�L�Q�J�O�H���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�� �:�H�L�J�K�W��

�7�\�S�H�� �>�N�J�@��
�D�S�S�U�R�[����

�>�O�E�V�@��
�D�S�S�U�R�[����

2BH1100-7..0. 9 20 

2BH1200-7..0. 9 20 

2BH1300-7..0. 9 20 

2BH1300-7..1. 10 22 

2BH1300-7..2. 11 24 

2BH1330-7..0. 10 22 

2BH1330-7..1. 11 24 

2BH1330-7..2. 12 26 

2BH1400-7..0. 13 29 

2BH1400-7..1. 16 35 

2BH1400-7..2. 17 37 

2BH1430-7..0. 14 31 

2BH1430-7..1. 17 37 

2BH1430-7..2. 18 40 

2BH1500-7..0. 20 44 

2BH1500-7..1. 22 49 

2BH1500-7..2. 23 51 

2BH1500-7..3. 25 55 

2BH1530-7..0. 21 46 

2BH1530-7..1. 23 51 

2BH1530-7..2. 24 53 

2BH1530-7..3. 26 57 

2BH1600-7..0. 27 60 

2BH1600-7..1. 30 66 

2BH1600-7..2. 36 79 

2BH1600-7..3. 40 88 

2BH1600-7..6. 32 71 

2BH1600-7..7. 39 86 

2BH1630-7..0. 29 64 

2BH1630-7..1. 32 71 

2BH1630-7..2. 37 82 

2BH1630-7..3. 43 95 

2BH1630-7..6. 34 75 

2BH1630-7..7. 40 88 

�6�L�Q�J�O�H���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�� �:�H�L�J�K�W��

�7�\�S�H�� �>�N�J�@��
�D�S�S�U�R�[����

�>�O�E�V�@��
�D�S�S�U�R�[����

2BH180.-7..0. 117 258 

2BH180.-7..1. 126 278 

2BH180.-7..2. 132 291 

2BH183.-7..0. 120 265 

2BH183.-7..1. 129 284 

2BH183.-7..2. 135 298 

2BH190.-7..0. 179 395 

2BH190.-7..1. 198 437 

2BH190.-7..3. 210 463 

2BH193.-7..0. 179 395 

2BH193.-7..1. 198 437 

2BH193.-7..3. 209 463 

2BH923..-…P 167 368 

2BH923..-…Q 145 320 

2BH923..-…H 151 333 
 

�7�Z�R���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�� �:�H�L�J�K�W��

�7�\�S�H�� �>�N�J�@��
�D�S�S�U�R�[����

�>�O�E�V�@��
�D�S�S�U�R�[����

2BH1310-7..2. 15 33 

2BH1410-7..3. 25 55 

2BH1410-7..4. 27 60 

2BH1510-7..4. 40 88 

2BH1510-7..5. 44 97 

2BH1610-7..1. 43 95 

2BH1610-7..2. 48 106 

2BH1610-7..3. 54 119 

2BH1610-7..4. 66 146 

2BH1610-7..5. 73 161 

2BH1610-7..7. 50 110 

2BH1610-7..8. 62 137 

2BH1640-7..3. 54 119 

2BH1640-7..4. 69 152 

2BH1640-7..5. 75 165 

2BH1640-7..8. 62 137 

2BH181.-7..1. 171 377 

2BH181.-7..2. 177 390 

�(����������
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�7�Z�R���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�� �:�H�L�J�K�W��

�7�\�S�H�� �>�N�J�@��
�D�S�S�U�R�[����

�>�O�E�V�@��
�D�S�S�U�R�[����

2BH181.-7..3. 203 448 

2BH181.-7..4. 215 474 

2BH184.-7..2. 177 390 

2BH184.-7..3. 203 448 

2BH191.-7..1. 274 604 

2BH191.-7..2. 288 635 

2BH191.-7..3. 299 659 

2BH191.-7..4. 309 681 

2BH1940-7B.2. 275 606 

2BH1940-7B.3. 314 692 

2BH1940-7B.4. 324 714 

2BH1943-7..2. 330 728 

2BH1943-7..3. 339 747 

2BH1943-7..4. 349 769 

 

 

�0�L�Q�L�P�X�P���G�L�V�W�D�Q�F�H�V��

Minimum distance to fan guard (for sucking in 
cooling air): 

�7�\�S�H�� �>�P�P�@�� �>�L�Q�F�K�H�V�@��

2BH1 1.. - 2BH1 4 34 1.34 

2BH1 5.. - 2BH1 9 53 2.09 

2BH923… 52 2.05 

 

Minimum distance to face of vacuum 
pump/compressor cover: 

�7�\�S�H�� �>�P�P�@�� �>�L�Q�F�K�H�V�@��

2BH1 1.. - 2BH1 5 20 0.79 

2BH1 6.. 30 1.18 

2BH1 8.. - 2BH1 9 40 1.57 

2BH923.. 52 2.05 

 
 

 

 
 

 
 

 

 
 

�1�R�L�V�H���O�H�Y�H�O��

Measuring-surface sound-pressure level as per 
EN ISO 3744, measured at a distance of 1 m 
[3.28 ft] at an operating point of approximately 
2/3 of the permissible total pressure difference 
with the lines connected without a vacuum or 
pressure relief valve, tolerance �r3 dB (A). 

�6�L�Q�J�O�H���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�7�\�S�H�� �����P���P�H�D�V�X�U�L�Q�J���V�X�U�I�D�F�H��
�V�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O��

�/���>�G�%�����$���@��

 �������+�]��
�D�S�S�U�R�[����

�������+�]��
�D�S�S�U�R�[����

2BH1100-7..0. 52 55 

2BH1200-7..0. 57 61 

2BH1300-7..0. 53 56 

2BH1300-7..1. 53 56 

2BH1300-7..2. 53 56 

2BH1330-7..0. 53 56 

2BH1330-7..1. 53 56 

2BH1330-7..2. 53 56 

2BH1400-7..0. 63 64 

2BH1400-7..1. 63 64 

2BH1400-7..2. 63 64 

2BH1430-7..0. 63 64 

2BH1430-7..1. 63 64 

2BH1430-7..2. 63 64 

2BH1500-7..0. 64 70 

2BH1500-7..1. 64 70 

2BH1500-7..2. 64 70 

2BH1500-7..3. 64 70 

2BH1530-7..0. 64 70 

2BH1530-7..1. 64 70 

2BH1530-7..2. 64 70 

2BH1530-7..3. 64 70 

2BH1600-7..0. 69 72 

2BH1600-7..1. 69 72 

2BH1600-7..2. 69 72 

2BH1600-7..3. 69 72 

2BH1600-7..6. 69 72 

2BH1600-7..7. 69 72 

2BH1630-7..0. 69 72 

�(����������
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�6�L�Q�J�O�H���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�7�\�S�H�� �����P���P�H�D�V�X�U�L�Q�J���V�X�U�I�D�F�H��
�V�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O��

�/���>�G�%�����$���@��

 �������+�]��
�D�S�S�U�R�[����

�������+�]��
�D�S�S�U�R�[����

2BH1630-7..1. 69 72 

2BH1630-7..2. 69 72 

2BH1630-7..3. 69 72 

2BH1630-7..6. 69 72 

2BH1630-7..7. 69 72 

2BH180.-7..0. 70 74 

2BH180.-7..1. 70 74 

2BH180.-7..2. 70 74 

2BH183.-7..0. 70 74 

2BH183.-7..1. 70 74 

2BH183.-7..2. 70 74 

2BH190.-7..0. 74 79 

2BH190.-7..1. 74 79 

2BH190.-7..3. 74 79 

2BH193.-7..0. 75 80 

2BH193.-7..1. 75 80 

2BH193.-7..3. 75 80 

2BH923.. 79 81 
 

�7�Z�R���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�7�\�S�H�� �����P���P�H�D�V�X�U�L�Q�J���V�X�U�I�D�F�H��
�V�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O��

�/���>�G�%�����$���@��

�� �������+�]��
�D�S�S�U�R�[����

�������+�]��
�D�S�S�U�R�[����

2BH1310-7..2. 55 61 

2BH1410-7..3. 66 69 

2BH1410-7..4. 66 69 

2BH1510-7..4. 72 74 

2BH1510-7..5. 72 74 

2BH1610-7..1. 73 76 

2BH1610-7..2. 73 76 

2BH1610-7..3. 73 76 

2BH1610-7..4. 73 76 

2BH1610-7..5. 73 76 

2BH1610-7..7. 73 76 

2BH1610-7..8. 73 76 

2BH1640-7..3. 74 78 

2BH1640-7..4. 74 78 

2BH1640-7..5. 74 78 

2BH1640-7..8. 74 --- 

2BH181.-7..1. 74 --- 

2BH181.-7..2. 74 78 

2BH181.-7..3. 74 78 

2BH181.-7..4. 74 78 

2BH184.-7..2. 74 78 

2BH184.-7..3. 74 78 

2BH191.-7..1. 74 84 

2BH191.-7..2. 74 84 

2BH191.-7..3. 74 84 

2BH1940-7B.2. 75 84 

2BH1940-7B.3. 75 84 

2BH1940-7B.4. 75 84 

2BH1943-7..2. 75 84 

2BH1943-7..3. 75 84 

2BH1943-7..4. 75 84 
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�6�R�X�Q�G���S�R�Z�H�U���O�H�Y�H�O��

Sound power level LW as per EN ISO 3744, 
tolerance �r3 dB (A). 

�7�Z�R���L�P�S�H�O�O�H�U���G�H�V�L�J�Q��

�� �6�R�X�Q�G���S�R�Z�H�U���O�H�Y�H�O���/�: ��
�>�G�%�����$���@��

�7�\�S�H�� �������+�]�� �������+�]��

2BH191. - 98 

2BH1940 - 98 

2BH1943 - 99 

2BH923.. - 93 

 

 

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H�V���I�R�U���V�F�U�H�Z���F�R�Q�Q�H�F�W�L�R�Q�V��

The following values apply if no other information 
is available.  

With non-electrical connections, property classes 
of 8.8 and 8 or higher as per ISO 898-1 are 
assumed. 

��

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H�V���I�R�U����
�Q�R�Q���H�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V��

�7�K�U�H�D�G�� �>�1�P�@�� �>�I�W���O�E�V�@��

M4 2.7 - 3.3 1.99 - 4.44 

M5 3.6 - 4.4 2.65 - 3.25 

M6 7.2 - 8.8 5.31 -  6.5 

M8 21.6 - 26.4 15.9 - 19.5 

M10 37.8 - 46.2 27.9 - 34.1 

M12 63.0 - 77.0 46.5 - 56.8 

 

The following information for electrical connection 
applies to all terminal board connections with the 
exception of terminal strips. 

��

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H�V���I�R�U����
�H�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V��

�7�K�U�H�D�G�� �>�1�P�@�� �>�I�W���O�E�V�@��

M4 0.8 - 1.2 0.59 - 0.89 

M5 1.8 - 2.5 1.33 - 1.84 

 

Especially for metal and plastic threaded cable 
glands and pipe unions, the following values 
apply: 

��

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H�V���I�R�U���P�H�W�D�O��
�W�K�U�H�D�G�H�G���J�O�D�Q�G�V���X�Q�L�R�Q�V��

�7�K�U�H�D�G�� �>�1�P�@�� �>�I�W���O�E�V�@��

M12x1,5 4 - 6 2.95 - 4.43 

M16x1,5 5 - 7.5 3.69 - 5.53 

M25x1,5 6 - 9 4.43 - 6.64 

M32x1,5 

M40x1,5 
8 - 12 5.9 - 8.85 

 

��

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H�V���I�R�U���S�O�D�V�W�L�F��
�W�K�U�H�D�G�H�G���J�O�D�Q�G�V���X�Q�L�R�Q�V��

�7�K�U�H�D�G�� �>�1�P�@�� �>�I�W���O�E�V�@��

M12x1,5 2 - 3.5 1.48 - 2.58 

M16x1,5 3 - 4 2.21 - 2.95 

M25x1,5 4 - 5 2.95 - 3.69 

M32x1,5 

M40x1,5 
5 - 7 3.69 - 5.16 
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�������� �(�O�H�F�W�U�L�F�D�O���G�D�W�D��

See rating plate. 

 

�������� �2�S�H�U�D�W�L�Q�J���F�R�Q�G�L�W�L�R�Q�V��

�7�H�P�S�H�U�D�W�X�U�H�V��
 

max. permissible temperature: 

+40°C [+104°F] 
 

Nominal value: 

+15°C  [+59°F] 

Temperature of 
pumped gases: 

Pump-motor units for higher fluid 
temperatures on request. 

 

max. permissible temperature: 

+40°C [+104°F] 
 

min. permissible temperature: 

-15°C [+5°F] 
 

Nominal value: 

+25°C [+77°F] 

Ambient 

temperature: 

Ambient temperatures between 
25°C [+77°F] and 40°C [+104°F] 
affect the permissible total 
pressure difference.  

At higher temperatures the winding 
may be damaged and the grease 
change interval may be shortened.

 

�3�U�H�V�V�X�U�H�V��

Min. suction pressure: See rating plate 

Max. discharge pressure 
in compressor mode: 

See rating plate 

* The total pressure difference, shown on the 
rating plate, applies only for the following 
conditions: 

�x Ambient temperature: 25°C  
�x Pressure for vacuum operation: 

1013 mbar at pressure connection; 
�x Pressure for compressor operation: 

1013 mbar at suction connection; 
�x Intake temperature (temperature of conveyed 

gases at suction connection): 15°C  
For ambient temperatures between 25°C and 
40°C, the total pressure difference specified 
on the rating plate must be reduced (at 40°C 
by 10%). 

Consultation with the manufacturer is essential 
for such operational conditions. 

 

 

 

�,�Q�V�W�D�O�O�D�W�L�R�Q���D�O�W�L�W�X�G�H��

Max. of 1,000 m [3,280 ft] above sea level.  

When installing the pump-motor unit at an altitude of 
more than 1,000 m [3,280 ft] above sea level, first 
inquire with the Service department. 
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���� �7�U�D�Q�V�S�R�U�W���D�Q�G���+�D�Q�G�O�L�Q�J��

���� �����:�$�5�1�,�1�*��
�7�L�S�S�L�Q�J���R�U���I�D�O�O�L�Q�J���F�D�Q���O�H�D�G���W�R���F�U�X�V�K�L�Q�J�����E�U�R�N�H�Q��
�E�R�Q�H�V���H�W�F�������6�K�D�U�S���H�G�J�H�V���F�D�Q���F�D�X�V�H���F�X�W�V����
Wear personal safety equipment (gloves, safety 
shoes and protective helmet) during transport! 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���I�U�R�P���W�L�S�S�L�Q�J���R�U���I�D�O�O�L�Q�J���O�R�D�G�V����
Prior to transport and handling make sure that 
all components are securely assembled and 
secure or remove all components the fasteners 
of which have been loosened! 

 

�0�D�Q�X�D�O���K�D�Q�G�O�L�Q�J����

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���I�U�R�P���O�L�I�W�L�Q�J���K�H�D�Y�\���O�R�D�G�V����
Manual handling of the unit is only permitted 
within the following limits: 

�x max. 30 kg [max. 66 lbs] for men 
�x max. 10 kg [max. 22 lbs] for women 
�x max. 5 kg [max. 11 lbs] for pregnant women 
For the weight of the pump-motor unit, see 
Chapter 3.1, "Mechanical data", 
Section "Weight", Pg. 7. For weights above the 
given values use suitable lifting appliances and 
handling equipment! 

 

�+�D�Q�G�O�L�Q�J���E�\���P�H�D�Q�V���R�I���O�L�I�W�L�Q�J���H�T�X�L�S�P�H�Q�W����

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���I�U�R�P���W�L�S�S�L�Q�J���R�U���I�D�O�O�L�Q�J���O�R�D�G�V����
When transporting with lifting equipment, 
observe the following basic rules: 

�x Before each transport, check the tight fit of 
the eye bolt/lifting attachment, see 
"Tightening torques for screw connections", 
p. 10. 

�x The lifting capacity of lifting equipment and 
lifting gear must be at least equal to the unit's 
weight. For the weight of the pump-motor 
unit, see Chapter 3.1, "Mechanical data", 
Section "Weight", Pg. 7. 

�x The pump-motor unit must be secured so 
that it cannot tip or fall. 

�x Do not stand or walk under suspended loads!

 
 

 

 
 

The transport must be carried out in different 
ways depending on the type: 

�x 2BH11., 2BH12., 2BH13., 2BH14., 2BH15. 
(single-impeller): Manual handling 

�x 2BH15. (two-impeller), 2BH16., 2BH18., 
2BH19., 2BH923… 
Transport with crane, hooked onto eye 
bolt/lifting attachment (1 attachment point) 

�x 2BH1943: 
Transport with crane, hooked with lifting belts 
onto eye bolt and onto the holes in the two 
feet of the vacuum pump/compressor housing 
(3 attachment points). 

 

For �W�U�D�Q�V�S�R�U�W���Z�L�W�K���D���F�U�D�Q�H, the pump-motor unit 
can be hooked into the crane hook as follows: 

�x directly on the eye bolt/lifting attachment 
(With 2BH194 the eye bolt and the two foot 
holes should be used) 

 

or possibly 

�x with lifting belts. 

�(�\�H���E�R�O�W���O�L�I�W�L�Q�J���D�W�W�D�F�K�P�H�Q�W����

Types with a weight of up to 30 kg [66 lbs] are 
�Q�R�W equipped with an eye bolt/lifting attachment 
(2BH11., 2BH12., 2BH13., 2BH14., 2BH15 
[single-impeller]). 

Types with a weight of more than 30 kg [66 lbs] 
are equipped with an eye bolt/lifting attachment 
as �V�W�D�Q�G�D�U�G (2BH15. [two-impeller], 2BH16., 
2BH18., 2BH19., 2BH9…). 
The eye bolt/lifting attachment is mounted on the 
vacuum pump/compressor housing. 

In case of possible removal and remounting of 
the eye bolt, it must be ensured that the eye level 
is positioned exactly in the axis direction of the 
pump-motor unit. Lay shims under the eye bolt if 
necessary. 

The eye bolt/lifting attachment must be firmly 
tightened. 
Loads laterally to the ring level are not 
permissible. Heavy impact loads during transport 
must be avoided. 
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���� �,�Q�V�W�D�O�O�D�W�L�R�Q��

���� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Have you read the safety precautions in Chapter 
1, "Safety", Pg. 3 f.?  

Otherwise you many not carry out any work with 
or on the pump-motor unit! 

 

�� �����'�$�1�*�(�5��
�'�D�Q�J�H�U���I�U�R�P���P�L�V�V�L�Q�J���Y�L�H�Z���L�Q�W�R���D�U�H�D���R�I���S�X�P�S��
�P�R�W�R�U���X�Q�L�W����
When operating the control elements without a 
view into the area of the pump-motor unit, there 
is a danger that the pump-motor unit will be 
switched on while other persons are still 
performing work on it. Extreme injuries are 
possible! 

Provide control elements at a location with a 
view of the pump-motor unit. 

 

�� �����'�$�1�*�(�5��

�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
The pump-motor unit must be installed so that 
the electrical device cannot be damaged by 
external influences! 
In particular, the feed pipes must be securely 
routed, e.g. in cable ducts, in the floor etc. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���E�D�O�D�Q�F�H���G�D�P�D�J�H���F�D�X�V�H�G���E�\��
�Y�L�E�U�D�W�L�R�Q����
Vibrating environments can cause balance 
damage! 
Install the pump-motor unit on a solid foundation 
or on a solid mounting surface. 

Check screw glands/unions for mounting the 
pump-motor unit on the mounting surface 
regularly for strength and firm seating. 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���I�U�R�P���F�U�X�V�K�L�Q�J���G�X�H���W�R���S�X�P�S���P�R�W�R�U��
�X�Q�L�W���W�L�S�S�L�Q�J���R�Y�H�U����
Wear personal safety equipment (protective 
gloves and safety shoes). Handle the unit with 
the appropriate care. Install the pump-motor unit 
on a solid foundation or on a solid mounting 
surface! Check screw glands/unions for 
mounting the pump-motor unit on the mounting 
surface regularly for strength. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���R�I���I�L�U�H���I�U�R�P���I�O�D�P�P�D�E�O�H���V�X�E�V�W�D�Q�F�H�V����
The pump-motor unit must never come into 
contact with flammable substances. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���R�I���E�X�U�Q�V���I�U�R�P���K�R�W���V�X�U�I�D�F�H�V���R�I���W�K�H��
�S�X�P�S���P�R�W�R�U���X�Q�L�W���D�Q�G���I�U�R�P���K�R�W���I�O�X�L�G�V����
High temperatures of up to approx. 160°C 
[320°F]  can occur on the surface of the pump-
motor unit. 

The pump-motor unit must be installed so that 
accidental touch of its surface is not possible. 
Cover the pump-motor unit with a suitable touch 
protection (e.g. perforated plate cover or wire 
cover). 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���R�I���L�Q�M�X�U�L�H�V���I�U�R�P���I�O�\�L�Q�J���S�D�U�W�V����
Select installation so that parts that are thrown 
out through the grate if the external fan breaks 
cannot hit persons! 

 

�� �����&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���W�U�L�S�S�L�Q�J���D�Q�G���I�D�O�O�L�Q�J����
Make sure the unit does not present a danger of 
tripping. Lay cables and pipes so that they 
cannot be reached during operation(recessed in 
floor, in ducts on the wall etc.). 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���R�Y�H�U�K�H�D�W�L�Q�J���G�X�H���W�R���K�R�W���V�X�U�I�D�F�H���R�I��
�S�X�P�S���P�R�W�R�U���X�Q�L�W����
High temperatures can occur on the surface of 
the pump-motor unit. 

Temperature sensitive parts, such as lines or 
electronic components, may not come into 
contact with the surface of the pump-motor unit. 

 
The pump-motor unit is ready to connect on 
delivery. However, if the time from delivery to 
commissioning of the pump-motor unit exceeds a 
certain period, the lubrication of the rolling 
bearings must be renewed. 
See Chapter 8.2, "Storage conditions", 
Section "Lubrication of rolling bearings after 
longer storage", Pg. 24 for information on this 
topic. 
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Carry out the following work to install the pump-
motor unit: 

�x Installation and securing, 

�x Attachment of the included loose muffler if 
necessary, 

�x Attachment of threaded flange or hose flange 
(available as accessories) 
for the connection of inlet or discharge pipe to 
the muffler, 

�x Electrical connection, 

�x Connection of inlet and discharge connection 
to the system. 

 
 

�������� �,�Q�V�W�D�O�O�D�W�L�R�Q��

���� �����:�$�5�1�,�1�*��
For an installation that differs from the following 
specifications, it is necessary to inquire with the 
Service Department! 

 

�$�P�E�L�H�Q�W���F�R�Q�G�L�W�L�R�Q�V����

The pump-motor unit is suitable for installation in 
the following environments: 

�x In a dusty or damp environment, 

�x in buildings, 

�x in the open. 
When properly installed in the open, the 
pump-motor unit must be protected from 
exposure to intensive sunlight, e.g. by 
attaching a protective roof. Otherwise, no 
special protective devices against the effects 
of weathering are required. 

 

The drive motors of the pump-motor units have 
the following design: 

�x with degree of protection IP55 (see rating 
plate), 

�x with tropicalized insulation. 

 

�,�Q�V�W�D�O�O�D�W�L�R�Q���F�R�Q�G�L�W�L�R�Q�V����

The pump-motor unit must be installed as 
follows: 

�x on level surfaces, 

�x at a maximum height of 1000 m [3280 ft] 
above sea level. 
When installing at an altitude of more than 
1,000 m [3,280 ft] above sea level, first inquire 
with the Service Department. 

 

 

 

�0�L�Q�L�P�X�P���G�L�V�W�D�Q�F�H�V����

To ensure sufficient cooling of the pump-motor 
unit, it is absolutely necessary that the required 
minimum distances to the �I�D�Q���J�X�D�U�G and to the 
�I�D�F�H���R�I���W�K�H���Y�D�F�X�X�P���S�X�P�S���F�R�P�S�U�H�V�V�R�U���F�R�Y�H�U 
be maintained. see Chapter 3.1, "Mechanical 
data", Section "Minimum distances", Pg. 8. 
 

The minimum distances to the face of the 
vacuum pump/compressor cover are especially 
important when installing on the vacuum 
pump/compressor cover or near a wall. 
 

�&�$�8�7�,�2�1��
To ensure sufficient cooling of the pump-motor 
unit, also observe the following: 

�x Ventilation screens and openings must 
remain clear. 

�x Discharge air of other units may not be 
directly sucked in again! 

 

�1�R�L�V�H���U�D�G�L�D�W�L�R�Q����

To reduce the noise radiation, the following must 
be observed: 

�x Do not mount pump-motor unit on noise-
conducting or noise-radiating parts (e.g. thin 
walls or sheet-metal plates).  

�x Provide pump-motor unit with sound-
insulating intermediate layers (e.g. rubber 
buffers under the base of the pump-motor 
unit) if necessary. 

�x Install the pump-motor unit on a stable 
foundation or on a rigid mounting surface. 
This provides for smooth, low-vibration 
running of the pump-motor unit. 

Components for reducing noise on the pump-
motor unit: 

�x �0�X�I�I�O�H�U�V (included as standard equipment): 
On delivery the pump-motor units are 
equipped with attached mufflers as standard. 
The noise radiation is considerably reduced 
by the mufflers. See Fig. 2 to Fig. 9, Pg. 18 ff. 

�x �$�G�G�L�W�L�R�Q�D�O���V�L�O�H�Q�F�H�U (available as an 
accessory for the 2BH1): 
The additional mufflers enable a further noise 
reduction. They may only be used with free 
entry and exit of gases, i.e. with direct intake 
out of or direct feeding into the atmosphere 
�Z�L�W�K�R�X�W���S�L�S�L�Q�J. 
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�x �6�R�X�Q�G���S�U�R�W�H�F�W�L�R�Q���K�R�R�G (available as an 
accessory for the 2BH1): 
Noise protection hoods are suitable for 
installation in rooms and in the open. They 
reduce both the total sound pressure level 
and tonal components that are perceived as 
particularly annoying. 

 

�,�Q�V�W�D�O�O�D�W�L�R�Q���Y�D�U�L�D�Q�W�V���D�[�L�V���S�R�V�L�W�L�R�Q����

Basically, when installing the pump-motor unit, 
the following variants are possible with a different 
axis position (horizontal or vertical): 

�x Horizontal installation 

�x Vertical installation on the vacuum 
pump/compressor cover ("cover installation") 

�x Vertical mounting on the wall 

Basically, all variants are possible with all type. 

 

�(�[�F�H�S�W�L�R�Q�V  

�x For the 2BH1943, vertical axis mounting on 
the compressor cover ("cover position") is 
necessary. 

�x For the 2BH923, only horizontal axis mounting 
and vertical axis mounting on the compressor 
cover are possible. 

�x For units with condensate water opening, 
horizontal axis mounting with a foot below is 
necessary. 

 

�+�R�U�L�]�R�Q�W�D�O���D�[�L�V���P�R�X�Q�W�L�Q�J��

The foot of the unit has fastening holes. 

�x Screw the foot of the unit to the base using 
suitable screws. 
�$�O�O��fastening holes must have screws! 

 

�9�H�U�W�L�F�D�O���D�[�L�V���P�R�X�Q�W�L�Q�J���R�Q���W�K�H���F�R�P�S�U�H�V�V�R�U��
�F�R�Y�H�U�������F�R�Y�H�U���S�R�V�L�W�L�R�Q������

For vertical axis mounting on the compressor 
cover, use spring elements.  
Spring elements are available as accessories 
and come in a set of 3. The upper part has a 
threaded stud and the lower part a threaded hole. 

�x fFastening spring elements to the unit: 
Screw threaded studs of the spring elements 
into the holes on the front side of the 
compressor cover and tighten. 

�x Fastening the unit with spring elements to the 
foundation: 
Select suitable fastening elements for the 
threaded hole. 
Screw spring elements over the threaded hole 
into the base or foundation. 

 

�9�H�U�W�L�F�D�O���D�[�L�V���P�R�X�Q�W�L�Q�J���R�Q���W�K�H���Z�D�O�O���Z�L�W�K���W�K�H��
�F�R�P�S�U�H�V�V�R�U���F�R�Y�H�U���S�R�L�Q�W�L�Q�J���G�R�Z�Q�Z�D�U�G��

For vertical axis mounting of the unit on the wall, 
the unit is fastened using the holes in the foot. 
The foot of the unit has fastening holes. 

�x Place the unit with the foot to the wall on a 
base plate with sufficient load-bearing 
capability in the mounting position. 

�x Screw the foot of the unit to the wall using 
suitable screws. 
�$�O�O��fastening holes must have screws! 

�x Remove the base plate. 
 

�(�\�H���E�R�O�W���O�L�I�W�L�Q�J���D�W�W�D�F�K�P�H�Q�W����

After set-up, the eye bolt/lifting attachment can 
be removed. 

 
 

�������� �(�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�����P�R�W�R�U����

���� �����'�$�1�*�(�5��

�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Malpractice can result in severe injuries and 
material damage! 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
The electrical connection may be carried out by 
trained and authorized electricians only! 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Before beginning work on the unit or system, the 
following measures must be carried out: 

�x Deenergize. 
�x Secure against being switched on again. 
�x Determine whether deenergized. 
�x Ground and short-circuit. 
�x Cover or block off adjacent energized parts. 

 

�&�$�8�7�,�2�1��
Incorrect connection of the motor can lead to 
serious damage to the unit! 

 

�5�H�J�X�O�D�W�L�R�Q�V����

The electrical connection must be carried out as 
follows: 

�x according to the applicable national and local 
laws and regulations, 

�x according to the applicable system-dependent 
prescriptions and requirements, 

�x according to the applicable regulations of the 
utility company. 

�(����������
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�(�O�H�F�W�U�L�F�D�O���S�R�Z�H�U���V�X�S�S�O�\����

Observe the �U�D�W�L�Q�J���S�O�D�W�H. 
It is imperative that the operating conditions 
correspond to the data given on the rating plate! 
Deviations permissible without reduction in 
performance: 

�x ±5 % voltage deviation 

�x ±2 % frequency deviation 
 

�&�R�Q�Q�H�F�W�L�R�Q���W�R���G�U�L�Y�H���P�R�W�R�U���W�H�U�P�L�Q�D�O���E�R�[����

Open the required cable entry openings on the 
terminal box. Here the following two cases are 
differentiated: 

�x The cable entry opening is prefabricated and 
provided with a sealing plug. 

�x Screw out sealing plug. 

OR 

�x The cable entry opening is closed off with a 
casting skin (only on pump-motor units with 
drive-motor axis heights of 100 to 160 in 
standard design). 

�x Break out casting skin using a suitable tool. 
For example, use a metal pin with a 
corresponding diameter or a chisel and 
hammer. 

�&�$�8�7�,�2�1��
When pounding out the casting skin on the 
cable entry openings in the terminal box, the 
terminal box or its parts can be damaged (e.g. 
terminal board, cable connections). 

Proceed with suitable caution and precision 
when doing so! Prevent flash formation! 

 

Mount cable glands on the terminal box. Proceed 
as follows: 

�x Select one cable gland in each case which is 
suitable for the cable diameter. 

�x Insert this cable gland in the opening of the 
terminal box. 
Use a reducer if necessary. 

�x Screw on the cable gland so that no moisture, 
dirt etc. can penetrate into the terminal box. 

 

Carry out the connection and the arrangement of 
the jumpers in accordance with the �F�L�U�F�X�L�W��
�G�L�D�J�U�D�P���L�Q���W�K�H���W�H�U�P�L�Q�D�O���E�R�[. 

Connect the protective conductor to the terminal 
with the following symbol: 

. 

 

 
 

 

The electrical connection must be carried out as 
follows: 

�x The electrical connection must be 
permanently safe. 

�x There may be no protruding wire ends. 

�x Clearance between bare live parts and 
between bare live parts and ground: �• 5.5 mm 
[0.217"] (at a nominal voltage of UN �” 690V). 

�x For the tightening torques for terminal board 
connections (except terminal strips), see 
Chapter 3.1, "Mechanical data", 
Section "Tightening torques for screw 
connections", Pg. 10. 

�x For terminals with clamping straps (e.g. as per 
DIN 46282), the conductors must be inserted 
so that approximately the same clamping 
height results on both sides of the bar. 
Individual conductors must therefore be bent 
into a U-shape or connected with a cable lug 
(DIN 46234). 

 

This also applies to: 

�x the protective conductor, 

�x the outer ground conductor. 

Both conductors can be recognized from their 
color (green/yellow). 
 

���� �����'�$�1�*�(�5��

�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
The terminal box must be free from 

�x foreign bodies, 
�x dirt, 
�x humidity. 
Terminal box cover and cable entries must be 
tightly closed so as to make them dustproof and 
waterproof. Check for tightness at regular 
intervals. 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Clearance between bare live parts and between 
bare live parts and ground: 
at least ���������P�P���>�������������@ (at a nominal voltage 
of UN �” 690V).  

There may be no protruding wire ends! 

 

 
 

 

 
 

 

 

�(����������
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For �P�R�W�R�U���R�Y�H�U�O�R�D�G���S�U�R�W�H�F�W�L�R�Q:��

�x Use motor circuit breakers. 

�x This must be adjusted to the specified 
nominal current (see rating plate).  

 

���� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
There is danger of an electrical shock when a 
defective pump-motor unit is touched! 

Mount motor circuit breaker. 
Have electrical equipment checked regularly by 
an electrician. 

 

�,�Q�W�H�U�I�H�U�H�Q�F�H���L�P�P�X�Q�L�W�\���R�I���G�U�L�Y�H���P�R�W�R�U����

For drive motors with integrated sensors, the 
operator must provide for a sufficient interference 
immunity itself. Select a suitable sensor signal 
cable (e.g. with screening, connection as for a 
motor power-supply cable) and analyzing unit. 
 

�2�S�H�U�D�W�L�R�Q���Z�L�W�K���I�U�H�T�X�H�Q�F�\���F�R�Q�Y�H�U�W�H�U����

�� �����:�$�5�1�,�1�*��
Pump-motor units with a UL approbation may 
not be operated on frequency converters in the 
US without testing by a suitable test agency! 
 

With a power supply by a frequency converter, 
the following must be observed: 

�x High-frequency current and voltage harmonics 
in the motor supply cables can lead to emitted 
electromagnetic interference. This is 
dependent on the converter design (type, 
manufacturer, interference suppression 
measures). 

�x Be sure to observe the EMC notes of the 
converter manufacturer! 

�x Use screened power supply cables if 
necessary. For optimal screening, the screen 
must be conductively connected over a large 
area to the metal terminal box of the drive 
motor with a screwed metal gland. 

�x In the case of drive motors with integrated 
sensors (e.g. PTC thermistors) interference 
voltage can occur on the sensor cable 
depending on the converter type. 

�x Limit speed: 
see specifications on the rating plate.  

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

�(����������
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�������� �&�R�Q�Q�H�F�W�L�Q�J���S�L�S�H�V���K�R�V�H�V�����Y�D�F�X�X�P��
�S�X�P�S���F�R�P�S�U�H�V�V�R�U����

�0�X�I�I�O�H�U�V����

The pump-motor units are delivered with mufflers 
(indicated with arrows in the following 
illustrations) for the inlet and discharge 
connections as standard equipment. 
 

On delivery the mufflers are already mounted on 
the following pump-motor units. 
 

 
 

�)�L�J���������� ���%�+���«�����V�L�Q�J�O�H���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U��
�X�Q�L�W�V���������%�+����������

 
 

 
 

�)�L�J���������� ���%�+�������������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U���X�Q�L�W��
�Z�L�W�K���G�R�X�E�O�H���I�O�R�Z���G�H�V�L�J�Q����

 
 

 
 

�)�L�J���������� ���%�+�������������*�����������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U��
�X�Q�L�W���Z�L�W�K���G�R�X�E�O�H���I�O�R�Z���G�H�V�L�J�Q����

 
 

 
 

�)�L�J���������� ���%�+�������������-�����������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U��
�X�Q�L�W���Z�L�W�K���G�R�X�E�O�H���I�O�R�Z���G�H�V�L�J�Q����

 

 

 
 

�)�L�J���������� ���%�+�������������/�����������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U��
�X�Q�L�W���Z�L�W�K���G�R�X�E�O�H���I�O�R�Z���G�H�V�L�J�Q����

 
 

��

 
 

�)�L�J���������� ���%�+�������������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U���X�Q�L�W��
�Z�L�W�K���G�R�X�E�O�H���I�O�R�Z���G�H�V�L�J�Q����

 

On �W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U���X�Q�L�W�V���Z�L�W�K���D���W�Z�R��
�V�W�D�J�H���G�H�V�L�J�Q���R�I���W�K�H���W�\�S�H�V�����%�+�����������W�R��
���%�+�������� the discharge-side muffler is included 
loose for packing-related reasons and must be 
mounted by the customer. 
 

 
 

�)�L�J���������� ���%�+���������������������%�+���������������%�+������������
���W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U���X�Q�L�W�V���Z�L�W�K���D���W�Z�R��
�V�W�D�J�H���G�H�V�L�J�Q����

 
 

 
 

�)�L�J���������� ���%�+�������������W�Z�R���L�P�S�H�O�O�H�U���S�X�P�S���P�R�W�R�U���X�Q�L�W��
�Z�L�W�K���D���W�Z�R���V�W�D�J�H���G�H�V�L�J�Q����

 

�(
���

���
���
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���� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���L�P�S�H�O�O�H�U����
�&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I���R�I�I���H�[�W�U�H�P�L�W�L�H�V����
The rotating impeller is accessible with the inlet 
and discharge connections open! 

With free entry and exit of gases, i.e. with direct 
intake out of or direct feeding into the 
atmosphere without piping, the following 
therefore applies: 

Provide the inlet and discharge connections of 
the pump-motor unit either with additional 
mufflers or with additional piping of a sufficient 
length to prevent access to the impeller! 

 

�&�R�Q�Q�H�F�W�L�R�Q�V����

To prevent foreign bodies from entering the unit, 
all connections are sealed off when delivered. Do 
not remove the sealing plugs until immediately 
before connecting the pipes/hoses. 

 

The following applies for the arrangement of the 
pipe/hose connections: 

The �S�X�P�S�H�G���J�D�V�H�V are sucked in via the inlet 
connection (see Chapter 5.3.1, Pg. 19) and 
discharged via the discharge connection (see 
Chapter 5.3.2, Pg. 19).  

 
The �V�K�D�I�W���U�R�W�D�W�L�Q�J���G�L�U�H�F�W�L�R�Q is marked with an 
arrow on the back of the vacuum 
pump/compressor housing (Fig. 1, Pg. 2, Item 7). 
 

The �G�H�O�L�Y�H�U�\���G�L�U�H�F�W�L�R�Q���R�I���W�K�H���J�D�V�H�V is marked 
with arrows on both connections (Fig. 1, Pg. 2, 
Item 6). 
 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���L�Q�W�H�U�F�K�D�Q�J�L�Q�J���L�Q�O�H�W���D�Q�G��
�S�U�H�V�V�X�U�H���O�L�Q�H����
Interchanged inlet and pressure lines can lead 
to damage to the pump-motor unit and the 
system, and as a result of this to serious 
injuries! 

Make sure that the inlet and pressure line 
cannot be confused when connecting. 
Look for the clear marking with the arrow 
indicating the delivery direction on the inlet and 
discharge connections. 

 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���G�X�H���W�R���Y�D�F�X�X�P���D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H����
�'�D�Q�J�H�U���G�X�H���W�R���H�V�F�D�S�L�Q�J���I�O�X�L�G����
During operation, connected pipes and vessels 
are vacuumized or pressurized! 
Use only mounting elements, connections, lines, 
fittings and containers with sufficient freedom 
from leaks and strength for the pressures which 
occur. 

Make sure that the mounting elements and 
connections are mounted sufficiently firmly and 
leak-free! 

 

�&�$�8�7�,�2�1��
If the pumped gases are passed on on the 
discharge side in a closed pipe system, then it 
must be ensured that the pipe system is 
adapted to the maximum discharge pressure. 
See Chapter 3.3: "Operating conditions", 
Section "Pressures", Pg. 11. Connect a 
pressure relief valve upstream if necessary. 

 

�1�2�7�,�&�(��
Attach pipes/hoses free of mechanical tensions. 
Support the weight of the pipes/hoses. 

 

������������ �,�Q�O�H�W���F�R�Q�Q�H�F�W�L�R�Q��

The inlet connection with the related muffler 
(Fig. 1, Pg. 2, Item 3) is marked with an arrow 
pointing into the vacuum pump/compressor. 
Connect the inlet pipe here. The pumped gases 
are sucked in via this.  
Procedure: see Chapter 5.3.3. 
 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���V�R�O�L�G���E�R�G�L�H�V���D�Q�G���L�P�S�X�U�L�W�L�H�V���L�Q��
�W�K�H���S�X�P�S���P�R�W�R�U���X�Q�L�W����
If solid bodies penetrate into the pump-motor 
unit, blades of the impellers can break and 
broken pieces can be thrown out. 

Install a filter in the inlet pipe. 
Replace filter regularly! 

 

 

������������ �'�L�V�F�K�D�U�J�H���F�R�Q�Q�H�F�W�L�R�Q��

The discharge connection with the related muffler 
(Fig. 1, Pg. 2, Item 4) is marked with an arrow 
pointing out of the vacuum pump/compressor. 
Connect the discharge pipe here. The pumped 
gases are discharged via this. Procedure: see 
Chapter 5.3.3. 

 

 

�(����������
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������������ �3�U�R�F�H�G�X�U�H���Z�K�H�Q���F�R�Q�Q�H�F�W�L�Q�J��
�S�L�S�H�V���K�R�V�H�V��

Attach the pipes/hoses to the unit as described in the 
following. The pipes/hoses are connected differently to 
inlet and discharge connections depending on the 
muffler design and the type of line (pipe or hose): 

�x Muffler with inside threads: 
The pipe is screwed directly into the muffler. 

�x Muffler without inside thread: 

– Screw threaded flange (available as an 
accessory) onto the muffler. 

– Screw the pipe into the threaded flange. 
�x Hose connection: 

– for 2BH1 Screw the hose flange (available 
as an accessory) onto the silencer. 

– Push the hose onto the hose flange and secure 
it with a hose clamp. See Chapter 3.1, 
"Mechanical data", Section "Tightening torques 
for screw connections", Pg. 10 for information on 
this topic. 
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���� �&�R�P�P�L�V�V�L�R�Q�L�Q�J��

���� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V���R�U��
�H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Have you read the safety precautions in Chapter 1, 
"Safety", Pg. 3 f.? Otherwise you many not carry 
out any work with or on the pump-motor unit! 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���I�U�R�P���U�R�W�D�W�L�Q�J���S�D�U�W�V�����H�[�W�H�U�Q�D�O���I�D�Q�����L�P�S�H�O�O�H�U����
�V�K�D�I�W�������&�X�W�W�L�Q�J���F�X�W�W�L�Q�J���R�I�I���R�I���H�[�W�U�H�P�L�W�L�H�V������
�*�U�D�V�S�L�Q�J���Z�L�Q�G�L�Q�J���X�S���R�I���K�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J����

�'�D�Q�J�H�U���G�X�H���W�R���Y�D�F�X�X�P���D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H����
�V�X�G�G�H�Q���H�V�F�D�S�H���R�I���I�O�X�L�G�V�����V�N�L�Q���D�Q�G���H�\�H���L�Q�M�X�U�L�H�V������
�V�X�G�G�H�Q���G�U�D�Z�L�Q�J���L�Q���R�I���K�D�L�U���D�Q�G���F�O�R�W�K�L�Q�J������

�'�D�Q�J�H�U���G�X�H���W�R���H�V�F�D�S�L�Q�J���I�O�X�L�G�����%�X�U�Q�V����
Start-up and operation only under the following conditions: 

�x The pump-motor unit must be completely 
assembled. When doing so, pay particular 
attention to the following components: 
�± the vacuum pump/compressor cover, 
�± the muffler on inlet and discharge 

connections, 
�± the fan guard. 

�x The pipes/hoses must be connected to inlet 
and discharge connections. 

�x Inlet and discharge connections and the 
connected pipes/hoses may not be closed, 
clogged or soiled. 

�x Check the mounting elements, connections 
of the pipe/hose connections, lines, fittings 
and containers for strength, leaks and firm 
seating at regular intervals. 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

�������� �3�U�H�S�D�U�D�W�L�R�Q��

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���I�U�R�P���F�O�R�V�H�G���F�R�Q�Q�H�F�W�L�R�Q�V����
With closed/soiled intake or discharge 
connections vacuum or gauge pressure results 
in the pump-motor unit. 

This can overheat and damage the drive motor 
winding. 
Before start-up, make sure that the inlet and 
discharge connections are not closed, clogged 
or soiled! 

 

�&�$�8�7�,�2�1��
Before starting up again after a longer standstill:
Measure the insulation resistance of the motor. 
With values �” 1 k�Ÿ per volt of nominal voltage, 
the winding is too dry. 

 

�0�H�D�V�X�U�H�V���E�H�I�R�U�H���V�W�D�U�W���X�S����

�x If a shut-off device is installed in the discharge 
pipe: 
Make sure that the unit is NOT operated with 
the shut-off device closed.  

�x Before starting up the pump-motor unit, 
observe the values specified on the rating 
plate. Specifications on the drive-motor 
nominal current apply at a gas entry and 
ambient temperature of +40° C [104°F].  

�x Adjust the motor circuit breaker to the drive-
motor nominal current. 

 

�&�K�H�F�N���G�L�U�H�F�W�L�R�Q���R�I���U�R�W�D�W�L�R�Q����

�x The intended rotating direction of the shaft is 
marked with arrows on the vacuum 
pump/compressor housing (Fig. 1, Pg. 2, 
Item. 7). 

�x The gas delivery direction is marked with 
arrows on the inlet and discharge connections 
(Fig. 1, Pg. 2, Item 6). 

�x Make sure the pipes/hoses on the inlet and 
discharge connections are properly 
connected. 

�x Switch the pump-motor unit on briefly and 
then off again. 

�x Compare the actual rotating direction of the 
external fan with the intended shaft rotating 
direction indicated with the arrows shortly 
before the pump-motor unit comes to a 
standstill. 

�x If necessary, reverse the direction of rotation 
of the motor. 

 

�(����������
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���� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���G�X�H���W�R���U�R�W�D�W�L�Q�J���S�D�U�W�V�����'�D�Q�J�H�U���G�X�H���W�R��
�Y�D�F�X�X�P �D�Q�G���J�D�X�J�H���S�U�H�V�V�X�U�H�����'�D�Q�J�H�U���G�X�H���W�R��
�H�V�F�D�S�L�Q�J���I�O�X�L�G����
Test runs may also only be conducted with the 
pump-motor unit completely mounted. 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
The electrical connection may be carried out by 
trained and authorized electricians only! 

 

�� �����'�$�1�*�(�5��
�(�O�H�F�W�U�L�F�D�O���G�D�Q�J�H�U����
Before beginning work on the unit or system, the 
following measures must be carried out: 

�x Deenergize. 
�x Secure against being switched on again. 
�x Determine whether deenergized. 
�x Ground and short-circuit. 
�x Cover or block off adjacent energized parts. 

 

�&�K�H�F�N���R�S�H�U�D�W�L�Q�J���V�S�H�H�G�V����

Observe the operating speed specified on the 
rating plate. This may not be exceeded, as 
otherwise the noise radiation, vibration behavior, 
grease consumption duration and bearing 
change interval worsen. To prevent damage as a 
result of higher speeds, it may be necessary to 
inquire with the Service Department as to the 
maximum speed. 

 

�� �����:�$�5�1�,�1�*��

�'�D�Q�J�H�U���R�I���K�H�D�U�L�Q�J���G�D�P�D�J�H���G�X�H���W�R���Q�R�L�V�H��
�U�D�G�L�D�W�L�R�Q����
For the noise emission of the pump-motor unit 
measured by the manufacturer, see Chapter 
3.1, "Mechanical data", Section "Noise level", 
Pg. 8. However, the actual noise emission 
during operation is highly dependent on the 
installation and system conditions. Conduct a 
noise measurement in the system during 
operation after installing the pump-motor unit. 
The following measures can be taken from 
85 dB(A) and must be taken from 90 dB(A): 

�x Mark noise area with a warning sign. 
�x Wear hearing protection. 
�x With free entry and exit of gases, i.e. with 

direct intake out of or direct feeding into the 
atmosphere without piping, attach an 
additional muffler. 

 

 

�������� �6�W�D�U�W���X�S���D�Q�G���V�K�X�W���G�R�Z�Q��

�6�W�D�U�W���X�S��

�x Open shut-off device in intake/discharge pipe. 

�x Switch on power supply for drive motor. 

�6�K�X�W���G�R�Z�Q����

�x Switch off power supply for drive motor. 

�x Close shut-off device in intake/discharge pipe. 
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���� �2�S�H�U�D�W�L�R�Q��

���� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Have you read the safety precautions in Chapter 
1, "Safety", Pg. 3 f.? 
Otherwise you many not carry out any work with 
or on the pump-motor unit! 
Also �E�H���V�X�U�H to read the safety precautions in 
Chapter 6, "Commissioning", Pg. 21! 

 

�6�W�D�U�W�L�Q�J���X�S���D�Q�G���V�K�X�W�W�L�Q�J���G�R�Z�Q��

See Chapter 6, "Commissioning", Sub-
Chapter 6.2, "Start-up and shut-down", Pg. 22. 

Also be sure to observe the following important 
notes especially for operation: 

�� �����:�$�5�1�,�1�*��
�'�D�Q�J�H�U���R�I���E�X�U�Q�V���I�U�R�P���K�R�W���V�X�U�I�D�F�H�V���R�I���W�K�H��
�S�X�P�S���P�R�W�R�U���X�Q�L�W���D�Q�G���I�U�R�P���K�R�W���I�O�X�L�G�V����
High temperatures of up to approx. 160°C 
[320°F] can occur on the surface of the pump-
motor unit.  
Do not touch during operation! 
Allow to cool after shut-down! 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���R�Y�H�U�K�H�D�W�L�Q�J���G�X�H���W�R���K�R�W���V�X�U�I�D�F�H���R�I��
�S�X�P�S���P�R�W�R�U���X�Q�L�W����
High temperatures of up to approx. 160°C 
[320°F]  can occur on the surface of the pump-
motor unit. 
Temperature sensitive parts, such as lines or 
electronic components, may not come into 
contact with the surface of the pump-motor unit.

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���R�Y�H�U�K�H�D�W�L�Q�J����
During operation the standstill heating may, if 
installed, �Q�R�W be switched on! 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���U�X�V�W�L�Q�J���G�X�H���W�R���F�R�O�O�H�F�W�L�R�Q���R�I��
�F�R�Q�G�H�Q�V�H�G���Z�D�W�H�U���L�Q���G�U�L�Y�H���P�R�W�R�U���D�U�H�D����
On drive motors with closed condensed water 
openings:  
Remove closures occasionally to allow any 
water which has collected to drain off. 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���E�H�D�U�L�Q�J���G�D�P�D�J�H����
Heavy mechanical impacts must be avoided 
during operating and while at a standstill. 
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���� �6�K�X�W���'�R�Z�Q���D�Q�G���/�R�Q�J�H�U���6�W�D�Q�G�V�W�L�O�O�V��

�������� �3�U�H�S�D�U�L�Q�J���I�R�U���V�K�X�W���G�R�Z�Q���R�U���O�R�Q�J�H�U��
�V�W�D�Q�G�V�W�L�O�O��

���� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Have you read the safety precautions in Chapter 
1, "Safety", Pg. 3 f.? 
Otherwise you many not carry out any work with 
or on the pump-motor unit! 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���U�X�V�W�L�Q�J���G�X�H���W�R���F�R�O�O�H�F�W�L�R�Q���R�I��
�F�R�Q�G�H�Q�V�H�G���Z�D�W�H�U���L�Q���G�U�L�Y�H���P�R�W�R�U���D�U�H�D����
On drive motors with closed condensed water 
openings:  
Remove closures occasionally to allow any 
water which has collected to drain off. 

 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���E�H�D�U�L�Q�J���G�D�P�D�J�H����
Avoid mechanical shocks during operation and 
shut-down. 

 

Prior to shut-down or longer standstill, proceed 
as follows: 

�x Switch off the pump-motor unit. 

�x Close shut-off device in inlet and pressure line 
if installed. 

�x Disconnect pump-motor unit from power 
supply. 

�x Release pressure. 
When doing so, open pipes/hoses slowly and 
carefully so that the vacuum or gauge 
pressure in the pump-motor unit can be 
released. 

�x Remove pipes/hoses. 

�x Provide mufflers on inlet and discharge side 
with sealing plugs. 

 

 

�������� �6�W�R�U�D�J�H���F�R�Q�G�L�W�L�R�Q�V��

To prevent standstill damage during storage, the 
environment must provide the following 
conditions: 

�x dry, 

�x dust-free, 

�x low-vibration (Veff �” 2.8 mm/s [0.11"/sec]). 

�x Ambient temperature:  
min. -30°C [-22°F] 
max. 40°C [+104°F]. 

�&�$�8�7�,�2�1��

�'�D�Q�J�H�U���R�I���R�Y�H�U�K�H�D�W�L�Q�J���G�X�H���W�R���K�L�J�K��
�W�H�P�S�H�U�D�W�X�U�H����
When storing in an environment with a 
temperature of over 40°C [104°F], the winding 
may be damaged and the  grease change 
interval may be shortened. 

 

�/�X�E�U�L�F�D�W�L�R�Q���R�I���U�R�O�O�L�Q�J���E�H�D�U�L�Q�J�V���D�I�W�H�U���O�R�Q�J�H�U��
�V�W�R�U�D�J�H����

The new pump-motor unit may at first be stored 
following delivery. If the time from deliver to 
commissioning exceeds the following periods, the 
lubrication of the rolling bearings must be 
renewed: 

�x Under advantageous storage conditions 
(as specified above): 4 years. 

�x Under disadvantageous storage conditions 
(e.g. high humidity, salty air, sandy or dusty 
air): 2 years. 

In these cases open rolling bearings must be 
relubricated and closed rolling bearings must be 
completely replaced. In this case be sure to 
inquire with the Service Department. In particular, 
exact information with regard to the procedure 
and grease type are required. 

�� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
All maintenance work on the pump-motor unit 
must always be performed by the Service 
Department! 

Maintenance work on the pump-motor unit may 
only be conducted by the operator itself when 
the related �P�D�L�Q�W�H�Q�D�Q�F�H���P�D�Q�X�D�O on hand! 

Inquire with the Service Department! 

 

�&�R�P�P�L�V�V�L�R�Q�L�Q�J���D�I�W�H�U���O�R�Q�J�H�U���V�W�D�Q�G�V�W�L�O�O����

Before recommissioning after a longer standstill, 
measure the insulation resistance of the drive 
motor. With values �” 1 k�Ÿ per volt of nominal 
voltage, the winding is too dry. 
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���� �6�H�U�Y�L�F�L�Q�J��

���� �����:�$�5�1�,�1�*��
�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
Have you read the safety precautions in Chapter 
1, "Safety", Pg. 3 f.? 

Otherwise you many not carry out any work with 
or on the pump-motor unit! 

 

 
 

�� �����:�$�5�1�,�1�*��

�,�P�S�U�R�S�H�U���X�V�H���R�I���W�K�H���X�Q�L�W���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V��
�R�U���H�Y�H�Q���I�D�W�D�O���L�Q�M�X�U�L�H�V������
All maintenance work on the pump-motor unit 
must always be performed by the Service 
Department! 

Maintenance work on the pump-motor unit may 
only be conducted by the operator itself when 
the related �P�D�L�Q�W�H�Q�D�Q�F�H���P�D�Q�X�D�O on hand! 

Inquire with the Service Department! 

 

 

�������� �(�P�S�W�\�L�Q�J���5�L�Q�V�L�Q�J���&�O�H�D�Q�L�Q�J��

Before any maintenance/servicing work, empty, 
rinse and clean the outside of the unit. 

�x Empty unit with air and rinse until all residues 
have been removed. 

�x Clean the outside of the unit with compressed 
air. 

�± Wear gloves and protective safety glasses. 
�± Secure the surrounding area. 
�± Clean the entire surface of the unit and 

exterior fan with compressed air. 
 

 

 
 

 

 
 

 
 

 

 

�������� �5�H�S�D�L�U�V���W�U�R�X�E�O�H�V�K�R�R�W�L�Q�J��

�)�D�X�O�W�� �&�D�X�V�H�� �5�H�P�H�G�\�� �&�D�U�U�L�H�G��
�R�X�W���E�\��

Motor does not 
start; no motor 
noise. 

At least two power 
supply leads 
interrupted. 

Eliminate interruption by fuses, terminals or 
power supply cables. 

Electrician 

One power supply lead 
interrupted. 

Eliminate interruption by fuses, terminals or 
power supply cables. 

Electrician 

Open vacuum pump/compressor cover, 
remove foreign body, clean. 

Service*) Impeller is jammed. 

Check or correct impeller gap setting if 
necessary. 

Service 

Impeller defective. Replace impeller. Service*) 

Motor does not 
start; humming 
noise.. 

Rolling bearing on drive 
motor side or vacuum 
pump/compressor side 
defective. 

Replace motor bearing or vacuum 
pump/compressor bearing. 

Service*) 

Winding short-circuit. Have winding checked. Electrician 

Reduce throttling. Service*) Motor overloaded. 
Throttling does not 
match specification on 
rating plate. 

Clean filters, mufflers and connection pipes if 
necessary. 

Service*) 

Protective motor 
switch trips 
when motor is 
switched on. 
Power 
consumption too 
high. Compressor is jammed. See fault: "Motor does not start; humming 

noise." with cause: "Impeller is jammed.". 
Service*) 

�(����������
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�)�D�X�O�W�� �&�D�X�V�H�� �5�H�P�H�G�\�� �&�D�U�U�L�H�G��
�R�X�W���E�\��

Leak in system. Seal leak in the system. Operator 

Wrong direction of 
rotation. 

Reverse direction of rotation by interchanging 
two connecting leads. 

Electrician 

Incorrect frequency (on 
pump-motor units with 
frequency converter). 

Correct frequency. Electrician 

Shaft seal defective. Replace shaft seal. Service*) 

Different density of 
pumped gas. 

Take conversion of pressure values into 
account. Inquire with Service Department. 

Service 

Pump-motor unit 
does not 
generate any or 
generates 
insufficient 
pressure 
difference. 

Change in blade profile 
due to soiling. 

Clean impeller, check for wear and replace if 
necessary. 

Service*) 

Flow speed too high. Clean pipes. Use pipe with larger cross-
section if necessary. 

Operator Abnormal flow 
noises. 

Muffler soiled. Clean muffler inserts, check condition and 
replace if necessary. 

Service*) 

Abnormal 
running noise. 

Ball bearing lacking 
grease or defective. 

Regrease or replace ball bearing. Service*) 

Seals on muffler 
defective. 

Check muffler seals and replace if necessary. Service*) Compressor 
leaky. 

Seals in motor area 
defective. 

Check motor seals and replace if necessary. Service 

*) Only when the maintenance manual is at hand: rectification by the operator. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

�(����������



Disposal 
 

 
 

© Gardner Denver Deutschland GmbH 27 / 32 610.44434.40.000
  

 

�������� �6�H�U�Y�L�F�H���$�I�W�H�U���V�D�O�H�V���V�H�U�Y�L�F�H��

Our Service is available for work (in particular the 
installation of spare parts, as well as 
maintenance and repair work), not described in 
these operating instruction. 

 

A list of spare parts with an exploded drawing is 
available on the Internet at  
www.gd-elmorietschle.com. 

 
Observe the following when �U�H�W�X�U�Q�L�Q�J pump-
motor unit: 

�x The pump-motor unit must be delivered 
complete, i.e. not dismantled. 

�x The pump-motor unit may not present a 
danger to the workshop personnel. 
Each pump motor unit on delivery to the 
workshop must be accompanied with a fully 
completed "Statement on health safety and on 
the protection of the environment", Pg. 29. 

�x The original rating plate of the pump-motor 
unit must be properly mounted, intact and 
legible. 
All warranty claims are voided for pump-motor 
units delivered for a damage expertise without 
the original rating plate or with a destroyed 
original rating plate. 

�x In case of warranty claims, the manufacturer 
must be informed of the operating conditions, 
operating duration etc. and additional detailed 
information provided on request if necessary. 
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������ �'�L�V�S�R�V�D�O��

Have the entire pump-motor unit scrapped by a 
suitable disposal company. No special measures 
are required when doing so.  
For additional information on disposing of the 
unit, ask the Service Department. 

 

 

������ �(�[�S�O�R�V�L�R�Q���3�U�R�W�H�F�W�H�G���'�H�V�L�J�Q��

An additional set of operating instructions with 
supplementary or specific information is provided 
with these pump-motor units. 
 

�(����������



EU declaration of conformity 
 

 
 

610.44434.40.000 28 / 32 © Gardner Denver Deutschland GmbH
  

 

EU declaration of conformity 

 

�(�8���G�H�F�O�D�U�D�W�L�R�Q���R�I���F�R�Q�I�R�U�P�L�W�\��

�0�D�Q�X�I�D�F�W�X�U�H�U���� Gardner Denver Deutschland GmbH 
Industriestraße 26 
97616 Bad Neustadt 
Germany 

�5�H�V�S�R�Q�V�L�E�O�H���I�R�U��
�G�R�F�X�P�H�Q�W�D�W�L�R�Q����

Holger Krause 
Industriestraße 26 
97616 Bad Neustadt 
Germany 
G series Side channel blower 
G-BH1, G-BH9 

�'�H�V�L�J�Q�D�W�L�R�Q����

Types 2BH1 1   2BH1 2   2BH1 3   2BH1 4   
2BH1 5   2BH1 6   2BH1 8   2BH1 9   
2BH9 23 

 

�7�K�H���V�L�G�H���F�K�D�Q�Q�H�O���E�O�R�Z�H�U���G�H�V�F�U�L�E�H�G���D�E�R�Y�H���P�H�H�W�V���W�K�H���I�R�O�O�R�Z�L�Q�J���D�S�S�O�L�F�D�E�O�H���&�R�P�P�X�Q�L�W�\���K�D�U�P�R�Q�L�V�D�W�L�R�Q��
�O�H�J�L�V�O�D�W�L�R�Q����
�������������������(�&����� Directive 2004/108/EC of the European Parliament and of the Council of 15 December 

2004 on the approximation of the laws of the Member States relating to electromagnetic 
compatibility and repealing Directive 89/336/EEC 

�����������������(�&�� Directive 2006/42/EC of the European Parliament and of the Council of 17 May 2006 on 
machinery, and amending Directive 95/16/EC 

�� The protection targets of the directive 2006/95/EC have been met 

��  

�+�D�U�P�R�Q�L�V�H�G���V�W�D�Q�G�D�U�G�V���D�S�S�O�L�H�G�� 

�(�1�������������������������� Compressors and vacuum pumps - Safety requirements - Part 1: Air compressors 

�(�1��������������������������
���$��������������

Compressors and vacuum pumps - Safety requirements - Part 2: Vacuum pumps 

�(�1���,�6�2������������������������ Safety of machinery - General principles for design - Risk assessment and risk reduction 

�(�1���������������������������� Safety of machinery - Electrical equipment of machines Part 1: General requirements 

��  

��  

��  

Bad Neustadt, 26.09.2011   
(Place and date of issue)   
Thomas Kurth, Managing Director   
 (Name and function) (Signature)  
*) Only applicable for version with frequency converter 2FC 664.44434.40.000 
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 Statement on health safety and on the protection of the environment  

  

 
�6�W�D�W�H�P�H�Q�W���R�Q���K�H�D�O�W�K���V�D�I�H�W�\���D�Q�G���R�Q���W�K�H���S�U�R�W�H�F�W�L�R�Q���R�I���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W��  

  

�x For the safety of our employees and to comply with statutory requirements on handling substances harmful to the health and 
the environment, this statement must be enclosed, fully completed, with �H�D�F�K unit/system sent. 

�x �:�L�W�K�R�X�W���W�K�H���I�X�O�O�\���F�R�P�S�O�H�W�H�G���V�W�D�W�H�P�H�Q�W�����U�H�S�D�L�U���G�L�V�S�R�V�D�O���L�V���Q�R�W���S�R�V�V�L�E�O�H���D�Q�G���G�H�O�D�\�V���D�U�H���X�Q�D�Y�R�L�G�D�E�O�H����
�x The statement is to be completed and signed by suitably qualified, authorised personnel at the operating organisation. 
�x In the case of shipment to Germany, the statement is to be completed in German or English. 
�x The statement is to be attached to the outside of the packing on shipment. 
�x If necessary, the carrier is to be informed.  

 ������ �3�U�R�G�X�F�W���G�H�V�L�J�Q�D�W�L�R�Q�����W�\�S�H������  

 ������ �6�H�U�L�D�O���Q�X�P�E�H�U�����Q�R�����%�1������  

 ������ �5�H�D�V�R�Q���I�R�U���V�H�Q�G�L�Q�J����   

 ������ �7�K�H���X�Q�L�W���V�\�V�W�H�P��  

  
 has �Q�R�W come into contact with hazardous substances. There will be �Q�R hazards for personnel or the environment during 
repair/disposal. Continue with "6. Legally binding statement“  

   has come into contact with hazardous substances. Continue with "5. Information on the contamination“  

 ������ �,�Q�I�R�U�P�D�W�L�R�Q���R�Q���W�K�H���F�R�Q�W�D�P�L�Q�D�W�L�R�Q��(if necessary provide more information on an additional sheet) 

  The unit/system was used in the following application:  

    
    

  and has come into contact with the following classifiable substances or substances presenting a hazard to health/environment:  
    

  Trade name: Chemical designation: 
Hazardous 
substance class: 

Properties (e.g. toxic, inflammable, 
caustic, radioactive):  

       

       

       
     

   The unit/system has been emptied in accordance with the operating instructions, flushed and cleaned externally.  
     

   Safety data sheets in accordance with the applicable regulations are enclosed (  sheet).  
     

   The following safety precautions are necessary for handling (e.g. personal protective equipment):  

     

     

 ������ �/�H�J�D�O�O�\���E�L�Q�G�L�Q�J���V�W�D�W�H�P�H�Q�W��  

  

I herewith guarantee that the details specified are true and complete and that I, as signatory, am in a position to judge that this is 
so.  
We are aware that we are liable to the contractor for any damages arising from incomplete or incorrect specifications. We are 
obliged to indemnify the contractor against claims for damages by third parties arising from incomplete or incorrect specifications. 
We are aware that, irrespective of this statement, we are directly liable to third parties - in particular including the contractor's 
employees tasked with repair/disposal.  

  Company/institute:   

  Name, position:   Phone:   

  Street:   Fax:   

  Post code, city:      

  Country:   Stamp:   

  Date, signature:      
   
   

 © Gardner Denver Deutschland GmbH   610.00250.40.905 

 P.O. box 1510 Phone: +49 7622 392 0 E-mail: er.de@gardnerdenver.com 10.2009 

 97605 Bad Neustadt Fax: +49 7622 392 300 Internet: www.gd-elmorietschle.com English 
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Installation, Safety, Operation & Maintenance Instructions And Parts List
For Models PB, PBS, SPB, LM and LMF.

Arrangement 4 Blowers

All Cincinnati Fan products are packaged to minimize any damage during shipment. The freight carrier is responsible
for delivering all items in their original condition as received from Cincinnati Fan. The individual receiving this equipment
is responsible for inspecting this unit for any obvious or concealed damage. If any damage is found, it should be noted
on the bill of lading before the freight is accepted and the receiver must file a claim with the freight carrier.

ATTENTION: RECEIVING DEPARTMENT

READ ENTIRE MANUAL, INCLUDING •SECTION IV. INITIAL UNIT STARTUPŽ BEFORE
ATTEMPTING TO INSTALL AND OPERATE THIS EQUIPMENT.

NOTE

LONG TERM STORAGE NOTICE

If this blower will NOT be installed and put into operation within 30 days, refer to the •Long Term Storage
InstructionsŽ on pages 12 and 13. Failure to follow all applicable long term storage instructions, will void your
warranty. This blower should be stored indoors in a clean, dry location.

BLOWER SERIAL NUMBER: ________________________ MFG. DATE: ____________________

NOTE: The serial number above is a required reference for any assistance. It is stamped on the blower nameplate.

BLOWER SPECIFICATIONS:

Model: ________ Arrangement: ________ Rotation: ________ Discharge: ________

Nominal Inlet Size: ________ (in Inches) Wheel Size and Type: ___________________

BLOWER PERFORMANCE DATA: (If entered on order)

CFM: ________ SP: ________ (Inches of Water Gauge) Motor BHP: ________

Density: ________ Altitude: ________ (Ft. above S.L.) Airstream Temperature: ________°F.

Fan RPM: ________ Maximum Safe Fan RPM: ____________ DO NOT EXCEED THIS RPM

MOTOR DATA: (This section is completed only if the motor was supplied by Cincinnati Fan)

HP: __________ RPM: ____________ Voltage: ______________________________ Phase: ________

Hz: ___________ Frame Size: ___________ Enclosure: ____________ Efficiency: ____________

IF Motor is EXP, Class(es) & Group(s) are:_________________________

Manufacturers Model Number: ___________________________ CFV Part Number: ___________

BLOWER SPECIFICATIONS

Form: OMM-01-0509
Effective: 5/4/09
Supersedes OMM-01-0207
Part No.: 01218
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I. GENERAL

A. Unpacking:

Be careful not to damage or deform any parts of the blower when removing it from the packaging container. All the
packaging material should be kept in the event the blower needs to be returned.

Handling:
Handling of the blower should be performed by trained personnel and be consistent with all safe handling practices.
Verify that all lifting equipment is in good operating condition and has the proper lifting capacity. The blower should
be lifted using well-padded chains, cables or lifting straps with spreader bars. Some blower models have lifting eye
locations provided in the blower base. NEVER lift the blower by an inlet or discharge flange, motor shaft,
motor eye bolt, or any other part of the blower assembly that could cause distortion of the blower
assembly.

B. Safety Instructions & Accessories:

1. Safety Instructions:
All installers, operators and maintenance personnel should read AMCA Publication 410-96, •Recommended Safety
Practices for Users and Installers of Industrial and Commercial FansŽ. This manual is included with the blower.
Additional copies can be requested by writing us at Cincinnati Fan, 7697 Snider Rd., Mason, OH 45040-9135

2. Sound:
Some blowers can generate sound that could be hazardous to personnel. It is the responsibility of the user to measure
the sound levels of the blower and/or system, determine the degree of personnel exposure, and comply with all appli-
cable safety laws and requirements to protect personnel from excessive noise.

�(����������
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3. Air Pressure and Suction:
In addition to the normal dangers of rotating machinery, the blower can present additional hazards from the suction or
pressure created at the blower inlet or discharge. Suction at the blower inlet can draw materials into the blower where
they become high velocity projectiles at the discharge and cause severe personal injury or death. It can also be
extremely dangerous to persons in close proximity to the inlet or discharge as the forces involved can overcome the
strength of most individuals.

NEVER OPERATE A BLOWER WITH A NON-DUCTED INLET AND/OR DISCHARGE. IF THE BLOWER INLET
AND/OR DISCHARGE IS NON-DUCTED, IT IS THE USERS RESPONSIBILITY TO INSTALL AN

INLET AND/OR DISCHARGE GUARD.

NO GUARANTEE OF ANY LEVEL OF SPARK RESISTANCE IS IMPLIED BY SPARK RESISTANT
CONSTRUCTION. IT HAS BEEN DEMONSTRATED THAT ALUMINUM IMPELLERS RUBBING ON RUSTY

STEEL CAN CAUSE HIGH INTENSITY SPARKS. AIR STREAM MATERIAL AND DEBRIS OR OTHER SYSTEM
FACTORS CAN ALSO CAUSE SPARKS.

4. Temperature:
Many blowers, blower components and all motors operate at temperatures that could burn someone if they come in
contact with them. If this potential hazard could exist in your installation, steps must be taken by the user to protect any-
one from coming in contact with this equipment.

5. Spark Resistance; (Per AMCA Standard 99-0401-86 and ISO 13499)

6. Safety Accessories;
Guards:
All moving parts must be guarded to protect personnel. Safety requirements can vary, so the number and types of
guards required to meet company, local, state and OSHA regulations must be determined and specified by the actual
user or operator of the equipment.

NEVER start any blower without having all required safety guards properly installed. All blowers should be
checked on a regular schedule, for missing or damaged guards. If any required guards are found to be missing
or defective, the power to the blower should be immediately turned off and locked out in accordance with
OSHA regulations. Power to the blower should NOT be tuned back on until the required guards have been
repaired or replaced.

This blower can become dangerous due to a potential •windmillŽ effect, even though all electrical power has been
turned off or disconnected. The blower wheel should be carefully secured to prevent any rotational turning BEFORE
working on any parts of the blower/motor assembly that could move.

7. Access or Inspection Doors:

II. INSTALLATION

A. Vibration:

Before any mounting method is selected, the user should be aware of the effects vibration will have on the blower,
motor and other parts. Improper blower installation can cause excessive vibration causing premature wheel and/or
motor bearing failure, that is not covered under warranty. Vibration eliminator pads, springs or bases should be properly
installed to prevent any blower vibration from transmitting to the foundation, support structure or ducting.

B. Mounting Methods:

1. Floor Mounted Units;

Centrifugal blowers should be mounted on a flat, level, concrete foundation weighing 2-3 times the weight of the com-
plete blower/motor assembly. It is recommended that the foundation be at least 6 inches larger than the base of the
blower. The foundation should include anchor bolts such as shown in Fig. 1 on page 4. Place the blower over the
anchor bolts and shim under each bolt until the blower is level. After shimming, flat washers, lock washers and lock nuts
should be tightened at each anchor bolt. Any gaps between the blower base and the foundation should be grouted. If
the blower will be sitting on some type of vibration pads or mounts, follow the recommended mounting procedures
supplied with the vibration elimination equipment.

WARNING

DANGER

I

SHUT THE BLOWER DOWN IMMEDIATELY IF THERE IS ANY SUDDEN INCREASE IN VIBRATION.

WARNING

NEVER OPEN ANY ACCESS OR INSPECTION DOORS WHILE THE BLOWER IS OPERATING. SERIOUS INJURY OR
DEATH COULD RESULT FROM THE AFFECTS OF AIR PRESSURE, AIR SUCTION OR MATERIAL THAT IS BEING

CONVEYED. DISCONNECT OR LOCK OUT POWER TO THE BLOWER AND LET THE BLOWER WHEEL COME TO A
COMPLETE STOP BEFORE OPENING ANY TYPE OF ACCESS OR INSPECTION DOOR.

DANGER
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2. Elevated Units;

Improper mounting of elevated blowers can cause vibration problems. The structure that the blower/motor assembly will
be mounted on must be strong enough to support at least 3 times the weight of the entire blower/motor assembly. An
insufficient support will cause excessive vibration and lead to premature wheel and/or motor bearing failure .
Bracing of the support structure must be sufficient enough to prevent any side sway. The entire structure should be weld-
ed at all connection joints to maintain constant alignment of the platform.

OMM-01-0509-page 4

THE IMPROPER DESIGN OF AN ELEVATED PLATFORM STRUCTURE COULD RESULT IN A RESONANT
CONDITION, AND CONSEQUENTLY, CAUSE A LIFE THREATENING, CATASTROPHIC, STRUCTURAL FAILURE.

C. Duct Work Connections:
All duct connections to the blower should include flexible connectors between the ducting and the blower inlet and/or dis-
charge. This will eliminate distortion, noise and vibration from transmitting to the duct and building. The connectors
should be selected to handle the operating conditions for air volume and pressure that the blower will produce. All duct-
ing or accessories, added by the user, should be independently supported. DO NOT use the blower/motor
assembly to support any additional weight. Inlet and/or discharge duct elbows should be located a minimum of 2
blower wheel diameters from the blower. Any duct elbows located closer than 2 wheel diameters to the blower inlet or
discharge WILL reduce the air performance and blower efficiency. Any duct elbows near the blower discharge should be
in the same rotational direction as the blower rotation .

Non-Ducted Blower Inlet:
Any blower with no ducting on the inlet must have an inlet guard. The blower should be located so the blower inlet is, at
least, 1 wheel diameter away from any wall or bulkhead to eliminate a reduction in air flow.

Non-Ducted Blower Discharge:
Any blower with no ducting on the discharge must have a discharge guard.

D. Safety Guards:
Cincinnati Fan offers guards, as optional, to keep your blower in compliance with OSHA safety regulations. These include
inlet or discharge guards. Any blowers built with high temperature construction, a •heat slinger guardŽ is standard. It is
the responsibility of the user to make sure this blower meets all local, state and OSHA safety regulations. If you have a
specific guard requirement not covered by OSHA, please contact the local Cincinnati Fan sales office for assistance.

E. Dampers and Valves: (Airflow control devices)
If the blower is supplied with any type of air flow control device, it should be closed before initial start-up of the blower to
minimize overloading of the motor. Any airflow control device, with bearings, should be maintained in accordance with
the manufacturers instructions. Any air flow control device, with an automatic control mechanism, should be adjusted per
the manufacturers recommendations.

Fig. 1

DANGER
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F. Set Screw and Taper-lock Bushing Torque Values:
All blower wheel set screws are tightened to the proper torque prior to shipment. Some wheels may have taper-lock
hubs and split, taper-lock bushings to secure the wheel to the motor shaft.
NOTE: Check all set screw or taper-lock bushing torques. Forces encountered during shipment, handling, rigging
and temperature can affect factory settings. For correct torque values, see Tables 1 and 2 below.

Set screws should NEVER be used more than once. If the set screws are loosened, they MUST be replaced.
Use only knurled, cup-point, set screws with a nylon locking patch.

CAUTION

ALL WIRING CONNECTIONS, INSPECTION AND MAINTENANCE OF ANY MOTOR MUST BE PERFORMED BY A
LICENSED ELECTRICIAN IN ACCORDANCE WITH THE MOTOR MANUFACTURERS RECOMMENDATIONS, ALL

ELECTRICAL CODES AND OSHA REGULATIONS. FAILURE TO PROPERLY INSTALL, MAKE WIRING
CONNECTIONS, INSPECT OR PERFORM ANY MAINTENANCE TO A MOTOR CAN RESULT IN

MOTOR FAILURE, PROPERTY DAMAGE, EXPLOSION, ELECTRICAL SHOCK AND DEATH.

DANGER

III. ELECTRICAL

A. Disconnect Switches:
All blower motors should have an independent disconnect switch located in close visual proximity to turn off the elec-
trical service to the blower motor. Disconnects must be locked out in accordance with OSHA •lock out-tag outŽ
procedures any time inspection or maintenance is being performed on the blower and/or motor assembly.
The •lock out-tag outŽ procedure should be performed by a licensed electrician or authorized personnel.
All disconnects should be sized in accordance with the latest NEC codes (National Electric Codes) and any local
codes and should be installed only by a licensed electrician. •Slow blowŽ or •time delayŽ fuses or breakers should be
used since the initial start-up time for the blower motor, although rare, can be up to 10 seconds.

B. Motors:

1. DO NOT connect or operate a motor without reading the motor manufacturers instructions supplied with
the blower. The basic principle of motor maintenance is: KEEP THE MOTOR CLEAN AND DRY. This requires
periodic inspections of the motor. The frequency of the inspections depends on the type of motor, the service and
environment it will be subjected to and the motor manufacturers instructions.

2. Cleaning: Cleaning should be limited to exterior surfaces only. Follow motor manufacturers cleaning instruc-
tions.

3. Lubrication: Most small motors have sealed bearings that are permanently lubricated for the life of the motor.
Some larger motors have grease plugs that should be replaced with grease fittings to perform re-lubrication.
These motors, or any motor with grease fittings, should be lubricated in accordance with the motor manufacturers
recommendations. Lubrication frequency depends on the motor horsepower, speed and service. BE SURE you
use compatible grease and DO NOT over grease.

4. Location: If the motor will be outside and subjected to the weather, it is recommended that a weather cover be
installed to keep rain and snow off of the motor. No motors are guaranteed to be •watertightŽ. Be careful to allow
enough openings between the motor and the motor cover to let the motor ŽbreathŽ. If the back end of the motor is
covered, the cover should be no closer than 3Ž to the back of the motor for proper ventilation.

SET SCREW TORQUE VALUES TORQUE VALUES FOR
TAPER-LOCK BUSHINGSDiameter & Number

of Treads/Inch
Hex Wrence Size

(Across Flats)
Required Torque

(Inch Pounds)

1/4-20
5/16-18
3/8-16
7/16-14
1/2-13
5/8-11

1/8Ž
5/32Ž
3/16Ž
7/32Ž
1/4Ž
5/16Ž

65
165
228
348
504

1104

Taper-lock
Bushing Size

Required Torque
(Inch Pounds)

H

B
P
Q
R

95

192
192
350
350

Table 2Table 1
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5. Wiring Connections: All wiring connections should be made for the proper voltage and phase as shown on the
motor nameplate. Connections should follow the motor manufacturers recommendations as shown on the wiring
schematic. This wiring diagram will be located on the outside of the motor, inside of the motor conduit box or on the
motor nameplate. Reversing some wires might be necessary to get the correct blower rotation.

6. Motors with Thermal Overload Protection: If a motor is equipped with thermal overloads, the thermal overload
must be wired per the wiring schematic to be operable. There are 3 types of thermal overloads:

a. Automatic: These will automatically shut the motor down if the internal temperature exceeds the design limits.

OMM-01-0509-page 6

MAKE SURE YOU LOCK OUT THE POWER TO THE MOTOR BEFORE INSPECTING ANY MOTOR WITH
AUTOMATIC THERMALS. WHEN THE THERMALS COOL DOWN, THEY WILL ALLOW THE MOTOR TO

AUTOMATICALLY START UP AGAIN, UNLESS YOU HAVE LOCKED OUT THE POWER TO THE MOTOR.

DANGER

b. Manual: These motors will have a button on them. If the motor overheats, it will shut down. After you have
inspected the motor and eliminated the over heating problem, you will need to •resetŽ it by pushing the button.
You should still lock out the power BEFORE inspecting the motor.

c. Thermostats: This type of thermal is a temperature sensing device ONLY. If the motor overheats, the thermo-
stats will open or close (depending on the type) and send a •signalŽ to the electrical box. THEY WILL NOT
TURN THE MOTOR OFF. These are pilot circuit devices that must be connected to the magnetic starter
circuit.

7. EXPLOSION PROOF Motors: No motor is explosion proof. Explosion proof (EXP) motors are designed so if there is
an explosion WITHIN the motor, the explosion will be CONTAINED INSIDE the motor and not allowed to get out to
the atmosphere. All explosion proof motors must be selected based on the atmosphere and/or the environment the
motor will be operating in. Explosion proof motors are designed, rated, and labeled for their operating conditions
based on Classes, Groups and •TŽ Codes.The Class, Group and •TŽ Code of an EXP motor MUST be selected
based on the atmosphere and/or environmental conditions the motor will be operating in. Consult the NEC
(National Electric Code) and the NFPA (National Fire Protection Association) for the proper EXP motor
Class, Group and •TŽ Code required for your specific application and location .

NOTICE:
a. All EXP motors have some type of thermal overload as required by UL (Underwriters Laboratories).

Refer to all of Section 6 above.
b. All EXP motors are required to have the UL (Underwriters Laboratories) and CSA (Canadian Standards

Association) listing numbers on the motor name plate or on a separate plate attached to the motor. The
Class, Group and •TŽ Code the motor is designed for must also be listed.

8. Normal Motor Operating Temperatures:
Using your hand to test the normal running temperature of a motor can be a very painful experience;

The normal operating temperature of a fully loaded, open type, electric motor operating in a 70°F. (21° C.)
ambient temperature is 174°F. (79° C.)

C. Maximum Blower Speed and Motor Speed Controllers:
If you will be using any type of motor speed controller with this blower, DO NOT exceed the maximum safe blower
speed . Installing and using a speed control device requires special training and certification as required by the
speed control manufacturer. See the manufacturers instructions for proper use, installation and wiring connections
for the maximum speed settings. It may also be necessary to •block outŽ some speeds to eliminate a resonant vibra-
tion problem. The maximum safe blower speed is shown on the data sheet shipped with the blower. If you have lost
the data sheet, contact Cincinnati Fan or our sales office for your area. You must have the serial number from the
blower name plate for us to determine the maximum safe blower speed. Cincinnati Fan will only extend the motor
manufacturers warranty, when used with a speed controlling device, if the motor has the words •Inverter DutyŽ
marked on the motor name plate. If the motor does not have •Inverter DutyŽ marked on the motor name plate, and
you have a motor failure, you will be required to contact the motor manufacturer for any service or warranty claims.

IF AN EXPLOSION PROOF MOTOR IS USED IN AN AREA CONTAINING VOLITILE LIQUIDS, GASES,
FUMES OR DUST FOR WHICH THE MOTOR WAS NOT DESIGNED TO OPERATE IN, AN

EXPLOSION AND/OR FIRE CAN OCCUR.

DANGER
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IV. INITIAL UNIT STARTUP

A. Pre-Startup & Post-Startup Checks: (Check blocks as each step is completed. Retain this for your records.)
A1. Pre-Startup Checks Completed By: ___________________________________ DATE: ___________________

A2. 8 Hour, Post-Startup Checks Completed By: _______________________ DATE: ___________________
A3. 3 Day, Post-Startup Checks Completed By: _____________________ DATE: ___________________

MAKE SURE POWER TO THE MOTOR IS LOCKED OUT BEFORE STARTING PRE-STARTUP OR POST-STARTUP CHECKS.

1. �� �� �� If possible, CAREFULLY spin the blower wheel by hand to ensure it rotates freely and no rubbing or clicking noise is
heard.

2. �� �� �� Check all blower, foundation and duct work hardware to make sure it is tight.
3. �� �� �� Check all blower wheel set screws to make sure they are tight per Table 1 on page 5.
4. �� �� �� If the wheel has a taper-lock bushing, make sure the bolts are tightened per Table 2 on page 5.
5. �� �� �� Make certain there is no foreign material in the blower or duct work that can become a projectile.
6. �� �� �� Make sure any inspection doors in the duct work are securely bolted or locked.
7. �� �� �� Ensure all electrical power components are properly sized and matched for your electrical system.
8. �� �� �� Check that all required guards are properly secured.
9. �� �� �� Any dampers should be fully opened and closed to make sure there is no binding or interference.

10. �� �� �� If your blower is mounted on an elevated support structure, make sure the structure is welded at all the joint connec-
tions and the structure is properly braced to prevent •side swayŽ.

11. �� �� �� Close any dampers to minimize load on motor. Especially on blowers with high temperature construction. Never sub-
ject a •coldŽ blower to a •hotŽ gas stream. If the blower will be handling •hot gasesŽ greater than 150°F (65°C) it is
imperative that the blower be subjected to a gradual rate of temperature increase, not to exceed 15°F/minute
(8°C/minute). The same temperature limits are also important when the blower is experiencing a drop in temperature
until the temperature drops down to 150°F (65°C). Only, when the entire blower has reached an equilibrium tempera-
ture of 150°F (65°C), or less, should the power be turned off.

12. � � � Make sure the power source connections to the blower motor are per the motor manufacturers instructions.
13. �� �� �� Make sure the blower wheel is stationary prior to startup. Starting a blower with a wheel that is rotating back-

wards can cause wheel damage.
14. �� �� �� Apply power to the blower motor momentarily (i.e. •bump startŽ) to check for proper blower wheel rotation. If the blow-

er is rotating in the wrong direction, reconnect the motor leads per the motor manufacturers wiring schematic. Blower
rotation is determined by viewing the blower from the motor side of the blower, NOT from the inlet side . After
reconnecting the leads, repeat this step. See Fig. 2 below.

NOTICE: Failure to complete and document all the following pre-startup and both post-startup
checks, listed in sections A (below) and B on page 8, could void all warranties.

15. � � � Apply power to the blower motor and let it come up to full speed. Turn off the power. Look and listen for any unusual
noise or mechanical abnormality while the blower wheel is still spinning. If any are noticed, lock out the power, wait for
the blower wheel to come to a complete stop, locate the cause and correct it.

16. � � � Unlock power and start the blower.
17. � � � Measure, record and keep the following motor data for future reference and comparison:

(Single phase motors will only have L1 and L2 leads) 

Amperage draw on each motor lead: L1 _______ L2 _______ L3 _______
(Running amps SHOULD NOT exceed the motor nameplate amps for the voltage being operated on)

Voltage coming to motor leads: L1_______ L2_______ L3_______ 
(Should be about the same input voltage on all leads)

Fig. 2

Clockwise 
(CW) Rotation

Counter-Clockwise
(CCW) Rotation
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VIBRATION METER PROBE POSITIONS
For Arrangement 4 Blowers

B. Vibration:
The blower was balanced at the factory to comply with ANSI/AMCA Standard 204-05, Category BV-2. However, rough
handling in shipment and/or erection, weak and/or non-rigid foundations, and misalignment may cause a vibration prob-
lem after installation. After installation, the vibration levels should be checked by personnel experienced with vibration
analysis and vibration analysis equipment.

NOTE:

The blower SHOULD NOT be operated if the vibration velocity of the fan exceeds 0.50 inches per second, filter
out, if the blower is rigidly mounted. If the blower is mounted on isolators or on an isolator base, it SHOULD
NOT be operated if the vibration velocity of the blower exceeds 0.75 inches per second, filter out. 

Vibration readings for direct driven blowers should be taken on the motor at the top, sides and end as per Fig. 3 below.
After you have taken your vibration readings, write them down in the spaces below and keep for future comparison. 

OMM-01-0509-page 8

If the blower is going to be conveying material, it is the users responsibility to periodically turn the blower off and
lock out the power. The blower wheel should then be checked for material build-up and/or erosion. If material has
built up on any parts of the wheel, it MUST be removed and cleaned before it is put back into service. If any parts
of the wheel have been eroded, the wheel MUST be replaced. Failure to perform this inspection can cause
excessive vibration that will damage the blower and/or motor bearings. When vibration becomes excessive, it will
lead to complete blower failure that could cause property damage, severe personal injury and death. The user
must determine the frequency of this inspection based on the actual circumstances of their operation, BUT
checking the vibration readings should NEVER exceed a 12 month period. For the AMCA/ANSI standard for
vibration limits, see Fig. 4 on page 9.

DANGER

Fig. 3
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Fig. 4 Vibration Severity Chart

BEFORE STARTING ANY INSPECTION OR MAINTENANCE, BE SURE BLOWER IS TURNED OFF, POWER IS LOCKED
OUT AND THE BLOWER WHEEL HAS BEEN CAREFULLY SECURED TO PREVENT WIND MILLING. IF THE

OPERATING CONDITIONS OF THE BLOWER ARE TO BE CHANGED (SPEED, PRESSURE, TEMPERATURE, ETC.)
CONSULT CINCINNATI FAN, OR OUR SALES OFFICE FOR YOUR TERRITORY, TO DETERMINE IF THE UNIT WILL 

OPERATE SAFELY AT THE NEW CONDITIONS.

WARNING

V. ROUTINE INSPECTION & MAINTENANCE

Periodic inspection of all the blower parts is the key to good maintenance and trouble-free operation. The frequency of
inspections must be determined by the user and is dependent upon the severity of the application. BUT, it should
NEVER exceed a 12 month period. The user should prepare an inspection and maintenance schedule and make sure
it is adhered to.
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A. Hardware:

All blower and foundation hardware should be checked to make sure it is tight. Wheel set screws or taper-lock bush-
ings should be tightened to the torque values shown in Tables 1 and 2 on page 5.
NOTE: If any set screws have come loose, they must be thrown away and replaced. NEVER use set screws more

than once. Replace with knurled, cup-point set screws with a nylon locking patch.

B. Motor Bearing Lubrication:

1. Motor Bearings:
Most smaller motors have sealed bearings that never require re-lubrication for the life of the motor. For any motors with
grease fittings, consult the motor manufacturers recommendations with reference to the lubrication frequency and the
type of grease that should be used. 
DO NOT over grease the motor bearings. Generally, 1-2 shots should be enough. Use a hand operated grease gun at
no more than 40 PSI. IF POSSIBLE, CAREFULLY lubricate the motor bearings while the motor is running. 

C. Wheel Balance:

All blower wheels are balanced at the factory. It is not uncommon that additional •trim balancingŽ is required after the
blower is assembled. Trim balancing of the blower assembly, in the field, is typically always necessary for all replace-
ment wheels. After any wheel is installed, the final balance of the entire blower assembly should be checked.
Refer to Section B on page 8 and Fig. 4 on page 9. Air stream material or chemicals can cause abrasion or corrosion
of the blower parts. This wear is generally uneven and, over time, will lead to the wheel becoming unbalanced, causing
excessive vibration. When that happens, the wheel must be rebalanced or replaced. The other air stream components
should also be inspected for wear or structural damage and cleaned or replaced if necessary. After cleaning any
blower wheel, it should be balanced and then •trim balancedŽ on the motor shaft .

There are three ways to balance a blower wheel:

1. Add balancing weights for fabricated aluminum, steel or stainless steel wheels:
Balance weights should be rigidly attached to the wheel at a location that will not interfere with the blower
housing nor disrupt air flow. They should (if at all possible) be welded to the wheel. When trim balancing the
wheel, on the blower, be sure to ground the welder directly to the blower wheel. Otherwise, the welding
current will likely pass through the motor and damage the motor bearings.

2. Grinding off material for cast aluminum wheels:
If you are grinding on the wheel to remove material, be very careful not to grind too much in one area. That
could affect the structural integrity of the wheel.

3. Forward curved wheels, Model LM only (also known as squirrel cage or multivane wheels).
These wheels have balancing clips attached to individual blades around the wheel. That is the only proper
way to balance this type of wheel.
NOTE:
Removing any forward curve wheel from the blower to clean it, requires special attention when reinstalling
the wheel back into the blower housing. Make sure you reinstall the wheel so the proper wheel-to-inlet
clearance is maintained. Failure to do this will affect the blowers airflow (CFM), static pressure (SP) capabil-
ities and efficiency. Consult Cincinnati Fan or our local sales office for your area for assistance if necessary.

D. Vibration:

As mentioned previously in this manual, excessive vibration can cause premature motor bearing failure that could lead
to catastrophic failure of the blower. After performing any routine maintenance, the vibration readings should be taken
again. New readings should be taken (maximum every 12 months) and compared to the readings you recorded in
Figure 3 , on page 8, during the initial startup. If any major differences are present, the cause should be deter-
mined and corrected before the blower is put back into operation.
The most common causes of vibration problems are:

1. Wheel unbalance. 3. Poor blower inlet and/or discharge conditions.
2. Mechanical looseness. 4. Foundation stiffness.

E. Dampers and Valves: (Airflow control devices)

Turn off and lock out power to the blower motor. Any dampers or valves should be periodically inspected to make sure
all parts are still operable within their full range and there is no interference with any other damper or blower compo-
nents. Any bearings or seals should be checked for their proper function. The manufacturers maintenance instructions
should be followed. 

F. Safety Equipment & Accessories:

It is the users responsibility to make sure that all safety guards required by the company, local, state and OSHA regu-
lations are properly attached and fully functional at all times. If any guards become defective or non-functional at any
time, the power to the blower MUST be turned off and locked out until complete repairs and/or replacements have
been made, installed and inspected by authorized personnel.
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Any accessories used in conjunction with the blower should also be inspected to make sure they are functioning
within their intended limits and design specifications. The manufacturers maintenance manuals should be referred to
for correct maintenance procedures. These accessories include, but are not limited to, the following: 

Shaft seals, inspection doors, vibration isolators or vibration bases, air flow or pressure measuring equipment,
hoods, controls, special coatings, silencers, expansion joints, valves, flexible connectors and filters.

VI. ORDERING REPLACEMENT PARTS:

Under normal conditions, you should not need any spare or replacement parts for at least 24 months after shipment
from Cincinnati Fan. That does not include any wear due to abrasion, corrosion, excessive temperatures, abuse, mis-
use, accident or any severe conditions the fan was not designed for.

NOTICE:

1. If this blower is vital to any process that could cost you lost revenue, we strongly recommend that you keep
a replacement blower wheel and motor at your location.

2. If this blower is vital for the safety of any people and/or animals, we strongly recommend that you keep a
complete blower/motor assembly , as originally ordered, at your location.

To order any parts or complete units, contact us for the name of our sales office for your area. Or you can find
them on our website at: www.cincinnatifan.com

WE MUST HAVE THE BLOWER SERIAL NUMBER FROM THE BLOWER NAME PLATE TO IDENTIFY PARTS CORRECTLY.

VII. TROUBLESHOOTING

Troubleshooting should only be performed by trained personnel. Any potential electrical problems should only
be checked by a licensed electrician. All safety rules, regulations and procedures MUST be followed. Failure to

follow proper procedures can cause property damage, severe bodily injury and death.

DANGER

   PROBLEM CAUSE
Excessive Vibration  1. Loose mounting bolts, wheel set screws, taper-lock hubs.
 2. Worn or corroded blower wheel.
 3. Accumulation of foreign material on blower wheel.
 4. Bent motor shaft.
 5. Worn motor bearings.
 6. Motor out of balance.
 7. Inadequate structural support.
 8. Support structure not sufficiently cross braced.
 9. Weak or resonant foundation.
 10. Foundation not flat and level.
Airflow (CFM) Too Low  1. Blower wheel turning in wrong direction (rotation ).
 2. Actual system static pressure (SP) is higher than expected.
 3. Motor speed (RPM) too low.
 4. Dampers or valves not adjusted properly.
 5. Leaks or obstructions in duct work.
 6. Filters dirty.
 7. Inlet and/or discharge guards are clogged.
 8. Duct elbow too close to blower inlet and/or discharge.
 9. Improperly designed duct work
 10. Blower wheel not properly located relative to the inlet bell (LM Model only).
Airflow (CFM) Too High  1. Actual system static pressure (SP) is lower than expected.
 2. Motor speed (RPM) too high.
 3. Filter not in place.
 4. Dampers or valves not adjusted properly.

Potential problems and causes listed below are in no order of importance or priority. The causes are only a list
of the most common items to check to correct a problem. If you find the cause of a problem, DO NOT assume it is
the ONLY cause of that problem. Different problems can have the same causes. 
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VIII. LONG TERM STORAGE INSTRUCTIONS: (Storage exceeding 30 days after receipt of equipment)

NOTE: Failure to adhere to these instructions voids all warranties in their entirety.

1. Storage site selection:

a. Level, well-drained, firm surface, in clean, dry and warm location. Minimum temperature of 50°F (10°C).
b. Isolated from possibility of physical damage from construction vehicles, erection equipment, etc.
c. Accessible for periodical inspection and maintenance.

2. The blower should be supported under each corner of its base to allow it to •breathŽ. Supports (2 x 4•s, timbers, or
railroad ties) should be placed diagonally under each corner.

3. If the equipment is to be stored for more than three (3) months, the entire blower assembly must be loosely covered
with plastic, but not tightly wrapped .

4. Storage Maintenance:

A periodic inspection and maintenance log, by date and action taken, must be developed and main-
tained for each blower. See example below. Each item must be checked monthly.

EXAMPLE:
Storage / Maintenance Schedule Log
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Long Term Storage instructions continued on page 13.
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5. General Motor Procedure:

If the motor is not put into service immediately, the motor must be stored in a clean, dry, warm location. Minimum
temperature of 50°F. (10°C,). Several precautionary steps must be performed to avoid motor damage during storage.

a. Use a •MeggerŽ each month to ensure that integrity of the winding insulation has been maintained. Record the
Megger readings. Immediately investigate any significant drop in insulation resistance.

b. DO NOT lubricate the motor bearings during storage. Motor bearings are packed with grease at the factory.
c. If the storage location is damp or humid, the motor windings must be protected from moisture. This can be done

by applying power to the motor•s space heaters, (IF AVAILABLE) while the motor is in storage. If the motor does
not have space heaters, storing it in a damp or humid location will, very quickly, cause internal corrosion and
motor failure which is not warranted.

NOTE:
For specific storage instructions, for the actual motor and any accessory parts that were supplied, refer to
the manufacturer•s instructions. 
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IX. LIMITED WARRANTY:

Cincinnati Fan & Ventilator Company (Seller) warrants products of its own manufacture, against defects of material and workmanship
under normal use and service for a period of eighteen (18) months from date of shipment or twelve (12) months from date of installa-
tion, whichever occurs first. This warranty does not apply to any of Seller•s products or any part thereof which has been subject to
extraordinary wear and tear, improper installation, accident, abuse, misuse, overloading, negligence or alteration. This warranty does
not cover systems or materials not of Seller•s manufacture. On products furnished by Seller, but manufactured by others, such as
motors, Seller extends the same warranty as Seller received from the manufacturer thereof. Expenses incurred by Purchaser•s in
repairing or replacing any defective product will not be allowed except where authorized in writing and signed by an officer of the
Seller.

The obligation of the Seller under this warranty shall be limited to repairing or replacing F.O.B. the Seller•s plant, or allowing credit at
Seller•s option. THIS WARRANTY IS EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES EITHER EXPRESSED OR IMPLIED
INCLUDING THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE AND OF ALL OTHER
OBLIGATIONS AND LIABILITIES OF THE SELLER. THE PURCHASER ACKNOWLEDGES THAT NO OTHER REPRESENTA-
TIONS WERE MADE TO PURCHASER OR RELIED UPON BY PURCHASER WITH RESPECT TO THE QUALITY OR FUNCTION
OF THE PRODUCTS HEREIN SOLD.

Removal of the Sellers nameplate or any generic fan nameplate containing the fan serial number voids all warranties, either written or
implied. Failure to complete and document all the pre-startup and post startup checks and perform the suggested routine mainte-
nance checks voids all warranties, either written or implied.

LIMITATION OF LIABILITY:
Notice of any claim, including a claim for defect in material or workmanship, must be given to Seller in writing within 30 days after
receipt of the equipment or other products. Seller reserves the right to inspect any alleged defect at Purchaser•s facility before any
claim can be allowed and before adjustment, credit, allowance replacement or return will be authorized. See RETURNS below.
Seller•s liability with respect to such defects will be limited to the replacement, free of charge, of parts returned at Purchaser•s
expense F.O.B. Seller•s plant and found to be defective by the Seller.

IN NO EVENT WILL SELLER BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES, WHETHER
IN CONTACT, TORT, NEGLIGENCE, STRICT LIABILITY OR OTHERWISE, INCLUDING WITHOUT LIMITATION DAMAGES FOR
INJURY TO PERSONS OR PROPERTY, LOST PROFITS OR REVENUE, LOST SALES OR LOSS OF USE OF ANY PRODUCT
SOLD HEREUNDER. PURCHASER•S SOLE AND EXCLUSIVE REMEDY AGAINST SELLER WILL BE THE REPLACEMENT OF
DEFECTIVE PARTS AS PROVIDED HEREIN OR REFUND OF THE PURCHASE PRICE FOR DEFECTIVE PRODUCTS, AT SELL-
ER•S SOLE OPTION. SELLER•S LIABILITY ON ANY CLAIM, WHETHER IN CONTRACT, TORT, NEGLIGENCE, STRICT LIABILI-
TY OR OTHERWISE, FOR ANY LOSS OR DAMAGE ARISING OUT OF OR IN CONNECTION WITH PURCHASER•S ORDER OR
THE PRODUCTS OR EQUIPMENT PURCHASED HEREUNDER, SHALL IN NO CASE EXCEED THE PURCHASE PRICE OF THE
EQUIPMENT GIVING RISE TO THE CLAIM.

RESPONSIBILITY:
It is the understanding of the Seller that Purchaser and/or User will use this equipment in conjunction with additional equipment or
accessories to comply with all Federal, State and local regulations. The Seller assumes no responsibility for the Purchaser•s or Users
compliance with any Federal, State and local regulations.

RETURNS:
Cincinnati Fan & Ventilator Company assumes no responsibility for any material returned to our plant without our permission. An RMA
(Return Material Authorization) number must be obtained and clearly shown on the outside of the carton or crate and on a packing
slip. Any items returned must be shipped freight prepaid. Failure to comply will result in refusal of the shipment at our receiving
department.
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DISCLAIMER
This manual, and all its content herein, is based on all applicable known material at the time this manual was created. Any parts of
this manual are subject to change at any time and without notice. 
If any statements, diagrams and/or instructions contained herein, for components not manufactured by the Seller, conflict with
instructions in the manufacturer•s manual (i.e.: motors, dampers, etc.), the instructions in the manufacturer•smanual, for that compo-
nent take precedent.
Should you want the latest version of this manual, please contact us or our sales office for your area. Or, you can print a current ver-
sion by going to our website at: www.cincinnatifan.com

7697 Snider Road, Mason, OH 45040-9135
Phone: (513) 573-0600 Fax: (513) 573-0640
E-Mail: sales@cincinnatifan.com
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X. PARTS DRAWING:

Cincinnati Fan manufactures many models and arrangements with special variations. For that
reason, the maintenance manuals contained on our website do not include a parts drawing nor the
completed blower or fan specifications on page 1. For the parts drawing of all the standard
components and specifications for the specific blower or fan that you have, please contact our local
Cincinnati Fan sales office for your area. 

You will need to give them the serial number shown on the blower or fan nameplate so they can
supply you the correct information.

Click on •Contact a Sales RepŽ on our website for the name and contact information for our local
sales office for your area. www.cincinnatifan.com

PLEASE NOTE
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�8�Q�S�D�F�N �W�K�H �3�U�R�E�H

���� �5�H�P�R�Y�H �W�K�H �S�U�R�E�H �I�U�R�P �W�K�H �E�R�[ �D�Q�G �R�W�K�H�U �S�D�F�N�D�J�L�Q�J �P�D�W�H�U�L�D�O�V��

���� �8�Q�V�F�U�H�Z �W�K�H �Q�R�V�H �F�R�Q�H �I�U�R�P �W�K�H �S�U�R�E�H �D�Q�G �U�H�P�R�Y�H �W�K�H �U�H�G �S�U�R�W�H�F�W�L�Y�H �G�X�V�W �F�D� S � I� U� R� P
�W�K�H �V�H�Q�V�R�U�� �6�D�Y�H �W�K�H �G�X�V�W �F�D�S �I�R�U �O�D�W�H�U �X�V�H��

�� �'�X�V�W �F�D�S

�� �1�R�V�H �F�R�Q�H

���� �5�H�P�R�Y�H �W�K�H �5�'�2 �F�D�S �I�U�R�P �W�K�H �V�W�R�U�D�J�H �V�O�H�H�Y�H��

���� �$�O�L�J�Q �W�K�H �D�U�U�R�Z �R�Q �W�K�H �F�D�S �Z�L�W�K �W�K�H �L�Q�G�H�[ �P�D�U�N �R�Q �W�K�H �S�U�R�E�H �D�Q�G �I�L�U�P�O�\ �S�U�H�V�V�W�K�H �F�D�S
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�� �$�O�L�J�Q�P�H�Q�W �D�U�U�R�Z �R�Q �F�D�S

�� �&�D�S �L�Q�V�W�D�O�O�H�G �R�Y�H�U �O�H�Q�V

�� �1�R�V�H �F�R�Q�H

�'�R �Q�R�W �D�O�O�R�Z �P�R�L�V�W�X�U�H �R�U �D�W�P�R�V�S�K�H�U�L�F �K�X�P�L�G�L�W�\ �L�Q�V�L�G�H �W�K�H �F�D�S��
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�&�D�O�L�E�U�D�W�H �W�K�H �5�'�2 �3�5�2���; �3�U�R�E�H

�&�D�O�L�E�U�D�W�H �W�K�H �V�H�Q�V�R�U �Z�L�W�K �W�K�H �&�R�P�P �.�L�W �6�R�I�W�Z�D�U�H �D�Q�G �W�K�H �5�'�2 �3�5�2 �&�R�P�P�X�Q�L�F�D�W�L�R�Q
�'�H�Y�L�F�H�� �R�U �F�D�O�L�E�U�D�W�H �W�K�H �V�H�Q�V�R�U �G�L�U�H�F�W�O�\ �Z�L�W�K �\�R�X�U �F�R�Q�W�U�R�O�O�H�U��

�����3�R�L�Q�W �&�D�O�L�E�U�D�W�L�R�Q

�7�K�H �R�S�W�L�F�D�O �5�X�J�J�H�G �'�L�V�V�R�O�Y�H�G �2�[�\�J�H�Q �V�H�Q�V�R�U �L�V �Y�H�U�\ �V�W�D�E�O�H�� �7�K�H �I�D�F�W�R�U�\ �F�D�O�L�E�U�D�W�L�R�Q
�V�K�R�X�O�G �S�U�R�G�X�F�H �U�H�D�G�L�Q�J�V �Z�L�W�K�L�Q ���� �D�F�F�X�U�D�F�\�� �,�I �\�R�X �U�H�T�X�L�U�H �U�H�D�G�L�Q�J�V �Z�L�W�K �J�U�H�D�W�H�U
�D�F�F�X�U�D�F�\ �Z�H �U�H�F�R�P�P�H�Q�G �W�K�D�W �\�R�X �S�H�U�I�R�U�P �D �����S�R�L�Q�W�� �������� �Z�D�W�H�U���V�D�W�X�U�D�W�H�G �D�L�U
�F�D�O�L�E�U�D�W�L�R�Q �D�V �G�H�V�F�U�L�E�H�G �E�H�O�R�Z��

�:�D�W�H�U���6�D�W�X�U�D�W�H�G �$�L�U

���� �5�H�P�R�Y�H �W�K�H �V�W�R�U�D�J�H �F�D�S �I�U�R�P �W�K�H �W�R�S �R�I �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �F�K�D�P�E�H�U �D�Q�G �U�H�S�O�D�F� H � L� W � Z� L� W� K
�W�K�H �Y�H�Q�W�H�G �F�D�O�L�E�U�D�W�L�R�Q �F�D�S��

�� �6�W�R�U�D�J�H �F�D�S

�� �9�H�Q�W�H�G �F�D�O�L�E�U�D�W�L�R�Q �F�D�S

�)�L�J�X�U�H ������ �6�W�R�U�D�J�H �F�D�S �D�Q�G �Y�H�Q�W�H�G �F�D�O�L�E�U�D�W�L�R�Q �F�D�S �V�K�R�Z�Q �W�R�J�H�W�K�H�U

���� �3�O�D�F�H �W�K�H �V�S�R�Q�J�H �Z�D�I�H�U �L�Q �W�K�H �E�R�W�W�R�P �R�I �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �F�K�D�P�E�H�U �D�Q�G �V�D�W�X�U�D�W�H �Z�L�W�K
�D�S�S�U�R�[�L�P�D�W�H�O�\ ���� �P�/ �Z�D�W�H�U��

���� �*�H�Q�W�O�\ �G�U�\ �W�K�H �L�Q�V�W�U�X�P�H�Q�W �D�Q�G �V�H�Q�V�L�Q�J �P�D�W�H�U�L�D�O �Z�L�W�K �D �S�D�S�H�U �W�R�Z�H�O�� �P�D�N�L�Q� J � V� X� U� H
�W�K�H�U�H �L�V �Q�R �Z�D�W�H�U �R�U �G�H�E�U�L�V �R�Q �W�K�H �L�Q�V�W�U�X�P�H�Q�W �R�U �R�Q �W�K�H �V�H�Q�V�L�Q�J �V�X�U�I�D�F�H��

���� �3�O�D�F�H �W�K�H �L�Q�V�W�U�X�P�H�Q�W �L�Q�W�R �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �F�K�D�P�E�H�U �D�E�R�X�W ������ �F�P ���� �L�Q���� �D�E�R�Y�H �W�K�H
�Z�D�W�H�U���V�D�W�X�U�D�W�H�G �V�S�R�Q�J�H��

�)�L�J�X�U�H ������ �&�D�O�L�E�U�D�W�L�R�Q �F�K�D�P�E�H�U �Z�L�W�K �Z�D�W�H�U���V�D�W�X�U�D�W�H�G �V�S�R�Q�J�H
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�P�L�Q�X�W�H�V�� �7�K�L�V �F�D�Q �D�O�O�R�Z �F�R�Q�G�H�Q�V�D�W�L�R�Q �W�R �I�R�U�P �R�Q �W�K�H �V�H�Q�V�L�Q�J �P�D�W�H�U�L�D�O�� �Z�K�L�F�K �Z�L�O�O
�S�U�R�G�X�F�H �I�D�O�V�H �O�R�Z �U�H�D�G�L�Q�J�V �D�I�W�H�U �F�D�O�L�E�U�D�W�L�R�Q�� �,�I �F�R�Q�G�H�Q�V�D�W�L�R�Q �G�R�H�V �R�F�F�X�U�� �U�H�P�R�Y�H �W�K�H
�L�Q�V�W�U�X�P�H�Q�W�� �G�U�\ �W�K�H �V�H�Q�V�L�Q�J �P�D�W�H�U�L�D�O�� �S�O�D�F�H �W�K�H �L�Q�V�W�U�X�P�H�Q�W �L�Q �W�K�H �F�K�D�P�E�H�U�� �D�Q�G
�F�D�O�L�E�U�D�W�H��
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�������� �D�Q�G ���� �6�D�W�X�U�D�W�L�R�Q

�:�H �U�H�F�R�P�P�H�Q�G �W�K�D�W �\�R�X �S�H�U�I�R�U�P �W�K�H �� �� �R�[�\�J�H�Q �F�D�O�L�E�U�D�W�L�R�Q �R�Q�O�\ �L�I �\�R�X �L�Q�W�H�Q�G �W�R
�P�H�D�V�X�U�H �G�L�V�V�R�O�Y�H�G �R�[�\�J�H�Q �D�W �D �F�R�Q�F�H�Q�W�U�D�W�L�R�Q �R�I �O�H�V�V �W�K�D�Q �� �P�J���/��

���� �6�H�W �X�S �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �S�U�R�F�H�G�X�U�H �D�V �S�U�H�Y�L�R�X�V�O�\ �G�H�V�F�U�L�E�H�G�� �D�Q�G �S�H�U�I�R�U�P �D�Z�D�W�H�U��
�V�D�W�X�U�D�W�H�G �D�L�U �F�D�O�L�E�U�D�W�L�R�Q��

���� �5�H�P�R�Y�H �W�K�H �Z�D�W�H�U���V�D�W�X�U�D�W�H�G �V�S�R�Q�J�H �I�U�R�P �W�K�H �F�D�O�L�E�U�D�W�L�R�Q �F�K�D�P�E�H�U �D�Q�G �I�L�O� O � W� K� H
�F�K�D�P�E�H�U �W�R �W�K�H �I�L�O�O �O�L�Q�H �Z�L�W�K �D�S�S�U�R�[�L�P�D�W�H�O�\ ���� �P�/ �R�I �I�U�H�V�K �V�R�G�L�X�P �V�X�O�I�L�W�H �V�R�O�X�W�L�R�Q��

�� �)�L�O�O �O�L�Q�H

�� �7�H�P�S�H�U�D�W�X�U�H �V�H�Q�V�R�U

���� �3�O�D�F�H �W�K�H �L�Q�V�W�U�X�P�H�Q�W �L�Q�W�R �W�K�H �V�R�O�X�W�L�R�Q�� �/�H�D�Y�H �D�W �O�H�D�V�W ���� �P�P �������� �L�Q���� �E�H�W�Z�H�H�Q �W�K�H
�V�X�U�I�D�F�H �R�I �W�K�H �V�H�Q�V�L�Q�J �P�D�W�H�U�L�D�O �D�Q�G �W�K�H �E�R�W�W�R�P �R�I �W�K�H �F�K�D�P�E�H�U��

���� �(�Q�V�X�U�H �W�K�D�W �W�K�H �W�H�P�S�H�U�D�W�X�U�H �V�H�Q�V�R�U �L�V �F�R�P�S�O�H�W�H�O�\ �V�X�E�P�H�U�J�H�G �L�Q �W�K�H �V�R�O�X�W�L�R�Q��

���� �$�O�O�R�Z �D�W �O�H�D�V�W �� �P�L�Q�X�W�H�V �I�R�U �W�K�H �W�H�P�S�H�U�D�W�X�U�H �W�R �V�W�D�E�L�O�L�]�H �S�U�L�R�U �W�R �S�H�U�I�R�U�P�L�Q�J �W�K�H
�F�D�O�L�E�U�D�W�L�R�Q �S�U�R�F�H�G�X�U�H��

���� �2�Q�F�H �F�D�O�L�E�U�D�W�L�R�Q �L�V �F�R�P�S�O�H�W�H�� �U�H�P�R�Y�H �W�K�H �V�H�Q�V�R�U�� �D�Q�G �W�K�R�U�R�X�J�K�O�\ �U�L�Q�V�H �W�R �U�H�P�R�Y�H �D�O�O
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�3�U�R�E�H �'�H�S�O�R�\�P�H�Q�W

�7�K�H �F�D�E�O�H �H�Q�G �R�I �W�K�H �5�'�2 �3�5�2���; �3�U�R�E�H �L�V �L�Q�W�H�U�Q�D�O�O�\ �W�K�U�H�D�G�H�G �����ó �± �����ò �1�3�7�� �D�Q�G�F�D�Q
�E�H �D�W�W�D�F�K�H�G �W�R �D �P�D�O�H �W�K�U�H�D�G�H�G �S�L�S�H�� �:�K�H�Q �G�H�S�O�R�\�H�G�� �P�D�N�H �V�X�U�H �W�K�D�W �W�K�H �Q�R�V�H �F�R�Q�H
�D�Q�G �W�K�H�U�P�L�V�W�R�U �D�U�H �F�R�P�S�O�H�W�H�O�\ �V�X�E�P�H�U�J�H�G��

�� ���� �P �F�D�E�O�H �D�W�W�D�F�K�H�G
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�&�D�U�H �D�Q�G �0�D�L�Q�W�H�Q�D�Q�F�H

�&�O�H�D�Q �W�K�H �5�'�2���; �6�H�Q�V�R�U �&�D�S
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���� �*�H�Q�W�O�\ �Z�L�S�H �Z�L�W�K �D �V�R�I�W���E�U�L�V�W�O�H�G �E�U�X�V�K �R�U �V�R�I�W �F�O�R�W�K �L�I �E�L�R�I�R�X�O�L�Q�J �L�V �S�U�H�V�H�Q�W�� �8�V�H
�$�O�F�R�Q�R�[ �W�R �U�H�P�R�Y�H �J�U�H�D�V�H��

���� �,�I �H�[�W�H�Q�V�L�Y�H �I�R�X�O�L�Q�J �R�U �P�L�Q�H�U�D�O �E�X�L�O�G���X�S �L�V �S�U�H�V�H�Q�W�� �V�R�D�N �W�K�H �F�D�S �H�Q�G �L�Q �Y�L�Q�H�J�D�U �I�R�U ����
�P�L�Q�X�W�H�V�� �W�K�H�Q �V�R�D�N �L�Q �G�H�L�R�Q�L�]�H�G ���'�,�� �Z�D�W�H�U �I�R�U ���� �P�L�Q�X�W�H�V��

�'�R �Q�R�W �X�V�H �R�U�J�D�Q�L�F �V�R�O�Y�H�Q�W�V�²�W�K�H�\�Z�L�O�O �G�D�P�D�J�H �W�K�H �V�H�Q�V�L�Q�J
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Important note 
Non-compliance can result in malfunction or interference.

Information 
Supplementary note.

1.2 Warning signs used

CAUTION 
Warning of personal injury.  
Slight reversible injuries may result.

2 Safety instructions
�‡��Please read this document prior to set-up of the unit. Ensure that the product is 

suitable for your application without any restrictions.

�‡��If the operating instructions or the technical data are not adhered to, personal 
injury and/or damage to property can occur.

�‡��Improper or non-intended use may lead to malfunctions of the unit or to un-
wanted effects in your application. That is why installation, electrical connec-
tion, set-up, operation and maintenance of the unit must only be carried out by 
qualified personnel authorised by the machine operator.

�‡��In order to guarantee the correct condition of the device for the operating time it 
is necessary to use the device only for media to which the wetted materials are 
�V�X�I�I�L�F�L�H�Q�W�O�\���U�H�V�L�V�W�D�Q�W�����:���7�H�F�K�Q�L�F�D�O���G�D�W�D����

�‡��The responsibility whether the measurement devices are suitable for the 
respective application lies with the operator. The manufacturer assumes no 
liability for consequences of misuse by the operator. Improper installation and 
use of the devices result in a loss of the warranty claims.

�‡��For medium temperatures above 50 °C some parts of the housing can heat up 
to over 65 °C. Moreover, during installation or in case of a fault (e.g. housing 
damage) media under high pressure or hot media can leak from the system. To 
avoid personal injury, take the following measures:

 �y Install the unit according to the applicable rules and regulations.
 �y Ensure that the system is free of pressure during installation.

�(����������
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 �y Protect the housing against contact with flammable substances and 
unintentional contact. To do so, equip the unit with suitable protection (e.g. 
protective cover).

 �y Do not press the pushbuttons manually; instead use another object (e.g. 
ballpoint pen).

3 Functions and features
Pressure Equipment Directive (PED): The units comply with section 3, article 3 of 
the Directive 97/23/EC and must be designed and manufactured for non-super-
heated liquids of group 2 fluids in accordance with the sound engineering practice.

The unit monitors liquid media.

The unit detects the 3 process categories volumetric flow quantity, consumed 
quantity and medium temperature.

Application area

Conductive liquids with the following properties:

�‡�� �&�R�Q�G�X�F�W�L�Y�L�W�\�����•���������—�6���F�P

�‡��Viscosity: < 70 mm2/s at 40 °C

4 Function

4.1 Measuring principle for volumetric flow monitoring

The magnetic-inductive measuring principle means that a magnetic field is gener-
ated in the measuring pipe via current-carrying coils. When a conductive medium 
flows through the measuring pipe, the ions therein are diverted perpendicularly to 
the magnetic field. Positive and negative charge carriers flow in opposite direc-
tions. The voltage induced is measured by two electrodes that are in contact with 
the medium. This signal voltage is directly proportional to the average flow veloc-
ity. The volumetric flow quantity is derived from the inside pipe diameter.

�(����������
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1
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1: Field coil
2: Measuring pipe
3: Electrode
4: Charge carrier in the medium
5: �0�D�J�Q�H�W�L�F���¿�H�O�G

Both electrodes must be wetted by the medium. Otherwise the signal 
[SEnS] for empty pipe is provided, if empty pipe detection is enabled.

4.2 Processing of the measured signals

The unit displays the current process values.

It generates 2 output signals according to the parameter setting. 

OUT1/IO-Link: 5 selection options Parameter setting
 - Switching signal for volumetric flow limit values ���:����������������
 - or frequency signal for volumetric flow quantity ���:����������������
 - or pulse signal for quantity meter ���:����������������
 - or switching signal for preset counter ���:����������������
 - or switching signal for empty pipe detection ���:����������������

OUT2: 6 selection options Parameter setting
 - Switching signal for volumetric flow limit values ���:����������������
 - or switching signal for temperature limit value ���:����������������
 - or analogue signal for volumetric flow quantity ���:����������������
 - or analogue signal for temperature ���:����������������
 - or input for external reset signal (InD) ���:����������������
 - or switching signal for empty pipe detection ���:����������������

�(����������
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4.3 Volumetric flow monitoring

4.3.1 Volumetric flow quantity

The signals for measuring the volumetric flow quantity can be provided as follows:

1. Two switching signals for volumetric flow quantity limit values on output 1 and 
�R�X�W�S�X�W���������2�Q���W�K�H���V�Z�L�W�F�K�L�Q�J���I�X�Q�F�W�L�R�Q�V���:����������

2. A frequency signal (10 Hz...10 kHz) on output 1.  
�2�Q���W�K�H���I�U�H�T�X�H�Q�F�\���I�X�Q�F�W�L�R�Q�V���:����������

3. An analogue signal proportional to the volumetric flow (4...20 mA or 0...10 V) 
�R�Q���R�X�W�S�X�W���������2�Q���W�K�H���D�Q�D�O�R�J�X�H���I�X�Q�F�W�L�R�Q�V���:����������

4.3.2 Direction of flow

In addition to the flow velocity, the unit also detects the flow direction. An arrow on 
the unit indicates the positive flow direction. 

�7�K�H���I�O�R�Z���G�L�U�H�F�W�L�R�Q���F�D�Q���E�H���L�Q�Y�H�U�V�H�G�����:������������������

 �y Use the supplied label to mark the changed flow direction.

Direction of flow in accordance with "flow direction"  
> process value and display positive.

Direction of flow against the "flow direction"  
> process value and display negative.

Only positive process values are processed for the signal output (limit 
values and analogue values for volumetric flow).

4.4 Consumed quantity monitoring (totaliser function)

The unit has an internal mass flow meter which continuously totals the volumetric 
flow. The sum corresponds to the current consumed quantity since the last reset.

�‡��The quantity meter takes account of the flow direction for totalisation.

 - Flow according to the marked flow direction (arrow "flow direction"): meter 
adds. 

 - �)�O�R�Z���D�J�D�L�Q�V�W���W�K�H���P�D�U�N�H�G���I�O�R�Z���G�L�U�H�F�W�L�R�Q�����P�H�W�H�U���V�X�E�W�U�D�F�W�V�����:��������������������

 - Meter pulses are only provided as the sum increases. After subtraction 
(consumed quantity decreases), the pulses are only provided again when the 
consumed quantity has exceeded the previous maximum value.

�(����������
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V = volumetric flow quantity, Imp = output pulses

�‡�� �7�K�H���F�X�U�U�H�Q�W���P�H�W�H�U���U�H�D�G�L�Q�J���F�D�Q���E�H���G�L�V�S�O�D�\�H�G�����:�������������5�H�D�G�L�Q�J���W�K�H���S�U�R�F�H�V�V��
value).

�‡��In addition the value before the last reset is stored. This value can also be 
�G�L�V�S�O�D�\�H�G�����:�������������5�H�D�G�L�Q�J���W�K�H���S�U�R�F�H�V�V���Y�D�O�X�H���� 

The meter saves the totalled consumed quantity every 10 minutes.  
In the event of a power failure this value is retained as the current meter 
reading. If a time-controlled reset is set, the elapsed time of the set 
reset interval is also stored. So the possible data loss can be maximum 
10  minutes.

There are different ways to reset the meter 

�:�����������������0�D�Q�X�D�O���F�R�X�Q�W�H�U���U�H�V�H�W�� 
�:�����������������7�L�P�H���F�R�Q�W�U�R�O�O�H�G���F�R�X�Q�W�H�U���U�H�V�H�W 
�:�����������������&�R�Q�I�L�J�X�U�H���F�R�X�Q�W�H�U���U�H�V�H�W���X�V�L�Q�J���D�Q���H�[�W�H�U�Q�D�O���V�L�J�Q�D�O

4.4.1 Consumed quantity monitoring with pulse output

Output 1 indicates a counting pulse when the set volumetric flow quantity has 
�E�H�H�Q���U�H�D�F�K�H�G�����:������������������

4.4.2 Consumed quantity monitoring with preset counter

�2�X�W�S�X�W�������V�Z�L�W�F�K�H�V���Z�K�H�Q���W�K�H���V�H�W���Y�R�O�X�P�H�W�U�L�F���I�O�R�Z���T�X�D�Q�W�L�W�\���K�D�V���E�H�H�Q���U�H�D�F�K�H�G�����:��
10.4.2).  
2 types of monitoring are possible:

1. �7�L�P�H���G�H�S�H�Q�G�H�Q�W���T�X�D�Q�W�L�W�\���P�R�Q�L�W�R�U�L�Q�J�����:�����������������7�L�P�H���F�R�Q�W�U�R�O�O�H�G���F�R�X�Q�W�H�U���U�H�V�H�W����

 - If the quantity x is reached during t, output 1 switches and remains switched 
until the meter is reset.

�(����������
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 - If the quantity x is not reached during the time t, the meter is automatically 
reset and counting starts again; output 1 does not switch.

2. �4�X�D�Q�W�L�W�\���P�R�Q�L�W�R�U�L�Q�J���Q�R�W���W�L�P�H���G�H�S�H�Q�G�H�Q�W�����:�����������������'�H�D�F�W�L�Y�D�W�L�R�Q���R�I���W�K�H���F�R�X�Q�W�H�U��
reset).

 - If the quantity x is reached, output 1 switches and remains switched until the 
meter is reset.

4.5 Temperature monitoring

The following signals are provided for temperature monitoring:

�‡��A switching signal for temperature limit values on output 2. On the switching 
�I�X�Q�F�W�L�R�Q�V���:����������

�‡��An analogue signal proportional to the temperature (4...20 mA or 0...10 V) on 
�R�X�W�S�X�W���������2�Q���W�K�H���D�Q�D�O�R�J�X�H���I�X�Q�F�W�L�R�Q�V���:����������

4.6 Empty pipe detection

�7�K�H���X�Q�L�W���G�H�W�H�F�W�V���Z�K�H�Q���W�K�H���W�Z�R���H�O�H�F�W�U�R�G�H�V���D�U�H���Q�R�W���Z�H�W�W�H�G���E�\���W�K�H���P�H�G�L�X�P�����:����������
Measuring principle for volumetric flow monitoring). The empty pipe detection can 
�E�H���D�F�W�L�Y�D�W�H�G���R�U���G�H�D�F�W�L�Y�D�W�H�G�����:���������������������,�I���L�W���L�V���D�F�W�L�Y�H���D�Q�G���W�K�H���S�L�S�H���L�V���H�P�S�W�\�����W�K�H���X�Q�L�W��
reacts as follows:

 > [SEnS] is indicated in the display.

 > The flow is set to zero.

�7�K�H���H�P�S�W�\���S�L�S�H���G�H�W�H�F�W�L�R�Q���F�D�Q���E�H���V�H�W���D�V���W�L�P�H���G�H�S�H�Q�G�L�Q�J���R�U���Q�R�W���W�L�P�H���G�H�S�H�Q�G�L�Q�J�����:��
10.6.10).

�(����������
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4.7 Volumetric flow or temperature monitoring / switching function

OUTx changes its switching state if it is above or below the set switching limits 
(SPx, rPx). The following switching functions can be selected:

4.7.1 Hysteresis function

��

��	

��

�

�

�

�

�
�

�
�

Normally open: [OUx] = [Hno]

Normally closed: [OUx] = [Hnc]

First the set point (SPx) is set, then the 
reset point (rPx) with the requested 
difference.

When SPx is adjusted rPx is 
changed automatically; the 
difference remains constant.

Example of volumetric flow monitoring
HY = hysteresis

4.7.2 Window function

�

�

�

�

�
�

�
�

�� ��

��	

��


Normally open: [OUx] = [Fno]

Normally closed: [OUx] = [Fnc]

The width of the window can be set by 
means of the difference between SPx 
and rPx.  
SPx = upper value 
rPx = lower value.

Example of volumetric flow monitoring
FE = window

When set to the window function the set and reset points have a fixed hys-
teresis of 0.25 % of the final value of the measuring range. This keeps the 
switching state of the output stable if the volumetric flow varies slightly.

�(����������



12

4.8 Volumetric flow or temperature monitoring / analogue function

4.8.1 Current output

MEWAEPASP

12

80 100 110-40 -20-50 [°C]

[%]-130 -120 0 100 120 130

[mA]

Characteristics of the analogue output according to the standard IEC 60947-5-7
1: Output current
2: �9�R�O�X�P�H�W�U�L�F���À�R�Z���T�X�D�Q�W�L�W�\
3: Temperature
4: Display range
5: Measuring range
6: Range between analogue start point and analogue end point
7: The unit is in the error state (FOU = OFF).
8: The process value transmitted in an analogue way is therefore below the display range.
9: Curve of the analogue signal at factory setting
10: Curve of the analogue signal with shifted ASP and AEP
11: The process value transmitted in an analogue way is therefore above the display range. 
12: The unit is in the error state (FOU = ON).

ASP = analogue start point: determines at which measured value the output signal is 4 mA
AEP = analogue end point: determines at which measured value the output signal is 20 mA
VMR = final value of the measuring range � ������������

Minimum distance between ASP and AEP = 20 % of the measuring range

In the set scaling range the output signal is between 4 and 20 mA. 

�(����������
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4.8.2 Voltage output

12,0

[ V ]

11,5

10,0

0

MEWAEPASP

80 100 110-20

0

[°C]

[%]100 120 130

11

Characteristics of the analogue output according to the standard IEC 60947-5-7
1: Output voltage
2: �9�R�O�X�P�H�W�U�L�F���À�R�Z���T�X�D�Q�W�L�W�\
3: Temperature
4: Display range
5: Measuring range
6: Range between analogue start point and analogue end point
7: The unit is in the error state (FOU = OFF) or the process value transmitted in an ana-

logue way is below the display range.
8: Curve of the analogue signal at factory setting
9: Curve of the analogue signal with shifted ASP and AEP
10: The process value transmitted in an analogue way is therefore above the display range. 
11: The unit is in the error state (FOU = ON).

ASP = analogue start point: determines at which measured value the output signal is 0 V
AEP = analogue end point: determines at which measured value the output signal is 10 V
VMR = final value of the measuring range � ������������

Minimum distance between ASP and AEP = 20 % of the measuring range

In the set scaling range the output signal is between 0 and 10 V. 

�(����������
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4.9 Volumetric flow monitoring / frequency output

120

120

130

130 [%]

[%]

100

0
0

100

FrEP

FEP

Output curve frequency output
1: Frequency output
2: �9�R�O�X�P�H�W�U�L�F���À�R�Z���T�X�D�Q�W�L�W�\���4
3: The unit is in the error state (FOU = OFF) or the process value transmitted in an ana-

logue way is below the display range.
4: The unit is in the error state (FOU = ON).

�)�U�(�3��� ���F�R�Q�I�L�J�X�U�H�G���I�U�H�T�X�H�Q�F�\���D�W���)�(�3�����:�����������������6�H�W�W�L�Q�J���W�K�H���I�U�H�T�X�H�Q�F�\���Y�D�O�X�H���I�R�U���Y�R�O�X�P�H�W�U�L�F��
flow)

4.10 Start-up delay

The start-up delay dST influences the switching outputs of the volumetric 
flow monitoring.

If the start-up delay is active (dST > 0), note: As soon as the volumetric flow 
�T�X�D�Q�W�L�W�\���H�[�F�H�H�G�V���W�K�H���/�)�&�����/�)�&��� ���O�R�Z���I�O�R�Z���F�X�W���R�I�I���:�����������������W�K�H���I�R�O�O�R�Z�L�Q�J���S�U�R�F�H�V�V�H�V��
are carried out:

 > The start-up delay is activated.

 > The outputs switch as programmed:  
ON for NO function, OFF for NC function.

After the start of the start-up delay there are 3 options:

1. The volumetric flow quantity increases quickly and reaches the set point / good 
range within dST.  
> Outputs remain active.

�(����������
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2. The volumetric flow increases slowly and does not reach the set point /good 
range within dST.  
> Outputs are reset.

3. Volumetric flow quantity falls below LFC within dST.  
> Outputs are reset at once; dST is stopped.

Example: dST for hysteresis function

Condition Reaction
1 Volumetric flow quantity Q reaches LFC dST starts, output becomes active
2 dST elapsed, Q reached SP output remains active
3 Q below SP but above rP output remains active
4 Q below rP output is reset
5 Q reaches again LFC dST starts, output becomes active
6 dST elapsed, Q has not reached SP output is reset
7 Q reaches SP output becomes active

�(����������
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Example: dST for window function

Condition Reaction
1 Volumetric flow quantity Q reaches LFC dST starts, output becomes active.
2 dST elapsed, Q reached good range output remains active
3 Q above SP (leaves good range) output is reset
4 Q again below SP output becomes active again
5 Q below rP (leaves good range) output is reset again
6 Q reaches again LFC dST starts, output becomes active
7 dST elapsed, Q has not reached good 

range
output is reset

8 Q reaches good range output becomes active

4.11 Low flow cut-off (LFC)

�:�L�W�K���W�K�L�V���I�X�Q�F�W�L�R�Q���V�P�D�O�O���Y�R�O�X�P�H�W�U�L�F���I�O�R�Z���T�X�D�Q�W�L�W�L�H�V���F�D�Q���E�H���L�J�Q�R�U�H�G�����:����������������������
Flows below the LFC value are evaluated by the sensor as standstill (Q = 0).

4.12 Simulation

�:�L�W�K���W�K�L�V���I�X�Q�F�W�L�R�Q���V�P�D�O�O���Y�R�O�X�P�H�W�U�L�F���I�O�R�Z���T�X�D�Q�W�L�W�L�H�V���F�D�Q���E�H���V�X�S�S�U�H�V�V�H�G�����:��������������������
The simulation does not have any effect on the totaliser or the current flow. The 
outputs operate as previously set.
When the simulation starts, the value of the totaliser is saved and then the 
simulated totaliser is set to 0. The simulated flow value then has an effect on the 
simulated totaliser. When the simulation is finished, the original totaliser value is 
restored. 

�(����������
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During the simulation the original totaliser value remains saved without any 
changes even if there is a real flow.

5 Installation

 �y Avoid deposits, accumulated gas and air in the pipe system.

5.1 Recommended installation position

Example of an optimised installation:

F

1

 �y Install the unit so that the measuring pipe is completely filled.

 �y Arrange for inlet and outlet pipe lengths. Disturbances caused by bends, 
valves, reductions, etc. are compensated for. It applies in particular: No shut-off 
and control devices are allowed directly in front of the unit.

F

S

2 x D
3

F

S

5 x D
2

S = disturbance; D = pipe diameter; F = flow direction
�(����������
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 �y Install in front of or in a rising pipe:

4

F

F

5

F

F = flow direction

With empty pipe detection: 
 �y Install the unit according to figure 1, 4 or 5.

�(����������
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5.2 Not recommended installation position

 �y Avoid the following installation positions:

F

F
F

Directly in front of a falling pipe. In a falling pipe.

F
F

F

At the highest point of the pipe 
system.

Directly in front of the spout of the 
pipe.

F

On the suction side of a pump. F = flow direction

�(����������
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The unit can be installed independently of the orientation if the following is 
ensured:

 - No air bubbles can form in the pipe system.

 - The pipes are always completely filled.

5.3 Grounding
If installed in an ungrounded pipe system (e.g. plastic pipes), the unit must 
be grounded (functional earth).

Ground brackets for the M12 connector are available as accessories  
���:���Z�Z�Z���L�I�P���F�R�P����

5.4 Installation in pipes

The unit can be installed in pipes using adapters. The adapters have to be ordered 
�V�H�S�D�U�D�W�H�O�\���D�V���D�F�F�H�V�V�R�U�L�H�V�����:���Z�Z�Z���L�I�P���F�R�P����

A AD DC CB B

1. Screw the adapter (B) into the pipe (A). 

2. Place the seals (C) and install the unit according to the marked flow direction. 
 �y To mount the adapters on the process connection of the sensor use 
suitable lubricants.

3. Screw the adapter (B) with the threads (D) until it is hand-tight. 

4. Tighten the two adapters in opposite direction (tightening torque: 30 Nm).

After installation air bubbles in the system can affect the measurement.
Corrective measures: 

 �y Rinse the system after installation for ventilation (rinsing quantity > 15 l/min.).

�(����������
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In case of horizontal installation: As a result of design requirements a small quan-
tity of the medium always remains in the measuring channel after switching off the 
pump.

6 Electrical connection
The unit must be connected by a qualified electrician.
The national and international regulations for the installation of electrical 
equipment must be adhered to.
Voltage supply according to EN 50178, SELV, PELV.

 �y Disconnect power.

 �y Connect the unit as follows:

43

2 1 BK: black
BN: brown
BU: blue
WH: white

BN

WH

BK

BU

4

1

3

2 OUT2

L+

L

OUT1

Colours to DIN EN 60947-5-6

Sample circuits:

2 x positive switching 2 x negative switching

L

L+

3 BU

4 BK

2 WH

1 BN

L

L+

3 BU

4 BK

2 WH

1 BN

1 x positive switching / 1 x analogue 1 x negative switching / 1 x analogue

L+

L
3 BU

4 BK

2 WH

1 BN
L+

L
3 BU

4 BK

2 WH

1 BN

�(����������
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Pin 1 L+
Pin 3 L-

Pin 4  
(OUT1)

�‡��Switching signal: limit values for volumetric flow
�‡��Pulse signal: 1 pulse every time the defined volumetric flow quantity is 

reached.
�‡��Switching signal: quantity meter reached preset value
�‡��Frequency signal for volumetric flow quantity
�‡��Switching signal: empty pipe detection
�‡��IO-Link

Pin 2
(OUT2/
InD)

�‡��Switching signal: limit values for volumetric flow
�‡��Switching signal: limit values for temperature
�‡��Analogue signal for volumetric flow quantity
�‡��Analogue signal for temperature
�‡��Switching signal: empty pipe detection
�‡��Input for external reset signal (InD)

7 Operating and display elements

Enter �x

�z

1 to 8: Indicator LEDs
�‡���/�(�'�V����������� ���8�Q�L�W���R�I���W�K�H���F�X�U�U�H�Q�W�O�\���U�H�S�U�H�V�H�Q�W�H�G���Q�X�P�H�U�L�F�D�O���Y�D�O�X�H���:�������������5�H�D�G�L�Q�J���W�K�H��

process value
�‡��LED 7 = switching state of output OUT2 / of input InD
�‡��LED 8 = switching status of output OUT1
9: Alphanumeric display, 4 digits
�‡��Current volumetric flow quantity (with setting [SELd] = [FLOW])
�‡��Meter reading of the totaliser (with setting [SELd] = [TOTL])
�‡��Current medium temperature (with setting [SELd] = [TEMP])
�‡��Parameters and parameter values

�(����������
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10: [Enter] button
�‡��Selecting the parameters
�‡��Reading the set values
�‡��Confirming the parameter values

�5�H�S�U�H�V�H�Q�W�D�W�L�R�Q���L�Q���:�������0�H�Q�X����
11: Buttons up [ �x ] and down [ �z ]
�‡��Selection of the parameters
�‡��Activation of the setting functions
�‡��Changing the parameter values
�‡��Change of the display unit in the normal operating mode (Run mode)
�‡��Locking / unlocking

�5�H�S�U�H�V�H�Q�W�D�W�L�R�Q���L�Q���:�������0�H�Q�X���� and 

8 Menu 

8.1 Process value display

�������� �������� ������������������������

l/min °Cm3/h l/m3 l/m3*

* Stored totaliser value

�;���0�D�L�Q���P�H�Q�X

�(����������
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8.2 Main menu

�9���3�U�R�F�H�V�V���Y�D�O�X�H���G�L�V�S�O�D�\

�6�3����

�6�3��������������

�2�8����

�U�3����

��������

���������� �U�3����

��������

�+�Q�R �+�Q�F �)�Q�R �)�Q�F �,�P�3�G�2�8

�+�Q�R �+�Q�F �)�Q�R �)�Q�F �, �8�G�2�8

�Q�R�<�(�6

��������

��������

�)�(�3

��������

�;���(�[�W�H�Q�G�H�G���I�X�Q�F�W�L�R�Q�V

* The parameters are only displayed when selected at OU1.
** The parameters are only displayed when selected at OU2.

�(����������



25

UK

8.2.1 Explanation main menu

SP1 Maximum limit value for the set process value
rP1 Minimum limit value for the set process value 
ImPS Pulse value
ImPR Pulse reset
FEP Frequency output of the end point of the flow value
FrEP Frequency output of the end point of the frequency
OU1 Output function for OUT1 (volumetric flow or consumed quantity)

OU2
Output function for OUT2 (volumetric flow or temperature)
As an alternative: configure OUT2 (Pin2) as input for external reset signal: 
Setting: [OU2] = [In.D]

Hno Hysteresis normally open
Hnc Hysteresis normally closed
Fno Window normally open
Fnc Window normally closed
ImP Pulse output

FRQ Frequency output
dOU Diagnostic output

I Current output
U Voltage output

In.D External input
ASP2 Analogue start value for the set process value
AEP2 Analogue end value for the set process value
SP2 Maximum limit value for the set process value
rP2 Minimum limit value for the set process value
DIn2 Configuration of the input (Pin2) for counter reset
EF Extended functions / opening of menu level 2

�(����������



26

8.3 Extended functions – Basic settings

�9���0�D�L�Q���P�H�Q�X

CFGEF

�U�(�6��

�U�7�R��

��������

��������

��������

�2�)�) �2�8 �2�Q

�2�)�) �2�8 �2�Q

�S�Q�3 �Q�3�Q��������

�U�(�6��

8.1

* The parameters are only displayed when selected at OU1.
** The parameters are only displayed when selected at OU2.
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8.3.1 Explanation extended functions (EF)

rES Restore the factory setting
rTo Counter reset: manual reset / time-controlled reset
CFG Submenu basic settings
MEM Submenu min/max memory
EPD Submenu empty pipe
SIM Submenu simulation

8.3.2 Submenu basic settings (CFG)

FOU1 Behaviour of output 1 in case of an error
FOU2 Behaviour of output 2 in case of an error
dST Start-up delay of volumetric flow monitoring
P-n Output logic: pnp / npn
dAP Measured value damping / damping constant in seconds
diS Update rate and orientation of the display

Uni Standard unit of measurement for volumetric flow: litres/minute or cubic 
metres/hour

SELd Standard measuring unit of the display: volumetric flow value / medium 
temperature / meter reading 

SEL2 Standard unit of measurement for evaluation via OUT2
LFC Low flow cut-off
FPro Totaliser: behaviour with negative flow
Fdir Direction of flow

�(����������
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8.4 Extended functions – Min/max memory – Emtpy pipe – 
Simulation

�9���0�D�L�Q���P�H�Q�X

MEM

EF

SIM

�U�(�6��

�U�7�R��

��������

��������

��������

��������

��������

��������

��������

�2�Q �2�I�I

��������

�U�(�6��

8.1

8.1

�2�Q �2�I�I

��������

�������� EPD

��������

��������

�(�3���3�U

�(�3���6�3

* Parameters are only displayed for the selection EP.On = On. 
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8.4.1 Explanation extended functions (EF)

rES Restore the factory setting
rTo Counter reset: manual reset / time-controlled reset
CFG Submenu basic settings
MEM Submenu min/max memory
EPD Submenu empty pipe
SIM Submenu simulation

8.4.2 Submenu min/max memory (MEM)

HI.F Max. value flow
LO.F Min. value flow
HI.T Max. value temperature
LO.T Min. value temperature

8.4.3 Submenu empty pipe (EPD)

EP.On Empty pipe detection on / off
dEP.E. Delay time empty signal
dEP.F Delay time full signal
EP.Pr Current measured value of empty pipe detection
EP.SP Switch point of empty pipe detection

8.4.4 Submenu simulation (SIM)

S.FLW Simulation flow value
S.TMP Simulation temperature value
S.TIM Simulation time
S.ON Simulation start

�(����������
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9 Set-up
After power on and expiry of the power-on delay time (approx. 5 seconds) the unit 
is in the normal operating mode. It carries out its measurement and evaluation 
functions and generates output signals according to the set parameters. 

�‡��During the power-on delay time the outputs are switched as programmed:

 - ON with normally open function (Hno / Fno)

 - OFF with normally closed function (Hnc / Fnc). 

�‡��If output 2 is configured as analogue output, the output signal is at 20 mA (cur-
rent output) or 10 V (voltage output).

10 Parameter setting
Parameters can be set before installation and set-up of the unit or during opera-
tion.

If you change parameters during operation, this will influence the function. 

 �y Ensure that there will be no malfunctions in your plant.

During parameter setting the unit remains in the operating mode. It continues to 
monitor with the existing parameter until the parameter setting has been com-
pleted.

CAUTION 

For medium temperatures above 50 °C some parts of the housing can heat up 
to over 65 °C. 

 �y Do not press the pushbuttons manually; instead use another object (e.g. 
ballpoint pen).

�(����������
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10.1 IO-Link

10.1.1 General information

This unit has an IO-Link communication interface which requires an IO-Link-capa-
ble module (IO-Link master) for operation.

The IO-Link interface enables direct access to the process and diagnostic data 
and provides the possibility to set the parameters of the unit during operation.

In addition communication is possible via a point-to-point connection with a USB 
adapter cable.

You will find more detailed information about IO-Link at www.ifm.com/gb/io-link.

10.1.2 Device-specific information

You will find the IODDs necessary for the configuration of the IO-Link unit and 
detailed information about process data structure, diagnostic information and 
parameter addresses at www.ifm.com/gb/io-link. 

10.1.3 Parameter setting tools

You will find all necessary information about the required IO-Link hardware and 
software at  www.ifm.com/gb/io-link.

�(����������
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10.2 Parameter setting in general

Select the parameter
1. Press [Enter] briefly.
2. �3�U�H�V�V���>�x�@���R�U���>�z�@���X�Q�W�L�O���W�K�H���U�H�T�X�H�V�W�H�G��

parameter is displayed.

21

Changing the parameter value
3. Press [Enter] briefly. 

> The currently set value is displayed.
4. �.�H�H�S���>�x�@���R�U���>�z�@���S�U�H�V�V�H�G���I�R�U�������V 

> Display flashes first, then permanent.
5. �&�K�D�Q�J�H���Y�D�O�X�H���E�\���S�U�H�V�V�L�Q�J���>�x�@���R�U���>�z�@��

�>�x�@���R�U���>�z�@���S�U�H�V�V�H�G��
 > Faster cycle of the numerical 

values.

4

5

3

Confirm the parameter value
6. Press [Enter] briefly.

 > The parameter is displayed again. The 
new setting value is saved.

6

Finish parameter setting and change to the process value display:
 �y Wait for 30 seconds

or
 �y Change from the submenu to the main menu, from the main menu to the process value 
�G�L�V�S�O�D�\���Z�L�W�K���>�x�@���R�U���>�z�@��

If [C.Loc] is displayed when an attempt is made to modify a parameter 
value, an IO-Link communication is active (temporary locking). If [S.Loc] is 
displayed, the sensor is permanently locked via software. This locking can 
only be removed using a parameter setting software.

�(����������
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10.2.1 Switching between the menu levels

Change to the 
submenu

Switching to the next submenu via the parameters [EF], [CFG], 
[MEM], [EPD] or [SIM].

 �y �6�H�O�H�F�W���D���V�X�E�P�H�Q�X���Z�L�W�K���>�x�@���R�U���>�z�@���D�Q�G���V�Z�L�W�F�K���W�R���W�K�H���V�X�E�P�H�Q�X��
by pressing [Enter].

Back to the process 
value display

 �y Wait for 30 seconds
or

 �y Change from the submenu to the main menu, from the main 
�P�H�Q�X���W�R���W�K�H���S�U�R�F�H�V�V���Y�D�O�X�H���G�L�V�S�O�D�\���Z�L�W�K���>�x�@���R�U���>�z�@��

10.2.2 Locking / unlocking

The unit can be locked electronically to prevent unintentional settings. Setting at 
the factory: not locked.

Locking is also possible via an IO-Link capable parameter setting tool.

Locking  �y Make sure that the unit is in the normal operating mode.
 �y �3�U�H�V�V���>�x�@���D�Q�G���>�z�@���V�L�P�X�O�W�D�Q�H�R�X�V�O�\���I�R�U���������V��

 > [Loc] is displayed.

During operation: [LOC] is briefly displayed if you try to 
change parameter values.

Unlocking  �y �3�U�H�V�V���>�x�@���D�Q�G���>�z�@���V�L�P�X�O�W�D�Q�H�R�X�V�O�\���I�R�U���������V��
 > [uLoc] is displayed.

10.2.3 Timeout

If no button is pressed for 30 s during parameter setting, the unit returns to the 
operating mode with unchanged parameter.

10.3 Settings for consumed quantity monitoring

10.3.1 Settings for limit value monitoring with OUT1

 �y Select [OU1] and set the switching function: 
 - [Hno] = hysteresis function/NO, 
 - [Hnc] = hysteresis function/NC, 
 - [Fno] = window function/NO, 
 - [Fnc] = window function/NC.

 �y Select [SP1] and set the value at which the output switches.
 �y Select [rP1] and set the value at which the output switches off.

�(����������
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10.3.2 Settings for limit value monitoring with OUT2

 �y Select [SEL2] and set [FLOW].
 �y Select [OU2] and set the switching function. 

 - [Hno] = hysteresis function/NO, 
 - [Hnc] = hysteresis function/NC, 
 - [Fno] = window function/NO, 
 - [Fnc] = window function/NC.

 �y Select [SP2] and set the value at which the output switches.
 �y Select [rP2] and set the value at which the output switches off.

10.3.3 Setting the analogue value for volumetric flow

 �y Select [SEL2] and set [FLOW].
 �y Select [OU2] and set the function: 

 - [I] = current signal proportional to volumetric flow (4…20 mA); 
 - [U] = voltage signal proportional to volumetric flow (0…10 V).

 �y Select [ASP2] and set the value at which the minimum value is provided.
 �y Select [AEP2] and set the value at which the maximum value is pro-
vided.

10.3.4 Setting the frequency value for volumetric flow

 �y Select [OU1] and set [FRQ].
 �y Select [FEP] and set the flow value at which the frequency set in FrEP 
is provided.

 �y Select [FrEP] and set the frequency.

10.4 Settings for consumed quantity monitoring

10.4.1 Settings for quantity monitoring via pulse output

 �y Select [OU1] and set [ImP].
 �y Select [ImPS] and set the volumetric flow quantity at which 1 pulse is 
�S�U�R�Y�L�G�H�G�����:������������������

 �y Select [ImPR] and set [YES].
 > Pulse repetition is active. Output 1 provides a counting pulse each time 

the value set in [ImPS] is reached.

�(����������
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10.4.2 Settings for quantity monitoring via the preset counter

 �y Select [OU1] and set [ImP].
 �y Select [ImPS] and set the volumetric flow quantity at which output 1 
�V�Z�L�W�F�K�H�V�����:������������������

 �y Select [ImPR] and set [no].
 > Pulse repetition is not active. The output switches ON if the value set in 

[ImPS] is reached. It remains set until the counter is reset.

10.4.3 Setting the pulse value

 �y Select [ImPS].
 �y Press [Enter] briefly.

 > The currently set value is displayed.
 �y �.�H�H�S���>�x�@���R�U���>�z�@���S�U�H�V�V�H�G���X�Q�W�L�O�����F�F�F�F" is displayed.
 �y �3�U�H�V�V���>�x�@���R�U���>�z�@���W�R���V�H�O�H�F�W���W�K�H���V�H�W�W�L�Q�J���U�D�Q�J�H��

 > With each press of the pushbutton the display changes to the next set-
ting range (decimal point shifts and / or LED changes).

 �y Press [Enter] to confirm the setting range.
 �y �3�U�H�V�V���>�x�@���R�U���>�z�@���X�Q�W�L�O���W�K�H���U�H�T�X�H�V�W�H�G���Q�X�P�H�U�L�F�D�O���Y�D�O�X�H���L�V���G�L�V�S�O�D�\�H�G��
 �y Press [Enter] briefly.

Setting ranges:

LED* Unit Display Value Step 
increment 

3 l 0.1...999.9 l 0.1 l

4 m³ 0.001...9.999 m³ 0.001 m³
4 m³ 0.01...99.99 m³ 0.01 990 m³
4 m³ 0,1...999,9 990 m³ 0.1 990 m³

4 + 6 m³ x 10³ 1...9999 m³ 1 m³
4 + 6 m³ x 10³ 10...99 990 m³ 10 m³
4 + 6 m³ x 10³ 100...999 900 m³ 100 m³

����L�Q�G�L�F�D�W�R�U���/�(�'���:�������2�S�H�U�D�W�L�Q�J���D�Q�G���G�L�V�S�O�D�\���H�O�H�P�H�Q�W�V

10.4.4 Manual counter reset

 �y Select [rTo] and set [rES.T].
 > The counter is reset to zero.

�(����������
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10.4.5 Time-controlled counter-reset

 �y Select [rTo] and set the requested value (intervals of hours, days or 
weeks).

 > The counter is reset automatically with the value now set. 

10.4.6 Deactivation of the counter reset

 �y Select [rTo] and set [OFF].
 > The meter is only reset after overflow (= factory setting).

10.4.7 Configure counter reset using an external signal

 �y Select [OU2] and set [InD].
 �y Select [DIn2] and set the reset signal: 

 - [HIGH] = reset for high signal, 
 - [LOW] = reset for low signal, 
 - [+EDG] = reset for rising edge, 
 - [-EDG] = reset for falling edge.

10.5 Settings for temperature monitoring

10.5.1 Settings for limit value monitoring with OUT2

 �y Select [SEL2] and set [TEMP].
 �y Select [OU2] and set the switching function. 

 - [Hno] = hysteresis function/NO, 
 - [Hnc] = hysteresis function/NC, 
 - [Fno] = window function/NO, 
 - [Fnc] = window function/NC.

 �y Select [SP2] and set the value at which the output switches.
 �y Select [rP2] and set the value at which the output switches off.

10.5.2 Setting the analogue value for temperature

 �y Select [SEL2] and set [TEMP].
 �y Select [OU2] and set the function: 

 - [I] = temperature-proportional current signal (4…20 mA); 
 - [U] = temperature-proportional voltage signal (0…10 V).

 �y Select [ASP2] and set the value at which the minimum value is provided.
 �y Select [AEP2] and set the value at which the maximum value is pro-
vided.

�(����������
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10.6 User settings (optional)

10.6.1 Setting of the standard unit of measurement for volumetric flow

 �y Select [Uni] and set the unit of measurement: [Lmin] or [m3h].
The setting only has an effect on the volumetric flow value. The 
counter values (consumed quantity) are automatically displayed in 
the unit of measurement providing the highest accuracy.

10.6.2 Configuration of the standard display

 �y Select [SELd] and determine the standard measuring unit:
 - [FLOW] = the current volumetric flow value in the standard unit of 
measurement is displayed.

 - [TOTL] = display indicates the current meter count in l, m3 or 1000 m 3.
 - [TEMP] = the current medium temperature in °C is displayed.

 �y Select [diS] and set the update rate and orientation of the display:
 - [d1] = update of the measured values every 50 ms.
 - [d2] = update of the measured values every 200 ms.
 - [d3] = update of the measured values every 600 ms.
 - [rd1], [rd2], [rd3] = display as for d1, d2, d3; rotated by 180°.
 - [OFF ] = the display is switched off in the operating mode.

10.6.3 Changing the direction of the flow rate measurement

 �y Select [Fdir] and set the direction of flow: 
[+] = flow in the direction of the flow arrow (= factory setting) 
�>���@��� ���I�O�R�Z���D�J�D�L�Q�V�W���W�K�H���I�O�R�Z���D�U�U�R�Z���y���O�D�E�H�O���R�Y�H�U���W�K�H���D�U�U�R�Z

10.6.4 Setting the output logic

 �y Select [P-n] and set [PnP] or [nPn].

10.6.5 Setting the start-up delay

 �y Select [dST] and set the numerical value in seconds.

10.6.6 Setting the measured value damping

 �y �6�H�O�H�F�W���>�G�$�3�@���D�Q�G���V�H�W���W�K�H���G�D�P�S�L�Q�J���F�R�Q�V�W�D�Q�W���L�Q���V�H�F�R�Q�G�V�����2���Y�D�O�X�H��������������
 

�(����������
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10.6.7 Setting the error behaviour of the outputs

 �y Select [FOU1] and set the value:
1. Switching output:

 - [On] = output 1 switches ON in case of an error.
 - [OFF] = output 1 switches OFF in case of an error.
 - [OU1] = output 1 switches irrespective of the error as defined with the 
parameters.

2. Frequency output:
 - [On] = 130% of FrEP
 - [OFF] = 0 Hz
 - [OU1] = continues running

 �y Select [FOU2] and set the value:
 - [On] = output 2 switches ON in case of an error, the analogue signal 
goes to the upper error value.

 - [OFF] = output 2 switches OFF in case of an error, the analogue signal 
goes to the lower error value.

 - [OU2] = output 2 switches irrespective of the error as defined with the 
parameters. The analogue signal corresponds to the measured value.

10.6.8 Configuring the empty pipe detection as diagnostic output

 �y Select [OU1] or [OU2] and set [dOU].
 �y Select [P-n] and set [PnP] or [nPn].

The empty pipe detection is only effective if it is activated at [EP.
�2�Q�@���:�������������������:�K�H�Q���W�K�H���H�P�S�W�\���S�L�S�H���V�W�D�W�H���L�V���G�H�W�H�F�W�H�G�����W�K�H���G�L�D�J�Q�R�V�W�L�F��
output is inactive.

10.6.9 Activating / deactivating empty pipe detection

 �y Select [EP.On] and set the function:
 - [OFF] = empty pipe detection deactivated.
 - [On] = empty pipe detection activated.

10.6.10 Time-delay empty pipe detection

 �y Select [dEP.E] and set the delay time from 0…30 s, at which the signal 
should be provided when the pipe is empty. 

 �y Select [dEP.F] and set the delay time from 0…30 s, at which the signal 
should be provided when the pipe is full.  

�(����������
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10.6.11 Setting of the empty pipe detection

 �y Select [EP.Pr] to display the current value of the empty pipe detection in 
percent. 

 �y Select [EP.SP] and set the switch point of empty pipe detection. 

10.6.12 Setting the counting method of the totaliser

 �y Select [FPro] and set the value: 
[-+] = totalling the volumetric flow values with the correct sign. 
[0+] = totalling only positive volumetric flow values.

10.6.13 Setting the low flow cut-off

 �y Select [LFC] and set the limit value.

10.7 Service functions

10.7.1 Reading the min/max values for the volumetric flow

 �y Select [HI.F] or [LO.F] 
[HI.F] = max. value, [LO.F] = min. value.

Delete memory:
 �y Select [HI.F] or [LO.F].
 �y Press [Enter] briefly.
 �y �.�H�H�S���>�x�@���R�U���>�z�@���S�U�H�V�V�H�G��

 > [----] is displayed.
 �y Press [Enter] briefly.

It makes sense to delete the memories as soon as the unit operates under 
normal operating conditions for the first time.

10.7.2 Reading the min/max values for the temperature

 �y Select [HI.T] or [LO.T]
[HI.T] = max. value, [LO.T] = min. value.

Delete memory:
 �y Select [HI.T] or [LO.T].
 �y Press [Enter] briefly.
 �y �.�H�H�S���>�x�@���R�U���>�z�@���S�U�H�V�V�H�G��

 > [----] is displayed.
 �y Press [Enter] briefly.

It makes sense to delete the memories as soon as the unit operates under 
normal operating conditions for the first time.

�(����������
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10.7.3 Simulation menu

 �y Select [S.FLW] and set the flow value to be simulated.
 �y Select [S.TMP] and set the temperature value to be simulated.
 �y Select [S.Tim] and set the time of the simulation in minutes.
 �y Select [S.On] and set the function:
 - [On]: The simulation starts. The values are simulated for the time set 
at [S.Tim]. [SIM] is displayed simultaneously with the process values. 
Cancel with [Enter].

 - [OFF]: The simulation is not active.

10.7.4 Resetting all parameters to factory setting

 �y Select [rES].
 �y Press [Enter] briefly.
 �y �.�H�H�S���>�x�@���R�U���>�z�@���S�U�H�V�V�H�G��

 > [----] is displayed.
 �y Press [Enter] briefly.

�)�R�U���W�K�H���I�D�F�W�R�U�\���V�H�W�W�L�Q�J�V���S�O�H�D�V�H���U�H�I�H�U���W�R���W�K�H���H�Q�G���R�I���W�K�H�V�H���L�Q�V�W�U�X�F�W�L�R�Q�V���:��������
We recommend taking down your own settings in that table before carrying 
out a reset.

�(����������
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11 Operation

11.1 Reading the process value

The LEDs 1-6 signal which process value is currently displayed.The process value 
to be displayed as standard (temperature, flow velocity or meter reading of the 
�W�R�W�D�O�L�V�H�U�����F�D�Q���E�H���S�U�H�V�H�W���:�����������������&�R�Q�I�L�J�X�U�D�W�L�R�Q���R�I���W�K�H���V�W�D�Q�G�D�U�G���G�L�V�S�O�D�\�����$���V�W�D�Q�G�D�U�G��
unit of measurement can be defined for the flow velocity (l/min or m3���K���:��������������������

Further process values can be read in addition to the preset standard display:

 �y Press the buttons �>�x�@��or���>�z�@.

 > The LED of the selected process value display is lit and the current process 
value is displayed.

 > After 30 seconds the display changes to the standard display.

LED Process value display Unit
1 Current flow volume per minute l/min
2 Current flow volume per hour m3 / h
3

To
ta

lis
er

 *

Current consumed quantity since the last reset l
3 Consumed quantity before the last reset L

4 Current consumed quantity since the last reset m3

4 Consumed quantity before the last reset m3

4 + 6 Current consumed quantity since the last reset m3 x 103

4 + 6 Consumed quantity before the last reset m3 x 103

5 Current medium temperature °C

 LED is lit;  LED flashes
* The consumed quantity is automatically displayed in the unit of measurement providing the 
highest accuracy. 

�(����������
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11.2 Reading the parameter value

To display the currently set parameter value, take the following steps:

Select the parameter
1. Press [Enter] briefly.
2. �3�U�H�V�V���>�x�@���R�U���>�z�@���X�Q�W�L�O���W�K�H���U�H�T�X�H�V�W�H�G��

parameter is displayed.

21

Display the parameter value
3. Press [Enter] briefly. 

 > The currently set value is displayed for 
30 s.

By pressing [Enter] briefly several 
times, the display switches between 
parameter and parameter value.

3

Switching to the process value display
 �y Wait for 30 seconds

or
 �y Change from the submenu to the main menu, from the main menu to the process value 
�G�L�V�S�O�D�\���Z�L�W�K���>�x�@���R�U���>�z�@��

�(����������
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11.3 Error indications

Warning message

[SC1] Short circuit in OUT1. 
�/�(�'�����I�R�U���2�8�7�����I�O�D�V�K�H�V�����:�������2�S�H�U�D�W�L�Q�J���D�Q�G���G�L�V�S�O�D�\���H�O�H�P�H�Q�W�V����

[SC2] Short circuit in OUT2. 
�/�(�'�����I�R�U���2�8�7�����I�O�D�V�K�H�V�����:�������2�S�H�U�D�W�L�Q�J���D�Q�G���G�L�V�S�O�D�\���H�O�H�P�H�Q�W�V����

[SC] Short circuit in both outputs. 
�/�(�'�����D�Q�G���/�(�'�����I�O�D�V�K�����:�������2�S�H�U�D�W�L�Q�J���D�Q�G���G�L�V�S�O�D�\���H�O�H�P�H�Q�W�V����

[OL] Detection zone of volumetric flow or temperature exceeded. 
Measured value between 120 % and 130 % of the final value of the 
measuring range.

[UL] Below the detection zone of volumetric flow or temperature. 
Measured value between -120 % and -130 % of the final value of the 
measuring range.

[Err] �‡��Unit faulty / malfunction.
�‡��Measured value greater than 130 % of the final value of the meas-

uring range.
�‡��Measured value lower than -130 % of the final value of the measur-

ing range. 
[C.Loc] Setting pushbuttons locked, parameter change rejected. 

Active IO-Link communication.
[S.Loc] Setting pushbuttons locked, parameter change rejected.  

Unlock using parameter setting software.
[SEnS] �‡��Sensor signal invalid.

�‡��Measuring pipe not sufficiently filled. 
�‡��Medium with too low a conductivity.

[IOE.n] Malfunctioning. The unit is faulty and must be replaced.

12 Technical data
Technical data and scale drawing at www.ifm.com.
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13 Factory setting

Factory setting User setting

SP1 20 % *

rP1 19.5 % *

ImPS 0.1

ImPR YES

OU1 Hno

OU2 I

SP2 (FLOW) 40 % *

rP2 (FLOW) 39.5 % *

SP2 (TEMP) 20 °C

rP2 (TEMP) -19.6 °C

ASP2 (FLOW) 0 % *

AEP2 (FLOW) 100 % *

ASP2 (TEMP) -20 °C

AEP2 (TEMP) 80 °C

FEP 100 % *

FrEP 1 kHz

FDir +

FPro - +

LFC 5 l/min

DIn2 +EDG

FOU1 OFF

FOU2 OFF

dST 0

P-n PnP

dAP 0.6 s

rTo OFF

diS d2

�(����������
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UK

Uni Lmin

SELd FLOW

SEL2 FLOW

EP.On OFF

dEP.E 0 s

dEP.F 2 s

EP.SP 75 %

S.FLW 20 %

S.TMP 20 °C

S.Tim 3 min

* of the final value of the measuring range

More information at www.ifm.com
�(����������
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1 Safety instructions

1.1 Designated use
The measuring device described in this Operating Manual is to be used only for measuring 
the flow rate of conductive fluids in closed pipes.

Most liquids can be measured as of a minimum conductivity of 50 �—S/cm.

Examples:
• Acids, alkalis
• Drinking water, wastewater, sewage sludge
• Milk, beer, wine, mineral water, etc.

Resulting from incorrect use or from use other than that designated the operational safety 
of the measuring devices can be suspended. The manufacturer accepts no liability for 
damages being produced from this.

1.2 Installation, commissioning and operation
Please note the following:
• Installation, connection to the electricity supply, commissioning and maintenance of the 

device must be carried out by trained, qualified specialists authorized to perform such work 
by the facility's owner-operator. The specialist must have read and understood this 
Operating Manual and must follow the instructions it contains.

• The device must be operated by persons authorized and trained by the facility's owner-
operator. Strict compliance with the instructions in the Operating Manual is mandatory.

• With regard to special fluids, including fluids used for cleaning, Endress+Hauser will be 
happy to assist in clarifying the corrosion-resistant properties of wetted materials. 
However, minor changes in temperature, concentration or in the degree of contamination 
in the process may result in variations in corrosion resistance. For this reason, 
Endress+Hauser does not accept any responsibility with regard to the corrosion resistance 
of wetted materials in a specific application. 
The user is responsible for the choice of suitable wetted materials in the process.

• If welding work is performed on the piping system, do not ground the welding appliance 
through the Promag flowmeter.

• The installer must ensure that the measuring system is correctly wired in accordance with 
the wiring diagrams. The transmitter must be grounded apart from when special 
protective measures are taken (e.g. galvanically isolated SELV or PELV power supply)

• Invariably, local regulations governing the opening and repair of electrical devices apply.

1.3 Operational safety
Please note the following:
• Measuring systems for use in hazardous environments are accompanied by separate Ex 

documentation, which is an integral part of this Operating Manual. Strict compliance with 
the installation instructions and ratings as stated in this supplementary documentation is 
mandatory. The symbol on the front of this Ex documentation indicates the approval and 
the certification body (e.g.  0 Europe, 2 USA, 1 Canada).

• The measuring device complies with the general safety requirements in accordance with 
EN 61010-1, the EMC requirements of IEC/EN 61326 and NAMUR Recommendations 
NE 21 and NE 43. 

• Depending on the application, the seals of the process connections of the Promag H sensor 
require periodic replacement.

• When hot fluid passes through the measuring tube, the surface temperature of the 
housing increases. In the case of the sensor, in particular, users should expect 
temperatures that can be close to the fluid temperature. If the temperature of the fluid is 
high, implement sufficient measures to prevent burning or scalding.

�(����������
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• The manufacturer reserves the right to modify technical data without prior notice. Your 
Endress+Hauser distributor will supply you with current information and updates to these 
Operating Instructions.

1.4 Return
The measuring device must be returned if repairs or a factory calibration are required, or if 
the wrong measuring device has been ordered or delivered. According to legal regulations, 
Endress+Hauser, as an ISO-certified company, is required to follow certain procedures when 
handling returned products that are in contact with medium.

To ensure swift, safe and professional device returns, please read the return procedures and 
conditions on the Endress+Hauser website at www.services.endress.com/return-material

1.5 Notes on safety conventions and icons
The devices are designed to meet state-of-the-art safety requirements, have been tested, 
and left the factory in a condition in which they are safe to operate. The devices comply with 
the applicable standards and regulations in accordance with EN 61010-1 "Safety 
requirements for electrical equipment for measurement, control and laboratory use".
The devices can, however, be a source of danger if used incorrectly or for anything other than 
the designated use. Consequently, always pay particular attention to the safety instructions 
indicated in this Operating Manual by the following icons:

# Warning! 
"Warning" indicates an action or procedure which, if not performed correctly, can result in 
injury or a safety hazard. Comply strictly with the instructions and proceed with care.

" Caution! 
"Caution" indicates an action or procedure which, if not performed correctly, can result in 
incorrect operation or destruction of the device. Comply strictly with the instructions.

! Note! 
"Note" indicates an action or procedure which, if not performed correctly, can have an indirect 
effect on operation or trigger an unexpected response on the part of the device.

�(����������
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2 Identification

2.1 Device designation
The flow measuring system consists of the following components:

• Promag 10 transmitter
• Promag D/E/H/L/P/W sensor

In the compact version, the transmitter and sensor form a single mechanical unit; in the 
remote version they are installed separately.

2.1.1 Nameplate of the transmitter

A0005395

Fig. 1: Nameplate specifications for the "Promag 10" transmitter (example)

1 Ordering code/serial number: See the specifications on the order confirmation for the meanings of the individual letters and 
digits.

2 Power supply, frequency, power consumption
3 Additional information:

EPD/MSÜ: with Empty Pipe Detection
4 Outputs available:

I-OUT (HART): with current output (HART)
PULSE-OUT: with pulse/status output

5 Reserved for information on special products
6 Observe device documentation
7 Reserved for additional information on device version (approvals, certificates)
8 Permitted ambient temperature range
9 Degree of protection

Promag 10

-20°C (-4°F) <Tamb<+60°C (+140°F)

IP67 / NEMA/Type 4XOrder Code:

Ser.No.:

TAG No.:

10PXX-XXXXXXXXXXXX
12345678901
ABCDEFGHJKLMNPQRST

20-28VAC/11-40VDC
50-60Hz

I-OUT (HART), PULSE-OUT

8VA/6W

i

EPD / MSÜ

2

3

4

5

98

1

N12895

6

7
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2.1.2 Nameplate of the sensor

A0004374

Fig. 2: Nameplate specifications for the "Promag" sensor (example)

1 Ordering code/serial number: See the specifications on the order confirmation for the meanings of the individual letters and 
digits.

2 Calibration factor with zero point
3 Nominal diameter/Pressure rating
4 Fluid temperature range 
5 Materials: lining/measuring electrodes
6 Reserved for information on special products
7 Permitted ambient temperature range
8 Observe device documentation
9 Reserved for additional information on device version (approvals, certificates)
10 Calibration tolerance
11 Additional information (examples):

– EPD/MSÜ: with Empty Pipe Detection electrode
– R/B: with reference electrode

12 Degree of protection
13 Flow direction

2.1.3 Nameplate, connections

A0005394

Fig. 3: Nameplate specifications for transmitter (example)

-20°C (-4°F)<Tamb<+60°C (+140°F) NEMA/Type4X

50PXX-XXXXXXXXXXXX

1.0000/0000

…10 ...150°C/+14 ...300°F°C °F
PFA

12345678901 RY
ABCDEFGHJKLMNPQRST

DN100 DIN EN PN40/ pnom =PS= 40bar

EPD/MSÜ, R/B

TM:

Order Code:

Materials:

K-factor:

Ser.No.:
TAG No.:

PROMAG P

1
2

3

7
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12

1.4435/316LElectrodes:

0.2% CAL
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5
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2.2 Certificates and approvals
The devices are designed to meet state-of-the-art safety requirements in accordance with 
sound engineering practice. They have been tested and left the factory in a condition in 
which they are safe to operate. 

The devices comply with the applicable standards and regulations in accordance with EN 
61010-1 "Safety requirements for electrical equipment for measurement, control and 
laboratory use" and with the EMC requirements of IEC/EN 61326.

The measuring system described in this Operating Manual is therefore in conformity with 
the statutory requirements of the EC Directives. Endress+Hauser confirms successful testing 
of the device by affixing to it the CE mark.

The measuring system meets the EMC requirements of the "Australian Communications and 
Media Authority (ACMA)".

2.3 Registered trademarks
KALREZ® and VITON®

Registered trademarks of E.I. Du Pont de Nemours & Co., Wilmington, USA

TRI-CLAMP®
Registered trademark of Ladish & Co., Inc., Kenosha, USA

HART®  
Registered trademark of the HART Communication Foundation, Austin, USA

FieldCare®, Fieldcheck®, Applicator®
Registered or registration-pending trademarks of Endress+Hauser Flowtec AG, Reinach, CH

�(����������
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3 Installation

3.1 Incoming acceptance, transport and storage

3.1.1 Incoming acceptance

On receipt of the goods, check the following:
• Check the packaging and the contents for damage.
• Check the shipment, make sure nothing is missing and that the scope of supply matches 

your order.

3.1.2 Transport

The following instructions apply to unpacking and to transporting the device to its final 
location:
• Transport the devices in the containers in which they are delivered.
• Do not remove the protective plates or caps on the process connections until you are ready 

to install the device. This is particularly important in the case of sensors with PTFE linings.

Special notes on flanged devices

" Caution! 
• The wooden covers mounted on the flanges from the factory protect the linings on the 

flanges during storage and transportation. In case of Promag L they are additionally used 
to hold the lap joint flanges in place. Do not remove these covers until immediately before 
the device in the pipe.

• Do not lift flanged devices by the transmitter housing, or the connection housing in the 
case of the remote version.

Transporting flanged devices DN �d 300 (12")

Use webbing slings slung round the two process connections. 
Do not use chains, as they could damage the housing.

# Warning! 
Risk of injury if the measuring device slips. The center of gravity of the assembled measuring 
device might be higher than the points around which the slings are slung.
At all times, therefore, make sure that the device does not unexpectedly turn around its axis 
or slip.

A0005575

Fig. 4: Transporting sensors with DN �d 300 (12")

�(����������
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Transporting flanged devices DN �t 350 (14")

Use only the metal eyes on the flanges for transporting the device, lifting it and positioning 
the sensor in the piping.

" Caution! 
Do not attempt to lift the sensor with the tines of a fork-lift truck beneath the metal casing.
This would buckle the casing and damage the internal magnetic coils.

A0004295

Fig. 5: Transporting sensors with DN �t 350 (14")

3.1.3 Storage

Please note the following:
• Pack the measuring device in such a way as to protect it reliably against impact for storage 

(and transportation). The original packaging provides optimum protection.
• The storage temperature corresponds to the operating temperature range of the 

measuring transmitter and the appropriate measuring sensors �Æ �Ý 86.
• Do not remove the protective plates or caps on the process connections until you are ready 

to install the device. This is particularly important in the case of sensors with PTFE linings.
• The measuring device must be protected against direct sunlight during storage in order to 

avoid unacceptably high surface temperatures.
• Choose a storage location where moisture does not collect in the measuring device. This 

will help prevent fungus and bacteria infestation which can damage the liner.

�(����������
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3.2 Installation conditions

3.2.1 Dimensions

The dimensions and installation lengths of the sensor and transmitter can be found in the 
"Technical Information" for the device in question. This document can be downloaded as a 
PDF file from www.endress.com. A list of the "Technical Information" documents available is 
provided in the "Documentation" section on �Æ �Ý 107.

3.2.2 Mounting location

Entrained air or gas bubble formation in the measuring tube can result in an increase in 
measuring errors. 
Avoid the following locations:
• Highest point of a pipeline. Risk of air accumulating!
• Directly upstream from a free pipe outlet in a vertical pipeline.

A0008154

Fig. 6: Mounting location

Installation of pumps

Do  not install the sensor on the intake side of a pump. This precaution is to avoid low 
pressure and the consequent risk of damage to the lining of the measuring tube. Information 
on the lining's resistance to partial vacuum can be found on �Æ �Ý 90.

It might be necessary to install pulse dampers in systems incorporating reciprocating, 
diaphragm or peristaltic pumps. Information on the measuring system's resistance to 
vibration and shock can be found on �Æ �Ý 87.

A0003203

Fig. 7: Installation of pumps

h 2 x DN�
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Partially filled pipes

Partially filled pipes with gradients necessitate a drain-type configuration. 
The Empty Pipe Detection function (EPD �Æ �Ý 68) offers additional protection by detecting 
empty or partially filled pipes. 

" Caution! 
Risk of solids accumulating. Do not install the sensor at the lowest point in the drain. It is 
advisable to install a cleaning valve.

A0008155

Fig. 8: Installation in a partially filled pipe

Down pipes

Install a siphon or a vent valve downstream of the sensor in down pipes whose length 
h �t 5 m (16.4 ft). This precaution is to avoid low pressure and the consequent risk of damage 
to the lining of the measuring tube. 
This measure also prevents the system losing prime, which could cause air pockets. 
Information on the lining's resistance to partial vacuum can be found on �Æ �Ý 90.

A0008157

Fig. 9: Measures for installation in a down pipe

1 Vent valve
2 Pipe siphon
h Length of down pipe

5 x DN

2 x DN

�

�

h

2

1
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3.2.3 Orientation

An optimum orientation position helps avoid gas and air accumulations and deposits in the 
measuring tube. However, Promag offers the additional Empty Pipe Detection (EPD) 
function to ensure the detection of partially filled measuring tubes, e.g. in the case of 
degassing fluids or varying process pressure.

Vertical orientation

This is the ideal orientation for self-emptying piping systems and for use in conjunction with 
Empty Pipe Detection.

A0008158

Fig. 10: Vertical orientation

Horizontal orientation

The measuring electrode plane should be horizontal. This prevents brief insulation of the 
two measuring electrodes by entrained air bubbles.

" Caution! 
Empty Pipe Detection functions correctly only when the measuring device is installed 
horizontally and the transmitter housing is facing upward (�Æ �Þ 10). Otherwise there is no 
guarantee that Empty Pipe Detection will respond if the measuring tube is only partially 
filled or empty.

A0003207

Fig. 11: Horizontal orientation

1 EPD electrode for the detection of empty pipes (not with Promag D and Promag H (DN 2 to 15 / 1/12 to ½"))
2 Measuring electrodes for signal detection
3 Reference electrode for the potential equalization (not with Promag D and H)

A
1

2 2

A

3
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Inlet and outlet run

If possible, install the sensor upstream from fittings such as valves, T-pieces, elbows, etc. 

The following inlet and outlet runs must be observed in order to meet accuracy 
specifications:
• Inlet run: �t 5 × DN
• Outlet run: �t 2 × DN

A0003210

Fig. 12: Inlet and outlet runs

3.2.4 Vibrations

Secure the piping and the sensor if vibration is severe.

" Caution! 
If vibrations are too severe, we recommend the sensor and transmitter be mounted 
separately. Information on resistance to vibration and shock can be found on �Æ �Ý 87.

A0003208

Fig. 13: Measures to prevent vibration of the device (L > 10 m (32.8 ft))

� �5 DN � 2 DN�

L
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3.2.5 Foundations, supports

If the nominal diameter is DN �t 350 (14"), mount the sensor on a foundation of adequate 
load-bearing strength.

" Caution! 
Risk of damage.
Do not support the weight of the sensor on the metal casing: the casing would buckle and 
damage the internal magnetic coils.

A0003209

Fig. 14: Correct support for large nominal diameters (DN �t 350 / 14")

3.2.6 Adapters

Suitable adapters to DIN EN 545 (double-flange reducers) can be used to install the sensor 
in larger-diameter pipes. 
The resultant increase in the rate of flow improves measuring accuracy with very slow-
moving fluids. The nomogram shown here can be used to calculate the pressure loss caused 
by reducers and expanders.

! Note! 
The nomogram only applies to liquids of viscosity similar to water.

1. Calculate the ratio of the diameters d/D.

2. From the nomogram read off the pressure loss as a function of flow velocity 
(downstream from the reduction) and the d/D ratio.

A0003213

Fig. 15: Pressure loss due to adapters

100

10

0.5d / D

[mbar]

0.6 0.7 0.8 0.9

1 m/s

2 m/s

3 m/s

4 m/s

5 m/s

6 m/s

7 m/s

8 m/s

1

Dd

max. 8°
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3.2.7 Nominal diameter and flow rate

The diameter of the pipe and the flow rate determine the nominal diameter of the sensor. 
The optimum velocity of flow is between 2 and 3 m/s (6.5 to 9.8 ft/s)

The velocity of flow (v), moreover, has to be matched to the physical properties of the fluid:
• v < 2 m/s (6.5 ft/s): for abrasive fluids
• v > 2 m/s (6.5 ft/s): for fluids producing buildup

! Note! 
Flow velocity can be increased, if necessary, by reducing the nominal diameter of the sensor
(�Æ �Ý 15).

Recommended flow (SI units)

Nominal diameter Promag D Promag E/P Promag H Promag L Promag W

[mm] Min./max. full scale value (v �|�| 0.3 or 10 m/s) in [dm³/min]

2 – – 0.06 to 1.8 – –

4 – – 0.25 to 7 – –

8 – – 1 to 30 – –

15 – 4 to 100 4 to 100 – –

25 9 to 300 9 to 300 9 to 300 9 to 300 9 to 300

32 – 15 to 500 – 15 to 500 15 to 500

40 25 to 700 25 to 700 25 to 700 25 to 700 25 to 700

50 35 to 1100 35 to 1100 35 to 1100 35 to 1100 35 to 1100

65 60 to 2000 60 to 2000 60 to 2000 60 to 2000 60 to 2000

80 90 to 3000 90 to 3000 90 to 3000 90 to 3000 90 to 3000

100 145 to 4700 145 to 4700 145 to 4700 145 to 4700 145 to 4700

125 – 220 to 7500 – 220 to 7500 220 to 7500

[mm] Min./max. full scale value (v �| 0.3 or 10 m/s) in [m³/h]

150 – 20 to 600 – 20 to 600 20 to 600

200 – 35 to 1100 – 35 to 1100 35 to 1100

250 – 55 to 1700 – 55 to 1700 55 to 1700

300 – 80 to 2400 – 80 to 2400 80 to 2400

350 – 110 to 3300 – 110 to 3300 110 to 3300

375 – – – 140 to 4200 140 to 4200

400 – 140 to 4200 – 140 to 4200 140 to 4200

450 – 180 to 5400 – 180 to 5400 180 to 5400

500 – 220 to 6600 – 220 to 6600 220 to 6600

600 – 310 to 9600 – 310 to 9600 310 to 9600

700 – – – 420 to 13500 420 to 13500

750 – – – 480 to 15200 480 to 15200

800 – – – 550 to 18000 550 to 18000

900 – – – 690 to 22500 690 to 22500

1000 – – – 850 to 28000 850 to 28000

1050 – – – 950 to 40000 950 to 40000

1200 – – – 1250 to 40000 1250 to 40000

1400 – – – – 1700 to 55000

1600 – – – – 2200 to 70000

1800 – – – – 2800 to 90000

2000 – – – – 3400 to 110000

�(����������
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Recommended flow (US units)

Nominal 
diameter

Promag D Promag E/P Promag H Promag L Promag W

[inch] Min./max. full scale value (v �|�| 0.3 or 10 m/s) in [gal/min]

1/12" – – 0.015 to 0.5 – –

1/8" – – 0.07 to 2 – –

8" – – 0.25 to 8 – –

½" – 1.0 to 27 1.0 to 27 – –

1" 2.5 to 80 2.5 to 80 2.5 to 80 2.5 to 80 2.5 to 80

1 ¼" – 4 to 130 – – 4 to 130

1 ½" 7 to 190 7 to 190 7 to 190 7 to 190 7 to 190

2" 10 to 300 10 to 300 10 to 300 10 to 300 10 to 300

2 ½" 16 to 500 16 to 500 16 to 500 16 to 500 16 to 500

3" 24 to 800 24 to 800 24 to 800 24 to 800 24 to 800

4" 40 to 1250 40 to 1250 40 to 1250 40 to 1250 40 to 1250

5" – 60 to 1950 – 60 to 1950 60 to 1950

6" – 90 to 2650 – 90 to 2650 90 to 2650

8" – 155 to 4850 – 155 to 4850 155 to 4850

10" – 250 to 7500 – 250 to 7500 250 to 7500

12" – 350 to 10600 – 350 to 10600 350 to 10600

14" – 500 to 15000 – 500 to 15000 500 to 15000

15" – – – 600 to 19000 600 to 19000

16" – 600 to 19000 – 600 to 19000 600 to 19000

18" – 800 to 24000 – 800 to 24000 800 to 24000

20" – 1000 to 30000 – 1000 to 30000 1000 to 30000

24" – 1400 to 44000 – 1400 to 44000 1400 to 44000

28" – – – 1900 to 60000 1900 to 60000

30" – – – 2150 to 67000 2150 to 67000

32" – – – 2450 to 80000 2450 to 80000

36" – – – 3100 to 100000 3100 to 100000

40" – – – 3800 to 125000 3800 to 125000

42" – – – 4200 to 135000 4200 to 135000

48" – – – 5500 to 175000 5500 to 175000

[inch] Min./max. full scale value (v �| 0.3 or 10 m/s) in [Mgal/d]

54" – – – – 9 to 300

60" – – – – 12 to 380

66" – – – – 14 to 500

72" – – – – 16 to 570

78" – – – – 18 to 650
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3.2.8 Length of connecting cable

In order to ensure measuring accuracy, comply with the following instructions when 
installing the remote version:

• Fix cable run or lay in armored conduit. Cable movements can falsify the measuring signal 
especially in the case of low fluid conductivities.

• Route the cable well clear of electrical machines and switching elements.
• Ensure potential equalization between sensor and transmitter, if necessary.
• The permitted connecting cable length Lmax is determined by the fluid conductivity (�Æ �Þ 

16). A minimum conductivity of 50 �—S/cm is needed for all fluids.
• The maximum connecting cable length is 10 m (33 ft) when empty pipe detection (EPD �Æ 

�Ý 68) is switched on.

A0003214

Fig. 16: Permissible cable length for the remote version

Area shaded gray = permitted range
Lmax = connecting cable length in [m]
Fluid conductivity in [�PS/cm]

L max

[ft]
200 6000 400

200

100

50 100 200
[m]

[µS/cm]

L max

50

�(����������



Promag 10 Installation

Endress+Hauser 19

3.3 Installation instructions

3.3.1 Installing the Promag D sensor

The sensor is installed between the pipe flanges with a mounting kit. The device is centered 
using recesses on the sensor (�Æ �Ý 20).

! Note! 
A mounting kit consisting of mounting bolts, seals, nuts and washers can be ordered 
separately (�Æ �Ý 70). Centering sleeves are provided with the device if they are required for 
the installation.

" Caution! 
When installing the transmitter in the pipe, observe the necessary torques (�Æ �Ý 21).

a0010714

Fig. 17: Mounting the sensor

1 Nut
2 Washer
3 Mounting bolt
4 Centering sleeve
5 Seal

Seals

When installing the sensor, make sure that the seals used do not project into the pipe cross-
section.

" Caution! 
Risk of short circuit! Do not use electrically conductive sealing compounds such as graphite! 
An electrically conductive layer could form on the inside of the measuring tube and short-
circuit the measuring signal.

! Note! 
Use seals with a hardness rating of 70° Shore A.

5
1

2
3

4
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Arrangement of the mounting bolts and centering sleeves

The device is centered using recesses on the sensor. The arrangement of the mounting bolts 
and the use of the centering sleeves supplied depend on the nominal diameter, the flange 
standard und the pitch circle diameter.

Process connection

EN (DIN) ASME JIS

DN 25 to 40 
(1 to 1 ½")

A0010896 A0010824 A0010896

DN 50 (2")

A0010897 A0010825 A0010825

DN 65 (–)

A0012170

–––––––––––––––––

A0012171

DN 80 (3")

A0010898 A0010827 A0010826

DN 100 (4")

A0012168 A0012168 A0012169

1 = Mounting bolts with centering sleeves
2 = EN (DIN) flanges: 4-hole �o  with centering sleeves
3 = EN (DIN) flanges: 8-hole �o  without centering sleeves

1

1

1

1

1

1

1

1

1

1

1

1

22

2 2

33

33

3

3

3

3

1

1

1

1

1

1

1

1

1 1

1

1

1 1

1

1

1 1

1

1

1 1
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Screw tightening torques (Promag D)

Please note the following:
• The tightening torques listed below are for lubricated threads only. 
• Always tighten the screws uniformly and in diagonally opposite sequence.
• Overtightening the screws will deform the sealing faces or damage the seals.
• The tightening torques listed below apply only to pipes not subjected to tensile stress.

The tightening torques apply to situations where an EPDM soft material flat seal (e.g. 70° 
Shore A) is used. 

Tightening torques, mounting bolts and centering sleeves for EN (DIN) PN 16

Tightening torques, mounting bolts and centering sleeves for JIS 10 K

Tightening torques, mounting bolts and centering sleeves for ASME Class 150

Nominal 
diameter

Mounting bolts
Centering sleeve 

length
Tightening torque [Nm]

with a process flange with a

[mm] [mm] [mm] smooth seal face raised face

25 4 × M12 × 145 54 19 19

40 4 × M16 × 170 68 33 33

50 4 × M16 × 185 82 41 41

65���� 4 × M16 × 200 92 44 44

65���� 8 × M16 × 200 – ���� 29 29

80 8 × M16 × 225 116 36 36

100 8 × M16 × 260 147 40 40
���� EN (DIN) flanges: 4-hole �o  with centering sleeves
���� EN (DIN) flanges: 8-hole �o  without centering sleeves
���� A centering sleeve is not required. The device is centered directly via the sensor housing.

Nominal 
diameter

Mounting bolts
Centering sleeve 

length
Tightening torque [Nm]

with a process flange with a

[mm] [mm] [mm] smooth seal face raised face

25 4 × M16 × 170 54 24 24

40 4 × M16 × 170 68 32 25

50 4 × M16 × 185 – * 38 30

65 4 × M16 × 200 – * 42 42

80 8 × M16 × 225 – * 36 28

100 8 × M16 × 260 – * 39 37

* A centering sleeve is not required. The device is centered directly via the sensor housing.

Nominal 
diameter

Mounting bolts
Centering sleeve 

length
Tightening torque [lbf · ft]

with a process flange with a

[inch] [inch] [inch] smooth seal face raised face

1" 4 × UNC 1/2" × 5.70" – * 14 7

1 ½" 4 × UNC 1/2" × 6.50" – * 21 14

2" 4 × UNC 5/8" × 7.50" – * 30 27

3" 4 × UNC 5/8" × 9.25" – * 31 31

4" 8 × UNC 5/8" × 10.4" 5.79 28 28

* A centering sleeve is not required. The device is centered directly via the sensor housing.
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3.3.2 Installing the Promag E sensor

" Caution! 
• The protective covers mounted on the two sensor flanges guard the PTFE, which is turned 

over the flanges. Consequently, do not remove these covers until immediately before the 
sensor is installed in the pipe.

• The covers must remain in place while the device is in storage.
• Make sure that the lining is not damaged or removed from the flanges.

! Note! 
Bolts, nuts, seals, etc. are not included in the scope of supply and must be supplied by the 
customer.

The sensor is designed for installation between the two piping flanges.
• Observe in any case the necessary screw tightening torques on �Æ �Ý 23
• If grounding disks are used, follow the mounting instructions which will be enclosed with the 

shipment

a0004296

Fig. 18: Installing the Promag E sensor

Seals

Comply with the following instructions when installing seals:
• PTFE lining �o  No seals are required!
• For DIN flanges, use only seals according to EN 1514-1.
• Make sure that the seals do not protrude into the piping cross-section.

" Caution! 
Risk of short circuit! Do not use electrically conductive sealing compounds such as graphite! 
An electrically conductive layer could form on the inside of the measuring tube and short-
circuit the measuring signal.

Ground cable

• If necessary, special ground cables for potential equalization can be ordered as an accessory (�Æ �Ý 
70).

• Information on potential equalization and detailed mounting instructions for the use of ground 
cables can be found on �Æ �Ý 50
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Tightening torques for threaded fasteners (Promag E)

Please note the following:
• The tightening torques listed below are for lubricated threads only. 
• Always tighten the screws uniformly and in diagonally opposite sequence.
• Overtightening the screws will deform the sealing faces or damage the seals.
• The tightening torques listed below apply only to pipes not subjected to tensile stress.

Tightening torques for:
• EN (DIN) �Æ �Ý 23
• ASME �Æ �Ý 24
• JIS �Æ �Ý 24

Promag E tightening torques for EN (DIN)

Nominal diameter
[mm]

EN (DIN)
Pressure rating [bar]

Threaded 
fasteners

Max. tightening torque 
[Nm]

15 PN 40 4 × M 12 11

25 PN 40 4 × M 12 26

32 PN 40 4 × M 16 41

40 PN 40 4 × M 16 52

50 PN 40 4 × M 16 65

65 * PN 16 8 × M 16 43

80 PN 16 8 × M 16 53

100 PN 16 8 × M 16 57

125 PN 16 8 × M 16 75

150 PN 16 8 × M 20 99

200 PN 10 8 × M 20 141

200 PN 16 12 × M 20 94

250 PN 10 12 × M 20 110

250 PN 16 12 × M 24 131

300 PN 10 12 × M 20 125

300 PN 16 12 × M 24 179

350 PN 6 12 × M 20 200

350 PN 10 16 × M 20 188

350 PN 16 16 × M 24 254

400 PN 6 16 × M 20 166

400 PN 10 16 × M 24 260

400 PN 16 16 × M 27 330

450 PN 6 16 × M 20 202

450 PN 10 20 × M 24 235

450 PN 16 20 × M 27 300

500 PN 6 20 × M 20 176

500 PN 10 20 × M 24 265

500 PN 16 20 × M 30 448

600 PN 6 20 × M 24 242

600 PN 10 20 × M 27 345

600 * PN 16 20 × M 33 658

* Designed acc. to EN 1092-1 (not to DIN 2501)
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Promag E tightening torques for ASME

Promag E tightening torques for JIS

Nominal diameter ASME Max. tightening torque

Pressure rating 
[lbs] Threaded fasteners

PTFE

[mm] [inch] [Nm] [lbf · ft]

15 ½" Class 150 4 × ½" 6 4

25 1" Class 150 4 × ½" 11 8

40 1 ½" Class 150 4 × ½" 24 18

50 2" Class 150 4 × 5/8" 47 35

80 3" Class 150 4 × 5/8" 79 58

100 4" Class 150 8 × 5/8" 56 41

150 6" Class 150 8 × ¾" 106 78

200 8" Class 150 8 × ¾" 143 105

250 10" Class 150 12 × 7/8" 135 100

300 12" Class 150 12 × 7/8" 178 131

350 14" Class 150 12 × 1" 260 192

400 16" Class 150 16 × 1" 246 181

450 18" Class 150 16 × 1 1/8" 371 274

500 20" Class 150 20 × 1 1/8" 341 252

600 24" Class 150 20 × 1 ¼" 477 352

Nominal diameter JIS Max. tightening torque [Nm]

[mm] Pressure rating Threaded fasteners PTFE

15 20K 4 × M 12 16

25 20K 4 × M 16 32

32 20K 4 × M 16 38

40 20K 4 × M 16 41

50 10K 4 × M 16 54

65 10K 4 × M 16 74

80 10K 8 × M 16 38

100 10K 8 × M 16 47

125 10K 8 × M 20 80

150 10K 8 × M 20 99

200 10K 12 × M 20 82

250 10K 12 × M 22 133

300 10K 16 × M 22 99
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3.3.3 Installing the Promag H sensor

The sensor is supplied to order, with or without pre-installed process connections. Pre-
installed process connections are secured to the sensor with 4 or 6 hex-head threaded 
fasteners.

" Caution! 
The sensor might require support or additional attachments, depending on the application 
and the length of the piping run. When plastic process connections are used, the sensor must 
be additionally supported mechanically. A wall-mounting kit can be ordered separately from 
Endress+Hauser as an accessory (�Æ �Ý 70).

a0004301

Fig. 19: Promag H process connections (DN 2 to 25 / 1/12 to 1", DN 40 to 100 / 1½ to 4")

A = DN 2 to 25 / process connections with O-ring
– Flanges (EN (DIN), ASME, JIS ),
– External thread

B = DN 2 to 25 / process connections with aseptic gasket seal
– Weld nipples (DIN 11850, ODT/SMS)
– Tri-Clamp L14AM7
– Coupling (DIN 11851, DIN 11864-1, SMS 1145 (only DN 25)
– Flange DIN 11864-2

C = DN 40 to 100 / process connections with aseptic gasket seal
– Weld nipples (DIN 11850, ODT/SMS)
– Tri-Clamp L14AM7
– Coupling (DIN 11851, DIN 11864-1, SMS 1145)
– Flange DIN 11864-2

Seals

When installing the process connections, make sure that the seals are clean and correctly 
centered.

" Caution! 
• With metal process connections, you must fully tighten the screws. The process 

connection forms a metallic connection with the sensor, which ensures a defined 
compression of the seal.

• With plastic process connections, note the max. torques for lubricated threads (7 Nm / 5.2 
lbf ft). With plastic flanges, always use seals between connection and counter flange.

• The seals must be replaced periodically, depending on the application, particularly in the 
case of gasket seals (aseptic version)!
The period between changes depends on the frequency of cleaning cycles, the cleaning 
temperature and the fluid temperature. Replacement seals can be ordered as accessories 
�Æ �Ý 70.

A

B

C
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Welding the transmitter into the piping (weld nipples)

" Caution! 
Risk of destroying the measuring electronics. Make sure that the welding machine is not 
grounded via the sensor or the transmitter.

1. Tack-weld the sensor into the pipe. A suitable welding jig can be ordered separately as 
an accessory (�Æ �Ý 70).

2. Loosen the screws on the process connection flange and remove the sensor, complete 
with the seal, from the pipe.

3. Weld the process connection to the pipe.

4. Reinstall the sensor in the pipe. Make sure that everything is clean and that the seal is 
correctly seated.

! Note! 
• If thin-walled foodstuffs pipes are not welded correctly, the heat could damage the 

installed seal. It is therefore advisable to remove the sensor and the seal prior to welding.
• The pipe has to be spread approximately 8 mm to permit disassembly.

Cleaning with pigs

If pigs are used for cleaning, it is essential to take the inside diameters of the measuring tube 
and process connection into account. All the dimensions and lengths of the sensor and 
transmitter are provided in the separate documentation "Technical Documentation".
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3.3.4 Installing the Promag L sensor

" Caution! 
• The protective covers mounted on the two sensor flanges (DN 25 to 300 / 1 to 12") are used to 

hold the lap joint flanges in place and to protect the PTFE liner during transportation. 
Consequently, do not remove these covers until immediately before the sensor is installed in the 
pipe.

• The covers must remain in place while the device is in storage.
• Make sure that the lining is not damaged or removed from the flanges.

! Note! 
Bolts, nuts, seals, etc. are not included in the scope of supply and must be supplied by the 
customer.

The sensor is designed for installation between the two piping flanges.
• Observe in any case the necessary screw tightening torques on �Æ �Ý 28
• If grounding disks are used, follow the mounting instructions which will be enclosed with the 

shipment
• To comply with the device specification, a concentrical installation in the measuring section is 

required

a0004296

Fig. 20: Installing the Promag L sensor

Seals

Comply with the following instructions when installing seals:
• Hard rubber lining �o additional seals are always necessary.
• Polyurethane lining �o no seals are required.
• PTFE lining �o no seals are required.
• For DIN flanges, use only seals according to EN 1514-1.
• Make sure that the seals do not protrude into the piping cross-section.

" Caution! 
Risk of short circuit!
Do not use electrically conductive sealing compounds such as graphite! An electrically 
conductive layer could form on the inside of the measuring tube and short-circuit the 
measuring signal.

Ground cable

• If necessary, special ground cables for potential equalization can be ordered as an accessory (�Æ �Ý 
70).

• Information on potential equalization and detailed mounting instructions for the use of ground 
cables can be found on �Æ �Ý 50.

�(����������



Installation Promag 10

28 Endress+Hauser

Screw tightening torques (Promag L)

Please note the following:
• The tightening torques listed below are for lubricated threads only. 
• Always tighten the screws uniformly and in diagonally opposite sequence.
• Overtightening the screws will deform the sealing faces or damage the seals.
• The tightening torques listed below apply only to pipes not subjected to tensile stress.

Promag L tightening torques for EN (DIN)

Nominal diameter EN (DIN) Max. tightening torque

Hard rubber Polyurethane PTFE

[mm] Pressure rating 
[bar]

Threaded 
fasteners

[Nm] [Nm] [Nm]

25 PN 10/16 4 × M 12 - 6 11

32 PN 10/16 4 × M 16 - 16 27

40 PN 10/16 4 × M 16 - 16 29

50 PN 10/16 4 × M 16 - 15 40

65* PN 10/16 8 × M 16 - 10 22

80 PN 10/16 8 × M 16 - 15 30

100 PN 10/16 8 × M 16 - 20 42

125 PN 10/16 8 × M 16 - 30 55

150 PN 10/16 8 × M 20 - 50 90

200 PN 16 12 × M 20 - 65 87

250 PN 16 12 × M 24 - 126 151

300 PN 16 12 × M 24 - 139 177

350 PN 6 12 × M 20 111 120 -

350 PN 10 16 × M 20 112 118 -

400 PN 6 16 × M 20 90 98 -

400 PN 10 16 × M 24 151 167 -

450 PN 6 16 × M 20 112 126 -

450 PN 10 20 × M 24 153 133 -

500 PN 6 20 × M 20 119 123 -

500 PN 10 20 × M 24 155 171 -

600 PN 6 20 × M 24 139 147 -

600 PN 10 20 × M 27 206 219 -

700 PN 6 24 × M 24 148 139 -

700 PN 10 24 × M 27 246 246 -

800 PN 6 24 × M 27 206 182 -

800 PN 10 24 × M 30 331 316 -

900 PN 6 24 × M 27 230 637 -

900 PN 10 28 × M 30 316 307 -

1000 PN 6 28 × M 27 218 208 -

1000 PN 10 28 × M 33 402 405 -

1200 PN 6 32 × M 30 319 299 -

1200 PN 10 32 × M 36 564 568 -

* Designed acc. to EN 1092-1 (not to DIN 2501)
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Promag L tightening torques for ASME

Promag L tightening torques for AWWA

Promag L tightening torques for AS 2129

Nominal dia-
meter

ASME Threaded 
fasteners

Max. tightening torque

Pressure rating Hard rubber Polyurethane PTFE

[mm] [inch]  [lbs] [Nm] [lbf · ft] [Nm] [lbf · ft] [Nm] [lbf · ft]

25 1" Class 150 4 × 5/8" - - 5 4 14 13

40 1 ½" Class 150 8 × 5/8" - - 10 17 21 15

50 2" Class 150 4 × 5/8" - - 15 11 40 29

80 3" Class 150 4 × 5/8" - - 25 18 65 48

100 4" Class 150 8 × 5/8" - - 20 15 44 32

150 6" Class 150 8 × ¾" - - 45 33 90 66

200 8" Class 150 8 × ¾" - - 65 48 87 64

250 10" Class 150 12 × 7/8" - - 126 93 151 112

300 12" Class 150 12 × 7/8" - - 146 108 177 131

350 14" Class 150 12 × 1" 135 100 158 117 - -

400 16" Class 150 16 × 1" 128 94 150 111 - -

450 18" Class 150 16 × 1 1/8" 204 150 234 173 - -

500 20" Class 150 20 × 1 1/8" 183 135 217 160 - -

600 24" Class 150 20 × 1 ¼" 268 198 307 226 - -

Nominal diam-
eter

AWWA Threaded 
fasteners

Max. tightening torque

Pressure rating Hartgummi Polyurethane PTFE

[mm] [inch] [Nm] [lbf · ft] [Nm] [lbf · ft] [Nm] [lbf · ft]

700 28" Class D 28 × 1 ¼" 247 182 292 215 - -

750 30" Class D 28 × 1 ¼" 287 212 302 223 - -

800 32" Class D 28 × 1 ½" 394 291 422 311 - -

900 36" Class D 32 × 1 ½" 419 309 430 317 - -

1000 40" Class D 36 × 1 ½" 420 310 477 352 - -

1050 42" Class D 36 × 1 ½" 528 389 518 382 - -

1200 48" Class D 44 × 1 ½" 552 407 531 392 - -

Nominal 
diameter

AS 2129 Threaded 
fasteners

Max. tightening torque

Pressure rating Hard rubber Polyurethane PTFE

[mm] [Nm] [Nm] [Nm]

350 Table E 12 × M 24 203 - -

400 Table E 12 × M 24 226 - -

450 Table E 16 × M 24 226 - -

500 Table E 16 × M 24 271 - -

600 Table E 16 × M 30 439 - -

700 Table E 20 × M 30 355 - -

750 Table E 20 × M 30 559 - -

800 Table E 20 × M 30 631 - -

900 Table E 24 × M 30 627 - -

1000 Table E 24 × M 30 634 - -

1200 Table E 32 × M 30 727 - -
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Promag L tightening torques for AS 4087

Nominal 
diameter

AS 4087 Threaded 
fasteners

Max. tightening torque

Pressure rating Hard rubber Polyurethane PTFE

[mm] [Nm] [Nm] [Nm]

350 PN 16 12 × M 24 203 - -

375 PN 16 12 × M 24 137 - -

400 PN 16 12 × M 24 226 - -

450 PN 16 12 × M 24 301 - -

500 PN 16 16 × M 24 271 - -

600 PN 16 16 × M 27 393 - -

700 PN 16 20 × M 27 330 - -

750 PN 16 20 × M 30 529 - -

800 PN 16 20 × M 33 631 - -

900 PN 16 24 × M 33 627 - -

1000 PN 16 24 × M 33 595 - -

1200 PN 16 32 × M 33 703 - -
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3.3.5 Installing the Promag P sensor

" Caution! 
• The protective covers mounted on the two sensor flanges guard the PTFE, which is turned 

over the flanges. Consequently, do not remove these covers until immediately before the 
sensor is installed in the pipe.

• The covers must remain in place while the device is in storage.
• Make sure that the lining is not damaged or removed from the flanges.

! Note! 
Bolts, nuts, seals, etc. are not included in the scope of supply and must be supplied by the 
customer.

The sensor is designed for installation between the two piping flanges.
• Observe in any case the necessary screw tightening torques on �Æ �Ý 31
• If grounding disks are used, follow the mounting instructions which will be enclosed with the 

shipment

a0004296

Fig. 21: Installing the Promag P sensor

Seals

Comply with the following instructions when installing seals:
• PTFE lining �o  No seals are required!
• For DIN flanges, use only seals according to EN 1514-1.
• Make sure that the seals do not protrude into the piping cross-section.

" Caution! 
Risk of short circuit! Do not use electrically conductive sealing compounds such as graphite! 
An electrically conductive layer could form on the inside of the measuring tube and short-
circuit the measuring signal.

Ground cable

• If necessary, special ground cables for potential equalization can be ordered as an accessory (�Æ �Ý 
70).

• Information on potential equalization and detailed mounting instructions for the use of ground 
cables can be found on �Æ �Ý 50

Tightening torques for threaded fasteners (Promag P)

Please note the following:
• The tightening torques listed below are for lubricated threads only. 
• Always tighten the screws uniformly and in diagonally opposite sequence.
• Overtightening the screws will deform the sealing faces or damage the seals.
• The tightening torques listed below apply only to pipes not subjected to tensile stress.
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Tightening torques for:
• EN (DIN) �Æ �Ý 32
• ASME �Æ �Ý 32
• JIS �Æ �Ý 33
• AS 2129 �Æ �Ý 33
• AS 4087 �Æ �Ý 33

Promag P tightening torques for EN (DIN)

Promag P tightening torques for ASME

Nominal diameter
[mm]

EN (DIN)
Pressure rating [bar]

Threaded 
fasteners

Max. tightening torque 
[Nm]

25 PN 40 4 × M 12 26
32 PN 40 4 × M 16 41
40 PN 40 4 × M 16 52
50 PN 40 4 × M 16 65
65 * PN 16 8 × M 16 43
65 PN 40 8 × M 16 43
80 PN 16 8 × M 16 53
80 PN 40 8 × M 16 53

100 PN 16 8 × M 16 57
100 PN 40 8 × M 20 78
125 PN 16 8 × M 16 75
125 PN 40 8 × M 24 111
150 PN 16 8 × M 20 99
150 PN 40 8 × M 24 136
200 PN 10 8 × M 20 141
200 PN 16 12 × M 20 94
200 PN 25 12 × M 24 138
250 PN 10 12 × M 20 110
250 PN 16 12 × M 24 131
250 PN 25 12 × M 27 200
300 PN 10 12 × M 20 125
300 PN 16 12 × M 24 179
300 PN 25 16 × M 27 204
350 PN 10 16 × M 20 188
350 PN 16 16 × M 24 254
350 PN 25 16 × M 30 380
400 PN 10 16 × M 24 260
400 PN 16 16 × M 27 330
400 PN 25 16 × M 33 488
450 PN 10 20 × M 24 235
450 PN 16 20 × M 27 300
450 PN 25 20 × M 33 385
500 PN 10 20 × M 24 265
500 PN 16 20 × M 30 448
500 PN 25 20 × M 33 533
600 PN 10 20 × M 27 345
600 * PN 16 20 × M 33 658
600 PN 25 20 × M 36 731

* Designed acc. to EN 1092-1 (not to DIN 2501)

Nominal diameter ASME Max. tightening torque

Pressure rating 
[lbs] Threaded fasteners

PTFE

[mm] [inch] [Nm] [lbf · ft]

25 1" Class 150 4 × ½" 11 8

25 1" Class 300 4 × 5/8" 14 10

40 1 ½" Class 150 4 × ½" 24 18

40 1 ½" Class 300 4 × ¾" 34 25

50 2" Class 150 4 × 5/8" 47 35

�(����������



Promag 10 Installation

Endress+Hauser 33

Promag P tightening torques for JIS

Promag P tightening torques for AS 2129

Promag P tightening torques for AS 4087

50 2" Class 300 8 × 5/8" 23 17

80 3" Class 150 4 × 5/8" 79 58

80 3" Class 300 8 × ¾" 47 35

100 4" Class 150 8 × 5/8" 56 41

100 4" Class 300 8 × ¾" 67 49

150 6" Class 150 8 × ¾" 106 78

150 6" Class 300 12 × ¾" 73 54

200 8" Class 150 8 × ¾" 143 105

250 10" Class 150 12 × 7/8" 135 100

300 12" Class 150 12 × 7/8" 178 131

350 14" Class 150 12 × 1" 260 192

400 16" Class 150 16 × 1" 246 181

450 18" Class 150 16 × 1 1/8" 371 274

500 20" Class 150 20 × 1 1/8" 341 252

600 24" Class 150 20 × 1 ¼" 477 352

Nominal diameter JIS Max. tightening torque [Nm]

[mm] Pressure rating Threaded fasteners PTFE

25 10K 4 × M 16 32

25 20K 4 × M 16 32

32 10K 4 × M 16 38

32 20K 4 × M 16 38

40 10K 4 × M 16 41

40 20K 4 × M 16 41

50 10K 4 × M 16 54

50 20K 8 × M 16 27

65 10K 4 × M 16 74

65 20K 8 × M 16 37

80 10K 8 × M 16 38

80 20K 8 × M 20 57

100 10K 8 × M 16 47

100 20K 8 × M 20 75

125 10K 8 × M 20 80

125 20K 8 × M 22 121

150 10K 8 × M 20 99

150 20K 12 × M 22 108

200 10K 12 × M 20 82

200 20K 12 × M 22 121

250 10K 12 × M 22 133

250 20K 12 × M 24 212

300 10K 16 × M 22 99

300 20K 16 × M 24 183

Nominal diameter
[mm]

AS 2129
Pressure rating

Threaded 
fasteners

Max. tightening torque [Nm]
PTFE

25 Table E 4 × M 12 21

50 Table E 4 × M 16 42

Nominal diameter
[mm]

AS 4087
Pressure rating

Threaded
fasteners

Max. tightening torque [Nm]
PTFE

50 PN 16 4 × M 16 42

Nominal diameter ASME Max. tightening torque

Pressure rating 
[lbs] Threaded fasteners

PTFE

[mm] [inch] [Nm] [lbf · ft]
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3.3.6 Installing the Promag W sensor

! Note! 
Bolts, nuts, seals, etc. are not included in the scope of supply and must be supplied by the 
customer.

The sensor is designed for installation between the two piping flanges.
• Observe in any case the necessary screw tightening torques on �Æ �Ý 34
• If grounding disks are used, follow the mounting instructions which will be enclosed with the 

shipment

a0004296

Fig. 22: Installing the Promag W sensor

Seals

Comply with the following instructions when installing seals:
• Hard rubber lining �o additional seals are always necessary.
• Polyurethane lining �o no seals are required.
• For DIN flanges, use only seals according to EN 1514-1.
• Make sure that the seals do not protrude into the piping cross-section.

" Caution! 
Risk of short circuit!
Do not use electrically conductive sealing compounds such as graphite! An electrically 
conductive layer could form on the inside of the measuring tube and short-circuit the 
measuring signal.

Ground cable

• If necessary, special ground cables for potential equalization can be ordered as an accessory (�Æ �Ý 
70).

• Information on potential equalization and detailed mounting instructions for the use of ground 
cables can be found on �Æ �Ý 50

Screw tightening torques (Promag W)

Please note the following:
• The tightening torques listed below are for lubricated threads only. 
• Always tighten the screws uniformly and in diagonally opposite sequence.
• Overtightening the screws will deform the sealing faces or damage the seals.
• The tightening torques listed below apply only to pipes not subjected to tensile stress.
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Tightening torques for:
• EN (DIN)�Æ �Ý 35
• JIS�Æ �Ý 37
• ASME�Æ �Ý 36
• AWWA �Æ �Ý 37
• AS 2129 �Æ �Ý 38
• AS 4087 �Æ �Ý 38

Promag W tightening torques for EN (DIN)

Nominal 
diameter

EN (DIN)

Threaded 
fasteners

Max. tightening torque [Nm]

[mm] Pressure rating [bar] Hard rubber Polyurethane

25 PN 40 4 × M 12 - 15

32 PN 40 4 × M 16 - 24

40 PN 40 4 × M 16 - 31

50 PN 40 4 × M 16 48 40

65* PN 16 8 × M 16 32 27

65 PN 40 8 × M 16 32 27

80 PN 16 8 × M 16 40 34

80 PN 40 8 × M 16 40 34

100 PN 16 8 × M 16 43 36

100 PN 40 8 × M 20 59 50

125 PN 16 8 × M 16 56 48

125 PN 40 8 × M 24 83 71

150 PN 16 8 × M 20 74 63

150 PN 40 8 × M 24 104 88

200 PN 10 8 × M 20 106 91

200 PN 16 12 × M 20 70 61

200 PN 25 12 × M 24 104 92

250 PN 10 12 × M 20 82 71

250 PN 16 12 × M 24 98 85

250 PN 25 12 × M 27 150 134

300 PN 10 12 × M 20 94 81

300 PN 16 12 × M 24 134 118

300 PN 25 16 × M 27 153 138

350 PN 6 12 × M 20 111 120

350 PN 10 16 × M 20 112 118

350 PN 16 16 × M 24 152 165

350 PN 25 16 × M 30 227 252

400 PN 6 16 × M 20 90 98

400 PN 10 16 × M 24 151 167

400 PN 16 16 × M 27 193 215

400 PN 25 16 × M 33 289 326

450 PN 6 16 × M 20 112 126

450 PN 10 20 × M 24 153 133

450 PN 16 20 × M 27 198 196

450 PN 25 20 × M 33 256 253

500 PN 6 20 × M 20 119 123

500 PN 10 20 × M 24 155 171

500 PN 16 20 × M 30 275 300

500 PN 25 20 × M 33 317 360

600 PN 6 20 × M 24 139 147

600 PN 10 20 × M 27 206 219

600 * PN 16 20 × M 33 415 443

600 PN 25 20 × M 36 431 516

700 PN 6 24 × M 24 148 139

700 PN 10 24 × M 27 246 246

700 PN 16 24 × M 33 278 318
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Promag W tightening torques for ASME

700 PN 25 24 × M 39 449 507

800 PN 6 24 × M 27 206 182

800 PN 10 24 × M 30 331 316

800 PN 16 24 × M 36 369 385

800 PN 25 24 × M 45 664 721

900 PN 6 24 × M 27 230 637

900 PN 10 28 × M 30 316 307

900 PN 16 28 × M 36 353 398

900 PN 25 28 × M 45 690 716

1000 PN 6 28 × M 27 218 208

1000 PN 10 28 × M 33 402 405

1000 PN 16 28 × M 39 502 518

1000 PN 25 28 × M 52 970 971

1200 PN 6 32 × M 30 319 299

1200 PN 10 32 × M 36 564 568

1200 PN 16 32 × M 45 701 753

1400 PN 6 36 × M 33 430 398

1400 PN 10 36 × M 39 654 618

1400 PN 16 36 × M 45 729 762

1600 PN 6 40 × M 33 440 417

1600 PN 10 40 × M 45 946 893

1600 PN 16 40 × M 52 1007 1100

1800 PN 6 44 × M 36 547 521

1800 PN 10 44 × M 45 961 895

1800 PN 16 44 × M 52 1108 1003

2000 PN 6 48 × M 39 629 605

2000 PN 10 48 × M 45 1047 1092

2000 PN 16 48 × M 56 1324 1261

* Designed acc. to EN 1092-1 (not to DIN 2501)

Nominal 
diameter

ASME Max. tightening torque

Pressure rating 
[lbs]

Threaded 
fasteners

Hard rubber Polyurethane

[mm] [inch] [Nm] [lbf · ft] [Nm] [lbf · ft]

25 1" Class 150 4 × ½" - - 7 5

25 1" Class 300 4 × 5/8" - - 8 6

40 1 ½" Class 150 4 × ½" - - 10 7

40 1 ½" Class 300 4 × ¾" - - 15 11

50 2" Class 150 4 × 5/8" 35 26 22 16

50 2" Class 300 8 × 5/8" 18 13 11 8

80 3" Class 150 4 × 5/8" 60 44 43 32

80 3" Class 300 8 × ¾" 38 28 26 19

100 4" Class 150 8 × 5/8" 42 31 31 23

100 4" Class 300 8 × ¾" 58 43 40 30

150 6" Class 150 8 × ¾" 79 58 59 44

150 6" Class 300 12 × ¾" 70 52 51 38

200 8" Class 150 8 × ¾" 107 79 80 59

250 10" Class 150 12 × 7/8" 101 74 75 55

300 12" Class 150 12 × 7/8" 133 98 103 76

350 14" Class 150 12 × 1" 135 100 158 117

400 16" Class 150 16 × 1" 128 94 150 111

450 18" Class 150 16 × 1 1/8" 204 150 234 173

500 20" Class 150 20 × 1 1/8" 183 135 217 160

600 24" Class 150 20 × 1 ¼" 268 198 307 226

Nominal 
diameter

EN (DIN)

Threaded 
fasteners

Max. tightening torque [Nm]

[mm] Pressure rating [bar] Hard rubber Polyurethane
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Promag W tightening torques for JIS

Promag W tightening torques for AWWA

Nominal diameter JIS Threaded 
fasteners

Max. tightening torque [Nm]

[mm] Pressure rating Hard rubber Polyurethane

25 10K 4 × M 16 - 19

25 20K 4 × M 16 - 19

32 10K 4 × M 16 - 22

32 20K 4 × M 16 - 22

40 10K 4 × M 16 - 24

40 20K 4 × M 16 - 24

50 10K 4 × M 16 40 33

50 20K 8 × M 16 20 17

65 10K 4 × M 16 55 45

65 20K 8 × M 16 28 23

80 10K 8 × M 16 29 23

80 20K 8 × M 20 42 35

100 10K 8 × M 16 35 29

100 20K 8 × M 20 56 48

125 10K 8 × M 20 60 51

125 20K 8 × M 22 91 79

150 10K 8 × M 20 75 63

150 20K 12 × M 22 81 72

200 10K 12 × M 20 61 52

200 20K 12 × M 22 91 80

250 10K 12 × M 22 100 87

250 20K 12 × M 24 159 144

300 10K 16 × M 22 74 63

300 20K 16 × M 24 138 124

Nominal diameter AWWA Max. tightening torque

Pressure 
rating

Threaded 
fasteners

Hard rubber Polyurethane

[mm] [inch] [Nm] [lbf · ft] [Nm] [lbf · ft]

700 28" Class D 28 × 1 ¼" 247 182 292 215

750 30" Class D 28 × 1 ¼" 287 212 302 223

800 32" Class D 28 × 1 ½" 394 291 422 311

900 36" Class D 32 × 1 ½" 419 309 430 317

1000 40" Class D 36 × 1 ½" 420 310 477 352

1050 42" Class D 36 × 1 ½" 528 389 518 382

1200 48" Class D 44 × 1 ½" 552 407 531 392

1350 54" Class D 44 × 1 ¾" 730 538 633 467

1500 60" Class D 52 × 1 ¾" 758 559 832 614

1650 66" Class D 52 × 1 ¾" 946 698 955 704

1800 72" Class D 60 × 1 ¾" 975 719 1087 802

2000 78" Class D 64 × 2" 853 629 786 580
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Promag W tightening torques for AS 2129

Promag W tightening torques for AS 4087

Nominal diameter
[mm]

AS 2129
Pressure rating

Threaded 
fasteners

Max. tightening torque [Nm]
Hard rubber

50 Table E 4 × M 16 32

80 Table E 4 × M 16 49

100 Table E 8 × M 16 38

150 Table E 8 × M 20 64

200 Table E 8 × M 20 96

250 Table E 12 × M 20 98

300 Table E 12 × M 24 123

350 Table E 12 × M 24 203

400 Table E 12 × M 24 226

450 Table E 16 × M 24 226

500 Table E 16 × M 24 271

600 Table E 16 × M 30 439

700 Table E 20 × M 30 355

750 Table E 20 × M 30 559

800 Table E 20 × M 30 631

900 Table E 24 × M 30 627

1000 Table E 24 × M 30 634

1200 Table E 32 × M 30 727

Nominal diameter
[mm]

AS 4087
Pressure rating

Threaded 
fasteners

Max. tightening torque [Nm]
Hard rubber

50 Table E 4 × M 16 32

80 PN 16 4 × M 16 49

100 PN 16 4 × M 16 76

150 PN 16 8 × M 20 52

200 PN 16 8 × M 20 77

250 PN 16 8 × M 20 147

300 PN 16 12 × M 24 103

350 PN 16 12 × M 24 203

375 PN 16 12 × M 24 137

400 PN 16 12 × M 24 226

450 PN 16 12 × M 24 301

500 PN 16 16 × M 24 271

600 PN 16 16 × M 27 393

700 PN 16 20 × M 27 330

750 PN 16 20 × M 30 529

800 PN 16 20 × M 33 631

900 PN 16 24 × M 33 627

1000 PN 16 24 × M 33 595

1200 PN 16 32 × M 33 703
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3.3.7 Turning the transmitter housing

1. Loosen the two securing screws.

2. Turn the bayonet lock as far as it will go.

3. Carefully lift the transmitter housing:
– Promag D: approx. 10 mm (0.39 in) above the securing screws
– Promag E/H/L/P/W: to the stop

4. Turn the transmitter housing to the desired position:
– Promag D: max. 180° clockwise or max. 180° counterclockwise
– Promag E/H/L/P/W: max. 280° clockwise or max. 20° counterclockwise

5. Lower the housing into position and re-engage the bayonet catch.

6. Retighten the two securing screws.

a0005393

Fig. 23: Turning the transmitter housing

3.3.8 Turning the onsite display

1. Unscrew cover of the electronics compartment from the transmitter housing.

2. Remove the display module from the transmitter retaining rails.

3. Turn the display to the desired position (max. 4 × 45° in each direction).

4. Fit the display back onto the retaining rails.

5. Screw the cover of the electronics compartment firmly back onto the transmitter 
housing.

A0003237

Fig. 24: Turning the local display

Esc

E- +

Esc

E- +

3
5

6
1

2 4

4 x 45°
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3.3.9 Mounting the transmitter (remote version)

The transmitter can be mounted in the following ways:
• Wall mounting
• Pipe mounting (with separate mounting kit, accessories �Æ �Ý 70)

The transmitter and the sensor must be mounted separate in the following circumstances:
• Poor accessibility
• Lack of space
• Extreme fluid/ambient temperatures (temperature ranges �Æ �Ý 86)
• Severe vibration (> 2 g/2 h per day; 10 to 100 Hz)

" Caution! 
• The ambient temperature range -20 to +60 °C (–4 to +140 °F) may not be exceeded at the 

mounting location. Avoid direct sunlight.
• If the device is mounted to a warm pipe, make sure that the housing temperature does not 

exceed +60 °C (+140 °F), which is the maximum permissible temperature.

Mount the transmitter as illustrated in �Æ �Þ 25.

A0010719

Fig. 25: Mounting the transmitter (remote version)

A Direct wall mounting
B Pipe mounting

248 ±2
(9.76 ±0.08)

mm (inch)

238 (9.37)

A B

ANSCHLUSSKLEMMEN   -   FIELD  TERMINALS
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3.4 Post-installation check
Perform the following checks after installing the measuring device in the pipe:

Device condition and specifications Notes

Is the device damaged (visual inspection)? –

Does the device correspond to specifications at the measuring point, 
including process temperature and pressure, ambient temperature, minimum 
fluid conductivity, measuring range, etc.?

�Æ �Ý 87

Installation Notes

Does the arrow on the sensor nameplate match the actual direction of flow 
through the pipe?

–

Is the position of the measuring electrode plane correct? �Æ �Ý 13

Is the position of the empty pipe detection electrode correct? �Æ �Ý 13

Were all screws tightened to the specified torques when the sensor was 
installed?

Promag D �Æ �Ý 21
Promag E �Æ �Ý 23
Promag L �Æ �Ý 28
Promag P �Æ �Ý 31
Promag W �Æ �Ý 34

Were the correct seals used (type, material, installation)? Promag D �Æ �Ý 19
Promag E �Æ �Ý 22
Promag H �Æ �Ý 25
Promag L�Æ �Ý 27
Promag P �Æ �Ý 31
Promag W �Æ �Ý 34

Are the measuring point number and labeling correct (visual inspection)? –

Process environment / process conditions Notes

Were the inlet and outlet runs respected? Inlet run �t 5 × DN
Outlet run �t 2 × DN

Is the measuring device protected against moisture and direct sunlight? –

Is the sensor adequately protected against vibration (attachment, support)? Acceleration up to 2 g by 
analogy with IEC 600 68-2-8
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4 Wiring

# Warning! 
When using remote versions, only sensors and transmitters with the same serial number can 
be connected up. Measuring errors can occur if the devices are not connected in this way.

! Note! 
The device does not have an internal circuit breaker. For this reason, assign the device a 
switch or power-breaker switch capable of disconnecting the power supply line from the 
mains.

4.1 Connecting the remote version

4.1.1 Connecting Promag D/E/H/L/P/W

# Warning! 
• Risk of electric shock! Switch off the power supply before opening the device. Do not install 

or wire the device while it is connected to the power supply. Failure to comply with this 
precaution can result in irreparable damage to the electronics.

• Risk of electric shock! Connect the protective conductor to the ground terminal on the 
housing before the power supply is applied.

" Caution! 
• Only sensors and transmitters with the same serial number can be connected to one 

another. Communication problems can occur if the devices are not connected in this way.
• Risk of damaging the coil driver. Always switch off the power supply before connecting or 

disconnecting the coil cable.

Procedure

1. Transmitter: Loosen the securing clamp and remove the cover from the connection 
compartment (a).

2. Sensor: Remove the cover from the connection housing (b).

3. Feed the signal cable (c) and the coil cable (d) through the appropriate cable entries.

" Caution! 
Route the connecting cables securely (see "Length of connecting cable" �Æ �Ý 18).

4. Terminate the signal and coil current cable as indicated in the table:
Promag D/E/L/P/W  �o  Refer to the table �Æ �Ý 45
Promag H  �o  Refer to the "Cable termination" table �Æ �Ý 46

5. Establish the wiring between the sensor and the transmitter. 
The electrical wiring diagram that applies to your device can be found:
�¯ In the corresponding graphic:

�Æ �Þ 26 (Promag D); �Æ �Þ 27 (Promag E/L/P/W); �Æ �Þ 28 (Promag H)
�¯ In the cover of the sensor and transmitter

! Note! 
The cable shields of the Promag H sensor are grounded by means of the strain relief 
terminals (see also the "Cable termination" table �Æ �Ý 46)

" Caution! 
Insulate the shields of cables that are not connected to eliminate the risk of short-
circuits with neighboring cable shields inside the connection housing.

6. Transmitter: Secure the cover to the connection compartment (a) and tighten the socket 
head cap screw of the securing clamp.

7. Sensor: Secure the cover on the connection housing (b).
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Promag D

a0010695

Fig. 26: Connecting the remote version of Promag D

a Wall-mount housing connection compartment
b Cover of the sensor connection housing
c Signal cable
d Coil current cable
n.c. Not connected, insulated cable shields

Wire colors/Terminal No.:
5/6 = braun, 7/8 = white, 4 = green, 37/36 = yellow

Promag E/L/P/W

A0012461

Fig. 27: Connecting the remote version of Promag E/L/P/W

a Wall-mount housing connection compartment
b Cover of the sensor connection housing
c Signal cable
d Coil current cable
n.c. Not connected, insulated cable shields

Wire colors/Terminal No.:
5/6 = braun, 7/8 = white, 4 = green, 37/36 = yellow
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Promag H

A0012477

Fig. 28: Connecting the remote version of Promag H

a Wall-mount housing connection compartment
b Cover of the sensor connection housing
c Signal cable
d Coil current cable
n.c. Not connected, insulated cable shields

Wire colors/Terminal No.:
5/6 = braun, 7/8 = white, 4 = green, 37/36 = yellow
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Cable termination for the remote version
Promag D/E/L/P/W

Terminate the signal and coil current cables as shown in the figure below (Detail A).
Ferrules must be provided on the fine-wire cores (Detail B: m = red ferrules, �‡ 1.0 mm; n  = white ferrules, �‡ 0.5 mm).

" Caution! 
When fitting the connectors, pay attention to the following points:
• Signal cable �o  Make sure that the ferrules do not touch the wire shield on the sensor side.

Minimum distance = 1 mm (exception "GND" = green cable)
• Coil current cable �o  Insulate one core of the three-core wire at the level of the core reinforcement; you only require two cores for the connection.

TRANSMITTER

Signal cable Coil current cable

a0005391 a0005390

SENSOR

Signal cable Coil current cable

A0003241 A0003240

A B

80 (3.15)

50 (2.0) 17 (0.67)

8 (0.32)

Esc

E- +

GND

m

n

m

m

m

n

n

n

mm (inch)

BA

70 (2.76)

50 (2.0)

10 (0.4)
8 (0.32)

E- +

m

m

m

mm (inch)

80 (3.15)

50 (2.0) 17 (0.67)
8 (0.32)

� 1 (0.04)

A

B

m

n

m

n

n

GND

mm (inch)

B

A

70 (2.76)

50 (2.0)
10 (0.4)

8 (0.32)

m

m

m
mm (inch)
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Cable termination for the remote version
Promag H

Terminate the signal and coil current cables as shown in the figure below (Detail A).
Ferrules must be provided on the fine-wire cores (Detail B: m = red ferrules, �‡ 1.0 mm; n  = white ferrules, �‡ 0.5 mm).

" Caution! 
When fitting the connectors, pay attention to the following points:
• Signal cable �o  Make sure that the ferrules do not touch the wire shield on the sensor side.

Minimum distance = 1 mm (exception "GND" = green cable).
• Coil current cable �o  Insulate one core of the three-core wire at the level of the core reinforcement; you only require two cores for the connection.
• On the sensor side, reverse both cable shields approx. 15 mm over the outer jacket. The strain relief ensures an electrical connection with the 

connection housing.

TRANSMITTER

Signal cable Coil current cable

a0005391 a0005390

SENSOR

Signal cable Coil current cable

A0002647 A0002648

A B
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Esc

E- +

GND

m

n

m

m

m

n

n

n

mm (inch)

BA

70 (2.76)

50 (2.0)

10 (0.4)
8 (0.32)

E- +

m

m

m

mm (inch)

A

B

GND

m

n

n

n

mm (inch)

80 (3.15)

15 (0.59)
8 (0.31)
17 (0.67)

� 1 (0.04)�

A

B

m

m

70 (2.76)

15 ( )0.59
8 (0.31)

40 (1.57)

mm (inch)

�(����������



Promag 10 Wiring

Endress+Hauser 47

4.1.2 Cable specifications

Signal cable

• 3 × 0.38 mm² PVC cable with common, braided copper shield (�‡ �a7 mm) and individually 
shielded cores

• With Empty Pipe Detection (EPD): 4 × 0.38 mm² PVC cable with common, braided copper 
shield (�‡ �a 7 mm) and individually shielded cores

• Conductor resistance: �d 50 �:��km
• Capacitance: core/shield: �d 420 pF/m
• Permanent operating temperature: –20 to +80 °C
• Cable cross-section: max. 2.5 mm²

Coil cable

• 2 × 0.75 mm² ��PVC cable with common, braided copper shield (�‡���a 7 mm)
• Conductor resistance: �d 37 �:��km
• Capacitance: core/core, shield grounded: �d120 pF/m
• Operating temperature: –20 to +80 °C
• Cable cross-section: max. 2.5 mm² 
• Test voltage for cable insulation: �t��1433 V AC r.m.s. 50/60 Hz or �t��2026 V DC

F06-5xWxxxxx-04-11-08-xx-003

Fig. 29: Cable cross-section

a Signal cable
b Coil current cable

1 Core
2 Core insulation
3 Core shield
4 Core jacket
5 Core reinforcement
6 Cable shield
7 Outer jacket

Operation in zones of severe electrical interference:

The measuring device complies with the general safety requirements in accordance with EN 
61010 and the EMC requirements of IEC/EN 61326.

" Caution! 
Grounding is by means of the ground terminals provided for the purpose inside the 
connection housing. Ensure that the stripped and twisted lengths of cable shield to the 
ground terminal are as short as possible.

1
2
3
4
5
6
7

a b
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4.2 Connecting the measuring unit

4.2.1 Transmitter

# Warning! 
• Risk of electric shock! 

Switch off the power supply before opening the device. Do not install or wire the device 
while it is connected to the power supply. Failure to comply with this precaution can result 
in irreparable damage to the electronics.

• Risk of electric shock! 
Connect the protective conductor to the ground terminal on the housing before the power 
supply is applied.

• Compare the specifications on the nameplate with the local supply voltage and frequency. 
The national regulations governing the installation of electrical equipment also apply.

• The transmitter must be included in the building fuse system.

1. Unscrew cover of the electronics compartment from the transmitter housing.

2. Press the side latches and flip down the cover of the connection compartment.

3. Feed the cable for the power supply and the signal cable through the appropriate cable 
entries.

4. Remove the terminal connectors from the transmitter housing and connect the cable for 
the power supply and the signal cable:
– Wiring diagram �Æ �Þ 30
– Terminal assignment �Æ �Ý 49

5. Plug the terminal connectors back into the transmitter housing.

! Note! 
The connectors are coded so you cannot mix them up.

6. Secure the ground cable to the ground terminal.

7. Flip up the cover of the connection compartment.

8. Screw the cover of the electronics compartment firmly onto the transmitter housing.

A0003192

Fig. 30: Connecting the transmitter (aluminum field housing). 
Cable cross-section: max. 2.5 mm²

a Electronics compartment cover
b Cable for power supply: 85 to 250 V AC, 11 to 40 V DC, 20 to 28 V AC
c Ground terminal for power supply cable
d Terminal connector for power supply: No. 1–2 �É �ß  49 (terminal assignment)
e Signal cable
f Ground terminal for signal cable
g Terminal connector for signal cable: No. 24–27 �É �ß  49 (terminal assignment)
h Service connector
i Ground terminal for potential equalization

b

a

e e b
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4.2.2 Terminal assignment

! Note! 
Functional values of the outputs and power supply �Æ �Ý 83

4.2.3 HART connection

Users have the following connection options at their disposal:
• Direct connection to transmitter by means of terminals 26(+)  and 27 (��)
• Connection by means of the 4 to 20 mA circuit.
• The measuring loop's minimum load must be at least 250 �: .
• After commissioning, make the following settings:

– CURRENT SPAN function �o  "4–20 mA HART"
– Switch HART write protection on or off �Æ �Ý 60

Connection of the HART handheld communicator

See also the documentation issued by the HART Communication Foundation, and in 
particular HCF LIT 20: "HART, a technical summary".

a0005573

Fig. 31: Electrical connection of HART handheld Field Xpert SFX100

1 HART handheld Field Xpert SFX100
2 Auxiliary energy
3 Shielding
4 Other devices or PLC with passive input

Connection of a PC with an operating software

In order to connect a PC with an operating software (e.g. "FieldCare), a HART modem 
(e.g. Commubox FXA 195) is needed.

a0005574

Fig. 32: Electrical connection of a PC with an operating software

1 PC with an operating software
2 Other evaluation devices or PLC with passive input
3 Shield
4 HART modem, e.g. Commubox FXA 195

Terminal No. (outputs/power supply)

Order version 24 (+) / 25 (–) 26 (+) / 27 (–) 1 (L1/L+) / 2 (N/L–)

10***-***********A Pulse output Current output HART Power supply

+26

� �250 … 27

1
34

2

+26

� �250 …27

RS 232

1

3
4

2
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4.3 Potential equalization

# Warning! 
The measuring system must be included in the potential equalization.

Perfect measurement is only ensured when the fluid and the sensor have the same electrical 
potential. This is ensured by the reference electrode integrated in the sensor as standard.

The following should also be taken into consideration for potential equalization:
• Internal grounding concepts in the company
• Operating conditions, such as the material/grounding of the pipes (see Table)

4.3.1 Potential equalization for Promag D

• No reference electrode is integrated!
For the two ground disks of the sensor an electrical connection to the fluid is always ensured.

• Exampels for connections �Æ �Ý 50

4.3.2 Potential equalization for Promag E/L/P/W

• Reference electrode integrated in the sensor as standard
• Exampels for connections �Æ �Ý 51

4.3.3 Potential equalization for Promag H

No reference electrode is integrated!
For the metal process connections of the sensor an electrical connection to the fluid is always 
ensured.

" Caution! 
If using process connections made of a synthetic material, ground rings have to be used to 
ensure that potential is equalized (�Æ �Ý 25). The necessary ground rings can be ordered 
separately from Endress+Hauser as accessories (�Æ �Ý 70).

4.3.4 Exampels for potential equalization connections for Promag D

Standard case

Operating conditions Potential equalization

When using the measuring device in a:
• Metal, grounded pipe
• Plastic pipe
• Pipe with insulating lining

Potential equalization takes place via the ground terminal 
of the transmitter (standard situation).

! Note! 
When installing in metal pipes, we recommend you connect 
the ground terminal of the transmitter housing with the 
piping. a0010702

Fig. 33: Via the ground terminal of the transmitter
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Special cases

4.3.5 Exampels for potential equalization connections for 
Promag E/L/P/W

Standard case

Operating conditions Potential equalization

When using the measuring device in a:
• Metal pipe that is not grounded

This connection method also applies in situations where:
• Customary potential equalization cannot be ensured
• Excessively high equalizing currents can be expected

Potential equalization takes place via the ground terminal 
of the transmitter and the two pipe flanges. 
Here, the ground cable (copper wire, 6 mm² / 0.0093 in��) is 
mounted directly on the conductive flange coating with 
flange screws.

a0010703

Fig. 34: Via the ground terminal of the transmitter 
and the flanges of the pipe

When using the measuring device in a:
• Pipe with a cathodic protection unit

The device is installed potential-free in the pipe.
Only the two flanges of the pipe are connected with a 
ground cable (copper wire, 6 mm² / 0.0093 in��). Here, the 
ground cable is mounted directly on the conductive flange 
coating with flange screws.

Note the following when installing:
• The applicable regulations regarding potential-free 

installation must be observed.
• There should be no electrically conductive connection 

between the pipe and the device.
• The mounting material must withstand the applicable 

torques.

a0010704

Fig. 35: Potential equalization and cathodic 
protection 

1 Power supply isolation transformer
2 Electrically isolated

Operating conditions Potential equalization

When using the measuring device in a:
• Metal, grounded pipe

Potential equalization takes place via the ground terminal 
of the transmitter (standard situation).

! Note! 
When installing in metal pipes, we recommend you connect 
the ground terminal of the transmitter housing with the 
piping.

a0010702

Fig. 36: Via the ground terminal of the transmitter

1

2 2
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Special cases

Operating conditions Potential equalization

When using the measuring device in a:
• Metal pipe that is not grounded

This connection method also applies in situations where:
• Customary potential equalization cannot be ensured
• Excessively high equalizing currents can be expected

Both sensor flanges are connected to the pipe flange by 
means of a ground cable (copper wire, 6 mm² / 0.0093 in��) 
and grounded. Connect the transmitter or sensor 
connection housing, as applicable, to ground potential by 
means of the ground terminal provided for the purpose.

Ground cable installation depends on the nominal diameter:
• DN �d�� 300: The ground cable is mounted directly on the 

conductive flange coating with the flange screws.
• DN �t�� 350: The ground cable is mounted directly on the 

metal transport bracket.

! Note! 
The ground cable for flange-to-flange connections can be 
ordered separately as an accessory from Endress+Hauser. a0010703

Fig. 37: Via the ground terminal of the transmitter 
and the flanges of the pipe 

When using the measuring device in a:
• Plastic pipe
• Pipe with insulating lining

This connection method also applies in situations where:
• Customary potential equalization cannot be ensured
• Excessively high equalizing currents can be expected

Potential equalization takes place using additional ground 
disks, which are connected to the ground terminal via a 
ground cable (copper wire, min. 6 mm² / 0.0093 in��). When 
installing the ground disks, please comply with the enclosed 
Installation Instructions. a0010702

Fig. 38: Via the ground terminal of the transmitter

When using the measuring device in a:
• Pipe with a cathodic protection unit

The device is installed potential-free in the pipe.
Only the two flanges of the pipe are connected with a 
ground cable (copper wire, 6 mm² / 0.0093 in��). Here, the 
ground cable is mounted directly on the conductive flange 
coating with flange screws.

Note the following when installing:
• The applicable regulations regarding potential-free installation 

must be observed.
• There should be no electrically conductive connection 

between the pipe and the device.
• The mounting material must withstand the applicable 

torques.

a0010704

Fig. 39: Potential equalization and cathodic 
protection

1 Power supply isolation transformer
2 Electrically isolated

DN 300� DN 350�

1

2 2
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4.4 Degree of protection
The devices meet all the requirements of IP 67 degree of protection.

Compliance with the following points is mandatory following installation in the field or 
servicing in order to ensure that IP 67 protection is maintained:
• The housing seals must be clean and undamaged when inserted into their grooves. The 

seals must be dried, cleaned or replaced if necessary.
• All threaded fasteners and screw covers must be firmly tightened.
• The cables used for connection must be of the specified outside diameter �Æ �Ý 47.
• Firmly tighten the cable entries.
• The cables must loop down before they enter the cable entries ("water trap"). This 

arrangement prevents moisture penetrating the entry. Always install the measuring 
device in such a way that the cable entries do not point up.

• Remove all unused cable entries and insert plugs instead.
• Do not remove the grommet from the cable entry.

a0001914

Fig. 40: Installation instructions, cable entries

" Caution! 
Do not loosen the threaded fasteners of the sensor housing, as otherwise the degree of 
protection guaranteed by Endress+Hauser no longer applies.

! Note! 
The Promag E/L/P/W sensors can be supplied with IP 68 rating (permanent immersion in 
water to a depth of 3 meters (10 ft)). In this case the transmitter must be installed remote 
from the sensor.
The Promag L sensors with IP 68 rating are only available with stainless steel flanges.

a b
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4.5 Post-connection check
Perform the following checks after completing electrical installation of the measuring 
device:

Device condition and specifications Notes

Are cables or the device damaged (visual inspection)? –

Electrical connection Notes

Does the supply voltage match the specifications on the nameplate? • 85 to 250 V AC (50 to 60 Hz)
• 20 to 28 V AC (50 to 60 Hz),

11 to 40 V DC

Do the cables used comply with the necessary specifications? �Æ �Ý 47

Do the cables have adequate strain relief? –

Is the cable type route completely isolated?
Without loops and crossovers?

–

Are the power-supply and signal cables correctly connected? See the wiring diagram inside 
the cover of the terminal 
compartment

Only remote version:
Is the flow sensor connected to the matching transmitter electronics?

Check serial number on
nameplates of sensor and
connected transmitter.

Only remote version:
Is the connecting cable between sensor and transmitter connected correctly?

�Æ �Ý 42

Are all screw terminals firmly tightened? –

Have the measures for grounding/potential equalization been correctly 
implemented?

�Æ �Ý 50

Are all cable entries installed, firmly tightened and correctly sealed?
Cables looped as "water traps"?

�Æ �Ý 53

Are all housing covers installed and firmly tightened? –

�(����������
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5 Operation

5.1 Display and operating elements
The local display enables you to read all important parameters directly at the measuring 
point and configure the device.
The display area consists of two lines; this is where measured values are displayed, and/or 
status variables (partially filled pipe, etc.). The assignment of the display lines in operating 
mode is specified. The top line displays the volume flow and the bottom line displays the 
totalizer status.

A0001141

Fig. 41: Display and operating elements

1 Liquid crystal display
The two-line liquid-crystal display shows measured values, dialog texts, error messages and information messages. The 
display as it appears when normal measuring is in progress is known as the HOME position (operating mode).
– Upper display line: Shows primary measured values, e.g. volume flow [e.g. in ml/min]
– Lower display line: Shows the totalizer status, [e.g. in m3]

2 Plus/minus keys
– Enter numerical values, select parameters
– Select different function groups within the function matrix
Press the +/- keys simultaneously to trigger the following functions:
– Exit the function matrix step by step�o HOME position
– Press and hold down +/- keys for longer than 3 seconds�o Return directly to HOME position
– Cancel data entry

3 Enter key
– HOME position �o Entry into the function matrix
– Save the numerical values you input or settings you change

Esc

E+-

1

32

+48.25 xx/yy
+3702.6 x
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5.2 Brief operating instructions on the function matrix

! Note! 
• See the general notes on �Æ �Ý 57.
• Function matrix overview �Æ �Ý 108
• Detailed description of all functions �Æ �Ý 109 ff.

The function matrix comprises two levels, namely the function groups and the functions of 
the function groups. 
The groups are the highest-level grouping of the control options for the device. A number of 
functions is assigned to each group. You select a group in order to access the individual 
functions for operating and configuring the device.

1. HOME position �o  F  �o��Enter the function matrix

2. Select a function group (e.g. OPERATION)

3. Select a function (e.g. LANGUAGE)
Change parameter/enter numerical values:
P  �o  select or enter enable code, parameters, numerical values
F  �o  save your entries

4. Exit the function matrix:
– Press and hold down Esc key (X ) for longer than 3 seconds �o��HOME position
– Repeatedly press Esc key (X ) �o��return step by step to HOME position

A0001142

Fig. 42: Selecting functions and configuring parameters (function matrix)
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5.2.1 General notes

The brief commissioning guide (�Æ �Ý 66) is adequate for commissioning in most instances. 
Complex measuring operations on the other hand necessitate additional functions that you 
can configure as necessary and customize to suit your process parameters. The function 
matrix, therefore, comprises a multiplicity of additional functions which, for the sake of 
clarity, are arranged in a number of function groups.

Comply with the following instructions when configuring functions:
• You select functions as described on �Æ �Ý 56.
• You can switch off certain functions (OFF). If you do so, related functions in other function 

groups will no longer be displayed.
• Certain functions prompt you to confirm your data entries. 

Press P  to select "SURE [ YES ]" and press F  again to confirm. This saves your setting or 
starts a function, as applicable.

• Return to the HOME position is automatic if no key is pressed for 5 minutes.

! Note! 
• The transmitter continues to measure while data entry is in progress, i.e. the current 

measured values are output via the signal outputs in the normal way.
• If the power supply fails, all preset and configured values remain safely stored in the 

EEPROM.

5.2.2 Enabling the programming mode

The function matrix can be disabled. Disabling the function matrix rules out the possibility 
of inadvertent changes to device functions, numerical values or factory settings. A numerical 
code (factory setting = 10) has to be entered before settings can be changed.
If you use a code of your choice, you exclude the possibility of unauthorized persons 
accessing data, see ACCESS CODE function �Æ �Ý 111.

Comply with the following instructions when entering codes:
• If programming is disabled and the P  operating elements are pressed in any function, a 

prompt for the code automatically appears on the display.
• If "0" is specified as the customer's code, programming is always enabled.
• The Endress+Hauser service organization can be of assistance if you mislay your personal 

code.

" Caution! 
Changing certain parameters such as all sensor characteristics, for example, influences 
numerous functions of the entire measuring system, particularly measuring accuracy.
Normally, such parameters may not be changed! Please contact Endress+Hauser if you have 
any questions.

5.2.3 Disabling the programming mode

Programming is disabled if you do not press the operating elements within 60 seconds 
following automatic return to the HOME position.
You can also disable programming in the "ACCESS CODE" function by entering any number 
(other than the customer's code).
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5.3 Displaying error messages

5.3.1 Type of error

Errors which occur during commissioning or measuring operation are displayed 
immediately. If two or more system or process errors occur, the error with the highest 
priority is the one shown on the display.

The measuring system distinguishes between two types of error:
• System errors �É �ß  74:

This group comprises all device errors, e.g. communication errors, hardware faults, etc.
• Process errors �Æ �Ý 76:

This group comprises all application errors, e.g. empty pipe, etc.

A0000991

Fig. 43: Error messages on the display (example)

1 Error type: 
– P = process error
– S = system error

2 Error message type: 
– $ = fault message
– ! = notice message

3 Error designation: e.g. EMPTY PIPE = measuring tube is only partly filled or completely empty
4 Error number: e.g. #401
5 Duration of most recent error occurrence (in hours, minutes and seconds)

5.3.2 Error message types

Notice message (!)

• Displayed as �o��Exclamation mark (!), error type (S: system error, P: process error)
• The error in question has no effect on the outputs of the measuring device.

Fault message ($$)

• Displayed as �o��Lightning flash ( $), error type (S: system error, P: process error).
• The error in question has a direct effect on the outputs.

The response of the individual outputs (failsafe mode) can be defined in the function 
matrix using the "FAILSAFE MODE" function �Æ �Ý 129.

! Note! 
For security reasons, error messages should be output via the status output.

1

2 4 5 3

XXXXXXXXXX
#000   00:00:05

P
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5.4 Communication
In addition to local operation, the measuring device can be configured and measured values 
can be obtained by means of the HART protocol. Digital communication takes place using the 
4–20 mA current output HART �Æ �Ý 49.

The HART protocol allows the transfer of measuring and device data between the HART 
master and the field devices for configuration and diagnostics purposes. 
The HART master, e.g. a handheld terminal or PC-based operating programs (such as 
FieldCare), require device description (DD) files which are used to access all the information 
in a HART device. Information is exclusively transferred using so-called "commands". There 
are three different command classes:

• Universal commands:
All HART device support and use universal commands. 
The following functionalities are linked to them:
– Identify HART devices
– Reading digital measured values (volume flow, totalizer, etc.)

• Common practice commands:
Common practice commands offer functions which are supported and can be executed by 
most but not all field devices.

• Device-specific commands:
These commands allow access to device-specific functions which are not HART standard. 
Such commands access individual field device information, amongst other things, such as 
empty/full pipe calibration values, low flow cutoff settings, etc.

! Note! 
The device has access to all three command classes. A list of all the "Universal commands" 
and "Common practice commands" is provided on �Æ �Ý 61.

5.4.1 Operating options

For the complete operation of the measuring device, including device-specific commands, 
there are DD files available to the user to provide the following operating aids and programs:

Field Xpert HART Communicator

Selecting device functions with a HART Communicator is a process involving a number of 
menu levels and a special HART function matrix.
The HART manual in the carrying case of the HART Communicator contains more detailed 
information on the device.

Operating program "FieldCare"

FieldCare is Endress+Hauser’s FDT-based plant Asset Management Tool and allows the 
configuration and diagnosis of intelligent field devices. By using status information, you also 
have a simple but effective tool for monitoring devices. The Proline flow measuring devices 
are accessed via a service interface or via the service interface FXA193.

Operating program "SIMATIC PDM" (Siemens)

SIMATIC PDM is a standardized, manufacturer-independent tool for the operation, 
configuration, maintenance and diagnosis of intelligent field devices.

Operating program "AMS" (Emerson Process Management)

AMS (Asset Management Solutions): program for operating and configuring devices.
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5.4.2 Current device description files

The following table illustrates the suitable device description file for the operating tool in 
question and then indicates where these can be obtained.

HART protocol:

! Note! 
The "Fieldcheck" tester/simulator is used for testing flowmeters in the field. When used in 
conjunction with the "FieldCare" software package, test results can be imported into a 
database, printed out and used for official certification. Contact your Endress+Hauser 
representative for more information.

5.4.3 Device variables

The following device variables are available using the HART protocol:

At the factory, the process variables are assigned to the following device variables:
• Primary process variable (PV) �o  Volume flow
• Second process variable (SV)  �o  Totalizer
• Third process variable (TV) �o  not assigned
• Fourth process variable (FV) �o  not assigned

5.4.4 Switching HART write protection on/off

The HART write protection can be switched on and off using the HART WRITE PROTECT 
device function �Æ �Ý 121.

Valid for device software: 1.04.XX �o  Function DEVICE SOFTWARE

Device data HART
Manufacturer ID:
Device ID:

11hex (ENDRESS+HAUSER)
56hex

�o  Function MANUFACTURER ID
�o  Function DEVICE ID

HART version data: Device Revision 5/ DD Revision 1

Software release: 01.2012

Operating program: Sources for obtaining device descriptions:

Handheld Field Xpert SFX100 Use update function of handheld terminal

FieldCare / DTM • www.endress.com �o��Download
• CD-ROM (Endress+Hauser order number 56004088)
• DVD (Endress+Hauser order number 70100690)

AMS www.endress.com �o��Download

SIMATIC PDM www.endress.com �o  Download

Tester/simulator: Sources for obtaining device descriptions:

Fieldcheck Update by means of FieldCare with the flow device FXA193/291 DTM in 
the Fieldflash module

Code (decimal) Device variable

0 OFF (not assigned)

1 Volume flow

250 Totalizer
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5.4.5 Universal and common practice HART commands

The following table contains all the universal commands supported by the device.

Command No.
HART command / Access type

Command data
(numeric data in decimal form)

Response data
(numeric data in decimal form)

Universal commands

0 Read unique device identifier
Access type = read

none Device identification delivers information on the device 
and the manufacturer. It cannot be changed.

The response consists of a 12 byte device ID:
– Byte 0: fixed value 254
– Byte 1: Manufacturer ID, 17 = E+H
– Byte 2: Device type ID, 69 = Promag 10
– Byte 3: Number of preambles
– Byte 4: Universal commands rev. no.
– Byte 5: Device-specific commands rev. no. 
– Byte 6: Software revision
– Byte 7: Hardware revision
– Byte 8: Additional device information
– Bytes 9-11: Device identification

1 Read primary process variable
Access type = read

none – Byte 0: HART unit code of the primary process variable
– Bytes 1-4: Primary process variable 

Factory setting: Primary process variable = Volume flow

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

2 Read the primary process 
variable as current in mA and 
percentage of the set 
measuring range
Access type = read

none – Bytes 0-3: actual current of the primary process 
variable in mA

– Bytes 4-7: % value of the set measuring range

Factory setting: Primary process variable = Volume flow

3 Read the primary process 
variable as current in mA and 
four dynamic process variables
Access type = read

none 24 bytes are sent as a response:
– Bytes 0-3: primary process variable current in mA
– Byte 4: HART unit code of the primary process variable
– Bytes 5-8: Primary process variable
– Byte 9: HART unit code of the second process variable
– Bytes 10-13: Second process variable
– Byte 14: HART unit code of the third process variable
– Bytes 15-18: Third process variable
– Byte 19: HART unit code of the fourth process variable
– Bytes 20-23: Fourth process variable

Factory setting:
• Primary process variable = Volume flow
• Second process variable = Totalizer
• Third process variable = OFF (not assigned)
• Fourth process variable = OFF (not assigned)

The assignment of the process variables is fixed and 
cannot be changed.

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

6 Set HART shortform address
Access type = write

Byte 0: desired address (0 to 15)
Factory setting: 0

! Note! 
With an address >0 (multidrop mode), the current 
output of the primary process variable is set to 4 
mA.

Byte 0: active address
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11 Read unique device 
identification using the TAG 
(measuring point designation)
Access type = read

Bytes 0-5: TAG Device identification delivers information on the device 
and the manufacturer. It cannot be changed.

The response consists of a 12 byte device ID if the given 
TAG agrees with the one saved in the device:
– Byte 0: fixed value 254
– Byte 1: Manufacturer ID, 17 = E+H
– Byte 2: Device type ID, 69 = Promag 10
– Byte 3: Number of preambles
– Byte 4: Universal commands rev. no.
– Byte 5: Device-specific commands rev. no. 
– Byte 6: Software revision
– Byte 7: Hardware revision
– Byte 8: Additional device information
– Bytes 9-11: Device identification

12 Read user message
Access type = read

none Bytes 0-24: User message

! Note! 
You can write the user message using Command 17.

13 Read TAG, descriptor and date
Access type = read

none – Bytes 0-5: TAG
– Bytes 6-17: descriptor
– Bytes 18-20: Date

! Note! 
You can write the TAG, descriptor and date using 
Command 18.

14 Read sensor information on 
primary process variable

none – Bytes 0-2: Sensor serial number
– Byte 3: HART unit code of sensor limits and measuring 

range of the primary process variable
– Bytes 4-7: Upper sensor limit
– Bytes 8-11: Lower sensor limit
– Bytes 12-15: Minimum span

! Note! 
• The data relate to the primary process variable 

(= volume flow).
• Manufacturer-specific units are represented using the 

HART unit code "240".

15 Read output information of 
primary process variable
Access type = read

none – Byte 0: Alarm selection ID
– Byte 1: Transfer function ID
– Byte 2: HART unit code for the set measuring range of 

the primary process variable
– Bytes 3-6: upper range, value for 20 mA
– Bytes 7-10: lower range, value for 4 mA
– Bytes 11-14: Damping constant in [s]
– Byte 15: Write protection ID
– Byte 16: OEM dealer ID, 17 = E+H

Factory setting: Primary process variable = Volume flow

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

16 Read the device production 
number
Access type = read

none Bytes 0-2: Production number

17 Write user message
Access = write

Save any 32-character text in the device. Bytes 0-
23: Desired user message

Displays the current user message in the device:
Bytes 0-23: Current user message in the device

18 Write TAG, descriptor and date
Access = write

With this parameter, you can store an 8 character 
TAG, a 16 character descriptor and a date:
– Bytes 0-5: TAG
– Bytes 6-17: descriptor
– Bytes 18-20: Date

Displays the current information in the device:
– Bytes 0-5: TAG
– Bytes 6-17: descriptor
– Bytes 18-20: Date

19 Write the device production 
number
Access = write

Bytes 0-2: Production number Bytes 0-2: Production number

Command No.
HART command / Access type

Command data
(numeric data in decimal form)

Response data
(numeric data in decimal form)
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The following table contains all the common practice commands supported by the 
device:

Command No.
HART command / Access type

Command data
(numeric data in decimal form)

Response data
(numeric data in decimal form)

Common practice commands

34 Write damping value for 
primary process variable
Access = write

Bytes 0-3: Damping value of the primary process 
variable "volume flow" in seconds

Factory setting:
Primary process variable = Current output 
damping

Displays the current damping value in the device:
Bytes 0-3: Damping value in seconds

35 Write measuring range of 
primary process variable
Access = write

Write the desired measuring range:
– Byte 0: HART unit code of the primary process 

variable
– Bytes 1-4: upper range, value for 20 mA
– Bytes 5-8: lower range, value for 4 mA

Factory setting:
Primary process variable = Volume flow

! Note! 
• The start of the measuring range (4 mA) must 

correspond to the zero flow.
• If the HART unit code is not the correct one for 

the process variable, the device will continue 
with the last valid unit.

The currently set measuring range is displayed as a 
response:
– Byte 0: HART unit code for the set measuring range of 

the primary process variable
– Bytes 1-4: upper range, value for 20 mA
– Bytes 5-8: lower range, value for 4 mA

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

38 Device status reset 
(configuration changed)
Access = write

none

! Note! 
It is also possible to execute this HART command 
when write protection is activated (= ON)!

none

40 Simulate input current of 
primary process variable
Access = write

Simulation of the desired output current of the 
primary process variable. An entry value of 0 exits 
the simulation mode: 
Bytes 0-3: Output current in mA

Factory setting:
Primary process variable = Volume flow

! Note! 
You can set the assignment of device variables to 
process variables using Command 51.

The momentary output current of the primary process 
variable is displayed as a response:
Bytes 0-3: Output current in mA

42 Perform master reset
Access = write

none none

44 Write unit of primary process 
variable
Access = write

Set unit of primary process variable. Only units 
which are suitable for the process variable are 
transferred to the device:
Byte 0: HART unit code

Factory setting:
Primary process variable = Volume flow

! Note! 
• If the written HART unit code is not the correct 

one for the process variable, the device will 
continue with the last valid unit.

• If you change the unit of the primary process 
variable, this has a direct impact on the system 
units.

The current unit code of the primary process variable is 
displayed as a response:
Byte 0: HART unit code

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

48 Read additional device status
Access = read

none The device status is displayed in extended form as the 
response:
Coding: see table �Æ �Ý 65.
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50 Read assignment of the device 
variables to the four process 
variables
Access = read

none Display of the current variable assignment of the process 
variables:
– Byte 0: Device variable code to the primary process 

variable
– Byte 1: Device variable code to the second process 

variable
– Byte 2: Device variable code to the third process 

variable
– Byte 3: Device variable code to the fourth process 

variable

Factory setting:
• Primary process variable: Code 1 for volume flow
• Second process variable: Code 250 for totalizer
• Third process variable: Code 0 for OFF (not assigned)
• Fourth process variable: Code 0 for OFF (not assigned)

53 Write device variable unit
Access = write

This command sets the unit of the given device 
variables. Only those units which suit the device 
variable are transferred:
– Byte 0: Device variable code
– Byte 1: HART unit code

Code of the supported device variables:
See information �Æ �Ý 60

! Note! 
• If the written unit is not the correct one for the 

device variable, the device will continue with 
the last valid unit.

• If you change the unit of the device variable, 
this has a direct impact on the system units.

The current unit of the device variables is displayed in 
the device as a response:
– Byte 0: Device variable code
– Byte 1: HART unit code

! Note! 
Manufacturer-specific units are represented using the 
HART unit code "240".

59 Write number of preambles in 
response message
Access = write

This parameter sets the number of preambles 
which are inserted in the response messages:
Byte 0: Number of preambles (4 to 20)

As a response, the current number of the preambles is 
displayed in the response message:
Byte 0: Number of preambles

Command No.
HART command / Access type

Command data
(numeric data in decimal form)

Response data
(numeric data in decimal form)
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5.4.6 Device status and error messages

You can read the extended device status, in this case, current error messages, via Command 
"48". The command delivers information which is partly coded in bits (see table below).

! Note! 
• You can find a detailed explanation of the device status and error messages and their 

elimination on �Æ �Ý 65
• Bits and bytes not listed are not assigned.

Byte Bit Error No. Short error description

0

0 001 Serious device error

1 011 Measuring amplifier has faulty EEPROM

2 012 Error when accessing data of the measuring amplifier EEPROM

3 3 111 Totalizer checksum error

5 0 321 Coil current of the sensor is outside the tolerance.

7 3 351
Current output:
Flow is out of range

8 3 359
Pulse output:
The pulse output frequency is out of range

10 7 401 Measuring tube partially filled or empty

11

2 461
EPD calibration not possible because the fluid's conductivity is either too low or 
too high

4 463
The EPD calibration values for empty pipe and full pipe are identical, and 
therefore incorrect.

12 7 501 Amplifier software version is loaded. Currently no other commands are possible.

14 3 601 Positive zero return active

18
3 691 Simulation of response to error (outputs) active

4 692 Simulation of volume flow active
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6 Commissioning

6.1 Function check
Make sure that all final checks have been completed before you start up your measuring 
point:
• Checklist for "Post-installation check" �Æ �Ý 41
• Checklist for "Post-connection check" �Æ �Ý 54

6.2 Switching on the measuring device
Once the connection checks have been successfully completed, it is time to switch on the 
power supply. The device is now operational. The measuring device performs a number of 
post switch-on self-tests. As this procedure progresses the following sequence of messages 
appears on the local display:

Normal measuring mode commences as soon as start-up completes. 
Various measured-value and/or status variables (HOME position) appear on the display.

! Note! 
If start-up fails, an error message indicating the cause is displayed.

6.3 Brief commissioning guide

PROMAG 10
V 1.XX.XX

Start-up message

HOME position �o  F  �o  O

Configure display

UI language �Æ �Ý 111

Display contrast �Æ �Ý 112

Number of decimal 
places

�Æ �Ý 112

Select engineering units

Volume flow �Æ �Ý 109

Totalizer �Æ �Ý 113

Configure outputs

Current output Pulse/status output

Current range �Æ �Ý 114 Operating mode �Æ �Ý 116

Full scale value �Æ �Ý 115 Pulse value �Æ �Ý 116

Pulse width �Æ �Ý 116

or

Assign status output �Æ �Ý 117

Switch-on point �Æ �Ý 117

Complex applications
The quickest way to find information on configuring additional functions is via the following pages:

Operating matrix �Æ �Ý 108

Index �Æ �Ý 135

For optimum measurement results

Low flow cut off �Æ �Ý 122

Empty pipe detection �Æ �Ý 122
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6.4 Commissioning after installing a new electronics 
board

After startup, the device checks whether a serial number is available. If this is not the case, 
the following setup is started. Installing a new electronics board �Æ �Ý 79.

6.4.1 "Commissioning" setup

! Note! 
• The setup can no longer be called up once a serial number has been entered and stored. If 

a parameter is entered incorrectly during the setup, this must be corrected in the relevant 
function via the function matrix.

• The appropriate information is documented on the nameplate of the sensor and on the 
inside of the housing cover, �Æ �Þ 2 �Æ �Ý 7.

A0005396-EN

Fig. 44: The "Commissioning" setup starts after installation of a new electronics board if no serial number is present.

Esc

E+-

XXX.XXX.XX

HOME-POSITION

Language

Nominal
Diameter

K-Factor

Zero
Point

EPD
Electrode

Serial
Number

Equal?
No

Yes

Setup
complete

HOME

Verif. S#

�(����������



Commissioning Promag 10

68 Endress+Hauser

6.5 Empty-pipe/full-pipe adjustment
Flow cannot be measured correctly unless the measuring tube is completely full. 
This status can be permanently monitored using the Empty Pipe Detection:
EPD = Empty Pipe Detection (with the help of an EPD electrode) 

" Caution! 
More detailed information on empty-pipe and full-pipe adjustment can be found in the 
description of the functions:
• EPD ADJUSTMENT  (carrying out the adjustment) �Æ �Ý 123.
• EPD (switching empty pipe detection on and off) �Æ �Ý 122

! Note! 
• The EPD function is not available unless the sensor is fitted with an EPD electrode.
• The devices are already calibrated at the factory with water (approx. 500 �—S/cm). 

If the fluid conductivity differs from this reference, empty-pipe/full-pipe adjustment has 
to be performed again on site.

• The default setting for EPD when the devices are delivered is OFF; the function has to be 
activated if required.

• The EPD process error can be output by means of the configurable status output.

6.5.1 Performing empty-pipe and full-pipe adjustment (EPD)

1. Select the appropriate function in the function matrix: 
HOME �o  F  �o  R  �o��PROCESS PARAMETER �o  F  �o  R  �o��EPD ADJUSTMENT

2. Empty the piping. The wall of the measuring tube should still be wet with fluid during 
EPD empty pipe adjustment

3. Start empty-pipe adjustment: Select "EMPTY PIPE ADJUST" and press  F  to confirm.

4. After empty-pipe adjustment, fill the piping with fluid.

5. Start full-pipe adjustment: Select "FULL PIPE ADJUST" and press  F  to confirm.

6. Having completed the adjustment, select the setting "OFF" and exit the function by 
pressing F .

7. Now switch on empty pipe detection in the EPD function by selecting the option "ON".

" Caution! 
The adjustment coefficients must be valid before you can activate the EPD function. If 
adjustment is incorrect the following messages might appear on the display:
– FULL = EMPTY

The adjustment values for empty pipe and full pipe are identical. In cases of this 
nature you must repeat empty-pipe or full-pipe adjustment!

– ADJUSTMENT NOT OK
Adjustment is not possible because the fluid’s conductivity is out of range.
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7 Maintenance
No special maintenance work is required.

7.1 Exterior cleaning
When cleaning the exterior of measuring devices, always use cleaning agents that do not 
attack the surface of the housing and the seals.

7.2 Seals
The seals of the Promag H sensor must be replaced periodically, particularly in the case of 
gasket seals (aseptic version). 
The period between changes depends on the frequency of cleaning cycles, the cleaning 
temperature and the fluid temperature.

Replacement seals (accessories)�Æ �Ý 70.
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8 Accessories
Various accessories, which can be ordered separately from Endress+Hauser, are available for 
the transmitter and the sensor. Your Endress+Hauser service organization can provide 
detailed information on the specific order codes on request.

8.1 Device-specific accessories

8.2 Measuring principle-specific accessories

Accessory Description Order code

Proline Promag 10 
transmitter

Transmitter for replacement or storage. Use the order code to 
define the following specifications:

• Approvals
• Degree of protection/version
• Cable for remote version
• Cable entry
• Display/power supply/operation
• Software
• Outputs/inputs

10XXX – 
XXXXX******

Accessory Description Order code

Mounting set for 
Promag 10 
transmitter

Mounting set for aluminum field housing (remote version). 
Suitable for Pipe mounting

DK5WM – B

Wall-mounting kit 
for Promag H

Wall-mounting kit for the Promag H sensor. DK5HM – **

Cable for remote 
version

Coil and signal cables, various lengths. DK5CA – **

Mounting kit for 
Promag D, wafer 
version

• Mounting bolts
• Nuts incl. washers
• Flange seals
• Centering sleeves (if required for the flange)

DKD** – **

Set of seals for 
Promag D

Set of seals consisting of two flange seals. DK5DD – ***

Mounting kit for 
Promag H

• 2 process connections
• Threaded fasteners
• Seals

DKH** – ****

Set of seals for 
Promag H

For regular replacement of the seals of the Promag H sensor. DK5HS – ***

Welding jig for 
Promag H

Weld nipple as process connection:
welding jig for installation in pipe.

DK5HW – ***

Adapter connection 
for Promag A, H

Adapter connections for installing a Promag H instead of a 
Promag 30/33 A or Promag 30/33 H DN 25.

DK5HA – *****

Ground cable for
Promag E/L/P/W

Ground cable for potential equalization. DK5GC – ***

Ground disk for 
Promag E/L/P/W

Ground disk for potential equalization. DK5GD – * * ***

Process display 
RIA45

Multifunctional 1-channel display unit:
• Universal input
• Transmitter power supply
• Limit relay
• Analog output

RIA45 – ******

Process display 
RIA251

Digital display device for looping into the 4 to 20 mA current 
loop.

RIA251 – **
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8.3 Communication-specific accessories

Field display unit 
RIA16

Digital field display device for looping into the 4 to 20 mA current 
loop.

RIA16 – ***

Application Manager 
RMM621

Electronic recording, display, balancing, control, saving and 
event and alarm monitoring of analog and digital input 
signals. Values and conditions determined are output by 
means of analog and digital output signals. Remote 
transmission of alarms, input values and calculated values 
using a PSTN or GSM modem.

RMM621 – **********

Accessory Description Order code

HART Communicator 
Field Xpert SFX 100

Handheld terminal for remote configuration and for obtaining 
measured values via the HART current output (4 to 20 mA). 
Contact your Endress+Hauser representative for more 
information.

SFX100 – *******

Fieldgate FXA320 Gateway for remote interrogation of HART sensors and 
actuators via Web browser:
• 2-channel analog input (4 to 20 mA)
• 4 binary inputs with event counter function and frequency 

measurement
• Communication via modem, Ethernet or GSM
• Visualization via Internet/Int ranet in Web browser and/or 

WAP cellular phone
• Limit value monitoring with alarm by e-mail or SMS
• Synchronized time stamping of all measured values.

FXA320 – *****

Fieldgate FXA520 Gateway for remote interrogation of HART sensors and 
actuators via Web browser:
• Web server for remote monitoring of up to 30 measuring 

points
• Intrinsically safe version [EEx ia]IIC for applications in 

hazardous areas
• Communication via modem, Ethernet or GSM
• Visualization via Internet/Int ranet in Web browser and/or 

WAP cellular phone
• Limit value monitoring with alarm by e-mail or SMS
• Synchronized time stamping of all measured values
• Remote diagnosis and remote configuration of connected 

HART devices

FXA520 – ****

FXA195 The Commubox FXA195 connects intrinsically safe Smart 
transmitters with HART protocol to the USB port of a personal 
computer. This makes the remote operation of the 
transmitters possible with the aid of configuration programs 
(e.g. FieldCare). 
Power is supplied to the Commubox by means of the USB port

FXA195 – *

Accessory Description Order code
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8.4 Service-specific accessories

Accessory Description Order code

Applicator Software for selecting and planning flowmeters. The 
Applicator software can be downloaded from the Internet or 
ordered on CD-ROM for installation on a local PC. 
Contact your Endress+Hauser representative for more 
information.

DXA80 – *

Fieldcheck Tester/simulator for testing flowmeters in the field. When 
used in conjunction with the "FieldCare" software package, test 
results can be imported into a database, printed out and used 
for official certification. 
Contact your Endress+Hauser representative for more 
information.

50098801

FieldCare FieldCare is Endress+Hauser's FDT-based asset management 
tool. It can configure all intelligent field units in your system 
and helps you manage them. By using status information, it is 
also a simple but effective way of checking their status and 
condition.

See the product page on 
the Endress+Hauser 
Web site:
www.endress.com

Memograph M 
graphic display 
recorder

The Memograph M graphic display recorder provides 
information on all the relevant process variables. Measured 
values are recorded correctly, limit values are monitored and 
measuring points analyzed. The data are stored in the 256 
MB internal memory and also on a DSD card or USB stick. 
Memograph M boasts a modular design, intuitive operation 
and a comprehensive security concept. The ReadWin® 2000 
PC software is part of the standard package and is used for 
configuring, visualizing and archiving the data captured. 
The mathematics channels which are optionally available 
enable continuous monitoring of specific power consumption, 
boiler efficiency and other parameters which are important 
for efficient energy management. 

RSG40 – ************

FXA193 Service interface from the device to the PC for operation via 
FieldCare.

FXA193 – *
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9 Troubleshooting

9.1 Troubleshooting instructions
Always start troubleshooting with the checklist below if faults occur after start-up or during 
operation. The routine takes you directly to the cause of the problem and the appropriate 
remedial measures.

Check the display

No display visible and 
no output signals 
present.

1. Check the supply voltage �o terminals 1, 2

2. Check the power line fuse �Æ �Ý 81
85 to 250 V AC: TR5 1 A slow-blow / 250 V
11 to 40 V DC / 20 to 28 V AC: TR5 1.6A slow-blow / 250 V

3. Measuring electronics defective �o order spare parts �Æ �Ý 78

No display visible, but 
output signals are 
present.

1. Check whether the ribbon-cable connector of the display module is correctly 
plugged into the amplifier board �Æ �Ý 79

2. Display module defective �o��order spare parts �Æ �Ý 78

3. Measuring electronics defective �o��order spare parts �Æ �Ý 78

Display texts are in a 
foreign language.

Switch off power supply. Press and hold down both the OS  buttons and switch on 
the measuring device. The display text will appear in English (default) and is 
displayed at maximum contrast.

Measured value 
indicated, but no signal 
at the current or pulse 
output.

Electronics board defective �o  order spare parts �Æ �Ý 78

�o

Error messages on display

Errors which occur during commissioning or measuring operation are displayed immediately. 
Error messages consist of a variety of icons: the meanings of these icons are as follows (example):

– Error type: S = system error, P = process error
– Error message type: $ = fault message, ! = notice message
– EMPTY PIPE = Type of error, e.g. measuring tube is only partly filled or completely empty
– 03:00:05 = duration of error occurrence (in hours, minutes and seconds)
– #401 = error number

" Caution! 
• See the information on �Æ �Ý 58!
• The measuring system interprets simulations and positive zero return as system errors, but displays them as 

notice message only.

Error number:
No. 001 – 399
No. 501 – 699

System error (device error) has occurred �Æ �Ý 74

Error number:
No. 401 - 499

Process error (application error) has occurred �Æ �Ý 76

�o

Other error (without error message)

Some other error has 
occurred.

Diagnosis and rectification �Æ �Ý 76
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9.2 System error messages
Serious system errors are always recognized by the device as "Fault message", and are shown 
as a lightning flash ( $) on the display. Fault messages immediately affect the outputs. 
Simulations and positive zero return, on the other hand, are only classed and displayed as 
notice messages.

" Caution! 
In the event of a serious fault, a flowmeter might have to be returned to the manufacturer 
for repair. Necessary procedures must be carried out before you return the measuring device 
to Endress+Hauser �Æ �Ý 5.
Always enclose a duly completed "Declaration of Contamination" form. You will find a master 
copy of this form at the back of this manual.

! Note! 
• The error types listed in the following correspond to the factory settings.
• Also observe the information on �Æ �Ý 58

Type Error message / No. Cause Remedy
(Replace electronics board �Æ �Ý 79)

S = System error
$ = Fault message (with an effect on the outputs)
! = Notice message (without an effect on the outputs)

No. # 0xx�o�o  Hardware error

S $ CRITICAL FAIL.
# 001

Serious device error Replace electronics board. 

S $ AMP HW EEPROM
# 011

Electronics board:
Defective EEPROM

Replace electronics board. 

S $ AMP SW EEPROM
# 012

Amplifier: Error accessing EEPROM data. The EEPROM data blocks in which an error has 
occurred are displayed in the TROUBLESHOOTING 
function.
Press Enter to acknowledge the errors in question; 
default values are automatically inserted instead of 
the errored parameter values.

! Note! 
The measuring device has to be restarted if an error 
has occurred in a totalizer block (see error No. 111 / 
CHECKSUM TOTAL).

No. # 1xx�o  Software error

S $ GAIN ERROR AMP
# 101

Impermissible gain deviation compared to 
reference.

Replace electronics board. 

S $ CHECKSUM TOTAL.
# 111

Totalizer checksum error 1. Restart the measuring device

2. Replace electronics board if necessary. 

No. # 3xx�o  System limits exceeded

S $ TOL. COIL CURR.
# 321

Sensor:
Coil current is out of tolerance.

# Warning! 
Switch off power supply before manipulating the coil 
current cable, coil current cable connector or 
measuring electronics boards!

Remote version:

1. Check wiring of terminals 41/42 �Æ �Ý 42

2. Check coil current cable connector.

Compact and remote version:
Replace measuring electronics boards if necessary 

S ! CURRENT RANGE
# 351

Current output:
flow is out of range.

– Change the upper or lower limit setting, as 
applicable.

– Increase or reduce flow, as applicable.
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S ! RANGE PULSE
# 359

Pulse output:
the pulse output frequency is out of range.

1. Increase the setting for pulse weighting

2. When selecting the pulse width, choose a value 
that can still be processed by a connected counter 
(e.g. mechanical counter, PLC etc.).
Determine the pulse width:
– Variant 1: Enter the minimum duration that a 

pulse must be present at the connected counter 
to ensure its registration.

– Variant 2: Enter the maximum (pulse) 
frequency as the half "reciprocal value" that a 
pulse must be present at the connected counter 
to ensure its registration.

Example:
The maximum input frequency of the connected 
counter is 10 Hz. The pulse width to be entered is: 
1 / (2 � ̃10 Hz) = 50 ms

3. Reduce flow.

No. # 5xx�o�o  Application error

S
!

SW.-UPDATE ACT.
# 501

Electronics board:
New software version being loaded, no other 
commands are possible at present.

Wait until process is completed and restart device.

S
!

UP-/DOWNL. ACT.
# 502

Data are being uploaded or downloaded via 
FieldCare.

! Note! 
Measuring device configuration is locked during 
the upload/download.

Wait until uploading/downloading process is finished.

No. # 6xx�o  Simulation mode active

S
!

POS. ZERO-RET.
# 601

Positive zero return active Switch off positive zero return.

S
$

SIM. FAILSAFE
# 691

Simulation of response to error (outputs) active. Switch off simulation.

S
!

SIM. VOL. FLOW
# 692

Simulation of volume flow active. Switch off simulation.

Type Error message / No. Cause Remedy
(Replace electronics board �Æ �Ý 79)
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9.3 Process error messages
Process errors are permanently defined as fault messages or notice messages.

9.4 Process errors without messages

Type Error message / No. Cause Remedy / spare part

P = Process error
$ = Fault message (with an effect on the outputs)
! = Notice message (without an effect on the outputs)

P ! EMPTY PIPE
# 401

Measuring tube partially filled or empty 1. Check the process conditions of the plant

2. Fill the measuring tube

P ! ADJ. NOT OK
# 461

EPD calibration not possible because the fluid's 
conductivity is either too low or too high.

The EPD function cannot be used with fluids of this 
nature.

P $ FULL = EMPTY
# 463

The EPD calibration values for empty pipe and full 
pipe are identical, therefore incorrect.

Repeat calibration, making sure procedure is 
correct �Æ �Ý 68.

Symptoms Rectification

Remark: You may have to change or correct certain settings in functions in the function matrix in order to rectify the fault.

Flow values are negative, even 
though the fluid is flowing 
forwards through the pipe.

1. Remote version:
– Switch off the power supply and check the wiring �Æ �Ý 42
– If necessary, reverse the connections at terminals 41 and 42

2. Change the setting in the "INSTALLATION DIRECTION SENSOR" function accordingly

Measured-value reading 
fluctuates even though flow is 
steady.

1. Check grounding and potential equalization �Æ �Ý 50

2. Check the fluid for presence of gas bubbles.

3. In the "SYSTEM DAMPING" function �o  increase the value

Measured-value reading shown 
on display, even though the fluid 
is at a standstill and the 
measuring tube is full.

1. Check grounding and potential equalization �Æ �Ý 50

2. Check the fluid for presence of gas bubbles.

3. Activate the "LOW FLOW CUTOFF" function, i.e. enter or increase the value for the switching point.

Measured-value reading on 
display, even though measuring 
tube is empty.

1. Perform empty-pipe/full-pipe adjustment and then switch on Empty Pipe detection �Æ �Ý 68

2. Remote version: Check the terminals of the EPD cable �Æ �Ý 42

3. Fill the measuring tube.

The current output signal is 
always 4 mA, irrespective of the 
flow signal at any given time.

1. Select the "BUS ADDRESS" function and change the setting to "0".

2. Value for creepage too high. Reduce the value in the "LOW FLOW CUTOFF" function.

The fault cannot be rectified or 
some other fault not described 
above has arisen.

In these instances, please contact 
your Endress+Hauser service 
organization.

The following options are available for tackling problems of this nature:

Request the services of an Endress+Hauser service technician
If you contact our service organization to have a service technician sent out, please be ready to quote the following 
information:
– Brief description of the fault
– Nameplate specifications (�Æ �Ý 6): order code, serial number

Returning devices to Endress+Hauser
The necessary procedures on �Æ �Ý 5 must be carried out before you return a flowmeter requiring repair or 
calibration to Endress+Hauser.
Always enclose a duly completed "Declaration of Conformity" form with the flowmeter. You will find a master copy of 
this form at the back of this manual.

Replace transmitter electronics
Components in the measuring electronics defective �o��order spare parts �Æ �Ý 78
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9.5 Response of outputs to errors

! Note! 
The response of the totalizer, current output, pulse output and status output is defined in the 
FAILSAFE MODE function (�Æ �Ý 129).

You can use positive zero return to set the signals of the current, pulse and status outputs to 
their fallback value, for example when measuring has to be interrupted while a pipe is being 
cleaned. This function takes priority over all other device functions: simulations, for 
example, are suppressed.

Failsafe mode of outputs and totalizers

Process/system error is current Positive zero return is activated

" Caution! 
System or process errors defined as "Notice messages" have no effect whatsoever on the inputs and outputs. See 
the information on �Æ �Ý 58

Current output MINIMUM VALUE
4–20 mA (25 mA) �o  2 mA
4–20 mA NAMUR �o 3.5 mA
4–20 mA US �o  3.75 mA
4–20 mA (25 mA) HART �o  2 mA
4–20 mA HART NAMUR �o 3.5 mA
4–20 mA HART US �o  3.75 mA

MAXIMUM VALUE
4–20 mA (25 mA) �o  25 mA
4–20 mA NAMUR �o��22.6 mA
4–20 mA US �o  22.6 mA
4–20 mA (25 mA) HART �o  25 mA
4–20 mA HART NAMUR �o��22.6 mA
4–20 mA HART US �o  22.6 mA

HOLD VALUE
Last valid value (preceding occurrence of the fault) is 
output.

ACTUAL VALUE
Measured value display on the basis of the current 
flow measurement. The fault is ignored.

Output signal corresponds to "zero 
flow"

Pulse output MIN/MAX VALUE �o  FALLBACK VALUE
Signal output  �o  no pulses

HOLD VALUE
Last valid value (preceding occurrence of the fault) is 
output.

ACTUAL VALUE
Fault is ignored, i.e. normal measured-value output on 
the basis of ongoing flow measurement.

Output signal corresponds to "zero 
flow"

Totalizer MINIMUM/MAXIMUM VALUE �o  STOP
The totalizers are paused until the error is rectified.

ACTUAL VALUE
The fault is ignored. The totalizer continues to count 
in accordance with the current flow value.

Totalizer stops

Status output In the event of a fault or power supply failure: 
Status output �o  non-conductive

No effect on status output
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9.6 Spare parts
Detailed troubleshooting instructions are provided in the previous sections �Æ �Ý 73
The measuring device, moreover, provides additional support in the form of continuous self-
diagnosis and error messages.

Fault rectification can entail replacing defective components with tested spare parts. The 
illustration below shows the available scope of spare parts.

! Note! 
You can order spare parts directly from your Endress+Hauser service organization by 
providing the serial number printed on the transmitter's nameplate �Æ �Ý 6.

Spare parts are shipped as sets comprising the following parts:
• Spare part
• Additional parts, small items (threaded fasteners, etc.)
• Mounting instructions
• Packaging

a0005386

Fig. 45: Spare parts for Promag 10 transmitter

1 Electronics board
2 Display module

Esc

2

1
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9.6.1 Removing and installing printed circuit boards

Field housing: removing and installing electronics boards �Æ �Þ 46

# Warning! 
• Risk of electric shock! 

Exposed components carry dangerous voltages. Make sure that the power supply is 
switched off before you remove the cover of the electronics compartment.

• Risk of damaging electronic components (ESD protection). Static electricity can damage 
electronic components or impair their operability. Use a workplace with a grounded 
working surface purpose-built for electrostatically sensitive devices!

• If you cannot guarantee that the dielectric strength of the device is maintained in the 
following steps, then an appropriate inspection must be carried out in accordance with the 
manufacturer’s specifications.

" Caution! 
Use only original Endress+Hauser parts.

! Note! 
Commissioning a new electronics board: �Æ �Ý 67

1. Switch off power supply.

2. Unscrew cover of the electronics compartment from the transmitter housing.

3. Remove the local display (a) from the connection compartment cover.

4. Press the side latches (b) and flip down the cover of the connection compartment.

5. Disconnect the connector of the electrode signal cable (c) and the coil current cable (d).

6. Disconnect the connector for the power supply (e) and the outputs (f).

7. Disconnect the connector of the local display (g).

8. Remove the cover from the connection compartment (h) by loosening the screws.

9. Plug out the ground cable (i) of the electronics board.

10. Pull entire module (plastic retainer and electronics board) out of the housing.

11. Press the side latches (j) slightly outwards and partly push out the electronics board 
towards the rear from the front.

12. Remove the electronics board from the plastic retainer from the rear.

13. Installation is the reverse of the removal procedure.
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a0005388

Fig. 46: Field housing: removing and installing printed circuit boards

a Local display
b Latches
c Connector of the electrode signal cable
d Connector of the coil current cable
e Connector for the power supply
f Connector for current output and pulse/status output
g Connector of local display
h Screws of electronics compartment cover
i Connector of the ground cable
j Latches for the electronics board

Esc

1
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2
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d
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f
g

h

j

3

i
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9.6.2 Replacing the device fuse

# Warning! 
Risk of electric shock! 
Exposed components carry dangerous voltages. Make sure that the power supply is switched 
off before you remove the cover of the electronics compartment.

The main fuse is located on the electronics board (�Æ �Þ 47). 
The procedure for replacing the fuse is as follows:

1. Switch off power supply.

2. Unscrew cover of the electronics compartment from the transmitter housing.

3. Press the side latches and flip down the cover of the connection compartment.

4. Remove the connector for the power supply (a).

5. Replace device fuse (b). Only use the following fuse type.
Use only fuses of the following type:
– Power supply 11 to 40 V DC / 20 to 28 V AC �o  1.6 A slow-blow / 250 V TR5
– Power supply 85 to 250 V DC �o  1 A slow-blow / 250 V TR5

6. Installation is the reverse of the removal procedure.

" Caution! 
Use only original Endress+Hauser parts.

A0005389

Fig. 47: Replacing the device fuse on the electronics board

a Connector for power supply
b Device fuse

b

a
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9.7 Return

" Caution! 
Do not return a measuring device if you are not absolutely certain that all traces of hazardous 
substances have been removed, e.g. substances which have penetrated crevices or diffused 
through plastic.
Costs incurred for waste disposal and injury (burns, etc.) due to inadequate cleaning will be 
charged to the owner-operator.

The following steps must be taken before returning a flow measuring device to 
Endress+Hauser, e.g. for repair or calibration:
• Always enclose a duly completed "Declaration of contamination" form. Only then can 

Endress+Hauser transport, examine and repair a returned device.
• Enclose special handling instructions if necessary, for example a safety data sheet as per 

EC REACH Regulation No. 1907/2006.
• Remove all residues. Pay special attention to the grooves for seals and crevices which could 

contain residues. This is particularly important if the substance is hazardous to health, e.g. 
flammable, toxic, caustic, carcinogenic, etc.

! Note! 
You will find a preprinted "Declaration of contamination" form at the back of these Operating 
Instructions. 

9.8 Disposal
Observe the regulations applicable in your country!

9.9 Software history

! Note! 
Uploads or downloads between the individual software versions are only possible with a 
special service software.

Date Software version Changes to software Operating Instructions

01.2012 V 1.04.00 Introduction of new nominal diameters; faster 
coil current control; calf-values to 2.5

71249469/15.14

11.2009 V 1.03.00 Introduction of Calf history 71106179/12.09
71105338/11.09

06.2009 V 1.02.00 Introduction of Promag L 71095705/06.09

03.2009 V 1.02.00 Introduction of Promag D; introduction of new 
nominal diameter.

71088674/03.09

10.2004 V 1.02.00 Software modification/extension
Function: SELF CHECKING

50104787/05.05

09.2004 V 1.01.01 Software modification; extension of nominal 
diameter range

50104787/04.03

06.2004 V 1.01.00 Software extension; preparation for uploading/
downloading via ToF Tool - Fieldtool Package

50104787/04.03

08.2003 V 1.00.02 Production-related software modification 50104787/04.03

01.2003 V 1.00.00 Original software.
Compatible with: 
ToF Tool - Fieldtool Package, 
HART Communicator DXR 275 
(from OS 4.6) with Rev. 1, DD 1.

50104787/04.03
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10 Technical data

10.1 Technical data at a glance

10.1.1 Application

�Æ �Ý 4

10.1.2 Function and system design

Measuring principle

Electromagnetic flow measurement on the basis of Faraday’s Law.

Measuring system

�Æ �Ý 6

10.1.3 Input

Measured variable

Flow velocity (proportional to induced voltage)

Measuring range

Typically v = 0.01 to 10 m/s (0.033 to 33 ft/s) with the specified accuracy

Operable flow range

Over 1000 : 1

10.1.4 Output

Output signal

Current output

• Galvanically isolated
• Active: 4 to 20 mA, RL <700 �:  (for HART: RL �t250 �: )
• Full scale value adjustable
• Temperature coefficient: typ. 2 �—A/°C, resolution: 1.5 �—A

Pulse/status output:

• Galvanically isolated
• Passive: 30 V DC / 250 mA
• Open collector
• Can be configured as:

– Pulse output
Pulse value and pulse polarity can be selected, max. pulse width adjustable (5 to 2000 
ms), pulse frequency max. 100 Hz

– Status output
For example, can be configured for error messages, empty pipe detection, flow 
recognition, limit value

�(����������
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Signal on alarm

Current output

Failsafe mode can be selected (e.g. in accordance with NAMUR Recommendation NE 43) �Æ 
�Ý 129

Pulse output

Failsafe mode can be selected �Æ �Ý 129

Status output

"Not conductive" in the event of fault or power supply failure

Load

See "Output signal"

Low flow cut off

Low flow cut off, switch-on point can be selected as required

Galvanic isolation

All circuits for inputs, outputs, and power supply are galvanically isolated from each other.

10.1.5 Power supply

Electrical connections

�Æ �Ý 42

Supply voltage (power supply)

• 20 to 28 V AC, 45 to 65 Hz
• 85 to 250 V AC, 45 to 65 Hz
• 11 to 40 V DC

Cable entry

Power supply and signal cables (inputs/outputs):

• Cable entry M20 × 1.5 (8 to 12 mm/0.31 to 0.47 inch)
• Threads for cable entries ½" NPT, G ½"

Connecting cable for remote version:

• Cable entry M20 × 1.5 (8 to 12 mm/0.31 to 0.47 inch)
• Threads for cable entries ½" NPT, G ½"

Cable specifications

�Æ �Ý 47
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Power consumption

Power consumption

• 20 to 28 V AC: <8 VA (incl. sensor)
• 85 to 250 V AC: <12 VA (incl. sensor)
• 11 to 40 V DC: <6 W (incl. sensor)

Switch-on current:

• Max. 3.3 A (<5 ms) for 24 V DC
• Max. 5.5 A (<5 ms) for 28 V DC
• Max. 16 A (<5 ms) for 250 V DC

Power supply failure

Lasting min. ½ cycle frequency: EEPROM saves measuring system data

Potential equalization

�Æ �Ý 50

10.1.6 Performance characteristics

Reference operating conditions

To DIN EN 29104 and VDI/VDE 2641:

• Fluid temperature: +28 ± 2 °C (+82 ± 4 °F)
• Ambient temperature: +22 ± 2 °C (+72 ± 4 °F)
• Warm-up period: 30 minutes

Installation:

• Inlet run >10 × DN
• Outlet run > 5 × DN
• Sensor and transmitter grounded.
• The sensor is centered in the pipe.

Maximum measured error

• Current output: plus typically ± 5 �—A
• Pulse output: ± 0.5% o.r. ± 2 mm/s (o.r. = of reading)

Fluctuations in the supply voltage do not have any effect within the specified range.

A0003200

Fig. 48: Max. measured error in % of reading
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Repeatability

Max. ± 0.2% o.r. ± 2 mm/s (o.r. = of reading)

10.1.7 Installation

Installation instructions

Any orientation (vertical, horizontal), restrictions and additional installation instructions �Æ 
�Ý 11

Inlet and outlet runs

If possible, install the sensor upstream from fittings such as valves, T-pieces, elbows, etc. The 
following inlet and outlet runs must be observed in order to meet accuracy specifications (�Æ 
�Ý 14, �Æ �Þ 12):
• Inlet run: �t 5 × DN
• Outlet run: �t 2 × DN

Adapters

�Æ �Ý 15

Length of connecting cable

• The permitted length of connecting cable Lmax is determined by the fluid conductivity (�Æ 
�Ý 18, �Æ �Þ 16). A minimum conductivity of 50 �—S/cm is needed for all fluids.

• The maximum connecting cable length is 10 m (32.81 ft) when empty pipe detection 
(EPD�Æ �Ý 68) is switched on.

10.1.8 Environment

Ambient temperature range

• Transmitter: –20 to +60 °C (–4 to +140 °F)

! Note! 
At ambient temperatures below –20 (–4 °F) the readability of the display may be impaired.

• Sensor (flange material carbon steel): –10 to +60 °C (+14 to +140 °F)

" Caution! 
• The permitted temperature range of the measuring tube lining may not be undershot or 

overshot (�o "Operating conditions: Process" �o��"Medium temperature range"). 
• Install the device in a shady location. Avoid direct sunlight, particularly in warm climatic 

regions.
• The transmitter must be mounted separate from the sensor if both the ambient and fluid 

temperatures are high.

Storage temperature

The storage temperature corresponds to the operating temperature range of the measuring 
transmitter and the appropriate measuring sensors.

" Caution! 
• The measuring device must be protected against direct sunlight during storage in order to 

avoid unacceptably high surface temperatures.
• A storage location must be selected where moisture does not collect in the measuring 

device. This will help prevent fungus and bacteria infestation which can damage the liner.

Degree of protection

Standard: IP 67 (NEMA 4X) for transmitter and sensor
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Shock and vibration resistance

Acceleration up to 2 g following IEC 600 68-2-6

CIP cleaning

" Caution! 
The maximum fluid temperature permitted for the device may not be exceeded.

CIP cleaning is possible:
Promag E (100 °C / 212 °F), Promag H/P

CIP cleaning is not possible:
Promag D/L/W 

SIP cleaning

" Caution! 
The maximum fluid temperature permitted for the device may not be exceeded.

SIP cleaning is possible:
Promag H

SIP cleaning is not possible:
Promag D/E/L/P/W

Electromagnetic compatibility (EMC)

• As per IEC/EN 61326 and NAMUR Recommendation NE 21
• Emission: to limit value for industry EN 55011

10.1.9 Process

Medium temperature range

The permissible temperature depends on the lining of the measuring tube

Promag D

0 to +60 °C (+32 to +140 °F) for polyamide

Promag E

–10 to +110 °C (+14 to +230 °F) for PTFE, 
Restrictions  �o see the following diagram
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A0022937

Fig. 49: Compact and remote version Promag E (TA = ambient temperature; TF = fluid temperature)

Promag H

Sensor:
• DN 2 to 25 (1/12 to 1"): –20 to +150 °C (–4 to +302 °F)
• DN 40 to 100 (1 ½ to 4"): –20 to +150 °C (–4 to +302 °F)

Seals:
• EPDM/Viton (FKM)/Kalrez: –20 to +150 °C (–4 to +302 °F)

Promag L

• 0 to +80 °C (+32 to +176 °F) for hard rubber (DN 350 to 2400 / 14 to 90")
• –20 to +50 °C (–4 to +122 °F) for polyurethane (DN 25 to 1200 / 1 to 48")
• –20 to +90 °C (–4 to +194 °F) for PTFE (DN 25 to 300 / 1 to 12")

Promag P

–40 to +130 °C (–40 to +266 °F) for PTFE (DN 25 to 600 / 1 to 24"), 
Restrictions  �o see the following diagram

a0003449

Fig. 50: Compact version Promag P with PTFE-lining

TA = ambient temperature; TF = fluid temperature
� = light gray area �o��temperature range from –10…–40 °C (–14…–40 °F) valid for stainless steel version only

0

0

0

0

-20-40

-40

20

20

40100

60140

[°F]    [°C]TA

40 60 80
TF

100

100

120 140 160

200 300

180    [°C]

360   [°F]

-20

-40-40

P
T

F
E

m

0

0

0

0

-20-40

-40

20

20

40100

60140

[°F] [°C]TA

40 60 80
TF

100

100

120 140 160

200 300

180 [°C]

360 [°F]

-20

-40-40

EscEsc

E- +

P
T

F
E

�(����������



Promag 10 Technical data

Endress+Hauser 89

Promag W

• 0 to +80 °C (+32 to +176 °F) for hard rubber (DN 65 to 2000 / 2 ½ to 78")
• –20 to +50 °C (–4 to +122 °F) for polyurethane (DN 25 to 1000 / 1 to 48")

Conductivity

The minimum conductivity is �t 50 �—S/cm

! Note! 
Note that in the case of the remote version, the requisite minimum conductivity is also 
influenced by the length of the connecting cable �Æ �Ý 18

Medium pressure range (nominal pressure)

Promag D

• EN 1092-1 (DIN 2501)
– PN 16

• ASME B 16.5
– Class 150

• JIS B2220
– 10 K

Promag E

• EN 1092-1 (DIN 2501)
– PN 10 (DN 200 to 600 / 8 to 24")
– PN 16 (DN 65 to 600 / 3 to 24")
– PN 40 (DN 15 to 150 / ½ to 2")

• ASME B 16.5
– Class 150 (½ to 24")

• JIS B2220
– 10 K (DN 50 to 300 / 2 to 12")
– 20 K (DN 15 to 40 / ½ to 1½")

Promag H

The permissible nominal pressure depends on the process connection and the seal:
• PN 40, Class 150, 20 K �o  Couplings, flanges (with O-ring seal)
• PN 16 �o  Welding nipple, couplings, clamp, flange (with aseptic gasket seal)

Promag L

• EN 1092-1 (DIN 2501)
– PN 6 (DN 350 to 2400 / 14 to 90")
– PN 10 (DN 200 to 2400 / 8 to 90")
– PN 16 (DN 25 to 300 / 1 to 12")

• EN 1092-1, lap joint flange, stampel plate
– PN 10 (DN 25 to 300 / 1 to 12")

• ASME B16.5
– Class 150 (1 to 24")

• AWWA
– Class D (28 to 90")

• AS2129
– Table E (350 to 1200 / 14 to 48")

• AS4087
– PN 16 (350 to 1200 / 14 to 48")

�(����������
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Promag P

• EN 1092-1 (DIN 2501)
– PN 10 (DN 200 to 600 / 8 to 24")
– PN 16 (DN 65 to 600 / 3 to 24")
– PN 25 (DN 200 to 600 / 8 to 24")
– PN 40 (DN 25 to 150 / 1 to 6")

• ASME B 16.5
– Class 150 (1 to 24")
– Class 300 (1 to 6")

• JIS B2220
– 10 K (DN 50 to 300 / 2 to 12")
– 20 K (DN 25 to 300 / 1 to 12")

• AS 2129
– Table E (DN 25 / 1"), 50 / 2")

• AS 4087
– PN 16 (DN 50 / 2")

Promag W

• EN 1092-1 (DIN 2501)
– PN 6 (DN 350 to 2000 / 14 to 84")
– PN 10 (DN 200 to 2000 / 8 to 84")
– PN 16 (DN 65 to 2000 / 3 to 84")
– PN 25 (DN 200 to 1000 / 8 to 40")
– PN 40 (DN 25 to 150 / 1 to 6")

• ASME B 16.5
– Class 150 (1 to 24")
– Class 300 (1 to 6")

• AWWA
– Class D (28 to 78")

• JIS B2220
– 10 K (DN 50 to 300 / 2 to 12")
– 20 K (DN 25 to 300 / 1 to 12")

• AS 2129
– Table E (DN 80 / 3", 100 / 4", 150 to 1200 / 6 to 48")

• AS 4087
– PN 16 (DN 80 / 3", 100 / 4", 150 to 1200 / 6 to 48")

Pressure tightness

Promag D

Measuring tube: 0 mbar abs (0 psi abs) with a fluid temperature of �d60 °C (140 °F)

Promag E (Measuring tube lining: PTFE)

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 80 °C 100 °C 110 °C

77 °F 176 °F 212 °F 230 °F

 [mbar] [psi]  [mbar] [psi]  [mbar] [psi]

15 ½" 0 0 0 0 0 0 100 1.45

25 1" 0 0 0 0 0 0 100 1.45

32 – 0 0 0 0 0 0 100 1.45

40 1 ½" 0 0 0 0 0 0 100 1.45

50 2" 0 0 0 0 0 0 100 1.45

65 – 0 0 * * 40 0.58 130 1.89
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Promag H (Measuring tube lining: PFA)

Promag L (Measuring tube lining: Polyurethane, Hard rubber)

Promag L (Measuring tube lining: PTFE)

80 3" 0 0 * * 40 0.58 130 1.89

100 4" 0 0 * * 135 1.96 170 2.47

125 – 135 1.96 * * 240 3.48 385 5.58

150 6" 135 1.96 * * 240 3.48 385 5.58

200 8" 200 2.90 * * 290 4.21 410 5.95

250 10" 330 4.79 * * 400 5.80 530 7.69

300 12" 400 5.80 * * 500 7.25 630 9.14

350 14" 470 6.82 * * 600 8.70 730 10.59

400 16" 540 7.83 * * 670 9.72 800 11.60

450 18" Partial vacuum is impermissible!

500 20"

600 24"

* No value can be quoted.

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 80 °C 100 °C 130 °C 150 °C 180 °C

77 °F 176 °F 212 °F 266 °F 302 °F 356 °F

2 to 100 1/12 to 4" 0 0 0 0 0 0

Nominal diameter Measuring 
tube lining

Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid 
temperatures

[mm] [inch]

25 °C 50 °C 80 °C

77 °F 122 °F 176 °F

25 to 1200 1 to 48" 25 to 1200 1 to 48" 0 –

350 to 2400 14 to 90" Hard rubber 0 0 0

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 90 °C

77 °F 194 °F

 [mbar] [psi]  [mbar] [psi]

25 1" 0 0 0 0

32 – 0 0 0 0

40 1 ½" 0 0 0 0

50 2" 0 0 0 0

65 – 0 0 40 0.58

80 3" 0 0 40 0.58

100 4" 0 0 135 1.96

125 – 135 1.96 240 3.48

150 6" 135 1.96 240 3.48

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 80 °C 100 °C 110 °C

77 °F 176 °F 212 °F 230 °F

 [mbar] [psi]  [mbar] [psi]  [mbar] [psi]
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Promag P (Measuring tube lining: PTFE)

Promag W

Limiting flow

�Æ �Ý 16

Pressure loss

• No pressure loss if the sensor is installed in a pipe with the same nominal diameter.
• Pressure losses for configurations incorporating adapters according to DIN EN 545 

(see "Adapters" �Æ �Ý 15)

200 8" 200 2.90 290 4.21

250 10" 330 4.79 400 5.80

300 12" 400 5.80 500 7.25

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 80 °C 100 °C 130 °C 150 °C 180 °C

77 °F 176 °F 212 °F 266 °F 302 °F 356 °F

 [mbar] [psi]  [mbar] [psi]  [mbar] [psi]

25 1" 0 0 0 0 0 0 100 1.45 – –

32 – 0 0 0 0 0 0 100 1.45 – –

40 1 ½" 0 0 0 0 0 0 100 1.45 – –

50 2" 0 0 0 0 0 0 100 1.45 – –

65 – 0 0 * * 40 0.58 130 1.89 – –

80 3" 0 0 * * 40 0.58 130 1.89 – –

100 4" 0 0 * * 135 1.96 170 2.47 – –

125 – 135 1.96 * * 240 3.48 385 5.58 – –

150 6" 135 1.96 * * 240 3.48 385 5.58 – –

200 8" 200 2.90 * * 290 4.21 410 5.95 – –

250 10" 330 4.79 * * 400 5.80 530 7.69 – –

300 12" 400 5.80 * * 500 7.25 630 9.14 – –

350 14" 470 6.82 * * 600 8.70 730 10.59 – –

400 16" 540 7.83 * * 670 9.72 800 11.60 – –

450 18" Partial vacuum is impermissible!

500 20"

600 24"

* No value can be quoted.

Nominal diameter Measuring tube 
lining

Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid 
temperatures

[mm] [inch]

25 °C 50 °C 80 °C 100 °C 130 °C 150 °C 180 °C

77 °F 122 °F 176 °F 212 °F 266 °F 302 °F 356 °F

25 to 1200 1 to 40" Polyurethane 0 0 – – – – –

50 to 2000 2 to 78" Hard rubber 0 0 0 – – – –

Nominal diameter Resistance of measuring tube lining to partial vacuum
Limit values for abs. pressure [mbar] ([psi]) at various fluid temperatures

[mm] [inch]

25 °C 90 °C

77 °F 194 °F

 [mbar] [psi]  [mbar] [psi]
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10.1.10 Mechanical construction

Design, dimensions

The dimensions and installation lengths of the sensor and transmitter can be found in the 
"Technical Information" for the device in question. This document can be downloaded as a 
PDF file from www.endress.com. A list of the "Technical Information" documents available is 
provided in the "Documentation" section on �Æ �Ý 107.

Weight (SI units)

Promag D

Promag E

Weight data in kg

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] Sensor Transmitter

25 1" 2.9 2.5 3.1

40 1 ½" 3.5 3.1 3.1

50 2" 4.3 3.9 3.1

65 2 ½" 5.1 4.7 3.1

80 3" 6.1 5.7 3.1

100 4" 8.8 8.4 3.1

Transmitter Promag (compact version): 1.8 kg (Weight data valid without packaging material)

Weight data in kg

Nominal 
diameter

Compact version

EN (DIN) ASME JIS

[mm] [inch] PN 6 PN 10 PN 16 PN 40 Class 150 10K

15 ½" – – – 6.5 6.5 6.5

25 1" – – – 7.3 7.3 7.3

32 – – – – 8.0 – 7.3

40 1½" – – – 9.4 9.4 8.3

50 2" – – – 10.6 10.6 9.3

65 – – – 12.0 – – 11.1

80 3" – – 14.0 – 14.0 12.5

100 4" – – 16.0 – 16.0 14.7

125 – – – 21.5 – – 21.0

150 6" – – 25.5 – 25.5 24.5

200 8" – 45.0 46.0 – 45.0 41.9

250 10" – 65.0 70.0 – 75.0 69.4

300 12" – 70.0 81.0 – 110.0 72.3

350 14" 77.4 88.4 99.4 – 137.4 –

400 16" 89.4 104.4 120.4 – 168.4 –

450 18" 99.4 112.4 133.4 – 191.4 –

500 20" 114.4 132.4 182.4 – 228.4 –

600 24" 155.4 162.4 260.4 – 302.4 –

• Transmitter (compact version): 1.8 kg
• Weight data without packaging material
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Promag H

Weight data in kg

Nominal 
diameter

Remote version (without cable)

Sensor Transmitter

EN (DIN) ASME JIS

[mm] [inch] PN 6 PN 10 PN 16 PN 40 Class 150 10K Wall-mount housing

15 ½" – – – 4.5 4.5 4.5

6.0

25 1" – – – 5.3 5.3 5.3

32 – – – – 6.0 – 5.3

40 1½" – – – 7.4 7.4 6.3

50 2" – – – 8.6 8.6 7.3

65 – – – 10.0 – – 9.1

80 3" – – 12.0 – 12.0 10.5

100 4" – – 14.0 – 14.0 12.7

125 – – – 19.5 – – 19.0

150 6" – – 23.5 – 23.5 22.5

200 8" – 43.0 44.0 – 43.0 39.9

250 10" – 63.0 68.0 – 73.0 67.4

300 12" – 68.0 79.0 – 108.0 70.3

350 14" 73.1 84.1 95.1 – 133.1

400 16" 85.1 100.1 116.1 – 164.1

450 18" 95.1 108.1 129.1 – 187.1

500 20" 110.1 128.1 178.1 – 224.1

600 24" 158.1 158.1 256.1 – 298.1

• Transmitter (remote version): 3.1 kg
• Weight data without packaging material

Weight data in kg

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] DIN Sensor Transmitter

2 1/12" 3.6 2 3.1

4 1/8" 3.6 2 3.1

8 3/8" 3.6 2 3.1

15 ½" 3.7 1.9 3.1

25 1" 3.9 2.8 3.1

40 1 ½" 4.9 4.5 3.1

50 2" 7.4 7.0 3.1

65 2 ½" 7.9 7.5 3.1

80 3" 17.4 17.0 3.1

100 4" 16.9 16.5 3.1

Transmitter Promag (compact version): 1.8
(Weight data valid for standard pressure ratings and without packaging material)
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Promag L

Weight data in kg

Nominal 
diameter

Compact version (including transmitter) 1)

1) Lap joint flanges / welded flanges DN > 300 (12")

[mm] [inch] EN (DIN) ASME/
AWWA

AS

25 1"

P
N

 6

–

P
N

 1
0

–

P
N

 1
6

7.3

A
S

M
E

 / 
C

la
ss

 1
50

7.9

P
N

 1
6

–

T
ab

el
le

 E

–

32 1 ¼" – – 8.0 – – –

40 1 ½" – – 9.0 7.5 – –

50 2" – – 9.4 7.6 – –

65 2 ½" – – 10.4 – – –

80 3" – – 12.4 12.8 – –

100 4" – – 14.4 16.1 – –

125 5" – – 15.9 – – –

150 6" – – 23.9 24.4 – –

200 8" – 43.4 44.9 49.6 – –

250 10" – 63.4 70.7 75.1 – –

300 12" – 68.4 85.8 100 – –

350 14" 77.4 88.4 103 137 99.4 99.4

375 15" – – – – 105 –

400 16" 89.4 104 124 168 120 120

450 18" 99.4 112 139 191 133 143

500 20" 114 132 174 228 182 182

600 24" 155 162 303 302 260 260

700 28" 190 240 288

A
W

W
A

 / 
C

la
ss

 D

266 367 346

750 30" – – – 318 445 433

800 32" 240 315 364 383 503 493

900 36" 308 393 456 470 702 690

1000 40" 359 468 579 587 759 761

1050 42" – – – 670 – –

1200 48" 529 717 866 901 – 1237

– 54" – – – 1273 – –

1400 – 784 1114 1274 – – –

– 60" – – – 1594 – –

1600 – 1058 1624 1872 – – –

1650 66" – – – 2131 – –

1800 72" 1418 2107 2409 2568 – –

2000 78" 1877 2630 2997 3113 – –

– 84" – – – 3755 – –

2200 – 2512 3422 – – – –

– 90" – – – 4797 – –

2400 – 2996 4094 – – – –

Transmitter Promag (compact version): 3.1 kg
(Weight data valid without packaging material)
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Weight data in kg

Nominal 
diameter

Remote version (sensor plus sensor housing without cable) 1)

1) Lap joint flanges / welded flanges DN > 300 (12")

[mm] [inch] EN (DIN) ASME/
AWWA

AS

25 1"

P
N

 6

–

P
N

 1
0

–

P
N

 1
6

5.3

A
S

M
E

 / 
C

la
ss

 1
50

5.9

P
N

 1
6

–

T
ab

el
le

 E

–

32 1 ¼" – – 6.0 – – –

40 1 ½" – – 7.0 5.5 – –

50 2" – – 7.4 5.6 – –

65 2 ½" – – 8.4 – – –

80 3" – – 10.4 10.8 – –

100 4" – – 12.4 14.1 – –

125 5" – – 13.9 – – –

150 6" – – 21.9 22.4 – –

200 8" – 41.4 42.9 47.6 – –

250 10" – 61.4 68.7 73.1 – –

300 12" – 66.4 83.8 98 – –

350 14" 75.4 86.4 103 135 97.4 97.4

375 15" – 102 – – 103 –

400 16" 87.4 102 124 166 118 118

450 18" 97.4 110 139 189 131 141

500 20" 112 130 174 226 180 180

600 24" 153 160 303 300 258 258

700 28" 188 238 288

A
W

W
A

 / 
C

la
ss

 D

264 365 344

750 30" – – – 316 443 431

800 32" 238 313 364 381 501 491

900 36" 306 391 456 468 700 688

1000 40" 357 466 579 585 757 759

1050 42" – – – 668 – –

1200 48" 527 715 866 899 1235

– 54" – – – 1271 – –

1400 – 782 1112 1274 – – –

– 60" – – – 1592 – –

1600 – 1056 1622 1872 – – –

1650 66" – – – 2129 – –

1800 72" 1416 2105 2409 2566 – –

2000 78" 1875 2628 2997 3111 – –

– 84" – – – 3753 – –

2200 – 2510 3420 – – – –

– 90" – – – 4795 – –

2400 – 2994 4092 – – – –

Transmitter Promag (remote version): 3.4 kg
(Weight data valid without packaging material)
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Promag P

Weight data in kg

Nominal diameter Compact version1)

1) Lap joint flanges, stamped plate

Remote version (without cable) 1)

[mm] [inch] EN (DIN) Sensor EN (DIN) Transmitter

25 1"

P
N

 1
0

5.8

P
N

 1
0

3.8 4.2

32 1 ¼" 5.4 3.4 4.2

40 1 ½" 6.3 4.7 4.2

50 2" 5.4 3.4 4.2

65 2 ½" 6.2 4.2 4.2

80 3" 7.2 5.2 4.2

100 4" 9.7 7.7 4.2

125 5" 13.2 11.2 4.2

150 6" 17.2 15.2 4.2

200 8" 35.7 33.7 4.2

250 10" 54.2 52.2 4.2

300 12" 55.2 53.2 4.2

Transmitter Promag (compact version): 1.8 kg
(Weight data valid for standard pressure ratings and without packaging material)

Weight data in kg

Nominal 
diameter

Compact version Remote version (without cable)

Sensor Trans-
mitter[mm] [inch] EN (DIN) /

AS*
JIS ASME/

AWWA
EN (DIN) /

AS*
JIS ASME/

AWWA

25 1"

P
N

 4
0

5.7

10
K

5.7

C
la

ss
 1

50

5.7
P

N
 4

0
5.3

10
K

5.3

C
la

ss
 1

50

5.3 3.1

32 1 ¼" 6.4 5.7 – 6.0 5.3 – 3.1

40 1 ½" 7.8 6.7 7.8 7.4 6.3 7.4 3.1

50 2" 9.0 7.7 9.0 8.6 7.3 8.6 3.1

65 2 ½"

P
N

 1
6

10.4 9.5 –

P
N

 1
6

10.0 9.1 – 3.1

80 3" 12.4 10.9 12.4 12.0 10.5 12.0 3.1

100 4" 14.4 13.1 14.4 14.0 12.7 14.0 3.1

125 5" 19.9 19.4 – 19.5 19.0 – 3.1

150 6" 23.9 22.9 23.9 23.5 22.5 23.5 3.1

200 8"

P
N

 1
0

43.4 40.3 43.4

P
N

 1
0

43 39.9 43 3.1

250 10" 63.4 67.8 73.4 63 67.4 73 3.1

300 12" 68.4 70.7 108.4 68 70.3 108 3.1

350 14" 113.4 172.4 113 173 3.1

400 16" 133.4 203.4 133 203 3.1

450 18" 173.4 253.4 173 253 3.1

500 20" 173.4 283.4 173 283 3.1

600 24" 233.4 403.4 233 403 3.1

Transmitter Promag (compact version): 1.8 kg
(Weight data valid for standard pressure ratings and without packaging material)
* Flanges according to AS are only available for DN 25 and 50.
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Promag W

Weight data in kg

Nominal 
diameter

Compact version Remote version (without cable)

Sensor Trans-
mitter[mm] [inch] EN (DIN) /

AS*
JIS ASME/

AWWA
EN (DIN) /

AS*
JIS ASME/

AWWA

25 1"

P
N

 4
0

5.7

10
K

5.7

C
la

ss
 1

50

5.7

P
N

 4
0

5.3

10
K

5.3

C
la

ss
 1

50

5.3 3.1

32 1 ¼" 6.4 5.7 – 6.0 5.3 – 3.1

40 1 ½" 7.8 6.7 7.8 7.4 6.3 7.4 3.1

50 2" 9.0 7.7 9.0 8.6 7.3 8.6 3.1

65 2 ½"

P
N

 1
6

10.4 9.5 –

P
N

 1
6

10.0 9.1 – 3.1

80 3" 12.4 10.9 12.4 12.0 10.5 12.0 3.1

100 4" 14.4 13.1 14.4 14.0 12.7 14.0 3.1

125 5" 19.9 19.4 – 19.5 19.0 – 3.1

150 6" 23.9 22.9 23.9 23.5 22.5 23.5 3.1

200 8"

P
N

 1
0

43.4 40.3 43.4

P
N

 1
0

43 39.9 43 3.1

250 10" 63.4 67.8 73.4 63 67.4 73 3.1

300 12" 68.4 70.7 108.4 68 70.3 108 3.1

350 14" 113.4 172.4 113 173 3.1

400 16" 133.4 203.4 133 203 3.1

450 18" 173.4 253.4 173 253 3.1

500 20" 173.4 283.4 173 283 3.1

600 24" 233.4 403.4 233 403 3.1

700 28" 353.4

C
la

ss
 D

398.4 353

C
la

ss
 D

398 3.1

– 30" – 458.4 – 458 3.1

800 32" 433.4 548.4 433 548 3.1

900 36" 573.4 798.4 573 798 3.1

1000 40" 698.4 898.4 698 898 3.1

– 42"

P
N

 6

– 1098.4

P
N

 6

– 1098 3.1

1200 48" 848.4 1398.4 848 1398 3.1

– 54" – 2198.4 – 2198 3.1

1400 – 1298.4 – 1298 – 3.1

– 60" – 2698.4 – 2698 3.1

1600 – 1698.4 – 1698 – 3.1

– 66" – 3698.4 – 3698 3.1

1800 72" 2198.4 4098.4 2198 4098 3.1

– 78" – 4598.4 – 4598 3.1

2000 – 2798.4 – 2798 – 3.1

Transmitter Promag (compact version): 1.8 kg
(Weight data valid for standard pressure ratings and without packaging material)
*Flanges according to AS are only available for DN 80, 100, 150 to 400, 500 and 600
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Weight (US units)

Promag D

Promag E

Promag H

Weight data in lbs

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] Sensor Transformer

25 1" 6 6 7

40 1 ½" 8 7 7

50 2" 9 9 7

80 3" 13 13 7

100 4" 19 19 7

Transmitter Promag (compact version): 3.9 lbs (Weight data valid without packaging material)

Weight data in lbs

Nominal 
diameter

Compact version Remote version (without cable)

Sensor Transmitter

ASME ASME

[mm] [inch] Class 150 Class 150 Wall-mount housing

15 ½" 14.3 9.92

13.2

25 1" 16.1 11.7

40 1½" 20.7 16.3

50 2" 23.4 19.0

80 3" 30.9 26.5

100 4" 35.3 30.9

150 6" 56.2 51.8

200 8" 99.2 94.8

250 10" 165.4 161.0

300 12" 242.6 238.1

350 14" 303.0 293.5

400 16" 371.3 361.8

450 18" 422.0 412.6

500 20" 503.6 494.1

600 24" 666.8 657.3

• Transmitter: 4.0 lbs (compact version); 6.8 lbs (remote version)
• Weight data without packaging material

Weight data in lbs

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] Sensor Transformer

2 1/12" 8 4 7

4 1/8" 8 4 7

8 3/8" 8 4 7

15 ½" 8 4 7

25 1" 9 6 7

40 1 ½" 11 10 7

50 2" 16 15 7

65 2 ½" 17 17 7

80 3" 38 37 7

100 4" 37 36 7

Transmitter Promag (compact version): 3.9 lbs
(Weight data valid for standard pressure ratings and without packaging material)
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Promag L (ASME/AWWA)

Weight data in lbs

Nominal diameter Compact version1)

1) Lap joint flanges / welded flanges DN > 300 (12")

Remote version1)

[mm] [inch] ASME/AWWA ASME/AWWA

25 1"

A
S

M
E

 / 
C

la
ss

 1
50

17.4

A
S

M
E

 / 
C

la
ss

 1
50

13

32 1 ¼" – –

40 1 ½" 16.5 12.1

50 2" 16.8 12.3

65 2 ½" – –

80 3" 28.2 23.8

100 4" 35.5 31.1

125 5" – –

150 6" 53.8 49.4

200 8" 109 105

250 10" 166 161

300 12" 221 216

350 14" 302 298

375 15" – –

400 16" 370 366

450 18" 421 417

500 20" 503 498

600 24" 666 662

700 28"

A
W

W
A

 / 
C

la
ss

 D

587

A
W

W
A

 / 
C

la
ss

 D

582

750 30" 701 697

800 32" 845 840

900 36" 1036 1032

1000 40" 1294 1290

1050 42" 1477 1473

1200 48" 1987 1982

– 54" 2807 2803

1400 – – –

– 60" 3515 3510

1600 – – –

1650 66" 4699 4694

1800 72" 5662 5658

2000 78" 6864 6860

– 84" 8280 8275

2200 – – –

– 90" 10577 10573

2400 – – –

Transmitter Promag (compact version): 4.0 lbs
Transmitter Promag (remote version): 6.8 lbs
(Weight data valid without packaging material)
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Promag P (ASME/AWWA)

Promag W (ASME/AWWA)

Weight data in lbs

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] Sensor Transformer

25 1"

C
la

ss
 1

50

13

C
la

ss
 1

50

12 7

40 1 ½" 17 16 7

50 2" 20 19 7

80 3" 27 26 7

100 4" 32 31 7

150 6" 53 52 7

200 8" 96 95 7

250 10" 162 161 7

300 12" 239 238 7

350 14" 380 381 7

400 16" 448 448 7

450 18" 559 558 7

500 20" 625 624 7

600 24" 889 889 7

Transmitter Promag (compact version): 3.9 lbs
(Weight data valid for standard pressure ratings and without packaging material)

Weight data in lbs

Nominal diameter Compact version Remote version (without cable)

[mm] [inch] Sensor Transformer

25 1"

C
la

ss
 1

50

13

C
la

ss
 1

50

12 7

40 1 ½" 17 16 7

50 2" 20 19 7

80 3" 27 26 7

100 4" 32 31 7

150 6" 53 52 7

200 8" 96 95 7

250 10" 162 161 7

300 12" 239 238 7

350 14" 380 381 7

400 16" 448 448 7

450 18" 559 558 7

500 20" 625 624 7

600 24" 889 889 7

700 28"

C
la

ss
 D

878

C
la

ss
 D

878 7

– 30" 1011 1010 7

800 32" 1209 1208 7

900 36" 1760 1760 7

1000 40" 1981 1980 7

– 42" 2422 2421 7

1200 48" 3083 3083 7

– 54" 4847 4847 7

– 60" 5950 5949 7

– 66" 8155 8154 7

1800 72" 9037 9036 7

– 78" 10139 10139 7

Transmitter Promag (compact version): 3.9 lbs
(Weight data valid for standard pressure ratings and without packaging material)
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Material

Promag D

• Transmitter housing: powder-coated die-cast aluminum

• Sensor housing: powder-coated die-cast aluminum

• Measuring tube: polyamide, O-rings EPDM 
(Drinking water approvals: WRAS BS 6920, ACS, NSF 61, KTW/W270)

• Electrodes: 1.4435 (316, 316L)

• Ground disks: 1.4301 (304)

Promag E

• Transmitter housing: powder-coated die-cast aluminum

• Sensor housing
– DN 15 to 300 (½ to 12"): powder-coated die-cast aluminum
– DN 350 to 600 (14 to 24"): with protective lacquering

• Measuring tube
– DN �d 300 (12"): stainless steel 1.4301 (304) or 1.4306 (304L) (with Al/Zn protective 

coating)
– DN �t 350 (14"): stainless steel 1.4301 (304) or 1.4306 (304L) (with protective 

lacquering)

• Electrodes: 1.4435 (316, 316L), Alloy C22

• Flanges (with protective lacquering)
– EN 1092-1 (DIN2501): RSt37-2 (S235JRG2); Alloy C22; Fe 410W B
– ASME: A105
– JIS: RSt37-2 (S235JRG2); HII

• Seals: to DIN EN 1514-1

• Ground disks: 1.4435 (316, 316L) or Alloy C22

Promag H

• Transmitter housing: powder-coated die-cast aluminum

• Window material: glass or polycarbonate

• Sensor housing: stainless steel 1.4301 (304)

• Wall mounting kit: stainless steel 1.4301 (304)

• Measuring tube: stainless steel 1.4301 (304)

• Liner: PFA (USP class VI; FDA 21 CFR 177.1550: 3A)

• Electrodes: 11.4435 (316, 316L) (optional: Alloy C22, tantalum, platinum)

• Flanges: connections generally made of 1.4404 (316L)

• Seals
– DN 2 to 25: O-ring (EPDM, Viton, Kalrez), gasket seal (EPDM*, Viton, Silicone*)
– DN 40 to 100: gasket seal (EPDM*, Silicone*)

* = USP class VI; FDA 21 CFR 177.2600: 3A

• Ground rings: 1.4435 (316, 316L) (optional: Alloy C22)

Promag L

• Transmitter housing:
– Compact housing: powder-coated die-cast aluminum
– Wall-mounted housing: powder-coated die-cast aluminum
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• Sensor housing
– DN 25 to 300 (1 to 12"): powder-coated die-cast aluminum
– DN 350 to 1200 (14 to 48"): with protective lacquering

• Measuring tube: 
– DN �d��300 (12"); stainless steel 1.4301 (304) or 1.4306 (304L)
– DN �t��350 (14"); stainless steel 202 or 304

• Electrodes: 1.4435 (316, 316L), Alloy C22

• Flange
– EN 1092-1 (DIN 2501): DN �d 300: 1.4306; 1.4307; 1.4301 (304) ; 1.0038 (S235JRG2)
– EN 1092-1 (DIN 2501): DN �t 350: A105; 1.0038 (S235JRG2)
– AWWA: A181/A105; 1.0425 (316L) (P265GH); 1.0044 (S275JR)
– AS 2129: A105; 1.0345 (P235GH); 1.0425 (316L) (P265GH); 1.0038 (S235JRG2); 

FE 410 WB
– AS 4087: A105; 1.0425 (316L) (P265GH); 1.0044 (S275JR)

• Seals: to DIN EN 1514-1

• Ground disks: 11.4435 (316, 316L) or Alloy C22

Promag P/W

• Transmitter housing: powder-coated die-cast aluminum

• Sensor housing
– DN 25 to 300: powder-coated die-cast aluminum
– DN 350 to 2000: with protective lacquering

• Measuring tube
– DN �d 300: stainless steel 1.4301 (304) or 1.4306 (304L)

(Flange material: carbon steel with Al/Zn protective coating)
– DN �t 350: stainless steel 1.4301 (304) or 1.4306 (304) 

(Flange material: carbon steel with protective lacquering)

• Electrodes: 1.4435 (316, 316L), Alloy C22

• Flange
– EN 1092-1 (DIN2501): RSt37-2 (S235JRG2); Alloy C22; FE 410 WB

(DN �d 300: with Al/Zn protective coating; DN �t 350 with protective lacquering)
– ASME: A105

(DN �d 300 with Al/Zn protective coating; DN �t 350 with protective lacquering)
– AWWA (only Promag W): 1.0425 (with protective lacquering)
– JIS: RSt37-2 (S235JRG2); HII; 1.0425

(DN �d 300 with Al/Zn protective coating; DN �t 350 with protective lacquering)
– AS 2129

– (DN 25, 80, 100, 150 to 1200) A105 or RSt37-2 (S235JRG2)
– (DN 50, 80, 350, 400, 500) A105 or St44-2 (S275JR)

(DN �d 300 with Al/Zn protective coating; DN �t 350 with protective lacquering)
– AS 4087: A105 or St44-2 (S275JR)

(DN �d 300 with Al/Zn protective coating; DN �t 350 with protective lacquering)

• Seals: to DIN EN 1514-1

• Ground disks: 1.4435 (316, 316L) or Alloy C22

Material load diagram

The material load diagrams (pressure-temperature graphs) for the process connections are 
to be found in the "Technical Information" documents of the device in question:
List of supplementary documentation �Æ �Ý 107.
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Fitted electrodes

Promag D

• 2 measuring electrodes for signal detection

Promag E/L/P/W

• 2 measuring electrodes for signal detection
• 1 EPD electrode for empty pipe detection
• 1 reference electrode for potential equalization

Promag H

• 2 measuring electrodes for signal detection
• 1 EPD electrode for empty pipe detection (apart from DN 2 to 15)

Process connections

Promag D

Wafer version �o��without process connections

Promag E

Flange connection:
• EN 1092-1 (DIN 2501), DN �d 300 (12") form A, DN �t 350 (14") form B

(Dimensions to DIN 2501, DN 65 PN 16 and DN 600 (24") PN 16 exclusively to 
EN 1092-1)

• ASME B16.5
• JIS B2220

Promag H

With O-ring:
• Flange EN (DIN), ASME, JIS
• External thread

With gasket seal:
• Weld nipple DIN 11850, ODT/SMS
• TriClamp L14 AM7
• Threaded joint DIN 11851, DIN 11864-1, SMS 1145
• Flange DIN 11864-2

Promag L

Flange connection:
• EN 1092-1 (DIN 2501)

– DN �d��300 (12") = form A
– DN �t 350 (14") = form B

• ASME B16.5
• AWWA C207
• AS

Promag P/W

Flange connections:
• EN 1092-1 (DIN 2501)

– DN �d 300 = form A
– DN �t 350 = flat face
– DN 65 PN 16 and DN 600 PN 16 only as per EN 1092-1
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• ASME
• AWWA (only Promag W)
• JIS
• AS

Surface roughness

All data relate to parts in contact with fluid.

• Liner �o��PFA: �d 0.4 �—m (15 �—in)
• Electrodes �o��1.4435 (316, 316L), Alloy C22: 0.3 to 0.5 �—m (12 to 20 �—in)
• Process connection made of stainless-steel (Promag H):

– with O-ring seal: �d 1.6 �—m (63 �—in)
– with aseptic gasket seal: �d 0.8 �—m (31.5 �—in)
– optional: �d 0.38 �—m (15 �—in)

10.1.11 Human interface

Display elements

• Liquid crystal display: unilluminated, two-line, 16 characters per line
• Display (operating mode) preconfigured: volume flow and totalizer status
• 1 totalizer

! Note! 
At ambient temperatures below –20 (–4 °F) the readability of the display may be impaired.

Operating elements

Local operation with three keys (�ô�ó�ò )

Remote operation

Operation via HART protocol and FieldCare

10.1.12 Certificates and approvals

CE mark

The measuring system is in conformity with the statutory requirements of the EC Directives. 
Endress+Hauser confirms successful testing of the device by affixing to it the CE mark.

C-tick mark

The measuring system meets the EMC requirements of the Australian Communications and 
Media Authority (ACMA)

Ex approval

Information about currently available Ex versions (ATEX, FM, CSA, IECEx, NEPSI etc.) can be 
supplied by your Endress+Hauser Sales Center on request. All explosion protection data are 
given in a separate documentation which is available upon request.

Sanitary compatibility

Promag D/E/L/P/W

No applicable approvals or certification

�(����������



Technical data Promag 10

106 Endress+Hauser

Promag H

• 3A authorization and EHEDG-certified
• Seals: in conformity with FDA (except Kalrez seals)

Drinking water approval

Promag D/L/W

• WRAS BS 6920
• ACS
• NSF 61
• KTW/W270

Promag E/H/P

No drinking water approval

Pressure Equipment Directive

Promag D/L

No pressure measuring device approval

Promag E/H/P/W

The devices can be ordered with or without a PED approval. If a device with a PED approval 
is required, this must be explicitly stated in the order. For devices with nominal diameters 
less than or equal to DN 25 (1"), this is neither possible nor necessary.

• With the PED/G1/x (x = category) marking on the sensor nameplate, Endress+Hauser 
confirms compliance with the "Essential Safety Requirements" specified in Annex I of the 
Pressure Equipment Directive 97/23/EC.

• Devices bearing this marking (PED) are suitable for the following types of medium: 
Media in Group 1 and 2 with a vapor pressure greater than, or smaller and equal to 0.5 bar 
(7.3 psi)

• Devices not bearing this marking (PED) are designed and manufactured according to good 
engineering practice. They meet the requirements of Art.3 Section 3 of the Pressure 
Equipment Directive 97/23/EC. The range of application is indicated in tables 6 to 9 in 
Annex II of the Pressure Equipment Directive.

Other standards and guidelines

• EN 60529:
Degrees of protection by housing (IP code).

• EN 61010-1
Safety requirements for electrical equipment for measurement, control and laboratory use

• IEC/EN 61326
Electromagnetic compatibility (EMC requirements)

• ASME/ISA-S82.01
Safety Standard for Electrical and Electronic Test, Measuring, Controlling and related 
Equipment - General Requirements. Pollution degree 2, Installation Category II.

• CAN/CSA-C22.2 (No. 1010.1-92)
Safety requirements for Electrical Equipment for Measurement and Control and 
Laboratory Use. Pollution degree 2, Installation Category I.
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10.1.13 Ordering information

Detailed ordering information is available from the following sources:
• In the Product Configurator on the Endress+Hauser website: www.endress.com �Æ Select 

country �Æ  Instruments �Æ Select device �Æ Product page function: Configure this product
• From your Endress+Hauser Sales Center: www.endress.com/worldwide

! Note! 
Product Configurator - the tool for individual product configuration
• Up-to-the-minute configuration data
• Depending on the device: Direct input of measuring point-specific information such as 

measuring range or operating language
• Automatic verification of exclusion criteria
• Automatic creation of the order code and its breakdown in PDF or Excel output format
• Ability to order directly in the Endress+Hauser Online Shop

10.1.14 Accessories

Various accessories, which can be ordered separately from Endress+Hauser, are available for 
the transmitter and the sensor.�Æ �Ý 70
Your Endress+Hauser service organization can provide detailed information on the specific 
order codes on request.

10.1.15 Documentation

• Flow measuring technology (FA00005D/06)
• Technical Information Promag 10D (TI00081D/06)
• Technical Information Promag 10E (TI01160D/06)
• Technical Information Promag 10H (TI00095D/06)
• Technical Information Promag 10L(TI00100D/06)
• Technical Information Promag 10P (TI00094D/06)
• Technical Information Promag 10W (TI00093D/06)
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11 Appendix

11.1 Illustration of the function matrix
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11.2 Group SYSTEM UNITS

Functional description SYSTEM UNITS

Use this function group to select the unit required and displayed for the measured variable.

UNIT VOLUME FLOW Use this function to select the unit required and displayed for the volume flow.

The unit you select here is also valid for:
• Volume flow display
• Current output
• Switch points (limit value for volume flow, flow direction)
• Low flow cut off

Options:
Metric:
Cubic centimeter �o  cm3/s; cm3/min; cm3/h; cm3/day
Cubic decimeter �o  dm3/s; dm3/min; dm 3/h; dm3/day
Cubic meter �o  m3/s; m3/min; m 3/h; m 3/day
Milliliter �o  ml/s; ml/min; ml/h; ml/day
Liter �o  l/s; l/min; l/h; l/day
Hectoliter �o  hl/s; hl/min; hl/h; hl/day
Megalith �o  Ml/s; Ml/min; Ml/h; Ml/day

US:
Cubic centimeter �o  cc/s; cc/min; cc/h; cc/day
Acre foot �o  af/s; af/min; af/h; af/day
Cubic foot �o  ft3/s; ft3/min; ft3/h; ft3/day
Fluid ounce �o  oz f/s; oz f/min; oz f/h; oz f/day
Gallon �o  gal/s; gal/min; gal/h; gal/day
Kilo gallons �o  kgal/s; kgal/min; kgal/h; kgal/day
Million gallons �o  Mgal/s; Mgal/min; Mgal/h; Mgal/day
Barrel (normal fluids: 31.5 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day
Barrel (beer: 31.0 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day
Barrel (petrochemicals: 42.0 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day
Barrel (filling tanks: 55.0 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day

Imperial:
Gallon �o  gal/s; gal/min; gal/h; gal/day
Mega gallon �o  Mgal/s; Mgal/min; Mgal/h; Mgal/day
Barrel (beer: 36.0 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day
Barrel (petrochemicals: 34.97 gal/bbl) �o  bbl/s; bbl/min; bbl/h; bbl/day

Factory setting:
Depends on nominal diameter and country
(dm3/min to m 3/h or US-gal/min),
corresponding to the full scale value unit factory setting �Æ �Ý 132

UNIT VOLUME Use this function to select the unit required and displayed for the volume.

The unit you select here is also valid for:
• Totalizer status display
• Totalizer unit
• Pulse value (e.g. m3/p)

Options:
Metric �o  cm3; dm3; m3; ml; l; hl; Ml
US �o  cc; af; ft3; oz f; gal; Mgal; bbl (normal fluids); bbl (beer); bbl (petrochemicals); 
bbl (filling tanks)
Imperial �o  gal; Mgal; bbl (beer); bbl (petrochemicals)

Factory setting:
Depends on nominal diameter and country (dm3 to m3 or US-gal
corresponding to the totalizer unit factory setting. �Æ �Ý 132
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FORMAT DATE/TIME Use this function to select the format for the date and the time.

The unit you select here is also valid for displaying the current calibration date 
(function CALIBRATION DATE on �Æ �Ý 127

Options:
DD.MM.YY 24H
MM/DD/YY 12H A/P
DD.MM.YY 12H A/P
MM/DD/YY 24H

Factory setting:
DD.MM.YY 24H (SI units)
MM/DD/YY 12H A/P (US units)

Functional description SYSTEM UNITS
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11.3 Group OPERATION

Functional description OPERATION

LANGUAGE Use this function to select the language for all texts, parameters and messages 
shown on the local display.

Options:
ENGLISH
DEUTSCH
FRANCAIS
ESPANOL
ITALIANO

Factory setting:
Depends on country, see factory setting �Æ �Ý 132

! Note! 
If you press the �ó�ô keys simultaneously at startup, the language defaults to 
"ENGLISH".

ACCESS CODE All data of the measuring system are protected against inadvertent change. 
Programming is disabled and the settings cannot be changed until a code is entered 
in this function. If you press the P  keys in any function, the measuring system 
automatically goes to this function and the prompt to enter the code appears on the 
display (when programming is disabled).

You can activate programming by entering your private code (factory setting = 10, 
see also the subsequent DEFINE PRIVATE CODE function)

User input:
Max. 4-digit number: 0 to 9999

! Note! 
• The programming levels are disabled if you do not press the operating elements 

within 60 seconds following automatic return to the HOME position.
• You can also disable programming in this function by entering any number (other 

than the defined private code).
• The Endress+Hauser service organization can be of assistance if you mislay your 

personal code.

DEFINE PRIVATE 
CODE

Use this function to enter a personal code to enable programming.

User input:
0 to 9999 (max. 4-digit number)

Factory setting:
10

! Note! 
• This function only appears if the private code was entered in the ACCESS CODE 

function.
• Programming is always enabled with the code "0".
• Programming has to be enabled before this code can be changed. 

When programming is disabled this function is not available, thus preventing 
others from accessing your personal code.
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11.4 USER INTERFACE

Functional description USER INTERFACE

FORMAT Use this function to define the maximum number of places after the decimal point 
displayed for the reading in the main line.

Options:
XXXXX.
XXXX.X
XXX.XX 
XX.XXX
X.XXXX

Factory setting:
X.XXXX

! Note! 
• Note that this setting only affects the reading as it appears on the display, it has 

no influence on the accuracy of the system's calculations.
• The places after the decimal point as computed by the measuring device cannot 

always be displayed, depending on this setting and the engineering unit. In such 
instances an arrow appears on the display between the measuring value and the 
engineering unit (e.g. 1.2 �o  l/h), indicating that the measuring system is 
computing with more decimal places than can be shown on the display.

CONTRAST LCD Use this function to optimize display contrast to suit local operating conditions.

User input:
10 to 100%

Factory setting:
50%

TEST DISPLAY Use this function to test the operability of the local display and its pixels.

Options:
OFF
ON

Factory setting:
OFF

Test sequence:

1. Start the test by selecting ON.

2. All pixels of the main line and additional line are darkened for minimum 
0.75 seconds.

3. The main line and additional line show an "8" in each field for minimum 
0.75 seconds.

4. The main line and additional line show a "0" in each field for minimum 0.75 
seconds.

5. The main line and additional line show nothing (blank display) for minimum 
0.75 seconds.

When the test completes the local display returns to its initial state and the setting 
changes to "OFF".
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11.5 Group TOTALIZER

Functional description TOTALIZER

SUM The total for the totalizer's measured variable aggregated since measuring 
commenced appears on the display.

This value can be positive or negative, depending on:
• Flow direction

and/or
• Setting in the MEASURING MODE function �Æ �Ý 124

Display:
Max. 6-digit floating-point number, incl. sign and unit (e.g. 15467.4 m3)

! Note! 
• The totalizer's response to faults is defined in the central "FAILSAFE MODE" 

function �Æ �Ý 129.
• The unit of the totalizer is defined in the UNIT VOLUME function �Æ �Ý 109.

OVERFLOW The total for the totalizer's overflow aggregated since measuring commenced 
appears on the display.
Total flow quantity is represented by a floating-point number consisting of max. 7 
digits. You can use this function to view higher numerical values (>9,999,999) as 
overflows. The effective quantity is thus the total of the OVERFLOW function plus 
the value displayed in the SUM function. 

Example:
Reading for 2 overflows: 2 E7 dm3 (= 20,000,000 dm3)
The value displayed in the function "SUM" = 196,845 dm3

Effective total quantity = 20,196,845 dm3

Display:
Integer with exponent, including sign and unit, e.g. 2 E7 dm3

RESET TOTALIZER Use this function to reset the sum and the overflow of the totalizer to "zero" (= 
RESET).

Options:
NO
YES

Factory setting:
NO
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11.6 Group CURRENT OUTPUT

Functional description CURRENT OUTPUT

!! Note! 
The functions of the CURRENT OUTPUT group are only available if the "0" value was entered in the BUS 
ADDRESS function �Æ �Ý 121.

CURRENT RANGE Use this function to specify the current range. You can configure the current output 
either in accordance with the NAMUR recommendation (max. 20.5 mA) or for a 
maximum drive of 25 mA.

Options:
OFF
4-20 mA (25 mA)
4-20 mA (25 mA) HART
4-20 mA NAMUR
4-20 mA HART NAMUR
4-20 mA US
4-20 mA HART US

Factory setting:
4-20 mA HART NAMUR

Current range, work range and signal on alarm level

A0005392

A = Work range
m = Work range
n = Lower signal on alarm level
o = Upper signal on alarm level
p = Scaled full scale value
Q = Flow

! Note! 
• If the measured value is outside the measuring range (defined in the 

VALUE 20 mA function �Æ �Ý 115), a notice message is generated.
• The current output's response to faults is defined in the central FAILSAFE MODE 

function �Æ �Ý 129.

20

0

I [mA]

Q

m

n

o

p

A

4-20 mA NAMUR

4-20 mA US

4-20 mA (25 mA)

3,8 - 20,5 mA 3,5 22,6

3,9 - 20,8 mA 3,75 22,6

4 - 24 mA 2 25

4-20 mA HART NAMUR 3,8 - 20,5 mA 3,5 22,6

4-20 mA HART US 3,9 - 20,8 mA 3,75 22,6

4-20 mA (25 mA) HART 4 - 24 mA 2 25

n om

OFF 4 mA - -
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VALUE 20 mA Use this function to assign the 20 mA current a full scale value. Positive and 
negative values are permitted. The required measuring range is defined by defining 
the VALUE 20 mA .

In the SYMMETRY measuring mode �Æ �Ý 124, the value assigned applies to both 
flow directions; in the STANDARD measuring mode it applies only to the flow 
direction selected.

User input:
5-digit floating-point number, with sign

Factory setting:
Depends on nominal diameter and country, [value] / [dm3…m3 or US-gal…US-
Mgal]
Corresponds to the factory setting for the full scale value �Æ �Ý 132

! Note! 
• The appropriate unit is taken from the SYSTEM UNITS group �Æ �Ý 109.
• The value for 4 mA always corresponds to the zero flow (0 [unit]). 

This value is fixed and cannot be edited.

TIME CONSTANT Use this function to enter a time constant defining how the current output signal 
reacts to severely fluctuating measured variables, either very quickly (enter a low 
time constant) or with damping (enter a high time constant).

User input:
Fixed-point number 0.01 to 100.00 s

Factory setting:
1.00 s

Functional description CURRENT OUTPUT
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11.7 Group PULSE/STATUS OUTPUT

Functional description PULSE/STATUS OUTPUT

OPERATING MODE Configuration of the output as a pulse or status output. The functions available in 
this function group vary, depending on which option you select here.

Options:
OFF
PULSE
STATUS

Factory setting:
PULSE

PULSE VALUE ! Note! 
This function is not available unless the PULSE setting was selected in the 
OPERATING MODE function.

Use this function to define the flow at which a pulse is triggered. These pulses can 
be totaled by an external totalizer, and the total flow quantity since measuring 
started can be registered in this way. In the SYMMETRY measuring mode �Æ �Ý 124, 
the value assigned applies to both flow directions; in the STANDARD measuring 
mode it applies only to the positive flow direction.

User input:
5-digit floating-point number, [unit]

Factory setting:
Depends on nominal diameter and country, [value] [dm3…m3 or US-gal] / pulse;
Corresponds to the factory setting for the pulse value �Æ �Ý 132

! Note! 
The appropriate unit is taken from the SYSTEM UNITS group.

PULSE WIDTH ! Note! 
This function is not available unless the PULSE setting was selected in the 
OPERATING MODE function.

Use this function to enter the maximum pulse width of the output pulses.

User input:
5 to 2000 ms

Factory setting:
100 ms

Pulse output is always with the pulse width (B) entered  in this function. The pauses 
(P) between the individual pulses are automatically configured. However, they must 
at least correspond to the pulse width (B = P).

A0001233-en

P = Intervals between the individual pulses
B = Pulse width entered (the illustration applies to positive pulses)

" Caution! 
Buffering (pulse memory) takes place if the number of pulses is too large to output 
the pulses with the selected pulse width (see PULSE VALUE function on �Æ �Ý 116). 
The system error message RANGE PULSE is displayed if more pulses are in the pulse 
memory than can be output in 4 seconds.

! Note! 
• When selecting the pulse width, choose a value that can still be processed by a 

connected counter (e.g. mechanical counter, PLC etc.).
• The pulse output's response to faults is defined in the central FAILSAFE MODE 

function �Æ �Ý 129.

B=PB

PP

B B< P

t t

transistor transistor

conducting

nonconducting

conducting

nonconducting

�(����������



Promag 10 Appendix

Endress+Hauser 117

OUTPUT SIGNAL ! Note! 
This function is not available unless the PULSE setting was selected in the 
OPERATING MODE function.

Use this function to configure the output in such a way that it matches an external 
counter, for example. Depending on the application, you can select the direction of 
the pulses here.

Options:
PASSIVE - POSITIVE
PASSIVE - NEGATIVE

Factory setting:
PASSIVE - NEGATIVE

ASSIGN STATUS 
OUTPUT

! Note! 
This function is not available unless the STATUS setting was selected in the 
OPERATING MODE function.

Configuration of the status output.

Options:
ON (operation)
FAULT MESSAGE
NOTICE MESSAGE
FAULT MESSAGE or NOTICE MESSAGE
EPD (empty pipe detection, only if active)
FLOW DIRECTION
VOLUME FLOW LIMIT VALUE

Factory setting:
FAULT MESSAGE

! Note! 
• The behavior of the status output is a normally closed behavior, in other words 

the output is closed (trASMEstor conductive) when normal, error-free measuring 
is in progress.

• It is very important to read and comply with the information on the switching 
characteristics of the status output �Æ �Ý 120.

SWITCH-ON POINT ! Note! 
This function is not available unless LIMIT VALUE or FLOW DIRECTION was 
selected in the ASSIGN STATUS OUTPUT function.

Use this function to assign a value to the switch-on point (status output pulls up). 
The value can be equal to, greater than or less than the switch-off point. 
Positive and negative values are permitted.

User input:
5-digit floating-point number, [unit]

Factory setting:
0 [unit]

! Note! 
• The appropriate unit is taken from the SYSTEM UNITS group.
• Only the switch-on point is available for flow direction output (no switch-off 

point). If you enter a value not equal to the zero flow (e.g. 5), the difference 
between the zero flow and the value entered corresponds to half the switchover 
hysteresis.

Functional description PULSE/STATUS OUTPUT
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SWITCH-OFF POINT ! Note! 
This function is not available unless LIMIT VALUE was selected in the ASSIGN 
STATUS OUTPUT function.

Use this function to assign a value to the switch-off point (status output drops off). 
The value can be equal to, greater than or less than the switch-on point. 
Positive and negative values are permitted.

User input:
5-digit floating-point number, [unit]

Factory setting:
0 [unit]

! Note! 
• The appropriate unit is taken from the SYSTEM UNITS group.
• If SYMMETRY is selected in the MEASURING MODE function and values with 

different signs are entered for the switch-on and switch-off points, the notice 
message "INPUT RANGE EXCEEDED" appears.

Functional description PULSE/STATUS OUTPUT
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11.7.1 Information on the response of the status output

General

If you have configured the status output for "LIMIT VALUE" or "FLOW DIRECTION", you can 
configure the requisite switch points in the SWITCH-ON POINT and  SWITCH-OFF POINT 
functions. When the measured variable in question reaches these predefined values, the 
status output switches as shown in the illustrations below.

Status output configured for flow direction

a = Status output conductive
b = Status output not conductive

The value you entered in the function SWITCH-ON POINT defines the switch point for the 
positive and negative directions of flow. If, for example, the switch point entered is = 1 m³/
h, the status output switches off at –1 m³/h (not conductive) and switches on again at +1 
m³/h (conductive). Set the switch point to 0 if your process calls for direct switchover (no 
switching hysteresis). If low flow cut off is used, it is advisable to set hysteresis to a value 
greater than or equal to the low flow cut off rate.

Status output configured for limit value

The status output switches as soon as the measured variable undershoots or overshoots a 
defined switch point.

Application: monitoring flow or process-related boundary conditions.

A0001235

• A = Maximum safety:
m SWITCH-OFF POINT > n  SWITCH-ON POINT

• B = Minimum safety:
m SWITCH-OFF POINT < n  SWITCH-ON POINT

• C = Minimum safety:
m SWITCH-OFF POINT = n  SWITCH-ON POINT (this configuration should be avoided)

• o  = Relay de-energized 

Switch-off point/switch-on point

A0001236

-1 0 +1 a

b

-Q Q

t
o o

nnm

o

nm

A B C

m
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11.7.2 Switching behavior of the status output

Function State Open collector behavior
(TrASMEstor)

ON (operation) System in measuring mode conductive

A0001237

System not in measuring 
mode
(power supply failed)

not conductive

A0001239

Fault message System OK conductive

A0001237

(System error or process 
error) fault �o  Response to 
error, outputs/inputs and 
totalizers

not conductive

A0001239

Notice message System OK conductive

A0001237

(System error or process 
error) Notice �o  
Continuation of measuring

not conductive

A0001239

Fault message
or
notice message

System OK conductive

A0001237

(System error or process 
error) Fault �o  Response to 
error or 
Notice �o  Continuation of 
measuring

not conductive

A0001239

Empty pipe 
detection 
(EPD)

Measuring tube full conductive

A0001237

Measuring tube partially 
filled / empty measuring 
tube

not conductive

A0001239

Flow direction Forwards

A0001241

conductive

A0001237

Backwards

A0001242

not conductive

A0001239

Volume flow limit 
value

Limit value not overshot or 
undershot

A0001243

conductive

A0001237

Limit value overshot or 
undershot

A0001244

not conductive

A0001239

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX

Esc

E+-

XXX.XXX.XX
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11.8 Group COMMUNICATION

Functional description COMMUNICATION

!! Note! 
The communication group is only visible if the HART option was selected in the CURRENT RANGE 
function.

TAG NAME Use this function to enter a tag name for the measuring device. You can edit and 
read this tag name at the local display or via the HART protocol.

User input:
Max. 8-character text, permitted characters are: A-Z, 0-9, +,-, underscore, space, 
period

Factory setting:
"_ _ _ _ _ _ _ _" (no text)

TAG DESCRIPTION Use this function to enter a tag description for the measuring device. You can edit 
and read this tag description at the local display or via the HART protocol.

User input:
Max. 16-character text, permitted characters are: A-Z, 0-9, +,-, underscore, space, 
period

Factory setting:
"_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _" (no text)

BUS ADDRESS Use this function to define the address for the exchange of data with the HART 
protocol.

User input:
0 to 15

Factory setting:
0

! Note! 
Addresses 1 to 15: a constant 4 mA current is applied.

HART WRITE 
PROTECTION

Use this function to activate HART write protection.

Options:
OFF = function can be edited/read via the HART protocol
ON = HART protocol write-protected (only readable)

Factory setting:
OFF

MANUFACTURER ID Use this function to view the manufacturer ID in decimal numerical format.

Display:
– Endress+Hauser
– 17 (�# 11 hex) for Endress+Hauser

DEVICE ID Use this function to view the device ID in hexadecimal numerical format.

Display:
45 hex (�# 69 dec) for Promag 10
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11.9 Group PROCESS PARAMETER

Functional description PROCESS PARAMETER

SWITCH-ON POINT 
LOW FLOW CUT OFF

Use this function to enter the switch-on point for low flow cut off.
Low flow cut off is active if the value entered is not equal to 0. The sign of the flow 
value is highlighted on the display to indicate that low flow cut off is active.

User input:
5-digit floating-point number, [unit]

Factory setting:
Depends on nominal diameter and country, [value] / [dm³…m³ or US-gal]
Corresponds to the factory setting for the low flow cut off �Æ �Ý 132

! Note! 
The appropriate unit is taken from the SYSTEM UNITS group.

The switch-off point is specified as a positive hysteresis from the switch-on point 
with 50%. 

A0001245

Q Flow [volume/time]
t Time
H Hysteresis
a SWITCH-ON POINT LOW FLOW CUT OFF = 200 dm3/h
b Low flow cut off switch-off point = 50%
c  Low flow cut off active
1  Low flow cut off is switched on at 200 dm3/h
2  Low flow cut off is switched off at 300 dm3/h

EPD Activating empty pipe detection (EPD).

Options:
OFF
ON (empty pipe detection)

Factory setting:
OFF

! Note! 
• The ON option is not available unless the sensor is fitted with an EPD electrode.
• The default setting for the EPD function when the device is delivered is OFF. The 

function must be activated as required.
• When delivered, the measuring device is calibrated with water (500 �PS/cm). 

If the fluid differs from this conductivity, empty-pipe and full-pipe adjustment 
has to be performed on site.

• To activate the function (ON option), valid adjustment coefficients have to be 
available.

• The following error messages are displayed if the empty-pipe and full-pipe 
adjustment is incorrect:

• ADJUSTMENT FULL = EMPTY: the adjustment values for empty pipe and full 
pipe are identical.

• ADJUSTMENT NOT OK: adjustment is not possible as the fluid conductivity 
values are outside the permitted range.

• In cases of this nature you must repeat empty-pipe or full-pipe adjustment.

1

c c

Q

t

1

2
b

a

2

H
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EPD-MODE
(continued)

Notes on empty pipe detection (EPD)
• Flow cannot be measured correctly unless the measuring tube is completely full. 

This status can be monitored at all times by means of the EPD.
• An empty or partially filled pipe is a process error. A default factory setting 

defines that a notice message is issued and that this process error does not have 
any effect on the outputs.

• The EPD process error can be output via the configurable status output.

Response to partially filled pipe
If the EPD is switched on and responds to a partially filled or empty pipe, the notice 
message "EMPTY PIPE" appears on the display and zero flow is indicated. 
If the pipe is partially empty and the EPD is not switched on, the response can vary 
in identically configured systems:

• Flow reading fluctuates
• Zero flow
• Excessively high flow values

EPD ADJUSTMENT Use this function to activate adjustment for an empty or full measuring tube.

Options:
OFF
EPD EMPTY PIPE ADJ.
EPD FULL PIPE ADJUST

Factory setting:
OFF

! Note! 
An exact description of the procedure for an EPD empty-pipe/full-pipe adjustment 
is provided on �Æ �Ý 68.

Functional description PROCESS PARAMETER
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11.10 Group SYSTEM PARAMETER

Functional description SYSTEM PARAMETER

INSTALLATION 
DIRECTION SENSOR

Use this function to reverse the sign of the flow quantity, if necessary.

Options:
FORWARDS (flow as indicated by the arrow)
BACKWARDS (flow opposite to direction indicated by the arrow)

Factory setting:
FORWARDS

! Note! 
Ascertain the actual direction of fluid flow with reference to the direction indicated 
by the arrow on the sensor (nameplate).

MEASURING MODE Use this function to select the measuring mode for all outputs and for the internal 
totalizer.

Options:
STANDARD
SYMMETRY

Factory setting:
STANDARD

The responses of the individual outputs and the internal totalizer in each of the 
measuring modes are described in detail on the following pages:

Current output
STANDARD
Only the flow components for the selected flow direction are output, (positive or 
negative full scale value n  = flow direction). Flow components in the opposite 
direction are not taken into account (suppression).

Example for current output:

A0001248

SYMMETRY
The output signals of the current output are independent of the direction of flow 
(absolute amount of the measured variable). The "VALUE20mA" o  (e.g. backflow) 
corresponds to the mirrored VALUE20mA n  (e.g. flow). Positive and negative flow 
components are taken into account.

Example for current output:

A0001249

! Note! 
The direction of flow can be output via the configurable status output.

Q

20

4
0

I [mA]

m n

Q

20

0

mA

4

m no
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MEASURING MODE
(Contd)

Pulse output

STANDARD
Only flow components of the positive flow direction are output. 
Components in the opposite direction are not taken into account.

SYMMETRY
The absolute value of the positive and negative flow components is taken into 
account.

Status output

! Note! 
The information is only applicable if LIMIT VALUE was selected in the function 
ASSIGN STATUS OUTPUT.

STANDARD
The status output signal switches at the defined switch points.

SYMMETRY
The status output signal switches at the defined switch points, irrespective of the 
sign. In other words, if you define a switch point with a positive sign, the status 
output signal switches as soon as the value is reached in the negative direction 
(negative sign), (see illustration).

Example for the SYMMETRY measuring mode:
Switch-on point: Q = 4
Switch-off point: Q = 10
m = Status output switched on (conductive)
n  = Status output switched off (nonconductive)

A0001247

Totalizer
STANDARD
Only positive flow components are output. 
Negative components are not taken into account.

SYMMETRY
The positive and negative flow components are balanced. 
In other words, net flow in the flow direction is registered.

POSITIVE ZERO 
RETURN

Use this function to interrupt evaluation of measured variables. 
This is necessary when a piping system is being cleaned, for example.
This setting acts on all function and outputs of the measuring device.

Options:
OFF
ON �o  Signal output is set to the "ZERO FLOW" value.

Factory setting:
OFF

Functional description SYSTEM PARAMETER

0
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SYSTEM DAMPING Use this function to set the filter depth of the digital filter. 
This reduces the sensitivity of the measuring signal to interference peaks (e.g. high 
solids content, gas bubbles in the fluid, etc.). 
The system reaction time increases with the filter setting.

User input:
0 to 4

Factory setting:
3

! Note! 
• The system damping acts on all functions and outputs of the measuring device.
• The higher the value set, the stronger the damping (higher response time).

Functional description SYSTEM PARAMETER
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11.11 Group SENSOR DATA
All sensor data (calibration factors, zero point and nominal diameter etc.) are set at the 
factory. 

" Caution! 
Under normal circumstances you should not change the following parameter settings, 
because changes affect numerous functions of the entire measuring facility in general and 
the accuracy of the measuring system in particular. Therefore, the functions described below 
are provided with an additional prompt (with the code 10) once you enter your private code.

Functional description SENSOR DATA

CALIBRATION DATE Use this function to view the current calibration date and time for the sensor.

User input:
Calibration date and time.

Factory setting:
Calibration date and time of the current calibration.

! Note! 
The calibration date and time format is defined in the FORMAT DATE/TIME 
function, �Æ �Ý 110

Selectable formats:
DD.MM.YY 24H
MM/DD/YY 12H A/P
DD.MM.YY 12H A/P
MM/DD/YY 24H

K-FACTOR Use this function to display the current calibration factor (positive and negative 
flow direction) for the sensor. The calibration factor is determined and set at the 
factory.

User input:
5-digit fixed-point number: 0.5000  to 2.0000

Factory setting:
Depends on nominal diameter and calibration

! Note! 
This value is also provided on the sensor nameplate.

ZERO POINT This function shows the current zero-point correction value for the sensor. 
Zero-point correction is determined and set at the factory.

User input:
Max. 4-digit number: -1000 to +1000

Factory setting:
Depends on nominal diameter and calibration

! Note! 
This value is also provided on the sensor nameplate.

NOMINAL DIAMETER This function shows the nominal diameter for the sensor. The nominal diameter 
depends on the size of the sensor and is set at the factory.

Options:
2 to 2000 mm
1/12 to 78"

Factory setting:
Depends on the size of the sensor

! Note! 
This value is also provided on the sensor nameplate.
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MEASURING PERIOD Use this function to set the time for a full measuring period. The duration of the 
measuring period is calculated from the rise time of the magnetic field, the brief 
recovery time, the (automatically tracked) integration time and the empty pipe 
detection time. 

User input:
10 to 1000 ms

Factory setting:
Depends on nominal diameter

EPD ELECTRODE Indicates whether the sensor is equipped with an EPD electrode.

Display:
YES
NO

Factory setting:
YES �o  Electrode fitted as standard

Functional description SENSOR DATA
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11.12 Group SUPERVISION

Functional description SUPERVISION

FAILSAFE MODE The dictates of safety render it advisable to ensure that the device signal processing 
assumes a predefined state in the event of a fault. The setting you select here is 
valid for:

• Current output
• Pulse output
• Totalizer

! Note! 
This has no effect on the display.

Options:
MINIMUM VALUE
MAXIMUM VALUE
ACTUAL VALUE

Factory setting:
MINIMUM VALUE
The response of the individual outputs and the totalizer is listed below.

Current output:
MINIMUM VALUE
The current output adopts the value of the lower signal on alarm level (as defined 
in the CURRENT RANGE function �Æ �Ý 114).

MAXIMUM VALUE
The current output is set to the upper value of the signal on alarm level. (The values 
in question can be found in the CURRENT RANGE function on �Æ �Ý 114).

ACTUAL VALUE
Measured value output is based on the current flow measurement. The 
fault is ignored.

Pulse output:
MINIMUM or MAXIMUM VALUE
Output is zero pulse

ACTUAL VALUE
Measured value output is based on the current flow measurement (fault is ignored).

Totalizer:
MINIMUM or MAXIMUM VALUE
The totalizer is paused until the fault is rectified.

ACTUAL VALUE
The totalizer continues to count on the basis of the current flow value. The fault is 
ignored.
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ALARM DELAY Use this function to define a time span in which the criteria for an error have to be 
satisfied without interruption before an error or notice message is generated.

Depending on the setting and the type of error, this suppression acts on:
• Display
• Current output
• Pulse/status output

User input:
0 to 100 s (in increments of one second)

Factory setting:
0 s

" Caution! 
If this function is activated error and notice messages are delayed by the time 
corresponding to the setting before being forwarded to the higher-order controller 
(process controller, etc.). 
It is therefore imperative to check in advance in order to make sure whether a delay 
of this nature could affect the safety requirements of the process.
If error and notice messages cannot be suppressed, a value of 0 seconds must be 
entered here.

SYSTEM RESET Use this function to perform a reset of the measuring system.

Options:
NO

RESTART SYSTEM
(Restart without disconnecting main power)

RESET DELIVERY
(Restart without disconnecting main power, the saved settings of the delivery status 
(factory settings) are applied).

Factory setting:
NO

SELF CHECKING Use this function to switch on and off the self-checking function of the electrode 
amplifier.
When the function is switched on, the electrode signal circuit is checked against a 
reference voltage at 60-second intervals. If there is an impermissible deviation from 
the value, system error message #101 is output and displayed on the local display.

Options:
ON
OFF

Factory setting:
OFF

Functional description SUPERVISION
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11.13 Group SIMULATION SYSTEM

11.14 Group SENSOR VERSION

11.15 Group AMPLIFIER VERSION

Functional description SIMULATION SYSTEM

SIMULATION 
FAILSAFE MODE

Use this function to set all outputs and the totalizer to their defined failsafe modes, 
in order to check whether they respond correctly. 
During this time, the words "SIMULATION FAILSAFE MODE" appear on the display.

Options:
ON
OFF

Factory setting:
OFF

SIMULATION 
MEASURAND

Use this function to set all outputs and the totalizer to their defined flow-response 
modes, in order to check whether they respond correctly. 
During this time, the words "SIMULATION MEASURAND" appear on the display.

Options:
OFF
VOLUME FLOW

Factory setting:
OFF

! Note! 
• The measuring device cannot be used for measuring while this simulation is in 

progress.
• The setting is not saved if the power supply fails.

VALUE SIMULATION 
MEASURAND

! Note! 
This function is not available unless the SIMULATION MEASURAND function is 
active (= VOLUME FLOW).

In this function, a freely selectable value (e.g. 12 m3/s) is specified.
This value is used to test downstream devices and the flowmeter itself.

User input:
5-digit floating-point number [unit], with sign

Factory setting:
0 [unit]

" Caution! 
The setting is not saved if the power supply fails.

! Note! 
The appropriate unit is taken from the SYSTEM UNITS group.

Functional description SENSOR VERSION

SERIAL NUMBER Use this function to view the serial number of the sensor.

SENSOR TYPE Use this function to view the sensor type.

Functional description AMPLIFIER VERSION

SOFTWARE REVISION 
NUMBER 

Use this function to view the software revision number of the electronics board.
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11.16 Factory settings

11.16.1 SI units (not for USA and Canada)

Low flow cut off, full scale value, pulse value, totalizer

Nominal diameter Low flow cut off Full scale value 
current output

Pulse value Totalizer

[mm] [inch] (approx. v = 0.04 m/s) (approx. v = 2.5 m/s) (approx. 2 pulses/s 
at v = 2.5 m/s)

2 1/12" 0.01 dm³/min 0.5 dm³/min 0.005 dm³ dm³

4 1/8" 0.05 dm³/min 2 dm³/min 0.025 dm³ dm³

8 3/8" 0.1 dm³/min 8 dm³/min 0.10 dm³ dm³

15 ½" 0.5 dm³/min 25 dm³/min 0.20 dm³ dm³

25 1" 1 dm³/min 75 dm³/min 0.50 dm³ dm³

32 1 ¼" 2 dm³/min 125 dm³/min 1.00 dm³ dm³

40 1 ½" 3 dm³/min 200 dm³/min 1.50 dm³ dm³

50 2" 5 dm³/min 300 dm³/min 2.50 dm³ dm³

65 2 ½" 8 dm³/min 500 dm³/min 5.00 dm³ dm³

80 3" 12 dm³/min 750 dm³/min 5.00 dm³ dm³

100 4" 20 dm³/min 1200 dm³/min 10.00 dm³ dm³

125 5" 30 dm³/min 1850 dm³/min 15.00 dm³ dm³

150 6" 2.5 m³/h 150 m³/h 0.025 m³ m³

200 8" 5.0 m³/h 300 m³/h 0.05 m³ m³

250 10" 7.5 m³/h 500 m³/h 0.05 m³ m³

300 12" 10 m³/h 750 m³/h 0.10 m³ m³

350 14" 15 m³/h 1000 m³/h 0.10 m³ m³

375 15" 20 m3/h 1200 m3/h 0.15 m3 m3

400 16" 20 m³/h 1200 m³/h 0.15 m³ m³

450 18" 25 m³/h 1500 m³/h 0.25 m³ m³

500 20" 30 m³/h 2000 m³/h 0.25 m³ m³

600 24" 40 m³/h 2500 m³/h 0.30 m³ m³

700 28" 50 m³/h 3500 m³/h 0.50 m³ m³

– 30" 60 m³/h 4000 m³/h 0.50 m³ m³

800 32" 75 m³/h 4500 m³/h 0.75 m³ m³

900 36" 100 m³/h 6000 m³/h 0.75 m³ m³

1000 40" 125 m³/h 7000 m³/h 1.00 m³ m³

– 42" 125 m³/h 8000 m³/h 1.00 m³ m³

1200 48" 150 m³/h 10000 m³/h 1.50 m³ m³

– 54" 200 m³/h 13000 m³/h 1.50 m³ m³

1400 – 225 m³/h 14000 m³/h 2.00 m³ m³

– 60" 250 m³/h 16000 m³/h 2.00 m³ m³

1600 – 300 m³/h 18000 m³/h 2.50 m³ m³

– 66" 325 m³/h 20500 m³/h 2.50 m³ m³

1800 72" 350 m³/h 23000 m³/h 3.00 m³ m³

– 78" 450 m³/h 28500 m³/h 3.50 m³ m³

2000 – 450 m³/h 28500 m³/h 3.50 m³ m³
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Language

Country Language

Austria Deutsch

Belgium English

Denmark English

England English

Finland English

France Francais

Germany Deutsch

Holland English

Hong Kong English

International Instruments English

Italy Italiano

Japan English

Malaysia English

Norway English

Singapore English

South Africa English

Spain Espanol

Sweden English

Switzerland Deutsch

Thailand English
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11.16.2 US units (only for USA and Canada)

Low flow cut off, full scale value, pulse value, totalizer

Language

Nominal diameter Low flow cut off Full scale value 
current output

Pulse value Totalizer

[inch] [mm] (approx. v = 0.04 m/s) (approx. v = 2.5 m/s) (approx. 2 pulses/s 
at v = 2.5 m/s)

1/12" 2 0.002 gal/min 0.1 gal/min 0.001 gal gal

1/8" 4 0.008 gal/min 0.5 gal/min 0.005 gal gal

3/8" 8 0.025 gal/min 2 gal/min 0.02 gal gal

½" 15 0.10 gal/min 6 gal/min 0.05 gal gal

1" 25 0.25 gal/min 18 gal/min 0.20 gal gal

1 ¼" 32 0.50 gal/min 30 gal/min 0.20 gal gal

1 ½" 40 0.75 gal/min 50 gal/min 0.50 gal gal

2" 50 1.25 gal/min 75 gal/min 0.50 gal gal

2 ½" 65 2.0 gal/min 130 gal/min 1 gal gal

3" 80 2.5 gal/min 200 gal/min 2 gal gal

4" 100 4.0 gal/min 300 gal/min 2 gal gal

5" 125 7.0 gal/min 450 gal/min 5 gal gal

6" 150 12 gal/min 600 gal/min 5 gal gal

8" 200 15 gal/min 1200 gal/min 10 gal gal

10" 250 30 gal/min 1500 gal/min 15 gal gal

12" 300 45 gal/min 2400 gal/min 25 gal gal

14" 350 60 gal/min 3600 gal/min 30 gal gal

15" 375 60 gal/min 4800 gal/min 50 gal gal

16" 400 60 gal/min 4800 gal/min 50 gal gal

18" 450 90 gal/min 6000 gal/min 50 gal gal

20" 500 120 gal/min 7500 gal/min 75 gal gal

24" 600 180 gal/min 10500 gal/min 100 gal gal

28" 700 210 gal/min 13500 gal/min 125 gal gal

30" – 270 gal/min 16500 gal/min 150 gal gal

32" 800 300 gal/min 19500 gal/min 200 gal gal

36" 900 360 gal/min 24000 gal/min 225 gal gal

40" 1000 480 gal/min 30000 gal/min 250 gal gal

42" – 600 gal/min 33000 gal/min 250 gal gal

48" 1200 600 gal/min 42000 gal/min 400 gal gal

54" – 1.3 Mgal/d 75 Mgal/d 0.0005 Mgal Mgal

– 1400 1.3 Mgal/d 85 Mgal/d 0.0005 Mgal Mgal

60" – 1.3 Mgal/d 95 Mgal/d 0.0005 Mgal Mgal

– 1600 1.7 Mgal/d 110 Mgal/d 0.0008 Mgal Mgal

66" – 2.2 Mgal/d 120 Mgal/d 0.0008 Mgal Mgal

72" 1800 2.6 Mgal/d 140 Mgal/d 0.0008 Mgal Mgal

78" – 3.0 Mgal/d 175 Mgal/d 0.001 Mgal Mgal

– 2000 3.0 Mgal/d 175 Mgal/d 0.001 Mgal Mgal

Country Language

USA English

Canada English
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H
HART

Command classes . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59
Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61
Communicator DXR 375  . . . . . . . . . . . . . . . . . . . . . . .  59
Device description files. . . . . . . . . . . . . . . . . . . . . . . . .  60
Device status / Error messages . . . . . . . . . . . . . . . . . .  65
Write protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60

HART WRITE PROTECTION  . . . . . . . . . . . . . . . . . . . . . . 121
Hazardous substances  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82
HOME position (operating mode)  . . . . . . . . . . . . . . . . . .  55

I
Incoming acceptance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9
Inlet/outlet run . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14
Installation

Promag D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19
Promag E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22
Promag H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
Promag L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27
Promag P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31
Promag W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34
Remote version . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40
See Installation instructions

Installation conditions
Adapters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15
Dimensions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11
Down pipe  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12
EPD electrode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13
Foundations, supports . . . . . . . . . . . . . . . . . . . . . . . . .  15
Inlet/outlet run . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14
Installation of pumps . . . . . . . . . . . . . . . . . . . . . . . . . .  11
Mounting location  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11
Orientation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13
Partially filled pipes  . . . . . . . . . . . . . . . . . . . . . . . . . . .  12
Vibrations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14

INSTALLATION DIRECTION SENSOR. . . . . . . . . . . . . . . 124

K
K-FACTOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

L
LANGUAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84
Local display

See Display
Low flow cut off  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84

M
Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69
MANUFACTURER ID . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
Material load diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Maximum measured error. . . . . . . . . . . . . . . . . . . . . . . . .  85
Measured variable  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83
MEASURING MODE . . . . . . . . . . . . . . . . . . . . . . . .  124–125
MEASURING PERIOD . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
Measuring principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83
Measuring range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83
Measuring system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83

Mechanical construction  . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Medium pressure range . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
Medium temperature range. . . . . . . . . . . . . . . . . . . . . . . . 87
Mounting bolts

Promag D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

N
Nameplate specifications

Connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7
Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7
Transmitter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6

NOMINAL DIAMETER . . . . . . . . . . . . . . . . . . . . . . . . . .  127
Nominal diameter and flow rate

Promag W  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

O
Operable flow range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
Operating conditions

Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Operating elements. . . . . . . . . . . . . . . . . . . . . . . . . .  55, 105
OPERATING MODE. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116
Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

Device description files . . . . . . . . . . . . . . . . . . . . . . . . . 60
FieldCare. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Operating programs . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

Operational safety. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4
Order code

Accessories. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7
Transmitter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6

Output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
OUTPUT SIGNAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117
Output signal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
OVERFLOW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113

P
Performance characteristics. . . . . . . . . . . . . . . . . . . . . . . . 85
Pig (cleaning). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
POSITIVE ZERO RETURN . . . . . . . . . . . . . . . . . . . . . . . .  125
Post-connection

Check. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Post-installation

Check. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Potential equalization. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
Power consumption  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Power supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Power supply failure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Pressure Equipment Directive . . . . . . . . . . . . . . . . . . . .  106
Pressure loss

Adapters (reducers, expanders)  . . . . . . . . . . . . . . . . . 15
Pressure tightness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Process connections  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104
Process error messages  . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
Process errors (definition) . . . . . . . . . . . . . . . . . . . . . . . . . 58
Programming mode

Disable  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Enable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

Promag D
Centering sleeve  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

�(����������



Promag 10

Endress+Hauser 137

Mounting bolts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20
Seals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19
Tightening torques  . . . . . . . . . . . . . . . . . . . . . . . . . . .  21

Promag D mounting kit. . . . . . . . . . . . . . . . . . . . . . . . . . .  19
Promag E

Ground cable. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22
Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22
Seals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22
Tightening torques  . . . . . . . . . . . . . . . . . . . . . . . . . . .  23

Promag H
Cleaning with pigs . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26
Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
Seals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
Weld nipple  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26

Promag H cleaning with pigs . . . . . . . . . . . . . . . . . . . . . .  26
Promag H with weld nipples  . . . . . . . . . . . . . . . . . . . . . .  26
Promag L

Ground cable. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27
Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27
Seals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27
Tightening torques  . . . . . . . . . . . . . . . . . . . . . . . . . . .  28

Promag P
Ground cable. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31
Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31
Seals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31
Tightening torques  . . . . . . . . . . . . . . . . . . . . . . . . . . .  31

Promag W
Ground cable. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34
Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34
Seals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34
Tightening torques  . . . . . . . . . . . . . . . . . . . . . . . . . . .  34

PULSE VALUE  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116
PULSE WIDTH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  116

R
Reference operating conditions . . . . . . . . . . . . . . . . . . . .  85
Registered trademarks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Remote operation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105
Remote version

Connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42
Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40

Repair  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82
Repeatability. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86
RESET TOTALIZER. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113
Response of the status output . . . . . . . . . . . . . . . . . . . .  119
Response to errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77
Returning devices  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82

S
Safety icons. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Safety instructions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Sanitary compatibility . . . . . . . . . . . . . . . . . . . . . . . . . . .  105
Seals  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69

Promag D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19
Promag E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22
Promag H  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
Promag L. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27
Promag P. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31
Promag W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34

SELF CHECKING  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  130
SENSOR TYPE  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  131
SERIAL NUMBER. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  131
Serial number

Sensor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7
Transmitter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6

Shock resistance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Signal on alarm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
SIMULATION FAILSAFE MODE  . . . . . . . . . . . . . . . . . .  131
SIMULATION MEASURAND . . . . . . . . . . . . . . . . . . . . .  131
SIP cleaning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Spare parts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Standards, guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . .  106
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
SUM  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113
Supply voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Surface roughness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105
SW REV. NUMBER . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  131
Switching behavior of the status output. . . . . . . . . . . .  120
Switching on (measuring device)  . . . . . . . . . . . . . . . . . . . 66
SWITCH-OFF POINT . . . . . . . . . . . . . . . . . . . . . . . . . . . .  118
SWITCH-ON POINT. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117
SWITCH-ON POINT LOW FLOW CUT OFF  . . . . . . . . .  122
SYSTEM DAMPING . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126
System error messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
System errors (definition)  . . . . . . . . . . . . . . . . . . . . . . . . . 58
SYSTEM RESET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  130

T
TAG DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121
TAG NAME  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121
Technical data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
Temperature

Ambient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Medium  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Storage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

TEST DISPLAY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112
Tightening torques

Promag D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Promag E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
Promag L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
Promag P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Promag W  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

TIME CONSTANT  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115
Troubleshooting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Types of error (system and process errors) . . . . . . . . . . . 58

U
UNIT VOLUME  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109
UNIT VOLUME FLOW  . . . . . . . . . . . . . . . . . . . . . . . . . .  109

V
VALUE 20 mA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115
VALUE SIMULATION MEASURAND . . . . . . . . . . . . . .  131
Vibration resistance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Vibrations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

W
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93, 99
Wiring. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

�(����������



Promag 10

138 Endress+Hauser

Z
ZERO POINT  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

�(����������



Promag 10

Endress+Hauser 139�(����������



www.addresses.endress.com

�(����������



18
0,

 3rd
 A

ve
nu

e,
 L

’Is
le

t, 
Q

ue
be

c,
 G

0R
 2

C
0,

 C
A

N
A

D
A

 T
el

.: 
(4

18
) 

24
7-

39
47

, 1
-8

00
-4

63
-7

04
3 

  F
ax

: (
41

8)
 2

47
-7

80
1

w
w

w
.o

ue
lle

t.c
om

IN
S

T
R

U
C

T
IO

N
S

 “
O

A
C

” 
S

er
ie

s

M
A

IN
T

E
N

A
N

C
E

 
IN

S
T

R
U

C
T

IO
N

S
1-

 O
nc

e 
a 

ye
ar

, r
em

ov
e 

th
e 

fr
on

t p
an

el
 a

nd
 u

se
 a

 v
ac

uu
m

 
 

cl
ea

ne
r 

to
 r

em
ov

e 
th

e 
du

st
 a

cc
um

ul
at

io
n 

in
si

de
 th

e 
he

at
er

 
 

an
d 

th
ro

ug
h 

op
en

in
gs

 o
f t

he
 fr

on
t p

an
el

.  
2-

 C
le

an
in

g 
sh

ou
ld

 b
e 

do
ne

 w
hi

le
 th

e 
he

at
er

 is
 d

is
co

nn
ec

te
d 

 
fr

om
 th

e 
m

ai
n 

se
rv

ic
e 

pa
ne

l. 
W

ai
t u

nt
il 

th
e 

ho
us

in
g 

 
an

d 
he

at
in

g 
el

em
en

t c
oo

l b
ef

or
e 

pe
rf

or
m

in
g 

m
ai

nt
en

an
ce

. 
3-

 R
ep

la
ce

 th
e 

fr
on

t p
an

el
 b

ef
or

e 
en

er
gi

zi
ng

.
���

���
�$

�Q
�\�

��R
�W

�K
�H

�U
���

V
�H

�U
�Y

�L
�F

�L
�Q

�J
���

V
�K

�R
�X

�O
�G

���
E

�H
���

S
�H

�U
�I�

R
�U

�P
�H

�G
���

E
�\�

��D
���

T
�X

�D
�O

�L
�¿

�H
�G

��
 

te
ch

ni
ci

an
.

IN
S

01
-2

00
30

1-
06

R
ea

d 
ca

re
fu

lly
 th

es
e 

in
st

ru
ct

io
ns

 b
ef

or
e 

in
st

al
la

tio
n,

 o
pe

ra
tio

n 
of

 th
e 

he
at

er
. F

ai
lu

re
 to

 a
dh

er
e 

to
 th

e 
in

st
ru

ct
io

ns
 c

ou
ld

 r
es

ul
t i

n 
�¿

�U
�H

���
��H

�O
�H

�F
�W

�U
�L

�F
���

V
�K

�R
�F

�N
���

��V
�H

�U
�L

�R
�X

�V
���

S
�H

�U
�V

�R
�Q

�D
�O

���
L�

Q
�M

�X
�U

�\�
���

�D
�Q

�G
���

G
�H

�D
�W

�K
���

R
�U

���
S

�U
�R

�S
�H

�U
�W

�\�
�

da
m

ag
e.

 R
ev

ie
w

 fr
eq

ue
nt

ly
 fo

r 
co

nt
in

ui
ng

 s
af

e 
op

er
at

io
n 

an
d 

in
st

ru
ct

io
n 

of
 fu

tu
re

 u
se

rs
, i

f n
ec

es
sa

ry
.

IM
P

O
R

TA
N

T
IN

S
T

R
U

C
T

IO
N

S
1-

 
R

ea
d 

al
l i

ns
tr

uc
tio

ns
 b

ef
or

e 
in

st
al

lin
g 

or
 u

si
ng

 th
is

 h
ea

te
r.

2-
 

T
hi

s 
he

at
er

 is
 h

ot
 w

he
n 

in
 u

se
. T

o 
av

oi
d 

bu
rn

s,
 d

o 
no

t l
et

 
��

�E
�D

�U
�H

���
V

�N
�L

�Q
���

W
�R

�X
�F

�K
���

K
�R

�W
���

V
�X

�U
�I�

D
�F

�H
�V

���
��.

�H
�H

�S
���

F
�R

�P
�E

�X
�V

�W
�L

�E
�O

�H
���

P
�D

�W
�H

�U
�L

�D
�O

�V
���

�
��

�O
�L

�N
�H

���
I�X

�U
�Q

�L
�W

�X
�U

�H
���

��S
�L

�O
�O

�R
�Z

�V
���

��E
�H

�G
�G

�L
�Q

�J
���

��S
�D

�S
�H

�U
�V

���
��F

�O
�R

�W
�K

�H
�V

���
��D

�Q
�G

��
 

cu
rt

ai
ns

 a
t l

ea
st

 3
6 

in
. (

91
5 

m
m

) 
fr

om
 th

e 
fr

on
t o

f t
he

 h
ea

te
r.

3-
 

E
xt

re
m

e 
ca

ut
io

n 
is

 n
ec

es
sa

ry
 w

he
n 

an
y 

he
at

er
 is

 u
se

d 
by

 
 

or
 n

ea
r 

ch
ild

re
n 

or
 in

va
lid

s 
an

d 
w

he
ne

ve
r 

th
e 

he
at

er
 is

 le
ft

 
op

er
at

in
g 

an
d 

un
at

te
nd

ed
.

4-
 

D
o 

no
t o

pe
ra

te
 a

ny
 h

ea
te

r 
af

te
r 

it 
m

al
fu

nc
tio

ns
. D

is
co

nn
ec

t
 

po
w

er
 a

t s
er

vi
ce

 p
an

el
 a

nd
 h

av
e 

he
at

er
 in

sp
ec

te
d 

by
 a

 
 

re
pu

ta
bl

e 
el

ec
tr

ic
ia

n 
be

fo
re

 r
eu

si
ng

.
5-

 
D

o 
no

t u
se

 o
ut

do
or

s.
6-

 
D

o 
no

t i
ns

er
t o

r 
al

lo
w

 fo
re

ig
n 

ob
je

ct
s 

to
 e

nt
er

 a
ny

 
 

ve
nt

ila
tio

n 
or

 e
xh

au
st

 o
pe

ni
ng

 a
s 

th
is

 m
ay

 c
au

se
 a

n 
el

ec
tr

ic
 

��
�V

�K
�R

�F
�N

���
R

�U
���

¿
�U

�H
���

��R
�U

���
G

�D
�P

�D
�J

�H
���

W
�K

�H
���

K
�H

�D
�W

�H
�U

��
���

���
�'�

R
���

Q
�R

�W
���

E
�O

�R
�F

�N
���

D
�L

�U
���

L�
Q

�W
�D

�N
�H

�V
���

R
�U

���
H

�[�
K

�D
�X

�V
�W

���
L�

Q
���

D
�Q

�\�
��Z

�D
�\�

��Z
�K

�D
�W

�V
�R

�H
�Y

�H
�U

���
�

���
���

�7
�K

�L
�V

���
K

�H
�D

�W
�H

�U
���

K
�D

�V
���

K
�R

�W
���

D
�Q

�G
���

D
�U

�F
�L

�Q
�J

���
R

�U
���

V
�S

�D
�U

�N
�L

�Q
�J

���
S

�D
�U

�W
�V

���
L�

Q
�V

�L
�G

�H
���

�
��

�'�
R

���
Q

�R
�W

���
X

�V
�H

���
L�

W
���

L�
Q

���
D

�U
�H

�D
�V

���
Z

�K
�H

�U
�H

���
J�

D
�V

�R
�O

�L
�Q

�H
���

��S
�D

�L
�Q

�W
���

��R
�U

���
À

�D
�P

�P
�D

�E
�O

�H
��

 
liq

ui
ds

 a
re

 u
se

d 
or

 s
to

re
d.

9-
 

U
se

 th
is

 h
ea

te
r 

on
ly

 a
s 

de
sc

rib
ed

 in
 th

is
 m

an
ua

l. 
A

ny
 o

th
er

��
�X

�V
�H

���
Q

�R
�W

���
U

�H
�F

�R
�P

�P
�H

�Q
�G

�H
�G

���
E

�\�
��W

�K
�H

���
P

�D
�Q

�X
�I�

D
�F

�W
�X

�U
�H

�U
���

P
�D

�\�
��F

�D
�X

�V
�H

���
¿

�U
�H

���
�

��
�H

�O
�H

�F
�W

�U
�L

�F
���

V
�K

�R
�F

�N
���

��R
�U

���
L�

Q
�M

�X
�U

�\�
�

10
- 

A
M

E
R

IC
A

N
 V

E
R

S
IO

N
 O

N
LY

:
 S

om
e 

m
od

el
s 

 
(u

p 
to

 6
00

0W
 m

ax
im

um
 a

nd
 2

40
V

 m
ax

im
um

)
 

in
cl

ud
e 

a 
vi

su
al

 a
la

rm
 to

 w
ar

n 
th

at
 p

ar
ts

 o
f t

he
 h

ea
te

r 
ar

e 
 

ge
tti

ng
 e

xc
es

si
ve

ly
 h

ot
. I

f t
he

 li
gh

t t
ur

ns
 o

n,
 im

m
ed

ia
te

ly
 

 
tu

rn
 th

e 
he

at
er

 o
ff 

an
d 

in
sp

ec
t f

or
 a

ny
 o

bj
ec

ts
 o

n 
or

 
��

�D
�G

�M
�D

�F
�H

�Q
�W

���
W

�R
���

W
�K

�H
���

K
�H

�D
�W

�H
�U

���
W

�K
�D

�W
���

P
�D

�\�
��K

�D
�Y

�H
���

E
�O

�R
�F

�N
�H

�G
���

W
�K

�H
���

D
�L

�U
�À

�R
�Z

��
 

or
 o

th
er

w
is

e 
ca

us
ed

 h
ig

h 
te

m
pe

ra
tu

re
s 

to
 h

av
e 

oc
cu

re
d.

 
��

�,�
I��

�Q
�R

���
R

�E
�V

�W
�U

�X
�F

�W
�L

�R
�Q

���
L�

V
���

Y
�L

�V
�L

�E
�O

�H
���

��W
�K

�H
���

K
�H

�D
�W

�H
�U

���
P

�X
�V

�W
���

E
�H

���
F

�K
�H

�F
�N

�H
�G

��
��

�E
�\�

��D
���

T
�X

�D
�O

�L
�¿

�H
�G

���
S

�H
�U

�V
�R

�Q
���

�
D

O
 N

O
T

 O
P

E
R

A
T

E
 T

H
E

 
 

H
E

A
T

E
R

 W
H

E
N

 T
H

E
 A

LA
R

M
 L

IG
H

T
 IS

 O
N

.
11

- 
T

he
 th

er
m

os
ta

t s
ho

ul
d 

no
t b

e 
co

ns
id

er
ed

 a
n 

in
fa

lli
bl

e 
 

de
vi

ce
 in

 c
as

es
 w

he
re

 m
ai

nt
ai

ni
ng

 a
 te

m
pe

ra
tu

re
 is

 c
on

si
de

re
d 

 
 

cr
iti

ca
l. 

E
xa

m
pl

es
: H

az
ar

do
us

 m
at

er
ia

l s
to

ra
ge

, c
om

pu
te

r 
 

se
rv

er
 r

oo
m

, e
tc

. I
n 

th
es

e 
pa

rt
ic

ul
ar

 c
as

es
, i

t i
s 

im
pe

ra
tiv

e 
to

 
ad

d 
a 

m
on

ito
rin

g 
sy

st
em

 to
 a

vo
id

 th
e 

co
ns

eq
ue

nc
es

 o
f a

 
 

th
er

m
os

ta
t f

ai
lu

re
.

O
P

E
R

AT
IN

G
 

IN
S

T
R

U
C

T
IO

N
S

1-
 T

he
 h

ea
te

r 
m

us
t b

e 
pr

op
er

ly
 in

st
al

le
d 

be
fo

re
 it

 is
 u

se
d.

���
���

�7
�X

�U
�Q

���
W

�K
�H

���
S

�R
�Z

�H
�U

���
R

�Q
���

D
�W

���
W

�K
�H

���
F

�L
�U

�F
�X

�L
�W

���
E

�U
�H

�D
�N

�H
�U

���
S

�D
�Q

�H
�O

��
3-

 E
le

ct
ro

ni
c 

th
er

m
os

ta
t: 

be
 s

ur
e 

to
 s

et
 it

 o
n 

th
e 

fa
n 

m
od

e.
 

4-
 B

ui
lt-

in
 th

er
m

os
ta

t: 
to

 s
et

 th
er

m
os

ta
t a

t t
he

 d
es

ire
d 

 
te

m
pe

ra
tu

re
, f

ol
lo

w
 th

es
e 

st
ep

s:
��

���
��

6�
H

�W
���

W
�K

�H
�U

�P
�R

�V
�W

�D
�W

���
D

�W
���

P
�D

�[�
L�

P
�X

�P
���

W
�H

�P
�S

�H
�U

�D
�W

�X
�U

�H
���

��W
�X

�U
�Q

���
F

�O
�R

�F
�N

�Z
�L

�V
�H

���
�

 
- 

W
he

n 
th

e 
de

si
re

d 
te

m
pe

ra
tu

re
 is

 r
ea

ch
ed

, t
ur

n 
th

e
��

��
�W

�K
�H

�U
�P

�R
�V

�W
�D

�W
���

F
�R

�X
�Q

�W
�H

�U
���

F
�O

�R
�F

�N
�Z

�L
�V

�H
���

V
�O

�R
�Z

�O
�\�

��X
�Q

�W
�L

�O
���

\�R
�X

���
K

�H
�D

�U
��

��
��

�D
���

F
�O

�L
�F

�N
��

��
���

��
7�

K
�H

���
W

�K
�H

�U
�P

�R
�V

�W
�D

�W
���

Z
�L

�O
�O

���
N

�H
�H

�S
���

W
�K

�L
�V

���
U

�R
�R

�P
���

W
�H

�P
�S

�H
�U

�D
�W

�X
�U

�H
��

���
���

�%
�X

�L
�O

�W
���

L�
Q

���
W

�K
�H

�U
�P

�R
�V

�W
�D

�W
���

Z
�L

�W
�K

���
F

�R
�Q

�W
�U

�R
�O

���
N

�Q
�R

�E
���

��W
�K

�H
���

V
�H

�W
�W

�L
�Q

�J
���

F
�D

�Q
���

E
�H

��
�D

�G
�M

�X
�V

�W
�H

�G
���

Z
�L

�W
�K

���
W

�K
�H

���
N

�Q
�R

�E
���

V
�X

�S
�S

�O
�L

�H
�G

���
��O

�R
�F

�D
�W

�H
�G

���
R

�Q
���

W
�K

�H
���

I�U
�R

�Q
�W

���
F

�R
�Y

�H
�U

��
6-

 B
ui

lt-
in

 ta
m

pe
rp

ro
of

 th
er

m
os

ta
t: 

th
e 

se
tti

ng
 c

an
 b

e 
ad

ju
st

ed
 

th
ro

ug
h 

th
e 

ho
le

 in
 th

e 
fr

on
t c

ov
er

 w
ith

 a
 s

m
al

l s
lo

tte
d 

 
sc

re
w

dr
iv

er
.

7-
 A

M
E

R
IC

A
N

 V
E

R
S

IO
N

 O
N

LY
: 

 
S

om
e 

m
od

el
s 

(u
p 

to
 6

00
0W

 m
ax

im
um

 a
nd

 2
40

V
 m

ax
im

um
) 

 
in

cl
ud

e 
a 

vi
su

al
 a

la
rm

 to
 w

ar
n 

th
at

 p
ar

ts
 o

f t
he

 h
ea

te
r 

ar
e 

 
ge

tti
ng

 e
xc

es
si

ve
ly

 h
ot

. I
f t

he
 li

gh
t t

ur
ns

 o
n,

 im
m

ed
ia

te
ly

 
 

tu
rn

 th
e 

he
at

er
 o

ff 
an

d 
in

sp
ec

t f
or

 a
ny

 o
bj

ec
ts

 o
n 

or
 a

dj
ac

en
t 

��
�W

�R
���

W
�K

�H
���

K
�H

�D
�W

�H
�U

���
W

�K
�D

�W
���

P
�D

�\�
��K

�D
�Y

�H
���

E
�O

�R
�F

�N
�H

�G
���

W
�K

�H
���

D
�L

�U
�À

�R
�Z

���
R

�U
���

R
�W

�K
�H

�U
�Z

�L
�V

�H
��

 
ca

us
ed

 h
ig

h 
te

m
pe

ra
tu

re
s 

to
 h

av
e 

oc
cu

re
d.

 
 

D
O

 N
O

T
 O

P
E

R
A

T
E

 T
H

E
 H

E
A

T
E

R
 W

H
E

N
 T

H
E

 
 

A
LA

R
M

 L
IG

H
T

 IS
 O

N
.

O
P

T
IO

N
S

: 

F
an

 s
w

itc
h:

T
hi

s 
op

tio
n 

al
lo

w
s 

th
e 

us
e 

of
 th

e 
fa

n 
in

 c
on

tin
uo

us
 o

r 
au

to
m

at
ic

 
m

od
e.

T
he

 s
w

itc
h 

ca
n 

be
 s

w
itc

he
d 

th
ro

ug
h 

th
e 

up
pe

r 
gr

ill
e 

w
ith

 a
 

sc
re

w
dr

iv
er

.
P

os
iti

on
 O

N
: T

he
 fa

n 
ru

ns
 c

on
tin

uo
us

ly
, w

ith
 o

r 
w

ith
ou

t h
ea

tin
g 

de
m

an
d.

 
P

os
iti

on
 A

U
T

O
: T

he
 fa

n 
op

er
at

es
 in

 a
ut

om
at

ic
 m

od
e,

 o
nl

y 
du

rin
g 

a 
he

at
in

g 
de

m
an

d.

H
ea

tin
g 

sw
itc

h:
T

hi
s 

op
tio

n 
al

lo
w

s 
th

e 
st

an
db

y 
of

 th
e 

he
at

in
g 

fu
nc

tio
n 

of
 th

e 
he

at
er

.
T

he
 s

w
itc

h 
ca

n 
be

 s
w

itc
he

d 
th

ro
ug

h 
th

e 
up

pe
r 

gr
ill

e 
w

ith
 a

 
sc

re
w

dr
iv

er
.

P
os

iti
on

 O
N

: T
he

 h
ea

te
r 

is
 o

pe
ra

tin
g 

no
rm

al
ly

, d
ep

en
di

ng
 o

f t
he

 
he

at
in

g 
de

m
an

d 
fr

om
 th

e 
th

er
m

os
ta

t.
P

os
iti

on
 S

T
B

Y:
 T

he
 h

ea
te

r 
do

es
 n

ot
 a

llo
w

 to
 h

ea
t t

he
 r

oo
m

, e
ve

n 
w

ith
 a

 h
ea

tin
g 

de
m

an
d 

fr
om

 th
e 

th
er

m
os

ta
t.

H
ow

ev
er

, t
he

 fa
n 

ca
n 

be
 u

se
d 

fo
r 

ai
r 

ci
rc

ul
at

io
n 

w
ith

 th
e 

fa
n 

sw
itc

h 
op

tio
n,

 if
 a

pp
lic

ab
le

.

W
A

R
N

IN
G

W
he

n 
us

in
g 

el
ec

tr
ic

al
 

ap
pl

ia
nc

es
, 

ba
si

c 
pr

ec
au

tio
ns

 
sh

ou
ld

 
�D

�O
�Z

�D
�\�

V
��

�E
�H

��
�W

�D
�N

�H
�Q

��
�W

�R
��

�U
�H

�G
�X

�F
�H

��
�W

�K
�H

��
�U

�L
�V

�N
��

�R
�I�

��
¿

�U
�H

���
��

H
�O

�H
�F

�W
�U

�L
�F

�D
�O

��
�V

�K
�R

�F
�N

��
�D

�Q
�G

��
in

ju
ry

, i
nc

lu
di

ng
 th

e 
fo

llo
w

in
g.

S
AV

E
 T

H
E

S
E

 IN
S

T
R

U
C

T
IO

N
S

W
A

R
R

A
N

T
Y

P
le

as
e 

re
fe

r 
to

 th
e 

pr
od

uc
t s

he
et

 a
t w

w
w

.o
ue

lle
t.c

om
.

K
O

E
 Ø

22
 m

m
K

O
E

 Ø
7/

8"

10
9 

m
m

4 
5/

16
"

41
0 

m
m

16
 1

/8
"

81
0 

m
m

31
 7

/8
" 76

7 
m

m
30

 3
/1

6"

12
27

 m
m

48
 5

/1
6" 11
85

 m
m

46
 5

/8
"

56
1 

m
m

22
 1

/1
6"

36
8 

m
m

14
 7

/1
6"

51
 m

m
2"

21
2 

m
m

8 
5/

16
"

74
 m

m
2 

7/
8"

55
 m

m
2 

3/
16

"

34
 m

m
1 

5/
16

"

50
6 

m
m

19
 7

/8
"

34
 m

m
1 

5/
16

"51
 m

m
2"

51
 m

m
2"

10
9 

m
m

4 
5/

16
"

56
1 

m
m

22
 1

/1
6"

S
id

e 
V

ie
w

A
ll 

m
od

el
s

F
ro

nt
 V

ie
w

R
eq

ui
re

d 
W

al
l 

O
pe

ni
ng

D
ou

bl
e 

U
ni

t
S

in
gl

e 
U

ni
t

Tr
ip

le
 U

ni
t

33
 m

m
1 

5/
16

"
33

 m
m

1 
5/

16
"

D
ou

bl
e 

U
ni

t
S

in
gl

e 
U

ni
t

Tr
ip

le
 U

ni
t

�(
���

���
���

�

�+
�H

�D
�W

�H
�U

���
��)

�R
�U

�F
�H

�G
���

$�
L�

U
���

��2
�X

�H
�O

�O
�H

�W
���

���
���

��N
�:�

���
�2

�$
�&

���
���

���
��%

�/



S
em

i-r
ec

es
se

d 
m

ou
nt

in
g 

S
in

gl
e 

un
it

M
od

el
 1

 in
. (

25
 m

m
)

IN
S

TA
LL

AT
IO

N
 

IN
S

T
R

U
C

T
IO

N
S

R
E

C
E

S
S

 M
O

U
N

T
IN

G
:

1-
 

H
ea

te
r 

m
us

t b
e 

us
ed

 w
ith

 r
ec

es
s 

bo
x.

2-
 

N
ev

er
 in

st
al

l w
ar

m
 a

ir 
ou

tle
t o

f h
ea

te
r 

le
ss

 th
an

 1
0 

in
. (

25
0 

m
m

) 
��

�I�
U

�R
�P

���
À

�R
�R

�U
���

R
�U

���
D

�G
�M

�D
�F

�H
�Q

�W
���

Z
�D

�O
�O

��
3-

 
P

ro
vi

de
 a

 w
al

l o
pe

ni
ng

 a
s:

 
D

ep
th

 
 :

 4
 5

/1
6 

in
. (

10
9 

m
m

)
 

H
ei

gh
t  

: 1
9 

7/
8 

in
. (

50
6 

m
m

)
 

Le
ng

th
  

:  
- 

S
in

gl
e 

un
it 

 :
  

14
 7

/1
6 

in
. (

36
8 

m
m

)
 

 
  

 -
 D

ou
bl

e 
un

it 
:  

 3
0 

3/
16

 in
. (

76
7 

m
m

)
 

 
  

 -
 T

rip
le

 u
ni

t 
 :

  
46

 5
/8

 in
. (

11
85

 m
m

)
���

���
�5

�H
�P

�R
�Y

�H
���

W
�K

�H
���

D
�S

�S
�U

�R
�S

�U
�L

�D
�W

�H
���

N
�Q

�R
�F

�N
���

R
�X

�W
���

I�U
�R

�P
���

W
�K

�H
���

U
�H

�F
�H

�V
�V

���
E

�R
�[�

��I
�R

�U
���

W
�K

�H
��

 
el

ec
tr

ic
al

 s
up

pl
y.

���
���

�$
�W

�W
�D

�F
�K

���
¿

�U
�P

�O
�\�

��W
�K

�H
���

U
�H

�F
�H

�V
�V

���
E

�R
�[�

��X
�V

�L
�Q

�J
���

S
�U

�R
�Y

�L
�G

�H
�G

���
V

�F
�U

�H
�Z

�V
��

��
�0

�D
�N

�H
���

V
�X

�U
�H

���
W

�K
�D

�W
���

W
�K

�H
���

H
�G

�J
�H

���
R

�Q
���

H
�D

�F
�K

���
V

�L
�G

�H
���

R
�I�

��W
�K

�H
���

U
�H

�F
�H

�V
�V

���
E

�R
�[�

��O
�H

�D
�Q

���
R

�Q
��

 
th

e 
gy

ps
um

 p
an

el
 a

nd
 n

ot
 o

n 
th

e 
st

ru
ct

ur
al

 p
ar

ts
 o

f t
he

 w
al

l. 
��

�6
�H

�H
���

P
�D

�U
�N

�L
�Q

�J
���

R
�Q

���
W

�K
�H

���
V

�L
�G

�H
�V

���
R

�I�
��W

�K
�H

���
U

�H
�F

�H
�V

�V
���

E
�R

�[�
�

6-
 

In
st

al
l t

he
 h

ea
te

r 
to

 th
e 

re
ce

ss
 b

ox
 a

nd
 b

e 
su

re
 th

at
 th

e 
he

at
er

��
�L

�V
���

D
�W

�W
�D

�F
�K

���
¿

�U
�P

�O
�\�

��Z
�L

�W
�K

���
I�R

�X
�U

���
���

���
��S

�U
�R

�Y
�L

�G
�H

�G
���

V
�F

�U
�H

�Z
�V

��
7-

 
C

on
ne

ct
 th

e 
he

at
er

 le
ad

s 
to

 th
e 

su
pp

ly
 le

ad
s 

ac
co

rd
in

g 
to

 n
at

io
na

l 
 

an
d 

lo
ca

l c
od

es
. S

ee
 w

iri
ng

 d
ia

gr
am

 in
 th

e 
fr

on
t c

ov
er

 o
f t

he
 h

ea
te

r.
���

���
�0

�D
�N

�H
���

V
�X

�U
�H

���
W

�K
�H

���
I�D

�Q
���

U
�R

�W
�D

�W
�H

�V
���

I�U
�H

�H
�O

�\�
��D

�Q
�G

���
W

�K
�D

�W
���

W
�K

�H
�U

�H
���

L�
V

���
Q

�R
���

I�R
�U

�H
�L

�J
�Q

��
 

ob
je

ct
 in

 th
e 

he
at

er
.

9-
 

In
st

al
l t

he
 fr

on
t c

ov
er

 u
si

ng
 th

e 
pr

ov
id

ed
 s

cr
ew

s.
 

IM
P

O
R

TA
N

T:
 T

o 
in

su
re

 th
at

 th
e 

fr
on

t c
ov

er
 is

 n
ot

 u
ps

id
e 

do
w

n,
 

��
�F

�K
�H

�F
�N

���
L�

I��
�W

�K
�H

���
O

�R
�J

�R
���

L�
V

���
L�

Q
���

W
�K

�H
���

F
�R

�U
�U

�H
�F

�W
���

R
�U

�L
�H

�Q
�W

�D
�W

�L
�R

�Q
��

10
- 

To
 te

st
 th

e 
he

at
er

 te
m

po
ra

ril
y,

 s
et

 th
er

m
os

ta
t a

t m
ax

im
um

 te
m

pe
ra

tu
re

.

S
U

R
FA

C
E

 M
O

U
N

T
IN

G
:

M
od

el
 4

 in
. (

10
2 

m
m

) 
1-

  
T

he
 s

ur
fa

ce
 b

ox
 m

us
t b

e 
us

ed
 w

ith
 r

ec
es

s 
bo

x.
2-

 
N

ev
er

 in
st

al
l w

ar
m

 a
ir 

ou
tle

t o
f h

ea
te

r 
le

ss
 th

an
 1

0 
in

. (
25

0 
m

m
) 

��
�I�

U
�R

�P
���

À
�R

�R
�U

���
R

�U
���

D
�G

�M
�D

�F
�H

�Q
�W

���
Z

�D
�O

�O
��

3-
 

Lo
ca

te
 th

e 
po

w
er

 s
up

pl
y 

le
ad

s 
be

hi
nd

 th
e 

pl
an

ne
d 

lo
ca

tio
n 

of
 th

e 
 

he
at

er
 (

su
rf

ac
e 

bo
x)

.
4-

 
M

ou
nt

 th
e 

su
rf

ac
e 

bo
x 

se
cu

re
ly

 to
 th

e 
w

al
l w

ith
 p

ro
vi

de
d 

sc
re

w
s.

��
�,�

0�
3�

2�
5�

7�
$�

1�
7�

���
�)

�R
�U

���
D

���
V

�L
�Q

�J
�O

�H
���

V
�X

�U
�I�

D
�F

�H
���

E
�R

�[�
���

�W
�K

�H
�U

�H
���

D
�U

�H
���

W
�Z

�R
���

E
�U

�D
�F

�N
�W

�H
�W

�V
��

��
�¿

�[�
H

�G
���

D
�W

���
W

�K
�H

���
W

�R
�S

���
D

�Q
�G

���
E

�R
�W

�W
�R

�P
���

��8
�Q

�I�
R

�O
�G

���
W

�K
�H

���
P

�H
�W

�D
�O

���
K

�R
�R

�N
�V

���
W

�R
���

U
�H

�P
�R

�Y
�H

���
W

�K
�H

��
��

�E
�U

�D
�F

�N
�H

�W
�V

���
��,

�Q
�V

�H
�U

�W
���

E
�U

�D
�F

�N
�H

�W
�V

���
L�

Q
���

W
�K

�H
���

V
�X

�U
�I�

D
�F

�H
���

E
�R

�[�
��E

�H
�I�

R
�U

�H
���

F
�R

�Q
�W

�L
�Q

�X
�L

�Q
�J

���
W

�K
�H

��
 

in
st

al
la

tio
n.

 S
ee

 il
lu

st
ra

tio
n 

to
 in

st
al

l p
ro

pe
rly

.
5-

 
F

ol
lo

w
 in

st
ru

ct
io

ns
 4

 to
 1

0 
as

 a
bo

ve
 fo

r 
re

ce
ss

 m
ou

nt
in

g.

S
E

M
I-

R
E

C
E

S
S

E
D

 M
O

U
N

T
IN

G
:

M
od

el
 1

 in
. (

25
 m

m
) 

an
d 

M
od

el
 2

 in
. (

51
 m

m
)

1-
  

T
he

 s
ur

fa
ce

 b
ox

 m
us

t b
e 

us
ed

 w
ith

 r
ec

es
s 

bo
x.

2-
 

N
ev

er
 in

st
al

l w
ar

m
 a

ir 
ou

tle
t o

f h
ea

te
r 

le
ss

 th
an

 1
0 

in
. (

25
0 

m
m

) 
��

�I�
U

�R
�P

���
À

�R
�R

�U
���

R
�U

���
D

�G
�M

�D
�F

�H
�Q

�W
���

Z
�D

�O
�O

��
3-

 
P

ro
vi

de
 a

 w
al

l o
pe

ni
ng

 a
s:

 
D

ep
th

 fo
r 

1 
in

. m
od

el
 : 

3 
5/

16
 in

. (
84

 m
m

)
 

D
ep

th
 fo

r 
2 

in
. m

od
el

 : 
2 

5/
16

 in
. (

59
 m

m
)

 
H

ei
gh

t  
: 1

9 
7/

8 
in

. (
50

6 
m

m
)

 
Le

ng
th

  
:  

- 
S

in
gl

e 
un

it 
 :

  
14

 7
/1

6 
in

. (
36

8 
m

m
)

 
 

  
 -

 D
ou

bl
e 

un
it 

:  
 3

0 
3/

16
 in

. (
76

7 
m

m
)

 
 

  
 -

 T
rip

le
 u

ni
t 

 :
  

46
 5

/8
 in

. (
11

85
 m

m
)

4-
 

Lo
ca

te
 th

e 
po

w
er

 s
up

pl
y 

le
ad

s 
be

hi
nd

 th
e 

pl
an

ne
d 

lo
ca

tio
n 

of
 th

e 
 

he
at

er
 (

su
rf

ac
e 

bo
x)

. 
5-

 
M

ou
nt

 th
e 

su
rf

ac
e 

bo
x 

se
cu

re
ly

 to
 th

e 
w

al
l w

ith
 p

ro
vi

de
d 

sc
re

w
s.

 
IM

P
O

R
TA

N
T:

 F
or

 a
 s

in
gl

e 
su

rf
ac

e 
bo

x,
 m

od
el

 2
 in

. (
51

 m
m

) 
th

er
e 

ar
e 

��
�W

�Z
�R

���
E

�U
�D

�F
�N

�W
�H

�W
�V

���
¿

�[�
H

�G
���

D
�W

���
W

�K
�H

���
W

�R
�S

���
D

�Q
�G

���
E

�R
�W

�W
�R

�P
���

��8
�Q

�I�
R

�O
�G

���
W

�K
�H

���
P

�H
�W

�D
�O

���
K

�R
�R

�N
�V

���
W

�R
��

�U
�H

�P
�R

�Y
�H

���
W

�K
�H

���
E

�U
�D

�F
�N

�H
�W

�V
���

��,
�Q

�V
�H

�U
�W

���
E

�U
�D

�F
�N

�H
�W

�V
���

L�
Q

���
W

�K
�H

���
V

�X
�U

�I�
D

�F
�H

���
E

�R
�[�

��E
�H

�I�
R

�U
�H

���
F

�R
�Q

�W
�L

�Q
�X

�L
�Q

�J
��

 
th

e 
in

st
al

la
tio

n.
 S

ee
 il

lu
st

ra
tio

n 
to

 in
st

al
l p

ro
pe

rly
.

6-
 

F
ol

lo
w

 in
st

ru
ct

io
ns

 4
 to

 1
0 

as
 a

bo
ve

 fo
r 

re
ce

ss
 m

ou
nt

in
g.

IM
P

O
R

TA
N

T
1-

 
D

o 
no

t o
bs

tr
uc

t f
ro

nt
 o

f h
ea

te
r 

fo
r 

at
 le

as
t 4

8 
in

. (
12

20
 m

m
).

2-
 

A
ny

 r
em

ot
e 

th
er

m
os

ta
t o

r 
re

la
y 

m
us

t b
e 

co
nn

ec
te

d 
to

 th
e 

he
at

er
 c

on
tr

ol
 te

rm
in

al
 

��
�E

�O
�R

�F
�N

��
3-

 
D

o 
no

t i
nt

er
ru

pt
 p

ow
er

 s
up

pl
y 

to
 c

on
tr

ol
 th

is
 h

ea
te

r.

C
A

U
T

IO
N

:
�+

�L
�J

�K
���

W
�H

�P
�S

�H
�U

�D
�W

�X
�U

�H
���

��U
�L

�V
�N

���
R

�I�
��¿

�U
�H

���
��N

�H
�H

�S
���

H
�O

�H
�F

�W
�U

�L
�F

�D
�O

���
F

�R
�U

�G
�V

���
��G

�U
�D

�S
�H

�U
�\�

���
�I�

X
�U

�Q
�L

�V
�K

�L
�Q

�J
�V

���
��D

�Q
�G

���
R

�W
�K

�H
�U

��
�F

�R
�P

�E
�X

�V
�W

�L
�E

�O
�H

�V
���

D
�W

���
O

�H
�D

�V
�W

���
���

���
L�

Q
���

���
���

���
���

P
�P

���
��I

�U
�R

�P
���

W
�K

�H
���

I�U
�R

�Q
�W

���
R

�I�
��W

�K
�H

���
K

�H
�D

�W
�H

�U
���

��7
�R

���
U

�H
�G

�X
�F

�H
���

W
�K

�H
���

U
�L

�V
�N

���
R

�I�
�

�¿
�U

�H
���

��G
�R

���
Q

�R
�W

���
V

�W
�R

�U
�H

���
R

�U
���

X
�V

�H
���

J�
D

�V
�R

�O
�L

�Q
�H

���
R

�U
���

R
�W

�K
�H

�U
���

À
�D

�P
�P

�D
�E

�O
�H

���
Y

�D
�S

�R
�U

�V
���

D
�Q

�G
��

�O
�L

�T
�X

�L
�G

�V
���

L�
Q

���
W

�K
�H

���
Y

�L
�F

�L
�Q

�L
�W

�\�
��R

�I�
�

th
e 

he
at

er
.

S
ur

fa
ce

 m
ou

nt
in

g 
an

d 
S

em
i-r

ec
es

se
d 

m
ou

nt
in

g
S

in
gl

e 
un

it
M

od
el

 4
 in

. (
10

2 
m

m
)

M
od

el
 2

 in
. (

51
 m

m
)

S
ur

fa
ce

 m
ou

nt
in

g 
an

d 
S

em
i-r

ec
es

se
d 

m
ou

nt
in

g 
D

ou
bl

e 
un

it
A

ll 
m

od
el

s

S
ur

fa
ce

 m
ou

nt
in

g 
an

d 
S

em
i-r

ec
es

se
d 

m
ou

nt
in

g 
Tr

ip
le

 u
ni

t
A

ll 
m

od
el

s

IN
S

01
-2

00
30

1-
06

�(
���

���
���

�



�K�������•���Œ�]���•

���}�u�u���Œ���]���o���t���o�o���,�����š���Œ

�$�P�S
�)�X�V�L�E�O�H��

�)�X�V�H

�3�R�U�W�H���I�X�V�L�E�O�H��

�)�X�V�H���K�R�O�G�H�U

�$�Y�D�Q�W���O�H���������D�R�€�W������������

�%�H�I�R�U�H���$�X�J�X�V�W������������������

�$�I�W�H�U���O�H���������D�R�€�W������������

�$�I�W�H�U���$�X�J�X�V�W������������������

���� �)�8�6���� �)�8�6���� �)�8�6����

���� �)�8�6���� �)�8�6���� �)�8�6����

�2�$�&���V�H�U�L�H�V ��������������������������������������

�3�D�J�H�������R�I����

�Z�Z�Z���R�X�H�O�O�H�W���F�R�P�������6�S�D�U�H���3�D�U�W�V

�(����������



�:�D�W�W�V�����3�+��
�'�H�Y�D�Q�W��

�)�U�R�Q�W

�������������������������������������� �$�&�����$�������

���������������� �$�&�����$�������

�������������������������������������� �$�&�����$�������

���������������������� �$�&�����$�������

����&�R�X�O�H�X�U�V���V�X�U���P�H�V�X�U�H���G�L�V�S�R�Q�L�E�O�H���V�X�U���G�H�P�D�Q�G�H���������&�X�V�W�R�P���F�R�O�R�U�V���D�Y�D�L�O�D�E�O�H���X�S�R�Q���U�H�T�X�H�V�W��

���������������:�����3�+���H�W���W�R�X�V���O�H�V���P�R�G�q�O�H�V�����3�+�������������������:�����3�+���D�Q�G���D�O�O�����3�+���P�R�G�H�O�V��

�:�D�W�W�V�����3�+��

�e�O�p�P�H�Q�W���F�K�D�X�I�I�D�Q�W��

�+�H�D�W�L�Q�J���H�O�H�P�H�Q�W

�������9 �������9 �������9 �������9 �������9 �������9 �������9

���������������� �(�/�2������ �� �(�/�2���� �(�/�8���� �(�/�2���� �(�/�8���� �(�/�2����

���������������� �� �(�/�2���� �(�/�2���� �(�/�8���� �(�/�2���� �(�/�8���� �(�/�2����

���������������� �� �� �(�/�2���� �(�/�8���� �(�/�2���� �(�/�8���� �(�/�2����

���������������� �� �(�/�2���� �(�/�2���� �(�/�8���� �(�/�2���� �(�/�8���� �(�/�2����

���������������� �� �(�/�8���� �(�/�8���� �(�/�8���� �(�/�2������ �(�/�8���� �(�/�2������

���������������� �� �� �(�/�2���� �(�/�8���� �(�/�2���� �(�/�8���� �(�/�2����

���������������� �� �(�/�2���� �� �� �� �� �(�/�2����

���������������� �� �(�/�2���� �(�/�2���� �(�/�8���� �(�/�2���� �(�/�8���� �(�/�2����

���������������� �� �(�/�2���� �� �� �� �� �(�/�2����

������������������ �� �(�/�2���� �(�/�2���� �(�/�8���� �(�/�2���� �(�/�8���� �(�/�2����

������������������ �� �(�/�2���� �� �� �� �(�/�8���� �(�/�2����

�W�H�V�W

�Z�D�W�W�V �Y�R�O�W�V

�(�/�8����

�2�$�&���V�H�U�L�H�V ��������������������������������������

�3�D�J�H�������R�I����

�Z�Z�Z���R�X�H�O�O�H�W���F�R�P�������6�S�D�U�H���3�D�U�W�V

�(����������



�(����������

�+�����������������+�������������������+�������������������+�����������������������+�H�D�W�H�U�����,�P�P�H�U�V�L�R�Q�����&�D�O�R�U�L�W�H�F�K�����.�:���������9�����S�K



�,�1�'�(�(�&�2��
��

�2�Z�Q�H�U�¶�V���0�D�Q�X�D�O��
��

�8�/�7�5�$���6�$�)�(���(�;�3���6�H�U�L�H�V��
�(�O�H�F�W�U�L�F���)�R�U�F�H�G���$�L�U���+�H�D�W�H�U���I�R�U���+�D�]�D�U�G�R�X�V���/�R�F�D�W�L�R�Q�V��

��
��
��
��

��
��

�7�K�L�V���P�D�Q�X�D�O���F�R�Y�H�U�V���L�Q�V�W�D�O�O�D�W�L�R�Q�����P�D�L�Q�W�H�Q�D�Q�F�H���D�Q�G���U�H�S�D�L�U���S�D�U�W�V����
��

�)�0���D�Q�G���&�6�$���$�S�S�U�R�Y�H�G���I�R�U���W�K�H���I�R�O�O�R�Z�L�Q�J���F�O�D�V�V�L�I�L�H�G���D�U�H�D�V����
�&�O�D�V�V���,�����'�L�Y�L�V�L�R�Q�V�������	���������*�U�R�X�S�V���&���	���'��
�&�O�D�V�V���,�,�����'�L�Y�L�V�L�R�Q�V�������	���������*�U�R�X�S�V���)���	���*��

�2�S�H�U�D�W�L�Q�J���7�H�P�S�H�U�D�W�X�U�H���&�R�G�H���7���&�������������q�)�����������q�&����
�&�O�D�V�V���,�����=�R�Q�H�V�������	���������*�U�R�X�S���,�,�%�����7�������)�0�8�6���	���&�6�$�8�6���R�Q�O�\����

�R�U��
�&�O�D�V�V���,�����'�L�Y�L�V�L�R�Q�V�������	���������*�U�R�X�S�V���&���	���'��

�&�O�D�V�V���,�,�����'�L�Y�L�V�L�R�Q�V�������	���������*�U�R�X�S�V���(�����)���	���*��
�2�S�H�U�D�W�L�Q�J���7�H�P�S�H�U�D�W�X�U�H���&�R�G�H���7���&�������������ž�)�����������ž�&����

�&�O�D�V�V���,�����=�R�Q�H�V�������	���������*�U�R�X�S���,�,�%���7�������)�0�8�6���	���&�6�$�8�6���R�Q�O�\����
�6�H�H���'�D�W�D���3�O�D�W�H���I�R�U���6�S�H�F�L�I�L�F���$�U�H�D���&�O�D�V�V�L�I�L�F�D�W�L�R�Q��

��
�)�R�U���G�H�W�D�L�O�V���R�Q���W�K�H���S�D�U�W�L�F�X�O�D�U���K�D�]�D�U�G�R�X�V���H�Q�Y�L�U�R�Q�P�H�Q�W�V���K�D�Y�L�Q�J���W�K�H���S�R�W�H�Q�W�L�D�O���I�R�U���H�[�S�O�R�V�L�R�Q�����U�H�I�H�U���W�R���$�U�W�L�F�O�H�V�����������W�K�U�R�X�J�K�����������R�I���W�K�H��

�1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F���&�R�G�H�����D�Q�G���R�U���6�H�F�W�L�R�Q���������R�I���W�K�H���&�D�Q�D�G�L�D�Q���(�O�H�F�W�U�L�F���&�R�G�H�����3�D�U�W���,����
��
��

��

�� �� ��������������������������
�(����������

�+���������������������������+�H�D�W�H�U�����)�R�U�F�H�G���$�L�U�����,�Q�G�H�H�F�R���������.�:�������������6�H�U�L�H�V



�:�$�5�1�,�1�*�6��

�,�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���P�D�L�Q�W�H�Q�D�Q�F�H���S�H�U�V�R�Q�Q�H�O���V�K�R�X�O�G���I�D�P�L�O�L�D�U�L�]�H���W�K�H�P�V�H�O�Y�H�V���Z�L�W�K���W�K�L�V���P�D�Q�X�D�O���D�Q�G���D�O�O���W�K�H���:�$�5�1�,�1�*�6���E�H�I�R�U�H���L�Q�V�W�D�O�O�L�Q�J���R�U��
�Z�R�U�N�L�Q�J���R�Q���W�K�L�V���K�H�D�W�H�U���W�R���D�Y�R�L�G���S�R�W�H�Q�W�L�D�O���K�D�]�D�U�G�R�X�V���F�R�Q�G�L�W�L�R�Q�V�����V�H�Y�H�U�H���S�U�R�S�H�U�W�\���G�D�P�D�J�H�����S�H�U�V�R�Q�D�O���L�Q�M�X�U�\���R�U���G�H�D�W�K����
��
��
������ �7�R���U�H�G�X�F�H���W�K�H���U�L�V�N���R�I���L�J�Q�L�W�L�R�Q���R�I���K�D�]�D�U�G�R�X�V���D�W�P�R�V�S�K�H�U�H�V������

�'�R���Q�R�W���L�Q�V�W�D�O�O���Z�K�H�U�H���W�K�H���R�S�H�U�D�W�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���F�R�G�H���O�L�P�L�W��
�H�[�F�H�H�G�V���W�K�H���L�J�Q�L�W�L�R�Q���W�H�P�S�H�U�D�W�X�U�H���R�I���W�K�H���K�D�]�D�U�G�R�X�V��
�D�W�P�R�V�S�K�H�U�H����

������ �3�R�W�H�Q�W�L�D�O�O�\���O�H�W�K�D�O���Y�R�O�W�D�J�H�V���D�U�H���S�U�H�V�H�Q�W�����%�H���V�X�U�H���W�R���O�R�F�N���W�K�H��
�E�U�D�Q�F�K���F�L�U�F�X�L�W���G�L�V�F�R�Q�Q�H�F�W���V�Z�L�W�F�K���L�Q���W�K�H���2�)�)���S�R�V�L�W�L�R�Q���D�Q�G��
�W�D�J���W�K�H���F�L�U�F�X�L�W���³�2�X�W���I�R�U���0�D�L�Q�W�H�Q�D�Q�F�H�´���E�H�I�R�U�H���Z�R�U�N�L�Q�J���R�Q��
�W�K�L�V���H�T�X�L�S�P�H�Q�W����

������ �.�H�H�S���H�O�H�F�W�U�L�F�D�O���H�Q�F�O�R�V�X�U�H���F�R�Y�H�U�V���W�L�J�K�W�O�\���F�O�R�V�H�G���Z�K�L�O�H���L�Q��
�R�S�H�U�D�W�L�R�Q����

������ �+�D�]�D�U�G���R�I���(�O�H�F�W�U�L�F���6�K�R�F�N�����+�H�D�W�H�U���P�X�V�W���E�H���J�U�R�X�Q�G�H�G���L�Q��
�D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1���(���&�����D�Q�G���R�U���&���(���&������

������ �7�K�L�V���K�H�D�W�H�U���V�K�R�X�O�G���E�H���L�Q�V�W�D�O�O�H�G���E�\���T�X�D�O�L�I�L�H�G���S�H�U�V�R�Q�Q�H�O��
�I�D�P�L�O�L�D�U���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F���&�R�G�H���D�Q�G���R�U���W�K�H��
�&�D�Q�D�G�L�D�Q���(�O�H�F�W�U�L�F�D�O���&�R�G�H���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���K�D�]�D�U�G�R�X�V��
�O�R�F�D�W�L�R�Q�V�����,�W���L�V���W�K�H���U�H�V�S�R�Q�V�L�E�L�O�L�W�\���R�I���W�K�H���L�Q�V�W�D�O�O�H�U���W�R���Y�H�U�L�I�\��
�W�K�H���V�D�I�H�W�\���D�Q�G���V�X�L�W�D�E�L�O�L�W�\���R�I���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q����

������ �'�L�V�D�V�V�H�P�E�O�\���R�I���W�K�H���X�Q�L�W�����I�R�U���L�Q�V�W�D�O�O�D�W�L�R�Q�����L�V���Q�R�W���U�H�T�X�L�U�H�G���R�U��
�D�X�W�K�R�U�L�]�H�G����

������ �:�K�H�Q���F�R�Q�Q�H�F�W�L�Q�J���W�K�H���U�R�R�P���W�K�H�U�P�R�V�W�D�W�����E�H���V�X�U�H���W�K�D�W���W�K�H��
�W�K�H�U�P�D�O���F�X�W�R�X�W�V���U�H�P�D�L�Q���F�R�Q�Q�H�F�W�H�G���L�Q���V�H�U�L�H�V���Z�L�W�K���W�K�H��
�F�R�Q�W�U�R�O�O�L�Q�J���F�R�Q�W�D�F�W�R�U�����7�K�H���X�Q�L�W���P�X�V�W���Q�R�W���R�S�H�U�D�W�H���Z�L�W�K�R�X�W��
�W�K�H���W�K�H�U�P�D�O���F�X�W�R�X�W�V���S�U�R�S�H�U�O�\���F�R�Q�Q�H�F�W�H�G���L�Q���W�K�H���F�L�U�F�X�L�W����

������ �'�R���Q�R�W���D�W�W�H�P�S�W���W�R���L�Q�V�W�D�O�O���D���³�)�D�Q���2�Q�O�\�´���V�Z�L�W�F�K���R�Q���D��
�V�W�D�Q�G�D�U�G���X�Q�L�W���K�H�D�W�H�U���D�Q�G���G�R���Q�R�W���W�U�\���W�R���I�L�H�O�G���P�R�G�L�I�\���D��
�V�W�D�Q�G�D�U�G���X�Q�L�W���K�H�D�W�H�U���I�R�U���W�K�L�V���R�S�W�L�R�Q�����7�K�H���K�H�D�W�H�U���P�X�V�W���K�D�Y�H��
�E�H�H�Q���R�U�G�H�U�H�G���I�R�U���W�K�L�V���R�S�W�L�R�Q���W�R���K�D�Y�H���W�K�H���Q�H�F�H�V�V�D�U�\���L�Q�W�H�U�Q�D�O��
�F�R�Q�W�U�R�O�V����

������ �5�H�S�O�D�F�H�P�H�Q�W���R�I���H�O�H�F�W�U�L�F�D�O���F�R�P�S�R�Q�H�Q�W�V���V�K�R�X�O�G���R�Q�O�\���E�H��
�G�R�Q�H���E�\���T�X�D�O�L�I�L�H�G���S�H�U�V�R�Q�Q�H�O���I�D�P�L�O�L�D�U���Z�L�W�K���W�K�H��
�U�H�T�X�L�U�H�P�H�Q�W�V���R�I���P�D�L�Q�W�D�L�Q�L�Q�J���H�O�H�F�W�U�L�F�D�O���H�T�X�L�S�P�H�Q�W���L�Q��
�K�D�]�D�U�G�R�X�V���O�R�F�D�W�L�R�Q�V����

���������5�H�S�O�D�F�H�P�H�Q�W���H�O�H�F�W�U�L�F�D�O���F�R�P�S�R�Q�H�Q�W�V���P�X�V�W���E�H���R�E�W�D�L�Q�H�G��
�I�U�R�P���W�K�H���I�D�F�W�R�U�\���L�Q���R�U�G�H�U���W�R���P�D�L�Q�W�D�L�Q���W�K�H���K�D�]�D�U�G�R�X�V��
�O�R�F�D�W�L�R�Q���U�D�W�L�Q�J����

��
��
���������7�K�H���K�H�D�W���H�[�F�K�D�Q�J�H�U���L�V���D���I�D�F�W�R�U�\���Y�D�F�X�X�P���V�H�D�O�H�G���X�Q�L�W�����'�R��

�Q�R�W���D�W�W�H�P�S�W���W�R���O�R�R�V�H�Q���R�U���W�L�J�K�W�H�Q���D�Q�\���R�I���W�K�H���I�L�O�O���R�U���G�U�D�L�Q��
�S�O�X�J�V���R�U���D�W�W�H�P�S�W���W�R���R�S�H�U�D�W�H���W�K�H���S�U�H�V�V�X�U�H���U�H�O�L�H�I���Y�D�O�Y�H�����$��
�O�R�V�V���R�I���Y�D�F�X�X�P���F�R�X�O�G���F�D�X�V�H���Q�X�L�V�D�Q�F�H���W�U�L�S�S�L�Q�J���R�I���W�K�H��
�F�X�W�R�X�W�V���R�U���K�L�J�K���S�U�H�V�V�X�U�H�V���Z�K�L�F�K���Z�L�O�O���F�D�X�V�H���W�K�H���U�H�O�L�H�I���Y�D�O�Y�H��
�W�R���D�F�W�X�D�W�H���Z�L�W�K���D�Q���D�F�F�R�P�S�D�Q�\�L�Q�J���O�R�V�V���R�I���O�L�T�X�L�G�����6�K�R�X�O�G��
�O�H�D�N�D�J�H���R�F�F�X�U�����U�H�P�R�Y�H���X�Q�L�W���I�U�R�P���V�H�U�Y�L�F�H���D�Q�G���L�Q�Y�H�V�W�L�J�D�W�H��
�F�D�X�V�H����

���������7�K�H���K�H�D�W���H�[�F�K�D�Q�J�H�U���L�V���I�L�O�O�H�G���Z�L�W�K���D���P�L�[�W�X�U�H���R�I���Z�D�W�H�U���D�Q�G��
�L�Q�K�L�E�L�W�H�G���S�U�R�S�\�O�H�Q�H���J�O�\�F�R�O�����&�R�Q�W�D�F�W���Z�L�W�K���W�K�H���I�O�X�L�G���D�W��
�R�S�H�U�D�W�L�Q�J���W�H�P�S�H�U�D�W�X�U�H�V���P�D�\���S�U�R�G�X�F�H���D���E�X�U�Q���K�D�]�D�U�G�����7�K�H��
�0�D�W�H�U�L�D�O���6�D�I�H�W�\���'�D�W�D���V�K�H�H�W�V���L�Q�G�L�F�D�W�H���W�K�D�W���W�K�H�U�H���L�V���Q�R�W���D��
�K�H�D�O�W�K���K�D�]�D�U�G���I�U�R�P���F�R�P�L�Q�J���L�Q���F�R�Q�W�D�F�W���Z�L�W�K���W�K�H���L�Q�K�L�E�L�W�H�G��
�S�U�R�S�\�O�H�Q�H���J�O�\�F�R�O�����6�X�J�J�H�V�W�H�G���I�L�U�V�W���D�L�G���F�R�Q�V�L�V�W�V���R�I���I�O�X�V�K�L�Q�J��
�H�\�H�V���Z�L�W�K���S�O�H�Q�W�\���R�I���Z�D�W�H�U���D�Q�G���W�R���Z�D�V�K���R�I�I���V�N�L�Q���L�Q���I�O�R�Z�L�Q�J��
�Z�D�W�H�U���R�U���D���V�K�R�Z�H�U����

���������,�Q�V�W�D�O�O���D�Q�G���R�S�H�U�D�W�H���L�Q���D�Q���X�S�U�L�J�K�W���S�R�V�L�W�L�R�Q���R�Q�O�\�����)�D�L�O�X�U�H���W�R��
�F�R�P�S�O�\���Z�L�O�O���F�D�X�V�H���W�K�H���R�Y�H�U�W�H�P�S�H�U�D�W�X�U�H���W�K�H�U�P�D�O���F�X�W�R�X�W�V���W�R��
�W�U�L�S����

���������,�Q�V�W�D�O�O�D�W�L�R�Q���P�L�Q�L�P�X�P���P�R�X�Q�W�L�Q�J���F�O�H�D�U�D�Q�F�H�V���R�Q���Q�D�P�H�S�O�D�W�H��
�P�X�V�W���E�H���P�D�L�Q�W�D�L�Q�H�G����

���������8�V�H���F�R�S�S�H�U���Z�L�U�H���I�R�U���V�X�S�S�O�\���F�R�Q�Q�H�F�W�L�R�Q�V���D�F�F�R�U�G�L�Q�J���W�R���V�L�]�H��
�D�Q�G���U�D�W�L�Q�J���R�Q���Q�D�P�H�S�O�D�W�H����

���������'�R���Q�R�W���D�W�W�H�P�S�W���W�R���R�Y�H�U�U�L�G�H���O�R�X�Y�H�U���V�W�R�S�V���R�U���R�S�H�U�D�W�H���X�Q�L�W��
�Z�L�W�K���O�R�X�Y�H�U�V���I�X�O�O�\���F�O�R�V�H�G����

���������³�:�D�U�Q�L�Q�J���/�L�J�K�W�´�����L�I���V�X�S�S�O�L�H�G�����Z�L�O�O���W�X�U�Q���R�Q���L�I���W�K�H���K�L�J�K��
�W�H�P�S�H�U�D�W�X�U�H���W�K�H�U�P�D�O���F�X�W�R�X�W���R�S�H�Q�V�����7�K�L�V���F�R�X�O�G���U�H�V�X�O�W���L�I���W�K�H��
�K�H�D�W���H�[�F�K�D�Q�J�H�U���L�V���G�L�U�W�\�����L�Q�O�H�W���D�L�U���L�V���R�E�V�W�U�X�F�W�H�G�����Y�D�F�X�X�P��
�O�R�V�V���L�Q���K�H�D�W���H�[�F�K�D�Q�J�H�U�����I�D�Q���Q�R�W���W�X�U�Q�L�Q�J���R�U���L�Q�F�R�U�U�H�F�W���V�X�S�S�O�\��
�Y�R�O�W�D�J�H�����'�L�V�F�R�Q�Q�H�F�W���S�R�Z�H�U���W�R���X�Q�L�W���E�H�I�R�U�H���V�H�U�Y�L�F�L�Q�J����

�����������&�U�D�F�N�O�L�Q�J���Q�R�L�V�H�V���Z�L�W�K�L�Q���W�K�H���K�H�D�W���H�[�F�K�D�Q�J�H�U���D�W���V�W�D�U�W�X�S���D�U�H��
�Q�R�U�P�D�O����

��

�:�$�5�5�$�1�7�<���:�,�/�/���%�(���9�2�,�'���,�)���,�1�6�7�5�8�&�7�,�2�1�6���$�5�(���1�2�7���)�2�/�/�2�:�(�'����

�(����������

�:�K�H�Q���F�R�Q�Q�H�F�W�L�Q�J���W�K�H���U�R�R�P���W�K�H�U�P�R�V�W�D�W�����E�H���V�X�U�H���W�K�D�W���W�K�H� J � �
�W�K�H�U�P�D�O���F�X�W�R�X�W�V���U�H�P�D�L�Q���F�R�Q�Q�H�F�W�H�G���L�Q���V�H�U�L�H�V���Z�L�W�K���W�K�H��
�F�R�Q�W�U�R�O�O�L�Q�J���F�R�Q�W�D�F�W�R�U�����7�K�H���X�Q�L�W���P�X�V�W���Q�R�W���R�S�H�U�D�W�H���Z�L�W�K�R�X�W��� J � S
�W�K�H���W�K�H�U�P�D�O���F�X�W�R�X�W�V���S�U�R�S�H�U�O�\�F�R�Q�Q�H�F�W�H�G���L�Q���W�K�H���F�L�U�F�X�L�W����



�*�(�1�(�5�$�/ ��
�7�K�H���D�L�U���K�H�D�W�H�U�V���D�U�H���G�H�V�L�J�Q�H�G���I�R�U���F�R�P�I�R�U�W���K�H�D�W�L�Q�J���D�Q�G���V�K�R�X�O�G��
�Q�R�W���E�H���X�V�H�G���L�Q���D�P�E�L�H�Q�W���W�H�P�S�H�U�D�W�X�U�H�V���H�[�F�H�H�G�L�Q�J���������ž�)���������ž�&������
�7�K�H���X�Q�L�W�V���P�D�\���E�H���Z�D�O�O�����S�R�O�H���R�U���F�H�L�O�L�Q�J���P�R�X�Q�W�H�G�����7�K�H�\���X�W�L�O�L�]�H���D��
�K�H�U�P�H�W�L�F�D�O�O�\���V�H�D�O�H�G�����O�L�T�X�L�G���W�R���D�L�U���K�H�D�W���H�[�F�K�D�Q�J�H�U���F�R�Q�W�D�L�Q�L�Q�J��
�L�P�P�H�U�V�L�R�Q���W�\�S�H���H�O�H�F�W�U�L�F���K�H�D�W�L�Q�J���H�O�H�P�H�Q�W�V�����$���P�L�[�W�X�U�H���R�I��
�Q�R�Q�W�R�[�L�F���S�U�R�S�\�O�H�Q�H���J�O�\�F�R�O���D�Q�G���Z�D�W�H�U���L�V���S�O�D�F�H���L�Q���W�K�H���K�H�D�W�H�U���F�R�U�H��
�W�R���D�F�W���D�V���D���K�H�D�W���W�U�D�Q�V�I�H�U���I�O�X�L�G�����7�K�H���S�U�R�S�\�O�H�Q�H���J�O�\�F�R�O���S�U�R�Y�L�G�H�V��
�I�U�H�H�]�H���G�D�P�D�J�H���S�U�R�W�H�F�W�L�R�Q���W�R���������ž�)�������������ž�&�������7�K�H���X�Q�L�W���L�V��
�G�H�V�L�J�Q�H�G���W�R���J�L�Y�H���\�H�D�U�V���R�I���V�D�I�H�����W�U�R�X�E�O�H���I�U�H�H���R�S�H�U�D�W�L�R�Q���Z�K�H�Q��
�S�U�R�S�H�U�O�\���L�Q�V�W�D�O�O�H�G���D�Q�G���P�D�L�Q�W�D�L�Q�H�G������
��

�,�1�6�7�$�/�/�$�7�,�2�1
�$���� �6�L�W�H���6�H�O�H�F�W�L�R�Q������
�7�K�H���+�H�D�W�H�U�V���V�K�R�X�O�G���Q�R�W���E�H���P�R�X�Q�W�H�G���F�O�R�V�H���W�R���G�U�D�S�H�U�\���R�U���V�L�P�L�O�D�U��
�P�D�W�H�U�L�D�O�V���Z�K�L�F�K���F�R�X�O�G���O�D�\���R�Q���W�K�H���F�D�E�L�Q�H�W�����R�U���E�O�R�F�N���W�K�H���L�Q�O�H�W���R�U��
�R�X�W�O�H�W���R�I���W�K�H���K�H�D�W�H�U�������7�K�H���K�H�D�W�H�U�V���D�U�H���L�Q�W�H�Q�G�H�G���I�R�U���H�O�H�Y�D�W�H�G��
�P�R�X�Q�W�L�Q�J���O�R�F�D�W�L�R�Q�V���V�R���W�K�D�W���W�K�H�\���E�O�R�Z���Z�D�U�P���D�L�U���G�R�Z�Q���W�R���W�K�H��
�I�O�R�R�U���D�U�H�D�������$���P�R�X�Q�W�L�Q�J���K�H�L�J�K�W���V�K�R�X�O�G���E�H���V�H�O�H�F�W�H�G���V�R���W�K�D�W���W�K�H��
�K�H�D�W�H�U���L�V���R�X�W���R�I���W�K�H���Z�D�\���R�I���S�R�V�V�L�E�O�H���P�R�Y�L�Q�J���H�T�X�L�S�P�H�Q�W���R�U��
�S�H�U�V�R�Q�Q�H�O�����\�H�W���O�R�Z���H�Q�R�X�J�K���W�R���G�H�O�L�Y�H�U���Z�D�U�P���D�L�U���W�R���W�K�H���V�H�O�H�F�W�H�G��
�D�U�H�D�����6�H�H���P�H�F�K�D�Q�L�F�D�O���L�Q�V�W�D�O�O�D�W�L�R�Q���L�Q�V�W�U�X�F�W�L�R�Q�V���I�R�U��
�U�H�F�R�P�P�H�Q�G�H�G���L�Q�V�W�D�O�O�D�W�L�R�Q���K�H�L�J�K�W�V����
��
�%���� �0�H�F�K�D�Q�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q����
�2�Q�F�H���D�Q���D�F�F�H�S�W�D�E�O�H���O�R�F�D�W�L�R�Q���K�D�V���E�H�H�Q���G�H�W�H�U�P�L�Q�H�G�����I�R�O�O�R�Z���W�K�H�V�H��
�L�Q�V�W�U�X�F�W�L�R�Q�V���W�R���F�R�P�S�O�H�W�H���W�K�H���P�H�F�K�D�Q�L�F�D�O���L�Q�V�W�D�O�O�D�W�L�R�Q����
��
������ �7�K�H���+�H�D�W�H�U�V���D�U�H���G�H�V�L�J�Q�H�G���I�R�U���X�V�H���R�Q�O�\���Z�K�L�O�H���S�H�U�P�D�Q�H�Q�W�O�\��

�P�R�X�Q�W�H�G���L�Q���D�Q���X�S�U�L�J�K�W�����O�H�Y�H�O���S�R�V�L�W�L�R�Q�����6�H�H���I�L�J�X�U�H���E�H�O�R�Z��
�P�D�[�L�P�X�P���W�L�O�W���D�Q�J�O�H�V����

��
��
������ �7�R���H�Q�V�X�U�H���S�U�R�S�H�U���K�H�D�W�L�Q�J���R�I���I�O�R�R�U���V�X�U�I�D�F�H�V�����R�E�V�H�U�Y�H���W�K�H��

�I�R�O�O�R�Z�L�Q�J���U�H�F�R�P�P�H�Q�G�H�G���P�D�[�L�P�X�P���P�R�X�Q�W�L�Q�J���K�H�L�J�K�W�V�����W�R��
�E�R�W�W�R�P���R�I���K�H�D�W�H�U������

�0�D�[�L�P�X�P���0�R�X�Q�W�L�Q�J���+�H�L�J�K�W���I�U�R�P���)�O�R�R�U��
���������)�$�� ���������)�%�� ���������)�&��

�����I�W���� �������I�W���� �������I�W����
���������P���� ���������P���� ���������P����

��
������ �7�K�H���V�X�S�S�R�U�W�L�Q�J���V�W�U�X�F�W�X�U�H���W�K�D�W���W�K�H���K�H�D�W�H�U���L�V���D�W�W�D�F�K�H�G���W�R��

�P�X�V�W���K�D�Y�H���D�G�H�T�X�D�W�H���V�W�U�H�Q�J�W�K���W�R���V�D�I�H�O�\���V�X�S�S�R�U�W���W�K�H���K�H�D�W�H�U��
�D�Q�G���E�H���V�X�I�I�L�F�L�H�Q�W���W�R���N�H�H�S���W�K�H���K�H�D�W�H�U���L�Q���L�W�V���S�U�R�S�H�U���X�S�U�L�J�K�W��
�R�S�H�U�D�W�L�Q�J���S�R�V�L�W�L�R�Q�����7�K�H���P�D�[�L�P�X�P���X�Q�L�W���Z�H�L�J�K�W�V���D�U�H����

�0�2�'�(�/�� �O�E�V�� ���N�J�V����
���������)�$�� �������� ������
���������)�%�� �������� ������
���������)�&�� �������� ��������

��

������ �6�H�H���I�L�J�X�U�H���E�H�O�R�Z���I�R�U���P�L�Q�L�P�X�P���L�Q�V�W�D�O�O�D�W�L�R�Q���F�O�H�D�U�D�Q�F�H�V����

��
��
������ �7�K�H���K�H�D�W�H�U���P�D�\���E�H���V�X�V�S�H�Q�G�H�G���I�U�R�P���R�Y�H�U�K�H�D�G���E�H�D�P�V���R�U��

�P�R�X�Q�W�H�G���W�R���D���V�L�G�H���Z�D�O�O���R�U���D���������S�L�S�H���X�V�L�Q�J���R�Q�H���R�I���W�K�H��
�D�S�S�U�R�Y�H�G���P�R�X�Q�W�L�Q�J���N�L�W�V�������8�V�H���R�I���Q�R�Q���D�S�S�U�R�Y�H�G���P�R�X�Q�W�L�Q�J��
�N�L�W�V���Y�R�L�G�V���D�O�O���Z�D�U�U�D�Q�W�L�H�V�����H�[�S�U�H�V�V�H�G���R�U���L�P�S�O�L�H�G������

������ �:�D�O�O���P�R�X�Q�W�L�Q�J���V�K�R�X�O�G���E�H���W�R���V�W�U�X�F�W�X�U�D�O���V�W�H�H�O�������,�I���W�K�H���Z�D�O�O��
�F�R�Q�V�W�U�X�F�W�L�R�Q���L�V���S�O�D�V�W�H�U�E�R�D�U�G���Z�L�W�K���Z�R�R�G�H�Q�������;�������I�U�D�P�L�Q�J��
�R�U���V�L�P�L�O�D�U�����L�W���P�X�V�W���E�H���U�H�L�Q�I�R�U�F�H�G���Z�L�W�K���D�Q�J�O�H���L�U�R�Q���R�U��
�Z�R�R�G�H�Q���F�U�R�V�V���E�U�D�F�H�V����

������ �/�R�F�N���Z�D�V�K�H�U�V���V�K�R�X�O�G���E�H���X�V�H�G���R�Q���D�O�O���P�R�X�Q�W�L�Q�J���Q�X�W�V���D�Q�G��
�E�R�O�W�V���W�R���H�Q�V�X�U�H���W�K�H�\���G�R�Q�¶�W���Y�L�E�U�D�W�H���R�U���Z�R�U�N���O�R�R�V�H���G�X�H���W�R���I�D�Q��
�Y�L�E�U�D�W�L�R�Q���R�U���R�W�K�H�U���Y�L�E�U�D�W�L�R�Q���W�U�D�Q�V�P�L�W�W�H�G���W�R���W�K�H���K�H�D�W�H�U������

��
�&�������(�O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q��
�)�R�O�O�R�Z���W�K�H�V�H���L�Q�V�W�U�X�F�W�L�R�Q�V���W�R���F�R�P�S�O�H�W�H���W�K�H���H�O�H�F�W�U�L�F�D�O��
�L�Q�V�W�D�O�O�D�W�L�R�Q����
����
������ �(�[�W�H�U�Q�D�O���E�U�D�Q�F�K���F�L�U�F�X�L�W���S�U�R�W�H�F�W�L�R�Q���L�V���U�H�T�X�L�U�H�G�������6�H�H��

�Q�D�P�H�S�O�D�W�H���U�D�W�L�Q�J�V���D�Q�G���I�R�O�O�R�Z���&�R�G�H���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V������
������ �8�V�H���R�Q�O�\���D�Q���D�S�S�U�R�Y�H�G���H�[�S�O�R�V�L�R�Q���S�U�R�R�I���P�H�D�Q�V���R�I���Z�L�U�L�Q�J����

�V�X�F�K���D�V���P�L�Q�H�U�D�O���L�Q�V�X�O�D�W�H�G���F�D�E�O�H���R�U���F�R�S�S�H�U���F�R�Q�G�X�F�W�R�U�V���L�Q��
�U�L�J�L�G���F�R�Q�G�X�L�W���Z�L�W�K���F�R�Q�G�X�L�W���V�H�D�O�V���D�V���U�H�T�X�L�U�H�G���W�R���P�D�N�H��
�F�R�Q�Q�H�F�W�L�R�Q���W�R���W�K�H���K�H�D�W�H�U����

������ �)�R�O�O�R�Z���W�K�H���1�(�&���D�Q�G���R�U���&�(�&���D�Q�G���D�Q�\���O�R�F�D�O���H�O�H�F�W�U�L�F�D�O���D�Q�G��
�E�X�L�O�G�L�Q�J���F�R�G�H�V���U�H�O�D�W�H�G���W�R���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���L�Q�W�H�Q�G�H�G���X�V�H��
�R�I���W�K�H���K�H�D�W�H�U���L�Q���D�Q���H�[�S�O�R�V�L�R�Q���K�D�]�D�U�G���D�U�H�D��������

������ �:�K�H�Q���G�R�L�Q�J���D�Q�\���Z�R�U�N���R�Q���D���K�H�D�W�H�U�����L�Q�F�O�X�G�L�Q�J���W�K�H���L�Q�L�W�L�D�O��
�H�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�����G�L�V�F�R�Q�Q�H�F�W���W�K�H���H�O�H�F�W�U�L�F�D�O���F�X�U�U�H�Q�W���D�W��
�W�K�H���P�D�L�Q���E�U�D�Q�F�K���F�L�U�F�X�L�W���V�Z�L�W�F�K�����D�Q�G���O�R�F�N���W�K�H���V�Z�L�W�F�K���L�Q���W�K�H��
�R�I�I�������R�S�H�Q�����S�R�V�L�W�L�R�Q���D�Q�G���W�D�J���W�K�H���F�L�U�F�X�L�W�����2�X�W���I�R�U��
�0�D�L�Q�W�H�Q�D�Q�F�H�����W�R���S�U�H�Y�H�Q�W���S�R�W�H�Q�W�L�D�O���O�H�W�K�D�O���V�K�R�F�N���K�D�]�D�U�G�V����

������ �&�R�Q�I�L�U�P���W�K�D�W���W�K�H���H�O�H�F�W�U�L�F�D�O���S�R�Z�H�U���V�X�S�S�O�\���P�D�W�F�K�H�V���W�K�H��
�Q�D�P�H�S�O�D�W�H���Y�R�O�W�D�J�H�����S�K�D�V�H�����D�P�S�H�U�D�J�H���D�Q�G���I�U�H�T�X�H�Q�F�\���U�D�W�L�Q�J��
�R�I���W�K�H���K�H�D�W�H�U���W�R���E�H���F�R�Q�Q�H�F�W�H�G����

������ �(�Q�V�X�U�H���F�R�Q�G�X�F�W�R�U�V���D�U�H���R�I���D�S�S�U�R�S�U�L�D�W�H���J�D�X�J�H���V�L�]�H�������7�K�H��
�P�L�Q�L�P�X�P���J�D�X�J�H���L�V���V�W�D�P�S�H�G���R�Q���W�K�H���Q�D�P�H�S�O�D�W�H�������6�L�]�H���D�O�O��
�L�Q�S�X�W���F�R�Q�G�X�F�W�R�U�V���D�F�F�R�U�G�L�Q�J���W�R���D�F�F�H�S�W�H�G���V�W�D�Q�G�D�U�G�V��
�F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�H���W�H�P�S�H�U�D�W�X�U�H���U�D�W�L�Q�J���R�I���W�K�H���Z�L�U�H���E�H�L�Q�J��
�X�V�H�G�������8�V�H���P�L�Q�L�P�X�P�������ƒ�&���U�D�W�H�G���Z�L�U�H����

�(����������



������ �3�U�R�S�H�U���L�Q�V�W�D�O�O�D�W�L�R�Q���R�I���W�K�H���K�H�D�W�H�U���U�H�T�X�L�U�H�V���W�K�D�W���D�Q���D�G�H�T�X�D�W�H��
�J�U�R�X�Q�G�L�Q�J���F�R�Q�G�X�F�W�R�U���E�H���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���J�U�R�X�Q�G���W�H�U�P�L�Q�D�O������
�7�K�L�V���W�H�U�P�L�Q�D�O���L�V���S�D�L�Q�W�H�G���J�U�H�H�Q���R�U���P�D�U�N�H�G���Z�L�W�K���W�K�H���O�H�W�W�H�U��
�³�*�´���D�Q�G���L�V���O�R�F�D�W�H�G���R�Q���W�K�H���L�Q�V�L�G�H���R�I���W�K�H���F�R�Q�W�U�R�O���H�Q�F�O�R�V�X�U�H��
�Q�H�[�W���W�R���W�K�H���S�R�Z�H�U���L�Q�S�X�W���R�S�H�Q�L�Q�J����

������ �&�K�H�F�N���D�Q�G���F�R�Q�I�L�U�P���D�O�O���F�R�Q�Q�H�F�W�L�R�Q�V���D�U�H���V�H�F�X�U�H�O�\���I�D�V�W�H�Q�H�G����
������ �%�H�I�R�U�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���H�O�H�F�W�U�L�F�D�O���S�R�Z�H�U�����F�K�H�F�N���D�O�O��

�F�R�Q�Q�H�F�W�L�R�Q�V���W�R���H�Q�V�X�U�H���F�R�P�S�O�L�D�Q�F�H���Z�L�W�K���W�K�H���Z�L�U�L�Q�J��
�G�L�D�J�U�D�P���D�Q�G���D�Q�\���F�R�G�H���U�H�T�X�L�U�H�P�H�Q�W�V�������5�H�P�R�Y�H���D�Q�\���I�R�U�H�L�J�Q��
�R�E�M�H�F�W�V���I�U�R�P���W�K�H���F�R�Q�W�U�R�O���E�R�[�H�V�������5�H�L�Q�V�W�D�O�O���F�R�Y�H�U�V���W�L�J�K�W�O�\��������

���������2�Q���D�O�O�������S�K�D�V�H���K�H�D�W�H�U�V�����L�W���L�V���Q�H�F�H�V�V�D�U�\���W�R���Y�H�U�L�I�\���W�K�D�W���W�K�H��
�I�D�Q���L�V���U�R�W�D�W�L�Q�J���L�Q���W�K�H���S�U�R�S�H�U���G�L�U�H�F�W�L�R�Q�������,�I���D�L�U���G�H�O�L�Y�H�U�\���L�V��
�Q�R�W���I�U�R�P���W�K�H���I�U�R�Q�W���R�I���W�K�H���K�H�D�W�H�U�����H�[�F�K�D�Q�J�H���D�Q�\�������L�Q�S�X�W��
�Z�L�U�H�V���D�W���W�K�H���P�D�L�Q���F�R�Q�W�D�F�W�R�U���W�H�U�P�L�Q�D�O���O�R�F�D�W�H�G���L�Q���W�K�H���F�R�Q�W�U�R�O��
�H�Q�F�O�R�V�X�U�H��������

���������7�K�H���H�[�S�O�R�V�L�R�Q���S�U�R�R�I���F�R�Q�W�U�R�O���E�R�[���L�V���G�H�V�L�J�Q�H�G���Z�L�W�K��
�W�K�U�H�D�G�H�G���M�R�L�Q�W�V���D�Q�G���P�H�W�D�O���W�R���P�H�W�D�O���F�R�Q�W�D�F�W���D�W���W�K�H���O�L�G���R�U��
�F�R�Y�H�U���M�R�L�Q�W���W�R���S�U�H�Y�H�Q�W���D�Q���H�[�S�O�R�V�L�R�Q�������'�R���Q�R�W���D�W�W�H�P�S�W���W�R��
�L�Q�V�W�D�O�O���J�D�V�N�H�W���P�D�W�H�U�L�D�O���R�I���D�Q�\���W�\�S�H���D�W���W�K�H�V�H���M�R�L�Q�W�V�������$���O�L�J�K�W��
�F�R�D�W�L�Q�J���R�I���D�Q�W�L���V�H�L�]�H���F�R�P�S�R�X�Q�G���L�V���D�S�S�O�L�H�G���W�R���W�K�H���W�K�U�H�D�G�V���W�R��
�S�U�H�Y�H�Q�W���V�H�L�]�L�Q�J����

���������6�H�H���V�H�F�W�L�R�Q���W�L�W�O�H�G���³�R�S�H�U�D�W�L�R�Q�´���E�H�I�R�U�H���H�Q�H�U�J�L�]�L�Q�J���W�K�H��
�K�H�D�W�H�U����

��
�'���� �)�L�H�O�G���,�Q�V�W�D�O�O�H�G���&�R�Q�W�U�R�O�V����
��
������ �3�R�Z�H�U���'�L�V�F�R�Q�Q�H�F�W���6�Z�L�W�F�K��������

�7�K�H���1�(�&���U�H�T�X�L�U�H�V���W�K�D�W���D���S�R�Z�H�U���G�L�V�F�R�Q�Q�H�F�W���V�Z�L�W�F�K���E�H��
�P�R�X�Q�W�H�G���Z�L�W�K�L�Q���V�L�J�K�W���R�I���W�K�H���K�H�D�W�H�U�������7�K�H���&�(�&���R�U���O�R�F�D�O��
�F�R�G�H�V���P�D�\���U�H�T�X�L�U�H���D���G�L�V�F�R�Q�Q�H�F�W���V�Z�L�W�F�K���Z�L�W�K�L�Q���V�L�J�K�W���R�I���W�K�H��
�K�H�D�W�H�U�������5�H�I�H�U���W�R���W�K�H���H�O�H�F�W�U�L�F�D�O���G�L�D�J�U�D�P���D�Q�G���I�R�O�O�R�Z���W�K�H�V�H��
�V�W�H�S�V����
�D������ �7�K�H���U�H�P�R�W�H���S�R�Z�H�U���G�L�V�F�R�Q�Q�H�F�W���V�Z�L�W�F�K���P�X�V�W���E�H���D�Q��

�H�[�S�O�R�V�L�R�Q���S�U�R�R�I���G�L�V�F�R�Q�Q�H�F�W���V�Z�L�W�F�K���U�D�W�H�G���I�R�U���W�K�H���D�U�H�D��
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q������

�E������ �7�K�H���V�Z�L�W�F�K���P�X�V�W���E�H���L�Q�G�L�F�D�W�L�Q�J���D�Q�G���K�D�Y�H���D���O�R�F�N�H�G���R�I�I��
�S�R�V�L�W�L�R�Q��������

�F������ �7�K�H���V�Z�L�W�F�K���P�X�V�W���E�H���U�D�W�H�G���I�R�U���W�K�H���Q�D�P�H�S�O�D�W�H���Y�R�O�W�D�J�H��
�D�Q�G���F�X�U�U�H�Q�W���S�H�U���W�K�H���1�(�&�����&�(�&���D�Q�G���D�Q�\���O�R�F�D�O���F�R�G�H�V����

�G������ �)�R�O�O�R�Z���V�W�H�S�V�������W�K�U�R�X�J�K���������R�I���W�K�H���H�O�H�F�W�U�L�F�D�O��
�L�Q�V�W�D�O�O�D�W�L�R�Q���L�Q�V�W�U�X�F�W�L�R�Q�V���W�R���F�R�P�S�O�H�W�H���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q����

��
������ �5�R�R�P���7�K�H�U�P�R�V�W�D�W����

�5�H�I�H�U���W�R���W�K�H���H�O�H�F�W�U�L�F�D�O���Z�L�U�L�Q�J���G�L�D�J�U�D�P���D�Q�G���I�R�O�O�R�Z���W�K�H�V�H��
�V�W�H�S�V����
�D������ �&�R�Q�Q�H�F�W���W�K�H���U�H�P�R�W�H���W�K�H�U�P�R�V�W�D�W���D�F�U�R�V�V���W�K�H���O�H�D�G�V��

�P�D�U�N�H�G���³�&�´���D�Q�G���³�&���´�������7�K�H���H�[�W�H�U�Q�D�O���W�K�H�U�P�R�V�W�D�W���Z�L�O�O��
�W�K�H�Q���E�H���L�Q���V�H�U�L�H�V���Z�L�W�K���W�K�H���K�H�D�W�H�U���W�K�H�U�P�D�O���K�L�J�K���O�L�P�L�W��
�V�Z�L�W�F�K�H�V���D�Q�G���F�R�U�U�H�F�W���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���K�H�D�W�H�U���Z�L�O�O��
�U�H�V�X�O�W����

�E������ �7�K�H���Z�L�U�L�Q�J���W�R���W�K�H���U�H�P�R�W�H���W�K�H�U�P�R�V�W�D�W���P�X�V�W���E�H���F�R�S�S�H�U��
�Z�L�U�H�����������J�D�X�J�H���P�L�Q�L�P�X�P�����I�R�U���&�O�D�V�V���,�,�����R�U���������J�D�X�J�H��
�P�L�Q�L�P�X�P�����&�O�D�V�V���,�����D�Q�G���U�X�Q���L�Q���H�[�S�O�R�V�L�R�Q���S�U�R�R�I��
�F�R�Q�G�X�L�W���Z�L�W�K���D�S�S�U�R�S�U�L�D�W�H���F�R�Q�G�X�L�W���V�H�D�O�V���L�Q�V�W�D�O�O�H�G���S�H�U��
�W�K�H���1�(�&�����&�(�&���D�Q�G���D�Q�\���O�R�F�D�O���F�R�G�H�V����

�F������ �$�Q�\���U�R�R�P���W�K�H�U�P�R�V�W�D�W���X�V�H�G���Z�L�W�K���W�K�L�V���K�H�D�W�H�U���P�X�V�W���E�H���R�I��
�D�Q���H�[�S�O�R�V�L�R�Q���S�U�R�R�I���W�\�S�H���U�D�W�H�G���I�R�U���W�K�H���D�U�H�D��
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q�����R�S�H�Q���R�Q���W�H�P�S�H�U�D�W�X�U�H���U�L�V�H�����U�D�W�H�G��
�������9�$�&���������9�$���L�Q�G�X�F�W�L�Y�H���F�D�S�D�F�L�W�\����

������ �µ�)�D�Q���2�Q�O�\�¶���6�Z�L�W�F�K����
�5�H�I�H�U���W�R���W�K�H���H�O�H�F�W�U�L�F�D�O���Z�L�U�L�Q�J���G�L�D�J�U�D�P���D�Q�G���I�R�O�O�R�Z���W�K�H�V�H��
�V�W�H�S�V����

�D������ �'�R���Q�R�W���D�W�W�H�P�S�W���W�R���L�Q�V�W�D�O�O���D���³�)�D�Q���2�Q�O�\�´���V�Z�L�W�F�K���R�Q���D��
�V�W�D�Q�G�D�U�G���X�Q�L�W���K�H�D�W�H�U���D�Q�G���G�R���Q�R�W���W�U�\���W�R���I�L�H�O�G���P�R�G�L�I�\���D��
�V�W�D�Q�G�D�U�G���X�Q�L�W���K�H�D�W�H�U���I�R�U���W�K�L�V���R�S�W�L�R�Q�����7�K�H���K�H�D�W�H�U���P�X�V�W��
�K�D�Y�H���E�H�H�Q���R�U�G�H�U�H�G���I�R�U���W�K�L�V���R�S�W�L�R�Q���W�R���K�D�Y�H���W�K�H��
�Q�H�F�H�V�V�D�U�\���L�Q�W�H�U�Q�D�O���F�R�Q�W�U�R�O�V����

�E������ �&�R�Q�Q�H�F�W���W�K�H���U�H�P�R�W�H���µ�I�D�Q���R�Q�O�\�¶���V�H�O�H�F�W�R�U�����V�Z�L�W�F�K���D�F�U�R�V�V��
�W�K�H���O�H�D�G�V���P�D�U�N�H�G���³�&�´���D�Q�G���³�)������

�F������ �7�K�H���Z�L�U�L�Q�J���W�R���W�K�H���I�D�Q���V�H�O�H�F�W�R�U���V�Z�L�W�F�K���P�X�V�W���E�H���F�R�S�S�H�U��
�Z�L�U�H�����������J�D�X�J�H���P�L�Q�L�P�X�P�����I�R�U���&�O�D�V�V���,�,�����R�U���������J�D�X�J�H��
�P�L�Q�L�P�X�P�����I�R�U���&�O�D�V�V���,�����D�Q�G���U�X�Q���L�Q���H�[�S�O�R�V�L�R�Q���S�U�R�R�I��
�F�R�Q�G�X�L�W���Z�L�W�K���D�S�S�U�R�S�U�L�D�W�H���F�R�Q�G�X�L�W���V�H�D�O�V���L�Q�V�W�D�O�O�H�G���S�H�U��
�W�K�H���1�(�&�����&�(�&���D�Q�G���D�Q�\���O�R�F�D�O���F�R�G�H�V����

�G������ �$�Q�\���V�H�O�H�F�W�R�U���V�Z�L�W�F�K���X�V�H�G���Z�L�W�K���W�K�L�V���K�H�D�W�H�U���P�X�V�W���E�H���D�Q��
�H�[�S�O�R�V�L�R�Q���S�U�R�R�I�����V�Z�L�W�F�K���U�D�W�H�G���I�R�U���W�K�H���D�U�H�D��
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q�����P�D�L�Q�W�D�L�Q�H�G�������S�R�V�L�W�L�R�Q���V�H�O�H�F�W�R�U���V�Z�L�W�F�K��
�U�D�W�H�G���I�R�U�����������9�$�&�����������9�$���L�Q�G�X�F�W�L�Y�H����

��
�2�3�(�5�$�7�,�2�1��

�7�K�H���X�Q�L�W���K�H�D�W�H�U���P�D�\���E�H���R�S�H�U�D�W�H�G���Q�R�U�P�D�O�O�\���D�W���D�P�E�L�H�Q�W��
�W�H�P�S�H�U�D�W�X�U�H�V���R�I���������ƒ�)���������ƒ�&�����R�U���O�H�V�V���D�Q�G���D�W���D�O�W�L�W�X�G�H�V���R�I��������������
�I�H�H�W�������������P�����R�U���O�H�V�V���L�Q���D�W�P�R�V�S�K�H�U�H�V���F�R�Q�W�D�L�Q�L�Q�J���O�H�V�V���W�K�D�Q����������
�R�[�\�J�H�Q���E�\���Y�R�O�X�P�H�����D�Q�G���D�V���F�O�D�V�V�L�I�L�H�G���R�Q���W�K�H���Q�D�P�H�S�O�D�W�H�������$�O�O���R�I��
�W�K�H�V�H���F�R�Q�G�L�W�L�R�Q�V���P�X�V�W���E�H���P�H�W���E�H�I�R�U�H���D�W�W�H�P�S�W�L�Q�J���W�R���R�S�H�U�D�W�H���W�K�H��
�K�H�D�W�H�U�������7�K�H���K�H�D�W�H�U���V�K�R�X�O�G���Q�H�Y�H�U���E�H���R�S�H�U�D�W�H�G���L�Q���D�Q���R�[�\�J�H�Q��
�H�Q�U�L�F�K�H�G���D�W�P�R�V�S�K�H�U�H���R�U���D�W���D�P�E�L�H�Q�W���W�H�P�S�H�U�D�W�X�U�H�V���D�E�R�Y�H���������ƒ�)����
�������ƒ�&���������7�K�H���K�H�D�W�H�U���P�D�\���E�H���R�S�H�U�D�W�H�G���D�W���K�L�J�K�H�U���D�O�W�L�W�X�G�H�V���L�I���W�K�H��
�D�P�E�L�H�Q�W���W�H�P�S�H�U�D�W�X�U�H�V���D�U�H���E�H�O�R�Z���������ƒ�)�����������ƒ�&������
��
�$���� �,�Q�L�W�L�D�O���2�S�H�U�D�W�L�R�Q����
�&�K�H�F�N���W�R���P�D�N�H���V�X�U�H���W�K�H���P�H�F�K�D�Q�L�F�D�O���D�Q�G���H�O�H�F�W�U�L�F�D�O���L�Q�V�W�D�O�O�D�W�L�R�Q��
�L�V���F�R�P�S�O�H�W�H���D�Q�G���W�K�D�W���L�W���L�V���V�D�I�H���W�R���R�S�H�U�D�W�H���W�K�H���K�H�D�W�H�U����
��

�������� �+�H�D�W�H�U���Z�L�W�K�R�X�W���E�X�L�O�W���R�Q���R�U���U�H�P�R�W�H�O�\���P�R�X�Q�W�H�G���I�D�Q��
�V�Z�L�W�F�K����
�D������ �6�H�W���W�K�H���W�H�P�S�H�U�D�W�X�U�H���F�R�Q�W�U�R�O���W�K�H�U�P�R�V�W�D�W���W�R���D��

�V�H�W�W�L�Q�J���D�E�R�Y�H���W�K�H���F�X�U�U�H�Q�W���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H����
�E������ �(�Q�H�U�J�L�]�H���W�K�H���K�H�D�W�H�U���H�O�H�F�W�U�L�F�D�O���V�X�S�S�O�\���F�L�U�F�X�L�W����
�F������ �7�K�H���K�H�D�W�H�U���D�Q�G���I�D�Q���V�K�R�X�O�G���F�R�P�H���R�Q���D�Q�G���L�Q�������W�R��������

�P�L�Q�X�W�H�V���U�H�D�F�K���D���V�W�D�E�O�H���R�S�H�U�D�W�L�Q�J���W�H�P�S�H�U�D�W�X�U�H�������,�I��
�W�K�H���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H���L�V���K�L�J�K���D�Q�G���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q��
�L�V���D�E�R�Y�H���������������I�H�H�W�����W�K�H���X�Q�L�W���K�H�D�W�H�U���P�D�\���F�\�F�O�H���R�Q��
�W�K�H���W�K�H�U�P�D�O���K�L�J�K���O�L�P�L�W�V���R�I���W�K�H���P�R�W�R�U���R�U���W�K�H���K�H�D�W�H�U����

�G������ �&�K�H�F�N���R�X�W���D�Q�G���U�H�S�R�U�W���D�Q�\���X�Q�X�V�X�D�O���R�U��
�T�X�H�V�W�L�R�Q�D�E�O�H���R�S�H�U�D�W�L�Q�J���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����V�X�F�K���D�V��
�Q�R�L�V�H�����Y�L�E�U�D�W�L�R�Q�����O�R�V�V���R�I���I�O�X�L�G�����H�W�F�������1�R�W�H���W�K�D�W��
�F�U�D�F�N�O�L�Q�J���Q�R�L�V�H�V���F�R�P�L�Q�J���I�U�R�P���W�K�H���K�H�D�W���H�[�F�K�D�Q�J�H�U��
�G�X�U�L�Q�J���Z�D�U�P���X�S���D�U�H���Q�R�U�P�D�O����

�H������ �6�H�W���W�K�H���W�H�P�S�H�U�D�W�X�U�H���F�R�Q�W�U�R�O���W�K�H�U�P�R�V�W�D�W���W�R���W�K�H��
�G�H�V�L�U�H�G���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H���V�H�W�W�L�Q�J����

�I������ �'�H���H�Q�H�U�J�L�]�H���W�K�H���K�H�D�W�H�U���H�O�H�F�W�U�L�F�D�O���V�X�S�S�O�\���F�L�U�F�X�L�W��
�X�Q�W�L�O���K�H�D�W�H�U���R�S�H�U�D�W�L�R�Q���L�V���U�H�T�X�L�U�H�G����

�������� �+�H�D�W�H�U���Z�L�W�K���I�D�Q���V�Z�L�W�F�K����
�D������ �3�O�D�F�H���W�K�H���I�D�Q���V�Z�L�W�F�K���L�Q���W�K�H���I�D�Q���S�R�V�L�W�L�R�Q����
�E������ �6�H�W���W�K�H���W�H�P�S�H�U�D�W�X�U�H���F�R�Q�W�U�R�O���W�K�H�U�P�R�V�W�D�W���W�R���D��

�V�H�W�W�L�Q�J���E�H�O�R�Z���W�K�H���F�X�U�U�H�Q�W���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H����
�F������ �(�Q�H�U�J�L�]�H���W�K�H���K�H�D�W�H�U���H�O�H�F�W�U�L�F�D�O���V�X�S�S�O�\���F�L�U�F�X�L�W����
�G������ �7�K�H���K�H�D�W�H�U���I�D�Q���V�K�R�X�O�G���F�R�P�H���R�Q���E�X�W���W�K�H���K�H�D�W�H�U��

�V�K�R�X�O�G���U�H�P�D�L�Q���R�I�I����
�H������ �3�O�D�F�H���W�K�H���I�D�Q���V�Z�L�W�F�K���L�Q���W�K�H���D�X�W�R���S�R�V�L�W�L�R�Q����
�I������ �7�K�H���I�D�Q���V�K�R�X�O�G���J�R���R�I�I����
�J������ �6�H�W���W�K�H���W�H�P�S�H�U�D�W�X�U�H���F�R�Q�W�U�R�O���W�K�H�U�P�R�V�W�D�W���W�R���D��

�V�H�W�W�L�Q�J���D�E�R�Y�H���W�K�H���F�X�U�U�H�Q�W���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H����

�(����������

�&�R�Q�Q�H�F�W���W�K�H���U�H�P�R�W�H���W�K�H�U�P�R�V�W�D�W���D�F�U�R�V�V���W�K�H���O�H�D�G�V
�P�D�U�N�H�G���³�&�´���D�Q�G���³�&���´�������7�K�H���H�[�W�H�U�Q�D�O���W�K�H�U�P�R�V�W�D�W���Z�L�O�O
�W�K�H�Q���E�H���L�Q���V�H�U�L�H�V���Z�L�W�K���W�K�H���K�H�D�W�H�U���W�K�H�U�P�D�O���K�L�J�K���O�L�P�L�W���J
�V�Z�L�W�F�K�H�V���D�Q�G���F�R�U�U�H�F�W���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���K�H�D�W�H�U���Z�L�O�O��
�U�H�V�X�O�W����



�K������ �7�K�H���I�D�Q���D�Q�G���K�H�D�W�H�U���V�K�R�X�O�G���R�S�H�U�D�W�H�������,�I���W�K�H���U�R�R�P��
�W�H�P�S�H�U�D�W�X�U�H���L�V���K�L�J�K���D�Q�G���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���L�V���D�E�R�Y�H��
�������������I�H�H�W�������������P�������W�K�H���X�Q�L�W���K�H�D�W�H�U���P�D�\���F�\�F�O�H���R�Q��
�W�K�H���W�K�H�U�P�D�O���K�L�J�K���O�L�P�L�W���F�X�W�R�X�W�V���R�I���W�K�H���P�R�W�R�U���R�U���W�K�H��
�K�H�D�W�H�U����

�L������ �&�K�H�F�N���R�X�W���D�Q�G���U�H�S�R�U�W���D�Q�\���X�Q�X�V�X�D�O���R�U��
�T�X�H�V�W�L�R�Q�D�E�O�H���R�S�H�U�D�W�L�Q�J���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����V�X�F�K���D�V��
�Q�R�L�V�H�����Y�L�E�U�D�W�L�R�Q�����O�R�V�V���R�I���I�O�X�L�G�����H�W�F��������
�1�R�W�H���W�K�D�W���F�U�D�F�N�O�L�Q�J���Q�R�L�V�H�V���F�R�P�L�Q�J���I�U�R�P���W�K�H���K�H�D�W��
�H�[�F�K�D�Q�J�H�U���G�X�U�L�Q�J���Z�D�U�P���X�S���D�U�H���Q�R�U�P�D�O����

�M������ �6�H�W���W�K�H���I�D�Q���V�Z�L�W�F�K���D�Q�G���W�H�P�S�H�U�D�W�X�U�H���F�R�Q�W�U�R�O����
�W�K�H�U�P�R�V�W�D�W���W�R���W�K�H���G�H�V�L�U�H�G���R�S�H�U�D�W�L�Q�J���S�R�V�L�W�L�R�Q�V����

��
�%���� �1�R�U�P�D�O���2�S�H�U�D�W�L�R�Q����
�3�U�L�R�U���W�R���W�K�H���V�W�D�U�W���R�I���W�K�H���K�H�D�W�L�Q�J���V�H�D�V�R�Q�����S�H�U�I�R�U�P���W�K�H���H�O�H�F�W�U�L�F�D�O��
�D�Q�G���P�H�F�K�D�Q�L�F�D�O���V�W�H�S�V���R�X�W�O�L�Q�H�G���L�Q���W�K�H���V�H�F�W�L�R�Q���W�L�W�O�H�G��
�³�P�D�L�Q�W�H�Q�D�Q�F�H�´��������

�D������

�E������

�3�H�U�I�R�U�P���W�K�H���2�S�H�U�D�W�L�R�Q���V�W�H�S�V���I�R�U���W�K�H���D�S�S�O�L�F�D�E�O�H��
�W�H�P�S�H�U�D�W�X�U�H���F�R�Q�W�U�R�O���R�S�W�L�R�Q����
�3�O�D�F�H���D�O�O���V�Z�L�W�F�K�H�V���L�Q���W�K�H�L�U���Q�R�U�P�D�O���R�S�H�U�D�W�L�Q�J���S�R�V�L�W�L�R�Q��
�D�Q�G���S�O�D�F�H���W�K�H���X�Q�L�W���K�H�D�W�H�U���L�Q���V�H�U�Y�L�F�H����

��
�0�$�,�1�7�(�1�$�1�&�(��

�0�D�L�Q�W�H�Q�D�Q�F�H���D�Q�G���U�H�S�D�L�U���P�X�V�W���E�H���S�H�U�I�R�U�P�H�G���E�\���T�X�D�O�L�I�L�H�G��
�S�H�U�V�R�Q�Q�H�O���R�Q�O�\����

�$���� �(�O�H�F�W�U�L�F�D�O����
������ �,�Q�V�S�H�F�W���D�O�O���W�H�U�P�L�Q�D�O���F�R�Q�Q�H�F�W�L�R�Q�V�����F�R�Q�W�D�F�W�R�U���D�Q�G��

�F�R�Q�G�X�F�W�R�U���L�Q�V�X�O�D�W�L�R�Q���I�R�U���G�D�P�D�J�H�����O�R�R�V�H�Q�H�V�V�����I�U�D�\�L�Q�J����
�H�W�F�������D�V���D�S�S�O�L�F�D�E�O�H�������7�L�J�K�W�H�Q���D�Q�\���O�R�R�V�H���W�H�U�P�L�Q�D�O�V���D�Q�G��
�U�H�S�O�D�F�H���R�U���U�H�S�D�L�U���Z�L�U�H���Z�L�W�K���G�D�P�D�J�H�G���R�U���G�H�W�H�U�L�R�U�D�W�H�G��
�L�Q�V�X�O�D�W�L�R�Q�������,�I���F�R�Q�W�D�F�W�R�U���F�R�Q�W�D�F�W�V���D�U�H���E�D�G�O�\���S�L�W�W�H�G����
�Z�H�O�G�H�G���W�R�J�H�W�K�H�U�����R�U���E�X�U�Q�H�G�����U�H�S�O�D�F�H���W�K�H���F�R�Q�W�D�F�W�R�U������
�&�K�H�F�N���D�O�O���H�[�S�O�R�V�L�R�Q���S�U�R�R�I���F�R�Q�G�X�L�W���I�R�U���Y�L�V�L�E�O�H���G�D�P�D�J�H��
�D�Q�G���W�L�J�K�W�Q�H�V�V����

������ �,�I���U�H�G�X�F�H�G���K�H�D�W���R�X�W�S�X�W���L�V���V�X�V�S�H�F�W�H�G�����S�H�U�I�R�U�P���W�K�H��
�P�H�F�K�D�Q�L�F�D�O���F�K�H�F�N�V���������,�I���O�R�Z���K�H�D�W���R�X�W�S�X�W���L�V���V�W�L�O�O���V�X�V�S�H�F�W�H�G��
�D�I�W�H�U���F�R�P�S�O�H�W�L�Q�J���W�K�H���P�H�F�K�D�Q�L�F�D�O���F�K�H�F�N�V�����Y�H�U�L�I�\���W�K�H��
�F�R�Q�G�L�W�L�R�Q���R�I���W�K�H���K�H�D�W�L�Q�J���H�O�H�P�H�Q�W�V���E�\���X�V�L�Q�J���D�Q���D�P�S�H�U�D�J�H��
�P�H�W�H�U���W�R���F�K�H�F�N���W�K�H���F�X�U�U�H�Q�W���G�U�D�Z���R�I���H�D�F�K���L�Q�S�X�W���O�L�Q�H�������$�O�O��
�L�Q�S�X�W���O�L�Q�H�V���V�K�R�X�O�G���G�U�D�Z���D�S�S�U�R�[�L�P�D�W�H�O�\���H�T�X�D�O���F�X�U�U�H�Q�W��
�Z�K�L�F�K���V�K�R�X�O�G���D�J�U�H�H���Z�L�W�K���Q�D�P�H�S�O�D�W�H���U�D�W�L�Q�J�������,�I���W�K�H�\���G�R��
�Q�R�W�����R�Q�H���R�U���P�R�U�H���R�I���W�K�H���K�H�D�W�L�Q�J���H�O�H�P�H�Q�W�V���F�R�X�O�G���E�H��
�E�X�U�Q�H�G���R�X�W���D�Q�G���W�K�H���K�H�D�W�H�U���F�R�U�H���D�V�V�H�P�E�O�\���V�K�R�X�O�G�����E�H��
�U�H�S�O�D�F�H�G��������

������ �7�K�H���H�O�H�F�W�U�L�F���P�R�W�R�U���L�V���S�H�U�P�D�Q�H�Q�W�O�\���O�X�E�U�L�F�D�W�H�G���D�Q�G��
�W�K�H�U�P�D�O�O�\���S�U�R�W�H�F�W�H�G�������&�K�H�F�N���I�R�U���V�P�R�R�W�K���D�Q�G���T�X�L�H�W��
�U�X�Q�Q�L�Q�J���D�W���D�O�O���L�Q�V�S�H�F�W�L�R�Q�V�������5�H�S�O�D�F�H���P�R�W�R�U���L�I���H�[�F�H�V�V�L�Y�H��
�E�H�D�U�L�Q�J���S�O�D�\���L�V���G�H�W�H�F�W�H�G�������&�R�Q�W�D�F�W���W�K�H���I�D�F�W�R�U�\���I�R�U��
�L�Q�V�W�U�X�F�W�L�R�Q�V����

��
�%�������0�H�F�K�D�Q�L�F�D�O��

������ �1�H�Y�H�U���D�W�W�H�P�S�W���W�R���I�L�O�O�����G�U�D�L�Q���R�U���F�K�H�F�N���W�K�H���O�L�T�X�L�G���O�H�Y�H�O���R�I��
�W�K�H���K�H�D�W���H�[�F�K�D�Q�J�H�U���R�U���F�K�H�F�N���W�K�H���D�F�W�L�R�Q���R�I���W�K�H���S�U�H�V�V�X�U�H��
�U�H�O�L�H�I���Y�D�O�Y�H�����&�R�Q�W�D�F�W���W�K�H���I�D�F�W�R�U�\���I�R�U���L�Q�V�W�U�X�F�W�L�R�Q�V����

������ �7�K�H���H�[�S�O�R�V�L�R�Q���S�U�R�R�I���F�R�Q�W�U�R�O���E�R�[���L�V���G�H�V�L�J�Q�H�G���Z�L�W�K��
�W�K�U�H�D�G�H�G���M�R�L�Q�W�V���D�Q�G���P�H�W�D�O���W�R���P�H�W�D�O���F�R�Q�W�D�F�W���D�W���W�K�H���O�L�G���R�U��
�F�R�Y�H�U���M�R�L�Q�W�V���W�R���S�U�H�Y�H�Q�W���D�Q���H�[�S�O�R�V�L�R�Q�������'�R���Q�R�W���D�W�W�H�P�S�W���W�R��
�L�Q�V�W�D�O�O���J�D�V�N�H�W���P�D�W�H�U�L�D�O���R�I���D�Q�\���W�\�S�H���D�W���W�K�H�V�H���M�R�L�Q�W�V�������$��
�O�L�J�K�W���F�R�D�W�L�Q�J���R�I���D�Q�W�L���V�H�L�]�H���F�R�P�S�R�X�Q�G���L�V���D�S�S�O�L�H�G���W�R���W�K�H��
�W�K�U�H�D�G�V���W�R���S�U�H�Y�H�Q�W���V�H�L�]�L�Q�J����

������ �$�Q�Q�X�D�O�O�\���F�K�H�F�N���W�K�H���W�L�J�K�W�Q�H�V�V���R�I���D�O�O���Y�L�V�L�E�O�H���E�R�O�W�V���D�Q�G��
�Q�X�W�V�����L�Q���S�D�U�W�L�F�X�O�D�U���W�K�H���V�X�S�S�R�U�W���V�W�U�X�F�W�X�U�H���E�R�O�W�V���D�Q�G���Q�X�W�V������
�6�L�P�L�O�D�U�O�\���F�K�H�F�N���W�K�H���P�R�W�R�U���P�R�X�Q�W�L�Q�J���E�R�O�W�V���D�Q�G���Q�X�W�V����

������ �3�H�U�L�R�G�L�F�D�O�O�\�����F�K�H�F�N���W�K�H���P�R�W�R�U�����I�D�Q���D�Q�G���K�H�D�W�H�U���F�R�U�H���I�L�Q�V��
�I�R�U���F�O�H�D�Q�O�L�Q�H�V�V�������$���G�L�U�W�\���K�H�D�W���H�[�F�K�D�Q�J�H�U���F�D�Q���F�D�X�V�H���W�K�H��
�X�Q�L�W���W�R���R�Y�H�U���K�H�D�W���D�Q�G���F�\�F�O�H���R�Q���W�K�H���W�K�H�U�P�D�O���F�X�W�R�X�W�V�����,�I��
�W�K�H���G�L�U�W���L�V���O�R�R�V�H���G�X�V�W�����F�O�H�D�Q���Z�L�W�K���D���Y�D�F�X�X�P���R�U���E�\���D�L�U���M�H�W������
�,�I���W�K�H���G�L�U�W���F�D�Q�
�W���E�H���Y�D�F�X�X�P�H�G���R�U���E�O�R�Z�Q���R�I�I�����X�V�H���D���Z�D�U�P��
�Z�D�W�H�U���V�S�U�D�\���G�L�U�H�F�W�H�G���W�R���W�K�H���L�Q�O�H�W���V�L�G�H���R�I���W�K�H���K�H�D�W��
�H�[�F�K�D�Q�J�H�U���W�K�H�Q���W�R���W�K�H���R�X�W�O�H�W���V�L�G�H�������$���V�R�I�W���E�U�L�V�W�O�H�G���E�U�X�V�K��
�P�D�\���E�H���U�H�T�X�L�U�H�G���W�R���O�R�R�V�H�Q���V�W�X�E�E�R�U�Q���G�H�S�R�V�L�W�V�������%�H��
�F�D�U�H�I�X�O���Q�R�W���W�R���E�H�Q�G���W�K�H���D�O�X�P�L�Q�X�P���I�L�Q�V���R�Q���W�K�H���K�H�D�W��
�H�[�F�K�D�Q�J�H�U���R�U���W�K�H���I�D�Q���E�O�D�G�H���S�U�R�S�H�O�O�H�U�������$�O�O�R�Z���X�Q�L�W���W�R���G�U�\��
�E�H�I�R�U�H���U�H���H�Q�H�U�J�L�]�L�Q�J����

������ �&�K�H�F�N���O�R�X�Y�H�U�V���I�R�U���S�R�V�L�W�L�R�Q���W�L�J�K�W�Q�H�V�V���D�Q�G���H�T�X�D�O���D�Q�J�O�H��
�V�H�W�W�L�Q�J�V�������&�K�H�F�N���P�R�W�R�U���D�Q�G���I�D�Q���I�R�U���V�P�R�R�W�K���U�X�Q�Q�L�Q�J��
�R�S�H�U�D�W�L�R�Q�������$�Q�\���X�Q�X�V�X�D�O���Q�R�L�V�H���R�U���Y�L�E�U�D�W�L�R�Q���P�X�V�W���E�H��
�L�Q�Y�H�V�W�L�J�D�W�H�G���D�Q�G���U�H�F�W�L�I�L�H�G����

������ �6�K�R�X�O�G���W�K�H�U�H���E�H���D�Q�\���H�Y�L�G�H�Q�F�H���R�I���I�O�X�L�G���O�H�D�N�D�J�H���I�U�R�P���W�K�H��
�K�H�D�W�H�U���F�R�U�H�����W�K�H���K�H�D�W�H�U���V�K�R�X�O�G���E�H���U�H�S�D�L�U�H�G���L�P�P�H�G�L�D�W�H�O�\������
�7�K�H���K�H�D�W�H�U���Z�L�O�O���Q�R�W���R�S�H�U�D�W�H���S�U�R�S�H�U�O�\���Z�L�W�K���D���O�R�Z���I�O�X�L�G��
�O�H�Y�H�O�������&�R�Q�W�D�F�W���W�K�H���I�D�F�W�R�U�\���I�R�U���U�H�S�O�D�F�H�P�H�Q�W���F�R�U�H����

��
�5�(�3�$�,�5���$�1�'���5�(�3�/�$�&�(�0�(�1�7��

�0�D�L�Q�W�H�Q�D�Q�F�H���D�Q�G���U�H�S�D�L�U���P�X�V�W���E�H���S�H�U�I�R�U�P�H�G���E�\���T�X�D�O�L�I�L�H�G��
�S�H�U�V�R�Q�Q�H�O���R�Q�O�\����

�$���� �5�H�S�O�D�F�L�Q�J���W�K�H���+�H�D�W���(�[�F�K�D�Q�J�H�U���&�R�U�H����
�7�K�H���K�H�D�W���H�[�F�K�D�Q�J�H�U���F�R�U�H���L�V���Q�R�W���I�L�H�O�G���U�H�S�D�L�U�D�E�O�H����
�&�R�Q�W�D�F�W���I�D�F�W�R�U�\���I�R�U���U�H�S�O�D�F�H�P�H�Q�W����
������ �'�L�V�F�R�Q�Q�H�F�W���W�K�H���K�H�D�W�H�U���H�O�H�F�W�U�L�F�D�O���S�R�Z�H�U���V�X�S�S�O�\����

�X�Q�Z�L�U�H���D�Q�G���O�R�Z�H�U���W�K�H���K�H�D�W�H�U���I�U�R�P���L�W�¶�V��
�P�R�X�Q�W�L�Q�J���O�R�F�D�W�L�R�Q�����6�H�W���K�H�D�W�H�U���I�D�F�H���G�R�Z�Q���R�Q���D��
�W�D�E�O�H���R�U���R�Q���W�K�H���I�O�R�R�U����

������ �5�H�P�R�Y�H���W�K�H���F�D�E�L�Q�H�W���E�R�W�W�R�P�����F�D�E�L�Q�H�W���W�R�S����
�Z�L�U�L�Q�J���D�Q�G���K�H�D�W�H�U���H�Q�F�O�R�V�X�U�H���F�R�Y�H�U�V����

������ �'�L�V�F�R�Q�Q�H�F�W���D�O�O���K�H�D�W�H�U���Z�L�U�H�V���I�U�R�P���W�K�H���F�R�Q�W�D�F�W�R�U��
�L�Q���W�K�H���Z�L�U�L�Q�J���H�Q�F�O�R�V�X�U�H�����'�L�V�F�R�Q�Q�H�F�W���W�K�H���F�R�Q�W�U�R�O��
�Z�L�U�L�Q�J���I�U�R�P���W�K�H�U�P�D�O���F�X�W�R�X�W����

������ �7�K�U�H�D�G���F�R�Q�G�X�L�W���L�Q�W�R���Z�L�U�L�Q�J���H�Q�F�O�R�V�X�U�H���W�R��
�G�L�V�F�R�Q�Q�H�F�W���W�K�H���K�H�D�W�H�U���W�H�U�P�L�Q�D�O���E�R�[����

������ �:�L�W�K���D�Q���D�V�V�L�V�W�D�Q�W���V�X�S�S�R�U�W�L�Q�J���W�K�H���Z�H�L�J�K�W���R�I���W�K�H��
�K�H�D�W���H�[�F�K�D�Q�J�H�U�����U�H�P�R�Y�H���W�K�H�������K�H�D�W���H�[�F�K�D�Q�J�H�U��
�P�R�X�Q�W�L�Q�J���E�R�O�W�V�����&�D�U�H�I�X�O�O�\���U�H�P�R�Y�H���W�K�H���K�H�D�W��
�H�[�F�K�D�Q�J�H�U���R�X�W���R�I���W�K�H���E�R�W�W�R�P���R�I���W�K�H���F�D�E�L�Q�H�W������

������ �/�R�F�D�W�H���U�D�W�L�Q�J���W�D�J���R�Q���W�K�H���K�H�D�W���H�[�F�K�D�Q�J�H�U���D�Q�G��
�Y�H�U�L�I�\���W�K�D�W���H�O�H�F�W�U�L�F�D�O���U�D�W�L�Q�J�V���R�I���W�K�H���F�R�U�H���W�R���E�H��
�L�Q�V�W�D�O�O�H�G���P�D�W�F�K���W�K�H���H�O�H�F�W�U�L�F�D�O���U�D�W�L�Q�J�V���R�Q���W�K�H��
�K�H�D�W�H�U���Q�D�P�H�S�O�D�W�H����

������ �7�R���U�H�L�Q�V�W�D�O�O�����V�O�L�G�H���W�K�H���F�R�U�H���W�K�U�R�X�J�K���W�K�H���E�R�W�W�R�P��
�R�I���W�K�H���F�D�E�L�Q�H�W���Z�K�L�O�H���D�Q���D�V�V�L�V�W�D�Q�W���O�L�Q�H�V���X�S���D�Q�G��
�L�Q�V�W�D�O�O�V���W�K�H�������K�H�D�W���H�[�F�K�D�Q�J�H�U���P�R�X�Q�W�L�Q�J���E�R�O�W�V������

������ �*�X�L�G�H���W�K�H���K�H�D�W�H�U���O�H�D�G���Z�L�U�H�V���E�D�F�N���L�Q�W�R���W�K�H��
�Z�L�U�L�Q�J���H�Q�F�O�R�V�X�U�H������

������ �5�H�F�R�Q�Q�H�F�W���W�K�H���K�H�D�W�H�U���O�H�D�G���Z�L�U�H�V���W�R���W�K�H��
�F�R�Q�W�D�F�W�R�U���D�Q�G���W�K�H���F�R�Q�G�X�L�W����

���������5�H�D�W�W�D�F�K���W�K�H���F�D�E�L�Q�H�W���E�R�W�W�R�P���D�Q�G���H�Q�F�O�R�V�X�U�H��
�F�R�Y�H�U�V���E�H�I�R�U�H���P�R�X�Q�W�L�Q�J���K�H�D�W�H�U���D�Q�G���H�Q�H�U�J�L�]�L�Q�J����

��
�%���� �5�H�S�O�D�F�L�Q�J���W�K�H���7�H�P�S�H�U�D�W�X�U�H���+�L�J�K���/�L�P�L�W���&�X�W�R�X�W�V����

������ �'�L�V�F�R�Q�Q�H�F�W���W�K�H���K�H�D�W�H�U���H�O�H�F�W�U�L�F�D�O���S�R�Z�H�U���V�X�S�S�O�\��
�D�Q�G���U�H�P�R�Y�H���W�K�H���K�H�D�W�H�U���H�Q�F�O�R�V�X�U�H���F�R�Y�H�U����

�(����������



������ �5�H�P�R�Y�H���W�K�H���Z�L�U�H���E�D�U�U�L�H�U���W�R���H�[�S�R�V�H���W�K�H���K�L�J�K��
�O�L�P�L�W���F�X�W�R�X�W����

������ �'�L�V�F�R�Q�Q�H�F�W���W�K�H���Z�L�U�H�V���I�U�R�P���W�K�H���K�L�J�K���O�L�P�L�W��
�F�X�W�R�X�W���D�Q�G���P�D�U�N���W�K�H�L�U���O�R�F�D�W�L�R�Q����

������ �5�H�P�R�Y�H���W�K�H���W�Z�R���Q�X�W�V���X�V�H�G���W�R���D�W�W�D�F�K���W�K�H��
�W�H�P�S�H�U�D�W�X�U�H���K�L�J�K���O�L�P�L�W���F�X�W�R�X�W����

������ �/�L�I�W���D�Q�G���U�H�P�R�Y�H���W�K�H���V�K�H�H�W�P�H�W�D�O���P�R�X�Q�W�L�Q�J��
�S�O�D�W�H����

������ �&�D�U�H�I�X�O�O�\���O�L�I�W���D�Q�G���U�H�P�R�Y�H���W�K�H���W�H�P�S�H�U�D�W�X�U�H���K�L�J�K��
�O�L�P�L�W���F�X�W�R�X�W����

������ �8�V�H���R�Q�O�\���I�D�F�W�R�U�\���V�X�S�S�O�\���S�D�U�W�V���I�R�U���V�D�I�H��
�R�S�H�U�D�W�L�R�Q����

������ �/�L�J�K�W�O�\���F�R�D�W���W�K�H���Q�H�Z���P�D�Q�X�D�O���D�Q�G���D�X�W�R�P�D�W�L�F��
�F�X�W�R�X�W���E�X�O�E�V���Z�L�W�K���W�K�H���V�X�S�S�O�L�H�G���W�K�H�U�P�D�O���W�U�D�Q�V�I�H�U��
�F�R�P�S�R�X�Q�G�����7�K�L�V���L�V���F�U�L�W�L�F�D�O���I�R�U���S�U�R�S�H�U���F�X�W�R�X�W��
�R�S�H�U�D�W�L�R�Q����

������ �&�D�U�H�I�X�O�O�\���V�O�L�G�H���W�K�H���D�X�W�R�P�D�W�L�F���F�X�W�R�X�W���E�X�O�E���L�Q�W�R��
�W�K�H���O�H�I�W���W�K�H�U�P�R�Z�H�O�O���D�Q�G���W�K�H���P�D�Q�X�D�O���F�X�W�R�X�W���E�X�O�E��
�L�Q�W�R���W�K�H���U�L�J�K�W���W�K�H�U�P�R�Z�H�O�O������

���������5�H�L�Q�V�W�D�O�O���W�K�H���V�K�H�H�W�P�H�W�D�O���S�O�D�W�H�����1�R�W�H���W�K�D�W���W�K�H��
�V�K�H�H�W�P�H�W�D�O���S�O�D�W�H���D�O�V�R���D�F�W�V���D�V���D���V�W�R�S���W�R���N�H�H�S���W�K�H��
�F�X�W�R�X�W���E�X�O�E�V���I�U�R�P���E�D�F�N�L�Q�J���R�X�W���R�I���W�K�H���Z�H�O�O�V����

���������&�D�U�H�I�X�O�O�\���L�Q�V�W�D�O�O���W�K�H���W�H�P�S�H�U�D�W�X�U�H���K�L�J�K���O�L�P�L�W��
�F�R�Q�W�U�R�O���W�R���D�Y�R�L�G���S�X�W�W�L�Q�J���N�L�Q�N�V���L�Q�W�R���W�K�H��
�F�D�S�L�O�O�D�U�\����

���������5�H�D�W�W�D�F�K���W�K�H���Z�L�U�H�V���W�R���W�K�H���F�X�W�R�X�W���D�Q�G���U�H�L�Q�V�W�D�O�O��
�W�K�H���Z�L�U�H���E�D�U�U�L�H�U����

���������(�Q�V�X�U�H���K�H�D�W�H�U���H�Q�F�O�R�V�X�U�H���F�R�Y�H�U���L�V���L�Q���S�O�D�F�H��
�E�H�I�R�U�H���H�Q�H�U�J�L�]�L�Q�J���K�H�D�W�H�U����

��
�&���� �5�H�V�H�W�W�L�Q�J���W�K�H���0�D�Q�X�D�O���&�X�W�R�X�W����

�$�O�O���X�Q�L�W���K�H�D�W�H�U�V���F�R�Q�W�D�L�Q���D���E�X�L�O�W���L�Q���P�D�Q�X�D�O���U�H�V�H�W��
�W�K�H�U�P�D�O���F�X�W�R�X�W���Z�L�W�K���R�U���Z�L�W�K�R�X�W���E�D�F�N�X�S���F�R�Q�W�D�F�W�R�U������

������ �'�L�V�F�R�Q�Q�H�F�W���W�K�H���K�H�D�W�H�U���H�O�H�F�W�U�L�F�D�O���S�R�Z�H�U���V�X�S�S�O�\��
�D�Q�G���U�H�P�R�Y�H���W�K�H���K�H�D�W�H�U���H�Q�F�O�R�V�X�U�H���F�R�Y�H�U������

������ �'�H�W�H�U�P�L�Q�H���W�K�H���U�H�D�V�R�Q���I�R�U���W�K�H���P�D�Q�X�D�O���U�H�V�H�W��
�W�K�H�U�P�D�O���F�X�W�R�X�W���D�F�W�X�D�W�L�Q�J���D�Q�G���U�H�F�W�L�I�\���W�K�H��
�V�L�W�X�D�W�L�R�Q�����6�H�H���V�H�F�W�L�R�Q���W�L�W�O�H�G���³�P�D�L�Q�W�H�Q�D�Q�F�H�´����

������ �5�H�V�H�W���W�K�H���P�D�Q�X�D�O���U�H�V�H�W���W�K�H�U�P�D�O���F�X�W�R�X�W���E�\��
�S�U�H�V�V�L�Q�J���R�Q���W�K�H���U�H�G���V�W�H�P���L�Q���W�K�H���F�H�Q�W�H�U���R�I���W�K�H��
�F�R�Q�W�U�R�O����

������ �5�H�S�O�D�F�H���W�K�H���K�H�D�W�H�U���H�Q�F�O�R�V�X�U�H���F�R�Y�H�U���V�H�F�X�U�H�O�\��������
������ �(�Q�H�U�J�L�]�H���W�K�H���K�H�D�W�H�U���H�O�H�F�W�U�L�F�D�O���V�X�S�S�O�\���F�L�U�F�X�L�W����
������ �7�K�H���K�H�D�W�H�U���D�Q�G���I�D�Q���V�K�R�X�O�G���F�R�P�H���R�Q���D�Q�G���L�Q�������W�R��

�������P�L�Q�X�W�H�V���U�H�D�F�K���D���V�W�D�E�O�H���R�S�H�U�D�W�L�Q�J��
�W�H�P�S�H�U�D�W�X�U�H��������

������ �&�K�H�F�N���R�X�W���D�Q�G���U�H�S�R�U�W���D�Q�\���X�Q�X�V�X�D�O���R�U��
�T�X�H�V�W�L�R�Q�D�E�O�H���R�S�H�U�D�W�L�Q�J���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����V�X�F�K���D�V��
�Q�R�L�V�H�����Y�L�E�U�D�W�L�R�Q�����O�R�V�V���R�I���I�O�X�L�G�����H�W�F��������

������ �,�I���K�H�D�W�H�U���R�S�H�U�D�W�L�R�Q���D�S�S�H�D�U�V���Q�R�U�P�D�O�����S�O�D�F�H���W�K�H��
�X�Q�L�W���L�Q�W�R���Q�R�U�P�D�O���R�S�H�U�D�W�L�R�Q����

��
�'�����5�H�S�O�D�F�L�Q�J���W�K�H���)�D�Q���0�R�W�R�U���D�Q�G���%�O�D�G�H����

�7�K�H���I�D�Q���P�R�W�R�U���L�V���S�H�U�P�D�Q�H�Q�W�O�\���O�X�E�U�L�F�D�W�H�G���D�Q�G���G�R�H�V���Q�R�W��
�U�H�T�X�L�U�H���D�Q�\���P�D�L�Q�W�H�Q�D�Q�F�H�����,�I���W�K�H���I�D�Q���P�R�W�R�U���L�V��
�G�H�I�H�F�W�L�Y�H�����D���U�H�S�O�D�F�H�P�H�Q�W���P�X�V�W���E�H���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�H��
�I�D�F�W�R�U�\����

������ �7�R���U�H�S�O�D�F�H���W�K�H���I�D�Q���P�R�W�R�U����
�D���� �'�L�V�F�R�Q�Q�H�F�W���W�K�H���K�H�D�W�H�U���H�O�H�F�W�U�L�F�D�O���S�R�Z�H�U��

�V�X�S�S�O�\����
�E���� �'�L�V�F�R�Q�Q�H�F�W���W�K�H���P�R�W�R�U���V�X�S�S�O�\���Z�L�U�H�V���I�U�R�P��

�W�K�H���F�R�Q�W�D�F�W�R�U���L�Q���W�K�H���Z�L�U�L�Q�J���H�Q�F�O�R�V�X�U�H������

�F���� �'�L�V�D�V�V�H�P�E�O�H���W�K�H���F�R�Q�G�X�L�W���X�Q�L�R�Q���O�R�F�D�W�H�G���D�W��
�W�K�H���P�R�W�R�U���Z�L�U�L�Q�J���K�X�E����

�G���� �5�H�P�R�Y�H���W�R�S���I�D�Q���J�X�D�U�G���D�Q�G���P�R�W�R�U��
�P�R�X�Q�W�L�Q�J���E�R�O�W�V����

�H���� �/�L�I�W���P�R�W�R�U���R�X�W���R�I���K�H�D�W�H�U���D�V�V�H�P�E�O�\����
�I���� �5�H�P�R�Y�H���I�D�Q���E�O�D�G�H���D�Q�G���F�R�Q�G�X�L�W���X�Q�L�R�Q���I�U�R�P��

�G�H�I�H�F�W�L�Y�H���P�R�W�R�U���D�Q�G���L�Q�V�W�D�O�O���R�Q���Q�H�Z���P�R�W�R�U����
�J���� �,�Q�V�W�D�O�O���Q�H�Z���P�R�W�R�U���W�R���K�H�D�W�H�U���X�V�L�Q�J���H�[�L�V�W�L�Q�J��

�P�R�W�R�U���P�R�X�Q�W�L�Q�J���K�D�U�G�Z�D�U�H������
�K���� �5�H�L�Q�V�W�D�O�O���W�R�S���I�D�Q���J�X�D�U�G���D�Q�G���H�Q�V�X�U�H���W�K�D�W���W�K�H��

�I�D�Q���E�O�D�G�H���U�R�W�D�W�H�V���I�U�H�H�O�\����
�L���� �)�H�H�G���P�R�W�R�U���Z�L�U�H�V���W�K�U�R�X�J�K���F�R�Q�G�X�L�W���D�Q�G��

�L�Q�W�R���Z�L�U�L�Q�J���H�Q�F�O�R�V�X�U�H����
�M���� �5�H�D�W�W�D�F�K���F�R�Q�G�X�L�W���X�Q�L�R�Q�����5�H�F�R�Q�Q�H�F�W���P�R�W�R�U��

�Z�L�U�H�V���W�R���F�R�Q�W�D�F�W�R�U����
�N���� �&�K�H�F�N���I�D�Q���U�R�W�D�W�L�R�Q���E�\���P�R�P�H�Q�W�D�U�L�O�\��

�H�Q�H�U�J�L�]�L�Q�J���K�H�D�W�H�U�����$�L�U�I�O�R�Z���V�K�R�X�O�G���H�[�L�W��
�I�U�R�P���I�U�R�Q�W���R�I���K�H�D�W�H�U���F�D�E�L�Q�H�W�����,�I���U�R�W�D�W�L�R�Q���L�V��
�L�Q�F�R�U�U�H�F�W�����G�L�V�F�R�Q�Q�H�F�W���H�O�H�F�W�U�L�F�D�O���S�R�Z�H�U��
�V�X�S�S�O�\���D�Q�G���U�H�Y�H�U�V�H���W�Z�R���R�I���W�K�H���P�R�W�R�U���O�H�D�G��
�Z�L�U�H�V���D�W���W�K�H���F�R�Q�W�D�F�W�R�U����

�O���� �5�H�D�W�W�D�F�K���Z�L�U�L�Q�J���H�Q�F�O�R�V�X�U�H���F�R�Y�H�U���E�H�I�R�U�H��
�S�O�D�F�L�Q�J���K�H�D�W�H�U���E�D�F�N���L�Q���V�H�U�Y�L�F�H����
��

������ �7�R���U�H�S�O�D�F�H���W�K�H���P�R�W�R�U���I�D�Q���E�O�D�G�H����
�D���� �5�H�P�R�Y�H���W�K�H���W�R�S���I�D�Q���J�X�D�U�G����
�E���� �5�H�P�R�Y�H���W�K�H���I�R�X�U���P�R�W�R�U���P�R�X�Q�W�L�Q�J���E�R�O�W�V��

�D�Q�G���G�L�V�F�R�Q�Q�H�F�W���W�K�H���F�R�Q�G�X�L�W���X�Q�L�R�Q���D�W���W�K�H��
�P�R�W�R�U����

�F���� �/�R�R�V�H�Q���W�K�H���E�R�O�W���W�K�D�W���F�R�Q�Q�H�F�W�V���W�K�H���I�D�Q��
�E�O�D�G�H���W�R���W�K�H���P�R�W�R�U���V�K�D�I�W����

�G���� �6�O�L�G�H���W�K�H���P�R�W�R�U���E�D�F�N���D�Q�G���W�L�O�W���L�Q���R�U�G�H�U���W�R��
�U�H�P�R�Y�H���W�K�H���R�O�G���E�O�D�G�H���	���L�Q�V�W�D�O�O���D���Q�H�Z���R�Q�H����

�H���� �7�L�J�K�W�H�Q���W�K�H���I�D�Q���E�O�D�G�H���D�W�W�D�F�K�P�H�Q�W���E�R�O�W���W�R��
�W�K�H���P�R�W�R�U���V�K�D�I�W����

�I���� �5�H�D�W�W�D�F�K���W�K�H���P�R�W�R�U���F�R�Q�G�X�L�W���X�Q�L�R�Q���D�Q�G���W�K�H��
�I�R�X�U���P�R�W�R�U���P�R�X�Q�W�L�Q�J���E�R�O�W�V����

�J���� �5�H�L�Q�V�W�D�O�O���W�K�H���W�R�S���I�D�Q���J�X�D�U�G���D�Q�G���H�Q�V�X�U�H���W�K�D�W��
�W�K�H���I�D�Q���E�O�D�G�H���U�R�W�D�W�H�V���I�U�H�H�O�\����

��
��

�(����������



�5�(�3�/�$�&�(�0�(�1�7���3�$�5�7�6��
��
������ �$�O�O���U�H�S�O�D�F�H�P�H�Q�W�V���P�X�V�W���E�H���I�D�F�W�R�U�\���V�X�S�S�O�L�H�G���W�R���H�Q�V�X�U�H���V�D�I�H���K�H�D�W�H�U���R�S�H�U�D�W�L�R�Q����
������ �0�D�U�N���Z�L�U�H�V���D�Q�G���U�H�I�H�U���W�R���Z�L�U�L�Q�J���G�L�D�J�U�D�P���W�R���H�Q�V�X�U�H���S�U�R�S�H�U���H�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V����

��
�5�H�I�H�U�H�Q�F�H���K�H�D�W�H�U���F�D�W�D�O�R�J���Q�X�P�E�H�U���D�Q�G���L�W�H�P���Q�X�P�E�H�U���L�Q���I�L�J�X�U�H�V���E�H�O�R�Z���Z�K�H�Q���F�R�Q�W�D�F�W�L�Q�J���I�D�F�W�R�U�\���I�R�U���U�H�S�O�D�F�H�P�H�Q�W���S�D�U�W�V�����&�R�Q�W�D�F�W���I�D�F�W�R�U�\���I�R�U��
�L�W�H�P�V���Q�R�W���V�K�R�Z�Q����

��
��

�,�7�(�0�� �'�(�6�&�5�,�3�7�,�2�1��
���� �+�H�D�W���(�[�F�K�D�Q�J�H�U���&�R�U�H���$�V�V�\����
���� �&�D�E�L�Q�H�W���±���7�R�S����
���� �)�D�Q���9�H�Q�W�X�U�L��
���� �)�D�Q���%�O�D�G�H��
���� �)�D�Q���*�X�D�U�G��
���� �)�D�Q���0�R�W�R�U��
���� �0�R�W�R�U���6�X�S�S�R�U�W���±���7�R�S��
���� �0�R�W�R�U���-�X�Q�F�W�L�R�Q���%�R�[��
���� �7�K�H�U�P�R�V�W�D�W���6�X�S�S�R�U�W���%�U�D�F�N�H�W��
������ �7�K�H�U�P�R�V�W�D�W��
������ �&�R�Q�G�X�L�W���7�H�H��
������ �'�L�V�F�R�Q�Q�H�F�W���6�Z�L�W�F�K���±���6�P�D�O�O��
������ �/�D�U�J�H���'�L�V�F�R�Q�Q�H�F�W���6�X�S�S�R�U�W���%�N�W����
������ �)�D�Q���6�Z�L�W�F�K��

�,�7�(�0�� �'�(�6�&�5�,�3�7�,�2�1��
������ �&�R�Q�G�X�L�W���6�H�D�O��
������ �3�L�O�R�W���/�L�J�K�W���±���%�R�W�W�R�P��
������ �3�L�O�R�W���/�L�J�K�W���±���7�R�S��
������ �&�D�E�L�Q�H�W���±���/�H�I�W���6�L�G�H��
������ �+�L�J�K���/�L�P�L�W���&�X�W�R�X�W��
������ �&�D�E�L�Q�H�W���±���%�R�W�W�R�P��
������ �&�D�E�L�Q�H�W�������/�R�X�Y�H�U��
������ �&�D�E�L�Q�H�W���±���5�L�J�K�W���6�L�G�H��
������ �+�L�J�K���/�L�P�L�W���%�D�U�U�L�H�U��
������ �+�L�J�K���/�L�P�L�W���0�R�X�Q�W�L�Q�J���%�U�L�G�J�H��
������ �+�H�D�W�H�U���(�Q�F�O�R�V�X�U�H���&�R�Y�H�U��
������ �0�R�W�R�U���6�X�S�S�R�U�W���±���6�L�G�H��
������ �ô�´���&�R�Q�G�X�L�W���3�X�O�O���(�O�E�R�Z��
������ �5�H�G�X�F�H�U���%�X�V�K�L�Q�J��

��
� � � �

��
��

�(����������



�� �6�H�O�H�F�W���W�K�H���)�L�J�X�U�H���W�K�D�W���F�R�U�U�H�V�S�R�Q�G�V���W�R���\�R�X�U���K�H�D�W�H�U��

��
�� �)�,�*�8�5�(�������� �� �)�,�*�8�5�(������

�,�7�(�0�� �'�(�6�&�5�,�3�7�,�2�1��
������ �:�L�U�L�Q�J���(�Q�F�O�R�V�X�U�H���D�Q�G���&�R�Y�H�U��
������ �2�S�W�L�R�Q���0�R�X�Q�W�L�Q�J���%�U�L�G�J�H��
������ �2�S�W�L�R�Q���&�R�Q�W�D�F�W�R�U��
������ �0�D�L�Q���&�R�Q�W�D�F�W�R�U��
������ �*�U�R�X�Q�G���/�X�J��
������ �7�U�D�Q�V�I�R�U�P�H�U��
������ �$�X�[�L�O�L�D�U�\���&�R�Q�W�D�F�W��
������ �0�D�L�Q���0�R�X�Q�W�L�Q�J���%�U�L�G�J�H��

� � � � � �
�� �)�,�*�8�5�(�������� ��

�,�7�(�0�� �'�(�6�&�5�,�3�7�,�2�1��
������ �:�L�U�L�Q�J���(�Q�F�O�R�V�X�U�H���D�Q�G���&�R�Y�H�U��
������ �$�X�[�L�O�L�D�U�\���&�R�Q�W�D�F�W��
������ �*�U�R�X�Q�G���/�X�J��
������ �7�U�D�Q�V�I�R�U�P�H�U��
������ �0�D�L�Q���&�R�Q�W�D�F�W�R�U��
������ �7�U�D�Q�V�I�R�U�P�H�U���)�X�V�H���	���)�X�V�H���%�O�R�F�N��
������ �0�D�L�Q���0�R�X�Q�W�L�Q�J���%�U�L�G�J�H��

��
��
��
��
��
��
��

�,�7�(�0�� �'�(�6�&�5�,�3�7�,�2�1��
������ �:�L�U�L�Q�J���(�Q�F�O�R�V�X�U�H���D�Q�G���&�R�Y�H�U��
������ �0�D�L�Q���&�R�Q�W�D�F�W�R�U��
������ �*�U�R�X�Q�G���/�X�J��
������ �7�U�D�Q�V�I�R�U�P�H�U��
������ �$�X�[�L�O�L�D�U�\���&�R�Q�W�D�F�W��
������ �0�D�L�Q���0�R�X�Q�W�L�Q�J���%�U�L�G�J�H��

��
��
��

�� �)�,�*�8�5�(��������
�,�7�(�0�� �'�(�6�&�5�,�3�7�,�2�1��

������ �6�Z�L�W�F�K���(�Q�F�O�R�V�X�U�H���D�Q�G���&�R�Y�H�U��
������ �'�L�V�F�R�Q�Q�H�F�W���6�Z�L�W�F�K��
������ �'�L�V�F�R�Q�Q�H�F�W���6�Z�L�W�F�K���7�U�D�F�N��

��
��
��
��
��
��
��

��

�(����������



E
IO

00
00

00
11

33
 .0

3

www.schneider-electric.com

Magelis

EIO0000001133 10/2014

Magelis
GTO HMI
User Manual

10/2014

�(����������



2 EIO0000001133 10/2014

 

The information provided in this documentation contains general descriptions and/or technical character-
istics of the performance of the products contained herein. This documentation is not intended as a 
substitute for and is not to be used for determining suitability or reliability of these products for specific user 
applications. It is the duty of any such user or integrator to perform the appropriate and complete risk 
analysis, evaluation and testing of the products with respect to the relevant specific application or use 
thereof. Neither Schneider Electric nor any of its affiliates or subsidiaries shall be responsible or liable for 
misuse of the information contained herein. If you have any suggestions for improvements or amendments 
or have found errors in this publication, please notify us. 

No part of this document may be reproduced in any form or by any means, electronic or mechanical, 
including photocopying, without express written permission of Schneider Electric.

All pertinent state, regional, and local safety regulations must be observed when installing and using this 
product. For reasons of safety and to help ensure compliance with documented system data, only the 
manufacturer should perform repairs to components.

When devices are used for applications with technical safety requirements, the relevant instructions must 
be followed. 

Failure to use Schneider Electric software or approved software with our hardware products may result in 
injury, harm, or improper operating results.

Failure to observe this information can result in injury or equipment damage.

© 2014 Schneider Electric. All rights reserved.
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Safety Information

Important Information

NOTICE

Read these instructions carefully, and look at the equipment to become familiar with the device before 
trying to install, operate, or maintain it. The following special messages may appear throughout this 
documentation or on the equipment to warn of potential hazards or to call attention to information that 
clarifies or simplifies a procedure.

PLEASE NOTE

Electrical equipment should be installed, operated, serviced, and maintained only by qualified personnel. 
No responsibility is assumed by Schneider Electric for any consequences arising out of the use of this 
material.

A qualified person is one who has skills and knowledge related to the construction and operation of 
electrical equipment and its installation, and has received safety training to recognize and avoid the 
hazards involved.
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About the Book

At a Glance

Document Scope

This manual describes how to use the HMIGTO panels.

Validity Note

This documentation is valid for Vijeo Designer 6.2 or higher.

The technical characteristics of the devices described in this document also appear online. To access this 
information online:

The characteristics that are presented in this manual should be the same as those characteristics that 
appear online. In line with our policy of constant improvement, we may revise content over time to improve 
clarity and accuracy. If you see a difference between the manual and online information, use the online 
information as your reference.

Product Related Information

Step Action

1 Go to the Schneider Electric home page www.schneider-electric.com.

2 In the Search  box type the reference of a product or the name of a product range.
�z Do not include blank spaces in the model number/product range.
�z To get information on grouping similar modules, use asterisks (*).

3 If you entered a reference, go to the Product Datasheets  search results and click on the reference that 
interests you.
If you entered the name of a product range, go to the Product Ranges  search results and click on the 
product range that interests you.

4 If more than one reference appears in the Products  search results, click on the reference that interests 
you.

5 Depending on the size of your screen, you may need to scroll down to see the data sheet.

6 To save or print a data sheet as a .pdf file, click Download XXX product datasheet .

WARNING
UNINTENDED EQUIPMENT OPERATION

The application of this product requires expertise in the design and programming of control systems. Only 
persons with such expertise should be allowed to program, install, alter, and apply this product.

Follow all local and national safety standards.

Failure to follow these instruction s can result in death, seriou s injury, or equipment damage.
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Overview

Chapter 1
Overview

Overview

This chapter describes the panels and general topics such as package contents and standards.

What Is in This Chapter?

This chapter contains the following topics:

Topic Page

HMIGTO Package Contents 10

Certifications and Standards 11

GTO Series of Panels 13
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HMIGTO Package Contents

Overview

Verify all items listed here are present in your package:

1 HMIGTO: 1
2 Installation gasket: 1 (attached to the panel)
3 Installation fasteners: 4 per set
4 Brackets: 4
5 M4 Hex Nuts: 8
6 DC power connector: 1*1

7 USB cable clamp Type A: 1 set (1 clip and 1 tie)
8 USB cable clamp mini-B: 1 (1 USB holder)
9 HMIGTO Quick Reference Guide: 1

This product has been carefully packed with special attention to quality. However, should you find anything 
damaged or missing, please contact your local distributor.

*1 You can use the DC power connector for HMIGTO1300/1310/2300/2310/2315/3510/4310 to supply 
power to HMIGTO5310/5315/6310/6315. However the reverse is not possible. You cannot use the power 
connector for HMIGTO5310/5315/6310/6315 on HMIGTO1300/1310/2300/2310/2315/3510/4310.

Revision

You can identify the product version (PV), revision level (RL) and the software version (SV) from the unit 
product label.
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Certifications and Standards

Introduction

Schneider Electric submitted this product for independent testing and qualification by third-party listing 
agencies. These agencies have certified this product as meeting the following standards.

Agency Certifications

The HMIGTO is manufactured in accordance with:

�z Standard UL 508 and CSA C22.2 no142 for Industrial Control Equipment

�z Standard ANSI/ISA - 12.12.01 and CSA C22.2 no213 for Electrical Equipment for Use in Class I, 
Division 2 Hazardous Locations
NOTE: 

�z For use in Pollution Degree 2 environments.
�z For use on a flat surface of a Type 1, Type 4X (Indoor Use Only) or Type 13 Enclosure.
�z 24 Vdc input panel must be used with a Class 2 power supply.
�z Suitable for use in Class I, Division 2 Groups A, B, C, and D Hazardous Locations.

 

�z GOST certification.
Please refer to product markings.

�z ATEX certification by Technical Inspection Association.
Please refer to product label.

�z Merchant Navy rules. (Except Magelis GTOxxx5.)
Products are designed to comply with Merchant Navy rules.
Please refer to the Schneider Electric Web site for Merchant Navy rules installation guidelines.

�z Standard EN1672-2 (Magelis GTOxxx5).
�z FDA regulation 21 CFR 177 (Magelis GTOxxx5).

Refer to the Schneider Electric web site for installation guidelines.

For detailed information, contact your local distributor or see the catalog & marking on the product.

Hazardous Substances

The HMIGTO is a device for use in factory systems. When using the HMIGTO in a system, the system 
should comply with the following standards in regards to the installation environment and handling:
�z WEEE, Directive 2002/96/EC
�z RoHS, Directive 2011/65/EU
�z RoHS China, Standard SJ/T 11363-2006

CE Markings

This product conforms to the necessary requirements of the following Directives for applying the CE label:
�z 2006/95/EC Low Voltage Directive
�z 2004/108/EC EMC Directive

This conformity is based on compliance with EN61000-6-4, EN61000-6-2 

DANGER
POTENTIAL FOR EXPLOSION

�z Verify that the power, input and output (I/O) wiring are in accordance with Class I, Division 2 wiring 
methods.

�z Substitution of any component may impair suitability for Class I, Division 2.
�z Do not connect or disconnect equipment unless power has been switched off or the area is known to 

be non-hazardous.
�z Securely lock externally connected units and each interface before turning on the power supply.
�z Do not use, connect, or disconnect USB cable unless area is known to be non-hazardous.
�z Do not disconnect while circuit is live or unless the area is known to be free of ignitable concentrations.
�z Potential electrostatic charging hazard. Wipe the front panel of the terminal with a damp cloth before 

turning ON.

Failure to follow these in structions will result in death or serious injury.
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KC Markings
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GTO Series of Panels

Critical systems, alarms and handling Requirements

Critical alarm indicators and system functions require independent and redundant protection hardware 
and/or mechanical interlocks.

When you cycle power, wait at least 10 seconds before restoring the power to the panel after it has been 
turned off. Switching the power OFF and ON quickly can damage the panel.

In the event the screen cannot be properly read, for example, if the backlight is not functioning, it may be 
difficult or impossible to identify a function. Functions that may present a hazard if not immediately 
executed, such as a fuel shut-off, must be provided independently of the panel. The machine’s control 
system design must take into account the possibility of the backlight no longer functioning and the operator 
being unable to control the machine or making mistakes in the control of the machine.

For additional information, refer to NEMA ICS 1.1 (latest edition), "Safety Guidelines for the Application, 
Installation, and Maintenance of Solid State Control" and to NEMA ICS 7.1 (latest edition), "Safety 
Standards for Construction and Guide for Selection, Installation and Operation of Adjustable-Speed Drive 
Systems" or their equivalent governing your particular location.

WARNING
LOSS OF CONTROL

�z The designer of any control scheme must consider the potential failure modes of control paths and, 
for certain critical control functions, provide a means to achieve a safe state during and after a path 
failure. Examples of critical control functions are emergency stop and overtravel stop, power outage 
and restart.

�z Separate or redundant control paths must be provided for critical control functions.
�z System control paths may include communication links. Consideration must be given to the 

implications of unanticipated transmission delays or failures of the link.
�z Observe all accident prevention regulations and local safety guidelines.
�z Each implementation of this equipment must be individually and thoroughly tested for proper operation 

before being placed into service.
�z The machine control system design must take into account the possibility of the backlight no longer 

functioning and the operator being unable to control the machine, or making errors in the control of the 
machine.

Failure to follow these instruction s can result in death, seriou s injury, or equipment damage.

WARNING
UNINTENDED EQUIPMENT OPERATION

�z Do not use this equipment as the only means of control for critical system functions such as motor 
start/stop or power control.

�z Do not use this equipment as the only notification device for critical alarms, such as device overheating 
or overcurrent.

Failure to follow these instruction s can result in death, seriou s injury, or equipment damage.
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Handling the LCD panel

The following characteristics are specific to the LCD panel and are considered normal behavior:

�z LCD screen may show unevenness in the brightness of certain images or may appear different when 
seen from outside the specified viewing angle. Extended shadows, or crosstalk may also appear on the 
sides of screen images.

�z LCD screen pixels may contain black and white colored spots and color display may seem to have 
changed.

�z When the same image is displayed on the screen for a long period, an afterimage may appear when the 
image is changed.

NOTE: Change the screen image periodically and try not to display the same image for a long period of 
time.

If the panel is damaged and any liquid comes in contact with your skin, immediately rinse the area with 
running water for at least 15 minutes. If the liquid gets in your eyes, immediately rinse your eyes with 
running water for at least 15 minutes and consult a doctor.

CAUTION
SERIOUS EYE AND SKIN INJURY

The liquid in the LCD panel contains an irritant:
�z Avoid direct skin contact with the liquid.
�z Wear gloves when you handle a broken or leaking unit.
�z Do not use sharp objects or tools in the vicinity of the LCD touch panel.
�z Handle the LCD panel carefully to prevent puncture, bursting, or cracking of the panel material.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Device Connectivity

Chapter 2
Device Connectivity

Introduction

This chapter presents the equipment you can connect to the panel.

What Is in This Chapter?

This chapter contains the following topics:

Topic Page

System Design 16

Accessories 21
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System Design

Introduction

The following diagrams represent equipment you can connect to the panel.

RUN Mode Peripherals - RS-232C

COM1 COM2

HMIGTO1300 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO1310 RS-232C / RS-485  (see page 18) –

HMIGTO2300 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO2310 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO2315 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO3510 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO4310 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO5310 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO5315 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO6310 RS-232C  (see page 16) RS-485  (see page 19)

HMIGTO6315 RS-232C  (see page 16) RS-485  (see page 19)

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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*1 When connecting the XBTZGI232, the COM port’s pin 9 setting should be VCC. You can define COM 
port settings in Vijeo Designer or in the HMIGTO’s offline menu.

*2 The RS-232C Isolation Unit works with only RS-422/485 (4 wire) communication.

*3 Cable-Gateway for Siemens Profibus / MPI (XBT ZG9292) is not supported by HMIGTO1310.
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RUN Mode Peripherals - RS-232C / RS-485

*1 Use the RS-485 Isolation Unit’s USB port to supply power to itself. There is no need to set up a separate 
power supply.

*2 In 1:n, n:1, or n:m communication, you can use the online adapter as a terminal. (Use 1 unit in either 
communication setup.)

*3 The connector has a switch to control the terminal. Turn on the switch to enable communication.
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RUN Mode Peripherals - RS-485

*1 Use the RS-485 Isolation Unit’s USB port to supply power to itself. There is no need to set up a separate 
power supply.

*2 In 1:n, n:1, or n:m communication, you can use the online adapter as a terminal. (Use 1 unit in either 
communication setup.)

*3 The connector has a switch to control the terminal. Turn on the switch to enable communication.

RUN Mode Peripherals - Ethernet Communication
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RUN Mode Peripherals - USB Type A / mini-B Interface

Edit Mode Peripherals
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Accessories

Serial Interface Items

Product Name Product Number Description

RS-232C Cable XBT ZG9731 Connects a host controller to the panel. (RS-232C)

RS-422 Cable XBT ZG9722 Connects a host controller to the panel. (RS-422)

Mitsubishi PLC Q-Series Link 
Cable

XBT ZG9772 Connects Mitsubishi PLC Q-Series (or other host controller) to 
the panel. (RS-232C)

Omron PLC SYSMAC Link 
Cable

XBT ZG9740
XBT Z9743
XBT Z9740

Connects Omron PLC SYSMAC Series unit (or other host 
controller) to the panel. (RS-232C)

Mitsubishi PLC A-Series 
Connection Cable

XBT ZG9773 Connects Mitsubishi PLC A or QnA Series programming 
console I/F to panel. (Simultaneous use of programming 
consoles is not possible.)

Mitsubishi PLC Q-Series 
Connection Cable

XBT ZG9774 Connects Mitsubishi PLC Q-Series programming console I/F to 
panel. (Simultaneous use of programming consoles is not 
possible.)

Mitsubishi PLC FX-Series 
Connection Cable

XBT ZG9775
XBT Z980

Connects Mitsubishi PLC FX-Series programming console I/F 
and panel. (Simultaneous use of programming consoles is not 
possible.)

Premium, Micro, Twido Cable TSXPCX1031 Connects Premium, Micro, or Twido to the panel.

Modicon, Quantum Cable 990NAA26320
XBT Z9710

Connects Modicon or Quantum to the panel.

2 Port Adapter Cable XBT ZG9778 Connects Mitsubishi PLC directly to the panel (D-sub 9 pin 
plug) using 2 port adapter II (RS-422).

Mitsubishi PLC A, QnA, FX 
Series 2 Port Adapter II

XBT ZG979 Enables simultaneous use of a panel and a Mitsubishi PLC A, 
QnA, or FX Series peripheral device.

Advantys STB Cable STBXCA4002
XBT Z9715
XBT Z988

Connects Advantys STB to panel.

Terminal Block Conversion 
Adapter

XBT ZG949 Connects output from a panel’s Serial Interface (D-sub 9 pin 
plug) directly with an RS-422 terminal block.

COM Port Conversion Adapter XBT ZGCOM1 Connects optional RS-422 communication items to panel’s 
COM1 port.

DF1-full Duplex D-Sub Cable XBT Z9730
XBT Z9733
XBT Z9734

Connects DF1-full Duplex to HMIGTO.

DF1-full Duplex mini-DIN Cable XBT Z9731
XBT Z9720

Connects DF1-full Duplex to HMIGTO.

Modicon, Momentum M1 Cable XBT Z9711 Connects Modicon, Momentum M1 to HMIGTO.

PLC Twido Connection Cable XBT Z9780 / XBT 
Z9782

Connects PLC Twido to HMIGTO.

Derivation Box Connection 
Cable

VW3A8306 Connects Derivation Box to HMIGTO.

Derivation Connection Cable VW3A8306TF10 Connects Derivation to HMIGTO.

Modicon M340 Connection 
Cable

XBT Z9980 / XBT 
Z9982

Connects Modicon M340 to HMIGTO.

Siemens PLC Connection Cable XBT ZG9721 Connects Siemens PLC to HMIGTO.

RS-232C Isolation Unit XBT ZGI232 Connects a host controller to HMIGTO with isolation. (RS-232C 
and RS-422 are switchable.)

RS-485 Isolation Unit XBT ZGI485 Connects a host controller to HMIGTO with isolation.

Cable-gateway for Siemens 
Profibus / MPI

XBT ZG9292 Connects Siemens Profibus / MPI units to HMIGTO.

RJ45 to D-Sub 25 pin 
Conversion Cable

XBT ZG939 Connects a RJ45 cable to HMIGTO (D-sub 9 pin plug).

9-pin to 25-pin RS-232C 
Conversion Cable

XBT ZG919 Connects a standard RS-232C cable (D-Sub 25-pin socket) to 
HMIGTO (D-sub 9 pin plug).

Online Adapter XBT ZGCOM2 Terminal adapter for RS-485 communication.
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USB Interface Items

 

Software

SD Card Items

Option Items

Product Name Product Number Description

USB Transfer Cable XBT ZG935 Downloads project data created with the software 
via the panel’s USB I/F.

USB Front Cable XBT ZGUSB Extension cable attaching USB interface to front 
panel.

USB-Serial (RS-232C) Conversion 
Cable

HMIZURS Cable for converting a panel’s USB interface into a 
serial interface (RS-232C).

Allows connection to modems*1 or bar code 

readers*1 that support RS-232C.

USB Transfer Cable (USB Type A/mini-
B)

BMXXCAUSBH018
BMXXCAUSBH045

Cable for transferring screen data from a PC (USB 
Type A) to the panel (USB mini-B).

Remote USB port location for mini-USB HMIZSUSBB
XBT ZGUSBB

Extension cable that attaches to the USB (mini-B) 
interface on the front side of the operation panel.

Illuminated USB Switch HMIZRA1 A unit of 5 illuminated switches with multiple color 
LED easily connected with HMIGTO via USB.

Biometric USB Switch for HMI XB5S5B2L2 Fingerprint recognition unit easily connected with 
HMIGTO via USB.

Product name Description

Vijeo Designer (Version 6.1 or later) Software you install on your computer to create project data for your HMIGTO.

Product Name Product Number Description

SD Memory Card (4 GB) HMIZSD4G SD Memory Card (4 GB, CLASS4)

Product Name Product Number Corresponding panel Description

12.1-inch Screen Protection 
Sheet

XBT ZG66 HMIGTO6310/6315 Disposable, dirt-resistant sheet for 
the HMIGTO screen (5 sheets/set)

10.4-inch Screen Protection 
Sheet

XBT ZG65 HMIGTO5310/5315

7.5-inch Screen Protection Sheet XBT ZG64 HMIGTO4310

7.0-inch Wide Screen Protection 
Sheet

XBT ZG63 HMIGTO3510

5.7-inch Screen Protection Sheet XBT ZG62 HMIGTO2300/2310/2315

3.5-inch Screen Protection Sheet XBT ZG60 HMIGTO1300/1310

12.1-inch Environment Cover XBT ZECOV6 HMIGTO6310 Disposable, environment cover for 
the HMIGTO screen (1 sheet/set)10.4-inch Environment Cover XBT ZECOV5 HMIGTO5310

7.0/7.5-inch Environment Cover XBT ZECOV4 HMIGTO3510/4310

5.7-inch Environment Cover XBT ZECOV2 HMIGTO2300/2310

3.5-inch Environment Cover XBT ZECOV1 HMIGTO1300/1310
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Maintenance Options

Product Name Product Number Corresponding panel Description

Installation Fastener HMI ZGFIX HMIGTO except 
HMIGTO2315/5315/6315

Used to install the HMIGTO into a solid 
panel (4 pieces/set)

Installation System HMI ZGFIX2 HMIGTO2315/5315/6315 Used to install the HMIGTO into a solid 
panel.
Brackets (4 pieces/set)
M4 Hex nuts (8 pieces/set)

12.1-inch Installation 
Gasket

HMI ZG56 HMIGTO6310 Provides dust and moisture resistance 
when HMIGTO is installed into a solid 
panel (1 piece)

HMI ZG562 HMIGTO6315

10.4-inch Installation 
Gasket

HMI ZG55 HMIGTO5310

HMI ZG552 HMIGTO5315

7.0-inch Wide & 7.5-inch 
Installation Gasket

HMI ZG54 HMIGTO3510/4310

5.7-inch Installation 
Gasket

HMI ZG52 HMIGTO2300/2310

HMI ZG522 HMIGTO2315

3.5-inch Installation 
Gasket

HMI ZG51 HMIGTO1300/1310

USB Clamp TypeA (1 port) HMI ZGCLP1 Magelis GTO Clamp to prevent disconnection of USB 
cable (USB/A, 1 port, 5 clamps/set)

USB Clamp mini-B (1 port) HMI ZGCLP3 Magelis GTO Clamp to prevent disconnection of USB 
cable (USB/mini-B, 1 port, 5 clamps/set)

DC Power Supply 
Connector

HMI ZGPWS HMIGTO3510/4310
HMIGTO2300/2310/2315
HMIGTO1300/1310

Connector to connect DC power supply 
cables (5 pcs/set)

DC Power Supply 
Connector (Right-angle)

HMI ZGPWS2 HMIGTO6310/6315
HMIGTO5310/5315

Right-angle connector to connect DC 
power supply cables (5 pcs/set)

Battery for Memory 
Backup

HMI ZGBAT HMIGTO (except 
HMIGTO1300/1310/2300)

Primary battery for memory and time 
data backup

Panel Cutout Adapter XBT ZGGCO4 HMIGTO5310 Panel cutout adapter for mounting 
HMIGTO5310 in cutout for XBT 
GT5230.

Insert Label HMI ZLYGO3 HMIGTO3510 Label insert for HMIGTO 7-inch Wide 
models.

HMI ZLYGO1 HMIGTO1300/1310 Label insert for HMIGTO 3.5-inch 
models
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Parts Identification and Functions

Chapter 3
Parts Identification and Functions

Parts Identification and Functions

HMIGTO1300/1310 Parts Identification

Side HMIGTO1300/1310

Front

Rear

Bottom

Part Name Description

A Status LED *1

B Function Switches Six switches (F1 to F6). You can define operations for these switches using 
Vijeo Designer.

C USB (mini-B) Interface Conforms to USB2.0 (mini-B) x 1. Communication Distance: 5 m (16.4 ft) or 
less.

D USB (Type A) Interface Conforms to USB2.0 (Type A) x 1. Power supply voltage: 5Vdc+/-5%. Output 
Current: 500 mA or less. Maximum communication distance: 5 m (16.4 ft).

E Serial Interface (COM1) HMIGTO1300: RS-232C Serial Interface. Connector: D-Sub 9 pin (plug) x 1.
HMIGTO1310: RS-232C/485 Serial Interface. (You can switch the 
communication method via software.) Connector: Modular jack (RJ-45).

�(����������



Parts/Functions

26 EIO0000001133 10/2014

*1 Status LED operations are as shown below:

*2 Ethernet LED operations are as shown below.

HMIGTO2300/2310/2315 Parts Identification

F Ethernet Interface*2 Ethernet transmission interface (10BASE-T/100BASE-TX)
Connector: Modular jack (RJ-45) x 1. Ethernet Interface is not attached to 
HMIGTO1300.

G Power Plug Connector -

H Serial Interface (COM2) HMIGTO1300: RS-485 Serial Interface. Connector: Modular jack (RJ-45) x 1.

Color Indicator Description

Green ON Offline

In operation

Orange Flashing Software starting up.

Red ON Power is turned ON.

- OFF Power is turned OFF.

Color Indicator Description

Green (Active) Flashing Data transmission is occurring.

OFF No data transmission.

Green (Link) ON Data transmission is available in 10BASE-T/100BASE-TX.

OFF No connection or subsequent transmission failure.

Part Name Description

Side HMIGTO2300/HMIGTO2310 HMIGTO2315

Front

Right
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Rear

Bottom

Part Name Description

A Status LED *1

B Stainless Steel Bezel HMIGTO2315 only.

C USB (Type A) Interface Conforms to USB2.0 (Type A) x 1.
Power supply voltage: 5Vdc+/-5%.
Output Current: 500 mA or less.
Maximum communication distance: 5 m (16.4 ft).

D Serial Interface (COM1) RS-232C Serial Interface. Connector: D-Sub 9 pin (plug) x 1.

E Serial Interface (COM2)*2 RS-485 Serial Interface. Connector: Modular jack (RJ-45).

F Power Plug Connector -

G SD Card Access LED *3 This lamp lights up when SD Card is inserted.
For more information, refer to SD Card Insertion/Removal (see page 131).

NOTE: SD Card Access LED is not available on HMIGTO2300.

H SD Card Interface 
Cover/Replacement 
Battery Insertion Cover

For information on how to open the cover, and insert or remove the SD Card, 
refer to SD Card Insertion / Removal (see page 131).
For information on how to open the cover and replace the battery, refer to 
Replacing the Primary Battery (see page 146).

NOTE: This cover is not on HMIGTO2300.

I USB (mini-B) Interface Conforms to USB2.0 (mini-B) x 1.
Communication Distance: 5 m (16.4 ft) or less.

J Ethernet Interface *4 Ethernet transmission interface (10BASE-T/100BASE-TX)
Connector: Modular jack (RJ-45) x 1.

NOTE: Ethernet Interface is not available on HMIGTO2300.

Side HMIGTO2300/HMIGTO2310 HMIGTO2315
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*1 Status LED operations are as shown below:

*2 COM2 LED operations are as shown below.

*3 SD Card Access LED operations are as shown below.

*4 Ethernet LED operations are as shown below.

Color Indicator Description

Green ON Offline

In operation

Orange Flashing Software starting up.

Red ON Power is turned ON.

- OFF Power is turned OFF.

Color Indicator Description

Yellow ON Communication (sending or receiving data) is occurring.

OFF No communication.

Color Indicator Description

Green (Active) ON The SD Card is inserted.

OFF The SD Card is not inserted or is not being accessed.

Color Indicator Description

Green (Active) Flashing Data transmission is occurring.

OFF No data transmission.

Green (Link) ON Data transmission is available in 10BASE-T/100BASE-TX.

OFF No connection or subsequent transmission failure.
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HMIGTO3510/4310 Parts Identification

Side HMIGTO3510/4310

Front

Right

Rear

Bottom
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*1 Status LED operations are as shown below:

*2 COM2 LED operations are as shown below.

*3 SD Card Access LED operations are as shown below.

*4 Ethernet LED operations are as shown below.

Part Name Description

A Status LED *1

B Function Switches HMIGTO3510 only. Eight switches (F1 to F8). You can define operations for 
these switches using Vijeo Designer.

C USB (Type A) Interface Conforms to USB2.0 (Type A) x 1. Power supply voltage: 5 Vdc+/-5%. Output 
Current: 500 mA or less. Maximum communication distance: 5 m (16.4 ft).

D Serial Interface (COM1) RS-232C Serial Interface. Connector: D-Sub 9 pin (plug) x 1.

E Serial Interface (COM2)*2 RS-485 Serial Interface. Connector: Modular jack (RJ-45) x 1.

F Power Plug Connector -

G SD Card Access LED *3 This lamp lights up when SD Card is inserted.
For more information, refer to SD Card Insertion / Removal (see page 131).

H SD Card Interface 
Cover/Replacement Battery 
Insertion Cover

For information on how to open the cover, and insert or remove the SD Card, 
refer to SD Card Insertion / Removal (see page 131).
For information on how to open the cover and replace the battery, refer to 
Replacing the Primary Battery (see page 146).

I USB (mini-B) Interface Conforms to USB2.0 (mini-B) x 1. Communication Distance: 5 m (16.4 ft) or 
less.

J Ethernet Interface *4 Ethernet transmission interface (10BASE-T/100BASE-TX)
Connector: Modular jack (RJ-45) x 1.

Color Indicator Description

Green ON Offline

In operation

Orange Flashing Software starting up.

Red ON Power is turned ON.

- OFF Power is turned OFF.

Color Indicator Description

Yellow ON Communication (sending or receiving data) is occurring.

OFF No communication.

Color Indicator Description

Green (Active) ON The SD Card is inserted.

OFF The SD Card is not inserted or is not being accessed.

Color Indicator Description

Green (Active) Flashing Data transmission is occurring.

OFF No data transmission.

Green (Link) ON Data transmission is available in 10BASE-T/100BASE-TX.

OFF No connection or subsequent transmission failure.
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HMIGTO5310/5315 Parts Identification

Side HMIGTO5310 HMIGTO5315

Front

Rear

Bottom

Part Name Description

A Status LED *1

B Stainless Steel Bezel HMIGTO5315 only.

C Power Plug Connector -

D SD Card Access LED *2 This lamp lights up when SD Card is inserted.

NOTE: Do not remove or insert the SD Card when the LED lamp is on. Doing 
so may damage data on the SD Card.

E Ethernet Interface *3 Ethernet transmission interface (10BASE-T/100BASE-TX)
Connector: Modular jack (RJ-45) x 1.

F USB (mini-B) Interface Conforms to USB2.0 (mini-B) x 1.
Communication Distance: 5 m (16.4 ft) or less.

G SD Card Interface 
Cover/Replacement Battery 
Insertion Cover

For information on how to open the cover, and insert or remove the SD Card, 
refer to SD Card Insertion/Removal (see page 131).
For information on how to open the cover and replace the battery, refer to 
Replacing the Primary Battery (see page 146).

H Serial Interface (COM2)*4 RS-485 Serial Interface.
Connector: Modular jack (RJ-45).

I Serial Interface (COM1) RS-232C Serial Interface.
Connector: D-Sub 9 pin (plug) x 1.

J USB (Type A) Interface Conforms to USB2.0 (Type A) x 1. Power supply voltage: 5Vdc+/-5%. Output 
Current: 500 mA or less. Maximum communication distance: 5 m (16.4 ft).
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*1 Status LED operations are as shown below:

*2 SD Card Access LED operations are as shown below.

*3 Ethernet LED operations are as shown below.

*4 COM2 LED operations are as shown below.

Color Indicator Description

Green ON Offline

In operation

Orange Flashing Software starting up.

Red ON Power is turned ON.

- OFF Power is turned OFF.

Color Indicator Description

Green (Active) ON The SD Card is inserted.

OFF The SD Card is not inserted or is not being accessed.

Color Indicator Description

Green (Active) Flashing Data transmission is occurring.

OFF No data transmission.

Green (Link) ON Data transmission is available in 10BASE-T/100BASE-TX.

OFF No connection or subsequent transmission failure.

Color Indicator Description

Yellow ON Communication (sending or receiving data) is 
occurring.

OFF No communication.
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HMIGTO6310/6315 Parts Identification

Side HMIGTO6310 HMIGTO6315

Front

Rear

Bottom

Part Name Description

A Status LED *1

B Stainless Steel Bezel HMIGTO6315 only.

C Power Plug Connector -

D SD Card Access LED *2 This lamp lights up when SD Card is inserted.

NOTE: Do not remove or insert the SD Card when the LED lamp is on. 
Doing so may damage data on the SD Card.

E Ethernet Interface *3 Ethernet transmission interface (10BASE-T/100BASE-TX)
Connector: Modular jack (RJ-45) x 1.

F USB (mini-B) Interface Conforms to USB2.0 (mini-B) x 1.
Communication Distance: 5 m (16.4 ft) or less.

G SD Card Interface 
Cover/Replacement Battery 
Insertion Cover

For information on how to open the cover, and insert or remove the SD 
Card, refer to SD Card Insertion/Removal (see page 131).
For information on how to open the cover and replace the battery, refer to 
Replacing the Primary Battery (see page 146).

H Serial Interface (COM2) RS-485 Serial Interface. Connector: Modular jack (RJ-45)

I Serial Interface (COM1) RS-232C Serial Interface. Connector: D-Sub 9 pin (plug) x 1.

J USB (Type A) Interface Conforms to USB2.0 (Type A) x 1.
Power supply voltage: 5Vdc+/-5%.
Output Current: 500 mA or less.
Maximum communication distance: 5 m (16.4 ft).
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*1 Status LED operations are as shown below:

*2 SD Card Access LED operations are as shown below.

*3 Ethernet LED operations are as shown below.

*4 COM2 LED operations are as shown below.

Color Indicator Description

Green ON Offline

In operation

Orange Flashing Software starting up.

Red ON Power is turned ON.

- OFF Power is turned OFF.

Color Indicator Description

Green (Active) ON The SD Card is inserted.

OFF The SD Card is not inserted or is not 
being accessed.

Color Indicator Description

Green (Active) Flashing Data transmission is occurring.

OFF No data transmission.

Green (Link) ON Data transmission is available in 10BASE-T/100BASE-TX.

OFF No connection or subsequent transmission failure.

Color Indicator Description

Yellow ON Communication (sending or receiving data) is occurring.

OFF No communication.
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Specifications

Chapter 4
Specifications

Overview

This chapter presents the HMIGTO specifications.

What Is in This Chapter?

This chapter contains the following sections:

Section Topic Page

4.1 HMIGTO1300/1310 36

4.2 HMIGTO2300/2310/2315 50

4.3 HMIGTO3510/4310 68

4.4 HMIGTO5310/5315 84

4.5 HMIGTO6310/6315 101
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HMIGTO1300/1310

Section 4.1
HMIGTO1300/1310

What Is in This Section?

This section contains the following topics:

Topic Page

Electrical Specifications 37

Environmental Specifications 38

Structural Specifications 39

Display Specifications 40

Memory, Clock, Touch Panel and Function Switches 41

Interface Specifications 42

Specifications of Serial Interface COM1 43

Specifications of Serial Interface COM2 45

Dimensions 46

�(����������



Specifications

EIO0000001133 10/2014 37

Electrical Specifications

P
ow

er
 S

up
pl

y

Rated Input Voltage 24 Vdc

Input Voltage Limits 19.2...28.8 Vdc

Voltage Drop 2 ms or less

Power Consumption 9.6 W or less

When power is not supplied to external 
devices

5.2 W or less

Backlight OFF (Standby Mode) 4.2 W or less

Backlight Dimmed (Brightness: 20%) 4.3 W or less

In-Rush Current 30 A or less

Voltage Endurance 1,000 Vac 20 mA for 1 minute (between charging 
and FG terminals)

Insulation Resistance 500 Vdc, 10 M�  or more (between charging and 
FG terminals)

�(����������



Specifications

38 EIO0000001133 10/2014

Environmental Specifications

 

Air quality requirements

Do not operate or store the panel where chemicals evaporate, or where chemicals are present in the air:

�z Corrosive chemicals: Acids, alkalines, liquids containing salt.
�z Flammable chemicals: Organic solvents.

P
hy

si
ca

l E
nv

iro
nm

en
t

Surrounding Air Temperature 0...50 ° C (32...122 ° F)

Storage Temperature -20...60 ° C (-4...140 ° F)

Surrounding Air and Storage 
Humidity

10%...90% RH (Non condensing, wet bulb temperature 39 ° C [102.2 ° F] 
or less)

Dust 0.1 mg/m3 (10-7 oz/ft3) or less (non-conductive levels)

Pollution Degree For use in Pollution Degree 2 environment

Corrosive Gases Free of corrosive gases

Atmospheric Pressure (Operating 
Altitude)

800...1,114 hPa (2,000 m [6,561 ft] or lower)

M
ec

ha
ni

ca
l E

nv
iro

nm
en

t Vibration Resistance IEC/EN 61131-2 compliant
5...9 Hz Single amplitude 3.5 mm (0.14 in.)

9...150 Hz Fixed acceleration: 9.8 m/s2

X, Y, Z directions for 10 cycles (approx. 100 min.)

Concussion Resistance IEC/EN 61131-2 compliant

147 m/s2, X, Y, Z directions for 3 times

E
le

ct
ric

al
 E

nv
iro

nm
en

t Noise immunity Noise Voltage: 1,000 Vp-p
Pulse Width: 1 µs
Rise Time: 1 ns
(via noise simulator)

Electrostatic Discharge Immunity Contact Discharge Method: 6 kV (IEC/EN 61000-4-2 Level 3)

CAUTION
INOPERATIVE EQUIPMENT

Do not allow water, liquids, metal, and wiring fragments to enter the panel case.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Structural Specifications

 

 *1 The front face of the HMIGTO, installed in a solid panel, has been tested using conditions equivalent to 
the standards shown in the specification. Even though the HMIGTO’s level of resistance is equivalent to 
these standards, oils that should have no effect on the HMIGTO can possibly harm the panel. This can 
occur in areas where either vaporized oils are present, or where low viscosity cutting oils are allowed to 
adhere to the panel for long periods of time. If the panel’s front face protection sheet peels off, these 
conditions can lead to the ingress of oil into the panel and separate protection measures are suggested.

Also, if non-approved oils are present, they may cause deformation or corrosion of the front panel’s plastic 
cover. Therefore, prior to installing the panel, be sure to confirm the type of conditions that will be present 
in the panel’s operating environment. If the installation gasket is used for a long period of time, or if the 
panel and its gasket are removed from the panel, the original level of protection cannot be kept. To 
maintain the original protection level, be sure to replace the installation gasket regularly.

*2 For dimensional tolerance, everything +1/-0 mm (+0.04/-0 in.) and R in angle are below R3 (R0.12 in.)

*3 Even if the installation wall thickness is within the recommended range for the “Panel Cut Dimensions”, 
depending on wall’s material, size, and installation location of the panel and other devices, the installation 
wall could warp. To prevent warping, the installation surface may need to be strengthened.

The front face of the panel, installed in a solid panel, has been tested using conditions equivalent to the 
standards shown in the specification.

Grounding Functional grounding: Grounding resistance of 100� , 2mm2 (AWG 14) or thicker 
wire, or your country’s applicable standard. (Same for FG and SG terminals)

Cooling Method Natural air circulation

Structure *1 IP65f NEMA #250 TYPE 4X/13 (on the front panel when properly installed in an 
enclosure)

External Dimensions W132 x H106 x D42 mm (W5.2 x H4.17 x D1.65 in.)

Panel Cut Dimensions W118.5 x H92.5 mm (W4.67 x H3.64 in.)*2

Panel thickness area: 1.6...5 mm (0.06...0.2 in)*3

Weight 0.4 kg (0.9 lb) or less (main unit only)

CAUTION
EQUIPMENT DAMAGE

Ensure that the panel is not in permanent and direct contact with oils.

Failure to follow these in structions can result in injury or equipment damage.

NOTICE
STORAGE AND OPERATION OUTSIDE OF SPECIFICATIONS

�z Store the panel in areas where temperatures are within the panel’s specifications.
�z Do not restrict or block the panel’s rear-face ventilation slots.

Failure to follow these instruction s can result in equipment damage.

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these instruction s can result in equipment damage.
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Display Specifications

*1 You can set up other font sizes using the software.

HMIGTO1310 HMIGTO1300

Display Type TFT Color LCD

Display Size 3.5”

Resolution 320 x 240 pixels (QVGA)

Effective Display Area W70.56 x H52.92 mm (W2.78 x H2.08 in.)

Display Colors 65,536 colors (No blink) / 16,384 colors (Blink)

Backlight White LED (Not user replaceable. When replacement is required, contact your 
local distributor.)

Backlight Service Life 50,000 hours or more (continuous operation at 25 ° C [77 ° F] before backlight 
brightness decreased to 50%)

Brightness Control 16 levels (Adjusted with touch panel or software

Language Fonts ASCII: (Code page 850) Alphanumeric (including European characters)
Chinese: (GB2312-80 codes) Simplified Chinese fonts
Japanese (except for XBT GT1000 series): ANK 158, Kanji: 6,962 (JIS 
Standards 1 & 2) (including 607 non-kanji characters) 
Korean: (KSC5601 - 1992 codes) Hangul fonts 
Taiwanese: (Big 5 codes) Traditional Chinese fonts

Character sizes 8 x 8, 8 x 16, 16 x 16 and 32 x 32 pixel fonts

Font sizes You can expand width up to 8 times, and expand height up to 8 times.*1

Text 8 x 8 pixels 40 characters per row x 30 rows

8 x 16 pixels 40 characters per row x 15 rows

16 x 16 pixels 20 characters per row x 15 rows

32 x 32 pixels 10 characters per row x 7 rows
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Memory, Clock, Touch Panel and Function Switches

Memory

*1 Capacity available for user application.

NOTE: 
�z When the message "Battery level is low" is displayed, supply power to the panel and fully charge the 

battery. In 24 hours the battery charges to a level that allows backup operation. Completing a full charge 
requires about 120 hours (5 days).

�z The lifetime of the rechargeable lithium battery is 10 years when the battery’s ambient temperature is 
40 ° C (104 ° F) or less, 4.1 years when the battery’s ambient temperature is 50 ° C (122 ° F) or less, and 
1.5 years when the battery’s ambient temperature is 60 ° C (140 ° F) or less.
When used for backup:
Approximately 100 days with a fully charged battery.
Approximately 6 days with a half-charged battery.

Clock

*1 Depending on the operating temperature and age of panel, the clock can deviate from -380 to +90 
sec/month. For systems where this level of precision is insufficient, the user should monitor and make 
adjustments when required.

NOTE: 
�z When the message "Battery level is low" is displayed, supply power to the panel and fully charge the 

battery. In 24 hours the battery charges to a level that allows backup operation. Completing a full charge 
requires about 120 hours (5 days).

�z The lifetime of the rechargeable lithium battery is 10 years when the battery’s ambient temperature is 
40 ° C (104 ° F) or less, 4.1 years when the battery’s ambient temperature is 50 ° C (122 ° F) or less, and 
1.5 years when the battery’s ambient temperature is 60 ° C (140 ° F) or less.
When used for backup:
Approximately 100 days with a fully charged battery.
Approximately 6 days with a half-charged battery.

Touch Panel

Function Switches

Six switches (F1 to F6).

HMIGTO1310 HMIGTO1300

Application Memory *1 FLASH EPROM 96 MB FLASH EPROM 64 MB

Application run DRAM 128 MB 128 MB

Data Backup SRAM 512 KB (Rechargeable lithium battery 
for data backup)

SRAM 128 KB (Rechargeable lithium 
battery for data backup)

Clock Accuracy*1 ±65 seconds/month (deviation at room temperature and power is OFF).

Touch Panel Type Resistive Film (analog)

Touch Panel Resolution 1,024 x 1,024

Touch Panel Service Life 1 million times or more
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Interface Specifications

Serial Interface COM1

Serial Interface COM2

USB Interface

Ethernet Interface

NOTE: HMIGTO1300 does not have an Ethernet interface.

HMIGTO1310 HMIGTO1300

Asynchronous Transmission RS-232C / RS-485 RS-232C

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 187,500 bps (MPI) 2,400...115,200 bps

Connector Modular jack (RJ-45) D-Sub 9 pin (plug)

HMIGTO1300

Asynchronous Transmission RS-485

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 187,500 bps (MPI)

Connector Modular jack (RJ-45)

USB (Type A) Interface USB (mini-B) Interface

Connector USB 2.0 (Type A) x 1 USB 2.0 (mini-B) x 1

Power Supply Voltage 5 Vdc ±5% -

Maximum Current Supplied 500 mA -

Maximum Transmission Distance 5 m (16.4 ft)

HMIGTO1310

Ethernet (LAN) IEEE802.3i / IEEE802.3u, 10BASE-T/100BASE-TX

Connector Modular jack (RJ45) x 1
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Specifications of Serial Interface COM1

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM1

HMIGTO1300: D-Sub 9 pin plug connector via an RS-232C cable.

You can switch pin #9 between RI and VCC via software.

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these in structions can result in injury or equipment damage.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z For HMIGTO1300, connect the #5 SG terminal to remote equipment when the host (PLC) unit is not 

isolated. Connect the #5 SG terminal to a known reliable ground connection to reduce the risk of 
damaging the circuit.

�z For HMIGTO1310, connect the #8 SG terminal to remote equipment when the host (PLC) unit is not 
isolated. Connect the #8 SG terminal to a known reliable ground connection to reduce the risk of 
damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-232C

Signal Name Direction Meaning

1 CD Input Carrier Detect

2 RD(RXD) Input Receive Data

3 SD(TXD) Output Send Data

4 ER(DTR) Output Data Terminal Ready

5 SG - Signal Ground

6 DR(DSR) Input Data Set Ready

7 RS(RTS) Output Request to Send

8 CS(CTS) Input Send possible

9 CI(RI)/VCC Input/– Called Status Display
+5V±5% Output 0.25A

Shell FG – Frame Ground (Common with SG)

NOTICE
EQUIPMENT DAMAGE

Use only the rated current.

Failure to follow these instruction s can result in equipment damage.
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Interfit bracket is #4-40 (UNC).

HMIGTO1310: RJ-45 connector via an RS-232C or RS-485 cable.

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only D-Sub 9 pin cables with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.

Pin Connection Pin No. RS-232C/RS-485

Signal Name Direction Meaning

1 RD(RXD) Input Receive Data (RS-232C)

2 SD(TXD) Output Send Data (RS-232C)

3 NC – –

4 D1 Input/Output Transfer Data (RS-485)

5 D0 Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request to Send

7 NC – –

8 SG – Signal Ground

Shell FG – Frame Ground (Common with SG)

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Specifications of Serial Interface COM2

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM2

HMIGTO1300: RJ-45 connector via an RS-485 cable

NOTE: When setting up RS-485 communication, the cable diagram for some equipment may require 
polarization on the terminal side. This terminal does not require any special setting as it handles 
polarization automatically.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #8 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #8 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-485

Signal Name Direction Meaning

1 NC – –

2 NC – –

3 NC – –

4 Line A Input/Output Transfer Data (RS-485)

5 Line B Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request to Send

7 NC – –

8 SG – Signal Ground

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these in structions can result in injury or equipment damage.
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Dimensions

External Dimensions

1 Front
2 Right Side
3 Top

Installation with Installation Fasteners

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Dimensions with Cables: HMIGTO1300

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO1310

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.

Panel Cut Dimensions

Create a panel cut and insert the panel into the opening from the front.

NOTE: Before designing the panel cut, refer to Installation (see page 120).

A B C R

118.5 mm (+1, -0 mm)
(4.67 in [+0.04, -0 in.])

92.5 mm (+1, -0 mm)
(3.64 in. [+0.04, -0 in.])

1.6...5 mm (0.06...0.2 in) 3 mm (0.12 in.) maximum
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Installation Fastener Dimensions
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HMIGTO2300/2310/2315

Section 4.2
HMIGTO2300/2310/2315

What Is in This Section?

This section contains the following topics:

Topic Page

Electrical Specifications 51

Environmental Specifications 52

Structural Specifications 53

Display Specifications 55

Memory, Clock, and Touch Panel 56

Interface Specifications 57

Specifications of Serial Interface COM1 58

Specifications of Serial Interface COM2 60

Dimensions 61
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Electrical Specifications
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Rated Input Voltage 24 Vdc

Input Voltage Limits 19.2...28.8 Vdc

Voltage Drop 5 ms or less

Power Consumption 10.5 W or less

When power is not supplied to 
external devices

6.5 W or less

Backlight OFF (Standby Mode) 4.5 W or less

Backlight Dimmed (Brightness: 
20%)

5 W or less

In-Rush Current 30 A or less

Voltage Endurance 1,000 Vac, 20 mA for 1 minute (between charging and FG 
terminals)

Insulation Resistance 500 Vdc, 10 M�  or more (between charging and FG 
terminals)
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Environmental Specifications

 

Air quality requirements

Do not operate or store the panel where chemicals evaporate, or where chemicals are present in the air:

�z Corrosive chemicals: Acids, alkalines, liquids containing salt.
�z Flammable chemicals: Organic solvents.

HMIGTO2310 / HMIGTO2315 HMIGTO2300
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Surrounding Air 
Temperature

0...55 ° C (32 ° F...131 ° F) 0...50 ° C (32...122 ° F)

Storage Temperature -20...60 ° C (-4...140 ° F)

Surrounding Air and 
Storage Humidity

10...90% RH (Non condensing, wet bulb temperature 39 ° C [102.2 ° F] or less)

Dust 0.1 mg/m3 (10-7 oz/ft3) or less (non-conductive levels)

Pollution Degree For use in Pollution Degree 2 environment

Corrosive Gases Free of corrosive gases

Atmospheric Pressure 
(Operating Altitude)

800...1,114 hPa (2,000 m [6,561 ft] or lower)
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t Vibration Resistance IEC/EN 61131-2 compliant
5...9 Hz Single amplitude 3.5 mm (0.14 in.)

9...150 Hz Fixed acceleration: 9.8 m/s2

X, Y, Z directions for 10 cycles (approx. 100 min)

Concussion Resistance IEC/EN 61131-2 compliant

147 m/s2, X, Y, Z directions for 3 times
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t Noise Immunity Noise Voltage: 1,000 Vp-p
Pulse Width: 1 µs
Rise Time: 1 ns

Electrostatic Discharge 
Immunity

Contact Discharge Method: 6 kV (IEC/EN 61000-4-2 Level 3)

CAUTION
INOPERATIVE EQUIPMENT

Do not allow water, liquids, metal, and wiring fragments to enter the panel case.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Structural Specifications

 

NOTE:  *1 The front face of the HMIGTO, installed in a solid panel, has been tested using conditions 
equivalent to the standards shown in the specification. Even though the HMIGTO’s level of resistance is 
equivalent to these standards, oils that should have no effect on the HMIGTO can possibly harm the panel. 
This can occur in areas where either vaporized oils are present, or where low viscosity cutting oils are 
allowed to adhere to the panel for long periods of time. If the panel’s front face protection sheet peels off, 
these conditions can lead to the ingress of oil into the panel and separate protection measures are 
suggested.
Also, if non-approved oils are present, they may cause deformation or corrosion of the front panel’s plastic 
cover. Therefore, prior to installing the panel, be sure to confirm the type of conditions that will be present 
in the panel’s operating environment. If the installation gasket is used for a long period of time, or if the 
panel and its gasket are removed from the panel, the original level of protection cannot be kept. To 
maintain the original protection level, be sure to replace the installation gasket regularly.
*2 When installing the HMIGTO in a panel, you may not be able to mount the HMIGTO flush with the panel. 
This occurs due to the thickness of the gasket. The difference in level between the HMIGTO and panel 
depends on how much the gasket is compressed.

*3 For dimensional tolerance, everything +1/-0 mm (+0.04/-0 in.) and R in angle are below R3 (R0.12 in.)

*4 Even if the installation wall thickness is within the recommended range for the “Panel Cut Dimensions”, 
depending on wall’s material, size, and installation location of the panel and other devices, the installation 
wall could warp. To prevent warping, the installation surface may need to be strengthened.

 HMIGTO2300/HMIGTO2310 HMIGTO2315

Grounding Functional grounding: Grounding resistance of 100� , 2mm2 (AWG 14) or thicker wire, or your 
country’s applicable standard. (Same for FG and SG terminals)

Cooling Method Natural air circulation

Structure*1 IP65f NEMA #250 TYPE 4X/13 
(on the front panel when properly 
installed in an enclosure) 

IP66k NEMA #250 TYPE 4X/13 (on the front panel when 

properly installed in an enclosure)*2

External Dimensions W169.5 x H137 x D59.5 mm 
(W6.67 x H5.39 x D2.34 in.)

W213.5 x H181 x D59.5 mm (W8.41 x H7.13 x D2.34 in.)

Panel Cut Dimensions W156 x H123.5 mm (W6.14 x 

H4.86 in.) *3

Panel thickness area: 1.6...5 mm 

(0.06...0.2 in.) *4

W195 x H162.5 mm (W7.68 x H6.40 in.) *3

Panel thickness area: 1.6...5 mm (0.06...0.2 in.) *4

Weight 0.8 kg (1.8 lbs) or less (main unit 
only)

1.2 kg (2.6 lbs) or less (main unit only)

NOTICE
EQUIPMENT DAMAGE

For food and beverage and pharmaceutical industries, when the HMIGTO is not flush with panel, use 
silicon to form a seal to prevent water, chemicals, or food from lodging into place. Otherwise, the panel 
face could leak.

Failure to follow these instruction s can result in equipment damage.

CAUTION
EQUIPMENT DAMAGE

Ensure that the panel is not in permanent and direct contact with oils.

Failure to follow these in structions can result in injury or equipment damage.
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NOTICE
STORAGE AND OPERATION OUTSIDE OF SPECIFICATIONS

�z Store the panel in areas where temperatures are within the panel’s specifications.
�z Do not restrict or block the panel’s rear-face ventilation slots.

Failure to follow these in structions can result in equipment damage.

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these in structions can result in equipment damage.
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Display Specifications

*1 You can set up other font sizes using the software.

Display Type TFT Color LCD

Display Size 5.7”

Resolution (pixels) 320 x 240 pixels (QVGA)

Effective Display Area W115.2 x H86.4 mm (W4.54 x H3.40 in.)

Display Colors 65,536 colors (No blink) / 16,384 colors (Blink)

Backlight White LED (Not user replaceable. When replacement is required, contact your 
local distributor.)

Backlight Service Life 50,000 hours or more (continuous operation at 25 ° C [77 ° F] before backlight 
decreases to 50%.)

Brightness Control 16 levels (Adjusted with touch panel or software)

Language Fonts ASCII: (Code page 850) Alphanumeric (including European characters)
Chinese: (GB2312-80 codes) Simplified Chinese fonts
Japanese (except for XBT GT1000 series): ANK 158, Kanji: 6,962 (JIS 
Standards 1 & 2) (including 607 non-kanji characters) 
Korean: (KSC5601 - 1992 codes) Hangul fonts 
Taiwanese: (Big 5 codes) Traditional Chinese fonts

Character Sizes 8 x 8, 8 x 16, 16 x 16 and 32 x 32 pixel fonts

Font Sizes You can expand the width up to 8 times, and expand the height up to 8 times.*1

Text 8 x 8 pixels 40 characters per row x 30 rows

8 x 16 pixels 40 characters per row x 15 rows

16 x 16 pixels 20 characters per row x 15 rows

32 x 32 pixels 10 characters per row x 7 rows
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Memory, Clock, and Touch Panel

Memory

*1 Capacity available for user application.

NOTE: 
�z When the message "Battery level is low" is displayed on the HMIGTO2300, supply power to the panel 

and fully charge the battery. In 24 hours the battery charges to a level that allows backup operation. 
Completing a full charge requires about 120 hours (5 days).

�z The lithium battery’s lifetime is: 10 years when the battery’s ambient temperature is 40 ° C (104 ° F) or 
less, 4.1 years when the battery’s ambient temperature is 50 ° C (122 ° F) or less, and 1.5 years when 
the battery’s ambient temperature is 60 ° C (140 ° F) or less.
When used for backup:
Approximately 100 days, with a fully charged battery.
Approximately 6 days, with a half-charged battery.

Clock

*1 Depending on the operating temperature and age of panel, the clock can deviate from -380 to +90 
sec/month. For systems where this level of precision is insufficient, the user should monitor and make 
adjustments when required.

NOTE: 
�z When the message "Battery level is low" is displayed on the HMIGTO2300, supply power to the panel 

and fully charge the battery. In 24 hours the battery charges to a level that allows backup operation. 
Completing a full charge requires about 120 hours (5 days).

�z The lithium battery’s lifetime is: 10 years when the battery’s ambient temperature is 40 ° C (104 ° F) or 
less, 4.1 years when the battery’s ambient temperature is 50 ° C (122 ° F) or less, and 1.5 years when 
the battery’s ambient temperature is 60 ° C (140 ° F) or less.
When used for backup:
Approximately 100 days, with a fully charged battery.
Approximately 6 days, with a half-charged battery.

Touch Panel

HMIGTO2310 / HMIGTO2315 HMIGTO2300

Application Memory *1 FLASH EPROM 96 MB FLASH EPROM 64 MB

Application run DRAM 128 MB 128 MB

Data Backup SRAM 512 KB (Replaceable lithium 
battery for data backup)

SRAM 128 KB (Rechargeable lithium 
battery for data backup)

Clock Accuracy*1 ±65 seconds/month (deviation at room temperature and power is OFF).

Touch Panel Type Resistive Film (analog)

Touch Panel Resolution 1,024 x 1,024

Touch Panel Service Life 1 million times or more
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Interface Specifications

Serial Interface COM1

Serial Interface COM2

USB Interface

Ethernet Interface

SD Card Interface

HMIGTO2310/HMIGTO2315: SD Card slot x 1 (maximum 32 GB SD/SDHC Card)

NOTE: HMIGTO2300 does not have an SD Card interface.

Asynchronous 
Transmission

RS-232C

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps

Connector D-Sub 9 pin (plug)

Asynchronous 
Transmission

RS-485

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 187,500 bps (MPI)

Connector Modular jack (RJ-45)

USB (Type A) Interface USB (mini-B) Interface

Connector USB 2.0 (Type A) x 1 USB 2.0 (mini-B) x 1

Power Supply Voltage 5 Vdc ±5% -

Maximum Current Supplied 500 mA -

Maximum Transmission 
Distance

5 m (16.4 ft)

 HMIGTO2310 / HMIGTO2315

Ethernet (LAN) IEEE802.3i / IEEE802.3u, 
10BASE-T/100BASE-TX

Connector Modular jack (RJ45) x 1
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Specifications of Serial Interface COM1

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM1

HMIGTO2300 / HMIGTO2310/ HMIGTO2315: D-Sub 9 pin plug connector via an RS-232C cable.

NOTE: *1 You can switch pin #9 between RI and VCC via software.

Interfit bracket is #4-40 (UNC).

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #5 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #5 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these inst ructions will result in death or serious injury.

Pin Connection Pin No. RS-232C

Signal Name Direction Meaning

1 CD Input Carrier Detect

2 RD(RXD) Input Receive Data

3 SD(TXD) Output Send Data

4 ER(DTR) Output Data Terminal Ready

5 SG - Signal Ground

6 DR(DSR) Input Data Set Ready

7 RS(RTS) Output Request to Send

8 CS(CTS) Input Send possible

9 CI(RI)/VCC Input/– Called Status Display

+5V±5% Output 0.25A*1

Shell FG – Frame Ground (Common with SG)

NOTICE
EQUIPMENT DAMAGE

Use only the rated current.

Failure to follow these in structions can result in equipment damage.

�(����������



Specifications

EIO0000001133 10/2014 59

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only D-Sub 9 pin cables with a locking tab in good condition.

Failure to follow these in structions can result in injury or equipment damage.
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Specifications of Serial Interface COM2

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM2

HMIGTO2300 / HMIGTO2310/ HMIGTO2315: RJ45 connector via an RS-485 cable.

NOTE: When setting up RS-485 communication, the cable diagram for some equipment may require 
polarization on the terminal side. This terminal does not require any special setting as it handles 
polarization automatically.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #8 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #8 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these inst ructions will result in death or serious injury.

Pin Connection Pin No. RS-422/RS-485

Signal Name Direction Meaning

1 NC - -

2 NC - -

3 NC - -

4 Line A Input/Output Transfer Data (RS-485)

5 Line B Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request To Send

7 NC - -

8 SG - Signal Ground

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Dimensions 

External Dimensions: HMIGTO2300/HMIGTO2310

1 Front
2 Right Side
3 Top

External Dimensions: HMIGTO2315

1 Front
2 Right Side
3 Top
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Installation with Installation Fasteners: HMIGTO2300/HMIGTO2310

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Installation with Installation Fasteners: HMIGTO2315

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Dimensions with Cables: HMIGTO2300

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO2310

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO2315

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.

Panel Cut Dimensions

Create a panel cut and insert the panel into the opening from the front.

NOTE: Before designing the panel cut, refer to Installation (see page 120).

 A B C R

HMIGTO2310
HMIGTO2300

156 mm (+1/-0) mm
(6.14 in [+0.04, -0 in.])

123.5 mm (+1, -0 mm)
(4.86 in [+0.04, -0 in.])

1.6...5 mm
(0.06...0.2 in.)

3 mm (0.12 in.) 
maximum

HMIGTO2315 195 mm (+1/-0) mm
(7.68 in [+0.04, -0in.])

162.5 mm (+1/-0) mm
(6.40 in [+0.04, -0in.])
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Installation Fastener Dimensions
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HMIGTO3510/4310

Section 4.3
HMIGTO3510/4310

What Is in This Section?

This section contains the following topics:

Topic Page

Electrical Specifications 69

Environmental Specifications 70

Structural Specifications 71

Display Specifications 72

Memory, Clock, Touch Panel, and Function Switches 73

Interface Specifications 74

Specifications of Serial Interface COM1 75

Specifications of Serial Interface COM2 77

Dimensions 78
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Electrical Specifications
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Rated Input Voltage 24 Vdc

Input Voltage Limits 19.2...28.8 Vdc

Voltage Drop 5 ms or less

Power Consumption 12 W or less

When power is not supplied to external 
devices

8 W or less

Backlight OFF (Standby Mode) 5 W or less

Backlight Dimmed (Brightness: 20%) 5.5 W or less

In-Rush Current 30 A or less

Voltage Endurance 1,000 Vac, 20 mA for 1 minute (between 
charging and FG terminals)

Insulation Resistance 500 Vdc, 10 M�  or more (between charging 
and FG terminals)
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Environmental Specifications

 

Air quality requirements

Do not operate or store the panel where chemicals evaporate, or where chemicals are present in the air:

�z Corrosive chemicals: Acids, alkalines, liquids containing salt.
�z Flammable chemicals: Organic solvents.

HMIGTO4310 HMIGTO3510
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Surrounding Air Temperature 0...55 ° C (32...131 ° F) 0...50 ° C (32...122 ° F)

Storage Temperature -20...60 ° C (-4...140 ° F)

Surrounding Air and Storage 
Humidity

10...90% RH (Non condensing, wet bulb temperature 39 ° C [102.2 ° F] or less)

Dust 0.1 mg/m3 (10-7 oz/ft3) or less (non-conductive levels)

Pollution Degree For use in Pollution Degree 2 environment

Corrosive Gases Free of corrosive gases

Atmospheric pressure 
(Operating Altitude)

800...1,114 hPa (2,000 m [6,561 ft] or lower)
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t Vibration Resistance IEC/EN 61131-2
5...9 Hz Single amplitude 3.5 mm (0.14 in.)

9...150 Hz Fixed acceleration: 9.8 m/s2

X, Y, Z directions for 10 cycles (approx. 100 min)

Concussion Resistance IEC/EN 61131-2 compliant

147 m/s2, X, Y, Z directions for 3 times
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t Noise Immunity Noise Voltage: 1,000 Vp-p
Pulse Width: 1 µs
Rise Time: 1 ns

Electrostatic Discharge 
Immunity

Contact Discharge Method: 6 kV (IEC/EN 61000-4-2 Level 3)

CAUTION
INOPERATIVE EQUIPMENT

Do not allow water, liquids, metal, and wiring fragments to enter the panel case.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Structural Specifications

 

NOTE:  *1 The front face of the HMIGTO, installed in a solid panel, has been tested using conditions 
equivalent to the standards shown in the specification. Even though the HMIGTO’s level of resistance is 
equivalent to these standards, oils that should have no effect on the HMIGTO can possibly harm the panel. 
This can occur in areas where either vaporized oils are present, or where low viscosity cutting oils are 
allowed to adhere to the panel for long periods of time. If the panel’s front face protection sheet peels off, 
these conditions can lead to the ingress of oil into the panel and separate protection measures are 
suggested.
Also, if non-approved oils are present, they may cause deformation or corrosion of the front panel’s plastic 
cover. Therefore, prior to installing the HMIGTO, be sure to confirm the type of conditions that will be 
present in the panel’s operating environment. If the installation gasket is used for a long period of time, or 
if the HMIGTO and its gasket are removed from the panel, the original level of protection cannot be kept. 
To maintain the original protection level, be sure to replace the installation gasket regularly.
*2 For dimensional tolerance, everything +1/-0 mm (+0.04/-0 in.) and R in angle are below R3 (R0.12 in.)
*3 Even if the installation wall thickness is within the recommended range for the “Panel Cut Dimensions”, 
depending on wall’s material, size, and installation location of the panel and other devices, the installation 
wall could warp. To prevent warping, the installation surface may need to be strengthened.

Grounding Functional grounding: Grounding resistance of 100 � , 2 mm2 (AWG 14) or 
thicker wire, or your country’s applicable standard. (Same for FG and SG 
terminals)

Cooling Method Natural air circulation

Structure*1 IP65f NEMA #250 TYPE 4X/13 (on the front panel when properly installed in an 
enclosure) 

External Dimensions W218 x H173 x D60 mm (W8.58 x H6.81 x D2.36 in.)

Panel Cut Dimensions W204.5 x H159.5 mm (W8.05 x H6.28 in.)*2

Panel thickness area: 1.6...5 mm (0.06...0.2 in.)*3

Weight 1.2 kg (2.6 lb) or less (main unit only)

CAUTION
EQUIPMENT DAMAGE

Ensure that the panel is not in permanent and direct contact with oils.

Failure to follow these in structions can result in injury or equipment damage.

NOTICE
STORAGE AND OPERATION OUTSIDE OF SPECIFICATIONS

�z Store the panel in areas where temperatures are within the panel’s specifications.
�z Do not restrict or block the panel’s rear-face ventilation slots.

Failure to follow these instruction s can result in equipment damage.

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these instruction s can result in equipment damage.
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Display Specifications

*1 You can set up other font sizes using the software.

HMIGTO4310 HMIGTO3510

Display Type TFT Color LCD

Display Size 7.5” 7.0”

Resolution 640 x 480 pixels (VGA) 800 x 480 pixels (WVGA)

Effective Display Area W153.7 x H115.8 mm
(W6.05 x H4.56 in.)

W152.4 x H91.44 mm
(W6.0 x H3.6 in.)

Display Colors 65,536 colors (No blink) / 16,384 colors Blink)

Backlight White LED (Not user replaceable. When replacement is required, contact your 
local distributor.)

Backlight Service Life 50,000 hours or more (continuous operation at 25 ° C [77 ° F] before backlight 
brightness decreases to 50%)

Brightness Control 16 levels (Adjusted with touch panel or software)

Language Fonts ASCII: (Code page 850) Alphanumeric (including European characters) 
Chinese: (GB2312-80 codes) Simplified Chinese fonts
Japanese (except for XBT GT1000 series): ANK 158, Kanji: 6,962 (JIS 
Standards 1 & 2) (including 607 non-kanji characters)
Korean: (KSC5601 - 1992 codes) Hangul fonts 
Taiwanese: (Big 5 codes) Traditional Chinese fonts

Character sizes 8 x 8, 8 x 16, 16 x 16 and 32 x 32 pixel fonts

Font sizes You can expand the width up to 8 times, and expand the height up to 8 times.*1

Text 8 x 8 pixels 80 characters per row x 60 rows 100 characters per row x 60 rows

8 x 16 pixels 80 characters per row x 30 rows 100 characters per row x 30 rows

16 x 16 pixels 40 characters per row x 30 rows 50 characters per row x 30 rows

32 x 32 pixels 20 characters per row x 15 rows 25 characters per row x 15 rows
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Memory, Clock, Touch Panel, and Function Switches

Memory

*1 Capacity available for user application.

NOTE: 
�z When the message "Battery level is low" is displayed, supply power to the panel and fully charge the 

battery.

Clock

*1 Depending on the operating temperature and age of panel, the clock can deviate from -380 to +90 
sec/month. For systems where this level of precision is insufficient, the user should monitor and make 
adjustments when required.

Touch Panel

Function Switches

HMIGTO3510: Eight switches (F1 to F8).

HMIGTO4310 HMIGTO3510

Application Memory *1 FLASH EPROM 96 MB FLASH EPROM 96 MB

Application run DRAM 128 MB 128 MB

Data Backup SRAM 512 KB (Replaceable lithium 
battery for data backup)

SRAM 128 KB (Replaceable lithium 
battery for data backup)

Clock Accuracy*1 ±65 seconds/month (deviation at room temperature and power is OFF).

Touch Panel Type Resistive Film (analog)

Touch Panel Resolution 1,024 x 1,024

Touch Panel Service Life 1 million times or more
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Interface Specifications

Serial Interface COM1

Serial Interface COM2

USB Interface

Ethernet Interface

SD Card Interface

SD Card slot x 1 (maximum 32 GB SD/SDHC Card)

Asynchronous Transmission RS-232C

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps

Connector D-Sub 9 pin (plug)

Asynchronous Transmission RS-485

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 
187,500 bps (MPI)

Connector Modular jack (RJ-45)

USB (Type A) Interface USB (mini-B) Interface

Connector USB 2.0 (Type A) x 1 USB 2.0 (mini-B) x 1

Power Supply Voltage 5 Vdc ±5% -

Maximum Current Supplied 500 mA -

Maximum Transmission Distance 5 m (16.4 ft)

Ethernet (LAN) IEEE802.3i / IEEE802.3u, 
10BASE-T/100BASE-TX

Connector Modular jack (RJ45) x 1
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Specifications of Serial Interface COM1

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM1

HMIGTO3510 / HMIGTO4310: D-Sub 9 pin plug connector via an RS-232C cable.

NOTE: *1 You can switch pin #9 between RI and VCC via software.

Interfit bracket is #4-40 (UNC).

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these in structions can result in injury or equipment damage.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #5 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #5 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-232C

Signal Name Direction Meaning

1 CD Input Carrier Detect

2 RD(RXD) Input Receive Data

3 SD(TXD) Output Send Data

4 ER(DTR) Output Data Terminal Ready

5 SG - Signal Ground

6 DR(DSR) Input Data Set Ready

7 RS(RTS) Output Request to Send

8 CS(CTS) Input Send possible

9 CI(RI)/VCC Input/– Called Status Display

+5V±5% Output 0.25A*1

Shell FG – Frame Ground (Common with SG)

NOTICE
EQUIPMENT DAMAGE

Use only the rated current.

Failure to follow these instruction s can result in equipment damage.
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CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only D-Sub 9 pin cables with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Specifications of Serial Interface COM2

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM2

HMIGTO3510 / HMIGTO4310: RJ45 connector via a RS-485 cable.

NOTE: When setting up RS-485 communication, the cable diagram for some equipment may require 
polarization on the terminal side. This terminal does not require any special setting as it handles 
polarization automatically.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #8 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #8 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-485

Signal Name Direction Meaning

1 NC - -

2 NC - -

3 NC - -

4 Line A Input/Output Transfer Data (RS-485)

5 Line B Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request To Send

7 NC - -

8 SG - Signal Ground

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these in structions can result in injury or equipment damage.
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Dimensions 

External Dimensions: HMIGTO3510

1 Front
2 Right Side
3 Top

External Dimensions: HMIGTO4310

1 Front
2 Right Side
3 Top
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Installation with Installation Fasteners: HMIGTO3510

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom

�(����������



Specifications

80 EIO0000001133 10/2014

Installation with Installation Fasteners: HMIGTO4310

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Dimensions with Cables: HMIGTO3510

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO4310

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.

Panel Cut Dimensions

Create a panel cut and insert the panel into the opening from the front.

NOTE: Before designing the panel cut, refer to Installation (see page 120).

A B C R

204.5 mm (+1, -0 mm)
(8.05 in. [+0.04, -0 in.])

159.5 mm (+1, -0 mm)
(6.28 in. [+0.04, -0 in.])

1.6...5 mm
(0.06...0.2 in.)

3 mm (0.12 in.) 
maximum
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Installation Fastener Dimensions

�(����������



Specifications

84 EIO0000001133 10/2014

HMIGTO5310/5315

Section 4.4
HMIGTO5310/5315

What Is in This Section?

This section contains the following topics:

Topic Page

Electrical Specifications 85

Environmental Specifications 86

Structural Specifications 87

Display Specifications 89

Memory, Clock, and Touch Panel 90

Interface Specifications 91

Specifications of Serial Interface COM1 92

Specifications of Serial Interface COM2 94

Dimensions 95
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Electrical Specifications
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Rated Input Voltage 24 Vdc

Input Voltage Limits 19.2...28.8 Vdc

Voltage Drop 10 ms or less

Power Consumption 17 W or less

When power is not supplied to 
external devices

12 W or less

Backlight OFF (Standby 
Mode)

7 W or less

Backlight Dimmed 
(Brightness: 20%)

8 W or less

In-Rush Current 30 A or less

Voltage Endurance 1500 Vac, 20 mA for 1 min. (between charging and FG terminals)

Insulation Resistance 500 Vdc, 10 M�  or more (between charging and FG terminals) 
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Environmental Specifications

 

Air quality requirements

Do not operate or store the panel where chemicals evaporate, or where chemicals are present in the air:

�z Corrosive chemicals: Acids, alkalines, liquids containing salt.
�z Flammable chemicals: Organic solvents.
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Surrounding Air Temperature 0...55 ° C (32...131 ° F)

Storage Temperature -20...60 ° C (-4...140 ° F)

Surrounding Air and Storage 
Humidity

10...90% RH (Non condensing, wet bulb temperature 39 ° C [102.2 ° F] or 
less)

Dust 0.1 mg/m3 (10-7 oz/ft3) or less (non-conductive levels)

Pollution Degree For use in Pollution Degree 2 environment

Corrosive Gases Free of corrosive gases

Atmospheric Pressure 
(Operating Altitude)

800...1,114 hPa (2,000 m [6,561 ft] or lower)
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t Vibration Resistance IEC/EN 61131-2 compliant
5...9 Hz Single amplitude 3.5 mm (0.14 in.)

9...150 Hz Fixed acceleration: 9.8 m/s2

X, Y, Z directions for 10 cycles (approx. 100 min.)

Concussion Resistance IEC/EN 61131-2 compliant

147 m/s2, X, Y, Z directions for 3 times
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t Noise Immunity Noise Voltage: 1,000 Vp-p
Pulse Width: 1 µs
Rise Time: 1 ns

Electrostatic Discharge 
Immunity

Contact Discharge Method: 6 kV (IEC/EN 61000-4-2 Level 3)

CAUTION
INOPERATIVE EQUIPMENT

Do not allow water, liquids, metal, and wiring fragments to enter the panel case.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Structural Specifications

 

NOTE:  *1 The front face of the HMIGTO, installed in a solid panel, has been tested using conditions 
equivalent to the standards shown in the specification. Even though the HMIGTO’s level of resistance is 
equivalent to these standards, oils that should have no effect on the HMIGTO can possibly harm the panel. 
This can occur in areas where either vaporized oils are present, or where low viscosity cutting oils are 
allowed to adhere to the panel for long periods of time. If the panel’s front face protection sheet peels off, 
these conditions can lead to the ingress of oil into the panel and separate protection measures are 
suggested.
Also, if non-approved oils are present, they may cause deformation or corrosion of the front panel’s plastic 
cover. Therefore, prior to installing the HMIGTO, be sure to confirm the type of conditions that will be 
present in the panel’ operating environment. If the installation gasket is used for a long period of time, or if 
the HMIGTO and its gasket are removed from the panel, the original level of protection cannot be kept. To 
maintain the original protection level, be sure to replace the installation gasket regularly.
*2 When installing the HMIGTO in a panel, you may not be able to mount the HMIGTO flush with the panel. 
This occurs due to the thickness of the gasket. The difference in level between the HMIGTO and panel 
depends on how much the gasket is compressed.

*3 For dimensional tolerance, everything +1/-0 mm (+0.04/-0 in.) and R in angle are below R3 (R0.12 in.)

*4 Even if the installation wall thickness is within the recommended range for the “Panel Cut Dimensions”, 
depending on wall’s material, size, and installation location of the panel and other devices, the installation 
wall could warp. To prevent warping, the installation surface may need to be strengthened.

HMIGTO5310 HMIGTO5315

Grounding Functional grounding: Grounding resistance of 100� , 2mm2 (AWG 14) or thicker wire, or 
your country’s applicable standard. (Same for FG and SG terminals)

Cooling Method Natural air circulation

Structure*1 IP65f NEMA #250 TYPE 4X/13 (on the 
front panel when properly installed in an 
enclosure) 

IP66k NEMA #250 TYPE 4X/13 (on the front 

panel when properly installed in an enclosure)*2

External Dimensions W272.5 x H214.5 x D57 mm (W10.73 x 
H8.44 x D2.24 in.)

W316.5 x H258.5 x D57 mm (W12.44 x H10.18 x 
D2.24 in.)

Panel Cut Dimensions W259 x H201 mm (W10.2 x H7.91 in.)*3

Panel thickness area: 1.6...5 mm 

(0.06...0.2 in.)*4

W298 x H240 mm (W11.73 x H9.45 in.)*3

Panel thickness area: 1.6...5 mm (0.06...0.2 in.)*4

Weight 2.0 kg (4.4 lb) or less (main unit only) 2.5 kg (5.5 lb) or less (main unit only)

NOTICE
EQUIPMENT DAMAGE

For food and beverage and pharmaceutical industries, when the HMIGTO is not flush with panel, use 
silicon to form a seal to prevent water, chemicals, or food from lodging into place. Otherwise, the panel 
face could leak.

Failure to follow these instruction s can result in equipment damage.

CAUTION
EQUIPMENT DAMAGE

Ensure that the panel is not in permanent and direct contact with oils.

Failure to follow these in structions can result in injury or equipment damage.
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NOTICE
STORAGE AND OPERATION OUTSIDE OF SPECIFICATIONS

�z Store the panel in areas where temperatures are within the panel’s specifications.
�z Do not restrict or block the panel’s rear-face ventilation slots.

Failure to follow these in structions can result in equipment damage.

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these in structions can result in equipment damage.
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Display Specifications

*1 You can set up other font sizes using the software.

Display Type TFT Color LCD

Display Size 10.4”

Resolution 640 x 480 pixels (VGA)

Effective Display Area W211.2 x H158.4 mm (8.31 x 6.24 in.)

Display Colors 65,536 colors (No blink) / 16,384 colors (Blink)

Backlight White LED (Not user replaceable. When replacement is required, contract your local 
distributor.)

Backlight Service Life 50,000 hours or more (continuous operation at 25 ° C [77 ° F] before backlight 
brightness dimmed to 50%

Brightness Control 16 levels (Adjusted with the touch panel or software)

Language Fonts ASCII: (Code page 850) Alphanumeric (including European characters) 
Chinese: (GB2312-80 codes) Simplified Chinese fonts
Japanese: ANK 158, Kanji: 6,962 (JIS Standards 1 & 2) (including 607 non-kanji 
characters)
Korean: (KSC5601 - 1992 codes) Hangul fonts
Taiwanese: (Big 5 codes) Traditional Chinese fonts

Character Sizes 8 x 8, 8 x 16, 16 x 16 and 32 x 32 pixel fonts

Font Sizes You can expand the width up to 8 times, and expand the height up to 8 times.*1

Text 8 x 8 pixels 80 characters per row x 60 rows

8 x 16 pixels 80 characters per row x 30 rows

16 x 16 pixels 40 characters per row x 30 rows

32 x 32 pixels 20 characters per row x 15 rows
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Memory, Clock, and Touch Panel

Memory

*1 Capacity available for user application.

NOTE: 
�z When the message "Battery level is low" is displayed, supply power to the panel and fully charge the 

battery.

Clock

*1 Depending on the operating temperature and age of panel, the clock can deviate from -380 to +90 
sec/month. For systems where this level of precision is insufficient, the user should monitor and make 
adjustments when required.

Touch Panel

Application Memory *1 FLASH EPROM 96 MB

Application run DRAM 128 MB

Data Backup SRAM 512 KB (Replaceable lithium battery for data backup)

Clock Accuracy*1 ±65 seconds/month (deviation at room temperature and power is OFF).

Touch Panel Type Resistive Film (analog)

Touch Panel Resolution 1,024 x 1,024

Service Life 1 million times or more
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Interface Specifications

Serial Interface COM1

Serial Interface COM2

USB Interface

Ethernet Interface

SD Card Interface

SD Card slot x 1 (maximum 32 GB SD/SDHC Card)

Asynchronous Transmission RS-232C

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps

Connector D-Sub 9 pin (plug)

Asynchronous Transmission RS-485

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 
187,500 bps (MPI)

Connector Modular jack (RJ-45)

USB (Type A) Interface USB (mini-B) Interface

Connector USB 2.0 (Type A) x 1 USB 2.0 (mini-B) x 1

Power Supply Voltage 5 Vdc ±5% -

Maximum Current 
Supplied

500 mA -

Maximum Transmission 
Distance

5 m (16.4 ft)

Ethernet (LAN) IEEE802.3i / IEEE802.3u, 
10BASE-T/100BASE-TX

Connector Modular jack (RJ45) x 1
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Specifications of Serial Interface COM1

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM1

HMIGTO5310 / HMIGTO5315: D-Sub 9 pin plug connector via an RS-232C cable.

NOTE: *1 You can switch pin #9 between RI and VCC via software.

Interfit bracket is #4-40 (UNC).

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #5 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #5 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these inst ructions will result in death or serious injury.

Pin Connection Pin No. RS-232C

Signal Name Direction Meaning

1 CD Input Carrier Detect

2 RD(RXD) Input Receive Data

3 SD(TXD) Output Send Data

4 ER(DTR) Output Data Terminal Ready

5 SG - Signal Ground

6 DR(DSR) Input Data Set Ready

7 RS(RTS) Output Request to Send

8 CS(CTS) Input Send possible

9 CI(RI)/VCC Input/– Called Status Display

+5V±5% Output 0.25A*1

Shell FG – Frame Ground (Common with SG)

NOTICE
EQUIPMENT DAMAGE

Use only the rated current.

Failure to follow these in structions can result in equipment damage.
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CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only D-Sub 9 pin cables with a locking tab in good condition.

Failure to follow these in structions can result in injury or equipment damage.
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Specifications of Serial Interface COM2

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM2

HMIGTO5310 / HMIGTO5315: RJ45 connector via a RS-485 cable.

NOTE: When setting up RS-485 communication, the cable diagram for some equipment may require 
polarization on the terminal side. This terminal does not require any special setting as it handles 
polarization automatically.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #8 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #8 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these inst ructions will result in death or serious injury.

Pin Connection Pin No. RS-485

Signal Name Direction Meaning

1 NC - -

2 NC - -

3 NC - -

4 Line A Input/Output Transfer Data (RS-485)

5 Line B Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request To Send

7 NC - -

8 SG - Signal Ground

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Dimensions 

External Dimensions: HMIGTO5310

1 Front
2 Right Side
3 Top

External Dimensions: HMIGTO5315

1 Front
2 Right Side
3 Top
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Installation with Installation Fasteners: HMIGTO5310

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Installation with Installation Fasteners: HMIGTO5315

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom

�(����������



Specifications

98 EIO0000001133 10/2014

Dimensions with Cables: HMIGTO5310

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO5315

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.

Panel Cut Dimensions

Create a panel cut and insert the panel into the opening from the front.

NOTE: Before designing the panel cut, refer to Installation (see page 120).

A B C R

HMIGTO5310 259 mm (+1, -0 mm)
(10.2 in. [+0.04, -0 in.])

201 mm (+1, -0 mm)
(7.91 in. [+0.04, -0 in.])

1.6...5 mm
(0.06...0.2 in.)

3 mm (0.12 in.) 
maximum

HMIGTO5315 298 mm (+1, -0 mm)
(11.73 in. [+0.04, -0 in.])

240 mm (+1, -0 mm)
(9.45 in. [+0.04, -0 in.])
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Installation Fastener Dimensions
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HMIGTO6310/6315

Section 4.5
HMIGTO6310/6315

What Is in This Section?

This section contains the following topics:

Topic Page

Electrical Specifications 102

Environmental Specifications 103

Structural Specifications 104

Display Specifications 106

Memory, Clock, and Touch Panel 107

Interface Specifications 108

Specifications of Serial Interface COM1 109

Specifications of Serial Interface COM2 111

Dimensions 112
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Electrical Specifications

P
ow

er
 S

up
pl

y

Rated Input Voltage 24 Vdc

Input Voltage Limits 19.2...28.8 Vdc

Voltage Drop 10 ms or less

Power Consumption 17 W or less

When power is not supplied to 
external devices

12 W or less

Backlight OFF (Standby Mode) 7 W or less

Backlight Dimmed (Brightness: 
20%)

8 W or less

In-Rush Current 30 A or less

Voltage Endurance 1,500 Vac, 20 mA for 1 minute (between charging and FG 
terminals)

Insulation Resistance 500 Vdc, 10 M�  or more (between charging and FG terminals)
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Environmental Specifications

 

Air quality requirements

Do not operate or store the panel where chemicals evaporate, or where chemicals are present in the air:

�z Corrosive chemicals: Acids, alkalines, liquids containing salt.
�z Flammable chemicals: Organic solvents.

P
hy

si
ca

l E
nv

iro
nm

en
t

Surrounding Air 
Temperature

0...55 ° C (32...131 ° F)

Storage Temperature -20...60 ° C (-4...140 ° F)

Surrounding Air and 
Storage Humidity

10...90% RH (Non condensing, wet bulb temperature 39 ° C [102.2 ° F] or less)

Dust 0.1 mg/m3 (10-7 oz/ft3) or less (non-conductive levels)

Pollution Degree For use in Pollution Degree 2 environment

Corrosive gases Free of corrosive gases

Atmospheric Pressure 
(Operating Altitude)

800...1,114 hPa (2,000 m [6,561 ft] or lower)

M
ec

ha
ni

ca
l E

nv
iro

nm
en

t Vibration Resistance IEC/EN 61131-2 compliant
5...9 Hz Single amplitude 3.5 mm (0.14 in.)

9...150 Hz Fixed acceleration: 9.8 m/s2

X, Y, Z directions for 10 cycles (approx.100 minute)

Concussion Resistance IEC/EN 61131-2 compliant

147 m/s2, X, Y, Z directions for 3 times

E
le

ct
ric

al
 E

nv
iro

nm
en

t Noise immunity Noise Voltage: 1,000 Vp-p
Pulse Width: 1 µs
Rise Time: 1 ns

Electrostatic Discharge 
Immunity

Contact Discharge Method: 6 kV (IEC/EN 61000-4-2 Level 3)

CAUTION
INOPERATIVE EQUIPMENT

Do not allow water, liquids, metal, and wiring fragments to enter the panel case.

Failure to follow these inst ructions can result in in jury or equipment damage.
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Structural Specifications

 

NOTE:  *1 The front face of the HMIGTO, installed in a solid panel, has been tested using conditions 
equivalent to the standards shown in the specification. Even though the HMIGTO’s level of resistance is 
equivalent to these standards, oils that should have no effect on the HMIGTO can possibly harm the panel. 
This can occur in areas where either vaporized oils are present, or where low viscosity cutting oils are 
allowed to adhere to the panel for long periods of time. If the panel’s front face protection sheet peels off, 
these conditions can lead to the ingress of oil into the panel and separate protection measures are 
suggested.

Also, if non-approved oils are present, they may cause deformation or corrosion of the front panel’s plastic 
cover. Therefore, prior to installing the HMIGTO, be sure to confirm the type of conditions that will be 
present in the panel’s operating environment. If the installation gasket is used for a long period of time, or 
if the HMIGTO and its gasket are removed from the panel, the original level of protection cannot be kept. 
To maintain the original protection level, be sure to replace the installation gasket regularly.

*2 When installing the HMIGTO in a panel, you may not be able to mount the HMIGTO flush with the panel. 
This occurs due to the thickness of the gasket. The difference in level between the HMIGTO and panel 
depends on how much the gasket is compressed.

*3 For dimensional tolerance, everything +1/-0 mm (+0.04/-0 in.) and R in angle are below R3 (R0.12in.)

*4 Even if the installation wall thickness is within the recommended range for the “Panel Cut Dimensions”, 
depending on wall’s material, size, and installation location of the panel and other devices, the installation 
wall could warp. To prevent warping, the installation surface may need to be strengthened.

 HMIGTO6310 HMIGTO6315

Grounding Functional grounding: Grounding resistance of 100 � , 2 mm2 (AWG 14) or thicker wire, or your 
country’s applicable standard. (Same for FG and SG terminals)

Cooling 
Method

Natural air circulation

Structure*1 IP65f NEMA #250 TYPE 4X/13 (on the front panel 
when properly installed in an enclosure) 

IP66k NEMA #250 TYPE 4X/13 (on the 
front panel when properly installed in 

an enclosure)*2

External 
Dimensions

W315 x H241 x D56 mm (W12.4 x H9.49 x D2.2 in.) W359 x H285 x D56 mm (W14.13 x 
H11.22 x D2.2 in.)

Panel Cut 
Dimensions

W301.5 x H227.5 mm (W11.87 x H8.96 in.)*3

Panel thickness area: 1.6...5 mm (0.06...0.2 in.)*4
W340.5 x H266.5 mm (W13.41 x 

H10.49 in.)*3

Panel thickness area: 1.6...5 mm 

(0.06...0.2 in.)*4

Weight 2.5 kg (5.5 lb) or less (main unit only) 3 kg (6.6 lb) or less (main unit only)

NOTICE
EQUIPMENT DAMAGE

For food and beverage and pharmaceutical industries, when the HMIGTO is not flush with panel, use 
silicon to form a seal to prevent water, chemicals, or food from lodging into place. Otherwise, the panel 
face could leak.

Failure to follow these in structions can result in equipment damage.

CAUTION
EQUIPMENT DAMAGE

Ensure that the panel is not in permanent and direct contact with oils.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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NOTICE
STORAGE AND OPERATION OUTSIDE OF SPECIFICATIONS

�z Store the panel in areas where temperatures are within the panel’s specifications.
�z Do not restrict or block the panel’s rear-face ventilation slots.

Failure to follow these instruction s can result in equipment damage.

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these instruction s can result in equipment damage.
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Display Specifications

*1 You can set up other font sizes using the software.

Display Type TFT Color LCD

Display Size 12.1”

Resolution 800 x 600 pixels (SVGA)

Effective Display Area W246.0 x H184.5 mm (W9.69 x H7.26 in.)

Display Colors 65,536 colors (No blink) / 16,384 colors (Blink)

Backlight White LED (Not user replaceable. When replacement is required, contact your 
local distributor.)

Backlight Service Life 50,000 hours (continuous operation at at 25 ° C [77 ° F] before backlight 
brightness decreases to 50%)

Brightness Control 16 levels (Adjusted with touch panel or software)

Language Fonts ASCII: (Code page 850) Alphanumeric (including European characters) 
Chinese: (GB2312-80 codes) Simplified Chinese fonts
Japanese: ANK 158, Kanji: 6,962 (JIS Standards 1 & 2) (including 607 non-kanji 
characters)
Korean: (KSC5601 - 1992 codes) Hangul fonts
Taiwanese: (Big 5 codes) Traditional Chinese fonts

Character Sizes 8 x 8, 8 x 16, 16 x 16 and 32 x 32 pixel fonts

Text 8 x 8 pixels 100 characters per row x 75 rows

8 x 16 pixels 100 characters per row x 37 rows

16 x 16 pixels 50 characters per row x 37 rows

32 x 32 pixels 25 characters per row x 18 rows
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Memory, Clock, and Touch Panel

Memory

*1 Capacity available for user application.

NOTE: 
�z When the message "Battery level is low" is displayed, supply power to the panel and fully charge the 

battery.

Clock

*1 Depending on the operating temperature and age of the panel, the clock can deviate from -380 to +90 
sec/month. For systems where this level of precision is insufficient, the user should monitor and make 
adjustments when required.

Touch Panel

Application Memory*1 FLASH EPROM96 MB

Application run DRAM 128 MB

Data Backup SRAM 512 KB (Replaceable lithium battery for backup memory)

Clock Accuracy*1 ±65 seconds/month (deviation at room temperature and power is OFF).

Touch Panel Type Resistive Film (analog)

Touch Panel Resolution 1,024 x 1,024

Touch Panel Service Life 1 million times or more
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Interface Specifications

Serial Interface COM1

Serial Interface COM2

USB Interface

Ethernet Interface

SD Card Interface

SD Card slot x 1 (maximum 32 GB SD/SDHC Card)

Asynchronous Transmission RS-232C

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps

Connector D-Sub 9 pin (plug)

Asynchronous Transmission RS-485

Data Length 7 or 8 bits

Stop Bit 1 or 2 bits

Parity None, odd or even

Data Transmission Speed 2,400...115,200 bps, 187,500 bps 
(MPI)

Connector Modular jack (RJ-45)

USB (Type A) Interface USB (mini-B) Interface

Connector USB 2.0 (Type A) x 1 USB 2.0 (mini-B) x 1

Power Supply Voltage 5 Vdc ±5% -

Maximum Current Supplied 500 mA -

Maximum Transmission Distance 5 m (16.4 ft)

Ethernet (LAN) IEEE802.3i / IEEE802.3u, 10BASE-T/100BASE-TX

Connector Modular jack (RJ45) x 1
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Specifications of Serial Interface COM1

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM1

HMIGTO6310 / HMIGTO6315: D-Sub 9 pin plug connector via an RS-232C cable.

NOTE: *1 You can switch pin #9 between RI and VCC via software.

Interfit bracket is #4-40 (UNC).

CAUTION
LOSS OF POWER

�z Make sure all connections to the communication ports on the bottom and sides of the panel do not put 
excessive stress on the ports.

�z Securely attach communication cables to the panel or cabinet.
�z Use only D-Sub 9 pin cables with a locking system in good condition.

Failure to follow these in structions can result in injury or equipment damage.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #5 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #5 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-232C

Signal Name Direction Meaning

1 CD Input Carrier Detect

2 RD(RXD) Input Receive Data

3 SD(TXD) Output Send Data

4 ER(DTR) Output Data Terminal Ready

5 SG - Signal Ground

6 DR(DSR) Input Data Set Ready

7 RS(RTS) Output Request to Send

8 CS(CTS) Input Send possible

9 CI(RI)/VCC Input/– Called Status Display

+5V±5% Output 0.25A*1

Shell FG – Frame Ground (Common with 
SG)

NOTICE
EQUIPMENT DAMAGE

Use only the rated current.

Failure to follow these instruction s can result in equipment damage.
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CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only D-Sub 9 pin cables with a locking tab in good condition.

Failure to follow these inst ructions can result in inju ry or equipment damage.
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Specifications of Serial Interface COM2

Introduction

The serial port is not isolated. The SG (signal ground) and FG (frame ground) terminals are connected 
inside the panel.

Serial Interface COM2

HMIGTO6310 / HMIGTO6315: RJ45 connector via a RS-485 cable.

NOTE: When setting up RS-485 communication, the cable diagram for some equipment may require 
polarization on the terminal side. This terminal does not require any special setting as it handles 
polarization automatically.

DANGER
ELECTRIC SHOCK

When using the SG terminal to connect an external device to the panel:
�z Verify that a short-circuit loop is not created when you set up the system.
�z Connect the #8 SG terminal to remote equipment when the host (PLC) unit is not isolated. Connect 

the #8 SG terminal to a known reliable ground connection to reduce the risk of damaging the circuit.

Failure to follow these in structions will result in death or serious injury.

Pin Connection Pin No. RS-485

Signal Name Direction Meaning

1 NC - -

2 NC - -

3 NC - -

4 Line A Input/Output Transfer Data (RS-485)

5 Line B Input/Output Transfer Data (RS-485)

6 RS(RTS) Output Request To Send

7 NC - -

8 SG - Signal Ground

CAUTION
LOSS OF COMMUNICATION

�z All connections to the communication ports must not put excessive stress on the ports.
�z Securely attach communication cables to the panel wall or cabinet.
�z Use only RJ45 with a locking tab in good condition.

Failure to follow these in structions can result in injury or equipment damage.

�(����������



Specifications

112 EIO0000001133 10/2014

Dimensions 

External Dimensions: HMIGTO6310

1 Front
2 Right Side
3 Top

External Dimensions: HMIGTO6315

1 Front
2 Right Side
3 Top
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Installation with Installation Fasteners: HMIGTO6310

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Installation with Installation Fasteners: HMIGTO6315

1 Left Side
2 Front
3 Right Side
4 Top
5 Bottom
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Dimensions with Cables: HMIGTO6310

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.
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Dimensions with Cables: HMIGTO6315

1 Left Side
2 Rear
3 Right Side
4 Top
5 Bottom

NOTE: All the above values are designed with cable bending in mind. The dimensions given here are 
representative values depending on the type of connection cable in use. Therefore, these values are 
intended for reference only.

Panel Cut Dimensions

Create a panel cut and insert the panel into the opening from the front.

NOTE: Before designing the panel cut, refer to Installation (see page 120).

A B C R

HMIGTO6310 301.5 mm (+1, -0 mm)
(11.87 [+0.04, -0 in.])

227.5 mm (+1, -0 mm)
(8.96 in. [+0.04, -0 in.])

1.6...5 mm
(0.06...0.2 in.)

3 mm (0.12 in.) 
maximum

HMIGTO6315 340.5 mm (+1, -0 mm)
(13.41 [+0.04, -0 in.])

266.5 mm (+1, -0 mm)
(10.49 in. [+0.04, -0 in.])
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Installation Fastener Dimensions

�(����������



Specifications

118 EIO0000001133 10/2014

�(����������



EIO0000001133 10/2014 119

Magelis

Installation and Wiring

EIO0000001133 10/2014

Installation and Wiring

Chapter 5
Installation and Wiring

What Is in This Chapter?

This chapter contains the following sections:

Section Topic Page

5.1 Installation 120

5.2 Wiring Principles 125

5.3 SD Card Insertion/Removal 131

5.4 USB Cable Clamp 136
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Installation

Section 5.1
Installation

Installation Procedures

Introduction

The installation fasteners are required when installing the panel.

Mount the panel in an enclosure that provides a clean, dry, robust and controlled environment. (HMIGTO 
except HMIGTO2315/HMIGTO5315/HMIGTO6315: IP65, Type 1, Type 4X [Indoor Use Only] or Type 13 
Enclosure. HMIGTO2315/HMIGTO5315/HMIGTO6315: IP66k, Type 1, Type 4X [Indoor Use Only] or Type 
13 Enclosure.)

Installation Requirements

Check that the installation wall or cabinet’s surface is flat, in good condition and has no jagged edges. Metal 
reinforcing strips may be attached to the inside of the wall, near the panel-cut, to increase its rigidity.

Decide on the thickness of the enclosure wall, based on the level of strength required: 1.6...5 mm (0.06...0.2 in.).

Be sure that the surrounding air temperature and the ambient humidity are within their designated ranges. 
Surrounding air temperature: 0 to 50 ° C (32 to 122 ° F) or 0 to 55 ° C (32 to 131 ° F) (please see the Environment 
Specifications for your HMIGTO); ambient humidity: 10 to 90%RH; wet bulb temperature: maximum 39 ° C [102 ° F]. 
When installing the panel in a cabinet or enclosure, the surrounding air temperature is the cabinet’s or enclosure’s 
internal temperature.

Be sure that heat from surrounding equipment does not cause the panel to exceed its standard operating temperature.

When mounting the panel vertically, ensure that the right side of the unit faces up. In other words, the power connector 
should be at the top.

1 Power connector

When installing the panel in a slanted position, the panel face should not incline more than 30° .

When installing the panel in a slanted position with an incline more than 30° , the ambient temperature must not exceed 
40 ° C (104 ° F). You may need to use forced air cooling (fan, A/C) to ensure the ambient operating temperature is 40° C 
or less (104 ° F or less).
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Panel Mounting Procedure: (except HMIGTO2315/HMIGTO5315/HMIGTO6315)

For easier maintenance, operation and improved ventilation, install the panel at least 100 mm (3.94 in.) away from 
adjacent structures and other equipment as shown in the following illustration:

The holes on the rear of the panel (except HMIGTO1300/1310) do not correspond to VESA 75 mm standards. Do not 
attach the panel to a commercial-type VESA arm.

NOTICE
PANEL UNSTEADY WHEN UNSECURED

Keep HMIGTO stabilized in the panel-cut while you are installing or removing the screw fasteners.

Failure to follow these instruction s can result in equipment damage.

Step Action

1 Place the panel on a clean and level surface with the display facing downward.

2 Check that the panel’s gasket is seated securely into the gasket’s groove, which runs around the 
perimeter of the panel frame.

3 Cut a hole in the installation panel as defined by the HMIGTO’s panel cutout dimensions.
HMIGTO1300/HMIGTO1310 (see page 48)
HMIGTO2300/HMIGTO2310 (see page 66)
HMIGTO3510/HMIGTO4310 (see page 82)
HMIGTO5310 (see page 99)
HMIGTO6310 (see page 116)

4 Insert the HMIGTO into the panel-cut.
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5 Insert the installation fasteners into the HMIGTO’s insertion slots on the top and bottom sides (left and 
right sides for the HMIGTO1300/1310). Slide the fasteners to the back. If the fasteners are not correctly 
attached, the HMIGTO may shift or fall out.

HMIGTO2310

HMIGTO1310

6 Insert each of the fasteners shown below. Make sure you pull the fastener back until it is flush with the 
rear of the attachment hole insert.

7 Use a Phillips screwdriver to tighten each fastener screw and secure the panel in place. The necessary 
torque is 0.5 Nm (4.4 lb•in).

NOTICE
BROKEN ENCLOSURE

�z Do not exert more than 0.5 Nm (4.4 lb•in) of torque when tightening the fastener’s screws.
�z Use on flat surface of a Type 1, Type 4X (Indoor Use Only) or Type 13 Enclosure.

Failure to follow these in structions can result in equipment damage.

Step Action
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Removal Procedure: (except HMIGTO2315/HMIGTO5315/HMIGTO6315)

HMIGTO2315/HMIGTO5315/HMIGTO6315 Panel Mounting Procedure

Step Action

1 Loosen the installation fasteners (4) from the HMIGTO.

2 Remove the HMIGTO slowly from the panel while pressing the projections on the top of the HMIGTO.

1 Projections

NOTE: 

�z You could damage the HMIGTO if you try and remove it without holding down the projections.
�z Watch your fingers so they do not get caught when holding down the projections.

CAUTION
RISK OF INJURY

Do not drop the HMIGTO when you remove it from the panel.

�z Hold the HMIGTO in place after removing the fasteners.
�z Use both hands.

Failure to follow these in structions can result in injury or equipment damage.

CAUTION
RISK OF INJURY

Do not drop the HMIGTO when you install or remove it from the panel.

�z Hold the HMIGTO in place after removing the M4 Hex nuts and brackets.
�z Use both hands.

Failure to follow these in structions can result in injury or equipment damage.

NOTICE
PANEL UNSTEADY WHEN UNSECURED

Keep panel stabilized in the panel-cut while you are installing or removing the M4 Hex nuts and brackets.

Failure to follow these instruction s can result in equipment damage.

Step Action

1 Place the panel on a clean and level surface with the display facing downward.

2 Confirm that the panel’s gasket is seated properly on the rear of the panel.

3 Cut a hole in the panel as defined by the HMIGTO panel cutout dimensions.
HMIGTO2315 (see page 66)
HMIGTO5315 (see page 99)
HMIGTO6315 (see page 116)
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4 Insert the HMIGTO into the panel-cut.

1 Gasket
2 Panel
3 Brackets
4 M4 Hex Nut
5 Please read Step 5.
6 Please read Step 6.

5 Tighten the four corners of the rear of the panel with the M4 Hex nuts, in the order shown in the example 
in Step 4.
Use an M4 box-type screwdriver to tighten each M4 Hex nut and secure the panel in place. The 
necessary torque is 0.5 Nm (4.4 lb•in). If the M4 Hex nuts are not correctly attached, the panel may shift 
or fall out.

6 Attach the bracket onto the screws in the middle between the M4 Hex nuts in the order shown in the 
example in Step 4.
Use an M4 box-type screwdriver to tighten each M4 Hex nut and secure the panel in place. The 
necessary torque is 0.5 Nm (4.4 lb•in). If the M4 Hex nuts are not correctly attached, the panel may shift 
or fall out.

7 Tighten all the M4 Hex nuts again. The necessary torque is 0.5 Nm (4.4 lb•in).

NOTE: Do not loosen the installation fasteners, marked with red squares below.

1 Panel

NOTICE
BROKEN ENCLOSURE

�z Do not exert more than 0.5 Nm (4.4 lb•in) of torque when tightening the M4 Hex nuts.
�z Use on flat surface of a Type 1, Type 4X (Indoor Use Only) or Type 13 Enclosure.

Failure to follow these in structions can result in equipment damage.

Step Action
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Wiring Principles

Section 5.2
Wiring Principles

Overview

This section presents the HMIGTO wiring principles.

What Is in This Section?

This section contains the following topics:

Topic Page

Connecting the Power Cord 126

Connecting the Power Supply 128

Grounding 130
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Connecting the Power Cord

NOTE: The shield ground (SG) and FG terminals are connected internally in the panel.

DC Power Cord Preparation

�z Make sure the ground wire is either the same or heavier gauge than the power wires.
�z Do not use aluminum wires in the power supply’s power cord.
�z If the ends of the individual wires are not twisted correctly, the wires may create a short circuit.

�z Wherever possible, use wires that are 0.75 to 2.5 mm2 (AWG 18 - 13) for the power cord, and twist the 
wire ends before attaching the terminals.

�z The conductor type is solid or stranded wire.
�z Field wiring terminal marking for wire type (75 ° C [167 ° F] copper conductors only).

DC Power Supply Connector (Plug) Specifications: Spring Clamp Terminal Blocks

HMIGTO1300/1310 / HMIGTO2300/2310/2315 / HMIGTO3510/4310

HMIGTO5310/5315 / HMIGTO6310/6315

WARNING
EXCESSIVE ELECTROMAGNETIC INTERFERENCE

�z When the functional ground (FG) terminal is connected, be sure the wire is grounded. Not grounding 
the HMIGTO can result in excessive Electromagnetic Interference (EMI). Grounding is required to 
meet EMC level immunity.

�z Remove power before wiring the HMIGTO’s power terminals.
�z The DC model uses only 24 Vdc power. Using any other level of power can damage both the power 

supply and the HMIGTO.
�z Since the HMIGTO is not equipped with a power switch, be sure to connect a power switch to the 

power supply.
�z Be sure to ground the HMIGTO’s FG terminal.
�z Replace and secure all elements of the system before applying power to the HMIGTO.

Failure to follow these instruction s can result in death, seriou s injury, or equipment damage.

Connection Wire

+ 24 Vdc

- 0 Vdc

FG Grounded terminal connected to the panel chassis.
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How to connect the DC Power Cord

NOTE: 
�z Do not solder the wire directly to the power receptacle pin.
�z To prevent the possibility of a terminal short, use a pin terminal that has an insulating sleeve.
�z You can connect the DC power supply connector for HMIGTO1300/1310, HMIGTO2300/2310/2315, or 

HMIGTO3510/4310 to HMIGTO5310/5315 or HMIGTO6310/6315 units. However, the reverse is not 
possible. You cannot connect the DC power supply connector for HMIGTO5310/5315 or 
HMIGTO6310/6315 to HMIGTO1300/1310, HMIGTO2300/2310/2315, or HMIGTO3510/4310 units.

Step Action

1 Confirm the power cord is not connected to the power supply.

2 Check the rated voltage and remove the “DC24V” sticker on the DC power supply connector.

3 Remove 10 mm (0.39 in.) of the vinyl membrane off the ends of the power cord wires.

4 If using stranded wire, twist the ends. Tinning the ends with solder reduces risk of fraying and ensures 
good electrical transfer.

5 Push the Opening button with a small and flat screwdriver to open the desired pin hole.

6 Insert each pin terminal into its corresponding hole. Release the Opening button to clamp the pin in place.
HMIGTO1300/1310 / HMIGTO2300/2310/2315 / HMIGTO3510/4310

HMIGTO5310/5315 / HMIGTO6310/6315

7 After inserting all three pins, insert the power plug into the power connector on the panel.
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Connecting the Power Supply

Precautions

�z You must use a 24 Vdc input unit with a Class 2 power supply.
�z To increase the electromagnetic noise resistance, make sure you twist the ends of the power cord wires 

before connecting them to the power plug.
�z The panel’s power supply cord should not be bundled with or kept close to main circuit lines (high 

voltage, high current), or input/output signal lines.
�z Connect a lightning surge absorber to handle power surges.
�z To reduce electromagnetic noise, make the power cord as short as possible.

Power Supply Connections

When supplying power to the panel, separate the input/output and power lines, as shown.

NOTE: 
The following shows a lightning surge absorber connection:

�z Ground the surge absorber (E1) separately from the panel (E2).
�z Select a surge absorber that has a maximum circuit voltage greater than that of the peak voltage of the 

power supply.

If the supplied voltage exceeds the panel range, connect a constant voltage transformer.

1 Constant voltage transformer
2 Twisted-pair cord
3 panel

WARNING
SHORT CIRCUIT, FIRE, OR UNINTENDED EQUIPMENT OPERATION

Avoid excessive force on the power cable to prevent accidental disconnection
�z Securely attach power cables to the HMIGTO or cabinet.
�z Use the designated torque to tighten the unit terminal block screws.
�z Install and fasten the HMIGTO on installation panel or cabinet prior to connecting power supply and 

communication lines.

Failure to follow these instruction s can result in death, seriou s injury, or equipment damage.
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Select a power supply low in noise for between the line and ground. If there is an excess amount of noise, 
connect an insulating transformer.

1 Insulating transformer
2 Twisted-pair cord
3 panel

NOTE: Use constant voltage and insulating transformers with capacities exceeding the Power 
Consumption value.
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Grounding

Exclusive Grounding

When supplying power to the panel, separate the input/output and power lines as shown below.

Connect the frame ground (FG) terminal on the power plug to an exclusive ground.

Precautions

Electromagnetic Interference (EMI) can be created if the devices are improperly grounded. EMI can cause 
loss of communication. Do not use common grounding, except for the authorized configuration described 
below. If exclusive grounding is not possible, use a common grounding point.

Correct grounding

Incorrect grounding

�z Check that the grounding resistance is 100 �  or less.*1

�z The FG wire should have a cross sectional area greater than 2 mm2 (AWG 14) (1). Create the 
connection point as close to the panel as possible, and make the wire as short as possible. When using 
a long grounding wire, replace the thin wire with a thicker wire, and place it in a duct.

�z FG and SG terminals are internally connected in the panel. When connecting an external device to the 
panel using the SG terminal, check that you do not create a short-circuit loop when you set up the 
system.

*1 Observe local codes and standards. Ensure the ground connection has a resistance of 100 �  and that 

the ground wire has a cross-section of at least 2 mm2 or AWG 14.
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SD Card Insertion/Removal

Section 5.3
SD Card Insertion/Removal

What Is in This Section?

This section contains the following topics:

Topic Page

Introduction 132

Inserting the SD Card 133

Removing the SD Card 134

SD Card Data Backup 135
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Introduction

NOTICE
LOSS OF DATA

When using the HMIGTO and a SD Card, observe the following to avoid losing valuable data:
�z Since accidental data loss can occur at any time, back up HMIGTO screen and SD Card data 

regularly. Once HMIGTO data is lost, it cannot be recovered.
�z While a SD Card is accessed, do not turn OFF or reset the HMIGTO, and do not insert or remove the 

SD Card. Doing so could damage the SD Card, or corrupt its data.
�z Before using the SD Card, familiarize yourself with the SD Card’s front and rear face orientation, as 

well as the position of the SD Card connectors. If the SD Card is not positioned correctly when inserted 
into the HMIGTO, the card’s internal data and HMIGTO could become damaged.

Failure to follow these instruction s can result in equipment damage.

NOTICE
LOSS OF DATA

When handling the SD Card, follow the instructions below to prevent internal data on the SD Card from 
being destroyed or a SD Card malfunction from occurring:
�z Avoid storing the SD Card where there is static electricity or electromagnetic waves.
�z Avoid storing the SD Card in direct sunlight, near a heater, or other locations where high temperatures 

can occur.
�z Do not bend the SD Card.
�z Do not drop or strike the SD Card against another object.
�z Keep the SD Card dry.
�z Do not touch the SD Card connectors.
�z Do not disassemble or modify the SD Card.
�z Use only SD Cards formatted using FAT or FAT32. The HMIGTO does not recognize NTFS formatted 

SD Cards. Format the SD Card on your computer using FAT or FAT32.

Failure to follow these in structions can result in equipment damage.
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Inserting the SD Card

NOTE: As shown in the image below (example on the left-hand side), you can set the Write-Control Tab 
to prevent write operations to the SD Card. Push the tab up, as shown in the example on the right-hand 
side, to release the lock and enable writing to the SD Card. Before using a commercial-type SD Card, read 
the manufacturer’s instructions.

Step Action

1 Pull on the tab and open the SD Card cover.

1 Tab

2 Insert the SD Card into the SD Card interface, and push until you hear it “click”.

3 Close the SD Card cover.
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Removing the SD Card

Step Action

1 Make sure the SD Card Access LED is off.

1 SD Card Access LED

2 Push down the tab on the SD Card cover, then pull open the cover.

1 Tab

3 Push the SD Card once to release, and pull out the card. After removing the 
card, close the cover.

NOTE: After using the SD Card, store the SD Card in its case or other safe 
location.
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SD Card Data Backup

To make your backups, you can either insert the SD Card directly into the SD Card interface on your 
computer, or use a commercially available SD Card reader.
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USB Cable Clamp

Section 5.4
USB Cable Clamp

Overview

This section presents the USB cable clamp.

What Is in This Section?

This section contains the following topics:

Topic Page

USB Cable Clamp for USB (Type A) 137

USB Holder for USB (mini-B) 139

�(����������



Installation and Wiring

EIO0000001133 10/2014 137

USB Cable Clamp for USB (Type A)

Introduction

When using a USB device, attaching a USB cable clamp to the USB interface to prevent the USB cable 
from being disconnected.

Attaching the USB Cable Clamp

NOTE: Watch your fingers. The edge of the clip is sharp.

DANGER
POTENTIAL FOR EXPLOSION

�z Verify the power, input, and output (I/O) wiring are in accordance with Class I, Division 2 wiring 
methods. 

�z Substitution of any components may impair suitability for Class I, Division 2.
�z Confirm that the USB cable has been fixed with the USB cable clamp before using the USB interface.
�z Remove power before attaching or detaching any connectors to or from the unit.

Failure to follow these in structions will result in death or serious injury.

Step Action

1
Mount the clip to the USB mark  connector shell so that it overlaps. The 
clip matches the 27 to 43.5 mm [1.06 to 1.71 in.] length of the USB connector.

2 Align the clip and the USB cable connector shell. Adjust the position of the 
holes where the clip is attached. To ensure stability, select the clip-hole 
position that is closest to the base of the connector shell.
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Removing the USB Cable

Remove the USB cable while pushing the grip section of the clip.

3 As shown, pass the tie through the clip hole. Next, turn the tie and pass it 
through the head so that the USB cable can pass through the center of the tie 
loop. The clip is now attached to the USB cable.

NOTE: 

�z Check the direction of the head beforehand. Make sure the USB cable is 
through the center of the tie loop and that the tie can pass through the head.

�z You can substitute the tie provided with commercially available ties with a 
width of 4.8 mm [0.19 in.] and thickness of 1.3 mm [0.05 in.].

4 While pressing the grip on the clip, insert the cable from step 3 all the way into 
the USB host interface. Make sure that the clip tab is secured to the USB cable 
attached to the HMIGTO.

Step Action

�(����������



Installation and Wiring

EIO0000001133 10/2014 139

USB Holder for USB (mini-B)

Introduction

When using a USB device, you can attach a USB holder to the USB (mini-B) interface to prevent the USB 
cable from being disconnected.

Attaching the USB Holder

DANGER
POTENTIAL FOR EXPLOSION

�z Verify the power, input, and output (I/O) wiring are in accordance with Class I, Division 2 wiring 
methods. 

�z Substitution of any components may impair suitability for Class I, Division 2.
�z Confirm that the USB cable has been fixed with the USB cable clamp before using the USB interface.
�z Remove power before attaching or detaching any connectors to or from the unit.

Failure to follow these in structions will result in death or serious injury.

Step Action

1 Insert the USB cable into the USB (mini-B) interface.

1 USB cable

2 Attach the USB holder to fix the USB cable in place. Insert the USB holder into 
the USB (mini-B) interface.

1 USB holder
2 USB cable
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Removing the USB Holder 

Remove the USB holder by pressing the tabs from the sides.

1 USB holder
2 USB cable
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Maintenance

Chapter 6
Maintenance

Overview

This chapter explains how to maintain your panel.

What Is in This Chapter?

This chapter contains the following topics:

Topic Page

Regular Cleaning 142

Replacing the Installation Gasket 143

Periodic Check Points 145

Replacing the Primary Battery 146
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Regular Cleaning

Cleaning the display

When the surface or the frame of the display gets dirty, soak a soft cloth in water with a neutral detergent, 
wring the cloth tightly and wipe the display.

NOTICE
EQUIPMENT DAMAGE

�z Power off the panel before cleaning it.
�z Do not use hard or pointed objects to operate the touch panel as you may damage the panel surface.
�z Do not use paint thinner, organic solvents, or a strong acid compound to clean the unit.

Failure to follow these instructions  can result in equipment damage.
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Replacing the Installation Gasket

Overview

The installation gasket provides protection against dust and moisture.

Installing the Installation Gasket

NOTE: For instructions on how to install the installation gasket when using 
HMIGTO2315/HMIGTO5315/HMIGTO6315, see HMIGTO2315/HMIGTO5315/HMIGTO6315 Panel 
Mounting Procedure (see page 123).

The gasket must be inserted correctly into the groove for IP65f moisture resistance for the panel. (IP66k 
moisture resistance for HMIGTO2315/HMIGTO5315/HMIGTO6315.)

NOTICE
GASKET AGING

�z Inspect the gasket periodically as required by your operating environment to keep the initial IP level.
�z Change the gasket at least once a year, or as soon as scratches or dirt become visible.

Failure to follow these instruction s can result in equipment damage.

Stage Description

1 Place the panel on a flat, level surface, with the display face pointing down.

2 Remove the gasket from the panel.

3 Attach the new gasket to the panel. Position the gasket in the installation groove so that the gasket seam 
is at the bottom of the panel. First, insert the gasket into the 4 corners, in the order shown in the image 
below. Then, insert the rest of the gasket into the installation groove.
NOTE: 
�z The center of the panel bezel’s installation groove is ribbed. Make sure you insert the gasket all the 

way in without catching the ribbed sections.
�z When using a tool to insert the gasket, make sure the tool does not catch the rubber gasket and cause 

a tear.

4 The upper surface of the gasket should protrude approximately 2.0 mm (0.06 in.) from the groove. Check 
the gasket is inserted correctly before installing the HMIGTO into a panel.
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CAUTION
EQUIPMENT DAMAGE

�z Since the gasket is flexible but not elastic, be careful not to stretch it unnecessarily.
�z Make sure the gasket seam is not inserted into any of the panel corners.
�z Insert the gasket in the installation groove

Failure to follow these inst ructions can result in inju ry or equipment damage.

�(����������



EIO0000001133 10/2014 145

Periodic Check Points

Operation Environment

�z Is the operating temperature within the allowable range? Refer to Environmental Specifications  
(see page 38),  (see page 52),  (see page 70),  (see page 86),  (see page 103).

�z Is the operating humidity within the specified range? (10%RH to 90%RH, dry bulb temperature of 39 ° C 
[102.2 ° F] or less)

�z Is the operating atmosphere free of corrosive gasses?

When the HMIGTO is inside a panel, the ambient environment refers to the interior of the panel.

Electrical Specifications

Is the input voltage appropriate?
�z 100 Vac to 240 Vac 50/60 Hz
�z 19.2 Vdc to 28.8 Vdc

Related Items

�z Are all power cords and cables connected properly? Are there any loose cables?
�z Are all mounting brackets holding the unit securely?
�z Are there scratches or traces of dirt on the installation gasket?

�(����������



146 EIO0000001133 10/2014

Replacing the Primary Battery

Introduction

The replacement battery HMI ZGBAT (sold separately) for the primary battery in the HMIGTO is available 
from Schneider Electric.

NOTE: The HMIGTO1300/1310 and HMIGTO2300 are not equipped with a primary battery.

DANGER
HAZARD OF ELECTRIC SHOCK, EXPLOSION, OR ARC FLASH

�z Follow the procedures step by step to replace the battery correctly and safely.
�z Before replacing the battery, turn OFF the HMIGTO’s power.

Failure to follow these inst ructions will result in death or serious injury.

DANGER
EXPLOSION, FIRE, OR CHEMICAL HAZARD

�z Use only the replacement battery HMI ZGBAT manufactured by Schneider Electric.
�z Do not cause a short circuit.
�z Recycle or properly dispose of used batteries.

Failure to follow these inst ructions will result in death or serious injury.

NOTICE
LOSS OF DATA

The primary battery is non-rechargeable, and is used for data backup of memory and the internal clock. 
If the primary battery is depleted, the backup data is lost. One month before the primary battery is 
completely depleted, a message will appear to indicate it is time to replace the primary battery.
�z Replace the battery within one month after the message appears. Otherwise, backup data may be lost.
�z Complete replacing the battery within ten minutes of shutting down the HMIGTO.
�z The primary battery replacement time (within a month after the message appears) is only a guideline. 

When backup SRAM data and clock data is lost after the message appears, Schneider Electric does 
not perform data recovery/retrieval. Schneider Electric does not accept any responsibility for the loss 
of data.

�z Replace the primary battery regularly every five years after you purchase the HMIGTO.

Failure to follow these in structions can result in equipment damage.

Step Action

1 Disconnect the power supply from the HMIGTO.

2 Touch the housing or ground connection (not the power supply) to discharge any electrostatic charge 
from your body.

3 Open the SD Card Interface Cover by pressing its tab. Next, open the Replacement Battery Insertion 
Cover by pressing its tab.

1 SD Card Interface Cover / Tab
2 Replacement Battery Insertion Cover / Tab
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4 Remove the primary battery and connector.

1 Connector
2 Primary battery

5 Attach the new primary battery and connector.

6 First close the replacement battery cover, then close the SD Card Interface Cover.

NOTE: Make sure the cables are inserted completely inside the enclosure. Otherwise, you can damage 
the cables when you close the cover.

7 Reconnect the power supply to the HMIGTO.

Step Action
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Index

A
Accessories, 21

B
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C
caution

 loss of data, 132
equipment damage, 144
injury, 123, 123
loss of communication, 44, 44, 45, 59, 60, 76, 77, 
93, 94, 110, 111
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Certifications and Standards, 11
cleaning, 142
clock, 41, 56, 73, 90, 107
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connecting the power cord, 126
connecting the power supply, 128

D
danger

arc flash, 146
chemical hazard, 146
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explosion, 137, 139, 146, 146
fire, 146

dimensions, 46, 61, 78, 95, 112

E
Ethernet, 19

F
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G
gasket, 144
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I
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procedures, 120
installation gasket, 143
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Maintenance

Cleaning, 142
maintenance accessories, 23
memory, 41, 56, 73, 90, 107

N
notice

 loss of data, 132
 panel unsteady when unsecured, 121
loss of data, 146
overtorque, 122, 124
panel unsteady when unsecured, 123

O
optional accessories, 22

P
parts identification and functions, 25
power plug, 126

R
replacing the battery, 146
RS-232C, 16, 18
RS-422/RS-485, 18
RS-485, 19

S
SD Card, 131

backup, 135
insertion, 133

SD Card accessories, 22
serial interface accessories, 21
specifications

COM, 43, 58, 60, 77, 92, 94, 109, 111
COM1, 42, 57, 58, 74, 75, 91, 92, 108, 109
COM2, 42, 45, 57, 60, 74, 77, 91, 94, 108, 111
display, 40, 55, 72, 89, 106
electrical, 37, 51, 69, 85, 102
environmental, 38, 52, 70, 86, 103
Ethernet, 108
interfaces, 42, 57, 74, 91, 108
SD Card, 57, 74, 108
structural, 39, 53, 71, 87, 104
USB, 42, 42, 57, 57, 74, 74, 91, 91, 91, 108

T
touch panel, 41, 56, 73, 90, 107
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U
USB

cable clamp for USB Type A, 137
holder mini-B, 139

USB interface accessories, 22
USB mini-B, 20
USB Type A, 20

W
warning

electromagnetic interference, 126
fire, 128
short circuit, 128
unintended equipment operation, 7, 128

�(����������



�(����������



�1�R�W�H�V��
� � � � � � � � �7�R� � �3�U�H�Y�H�Q�W�� �0�R�W�R�U�� �%�X�U�Q�R�X�W�� � � � � � , �Q� � �D
�S�X�P�S�G�R�Z�Q���D�S�S�O�L�F�D�W�L�R�Q���P�D�N�H���V�X�U�H���W�K�H���W�X�U�Q��
�R�I�I�� �O�H�Y�H�O�� �L�V�� �D�W�� �O�H�D�V�W�� ���� �L�Q�F�K�H�V�� �� �D�E�R�Y�H�� �W�K�H�� �L�Q��
�W�D�N�H���R�I���W�K�H���V�X�E�P�H�U�V�L�E�O�H���S�X�P�S��

���������6�H�F�X�U�L�Q�J���7�H�W�K�H�U���3�R�L�Q�W�V�������0�D�N�H���V�X�U�H���O�H�Y��
�H�O�V���D�U�H���F�R�U�U�H�F�W���D�Q�G���W�K�D�W���I�O�R�D�W�V���D�U�H���I�U�H�H���I�U�R�P
�D�Q�\�� �R�E�V�W�U�X�F�W�L�R�Q�V�� �� �E�H�I�R�U�H�� �V�H�F�X�U�L�Q�J�� �W�H�W�K�H�U
�S�R�L�Q�W�V��

�7�H�W�K�H�U���7�L�H���:�U�D�S�����)�L�J������
�$�W�W�D�F�K���F�R�U�G�����X�V�L�Q�J���D���W�L�H���Z�U�D�S�����W�R���D���V�W�D�W�L�R�Q�D�U�\���V�W�U�X�F�W�X�U�H�����7�K�L�V���L�V���N�Q�R�Z�Q���D�V���W�K�H���W�H�W�K�H�U���S�R�L�Q�W�����L�W���Z�L�O�O���G�H�W�H�U�P�L�Q�H���W�K�H���S�X�P�S�L�Q�J���U�D�Q�J�H��
�7�K�H���I�D�U�W�K�H�U���W�K�H���I�O�R�D�W���L�V���S�O�D�F�H�G���I�U�R�P���W�K�H���W�H�W�K�H�U���S�R�L�Q�W�����W�K�H���J�U�H�D�W�H�U���W�K�H���S�X�P�S�L�Q�J���U�D�Q�J�H�������7�K�H���P�L�Q�L�P�X�P���G�L�V�W�D�Q�F�H���W�K�D�W���W�K�H���I�O�R�D�W���V�K�R�X�O�G
�E�H���S�O�D�F�H�G���I�U�R�P���W�K�H���W�H�W�K�H�U���S�R�L�Q�W���L�V�������L�Q�F�K�H�V��

�7�H�W�K�H�U���:�H�L�J�K�W�����)�L�J������
�3�O�D�F�H���W�H�Q�V�L�R�Q���E�U�D�Q�G���R�Y�H�U���W�K�H���F�R�U�G���E�H�I�R�U�H���L�Q�V�W�D�O�O�D�W�L�R�Q�������3�O�D�F�H���W�K�H���Z�H�L�J�K�W���D�W���W�K�H���G�H�V�L�U�H�G���S�R�V�L�W�L�R�Q���D�Q�G���V�H�F�X�U�H���Z�L�W�K���W�K�H���W�H�Q�V�L�R�Q���E�D�Q�G��
�7�K�L�V���S�R�V�L�W�L�R�Q���Z�L�O�O���G�H�W�H�U�P�L�Q�H���W�K�H���S�X�P�S�L�Q�J���U�D�Q�J�H�������7�K�H���I�D�U�W�K�H�U���W�K�H���I�O�R�D�W���L�V���S�O�D�F�H�G���I�U�R�P���W�K�H���W�H�W�K�H�U���S�R�L�Q�W�����W�K�H���J�U�H�D�W�H�U���W�K�H���S�X�P�S�L�Q�J
�U�D�Q�J�H�������7�K�H���P�L�Q�L�P�X�P���G�L�V�W�D�Q�F�H���W�K�D�W���W�K�H���I�O�R�D�W���V�K�R�X�O�G���E�H���S�O�D�F�H�G���I�U�R�P���W�K�H���W�H�W�K�H�U���S�R�L�Q�W���L�V�������L�Q�F�K�H�V��

�:�D�U�U�L�F�N�Š

�6�H�U�L�H�V���0���0�H�F�K�D�Q�L�F�D�O���7�L�O�W���)�O�R�D�W���6�Z�L�W�F�K
�,�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���2�S�H�U�D�W�L�R�Q���%�X�O�O�H�W�L�Q

Form 237
Sheet P/N 7801165

Rev. D

Specifications

�&�R�U�G

�&�R�Q�W�D�F�W���5�D�W�L�Q�J

�&�R�Q�W�D�F�W���'�H�V�L�J�Q

�7�H�P�S�H�U�D�W�X�U�H���5�D�W�L�Q�J

�2�Y�H�U�D�O�O���:�H�L�J�K�W

�7�H�W�K�H�U���0�H�W�K�R�G

�$�S�S�U�R�Y�D�O�V

�������J�D�X�J�H���������R�U�������F�R�Q�G�X�F�W�R�U���6�-�2�:�����2�L�O���5�H�V�L�V�W�D�Q�W���&�3�(

�������D�P�S���#�������������������9�$�&�����������K�S

�6�3�6�7�����1�R�U�P�D�O�O�\���2�S�H�Q���R�U���1�R�U�P�D�O�O�\���&�O�R�V�H�G�����&�R�P�P�R�Q���Z�L�W�K���1���2�����	���1���&�������)�R�U�P���&��

�����ƒ�)���������ƒ�&�����W�R���������ƒ�)���������ƒ�&�����'�U�\���D�Q�G���������ƒ�)���������ƒ�&�����:�D�W�H�U���5�H�V�L�V�W�D�Q�W

���������O�E�V�������Q�R�W���L�Q�F�O�X�G�L�Q�J���Z�H�L�J�K�W��

�7�L�H���Z�U�D�S���Q�\�O�R�Q�����Z�H�L�J�K�W���������������O�E�V��

�8���/�����5�H�F�R�J�Q�L�]�H�G�����&�6�$���&�H�U�W�L�I�L�H�G

Installation

�'�H�W�H�U�P�L�Q�H���W�H�W�K�H�U���S�R�L�Q�W���X�V�L�Q�J���F�K�D�U�W�V���E�H�O�R�Z���D�V���D���U�H�I�H�U�H�Q�F�H

�7�H�W�K�H�U
�3�R�L�Q�W

�7�L�H���:�U�D�S

�7�L�H���:�U�D�S
�3�X�P�S�L�Q�J

�5�D�Q�J�H

�3�X�P�S�L�Q�J
�5�D�Q�J�H

�7�H�W�K�H�U
�3�R�L�Q�W

�:�H�L�J�K�W

Figure 1 Figure 2

Tether Data For Wide Angle Float
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Tether Data For Narrow Angle Float
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Contact Configurations
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Important Points:
• �*�H�P�V���S�U�R�G�X�F�W�V���P�X�V�W���E�H���P�D�L�Q�W�D�L�Q�H�G���D�Q�G���L�Q�V�W�D�O�O�H�G���L�Q���V�W�U�L�F�W���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���W�K�H���D�S�S�O�L�F�D�E�O�H
�����*�H�P�V���3�U�R�G�X�F�W���,�Q�V�W�U�X�F�W�L�R�Q���%�X�O�O�H�W�L�Q���W�K�D�W���F�R�Y�H�U�V���L�Q�V�W�D�O�O�D�W�L�R�Q�����R�S�H�U�D�W�L�R�Q���D�Q�G���S�U�R�S�H�U���P�D�L�Q�W�H�Q�D�Q�F�H�����)�D�L�O�X�U�H���W�R���R�E�V�H�U�Y�H���W�K�L�V
�������L�Q�I�R�U�P�D�W�L�R�Q���P�D�\���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V���L�Q�M�X�U�\���R�U���G�D�P�D�J�H�V��
• ���)�R�U���K�D�]�D�U�G�R�X�V���D�U�H�D���D�S�S�O�L�F�D�W�L�R�Q�V���L�Q�Y�R�O�Y�L�Q�J���V�X�F�K���W�K�L�Q�J�V���D�V�����E�X�W���Q�R�W���O�L�P�L�W�H�G���W�R�������L�J�Q�L�W�D�E�O�H���P�L�[�W�X�U�H�V�����F�R�P�E�X�V�W�L�E�O�H���G�X�V�W���D�Q�G
�������I�O�D�P�P�D�E�O�H���P�D�W�H�U�L�D�O�V�����X�V�H���D�Q���D�S�S�U�R�S�U�L�D�W�H���H�[�S�O�R�V�L�R�Q�S�U�R�R�I���H�Q�F�O�R�V�X�U�H���R�U���L�Q�W�U�L�Q�V�L�F�D�O�O�\���V�D�I�H���L�Q�W�H�U�I�D�F�H���G�H�Y�L�F�H��
• ���3�O�H�D�V�H���D�G�K�H�U�H���W�R���W�K�H���S�U�H�V�V�X�U�H���D�Q�G���W�H�P�S�H�U�D�W�X�U�H���O�L�P�L�W�D�W�L�R�Q�V���V�K�R�Z�Q���W�K�U�R�X�J�K�R�X�W���W�K�L�V���F�D�W�D�O�R�J���I�R�U���R�X�U���O�H�Y�H�O���D�Q�G���I�O�R�Z���V�H�Q�V�R�U�V��
�����7�K�H�V�H���O�L�P�L�W�D�W�L�R�Q�V���P�X�V�W���Q�R�W���E�H���H�[�F�H�H�G�H�G�������7�K�H�V�H���S�U�H�V�V�X�U�H�V���D�Q�G���W�H�P�S�H�U�D�W�X�U�H�V���W�D�N�H���L�Q�W�R���F�R�Q�V�L�G�H�U�D�W�L�R�Q���S�R�V�V�L�E�O�H���V�\�V�W�H�P���V�X�U�J�H
�������S�U�H�V�V�X�U�H�V���W�H�P�S�H�U�D�W�X�U�H�V���D�Q�G���W�K�H�L�U���I�U�H�T�X�H�Q�F�L�H�V��
• ���6�H�O�H�F�W�L�R�Q���R�I���P�D�W�H�U�L�D�O�V���I�R�U���F�R�P�S�D�W�L�E�L�O�L�W�\���Z�L�W�K���W�K�H���P�H�G�L�D���L�V���F�U�L�W�L�F�D�O���W�R���W�K�H���O�L�I�H���D�Q�G���R�S�H�U�D�W�L�R�Q���R�I���*�H�P�V���S�U�R�G�X�F�W�V�����7�D�N�H���F�D�U�H���L�Q���W�K�H
�������S�U�R�S�H�U���V�H�O�H�F�W�L�R�Q���R�I���P�D�W�H�U�L�D�O�V���R�I���F�R�Q�V�W�U�X�F�W�L�R�Q�����W�H�V�W�L�Q�J���L�V���U�H�T�X�L�U�H�G��
• ���1�6�)���D�S�S�U�R�Y�H�G���V�H�Q�V�R�U�V���D�U�H���P�D�G�H���R�I���P�D�W�H�U�L�D�O�V���D�S�S�U�R�Y�H�G���I�R�U���S�R�W�D�E�O�H���Z�D�W�H�U���D�S�S�O�L�F�D���W�L�R�Q�V���D�F�F�R�U�G�L�Q�J���W�R���6�W�D�Q�G�D�U�G��������
• ���6�W�D�L�Q�O�H�V�V���V�W�H�H�O���L�V���J�H�Q�H�U�D�O�O�\���U�H�J�D�U�G�H�G���D�V���V�D�I�H���E�\���1�6�)���D�Q�G���)�'�$��
• ���/�L�I�H���H�[�S�H�F�W�D�Q�F�\���R�I���V�Z�L�W�F�K���F�R�Q�W�D�F�W�V���Y�D�U�L�H�V���Z�L�W�K���D�S�S�O�L�F�D�W�L�R�Q�����&�R�Q�W�D�F�W���*�H�P�V���L�I���O�L�I�H���F�\�F�O�H���W�H�V�W�L�Q�J���L�V���U�H�T�X�L�U�H�G��
• ���$�P�E�L�H�Q�W���W�H�P�S�H�U�D�W�X�U�H���F�K�D�Q�J�H�V���G�R���D�I�I�H�F�W���V�Z�L�W�F�K���V�H�W���S�R�L�Q�W�V�����V�L�Q�F�H���W�K�H���J�U�D�Y�L�W�\���R�I���D���O�L�T�X�L�G���F�D�Q���Y�D�U�\���Z�L�W�K���W�H�P�S�H�U�D�W�X�U�H��
• ���2�X�U���V�H�Q�V�R�U�V���K�D�Y�H���E�H�H�Q���G�H�V�L�J�Q�H�G���W�R���U�H�V�L�V�W���V�K�R�F�N���D�Q�G���Y�L�E�U�D�W�L�R�Q�����+�R�Z�H�Y�H�U�����V�K�R�F�N���D�Q�G���Y�L�E�U�D�W�L�R�Q���V�K�R�X�O�G���E�H���P�L�Q�L�P�L�]�H�G��
• ���)�L�O�W�H�U���O�L�T�X�L�G���P�H�G�L�D���F�R�Q�W�D�L�Q�L�Q�J���S�D�U�W�L�F�X�O�D�W�H���D�Q�G���R�U���G�H�E�U�L�V���W�R���H�Q�V�X�U�H���W�K�H���S�U�R�S�H�U���R�S�H�U�D�W�L�R�Q���R�I���R�X�U���S�U�R�G�X�F�W�V��
• ���(�O�H�F�W�U�L�F�D�O���H�Q�W�U�L�H�V���D�Q�G���P�R�X�Q�W�L�Q�J���S�R�L�Q�W�V���L�Q���D�Q���H�Q�F�O�R�V�H�G���W�D�Q�N���P�D�\���U�H�T�X�L�U�H���O�L�T�X�L�G���Y�D�S�R�U���V�H�D�O�L�Q�J��
• ���2�X�U���V�H�Q�V�R�U�V���P�X�V�W���Q�R�W���E�H���I�L�H�O�G���U�H�S�D�L�U�H�G��
• ���3�K�\�V�L�F�D�O���G�D�P�D�J�H���V�X�V�W�D�L�Q�H�G���E�\���S�U�R�G�X�F�W���P�D�\���U�H�Q�G�H�U���L�W���X�Q�V�H�U�Y�L�F�H�D�E�O�H��

Return Policy
�5�H�W�X�U�Q�V���D�U�H���D�F�F�H�S�W�H�G���R�Q���V�W�R�F�N���L�W�H�P�V���X�S���W�R���������G�D�\�V���I�U�R�P���G�D�W�H���R�I���R�U�G�H�U�������<�R�X���P�X�V�W
�F�R�Q�W�D�F�W���R�X�U���5�H�W�X�U�Q�V���'�H�S�D�U�W�P�H�Q�W���I�R�U���D���5�H�W�X�U�Q���$�X�W�K�R�U�L�]�D�W�L�R�Q�����5�$�����Q�X�P�E�H�U�������5�H�W�X�U�Q
�W�K�H���J�R�R�G�V�������I�U�H�L�J�K�W���S�U�H�S�D�L�G�������L�Q���W�K�H���R�U�L�J�L�Q�D�O���F�R�Q�W�D�L�Q�H�U���D�Q�G���L�Q�F�O�X�G�H���R�U�L�J�L�Q�D�O���S�D�F�N�L�Q�J
�V�O�L�S�������&�����2�����'�����U�H�W�X�U�Q�V���D�U�H���Q�R�W���D�F�F�H�S�W�H�G�������*�H�P�V���U�H�V�H�U�Y�H�V���W�K�H���U�L�J�K�W���W�R���D�S�S�O�\
�U�H�V�W�R�F�N�L�Q�J�� �F�K�D�U�J�H�V��
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ATB 3 and ATS3 Series Spec Sheet 
Level Switch - Small Size - Heavy Duty  
  
  

    
   
 
 
 
 

The ATB3 is designed for high or low level alarm or switch point applications in rugged  
situations similar to oil tank reservoirs or industry vessels  that require a more robust  
level switch.    Notice the larger brass one piece machined hex to get a wrench on  
- this model also has an optional brass set screw locking collar in place of the clip. 
  
Internal reed switch selection is the same Almeg quality standard but we've beefed 
up the external part as well as fully encapsulated the reed switch to maintain a complete  
moisture free environment.    The leads are wire wrapped (not clipped) soldered and  
heat shrink sealed  to the reed switch before encapsulating. 
  
The TRUE closed cell Buna float will not swell or take on moisture - even if cut or drilled.   
It is designed like a tight bee hive or honey comb construction. 
  
100% of our controls are tested before shipping. 
  
The ATB3 is available in a single order or OEM applications.  
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�3�H�U�P�L�V�V�L�R�Q�� �L�V�� �K�H�U�H�E�\�� �J�U�D�Q�W�H�G�� �W�R�� �P�D�N�H�� �F�R�S�L�H�V�� �D�Q�G�� �G�L�V�W�U�L�E�X�W�H�� �Y�H�U�E�D�W�L�P�� �F�R�S�L�H�V�� �R�I�� �W�K�L�V��
�P�D�Q�X�D�O���� �S�U�R�Y�L�G�H�G�� �W�K�H�� �F�R�S�\�U�L�J�K�W�� �Q�R�W�L�F�H�� �D�Q�G�� �W�K�L�V�� �S�H�U�P�L�V�V�L�R�Q�� �Q�R�W�L�F�H�� �D�U�H�� �S�U�H�V�H�U�Y�H�G�� �R�Q�� �D�O�O��
�F�R�S�L�H�V����

�(����������
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�2�X�U���&�R�P�S�D�Q�\��
��
�3�U�H�V�V�X�U�H���6�\�V�W�H�P�V���L�V���D�Q���,�6�2���������������������F�H�U�W�L�I�L�H�G���8���6�����P�D�Q�X�I�D�F�W�X�U�H�U���R�I���V�X�E�P�H�U�V�L�E�O�H���D�Q�G���Q�R�Q��
�V�X�E�P�H�U�V�L�E�O�H�����D�E�R�Y�H���J�U�R�X�Q�G�����S�U�H�V�V�X�U�H���W�U�D�Q�V�G�X�F�H�U�V���I�R�U���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�����L�Q�G�X�V�W�U�L�D�O���D�Q�G���P�X�Q�L�F�L�S�D�O��
�D�S�S�O�L�F�D�W�L�R�Q�V�������2�X�U���.�3�6�,�Œ���/�H�Y�H�O���D�Q�G���3�U�H�V�V�X�U�H���7�U�D�Q�V�G�X�F�H�U�V���K�D�Y�H���E�H�H�Q���V�S�H�F�L�I�L�H�G���L�Q���W�K�R�X�V�D�Q�G�V���R�I��
�S�U�R�M�H�F�W�V���W�K�U�R�X�J�K�R�X�W���W�K�H���8�Q�L�W�H�G���6�W�D�W�H�V�����&�D�Q�D�G�D���D�Q�G���(�X�U�R�S�H���E�\���J�H�R�O�R�J�L�V�W�V�����V�\�V�W�H�P���L�Q�W�H�J�U�D�W�R�U�V����
�Q�D�W�L�R�Q�D�O���H�Q�J�L�Q�H�H�U�L�Q�J���I�L�U�P�V���D�Q�G���D���Y�D�U�L�H�W�\���R�I���J�R�Y�H�U�Q�P�H�Q�W���D�J�H�Q�F�L�H�V�������7�\�S�L�F�D�O���D�S�S�O�L�F�D�W�L�R�Q�V���L�Q�F�O�X�G�H����
�E�X�W���D�U�H���Q�R�W���O�L�P�L�W�H�G���W�R�����S�X�P�S���F�R�Q�W�U�R�O�����W�D�Q�N���O�H�Y�H�O���P�R�Q�L�W�R�U�L�Q�J�����V�H�Z�D�J�H���O�L�I�W���V�W�D�W�L�R�Q���R�S�H�U�D�W�L�R�Q����
�U�H�V�H�U�Y�R�L�U�V�����Z�H�L�U�V�����I�O�X�P�H�V�����V�L�W�H���U�H�P�H�G�L�D�W�L�R�Q�����Z�D�W�H�U�V�K�H�G���P�D�Q�D�J�H�P�H�Q�W�����V�W�R�U�P���Z�D�W�H�U���Z�H�O�O��
�P�R�Q�L�W�R�U�L�Q�J�����S�X�P�S���S�L�S�H�O�L�Q�H���S�U�H�V�V�X�U�H�V���D�Q�G���F�R�P�S�U�H�V�V�R�U���S�U�H�V�V�X�U�H�V����
��

�:�H�E�V�L�W�H���D�Q�G���(���0�D�L�O��
��
�<�R�X���P�D�\���Y�L�V�L�W���R�X�U���Z�H�E�V�L�W�H���D�W���Z�Z�Z���3�U�H�V�V�X�U�H�6�\�V�W�H�P�V���F�R�P���W�R���O�R�R�N���D�W���R�X�U���O�D�W�H�V�W���Q�H�Z���S�U�R�G�X�F�W��
�U�H�O�H�D�V�H�V�����D�S�S�O�L�F�D�W�L�R�Q���Q�R�W�H�V�������S�U�R�G�X�F�W���F�H�U�W�L�I�L�F�D�W�L�R�Q�V���D�Q�G���V�S�H�F�L�I�L�F�D�W�L�R�Q�V�����D�V���Z�H�O�O���D�V���,�Q�W�U�L�Q�V�L�F���6�D�I�H�W�\��
�F�R�Q�W�U�R�O���L�Q�V�W�D�O�O�D�W�L�R�Q���G�U�D�Z�L�Q�J�V�������(���P�D�L�O���\�R�X�U���T�X�H�V�W�L�R�Q�V���D�Q�G���F�R�P�P�H�Q�W�V���W�R���X�V����
�V�D�O�H�V�#�3�U�H�V�V�X�U�H�6�\�V�W�H�P�V���F�R�P����
��

�(���F�R�P�P�H�U�F�H��
��
�2�U�G�H�U�V���P�D�\���E�H���S�O�D�F�H�G���R�Q���O�L�Q�H���E�\���Y�L�V�L�W�L�Q�J���R�X�U���H���F�R�P�P�H�U�F�H���V�L�W�H��
(www.LEVELandPRESSURE.com)���R�U���E�\���F�R�Q�W�D�F�W�L�Q�J���W�K�H���I�D�F�W�R�U�\���R�U���O�R�F�D�O���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H����
��

�$�S�S�O�L�F�D�E�O�H���3�U�R�G�X�F�W�V��
��
�7�K�L�V���P�D�Q�X�D�O���S�U�R�Y�L�G�H�V���L�Q�I�R�U�P�D�W�L�R�Q���D�S�S�O�L�F�D�E�O�H���W�R���W�K�H���X�V�H���R�I���W�K�H���I�R�O�O�R�Z�L�Q�J���.�3�6�,���/�H�Y�H�O���D�Q�G��
�3�U�H�V�V�X�U�H���7�U�D�Q�V�G�X�F�H�U�V����
��
�/�H�Y�H�O���7�U�D�Q�V�G�X�F�H�U�V�����6�X�E�P�H�U�V�L�E�O�H����
�6�H�U�L�H�V������������������������������������������ ��
�6�H�U�L�H�V����������������������������������
�6�H�U�L�H�V���������'�6��
�6�H�U�L�H�V����������
�6�H�U�L�H�V����������
��
�3�U�H�V�V�X�U�H���7�U�D�Q�V�G�X�F�H�U�V�����1�R�Q���V�X�E�P�H�U�V�L�E�O�H����
�6�H�U�L�H�V��������������������

�3�O�H�D�V�H���Q�R�W�H�����6�H�U�L�H�V�����������D�Q�G���6�H�U�L�H�V����������
���Z�D�W�H�U�0�2�1�,�7�2�5�����K�D�Y�H���V�H�S�D�U�D�W�H���P�D�Q�X�D�O�V����

�(����������



�3�U�H�V�V�X�U�H���6�\�V�W�H�P�V�����,�Q�F�����������������������������������������������������������������������������������.�3�6�,�Œ���/�H�Y�H�O���D�Q�G���3�U�H�V�V�X�U�H���7�U�D�Q�V�G�X�F�H�U�V�����8�V�H�U�¶�V���0�D�Q�X�D�O��
��
��

��
�L�L�� �� �Z�Z�Z���3�U�H�V�V�X�U�H�6�\�V�W�H�P�V���F�R�P��

�7�D�E�O�H���R�I���&�R�Q�W�H�Q�W�V��
��
�������� �3�U�R�G�X�F�W���'�H�V�F�U�L�S�W�L�R�Q��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� � � ���
�� �*�H�Q�H�U�D�O���&�K�D�U�D�F�W�H�U�L�V�W�L�F�V���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �&�D�U�H���D�Q�G���+�D�Q�G�O�L�Q�J ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �&�D�O�L�E�U�D�W�L�R�Q �������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �$�S�S�U�R�Y�D�O�V ���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
��

�������� �3�U�R�G�X�F�W���$�F�F�H�V�V�R�U�L�H�V���D�Q�G���2�S�W�L�R�Q�V ���������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �1�R�V�H���&�D�S�V ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� ���������6�X�S�H�U�'�U�\�Œ���9�H�Q�W���)�L�O�W�H�U���R�U�����������$�Q�H�U�R�L�G���%�H�O�O�R�Z�V������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �6�D�F�U�L�I�L�F�L�D�O���$�Q�R�G�H ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �$�E�V�R�O�X�W�H���6�H�D�O�H�G���*�D�J�H���7�U�D�Q�V�G�X�F�H�U���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �3�R�O�\�X�U�H�W�K�D�Q�H���	���(�7�)�(���-�D�F�N�H�W�H�G���&�D�E�O�H ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� � � �� �
�� �/�L�J�K�W�Q�L�Q�J���3�U�R�W�H�F�W�L�R�Q �������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �ò�����0�D�O�H���1�3�7���&�R�Q�G�X�L�W���)�L�W�W�L�Q�J������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �(�O�H�F�W�U�L�F�D�O���2�X�W�S�X�W�V ���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �5�H�Y�H�U�V�H���6�L�J�Q�D�O���2�X�W�S�X�W������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �7�H�P�S�H�U�D�W�X�U�H���2�X�W�S�X�W�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �&�D�E�O�H���+�D�Q�J�H�U ���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �6�X�E�P�H�U�V�L�E�O�H���&�D�E�O�H���6�S�O�L�F�L�Q�J���.�L�W���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
��

�������� �,�Q�V�W�D�O�O�D�W�L�R�Q���	���0�D�L�Q�W�H�Q�D�Q�F�H���7�L�S�V ������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �*�H�Q�H�U�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q���3�U�R�F�H�G�X�U�H�V�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �7�U�D�Q�V�G�X�F�H�U���$�Q�F�K�R�U�V�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �7�U�D�Q�V�G�X�F�H�U���6�X�E�P�H�U�V�L�R�Q�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �6�X�S�H�U�'�U�\�Œ���9�H�Q�W���)�L�O�W�H�U�����'�H�V�L�F�F�D�Q�W�����R�U�����������$�Q�H�U�R�L�G���%�H�O�O�R�Z�V���,�Q�V�W�D�O�O�D�W�L�R�Q ���������������������������������������������������������������������������������� ����
�� �&�D�E�O�H���3�U�R�W�H�F�W�L�R�Q�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �%�H�Q�G�L�Q�J���R�I���&�D�E�O�H������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �&�D�E�O�H���&�R�P�S�U�H�V�V�L�R�Q���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �����������P�$���2�X�W�S�X�W���:�L�U�L�Q�J������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �9�'�&���2�X�W�S�X�W���:�L�U�L�Q�J������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �0�R�G�H�O�������� �������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �6�H�D�O�H�G���*�D�J�H���7�U�D�Q�V�G�X�F�H�U���&�R�Q�I�L�J�X�U�H�G���I�R�U���$�O�W�L�W�X�G�H���$�E�R�Y�H���6�H�D���/�H�Y�H�O���������������������������������������������������������������������������������������������� ����
�� �7�U�D�Q�V�G�X�F�H�U���3�R�V�L�W�L�R�Q���6�H�Q�V�L�W�L�Y�L�W�\ ���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �*�H�Q�H�U�D�O���0�D�L�Q�W�H�Q�D�Q�F�H���7�L�S�V������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �'�H�V�L�F�F�D�Q�W���0�D�L�Q�W�H�Q�D�Q�F�H���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�� �&�O�R�J�J�H�G���1�R�V�H���3�L�H�F�H���R�U���'�L�U�W�\���'�L�D�S�K�U�D�J�P��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� � � �� �
�� �&�O�H�D�Q�L�Q�J���<�R�X�U���7�U�D�Q�V�G�X�F�H�U ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�� �&�O�H�D�Q�L�Q�J���W�K�H���/�L�J�K�W�Q�L�Q�J���3�U�R�W�H�F�W�L�R�Q���'�D�W�D���/�L�Q�H���3�U�R�W�H�F�W�R�U���������������������������������������������������������������������������������������������������������������������������������������� ����
��

�������� �:�D�U�U�D�Q�W�\���D�Q�G���3�U�R�G�X�F�W���5�H�W�X�U�Q���3�U�R�F�H�G�X�U�H�V ���������������������������������������������������������������������������������������������������������������������������������� ������
�� �5�H�V�W�R�F�N�L�Q�J���3�R�O�L�F�\������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ������
��
�$�S�S�H�Q�G�L�[���$�������'�U�D�Z�L�Q�J�V���D�Q�G���'�L�D�J�U�D�P�V������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ������
�$�S�S�H�Q�G�L�[���%�������)�U�H�T�X�H�Q�W�O�\���$�V�N�H�G���4�X�H�V�W�L�R�Q�V �������������������������������������������������������������������������������������������������������������������������������������������������������� ������
�$�S�S�H�Q�G�L�[���&�������)�L�H�O�G���&�K�H�F�N�R�X�W���D�Q�G���7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J���7�H�F�K�Q�L�T�X�H�V ���������������������������������������������������������������������������������� ������
�$�S�S�H�Q�G�L�[���'�������&�D�O�L�E�U�D�W�L�R�Q���&�D�O�F�X�O�D�W�L�R�Q�V������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ������

�(����������



Pressure Systems, Inc.                                        KPSI™ Level and Pressure Transducers  User’s Manual 
 
 

��
Page 1  www.PressureSystems.com 

 
1.0 Product Description  

 
General Characteristics  
 
KPSI™ Level and Pressure Transducers use isolated-diaphragm sensors that are specifically 
designed for use with hostile fluids and gases.  These sensors utilize a silicon pressure cell that 
has been fitted into a stainless steel or titanium package with an integral, compliant stainless 
steel or titanium barrier diaphragm.  This sensor assembly is housed in a rugged 316 stainless 
steel or titanium case which provides for a variety of level ranges from 2.3 ft (0.75 m) H2O 
through 4614 ft (1408 m) H2O and pressure inputs from 0-1 (7 kPa) through 0-15000 psi (103 
mPa).  Our devices feature internal signal conditioning.  Standard outputs are 4-20 mA and 
VDC.   
 
All units containing active electronic components have surge and reverse polarity protection.  
For ease of use in the field, our transducers are permanently laser engraved with our logo and 
name, wiring information, part number (P/N), serial number (S/N), date of manufacture (DOM), 
range, excitation and output.  Transducers are offered in diameters of 1.0 (25 mm) and 0.75 
inches (19 mm). 
 
Care and Handling  
 
Our transducers are designed for rugged use.  However, they need protection from over 
pressure and sharp impact.  When lowering them into a liquid, penetrate the surface slowly and 
only to the depth necessary. Avoid dropping the unit from above the surface.  Clean all 
transducers by rinsing them in a mild detergent.  Direct probing of the diaphragm or attempts to 
remove protective screens will damage the sensor, voiding the warranty. 
 
Calibration  
 
All transducers are shipped with calibration information unique to each transducer.  Make sure 
you keep each calibration report.  However, should you misplace your calibration sheet, you can 
contact the factory and request a duplicate.  All KPSI™ Transducer calibrations are traceable to 
the National Institute of Standards and Technology (NIST).��
 
 
Approvals  
 
Most of our products have UL and FM certification for intrinsic safety. Their  
respective installation control drawings can be downloaded from our website. Several of our  
product lines also carry ABS approval. Most products are CE compliant to EN 61326-1:2006 
and EN 61326-2-3:2006.  CE compliant units are labeled accordingly.  ��
 
��
��
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2.0  Product Accessories and Options  
��
��
��
��
��
��
 
 
Nose Caps  
          
There are several different user-installable nose caps for the 700, 710, 720, 730, 735 
submersible level transducers.  The ported nose cap (Delrin) with #8-32UNC-2B threaded hole 
is best used where weights are required and for those installations where users may encounter 
sharp, protruding objects.  The open-face nose cap which allows maximum contact with the 
liquid media is ideal for wastewater and "greasy" applications where  clogging of the sensor is a 
concern.  The piezometer nose cap allows the unit to be buried in saturated soil without  
damage  to  the  sensor  diaphragm. The 1/4" male NPT pressure nose cap is not only useful for 
calibration purposes but also allows the device to be used as a submersible or above ground 
pressure transducer.     
 
 
 
 
 
810 SuperDry™ Vent Filter or 815 Aneroid Bellows  
  
All submersible transducers with vented gauge format are supplied with a protective barrier that 
guards against moisture buildup in the cable vent tube. The 810 SuperDry™ vent filter is 
installed free of charge and is guaranteed to operate maintenance free for one year. We also 
offer the 815 Aneroid Bellows as a maintenance free option that can be used on submersibles 
with accuracies of: ±1%, ±0.5%, or ±0.25% FSO.  These barriers ensure reliable operation and 
long life as they protect sensitive electronic components from mildew and prevent the formation 
of a liquid column in the vent tube.  Any such liquid column directly affects calibration of the 
transducer. 
 
Sacrificial Anodes  
 
Our sacrificial anodes are made from a special zinc alloy formulated to guarantee continued 
effectiveness over long periods.  Because the anodes are 95% galvanic, they will not corrode 
unless there is an electrolytic demand.  The anode maintains a high driving potential throughout 
its 12 month life, is self-sluffing and always exposes new zinc for the best possible protection.  
For those applications where cable buoyancy is a problem, the sacrificial anode can be 
substituted for hanging weights. 

WARNING:  Caution must be exercised when inserting a screw into the nose cap 
as the maximum insertion length should not exceed 0.175”.  

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD  
 

  In hazardous locations: 
 
  �”  Avoid building up static charge on case of data protector and plastic accessories. 
  �”  Use damp rag to wipe data protector and plastic accessories to avoid static build up.  
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Sacrificial Anodes provide cathodic protection against galvanic corrosion for our submersible 
pressure transducers.  Galvanic corrosion occurs when dissimilar metals are placed in contact 
with an electrolyte.  This condition causes a potential difference to exist between the two metals, 
causing electron flow between them.  Corrosion of the less corrosion-resistant metal is 
increased and attack of the more resistant metal is decreased.  The 820 Sacrificial Anode is 
clamped to the exterior of a one-inch bore submersible transducer.  We also offer a 1" diameter 
pencil anode, the 825, that attaches to the nose cap of either a 3/4" or 1" bore submersible 
transducer. 
 
Absolute/Sealed Gage Transducer 
 
The sealed gage option for submersible transducers eliminates the need for a vent filter.  The 
standard output of a sealed gauge transducer is 4 mA at 14.70 psia. Before ordering a sealed 
gauge transducer, the customer should determine the altitude (above sea level) of the 
installation and inform PSI’s Customer Service of this value before order entry.  During 
manufacture, the output of the transducer will be adjusted to compensate for the altitude 
difference, if applicable. 
 
Polyurethane & ETFE Jacketed Cable  
 
Most installations of our submersible level transducers connect our polyurethane or ETFE cable 
to a junction box.  From this junction box (P/N 840), users typically run their own cable to the 
required instrumentation.  Polyurethane-jacketed cable  is used for most applications while 
ETFE material is recommended for more aggressive environments. 
 
Specifications for our standard polyurethane and ETFE jacketed cable are as follows: 
 
��

Specifications  
Standard 

Submersible Cable  
Standard 

Non-Submersible Cable 

Weight  0.05 lbs/ft (0.07 kg/m) 0.025 lbs/ft (0.035 kg/m) 

Min. OD 0.28" (7.10 mm) 0.189" (4.8 mm) 

Max OD 0.31" (7.87 mm) 0.19" (4.9 mm) 

Conductors  4 - 22 AWG 22 AWG 

Insulation 
Conductors 
Outer jacket  

PVC 
Polyurethane or ETFE Color coded PVC 

Shield  36 gauge spiral tinned copper wire foil 
shield with drain wire 

Aluminum/polyester foil 
facing outward 

Vent Tube  Polyethylene, .060" ID (1.52 mm) 
Drain wire 

7/32 tinned copper 
��
!  Chemical resistance of polyurethane:   Potable Water, Wastewater, Borax, Butane, 

Animal Fat, Carbonic Acid, Citric Acid, Cod Liver Oil, Corn Oil, Glycerin, Glycol, Mineral 
Oils, Potassium Nitrate, Potassium Sulfate, Silicone Oils, Stoddard Solvent, Tannic Acid 
(10), Tartaric Acid, Turbine Oil. 
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!  Chemical resistance of ETFE:   Acetic Acid (Glacial), Acetic Anhydride, Acetone, 
Aluminum Chloride, Anti-Freeze, Bromine, Calcium Chloride, Calcium Hydroxide, 
Chlorine, Copper Chloride, Ferrous Chloride, Hydrochloric Acid, Ketones, Lacquer 
Thinners, Sulfuric Acid. 

 
The vented cable termination end is specially prepared at the factory to eliminate the potential 
for moisture migration.  Where the lead wires emerge from under the jacket, there’s potting 
material and a shrink tube “boot”, every effort should be made to leave this feature intact.  
Should the cable be longer than needed for the installation, it is recommended that the excess 
length be accommodated in a service loop and that the potted end of the cable NOT be 
shortened. 
 
The cable attached to this instrument is specifically engineered for submersible applications. 
The polyurethane outer jacket provides long term reliability under most conditions.    The cable 
should be handled carefully, however, as the jacket may be subject to cutting should it be 
“raked” over extremely sharp edges.  To guard against water incursion should an inadvertent 
minor cut occur, we have incorporated an exclusive “water block” feature immediately beneath 
the jacket. The cable is fully shielded, with the shield connected to the metal housing at the 
transducer end and terminated in a drain wire at the termination or user end.  The shield should 
always be terminated to a good earth ground, unless the transducer is installed in an area 
where galvanic corrosion is known to be a serious problem. 
 
Lightning Protection  
 
Lightning and surge protection for VDC, SDI-12 and 4-20 mA output are available.  This is 
achieved through the use of 2 protectors, one is integral to the transducer housing and one is 
provided for the outside line located at the surface and grounded to a DIN-Rail. Please 
remember this option must be factory installed at the time of order entry or as a factory upgrade. 
This option cannot be installed in the field.  Lightning protection  is also available for unit 
only.  Contact customer service for details. 
 
Featuring quick response and low clamping voltages, these devices protect against fast rising 
voltage transients as well as severe current surges associated with lightning discharges up to 
20,000 amperes.  Following a surge, the protector automatically restores the line to normal 
operation and awaits the next surge without having to reset a breaker or replace a fuse.  The 
power supply needs to be limited to 150 mA to avoid lock up of the gas tube after a suppression 
event. Transducers installed with this option have a lifetime warranty against damage due 
to voltage surge . 
           
Please note: When using the lightning protection option on 4-20 mA products, users 
should take into account the additional series resistance of this option when selecting 
the loop power supply.  This option will increase total loop resistance by 88 Ohms.  
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½" Male NPT Conduit Fitting  
 
Submersible level transducers can be attached to a rigid conduit and the cable run through the 
conduit.  To achieve this, all of our submersible transducers can be fitted with an optional ½" 
NPT male conduit fitting (specify “Electrical Connection Option 4” when ordering) where the 
cable exits the transducer.  This fitting can be mated to a standard rigid conduit. 
 
Electrical Outputs  
 
We offer the industry standard 0-5 VDC and 4-20 mA outputs.  In addition we also offer a variety 
of voltage output ranges. 
 
Reverse Signal Output  
  
For some applications, it is important to know how far the water is from the top of the tank or the 
surface of the ground.  If specified by the customer, our factory can set the transducer so that 
zero pressure reads full scale electrical output and maximum pressure reads zero electrical 
output. 
 
Temperature Output  
 
A temperature output option is available for most transducers having 4-20 mA pressure output.  
The temperature sensor requires an excitation of 9-28 VDC and is calibrated for a temperature 
range of -20 to 60ºC with an accuracy of ±4ºC. 
 
Output Option 6 (4-20mA output for -20 to 60ºC)      (mA Reading x  5) - 40 = Temperature ºC  
 
Example: Reading is 20mA (20 x 5) - 40 =  60ºC 
                Reading is 12mA (12 x 5) - 40 =  20ºC 
                Reading is 4mA      (4 x 5) - 40 = -20ºC 
 
 
Cable Hanger  
 
We can supply an optional cable hanger (P/N 12-90-0931) to help end users secure the cable.  
The cable hanger can be positioned anywhere on the cable by pushing the ends together.  
Once positioned, the cable hanger expands and provides a snug grip on the cable. 
 
When mounting the transducer in a well casing, the cable hanger can be secured to a hook on 
the well plate or an eye bolt may be attached to the side of the well casing.  The cable hanger 
loop is then secured to the eye bolt by using any number of types of fasteners.  A similar 
technique can be used when working in stilling wells for surface water level measurement.  In 
this case, the loop-end of the cable hanger can be attached directly to a screw or bolt bored into 
the still well shelf. 
 
Submersible Cable Splicing Kit  
 
Our field-installable cable splice kit (P/N 830) allows you to splice polyurethane and ETFE 
submersible cable.  It is most commonly used for well applications where the more expensive 
ETFE cable is required for suspension in corrosive media where the liquid level is fairly shallow, 
but the well is hundreds of feet in depth.  It is also used in emergency situations where cable 
must be spliced together to get an application up and running. 
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3.0  Installation & Maintenance Tips  
 
 
 
 
 
 
 
 
 
General Installation Procedures  
 
The following is important installation and preventive maintenance information.  Our Customer 
Service or Applications Engineering Support staff can provide additional instruction. 
 

1. Transducer Anchors:   Most users either suspend our submersible transducers in 
stilling wells or attach them to rigid conduit.  This is done to prevent damage to the 
transducer from shock caused by water turbulence.  It is not advisable to tie your 
transducer to a pump or to piping, as any problem with the transducer could require that 
the pump be pulled from the installation.  This could prove to be very expensive.  
(Please refer to the Cable Anchoring Schemes drawing in Appendix A .) 

 
Some applications use our optional bracket (P/N 49-06-00PC) to clamp the transducer to  
a fixed object (i.e., wall, ladder, step) or require the unit to be suspended without any  
protective still well or attachment device.  In all installations, care should be taken to  
ensure no damage occurs to the cable. 

 
2. Transducer Submersion:  Damage to submersible cable is one of the most frequent 

causes of transducer failure.  Lower your transducer into the liquid slowly, making sure 
the cable does not drag over sharp edges and only to the depth necessary. Avoid 
dropping the unit from the surface.  This does not apply to Series 27, 28, and 30 
transducers. 

 
3. SuperDry™ Vent Filter (Desiccant) or Aneroid Bellows Installation (For submersible 

transducers vented gage pressure format only)  Always  install a desiccant vent filter or 
aneroid bellows immediately after transducer installation.  Failure to use one or the other 
could result in premature failure of the transducer; which would not be covered by 
warranty. If you use a desiccant filter, you should establish a regular maintenance 
schedule. You should change your vent filter when it is 75% spent (pink color).  
Replacement filters are available at a nominal cost from the factory. Do not remove the 
old vent filter until a new one is available.  The most common failure mode of our 
transducers is moisture and corrosion damage due to lack of use or maintenance of the 
vent filter.  This will allow air into the desiccant filter and allows the transducer to 
properly vent with changes in barometric pressure. 

 
To install/replace either the aneroid bellows or the vent filter, simply unplug the old unit  
from the vent tube and plug the 0.062" x 1" stainless steel connector tube (supplied with  
each  filter or bellows) into the vent tube.  (Installation and mounting instructions are  
supplied with each aneroid bellows and vent filter.) The diagram on  page 16 shows  
typical vent filter and aneroid bellows hookups. 
 

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD  
 

  In hazardous locations: 
 
  �”  Avoid building up static charge on case of data protector and plastic accessories. 
  �”  Use damp rag to wipe data protector and plastic accessories to avoid static build up.  
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4. Cable Protection   An inexpensive way to protect the cable from damage is to order the 
submersible pressure transducer with a ½" conduit attachment.  Connect an inexpensive 
flexible 5/8" garden hose to the ½" conduit fitting with an equally inexpensive female 
PVC ½" NPT x 3/4" NHT swivel fitting, available at your local hardware store 

 
5.  Bending of Cable   Our polyurethane and ETFE jacketed cables are quite flexible.  

Care needs to be taken to ensure that when bending the cable to suit your installation 
you do not crimp the vent tube inside the cable.  Consequently, do not bend the cable 
more than a radius of 1 inch. 

 
6. Cable Compression   Many users require a compression fitting to secure our ETFE and 

polyurethane jacketed cable as it enters a junction box.  Care needs to be taken that you 
do not over-tighten the fitting so as to damage the cable. 

 
7. 4-20 mA Wiring   When connecting a 2-wire 4-20 mA transducer to a typical power 

supply and mA meter, verify that the meter has an input impedance of at least 10 Ohms.  
If you are unsure of the input impedance, then a 10 Ohm resistor may be placed in 
series with the meter and transducer.  Connect the + (red) lead of the transducer to the + 
terminal of the power supply.  If the 10 Ohm resistor is required, connect it to the - 
(black) lead of the transducer.  Use a short length of 22 AWG or heavier wire to connect 
the + terminal of the meter to the resistor (if it is required) or the - (black) wire of the 
transducer.  Connect the - terminal of the meter to the - terminal of the power supply with 
a length of 22 AWG or heavier wire.  Connect the drain wire from the transducer to a 
good earth ground.  (See Appendix , page 14 for wiring diagram.) Please refer to 
“Maximum Cable Lengths and Minimum Supply Voltage ” in Appendix C , page 22 to 
verify minimum loop supply voltage requirements. 

 
8. VDC Wiring   To connect a 3 wire VDC output transducer to a typical power supply and 

the voltmeter, connect the - terminal of the power supply to the - input terminal of the 
meter with a length of 22 AWG or heavier wire.  Connect the - excitation (black) lead of 
the transducer to the - input terminal of the meter.  Connect the + input terminal of the 
meter to the signal lead (white) of the transducer.  Connect the + terminal of the power 
supply to the + lead (red) of the transducer.  Connect the drain wire to a good earth 
ground.  (See Appendix A , page 14.) 

 
9. The Model 750  comes standard with a field removable diaphragm protector (one-inch or 

25 mm standoff).  The diaphragm protector can easily be taken off by removing six (6) 
fasteners located on the bottom of the unit. 

 
10. Sealed-Gage Transducer Configured For Altitude Above Sea Level   Since sealed-

gauge transducers are normally calibrated at sea level, there may be considerable error 
induced when used at a higher elevation. If the transducer was calibrated without taking 
into consideration the difference in atmospheric pressure at sea level and the higher 
elevation, an offset error will occur.  In order to eliminate error due to this difference, the 
customer must identify the elevation where the transducer will be installed. The nominal 
atmospheric pressure at the location is calculated and the transducer will be ranged 
accordingly.  Not all KPSI Transducers are available in a sealed pressure format. Please 
refer to the appropriate datasheet for availability. 

 
11. Position Sensitivity    The transducer should be installed so that the diaphragm located 

behind the nose cap is oriented in a vertical position, otherwise the unit could exhibit an 
offset. 

�(����������



Pressure Systems, Inc.                                        KPSI™ Level and Pressure Transducers  User’s Manual 
 
 

��
Page 8  www.PressureSystems.com 

General Maintenance Tips for Submersible Transducers  
 

1. Desiccant Maintenance  
 
 
 
 
 
 
 
 
 

If you use a desiccant vent filter, you should establish a regular maintenance schedule.  
You should change your vent filter when it is 75% spent (pink color).  Replacement filters  
are available at a nominal cost from the factory. Do not remove the old vent filter until a  
new one is available.  Remember that Pressure Systems’ improved 810 SuperDry™  
Vent Filter are designed to be effective for at least one year before requiring  
replacement. 

 
2. Clogged Nose Piece or Dirty Diaphragm  

 
Either of these conditions could result in erroneous readings from your transducer.   
 
 
 
 
 
 
Your transducer may be cleaned in accordance with the procedures listed in  
step 4, below. 

 
3. Cleaning your transducer   

 
 Materials required: 

�x Plastic bowls 8-12 inches (200-300 mm) in diameter and  
4-6 inches (100 - 150 mm) deep 

�x Supply of clean, lint-free cleaning rags  
�x 32 ounce bottle of “The Works-Tub and Shower Cleaner” (a mild detergent)  

manufactured by Lime-O-Sol Company in Ashley, IN 46705 and available locally  
through Wal-Mart, K-Mart, Target, and Ace Hardware stores at $2 to $4 per  
bottle 

 
Preparation: Prior to cleaning your pressure transducer, ensure that all procedures  
have been followed in the proper cleaning of the cable and transducer to remove any  
hazardous materials.  The vent filter (or bellows) must be properly attached.  The cable  
should be coiled to ensure ease of handling and it must be protected against the  
possibility of accidental abrasion and/or penetration of the cable jacket by sharp objects.   
A lead length of 1 to 1 ½ feet (0.3 - 0.45 m) of cable from the transducer should be  
allowed to facilitate handling during cleaning.  The protective covering (or similar  
protective device)  that is shipped with each transducer should be attached to the 
 transducer at all times.  It should only be removed prior to installation or cleaning. 

 

WARNING:  NEVER attempt to clean your transducer’s nose piece or diaphragm 
with any object.  This will dent the sensor diaphragm and cause permanent 
damage to the transducer.

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD  
 

  In hazardous locations: 
 
  �”  Avoid building up static charge on case of data protector and plastic accessories. 
  �”  Use damp rag to wipe data protector and plastic accessories to avoid static build up.  
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Your work surface needs to be clean and free of clutter and large enough to 
accommodate all materials required in addition to the transducer and cable.  Fill one of 
the bowls with fresh water, one with a mild detergent mixed with water and the last with 
16 ounces (0.45 kg) of “The Works”. 
 

Cleaning:   
 

Step 1:  Holding the cable 6 inches (150 mm) from the transducer, immerse the  
  unit in the bowl containing the mild detergent and stir for 20-30 seconds.   
  Remove and rinse in the bowl containing the fresh water, using the same  
  stirring motion used in the mild detergent. Rinse and wipe dry. 

 
Step 2: Holding the body of the transducer with one hand so that you are looking  
  at the retaining screen protecting the sensor, carefully remove the sensor  
  nose piece by simply unscrewing it from the transducer body.  Do not  
  touch the sensor diaphragm with your finger or any other object.  Also, do  
  not try to dry the inside portion of the transducer, as you risk damaging  
  the pressure sensor. 

 
 Step 3:  Place the transducer in a vertical position with the sensing end  
   facing downward in the bowl containing “The Works” solution for  
   approximately 15-20 seconds.  Rinse in the bowl containing clean water  
   and wipe dry the external casing only.  Place the protective screen in the  
   same solution for 15-20 seconds, rinse and wipe dry. 
 

�� Step 4: Holding the transducer in a vertical position so that you can see the face  
   of the sensor, screw the protective nose piece back into place. 
 
 
 
4.    Cleaning the Lightning Protection Data Line Protector 

WARNING:  POTENTIAL ELECTROSTATIC CHARGING HAZARD  
 

  In hazardous locations: 
 
  �”  Avoid building up static charge on case of data protector and plastic accessories. 
  �”  Use damp rag to wipe data protector and plastic accessories to avoid static build up.  
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4.0  Warranty and Product Return Procedure  
 
Any transducer/transmitter that is less than 2 years old (see DOM) which does not meet the 
product’s specifications and exhibits no obvious physical damage to the housing, sensor, or 
cable (cuts),  will be replaced under warranty. 
 
Units 2-3 years old:  Units that fall within this age group and exhibit no obvious physical 
damage to the housing, sensor, or cable (cuts), may be replaced at a discounted list price. 
 
Units greater than 3 years old: Units that fall within this age group are not replaced  
under warranty. 
 
Merchandise Return Procedures  
 
Contact the Applications Support Group  or the Customer Service Department  at Pressure 
Systems if your transducer is not operating properly.  Our staff is available for troubleshooting at 
(757) 865-1243 or toll free at 1-800-328-3665 during normal working hours, Eastern time.  If 
your transducer or accessory needs to be returned to Pressure Systems, obtain a Returned 
Merchandise Authorization (RMA) from the Customer Service Department prior to shipment.   
Be prepared to supply the following information when requesting the RMA: 
 
!  Part number 
!  Serial number 
!  Complete description of problems/symptoms 
!  Bill To  and Ship To  address 
!  Purchase order number (not required for warranty repairs) 
!  Customer contact and telephone number 
 
The above information, including the RMA number, must be on the customer’s shipping 
documents that accompany the equipment to be repaired.  Pressure Systems also requests that 
the outside of the shipping container be labeled with the RMA number to assist in tracking the 
repairs.  All equipment should be sent to the following address: 
 
  ATTN: KPSI TRANSDUCER REPAIR DEPARTMENT (7-digit RMA number) 
  Pressure Systems, Inc. 
  34 Research Drive 
  Hampton, Virginia 23666 
 
Prior to returning to Pressure Systems, the transducer and cable must be cleaned per 
instructions provided on the cleaning certificate supplied when the transducer was 
delivered. The certificate can also be found on Pressure Systems website: 
 

www.PressureSystems.com/cleaning.html  
 

The completed certificate must accompany the transducer when shipped to Pressure Systems. 
If the transducer has been used in media other than potable water, PSI customer service must 
be notified at the same time an RMA number is requested. PSI reserves the right to reject any 
shipment deemed to be unsanitary or environmentally unsafe to handle.  If these guidelines are 
not met, the package will be sent back unopened and at the customer’s expense.  Please 

�(����������



Pressure Systems, Inc.                                        KPSI™ Level and Pressure Transducers  User’s Manual 
 
 

��
Page 11  www.PressureSystems.com 

include the attached vent filter or aneroid bellow with each returned vented gage 
submersible transducer.  
       
Pressure Systems will return warranty items prepaid via UPS GROUND.  If the customer 
desires another method of return shipment, Pressure Systems will prepay and add the shipping 
charges to the repair bill. 
   
Incoming freight charges are the customer’s responsibility.  The customer is also responsible for  
shipping charges to and from Pressure Systems for all equipment not under warranty. 
 
Once the return is received, it typically takes 5-10 working days for the technician to make a 
fault determination.  
 
A cable reconnect fee will be charged when the customer requests a different length of cable. 
 
Restocking Policy  
 
Pressure Systems does allow standard products to be returned for credit in the event it is no 
longer required, providing the products are in new and unused condition.  A restocking fee will 
be assessed depending on the model type and variety. 
 
A 25% restocking fee  applies to the following models, providing they are vented-gage 
reference format and [pressure ranges above 3 psig (20 kPa) and below 100 psig (690 kPa)]. 
��

27�� 320�� 700�� 710��

28�� 342�� 705�� 720��

Display Meters - all models�� 750��

 
A 50% restocking fee applies to the following models.  This also applies to all other models 
with sealed-gage and absolute pressure formats as well as vented-gage reference formats with 
[pressure ranges below 3 psig (20 kPa) and above 100 psig (690 kPa)]. 
 

30 335 

300DS 730 

330 735 

 
NOTE: Expedite premiums and shipping charges are non-refundable. 
 
Please consult the individual manuals for the Series 500 and Series 550 (waterMONITOR) for 
the restocking policy.
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Wiring Diagram VDC, mA, and Temp Output 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes:   
 
1. These diagrams depict typical installations. 
      Refer to your power supply and instrumentation 
 Manufacturer for the specifics of your application. 
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1. GENERAL 
A.  Seller's price is based on these sales terms and conditions. The agreement and inclusion of other 
or amended terms in this contract will result in a change (including increase) in Seller's price (as may 
be contained in any price books or quotations) to reflect such other or amended terms . This contract 
shall represent the final, complete and exclusive statement of the agreement between the parties and 
may not be modified, supplemented, explained  or waived by parole evidence, any Terms and 
Conditions contained in Buyer's purchase order or request for quotation, any course of dealings 
between the parties, Seller's performance or delivery, or in any other way.  The Terms and 
Conditions of this contr act may only be modified or waived in a written document signed by an Officer 
of Seller. These terms are intended to cover all activity of Seller and Buyer hereunder, including 
sales and use of products, parts and work and all related matters (references t o products include 
parts and references to work include construction, installation and start -up).  Any reference by Seller 
to Buyer's specifications and similar requirements are only to describe the products and work 
covered hereby and no warranties or other terms therein shall have any force of effect.  Any 
information provided by Seller including, but not limited to, suggestions as to specific equipment does 
not imply any guarantee of specific suitability and/or material compatibility in a particular appl ication, 
since many factors outside the control of Seller may affect the suitability of products in a particular 
application.  Catalogs, circulars, similar pamphlets and information contained on websites of the 
Seller are issued for general information pur poses only and shall not be deemed to modify the 
provisions hereof.      
B.  The agreement formed hereby and the language herein shall be construed and enforced 
under the Uniform Commercial Code as in effect in the State of California on the date hereof.   
2. TAXES   
Any sales, use or other similar type taxes imposed on this sale or on this transaction and/or any 
import or export duties or fees as may be assessed or imposed on or as a result of deliveries under 
this transaction  are not included in the price .  Such taxes shall be billed separately to the Buyer.  
Seller will accept a valid exemption certificate from the Buyer if applicable; however, if an exemption 
certificate previously accepted is not recognized by the governmental taxing authority involved and 
the Seller is required to pay the tax covered by such exemption certificate.  Buyer agrees to promptly 
reimburse Seller for the taxes paid.   
3. PERFORMANCE, INSPECTION AND ACCEPTANCE    
A.  Unless Seller specifically assumes installation, construction or start -up responsibility, all products 
shall be finally inspected and accepted within thirty (30) days after arrival at point of delivery.  Where 
seller has responsibility for installation, construction or start -up all work shall be finally inspected and  
accepted with thirty (30) days after completion of the applicable work by Seller.  All claims 
whatsoever by Buyer, (including claims for shortages) except only those provided for under the 
WARRANTY AND LIMITATION OF LIABILITY and PATENTS Clauses, hereof, must be asserted in 
writing by Buyer within said thirty (30) day period or they are waived.  If this contract involves partial 
performance, all such claims must be asserted within said thirty - (30) day period for each partial 
performance.  There shall be n o revocation of acceptance.  Rejection may be only for defects 
substantially impairing the value of products or work and Buyer's remedy for lesser defects shall be 
those provided for under the WARRANTY AND LIMITATION OF LIABILITY Clause.    
B.  Seller shall  not be responsible for non -performance or for delays in performance occasioned by 
any causes beyond Seller's reasonable control, including, by way of example and not limitation, to 
labor difficulties, delays of vendors or carriers, fires, governmental act ions, or shortages of material, 
components, labor, or manufacturing facilities.  Any delays so occasioned shall affect a 
corresponding extension of Seller's performance dates, which are, in any event, understood to be 
approximate.  IN NO EVENT SHALL BUYER BE ENTITLED TO INCIDENTAL OR 
CONSEQUENTIAL DAMAGES FOR LATE PERFORMANCE OR FOR A FAILURE TO PERFORM.  
Seller reserves the right to make partial shipments and to ship products, parts or work which may be 
completed prior to the scheduled performance date.    
C.  In the event that Seller has agreed to mount motors, turbines, gears, or other products which are 
not manufactured by Seller and which are not an integral part of Seller's manufactured product, and a 
delay in the delivery of such products to Seller occ urs that will cause a delay in Seller's performance 
date, Seller reserves the right to ship its product upon completion of manufacture and to refund an 
equitable portion of the amount originally included in the purchase price for mounting without 
incurring  liability for non -performance.   
D.  Seller reserves to itself the right to change its specifications, drawings and standards if such 
changes will not impair the performance of its products, and parts, and further those products , and 
parts, will meet any of Buyer's specifications and other specific product requirements which are a part 
of this agreement.  Seller is  a global supplier of products and utilizes parts and products obtained 
worldwide, and Seller's products supplied under this contract shall be s ubject to Seller's sole 
determination as to all manufacturing, sourcing, assembly and supply unless otherwise specifically 
agreed in writing.  
E.  The manufacture and inspection of products and parts shall be to Seller's Engineering and Quality 
Assurance standards, plus such other inspections or tests of documentation as are specifically 
agreed to by Seller.  Requirements for any additional inspection, tests, documentation, or Buyer 
witness of manufacture, test, and/or inspection shall be subject to addition al charges.    
4. TITLE AND RISK OF LOSS    
Title and risk of loss shall pass to buyer upon delivery of products at the designated "Ex Works" as 
defined by Incoterms, unless other wise agreed by the parties.  
5. EROSION AND CORROSION    
It is specifically unde rstood that products and parts sold hereunder are not warranted for 
operation with erosive or corrosive fluids  or for operation with any fluid or under��any operating��
condition in variance with the specifications of this contract .��No product or part shall b e deemed 
to be defective by reason of failure to resist erosive or corrosive action of any fluid and Buyer 
shall have no claim whatsoever against Seller therefore.   No product shall be deemed defective 
by reason of any effect on Seller's products of the action or results (such as vibration) of any 
goods or system (such as piping) not supplied by Seller.             

 
6. BUYER’S RESPONSIBILITY  
The design specifications of the equipment require the operation of the equipment within certain 
parameters and m ay call for the use of speed controls, safety devices, set points or other control devices 
to insure that the operation remains within design parameters. Buyer agrees and understands that the 
equipment must be operated and maintained within design specific ations and operated within the 
specifications of the contract, irrespective of whether controls or devices are otherwise required.   
7.  WARRANTY AND LIMITATION OF LIABILITY.   
A. Seller warrants only that its product and parts, when shipped, will be free fr om defects in materials and 
workmanship. All claims for defective products or parts under this warranty must be made in writing 
immediately upon discovery and, in any event, within two (2) years of shipment by seller and all claims for 
defective work must be made in writing immediately upon discovery.  Defective items must be held for 
Seller's inspection and returned to the sellers’ point of original shipment upon request.  
ANY UNAUTHORIZED DISSASSEMBLY, ALTERATION OF OR TAMPERING WITH ANY PRODUCT OR 
COMPONENT MAY "VOID" THE WARRANTY, IN THAT SUCH ACTION WILL RESULT IN SELLER 
BEING RELEASED AND RELIEVED  FROM ITS OBLIGATIONS UNDER THIS WARRANTY AND FOR 
ANY FURTHER COSTS OR ACTIONS UNDER CLAUSE 7.C, FOLLOWING, AND THE BUYER 
ASSUMING SOLE RESPONSIBILITY FOR THE  COSTS AND RESULTS OF SUCH ACTION. 
THE FOREGOING IS EXPRESSLY IN LIEU OF ALL OTHER WARRANTIES WHATSOEVER, 
EXPRESS, IMPLIED AND STATUTORY, INCLUDING WITHOUT LIMITATION, THE IMPLIED, 
WARRANTIES OF MERCHANTABILITY AND FITNESS.   
B.  ANY PRODUCT (S) SOLD HEREU NDER WHICH ARE NOT MANUFACTURED BY SELLER ARE 
NOT WARRANTED BY SELLER and shall be covered only by the express warranty, if any, of the 
manufacturer thereof.  With respect to products and parts not manufactured by Seller, Seller's only 
obligation shall be to assign to Buyer, to the extent possible, whatever warranty Seller obtains from the 
manufacturer.  
C.  Upon Buyer's submission of a claim as provided above and its substantiation, Seller shall at its option 
either (i) repair or replace its product, part o r work at the original place of shipment, or (ii) refund an 
equitable portion of the purchase price.    
D. THE FOREGOING IS SELLER'S ONLY OBLIGATION AND BUYER'S EXCLUSIVE REMEDY FOR 
BREACH OF WARRANTY AND, EXCEPT FOR THE REMEDIES PERMITTED UNDER THE 
PERFORMANCE, INSPECTION AND ACCEPTANCE AND THE PATENTS CLAUSES HEREOF, THE 
FOREGOING IS BUYER EXCLUSIVE REMEDY AGAINST SELLER FOR ALL CLAIMS ARISING 
HEREUNDER OR RELATING HERETO WHETHER SUCH CLAIMS ARE BASED ON BREACH OF 
CONTRACT, TORT (INCLUDING NEGLIGENCE OR S TRICT LIABILITY) ,��INDEMNITY  OR OTHER 
THEORIES.  BUYER'S FAILURE TO SUBMIT A CLAIM AS PROVIDED ABOVE SHALL SPECIFICALLY 
WAIVE ALL CLAIMS FOR DAMAGES OR OTHER RELIEF, INCLUDING BUT NOT LIMITED TO CLAIMS 
BASED ON LATENT DEFECTS.  IN NO EVENT SHALL BUYER BE ENTITLED TO INDIRECT, 
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, NOR FOR DAMAGES FOR LOSS OF USE, 
LOST PROFITS OR REVENUE, INTEREST, LOST GOODWILL, WORK OR PRODUCTION STOPPAGE, 
IMPAIRMENT OF OTHER GOODS, INCREASED EXPENSES OF OPERATION, OR THE COST OF 
PURCHASING REPLACEMENT POWER OR OTHER SERVICES BECAUSE OF SERVICE 
INTERRUPTIONS.  FURTHERMORE, IN NO EVENT SHALL SELLER'S TOTAL LIABILITY FOR 
DAMAGES OF BUYER EXCEED THE PURCHASE PRICE OF THE PRODUCTS OR PARTS 
MANUFACTURED BY SELLER AND UPON WHICH SUCH LIABILITY IS BASED.  ANY ACTION 
ARISING HEREUNDER RELATED HERETO, WHETHER BASED ON BREACH OF CONTRACT, TORT 
(INCLUDING NEGLIGENCE) OR OTHER THEORIES, MUST BE COMMENCED WITHIN ONE (1) YEAR 
AFTER THE CAUSE OF ACTION ACCRUES OR IT SHALL BE BARRED.   
8. PURCHASER’S R EPRESENTATIONS & WARRANTIES  
Purchaser represents and warranties that the products(s) covered by this contract shall not be used in or in 
connection with a nuclear facility or application. The parties agree that this representation and warranty is 
material and is being relied on by seller. This provision may be modified in a separate writing signed by an 
officer of Price Pump Co.  
9.  PATENTS   
Seller agrees to assume the defense of any suit for infringement of any patents brought against Buyer to 
the extent of such suit charges infringement of an apparatus or product claim by Seller's product in and of 
itself, provided (i) said product is built entirely to Seller's design, (ii) Buyer notifies Seller in writing of the 
filing of such suit within ten (10) days a fter the service of process thereof, and (iii) Seller is given complete 
control of the defense of such suit, including the right to defend, settle and make changes in the product for 
the purpose of avoiding infringement of any process or method claims.  Pr ovided however, Seller will not 
defend any suit for infringement of a claimed patent where such alleged infringement is the result of 
following specific instruction furnished by Seller.   
10.  EXTENT OF SUPPLY    
Only products as listed in Seller's proposal  are included in this agreement.  It must not be assumed that 
Seller has included anything beyond same.   
11.  MANUFACTURING SOURCES   
To maintain delivery schedules, Seller reserves the right to have all or any part of the Buyer's order 
manufactured at an y of Sellers’, sellers’ licensees or sub contractors’ plants, globally.   
12.  TERMS OF PAYMENT    
Net 30 days from date of invoice . 
13.  ARBITRATION  
In the event a dispute arises between the parties relating to or arising out of this agreement, the parties  
agree to attempt to have their senior management amicably settle the matter. In the event that the matter 
cannot be settled, the parties shall submit all disputes relating to this Agreement (whether contract, tort, 
products liability or otherwise) to binding Arbitration before a panel of arbitrators under the Commercial 
Dispute Resolution Procedures of the American Arbitration Association.  Each party shall appoint an 
arbitrator and the third shall be selected in accordance with the rules of the American A rbitration 
Association. Judgment upon the award may be entered in any court having jurisdiction.  The parties shall 
cooperate in providing reasonable disclosure of relevant documents. Each party shall bear its own 
expenses, and the costs and fees of the ar bitration shall be borne as allocated by the Arbitrator. 

Effective June 2007 Price® Pump Company, 21775 Eighth St. East, Sonoma, CA 95476 USA  

�*�(�1�(�5�$�/ �7�(�5�0�6���2�)���6�$�/�(���)�2�5���3�5�2�'�8�&�7�6

�3�D�J�H����������
�(����������



�6�R�O�H�Q�R�L�G���0�H�W�H�U�L�Q�J���3�X�P�S
�%�H�W�D�p���E���%�7���E���D�Q�G���%�7���E

�2�2�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V

�(�1

�2�U�L�J�L�Q�D�O���2�S�H�U�D�W�L�Q�J���,�Q�V�W�U�X�F�W�L�R�Q�V���������������������( �&���3�D�U�W���Q�R���������������� �%�$���%�(�����������������������(�1

�3�O�H�D�V�H���F�D�U�H�I�X�O�O�\���U�H�D�G���W�K�H�V�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���E�H�I�R�U�H���X�V�H�����y���' �R���Q�R�W���G�L�V�F�D�U�G��
�7�K�H���R�S�H�U�D�W�R�U���V�K�D�O�O���E�H���O�L�D�E�O�H���I�R�U���D�Q�\���G�D�P�D�J�H���F�D�X�V�H�G���E�\���L�Q�V�W�D�O�O�D�W�L�R�Q���R�U���R�S�H�U�D�W�L�Q�J���H�U�U�R�U�V��

�7�K�H���O�D�W�H�V�W���Y�H�U�V�L�R�Q���R�I���W�K�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���D�U�H���D�Y�D�L�O�D�E�O�H���R�Q���R�X�U���K�R�P�H�S�D�J�H��

�(����������

�3�������������������������%�H�W�D�������%�7���E�������%�7���%���������3�9�7���������8�'�������$�����)�O�R�Z�������������*�3�+���������������/���+�3�U�H�V�V�X�U�H�����������3�6�,������
�����%�$�5��



�5�H�D�G���W�K�H���I�R�O�O�R�Z�L�Q�J���V�X�S�S�O�H�P�H�Q�W�D�U�\���L�Q�I�R�U�P�D�W�L�R�Q���L�Q���L�W�V���H�Q�W�L�U�H�W�\�����<�R�X���Z�L�O�O���E�H�Q�£
�H�I�L�W���P�R�U�H���I�U�R�P���X�V�L�Q�J���W�K�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���V�K�R�X�O�G���\�R�X���D�O�U�H�D�G�\���N�Q�R�Z
�W�K�L�V���L�Q�I�R�U�P�D�W�L�R�Q��

�7�K�H���I�R�O�O�R�Z�L�Q�J���D�U�H���K�L�J�K�O�L�J�K�W�H�G���V�H�S�D�U�D�W�H�O�\���L�Q���W�K�H���G�R�F�X�P�H�Q�W��

�„ �(�Q�X�P�H�U�D�W�H�G���O�L�V�W�V

�,�Q�V�W�U�X�F�W�L�R�Q�V

�Ö �2�X�W�F�R�P�H���R�I���W�K�H���L�Q�V�W�U�X�F�W�L�R�Q�V

�ª ���«�6�W�D�W�H���W�K�H���L�G�H�Q�W�L�W�\���F�R�G�H���D�Q�G���V�H�U�L�D�O���Q�X�P�E�H�U�¬���R�Q���S�D�J�H���������/�L�Q�N�V���W�R���S�R�L�Q�W�V���L�Q
�W�K�L�V���F�K�D�S�W�H�U

�����U�H�I�H�U���W�R���������������5�H�I�H�U�H�Q�F�H�V���W�R���S�R�L�Q�W�V���L�Q���W�K�L�V���G�R�F�X�P�H�Q�W���R�U���D�Q�R�W�K�H�U���G�R�F�X�P�H�Q�W

�>�.�H�\�V�@

�,�,�Q�I�R�U�P�D�W�L�R�Q

�7�K�L�V���S�U�R�Y�L�G�H�V���L�P�S�R�U�W�D�Q�W���L�Q�I�R�U�P�D�W�L�R�Q���U�H�O�D�W�L�Q�J���W�R���W�K�H���F�R�U�U�H�F�W
�R�S�H�U�D�W�L�R�Q���R�I���W�K�H���X�Q�L�W���R�U���L�V���L�Q�W�H�Q�G�H�G���W�R���P�D�N�H���\�R�X�U���Z�R�U�N���H�D�V�L�H�U��

�6�D�I�H�W�\���,�Q�I�R�U�P�D�W�L�R�Q

�6�D�I�H�W�\���L�Q�I�R�U�P�D�W�L�R�Q���L�V���L�G�H�Q�W�L�I�L�H�G���E�\���S�L�F�W�R�J�U�D�P�V�������V�H�H���6�D�I�H�W�\���&�K�D�S�W�H�U��

�7�K�H�V�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���F�R�Q�I�R�U�P���W�R���F�X�U�U�H�Q�W���(�8���U�H�J�X�O�D�W�L�R�Q�V���D�S�S�O�L�F�D�E�O�H
�D�W���W�K�H���W�L�P�H���R�I���S�X�E�O�L�F�D�W�L�R�Q��

�3�O�H�D�V�H���V�W�D�W�H���L�G�H�Q�W�L�W�\���F�R�G�H���D�Q�G���V�H�U�L�D�O���Q�X�P�E�H�U�����Z�K�L�F�K���\�R�X���F�D�Q���I�L�Q�G���R�Q���W�K�H
�Q�D�P�H�S�O�D�W�H���Z�K�H�Q���\�R�X���F�R�Q�W�D�F�W���X�V���R�U���R�U�G�H�U���V�S�D�U�H���S�D�U�W�V�����7�K�L�V���H�Q�D�E�O�H�V���X�V���W�R
�F�O�H�D�U�O�\���L�G�H�Q�W�L�I�\���W�K�H���X�Q�L�W���W�\�S�H���D�Q�G���P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q�V��

�6�X�S�S�O�H�P�H�Q�W�D�U�\���L�Q�I�R�U�P�D�W�L�R�Q

�)�L�J�����������3�O�H�D�V�H���U�H�D�G��

�9�D�O�L�G�L�W�\

�6�W�D�W�H���W�K�H���L�G�H�Q�W�L�W�\���F�R�G�H���D�Q�G���V�H�U�L�D�O���Q�X�P�E�H�U

�6�X�S�S�O�H�P�H�Q�W�D�O���L�Q�V�W�U�X�F�W�L�R�Q�V

��

������ �(����������



�7�7�D�E�O�H���R�I���F�R�Q�W�H�Q�W�V
�� �,�G�H�Q�W�L�W�\���F�R�G�H������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����

�� �$�E�R�X�W���W�K�L�V���S�X�P�S�������������������������������������������������������������������������������������������������������������������������������������������������������������� ����

�� �6�D�I�H�W�\���&�K�D�S�W�H�U������������������������������������������������������������������������������������������������������������������������������������������������������������������ ����

�� �6�W�R�U�D�J�H�����7�U�D�Q�V�S�R�U�W���D�Q�G���8�Q�S�D�F�N�L�Q�J������������������������������������������������������������������������������������������������ ������

�� �2�Y�H�U�Y�L�H�Z���R�I���( �T�X�L�S�P�H�Q�W���D�Q�G���&�R�Q�W�U�R�O���(�O�H�P�H�Q�W�V������������������������������������������������������������ ������

�������� �2�Y�H�U�Y�L�H�Z���R�I���(�T�X�L�S�P�H�Q�W������������������������������������������������������������������������������������������������������������������ ����
�������� �&�R�Q�W�U�R�O���(�O�H�P�H�Q�W�V�������������������������������������������������������������������������������������������������������������������������������������� ����
������������ �3�X�O�V�H���F�R�Q�W�U�R�O���V�Z�L�W�F�K���������������������������������������������������������������������������������������������������������������������� ����
������������ �6�W�U�R�N�H���/�H�Q�J�W�K���$�G�M�X�V�W�P�H�Q�W���%�X�W�W�R�Q���������������������������������������������������������������������������� ����
������������ �0�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���6�Z�L�W�F�K������������������������������������������������������������������������������������������������������������������ ����
������������ �)�X�Q�F�W�L�R�Q�D�O���D�Q�G���)�D�X�O�W���,�Q�G�L�F�D�W�R�U�V������������������������������������������������������������������������������������ ����
������������ ���(�[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O���������������������������������������������������������������������������������������������������� ����
������������ ���/�H�Y�H�O���V�Z�L�W�F�K�����W�H�U�P�L�Q�D�O�������������������������������������������������������������������������������������������������������������� ����

�� �)�X�Q�F�W�L�R�Q�D�O���G�H�V�F�U�L�S�W�L�R�Q���������������������������������������������������������������������������������������������������������������������������������������� ������

�������� �/�L�T�X�L�G���(�Q�G���������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�������� �'�U�L�Y�H���8�Q�L�W������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�������� �&�D�S�D�F�L�W�\���������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�������� �6�H�O�I���%�O�H�H�G�L�Q�J�������������������������������������������������������������������������������������������������������������������������������������������������� ����
�������� �2�S�H�U�D�W�L�Q�J���P�R�G�H�V�������������������������������������������������������������������������������������������������������������������������������������� ����
�������� �)�X�Q�F�W�L�R�Q�V�������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�������� �5�H�O�D�\�������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�������� �+�L�H�U�D�U�F�K�\���R�I���2�S�H�U�D�W�L�Q�J���0�R�G�H�V�����)�X�Q�F�W�L�R�Q�V���D�Q�G���)�D�X�O�W���6�W�D�£

�W�X�V�H�V��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

�� �$�V�V�H�P�E�O�\������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ������

�� �,�Q�V�W�D�O�O�D�W�L�R�Q�����K�\�G�U�D�X�O�L�F������������������������������������������������������������������������������������������������������������������������������������������ ������

�������� �,�Q�V�W�D�O�O�L�Q�J���K�R�V�H���O�L�Q�H�V������������������������������������������������������������������������������������������������������������������������������ ����
������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���0�H�W�H�U�L�Q�J���3�X�P�S�V���:�L�W�K�R�X�W���%�O�H�H�G���9�D�O�Y�H������������������ ����
������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���0�H�W�H�U�L�Q�J���3�X�P�S�V���:�L�W�K���%�O�H�H�G���9�D�O�Y�H���������������������������� ����
������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���0�H�W�H�U�L�Q�J���3�X�P�S�V���:�L�W�K���6�H�O�I���E�O�H�H�G�L�Q�J�����6�(�.

�7�\�S�H���������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
������������ �%�D�V�L�F���L�Q�V�W�D�O�O�D�W�L�R�Q���Q�R�W�H�V�������������������������������������������������������������������������������������������������������������� ����

�� �( �O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q�������������������������������������������������������������������������������������������������������������������������������������������� ������

�������� �6�X�S�S�O�\���Y�R�O�W�D�J�H���F�R�Q�Q�H�F�W�R�U������������������������������������������������������������������������������������������������������������ ����
������������ �0�D�L�Q�V���Y�R�O�W�D�J�H������������������������������������������������������������������������������������������������������������������������������������������ ����
�������� �6�X�S�S�O�\���Y�R�O�W�D�J�H���F�R�Q�Q�H�F�W�R�U�������O�R�Z���Y�R�O�W�D�J�H������������������������������������������������������������������ ����
�������� �'�H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���7�H�U�P�L�Q�D�O�V�������������������������������������������������������������������������������������������������� ����
������������ ���(�[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O���������������������������������������������������������������������������������������������������� ����
������������ ���/�H�Y�H�O���V�Z�L�W�F�K�����W�H�U�P�L�Q�D�O�������������������������������������������������������������������������������������������������������������� ����
�������� �5�H�O�D�\�������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
������������ �5�H�O�D�\���I�X�Q�F�W�L�R�Q�V�������������������������������������������������������������������������������������������������������������������������������������� ����
������������ ���)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\�����R�X�W�S�X�W�����L�G�H�Q�W�L�W�\���F�R�G�H�������������������������������������� ����
������������ ���)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\�����������3�D�F�L�Q�J���U�H�O�D�\�����R�X�W�S�X�W�����L�G�H�Q�W�L�W�\

�F�R�G�H���������������������������������������������������������������������������������������������������������������������������������������������������������������� ����

���� �6�W�D�U�W���X�S������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ������

���� �2�S�H�U�D�W�L�R�Q������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ������

���������� �0�D�Q�X�D�O���������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�������������� �&�D�S�D�F�L�W�\������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�������������� �)�X�Q�F�W�L�R�Q�V���������������������������������������������������������������������������������������������������������������������������������������������������� ����
�������������� �(�[�W�H�U�Q�D�O���F�R�Q�W�D�F�W������������������������������������������������������������������������������������������������������������������������������ ����
�������������� �(�[�W�H�U�Q�D�O���D�Q�D�O�R�J�������������������������������������������������������������������������������������������������������������������������������� ����
���������� �5�H�P�R�W�H���R�S�H�U�D�W�L�R�Q�������������������������������������������������������������������������������������������������������������������������������� ����

���� �0�D�L�Q�W�H�Q�D�Q�F�H�������������������������������������������������������������������������������������������������������������������������������������������������������������������� ������

�7�D�E�O�H���R�I���F�R�Q�W�H�Q�W�V

��

�� �� ���(����������



������ �5�H�S�D�L�U�V������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ ������

���������� �&�O�H�D�Q�L�Q�J���Y�D�O�Y�H�V�������������������������������������������������������������������������������������������������������������������������������������� ����
���������� �5�H�S�O�D�F�L�Q�J���W�K�H���G�L�D�S�K�U�D�J�P�������������������������������������������������������������������������������������������������������� ����

���� �7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J���������������������������������������������������������������������������������������������������������������������������������������������������������� ������

���������� �)�D�X�O�W�V���Z�L�W�K�R�X�W���D���I�D�X�O�W���P�H�V�V�D�J�H���������������������������������������������������������������������������������������� ����
���������� �)�D�X�O�W���P�H�V�V�D�J�H�V�������������������������������������������������������������������������������������������������������������������������������������� ����
���������� �:�D�U�Q�L�Q�J���P�H�V�V�D�J�H�V�������������������������������������������������������������������������������������������������������������������������� ����
���������� �$�O�O���2�W�K�H�U���)�D�X�O�W�V�������������������������������������������������������������������������������������������������������������������������������������� ����

���� �' �H�F�R�P�P�L�V�V�L�R�Q�L�Q�J���������������������������������������������������������������������������������������������������������������������������������������������������� ������

���� �7�H�F�K�Q�L�F�D�O���G�D�W�D�������������������������������������������������������������������������������������������������������������������������������������������������������������� ������

���������� �3�H�U�I�R�U�P�D�Q�F�H���G�D�W�D�������������������������������������������������������������������������������������������������������������������������������� ����
���������� �$�F�F�X�U�D�F�\���������������������������������������������������������������������������������������������������������������������������������������������������������� ����
�������������� �6�W�D�Q�G�D�U�G���/�L�T�X�L�G���(�Q�G������������������������������������������������������������������������������������������������������������������ ����
�������������� �6�H�O�I���%�O�H�H�G�L�Q�J���/�L�T�X�L�G���(�Q�G���������������������������������������������������������������������������������������������������� ����
���������� �9�L�V�F�R�V�L�W�\������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
���������� �0�D�W�H�U�L�D�O���'�D�W�D���������������������������������������������������������������������������������������������������������������������������������������������� ����
���������� �(�O�H�F�W�U�L�F�D�O���G�D�W�D�������������������������������������������������������������������������������������������������������������������������������������������� ����
���������� �7�H�P�S�H�U�D�W�X�U�H�V�������������������������������������������������������������������������������������������������������������������������������������������� ����
���������� �&�O�L�P�D�W�H���������������������������������������������������������������������������������������������������������������������������������������������������������������� ����
���������� �'�H�J�U�H�H���R�I���3�U�R�W�H�F�W�L�R�Q���D�Q�G���6�D�I�H�W�\���5�H�T�X�L�U�H�P�H�Q�W�V������������������������������������ ����
���������� �&�R�P�S�D�W�L�E�L�O�L�W�\������������������������������������������������������������������������������������������������������������������������������������������������ ����
������������ �6�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O���������������������������������������������������������������������������������������������������������������� ����
������������ �6�K�L�S�S�L�Q�J���Z�H�L�J�K�W���������������������������������������������������������������������������������������������������������������������������������� ����

���� �' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J�V�������������������������������������������������������������������������������������������������������������������������������������� ������

���� �' �L�D�J�U�D�P�V���I�R�U���V�H�W�W�L�Q�J���W�K�H���P�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\���������������������������������������������������������������������� ������

���� �( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V���������������������������������������������������������������������������������������������������������� ������

���� �)�X�U�W�K�H�U���R�U�G�H�U���L�Q�I�R�U�P�D�W�L�R�Q�������������������������������������������������������������������������������������������������������������������������� ��������

���� �( �&���' �H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�I�R�U�P�L�W�\���I�R�U���0�D�F�K�L�Q�H�U�\�������������������������������������������������������������� ��������

���� �( �&���' �H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�I�R�U�P�L�W�\���I�R�U���0�D�F�K�L�Q�H�U�\�������������������������������������������������������������� ��������

���� �,�Q�G�H�[���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� ��������

�7�D�E�O�H���R�I���F�R�Q�W�H�Q�W�V

��

������ �(����������



������ �,�G�H�Q�W�L�W�\���F�R�G�H
�3�U�R�G�X�F�W���U�D�Q�J�H���%�H�W�D���E

�%�7���E �7�\�S�H �&�D�S�D�F�L�W�\

�� �� �E�D�U �O���K

�������� ���� ��������

�������� ���� ��������

�������� ���� ��������

�������� ���� ��������

�������� �� ��������

�������� �� ����������

�������� �� ����������

�%�7���E �� ��

�� �������� ���� ��������

�������� ���� ��������

�������� �� ����������

�������� �� ����������

�������� �� ����������

�� �0�D�W�H�U�L�D�O���R�I���G�R�V�L�Q�J���K�H�D�G���Y�D�O�Y�H�V

�3�3 �3�R�O�\�S�U�R�S�\�O�H�Q�H���3�9�'�)�����:�L�W�K���W�K�H���V�H�O�I���E�O�H�H�G�L�Q�J���Y�H�U�V�L�R�Q�����6�(�.�������S�R�O�\�S�U�R�S�\�O�H�Q�H���S�R�O�\�S�U�R�S�\�O�H�Q�H

�1�3 �&�O�H�D�U���D�F�U�\�O�L�F���3�9�'�)�����:�L�W�K���W�K�H���V�H�O�I���E�O�H�H�G�L�Q�J���Y�H�U�V�L�R�Q�����6�(�.�������&�O�H�D�U���D�F�U�\�O�L�F���3�9�&

�3�9 �3�9�'�)���3�9�'�)

�7�7 �3�7�)�(���3�7�)�(

�6�6 �6�W�D�L�Q�O�H�V�V���V�W�H�H�O����������������������������

�� �0�D�W�H�U�L�D�O���R�I���V�H�D�O�V���G�L�D�S�K�U�D�J�P

�7 �3�7�)�(���3�7�)�(���F�R�D�W�H�G

�( �(�3�'�0���3�7�)�(���F�R�D�W�H�G�����R�Q�O�\���I�R�U���3�3���D�Q�G���1�3���V�H�O�I���E�O�H�H�G�L�Q�J�����6�(�.��

�% �)�3�0���%���3�7�)�(���F�R�D�W�H�G�����R�Q�O�\���I�R�U���3�3���D�Q�G���1�3���V�H�O�I���E�O�H�H�G�L�Q�J�����6�(�.��

�: �'�L�D�S�K�U�D�J�P���D�G�G�L�W�L�R�Q�D�O�O�\���Z�L�W�K���)�3�0���F�R�D�W�L�Q�J���I�R�U���P�H�G�L�D���F�R�Q�W�D�L�Q�L�Q�J���V�L�O�L�F�D�W�H

�� �' �R�V�L�Q�J���K�H�D�G���G�H�V�L�J�Q

�� �Z�L�W�K�R�X�W���E�O�H�H�G���Y�D�O�Y�H�����Z�L�W�K�R�X�W���Y�D�O�Y�H���V�S�U�L�Q�J���R�Q�O�\���I�R�U���1�3�����7�7�����6�6���D�Q�G���W�\�S�H����������

�� �Z�L�W�K�R�X�W���E�O�H�H�G���Y�D�O�Y�H�����Z�L�W�K���Y�D�O�Y�H���V�S�U�L�Q�J���R�Q�O�\���I�R�U���1�3�����7�7�����6�6���D�Q�G���W�\�S�H����������

�� �Z�L�W�K���E�O�H�H�G���Y�D�O�Y�H�����Z�L�W�K�R�X�W���Y�D�O�Y�H���V�S�U�L�Q�J���R�Q�O�\���I�R�U���3�3�����3�9�����1�3���Q�R�W���I�R�U���W�\�S�H����������

�� �Z�L�W�K���E�O�H�H�G���Y�D�O�Y�H�����Z�L�W�K���Y�D�O�Y�H���V�S�U�L�Q�J���R�Q�O�\���I�R�U���3�3�����3�9�����1�3���Q�R�W���I�R�U���W�\�S�H����������

�� �Y�H�U�V�L�R�Q���I�R�U���K�L�J�K�H�U���Y�L�V�F�R�X�V���P�H�G�L�D���R�Q�O�\���I�R�U���3�9�7�����W�\�S�H������������������������������������������������������������
��������������������������������

�� �V�H�O�I���E�O�H�H�G�L�Q�J�����6�(�5�����R�Q�O�\���I�R�U���3�9���1�3�����Q�R�W���I�R�U���W�\�S�H�V�������������������������D�Q�G����������

�� �V�H�O�I���E�O�H�H�G�L�Q�J�����6�(�.�����R�Q�O�\���I�R�U���3�3���1�3�����Q�R�W���I�R�U���W�\�S�H�V�������������D�Q�G����������

�� �+�\�G�U�D�X�O�L�F���F�R�Q�Q�H�F�W�R�U

�� �6�W�D�Q�G�D�U�G���F�R�Q�Q�H�F�W�L�R�Q���L�Q���O�L�Q�H���Z�L�W�K���W�H�F�K�Q�L�F�D�O���G�D�W�D

�� �&�R�Q�Q�H�F�W�R�U���I�R�U�������������W�X�E�H�����G�L�V�F�K�D�U�J�H���V�L�G�H���R�Q�O�\

�� �&�R�Q�Q�H�F�W�R�U���I�R�U�������������W�X�E�H�����G�L�V�F�K�D�U�J�H���V�L�G�H���R�Q�O�\

�,�G�H�Q�W�L�W�\���F�R�G�H

��

�� �� ���(����������



�3�3�U�R�G�X�F�W���U�D�Q�J�H���%�H�W�D���E

�� �' �H�V�L�J�Q

�� �6�W�D�Q�G�D�U�G

�� �/�R�J�R

�� �Z�L�W�K���3�U�R�0�L�Q�H�Q�W���O�R�J�R

�� �( �O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V

�8 �������������������������9���s�������������������������+�]�

�� �&�D�E�O�H���D�Q�G���S�O�X�J

�$ �����P���(�X�U�R�S�H�D�Q

�% �����P���6�Z�L�V�V

�& �����P���$�X�V�W�U�D�O�L�D�Q

�' �����P���8�6�$

�� �����P���R�S�H�Q���H�Q�G

�� �5�H�O�D�\

�� �1�R���U�H�O�D�\

�� �I�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\�����1�&�������F�K�D�Q�J�H���R�Y�H�U���U�H�O�D�\��

�� �I�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\�����1�2�������F�K�D�Q�J�H���R�Y�H�U���U�H�O�D�\��

�� �D�V�����������S�D�F�L�Q�J���U�H�O�D�\�������2�1�(���H�D�F�K��

�� �D�V�����������S�D�F�L�Q�J���U�H�O�D�\�������2�1�(���H�D�F�K��

�� �$�F�F�H�V�V�R�U�L�H�V

�� �Z�L�W�K�R�X�W���D�F�F�H�V�V�R�U�L�H�V

�� �Z�L�W�K���I�R�R�W���D�Q�G���L�Q�M�H�F�W�L�R�Q���Y�D�O�Y�H���������P���3�9�&���V�X�F�W�L�R�Q
�O�L�Q�H���������P���3�(���P�H�W�H�U�L�Q�J���O�L�Q�H

�� �&�R�Q�W�U�R�O���W�\�S�H

�� �Q�R���O�R�F�N

�� �Z�L�W�K���O�R�F�N�����P�D�Q�X�D�O���R�S�H�U�D�W�L�R�Q���O�R�F�N�H�G���Z�K�H�Q
�H�[�W�H�U�Q�D�O���F�D�E�O�H���S�O�X�J�J�H�G���L�Q

�+ �(�[�W�H�U�Q�D�O���Z�L�W�K�R�X�W���3�&�6���V�W�R�S

�� �&�R�Q�W�U�R�O���Y�H�U�V�L�R�Q

�� �6�W�D�Q�G�D�U�G

�$ �(�[�W�H�U�Q�D�O���D�Q�D�O�R�J�X�H�����������������P�$������������������
�P�$

�� �2�S�W�L�R�Q�V

���� �Q�R���R�S�W�L�R�Q�V

�,�G�H�Q�W�L�W�\���F�R�G�H

��

������ �(����������



������ �$�E�R�X�W���W�K�L�V���S�X�P�S
�7�K�L�V���V�R�O�H�Q�R�L�G���P�H�W�H�U�L�Q�J���S�X�P�S���%�H�W�D���E���L�V���H�T�X�L�S�S�H�G���Z�L�W�K���D�O�O���D�G�M�X�V�W�P�H�Q�W���D�Q�G
�D�F�W�L�Y�D�W�L�R�Q���I�X�Q�F�W�L�R�Q�V���I�R�U���P�R�G�H�U�Q���Z�D�W�H�U���W�U�H�D�W�P�H�Q�W���D�Q�G���W�K�H���G�R�V�L�Q�J���R�I���F�K�H�P�L�£
�F�D�O�V�����,�W���K�D�V���S�X�O�V�H���V�W�H�S���X�S���D�Q�G���S�X�O�V�H���V�W�H�S���G�R�Z�Q���F�R�P�S�D�U�H�G���Z�L�W�K���W�K�H���S�U�H�£
�F�H�G�L�Q�J���P�R�G�H�O�����7�K�L�V���H�Q�D�E�O�H�V���L�W���W�R���D�G�D�S�W���P�R�U�H���S�U�H�F�L�V�H�O�\���W�R���H�[�W�H�U�Q�D�O���V�L�J�Q�D�O
�J�H�Q�H�U�D�W�R�U�V�����7�K�H���U�H�V�X�O�W���L�V���W�K�H���V�L�P�S�O�H�U���D�Q�G���P�R�U�H���S�U�H�F�L�V�H���D�G�M�X�V�W�P�H�Q�W���R�I
�F�K�H�P�L�F�D�O���F�R�Q�V�X�P�S�W�L�R�Q���W�R���W�K�H���D�F�W�X�D�O���Q�H�H�G�����,�W���D�O�V�R���K�D�V���D���������S�H�U�F�H�Q�W
�L�Q�F�U�H�D�V�H���L�Q���H�I�I�L�F�L�H�Q�F�\���D�Q�G���H�Q�H�U�J�\���H�I�I�L�F�L�H�Q�F�\���R�Y�H�U���W�K�H���S�U�H�F�H�G�L�Q�J���P�R�G�H�O�����7�K�H
�%�H�W�D���E���F�D�Q���E�H���V�L�P�S�O�\���D�G�M�X�V�W�H�G���G�X�U�L�Q�J���R�S�H�U�D�W�L�R�Q��

�3�U�R�S�H�U�W�L�H�V���R�I���W�K�H���G�H�Y�L�F�H

�$�E�R�X�W���W�K�L�V���S�X�P�S

��

�� �� ���(����������



������ �6�D�I�H�W�\���&�K�D�S�W�H�U

�7�K�H���I�R�O�O�R�Z�L�Q�J���V�L�J�Q�D�O���Z�R�U�G�V���D�U�H���X�V�H�G���L�Q���W�K�H�V�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���W�R
�G�H�Q�R�W�H���G�L�I�I�H�U�H�Q�W���V�H�Y�H�U�L�W�L�H�V���R�I���G�D�Q�J�H�U��

�6�L�J�Q�D�O���Z�R�U�G �0�H�D�Q�L�Q�J

�: �$�5�1�,�1�* �'�H�Q�R�W�H�V���D���S�R�V�V�L�E�O�\���G�D�Q�J�H�U�R�X�V���V�L�W�£
�X�D�W�L�R�Q�����,�I���W�K�L�V���L�V���G�L�V�U�H�J�D�U�G�H�G�����\�R�X
�D�U�H���L�Q���D���O�L�I�H���W�K�U�H�D�W�H�Q�L�Q�J���V�L�W�X�D�W�L�R�Q
�D�Q�G���W�K�L�V���F�D�Q���U�H�V�X�O�W���L�Q���V�H�U�L�R�X�V���L�Q�M�X�£
�U�L�H�V��

�&�$�8�7�,�2�1 �'�H�Q�R�W�H�V���D���S�R�V�V�L�E�O�\���G�D�Q�J�H�U�R�X�V���V�L�W�£
�X�D�W�L�R�Q�����,�I���W�K�L�V���L�V���G�L�V�U�H�J�D�U�G�H�G�����L�W
�F�R�X�O�G���U�H�V�X�O�W���L�Q���V�O�L�J�K�W���R�U���P�L�Q�R�U���L�Q�M�X�£
�U�L�H�V���R�U���P�D�W�H�U�L�D�O���G�D�P�D�J�H��

�7�K�H���I�R�O�O�R�Z�L�Q�J���Z�D�U�Q�L�Q�J���V�L�J�Q�V���D�U�H���X�V�H�G���L�Q���W�K�H�V�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���W�R
�G�H�Q�R�W�H���G�L�I�I�H�U�H�Q�W���W�\�S�H�V���R�I���G�D�Q�J�H�U��

�: �D�U�Q�L�Q�J���V�L�J�Q�V �7�\�S�H���R�I���G�D�Q�J�H�U

�:�D�U�Q�L�Q�J���¦���D�X�W�R�P�D�W�L�F���V�W�D�U�W���X�S��

�:�D�U�Q�L�Q�J���¦���K�L�J�K���Y�R�O�W�D�J�H��

�:�D�U�Q�L�Q�J���¦���G�D�Q�J�H�U���]�R�Q�H��

�„ �2�Q�O�\���X�V�H���W�K�H���S�X�P�S���W�R���P�H�W�H�U���O�L�T�X�L�G���I�H�H�G���F�K�H�P�L�F�D�O�V��
�„ �2�Q�O�\���X�V�H���W�K�H���S�X�P�S���D�I�W�H�U���L�W���K�D�V���E�H�H�Q���F�R�U�U�H�F�W�O�\���L�Q�V�W�D�O�O�H�G���D�Q�G���V�W�D�U�W�H�G���X�S

�L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���W�H�F�K�Q�L�F�D�O���G�D�W�D���D�Q�G���V�S�H�F�L�I�L�F�D�W�L�R�Q�V���F�R�Q�W�D�L�Q�H�G���L�Q
�W�K�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V��

�„ �2�E�V�H�U�Y�H���W�K�H���J�H�Q�H�U�D�O���O�L�P�L�W�D�W�L�R�Q�V���Z�L�W�K���U�H�J�D�U�G���W�R���Y�L�V�F�R�V�L�W�\���O�L�P�L�W�V�����F�K�H�P�£
�L�F�D�O���U�H�V�L�V�W�D�Q�F�H���D�Q�G���G�H�Q�V�L�W�\�������V�H�H���D�O�V�R���3�U�R�0�L�Q�H�Q�W���U�H�V�L�V�W�D�Q�F�H���O�L�V�W���L�Q���W�K�H
�3�U�R�G�X�F�W���&�D�W�D�O�R�J�X�H���R�U���D�W���Z�Z�Z���S�U�R�P�L�Q�H�Q�W���F�R�P��

�„ �$�O�O���R�W�K�H�U���X�V�H�V���R�U���P�R�G�L�I�L�F�D�W�L�R�Q�V���D�U�H���S�U�R�K�L�E�L�W�H�G��
�„ �7�K�H���S�X�P�S���L�V���Q�R�W���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���P�H�W�H�U�L�Q�J���R�I���J�D�V�H�R�X�V���P�H�G�L�D���D�Q�G

�V�R�O�L�G�V��
�„ �7�K�H���S�X�P�S���L�V���Q�R�W���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���P�H�W�H�U�L�Q�J���R�I���I�O�D�P�P�D�E�O�H���P�H�G�L�D���Z�L�W�K�R�X�W

�L�P�S�O�H�P�H�Q�W�L�Q�J���V�X�L�W�D�E�O�H���S�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V��
�„ �7�K�H���S�X�P�S���L�V���Q�R�W���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���P�H�W�H�U�L�Q�J���R�I���H�[�S�O�R�V�L�Y�H���P�H�G�L�D��
�„ �7�K�H���S�X�P�S���L�V���Q�R�W���L�Q�W�H�Q�G�H�G���I�R�U���R�S�H�U�D�W�L�R�Q���L�Q���D�U�H�D�V���D�W���U�L�V�N���I�U�R�P���H�[�S�O�R�V�L�R�Q��
�„ �7�K�H���S�X�P�S���L�V���Q�R�W���L�Q�W�H�Q�G�H�G���I�R�U���H�[�W�H�U�L�R�U���D�S�S�O�L�F�D�W�L�R�Q�V���Z�L�W�K�R�X�W���W�K�H���L�P�S�O�H�£

�P�H�Q�W�D�W�L�R�Q���R�I���V�X�L�W�D�E�O�H���S�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V��
�„ �7�K�H���S�X�P�S���V�K�R�X�O�G���R�Q�O�\���E�H���R�S�H�U�D�W�H�G���E�\���W�U�D�L�Q�H�G���D�Q�G���D�X�W�K�R�U�L�V�H�G���S�H�U�£

�V�R�Q�Q�H�O�����V�H�H���W�K�H���I�R�O�O�R�Z�L�Q�J�����4�X�D�O�L�I�L�F�D�W�L�R�Q�V�����W�D�E�O�H��
�„ �<�R�X���D�U�H���R�E�O�L�J�H�G���W�R���R�E�V�H�U�Y�H���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q���F�R�Q�W�D�L�Q�H�G���L�Q���W�K�H���R�S�H�U�D�W�L�Q�J

�L�Q�V�W�U�X�F�W�L�R�Q�V���D�W���W�K�H���G�L�I�I�H�U�H�Q�W���S�K�D�V�H�V���R�I���W�K�H���X�Q�L�W�
�V���V�H�U�Y�L�F�H���O�L�I�H��

�,�G�H�Q�W�L�I�L�F�D�W�L�R�Q���R�I���V�D�I�H�W�\���Q�R�W�H�V

�: �D�U�Q�L�Q�J���V�L�J�Q�V���G�H�Q�R�W�L�Q�J���G�L�I�I�H�U�H�Q�W���W�\�S�H�V���R�I
�G�D�Q�J�H�U

�,�Q�W�H�Q�G�H�G���8�V�H

�6�D�I�H�W�\���&�K�D�S�W�H�U

��

������ �(����������



�: �$�5�1�,�1�* ��
�: �D�U�Q�L�Q�J���D�E�R�X�W���S�H�U�V�R�Q�D�O���D�Q�G���P�D�W�H�U�L�D�O���G�D�P�D�J�H
�7�K�H���S�X�P�S���F�D�Q���V�W�D�U�W���W�R���S�X�P�S�����D�V���V�R�R�Q���D�V���L�W���L�V���F�R�Q�Q�H�F�W�H�G���W�R
�W�K�H���P�D�L�Q�V���Y�R�O�W�D�J�H��

�¦ �,�Q�V�W�D�O�O���D�Q���H�P�H�U�J�H�Q�F�\���F�X�W���R�I�I���V�Z�L�W�F�K���L�Q���W�K�H���S�X�P�S���S�R�Z�H�U
�V�X�S�S�O�\���O�L�Q�H���R�U���L�Q�W�H�J�U�D�W�H���W�K�H���S�X�P�S���L�Q���W�K�H���H�P�H�U�J�H�Q�F�\���F�X�W��
�R�I�I���P�D�Q�D�J�H�P�H�Q�W���R�I���W�K�H���V�\�V�W�H�P��

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N
�$���P�D�L�Q�V���Y�R�O�W�D�J�H���P�D�\���H�[�L�V�W���L�Q�V�L�G�H���W�K�H���S�X�P�S���K�R�X�V�L�Q�J��

�¦ �,�I���W�K�H���S�X�P�S���K�R�X�V�L�Q�J���K�D�V���E�H�H�Q���G�D�P�D�J�H�G�����\�R�X���P�X�V�W���G�L�V�£
�F�R�Q�Q�H�F�W���L�W���I�U�R�P���W�K�H���P�D�L�Q�V���L�P�P�H�G�L�D�W�H�O�\�����,�W���P�D�\���R�Q�O�\���E�H
�U�H�W�X�U�Q�H�G���W�R���V�H�U�Y�L�F�H���D�I�W�H�U���D�Q���D�X�W�K�R�U�L�V�H�G���U�H�S�D�L�U��

�: �$�5�1�,�1�* ��
�: �D�U�Q�L�Q�J���R�I���G�D�Q�J�H�U�R�X�V���R�U���X�Q�N�Q�R�Z�Q���I�H�H�G���F�K�H�P�L�F�D�O
�6�K�R�X�O�G���D���G�D�Q�J�H�U�R�X�V���R�U���X�Q�N�Q�R�Z�Q���I�H�H�G���F�K�H�P�L�F�D�O���E�H���X�V�H�G�����,�W
�P�D�\���H�V�F�D�S�H���I�U�R�P���W�K�H���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���Z�K�H�Q���Z�R�U�N�L�Q�J
�R�Q���W�K�H���S�X�P�S��

�¦ �7�D�N�H���D�S�S�U�R�S�U�L�D�W�H���S�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V���E�H�I�R�U�H���Z�R�U�N�L�Q�J���R�Q
�W�K�H���S�X�P�S�����H���J�����V�D�I�H�W�\���J�O�D�V�V�H�V�����V�D�I�H�W�\���J�O�R�Y�H�V��������������
�2�E�V�H�U�Y�H���W�K�H���V�D�I�H�W�\���G�D�W�D���V�K�H�H�W���I�R�U���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O��

�¦ �'�U�D�L�Q���D�Q�G���I�O�X�V�K���W�K�H���O�L�T�X�L�G���H�Q�G���E�H�I�R�U�H���Z�R�U�N�L�Q�J���R�Q���W�K�H
�S�X�P�S��

�: �$�5�1�,�1�* ��
�)�L�U�H���G�D�Q�J�H�U
�:�K�H�Q���S�X�P�S�L�Q�J���L�Q�I�O�D�P�P�D�E�O�H���P�H�G�L�D���W�K�H���R�S�H�U�D�W�R�U���P�X�V�W���W�D�N�H
�V�X�L�W�D�E�O�H���V�D�I�H�W�\���S�U�H�F�D�X�W�L�R�Q�V��

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U���I�U�R�P���K�D�]�D�U�G�R�X�V���V�X�E�V�W�D�Q�F�H�V��
�3�R�V�V�L�E�O�H���F�R�Q�V�H�T�X�H�Q�F�H�����)�D�W�D�O���R�U���Y�H�U�\���V�H�U�L�R�X�V���L�Q�M�X�U�L�H�V��

�3�O�H�D�V�H���H�Q�V�X�U�H���Z�K�H�Q���K�D�Q�G�O�L�Q�J���K�D�]�D�U�G�R�X�V���V�X�E�V�W�D�Q�F�H�V���W�K�D�W
�\�R�X���K�D�Y�H���U�H�D�G���W�K�H���O�D�W�H�V�W���V�D�I�H�W�\���G�D�W�D���V�K�H�H�W�V���S�U�R�Y�L�G�H�G���E�\���W�K�H
�P�D�Q�X�I�D�F�W�X�U�H���R�I���W�K�H���K�D�]�D�U�G�R�X�V���V�X�E�V�W�D�Q�F�H�����7�K�H���D�F�W�L�R�Q�V
�U�H�T�X�L�U�H�G���D�U�H���G�H�V�F�U�L�E�H�G���L�Q���W�K�H���V�D�I�H�W�\���G�D�W�D���V�K�H�H�W�����&�K�H�F�N���W�K�H
�V�D�I�H�W�\���G�D�W�D���V�K�H�H�W���U�H�J�X�O�D�U�O�\���D�Q�G���U�H�S�O�D�F�H�����L�I���Q�H�F�H�V�V�D�U�\�����D�V���W�K�H
�K�D�]�D�U�G���S�R�W�H�Q�W�L�D�O���R�I���D���V�X�E�V�W�D�Q�F�H���F�D�Q���E�H���U�H���H�Y�D�O�X�D�W�H�G���D�W���D�Q�\
�W�L�P�H���E�D�V�H�G���R�Q���Q�H�Z���I�L�Q�G�L�Q�J�V��

�7�K�H���V�\�V�W�H�P���R�S�H�U�D�W�R�U���L�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���H�Q�V�X�U�L�Q�J���W�K�D�W���W�K�H�V�H
�V�D�I�H�W�\���G�D�W�D���V�K�H�H�W�V���D�U�H���D�Y�D�L�O�D�E�O�H���D�Q�G���W�K�D�W���W�K�H�\���D�U�H���N�H�S�W���X�S���W�R
�G�D�W�H�����D�V���Z�H�O�O���D�V���I�R�U���S�U�R�G�X�F�L�Q�J���D�Q���D�V�V�R�F�L�D�W�H�G���K�D�]�D�U�G���D�V�V�H�V�V�£
�P�H�Q�W���I�R�U���W�K�H���Z�R�U�N�V�W�D�W�L�R�Q�V���D�I�I�H�F�W�H�G��

�6�D�I�H�W�\���,�Q�I�R�U�P�D�W�L�R�Q

�6�D�I�H�W�\���&�K�D�S�W�H�U

��

�� �� ���(����������



�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�)�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���V�S�U�D�\���R�X�W���R�I���W�K�H���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���L�I
�W�K�H�\���D�U�H���P�D�Q�L�S�X�O�D�W�H�G���R�U���R�S�H�Q�H�G���G�X�H���W�R���S�U�H�V�V�X�U�H���L�Q���W�K�H���O�L�T�X�L�G
�H�Q�G���D�Q�G���D�G�M�D�F�H�Q�W���S�D�U�W�V���R�I���W�K�H���V�\�V�W�H�P��

�¦ �'�L�V�F�R�Q�Q�H�F�W���W�K�H���S�X�P�S���I�U�R�P���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\���D�Q�G
�H�Q�V�X�U�H���W�K�D�W���L�W���F�D�Q�Q�R�W���E�H���V�Z�L�W�F�K�H�G���R�Q���D�J�D�L�Q���E�\���X�Q�D�X�W�K�R�U�£
�L�V�H�G���S�H�U�V�R�Q�V��

�¦ �'�H�S�U�H�V�V�X�U�L�V�H���W�K�H���V�\�V�W�H�P���E�H�I�R�U�H���F�R�P�P�H�Q�F�L�Q�J���D�Q�\���Z�R�U�N
�R�Q���K�\�G�U�D�X�O�L�F���S�D�U�W�V��

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�7�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���F�D�Q���J�H�Q�H�U�D�W�H���D���P�X�O�W�L�S�O�H���R�I���L�W�V���U�D�W�H�G���S�U�H�V�£
�V�X�U�H�����+�\�G�U�D�X�O�L�F���S�D�U�W�V���F�D�Q���U�X�S�W�X�U�H���L�I���D���G�L�V�F�K�D�U�J�H���O�L�Q�H���L�V
�E�O�R�F�N�H�G��

�¦ �&�R�U�U�H�F�W�O�\���L�Q�V�W�D�O�O���D���U�H�O�L�H�I���Y�D�O�Y�H���L�Q���W�K�H���G�L�V�F�K�D�U�J�H���O�L�Q�H���G�R�Z�Q�£
�V�W�U�H�D�P���R�I���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S��

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�$�Q���X�Q�V�X�L�W�D�E�O�H���I�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���G�D�P�D�J�H���W�K�H���Z�H�W�W�H�G���S�D�U�W�V���R�I
�W�K�H���S�X�P�S��

�¦ �7�D�N�H���L�Q�W�R���D�F�F�R�X�Q�W���W�K�H���U�H�V�L�V�W�D�Q�F�H���R�I���W�K�H���Z�H�W�W�H�G���P�D�W�H�U�L�D�O�V
�Z�K�H�Q���V�H�O�H�F�W�L�Q�J���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O�������V�H�H���W�K�H���3�U�R�0�L�Q�H�Q�W
�3�U�R�G�X�F�W���&�D�W�D�O�R�J�X�H���R�U���Y�L�V�L�W���R�X�U���K�R�P�H�S�D�J�H��

�&�$�8�7�,�2�1��
�' �D�Q�J�H�U���R�I���L�Q�M�X�U�\���W�R���S�H�U�V�R�Q�Q�H�O���D�Q�G���P�D�W�H�U�L�D�O���G�D�P�D�J�H
�7�K�H���X�V�H���R�I���X�Q�W�H�V�W�H�G���W�K�L�U�G���S�D�U�W�\���F�R�P�S�R�Q�H�Q�W�V���F�D�Q���U�H�V�X�O�W���L�Q
�L�Q�M�X�U�\���W�R���S�H�U�V�R�Q�Q�H�O���D�Q�G���P�D�W�H�U�L�D�O���G�D�P�D�J�H��

�¦ �2�Q�O�\���I�L�W���S�D�U�W�V���W�R���P�H�W�H�U�L�Q�J���S�X�P�S�V���W�K�D�W���K�D�Y�H���E�H�H�Q���W�H�V�W�H�G
�D�Q�G���U�H�F�R�P�P�H�Q�G�H�G���E�\���3�U�R�0�L�Q�H�Q�W��

�&�$�8�7�,�2�1��
�' �D�Q�J�H�U���I�U�R�P���L�Q�F�R�U�U�H�F�W�O�\���R�S�H�U�D�W�H�G���R�U���L�Q�D�G�H�T�X�D�W�H�O�\���P�D�L�Q�W�D�L�Q�H�G
�S�X�P�S�V
�'�D�Q�J�H�U���F�D�Q���D�U�L�V�H���I�U�R�P���D���S�R�R�U�O�\���D�F�F�H�V�V�L�E�O�H���S�X�P�S���G�X�H���W�R
�L�Q�F�R�U�U�H�F�W���R�S�H�U�D�W�L�R�Q���D�Q�G���S�R�R�U���P�D�L�Q�W�H�Q�D�Q�F�H��

�¦ �(�Q�V�X�U�H���W�K�D�W���W�K�H���S�X�P�S���L�V���D�F�F�H�V�V�L�E�O�H���D�W���D�O�O���W�L�P�H�V��
�¦ �$�G�K�H�U�H���W�R���W�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���L�Q�W�H�U�Y�D�O�V��

�&�$�8�7�,�2�1��
�' �D�Q�J�H�U���I�U�R�P���L�Q�F�R�U�U�H�F�W���P�H�W�H�U�L�Q�J
�6�K�R�X�O�G���D���G�L�I�I�H�U�H�Q�W���O�L�T�X�L�G���H�Q�G���V�L�]�H���E�H���I�L�W�W�H�G�����W�K�L�V���Z�L�O�O���F�K�D�Q�J�H
�W�K�H���P�H�W�H�U�L�Q�J���E�H�K�D�Y�L�R�X�U���R�I���W�K�H���S�X�P�S��

�¦ �+�D�Y�H���W�K�H���S�X�P�S���U�H�S�U�R�J�U�D�P�P�H�G���L�Q���W�K�H���Z�R�U�N�V��

�6�D�I�H�W�\���&�K�D�S�W�H�U

��

�������� �(����������



�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���D�J�D�L�Q�V�W���L�O�O�H�J�D�O���R�S�H�U�D�W�L�R�Q
�2�E�V�H�U�Y�H���W�K�H���U�H�J�X�O�D�W�L�R�Q�V���W�K�D�W���D�S�S�O�\���Z�K�H�U�H���W�K�H���G�H�Y�L�F�H���L�V
�L�Q�V�W�D�O�O�H�G��

�„ �'�R�V�L�Q�J���K�H�D�G
�„ �+�R�X�V�L�Q�J
�„ �+�R�R�G�����K�R�X�V�H�V���W�K�H���F�R�Q�W�U�R�O���H�O�H�P�H�Q�W�V��

�7�K�H���G�R�V�L�Q�J���K�H�D�G���P�D�\���R�Q�O�\���E�H���U�H�P�R�Y�H�G���E�\���W�K�H���F�X�V�W�R�P�H�U���L�Q���D�F�F�R�U�G�D�Q�F�H
�Z�L�W�K���W�K�H�����5�H�S�D�L�U�����F�K�D�S�W�H�U��

�7�K�H���K�R�X�V�L�Q�J���D�Q�G���W�K�H���K�R�R�G���P�D�\���R�Q�O�\���E�H���U�H�P�R�Y�H�G���E�\���3�U�R�0�L�Q�H�Q�W���F�X�V�W�R�P�H�U
�V�H�U�Y�L�F�H���G�H�S�D�U�W�P�H�Q�W��

�,�Q���D�Q���H�P�H�U�J�H�Q�F�\�����H�L�W�K�H�U���S�X�O�O���R�X�W���W�K�H���P�D�L�Q�V���S�O�X�J�����W�X�U�Q���W�K�H���P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O
�V�Z�L�W�F�K���W�R�����6�W�R�S�����R�U���S�U�H�V�V���W�K�H���(�P�H�U�J�H�Q�F�\���6�W�R�S���V�Z�L�W�F�K���L�Q�V�W�D�O�O�H�G���R�Q���W�K�H���F�X�V�£
�W�R�P�H�U�
�V���V�L�G�H���R�U���G�L�V�F�R�Q�Q�H�F�W���W�K�H���S�X�P�S���I�U�R�P���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\���L�Q���O�L�Q�H
�Z�L�W�K���W�K�H���H�P�H�U�J�H�Q�F�\���V�K�X�W���G�R�Z�Q���P�D�Q�D�J�H�P�H�Q�W���J�X�L�G�H�O�L�Q�H�V���I�R�U���\�R�X�U���V�\�V�W�H�P��

�,�I���I�H�H�G���F�K�H�P�L�F�D�O���H�V�F�D�S�H�V�����D�G�G�L�W�L�R�Q�D�O�O�\���H�Q�V�X�U�H���W�K�D�W���W�K�H���K�\�G�U�D�X�O�L�F���V�\�V�W�H�P
�D�U�R�X�Q�G���W�K�H���S�X�P�S���L�V���D�W���D�W�P�R�V�S�K�H�U�L�F���S�U�H�V�V�X�U�H�����$�G�K�H�U�H���W�R���W�K�H���V�D�I�H�W�\���G�D�W�D
�V�K�H�H�W���I�R�U���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O��

�7�D�V�N �4�X�D�O�L�I�L�F�D�W�L�R�Q

�6�W�R�U�D�J�H�����W�U�D�Q�V�S�R�U�W�����X�Q�S�D�F�N�L�Q�J�,�Q�V�W�U�X�F�W�H�G���S�H�U�V�R�Q

�$�V�V�H�P�E�O�\ �7�H�F�K�Q�L�F�D�O���S�H�U�V�R�Q�Q�H�O�����V�H�U�Y�L�F�H

�3�O�D�Q�Q�L�Q�J���W�K�H���K�\�G�U�D�X�O�L�F���L�Q�V�W�D�O�O�D�W�L�R�Q�4�X�D�O�L�I�L�H�G���S�H�U�V�R�Q�Q�H�O���Z�K�R���K�D�Y�H���D
�W�K�R�U�R�X�J�K���N�Q�R�Z�O�H�G�J�H���R�I���P�H�W�H�U�L�Q�J
�S�X�P�S�V

�+�\�G�U�D�X�O�L�F���L�Q�V�W�D�O�O�D�W�L�R�Q�7�H�F�K�Q�L�F�D�O���S�H�U�V�R�Q�Q�H�O�����V�H�U�Y�L�F�H

�,�Q�V�W�D�O�O�D�W�L�R�Q�����H�O�H�F�W�U�L�F�D�O�(�O�H�F�W�U�L�F�D�O���W�H�F�K�Q�L�F�L�D�Q

�2�S�H�U�D�W�L�R�Q �,�Q�V�W�U�X�F�W�H�G���S�H�U�V�R�Q

�0�D�L�Q�W�H�Q�D�Q�F�H�����U�H�S�D�L�U�7�H�F�K�Q�L�F�D�O���S�H�U�V�R�Q�Q�H�O�����V�H�U�Y�L�F�H

�'�H�F�R�P�P�L�V�V�L�R�Q�L�Q�J�����G�L�V�S�R�V�D�O�7�H�F�K�Q�L�F�D�O���S�H�U�V�R�Q�Q�H�O�����V�H�U�Y�L�F�H

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J �7�H�F�K�Q�L�F�D�O���S�H�U�V�R�Q�Q�H�O�����H�O�H�F�W�U�L�F�D�O
�W�H�F�K�Q�L�F�L�D�Q�����L�Q�V�W�U�X�F�W�H�G���S�H�U�V�R�Q��
�V�H�U�Y�L�F�H

�(�[�S�O�D�Q�D�W�L�R�Q���R�I���W�K�H���W�D�E�O�H��

�4�X�D�O�L�I�L�H�G���S�H�U�V�R�Q�Q�H�O

�$���T�X�D�O�L�I�L�H�G���H�P�S�O�R�\�H�H���L�V���G�H�H�P�H�G���W�R���E�H���D���S�H�U�V�R�Q���Z�K�R���L�V���D�E�O�H���W�R���D�V�V�H�V�V���W�K�H
�W�D�V�N�V���D�V�V�L�J�Q�H�G���W�R���K�L�P���D�Q�G���U�H�F�R�J�Q�L�V�H���S�R�V�V�L�E�O�H���G�D�Q�J�H�U�V���E�D�V�H�G���R�Q���K�L�V���K�H�U
�W�H�F�K�Q�L�F�D�O���W�U�D�L�Q�L�Q�J�����N�Q�R�Z�O�H�G�J�H���D�Q�G���H�[�S�H�U�L�H�Q�F�H�����D�V���Z�H�O�O���D�V���N�Q�R�Z�O�H�G�J�H���R�I
�S�H�U�W�L�Q�H�Q�W���U�H�J�X�O�D�W�L�R�Q�V��

�1�R�W�H��

�$���T�X�D�O�L�I�L�F�D�W�L�R�Q���R�I���H�T�X�D�O���Y�D�O�L�G�L�W�\���W�R���D���W�H�F�K�Q�L�F�D�O���T�X�D�O�L�I�L�F�D�W�L�R�Q���F�D�Q���D�O�V�R���E�H
�J�D�L�Q�H�G���E�\���V�H�Y�H�U�D�O���\�H�D�U�V���R�I���H�P�S�O�R�\�P�H�Q�W���L�Q���W�K�H���U�H�O�H�Y�D�Q�W���I�L�H�O�G���R�I���Z�R�U�N��

�(�O�H�F�W�U�L�F�D�O���W�H�F�K�Q�L�F�L�D�Q

�$�Q���H�O�H�F�W�U�L�F�D�O���W�H�F�K�Q�L�F�L�D�Q���L�V���D�E�O�H���W�R���F�R�P�S�O�H�W�H���Z�R�U�N���R�Q���H�O�H�F�W�U�L�F�D�O���V�\�V�W�H�P�V���D�Q�G
�U�H�F�R�J�Q�L�V�H���D�Q�G���D�Y�R�L�G���S�R�V�V�L�E�O�H���G�D�Q�J�H�U�V���L�Q�G�H�S�H�Q�G�H�Q�W�O�\���E�D�V�H�G���R�Q���K�L�V���K�H�U
�W�H�F�K�Q�L�F�D�O���W�U�D�L�Q�L�Q�J���D�Q�G���H�[�S�H�U�L�H�Q�F�H�����D�V���Z�H�O�O���D�V���N�Q�R�Z�O�H�G�J�H���R�I���S�H�U�W�L�Q�H�Q�W���V�W�D�Q�G�£
�D�U�G�V���D�Q�G���U�H�J�X�O�D�W�L�R�Q�V��

�)�L�[�H�G���V�H�S�D�U�D�W�L�Q�J���S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W

�,�Q�I�R�U�P�D�W�L�R�Q���L�Q���W�K�H���H�Y�H�Q�W���R�I���D�Q���H�P�H�U�J�H�Q�F�\

�4�X�D�O�L�I�L�F�D�W�L�R�Q���R�I���S�H�U�V�R�Q�Q�H�O

�6�D�I�H�W�\���&�K�D�S�W�H�U

��

�� �� �����(����������



�7�K�H���H�O�H�F�W�U�L�F�D�O���W�H�F�K�Q�L�F�L�D�Q���V�K�R�X�O�G���E�H���V�S�H�F�L�I�L�F�D�O�O�\���W�U�D�L�Q�H�G���I�R�U���W�K�H���Z�R�U�N�L�Q�J
�H�Q�Y�L�U�R�Q�P�H�Q�W���L�Q���Z�K�L�F�K���K�H���L�V���H�P�S�O�R�\�H�G���D�Q�G���N�Q�R�Z���W�K�H���U�H�O�H�Y�D�Q�W���V�W�D�Q�G�D�U�G�V
�D�Q�G���U�H�J�X�O�D�W�L�R�Q�V��

�$�Q���H�O�H�F�W�U�L�F�D�O���W�H�F�K�Q�L�F�L�D�Q���P�X�V�W���F�R�P�S�O�\���Z�L�W�K���W�K�H���S�U�R�Y�L�V�L�R�Q�V���R�I���W�K�H���D�S�S�O�L�F�D�E�O�H
�V�W�D�W�X�W�R�U�\���G�L�U�H�F�W�L�Y�H�V���R�Q���D�F�F�L�G�H�Q�W���S�U�H�Y�H�Q�W�L�R�Q��

�,�,�Q�V�W�U�X�F�W�H�G���S�H�U�V�R�Q

�$�Q���L�Q�V�W�U�X�F�W�H�G���S�H�U�V�R�Q���L�V���G�H�H�P�H�G���W�R���E�H���D���S�H�U�V�R�Q���Z�K�R���K�D�V���E�H�H�Q���L�Q�V�W�U�X�F�W�H�G
�D�Q�G�����L�I���U�H�T�X�L�U�H�G�����W�U�D�L�Q�H�G���L�Q���W�K�H���W�D�V�N�V���D�V�V�L�J�Q�H�G���W�R���K�L�P���K�H�U���D�Q�G���S�R�V�V�L�E�O�H���G�D�Q�£
�J�H�U�V���W�K�D�W���F�R�X�O�G���U�H�V�X�O�W���I�U�R�P���L�P�S�U�R�S�H�U���E�H�K�D�Y�L�R�X�U�����D�V���Z�H�O�O���D�V���K�D�Y�L�Q�J���E�H�H�Q
�L�Q�V�W�U�X�F�W�H�G���L�Q���W�K�H���U�H�T�X�L�U�H�G���S�U�R�W�H�F�W�L�Y�H���H�T�X�L�S�P�H�Q�W���D�Q�G���S�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V��

�6�H�U�Y�L�F�H

�7�K�H���6�H�U�Y�L�F�H���G�H�S�D�U�W�P�H�Q�W���U�H�I�H�U�V���W�R���V�H�U�Y�L�F�H���W�H�F�K�Q�L�F�L�D�Q�V�����Z�K�R���K�D�Y�H���U�H�F�H�L�Y�H�G
�S�U�R�Y�H�Q���W�U�D�L�Q�L�Q�J���D�Q�G���K�D�Y�H���E�H�H�Q���D�X�W�K�R�U�L�V�H�G���E�\���3�U�R�0�L�Q�H�Q�W���W�R���Z�R�U�N���R�Q���W�K�H
�V�\�V�W�H�P��

�6�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O���/�S�$�������������G�%���D�F�F�R�U�G�L�Q�J���W�R���(�1���,�6�2������������

�D�W���P�D�[�L�P�X�P���V�W�U�R�N�H���O�H�Q�J�W�K�����P�D�[�L�P�X�P���V�W�U�R�N�H���U�D�W�H�����P�D�[�L�P�X�P���E�D�F�N���S�U�H�V�V�X�U�H
���Z�D�W�H�U��

�6�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O

�6�D�I�H�W�\���&�K�D�S�W�H�U

��

�������� �(����������



������ �6�W�R�U�D�J�H�����7�U�D�Q�V�S�R�U�W���D�Q�G���8�Q�S�D�F�N�L�Q�J

�: �$�5�1�,�1�* ��
�7�K�H���W�U�D�Q�V�S�R�U�W�L�Q�J���R�I���S�X�P�S�V���Z�K�L�F�K���K�D�Y�H���E�H�H�Q���X�V�H�G���Z�L�W�K���U�D�G�L�R�£
�D�F�W�L�Y�H���I�H�H�G���F�K�H�P�L�F�D�O�V���L�V���I�R�U�E�L�G�G�H�Q��

�7�K�H�\���Z�L�O�O���D�O�V�R���Q�R�W���E�H���D�F�F�H�S�W�H�G���E�\���3�U�R�0�L�Q�H�Q�W��

�: �$�5�1�,�1�* ��
�2�Q�O�\���U�H�W�X�U�Q���P�H�W�H�U�L�Q�J���S�X�P�S�V���I�R�U���U�H�S�D�L�U���L�Q���D���F�O�H�D�Q�H�G���V�W�D�W�H���D�Q�G
�Z�L�W�K���D���I�O�X�V�K�H�G���O�L�T�X�L�G���H�Q�G�������U�H�I�H�U���W�R�����'�H�F�R�P�P�L�V�V�L�R�Q�L�Q�J��

�2�Q�O�\���U�H�W�X�U�Q���P�H�W�H�U�L�Q�J���S�X�P�S�V���Z�L�W�K���D���F�R�P�S�O�H�W�H�G���'�H�F�R�Q�W�D�P�L�Q�D�£
�W�L�R�Q���'�H�F�O�D�U�D�W�L�R�Q���I�R�U�P�����7�K�H���'�H�F�R�Q�W�D�P�L�Q�D�W�L�R�Q���'�H�F�O�D�U�D�W�L�R�Q���F�R�Q�£
�V�W�L�W�X�W�H�V���D�Q���L�Q�W�H�J�U�D�O���S�D�U�W���R�I���D�Q���L�Q�V�S�H�F�W�L�R�Q�������U�H�S�D�L�U���R�U�G�H�U�����$���X�Q�L�W
�F�D�Q���R�Q�O�\���E�H���L�Q�V�S�H�F�W�H�G���R�U���U�H�S�D�L�U�H�G���Z�K�H�Q���D���'�H�F�O�D�U�D�W�L�R�Q���R�I
�'�H�F�R�Q�W�D�P�L�Q�D�W�L�R�Q���)�R�U�P���L�V���V�X�E�P�L�W�W�H�G���W�K�D�W���K�D�V���E�H�H�Q���F�R�P�S�O�H�W�H�G
�F�R�U�U�H�F�W�O�\���D�Q�G���L�Q���I�X�O�O���E�\���D�Q���D�X�W�K�R�U�L�V�H�G���D�Q�G���T�X�D�O�L�I�L�H�G���S�H�U�V�R�Q���R�Q
�E�H�K�D�O�I���R�I���W�K�H���S�X�P�S���R�S�H�U�D�W�R�U��

�7�K�H�����'�H�F�R�Q�W�D�P�L�Q�D�W�L�R�Q���'�H�F�O�D�U�D�W�L�R�Q���)�R�U�P�����F�D�Q���E�H���I�R�X�Q�G���R�Q
�R�X�U���K�R�P�H�S�D�J�H��

�&�$�8�7�,�2�1��
�' �D�Q�J�H�U���R�I���P�D�W�H�U�L�D�O���G�D�P�D�J�H
�7�K�H���G�H�Y�L�F�H���F�D�Q���E�H���G�D�P�D�J�H�G���E�\���L�Q�F�R�U�U�H�F�W���R�U���L�P�S�U�R�S�H�U���V�W�R�U�D�J�H
�R�U���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q��

�¦ �7�K�H���X�Q�L�W���V�K�R�X�O�G���R�Q�O�\���E�H���V�W�R�U�H�G���R�U���W�U�D�Q�V�S�R�U�W�H�G���L�Q���D���Z�H�O�O
�S�D�F�N�D�J�H�G���V�W�D�W�H�������S�U�H�I�H�U�D�E�O�\���L�Q���L�W�V���R�U�L�J�L�Q�D�O���S�D�F�N�D�J�L�Q�J��

�¦ �7�K�H���S�D�F�N�D�J�H�G���X�Q�L�W���V�K�R�X�O�G���D�O�V�R���R�Q�O�\���E�H���V�W�R�U�H�G���R�U���W�U�D�Q�V�£
�S�R�U�W�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���V�W�L�S�X�O�D�W�H�G���V�W�R�U�D�J�H���F�R�Q�G�L�£
�W�L�R�Q�V��

�¦ �7�K�H���S�D�F�N�D�J�H�G���X�Q�L�W���V�K�R�X�O�G���E�H���S�U�R�W�H�F�W�H�G���I�U�R�P���P�R�L�V�W�X�U�H
�D�Q�G���W�K�H���L�Q�J�U�H�V�V���R�I���F�K�H�P�L�F�D�O�V��

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�0�L�Q�L�P�X�P���V�W�R�U�D�J�H���D�Q�G���W�U�D�Q�V�S�R�U�W���W�H�P�S�H�U�D�£
�W�X�U�H

������ �r�&

�0�D�[�L�P�X�P���V�W�R�U�D�J�H���D�Q�G���W�U�D�Q�V�S�R�U�W���W�H�P�S�H�U�D�£
�W�X�U�H

������ �r�&

�0�D�[�L�P�X�P���D�L�U���K�X�P�L�G�L�W�\��� ���� �����U�H�O��
�K�X�P�L�G�L�W�\

����Q�R�Q���F�R�Q�G�H�Q�V�L�Q�J

�&�R�P�S�D�U�H���W�K�H���G�H�O�L�Y�H�U�\���Q�R�W�H���Z�L�W�K���W�K�H���V�F�R�S�H���R�I���G�H�O�L�Y�H�U�\��

�„ �0�H�W�H�U�L�Q�J���S�X�P�S���Z�L�W�K���P�D�L�Q�V���F�D�E�O�H
�„ �&�R�Q�Q�H�F�W�R�U���N�L�W���I�R�U���K�R�V�H���S�L�S�H���F�R�Q�Q�H�F�W�L�R�Q�����R�S�W�L�R�Q�D�O��
�„ �3�U�R�G�X�F�W���V�S�H�F�L�I�L�F���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���Z�L�W�K���(�&���'�H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�£

�I�R�U�P�L�W�\
�„ �2�S�W�L�R�Q�D�O���D�F�F�H�V�V�R�U�L�H�V

�6�D�I�H�W�\���,�Q�I�R�U�P�D�W�L�R�Q

�$�P�E�L�H�Q�W���F�R�Q�G�L�W�L�R�Q�V

�6�F�R�S�H���R�I���G�H�O�L�Y�H�U�\

�6�W�R�U�D�J�H�����7�U�D�Q�V�S�R�U�W���D�Q�G���8�Q�S�D�F�N�L�Q�J

��

�� �� �����(����������



������ �2�Y�H�U�Y�L�H�Z���R�I���( �T�X�L�S�P�H�Q�W���D�Q�G���&�R�Q�W�U�R�O���(�O�H�P�H�Q�W�V
�������� �2�Y�H�U�Y�L�H�Z���R�I���( �T�X�L�S�P�H�Q�W

� � � � � �

�3�B�%�(�B���������B�6�:

�)�L�J�����������&�R�P�S�O�H�W�H���R�Y�H�U�Y�L�H�Z

�� �&�R�Q�W�U�R�O���X�Q�L�W
�� �'�U�L�Y�H���X�Q�L�W
�� �/�L�T�X�L�G���H�Q�G

�D

�E
�F

�G

�H

�I

�3�B�%�(�B���������B�6�:

�)�L�J�����������2�Y�H�U�Y�L�H�Z���R�I���O�L�T�X�L�G���H�Q�G�����3�9��

�D �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H
�E �%�D�F�N�S�O�D�W�H
�F �'�R�V�L�Q�J���K�H�D�G
�G �%�O�H�H�G���Y�D�O�Y�H
�H �%�\�S�D�V�V���K�R�V�H���V�O�H�H�Y�H
�I �6�X�F�W�L�R�Q���Y�D�O�Y�H

�2�Y�H�U�Y�L�H�Z���R�I���( �T�X�L�S�P�H�Q�W���D�Q�G���&�R�Q�W�U�R�O���(�O�H�P�H�Q�W�V

��

�������� �(����������



���������� �&�R�Q�W�U�R�O���(�O�H�P�H�Q�W�V

��

��
��
��
��

��

��
��

��

�3�B�%�(�B���������B�6�:

�)�L�J������

�� �3�X�O�V�H���F�R�Q�W�U�R�O���V�Z�L�W�F�K
�� �6�W�U�R�N�H���/�H�Q�J�W�K���$�G�M�X�V�W�P�H�Q�W���%�X�W�W�R�Q
�� �)�D�X�O�W���L�Q�G�L�F�D�W�R�U�����U�H�G��
�� �:�D�U�Q�L�Q�J���L�Q�G�L�F�D�W�R�U�����\�H�O�O�R�Z��
�� �2�S�H�U�D�W�L�Q�J���L�Q�G�L�F�D�W�R�U�����J�U�H�H�Q��
�� �0�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���6�Z�L�W�F�K
�� ���(�[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O
�� �5�H�O�D�\���F�R�Q�Q�H�F�W�L�R�Q�����R�S�W�L�R�Q�D�O��
�� ���/�H�Y�H�O���V�Z�L�W�F�K�����W�H�U�P�L�Q�D�O

������������ �3�X�O�V�H���F�R�Q�W�U�R�O���V�Z�L�W�F�K
�,�Q�������( �[�W�H�U�Q�D�O���&�R�Q�W�D�F�W�����R�S�H�U�D�W�L�Q�J���P�R�G�H�����W�K�H���S�X�O�V�H���F�R�Q�W�U�R�O���V�Z�L�W�F�K���H�L�W�K�H�U���W�U�L�J�£
�J�H�U�V���D���V�H�U�L�H�V���R�I���V�W�U�R�N�H�V���R�U���V�W�H�S�V���G�R�Z�Q���D�Q���L�Q�F�R�P�L�Q�J���V�H�U�L�H�V���R�I���F�R�Q�W�D�F�W�V���E�\���D
�V�L�Q�J�O�H���F�R�Q�W�D�F�W�����D�W���W�K�H�����H�[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O����

�,�Q�������( �[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H�����R�S�H�U�D�W�L�Q�J���P�R�G�H�����W�K�H���V�W�U�R�N�H���U�D�W�H���F�D�Q���E�H���F�R�Q�W�U�R�O�O�H�G
�E�\���D�Q���P�$���V�L�J�Q�D�O���Y�L�D���W�K�H���S�X�O�V�H���F�R�Q�W�U�R�O���V�Z�L�W�F�K�����7�R���G�R���V�R�����W�K�H���P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O
�V�Z�L�W�F�K���K�D�V���W�R���E�H���W�X�U�Q�H�G���W�R�����(�[�W�H�U�Q����

������������ �6�W�U�R�N�H���/�H�Q�J�W�K���$�G�M�X�V�W�P�H�Q�W���%�X�W�W�R�Q
�7�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���D�G�M�X�V�W�P�H�Q�W���E�X�W�W�R�Q���F�D�Q���E�H���X�V�H�G���W�R���D�G�M�X�V�W���W�K�H���V�W�U�R�N�H
�O�H�Q�J�W�K��

������������ �0�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���6�Z�L�W�F�K
�7�K�H���P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K���F�D�Q���E�H���X�V�H�G���W�R���V�H�W���W�K�H���I�R�O�O�R�Z�L�Q�J���I�X�Q�F�W�L�R�Q�V�����R�S�H�U�£
�D�W�L�Q�J���P�R�G�H�V���D�Q�G���V�W�U�R�N�H���U�D�W�H��

�7�K�H���R�S�H�U�D�W�L�Q�J���P�R�G�H�V���W�K�D�W���F�D�Q���E�H���V�H�W���D�U�H��

�„ �7�H�V�W�����S�U�L�P�L�Q�J���I�X�Q�F�W�L�R�Q��
�„ �6�W�R�S�����R�S�W�L�R�Q�D�O�O�\���P�L�V�V�L�Q�J��
�„ �(�[�W�H�U�Q�����&�R�Q�W�D�F�W��
�„ �(�[�W�H�U�Q�D�O�����D�Q�D�O�R�J�X�H�����R�S�W�L�R�Q�D�O��
�„ �0�D�Q�X�D�O�����V�H�W�W�L�Q�J���V�W�U�R�N�H���U�D�W�H���L�Q�����������L�Q�F�U�H�P�H�Q�W�V��

�2�Y�H�U�Y�L�H�Z���R�I���( �T�X�L�S�P�H�Q�W���D�Q�G���&�R�Q�W�U�R�O���(�O�H�P�H�Q�W�V

��

�� �� �����(����������



�������������� �)�X�Q�F�W�L�R�Q�D�O���D�Q�G���)�D�X�O�W���,�Q�G�L�F�D�W�R�U�V
�7�K�H���I�D�X�O�W���L�Q�G�L�F�D�W�R�U���O�L�J�K�W�V���X�S���L�I���W�K�H���I�O�X�L�G���O�H�Y�H�O���L�Q���W�K�H���G�R�V�L�Q�J���W�D�Q�N���I�D�O�O�V���E�H�O�R�Z
�W�K�H���V�H�F�R�Q�G���V�Z�L�W�F�K�L�Q�J���S�R�L�Q�W���R�I���W�K�H���O�H�Y�H�O���V�Z�L�W�F�K�����������P�P���U�H�V�L�G�X�D�O���I�L�O�O�L�Q�J���O�H�Y�H�O
�L�Q���W�K�H���G�R�V�L�Q�J���W�D�Q�N����

�7�K�H���I�D�X�O�W���L�Q�G�L�F�D�W�R�U���O�L�J�K�W�V���X�S���L�I���W�K�H���F�X�U�U�H�Q�W���I�D�O�O�V���E�H�O�R�Z�����������P�$�����R�Q�O�\���Z�L�W�K
���������������P�$�����R�U���H�[�F�H�H�G�V���������P�$���L�Q�����(�[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H�����R�S�H�U�D�W�L�Q�J���P�R�G�H��

�7�K�L�V���/�(�'���I�O�D�V�K�H�V���L�Q���W�K�H���H�Y�H�Q�W���R�I���D�Q���X�Q�G�H�I�L�Q�H�G���R�S�H�U�D�W�L�Q�J���V�W�D�W�X�V��

�7�K�H���Z�D�U�Q�L�Q�J���L�Q�G�L�F�D�W�R�U���O�L�J�K�W�V���X�S���L�I���W�K�H���I�O�X�L�G���O�H�Y�H�O���L�Q���W�K�H���G�R�V�L�Q�J���W�D�Q�N���I�D�O�O�V
�E�H�O�R�Z���W�K�H���I�L�U�V�W���V�Z�L�W�F�K�L�Q�J���S�R�L�Q�W���R�I���W�K�H���O�H�Y�H�O���V�Z�L�W�F�K��

�7�K�H���R�S�H�U�D�W�L�Q�J���L�Q�G�L�F�D�W�R�U���O�L�J�K�W�V���X�S���L�I���W�K�H���S�X�P�S���L�V���U�H�D�G�\���I�R�U���R�S�H�U�D�W�L�R�Q���D�Q�G
�W�K�H�U�H���D�U�H���Q�R���I�D�X�O�W���R�U���Z�D�U�Q�L�Q�J���D�O�H�U�W�V�����,�W���J�R�H�V���R�X�W���T�X�L�F�N�O�\���D�V���V�R�R�Q���D�V���W�K�H
�S�X�P�S���K�D�V���S�H�U�I�R�U�P�H�G���D���V�W�U�R�N�H��

������������ ���( �[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O
�7�K�H�����H�[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O���L�V���D���I�L�Y�H���S�R�O�H���S�D�Q�H�O���W�H�U�P�L�Q�D�O��

�,�W���H�Q�D�E�O�H�V���W�K�H���I�R�O�O�R�Z�L�Q�J���I�X�Q�F�W�L�R�Q�V���D�Q�G���R�S�H�U�D�W�L�Q�J���P�R�G�H�V���W�R���E�H���X�V�H�G��

�„ �3�D�X�V�H
�„ �(�[�W�H�U�Q�D�O���F�R�Q�W�D�F�W
�„ �(�[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H�����R�S�W�L�R�Q�D�O��
�„ �$�X�[�L�O�L�D�U�\���I�U�H�T�X�H�Q�F�\�����H�[�W�H�U�Q�D�O���I�U�H�T�X�H�Q�F�\���F�K�D�Q�J�H�U��

�7�K�H���W�Z�R�����D�Q�G���I�R�X�U���S�R�O�H���F�D�E�O�H�V���X�V�H�G���W�R���G�D�W�H���F�D�Q���F�R�Q�W�L�Q�X�H���W�R
�E�H���X�V�H�G�����7�K�H�����$�X�[�L�O�L�D�U�\���I�U�H�T�X�H�Q�F�\�����I�X�Q�F�W�L�R�Q���F�D�Q�����K�R�Z�H�Y�H�U��
�R�Q�O�\���E�H���X�V�H�G���Z�L�W�K���D���I�L�Y�H���S�R�O�H���F�D�E�O�H��

������������ ���/�H�Y�H�O���V�Z�L�W�F�K�����W�H�U�P�L�Q�D�O
�$�������V�W�D�J�H���O�H�Y�H�O���V�Z�L�W�F�K���Z�L�W�K���S�U�H���Z�D�U�Q�L�Q�J���D�Q�G���H�Q�G���V�Z�L�W�F�K���R�I�I���F�D�Q���E�H���F�R�Q�£
�Q�H�F�W�H�G��

�)�D�X�O�W���L�Q�G�L�F�D�W�R�U�����U�H�G��

�: �D�U�Q�L�Q�J���L�Q�G�L�F�D�W�R�U�����\�H�O�O�R�Z��

�2�S�H�U�D�W�L�Q�J���L�Q�G�L�F�D�W�R�U�����J�U�H�H�Q��

�2�Y�H�U�Y�L�H�Z���R�I���( �T�X�L�S�P�H�Q�W���D�Q�G���&�R�Q�W�U�R�O���(�O�H�P�H�Q�W�V

��

�������� �(����������



������ �)�X�Q�F�W�L�R�Q�D�O���G�H�V�F�U�L�S�W�L�R�Q
�������� �/�L�T�X�L�G���(�Q�G

�7�K�H���G�R�V�L�Q�J���S�U�R�F�H�V�V���L�V���S�H�U�I�R�U�P�H�G���D�V���I�R�O�O�R�Z�V�����7�K�H���G�L�D�S�K�U�D�J�P���L�V���S�U�H�V�V�H�G
�L�Q�W�R���W�K�H���G�R�V�L�Q�J���K�H�D�G�����W�K�H���S�U�H�V�V�X�U�H���L�Q���W�K�H���G�R�V�L�Q�J���K�H�D�G���F�O�R�V�H�V���W�K�H���V�X�F�W�L�R�Q
�Y�D�O�Y�H���D�Q�G���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O���I�O�R�Z�V���W�K�U�R�X�J�K���W�K�H���G�L�V�F�K�D�U�J�H���Y�D�O�Y�H���R�X�W���R�I���W�K�H
�G�R�V�L�Q�J���K�H�D�G�����7�K�H���G�L�D�S�K�U�D�J�P���L�V���Q�R�Z���G�U�D�Z�Q���R�X�W���R�I���W�K�H���G�R�V�L�Q�J���K�H�D�G�����W�K�H���G�L�V�£
�F�K�D�U�J�H���Y�D�O�Y�H���F�O�R�V�H�V���G�X�H���W�R���W�K�H���Q�H�J�D�W�L�Y�H���S�U�H�V�V�X�U�H���L�Q���W�K�H���G�R�V�L�Q�J���K�H�D�G���D�Q�G
�I�U�H�V�K���I�H�H�G���F�K�H�P�L�F�D�O���I�O�R�Z�V���W�K�U�R�X�J�K���W�K�H���V�X�F�W�L�R�Q���Y�D�O�Y�H���L�Q�W�R���W�K�H���G�R�V�L�Q�J���K�H�D�G��
�2�Q�H���F�\�F�O�H���L�V���F�R�P�S�O�H�W�H�G��

�������� �' �U�L�Y�H���8�Q�L�W
�7�K�H���G�L�D�S�K�U�D�J�P���L�V���G�U�L�Y�H�Q���E�\���D�Q���H�O�H�F�W�U�R�P�D�J�Q�H�W�����Z�K�L�F�K���L�V���F�R�Q�W�U�R�O�O�H�G���E�\���D�Q
�H�O�H�F�W�U�R�Q�L�F���F�R�Q�W�U�R�O�O�H�U��

�������� �&�D�S�D�F�L�W�\
�7�K�H���F�D�S�D�F�L�W�\���L�V���G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���D�Q�G���W�K�H���V�W�U�R�N�H���U�D�W�H��

�7�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���L�V���D�G�M�X�V�W�H�G���E�\���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���D�G�M�X�V�W�P�H�Q�W���N�Q�R�E���Z�L�W�K�L�Q
�D���U�D�Q�J�H���R�I�����������������������������$���V�W�U�R�N�H���O�H�Q�J�W�K���R�I���E�H�W�Z�H�H�Q�������������������������������6�(�.���W�\�S�H��
�����������������������������L�V���U�H�F�R�P�P�H�Q�G�H�G���W�R���D�F�K�L�H�Y�H���W�K�H���V�S�H�F�L�I�L�H�G���U�H�S�U�R�G�X�F�L�E�L�O�L�W�\��

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�5�H�F�R�P�P�H�Q�G�H�G���V�W�U�R�N�H���O�H�Q�J�W�K�����V�W�D�Q�G�D�U�G
�W�\�S�H

�������������������� ��

�5�H�F�R�P�P�H�Q�G�H�G���V�W�U�R�N�H���O�H�Q�J�W�K�����6�(�.���W�\�S�H �������������������� ��

�7�K�H���V�W�U�R�N�H���U�D�W�H���F�D�Q���E�H���V�H�W���Z�L�W�K�L�Q���D���U�D�Q�J�H���R�I�����������������������������X�V�L�Q�J���W�K�H���P�X�O�W�L�£
�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K��

�������� �6�H�O�I���%�O�H�H�G�L�Q�J
�6�H�O�I���E�O�H�H�G�L�Q�J���O�L�T�X�L�G���H�Q�G�V�����6�(�.���W�\�S�H�V�����D�U�H���F�D�S�D�E�O�H���R�I���L�Q�G�H�S�H�Q�G�H�Q�W���S�U�L�P�L�Q�J
�Z�K�H�Q���D���G�L�V�F�K�D�U�J�H���O�L�Q�H���L�V���F�R�Q�Q�H�F�W�H�G���D�Q�G���G�L�Y�H�U�W�L�Q�J���H�[�L�V�W�H�Q�W���D�L�U���S�R�F�N�H�W�V���Y�L�D���D
�E�\�S�D�V�V�����'�X�U�L�Q�J���R�S�H�U�D�W�L�R�Q���W�K�H�\���D�U�H���D�O�V�R���F�D�S�D�E�O�H���R�I���F�R�Q�Y�H�\�L�Q�J���D�Z�D�\���J�D�V�H�V
�Z�K�L�F�K���D�U�H���S�U�R�G�X�F�H�G�����L�Q�G�H�S�H�Q�G�H�Q�W�O�\���R�I���W�K�H���R�S�H�U�D�W�L�Q�J���S�U�H�V�V�X�U�H���L�Q���W�K�H
�V�\�V�W�H�P�����,�W���L�V���D�O�V�R���S�R�V�V�L�E�O�H���W�R���G�R�V�H���S�U�H�F�L�V�H�O�\���L�Q���D���G�H�S�U�H�V�V�X�U�L�V�H�G���V�W�D�W�H���G�X�H
�W�R���W�K�H���L�Q�W�H�J�U�D�O���E�D�F�N���S�U�H�V�V�X�U�H���Y�D�O�Y�H��

�������� �2�S�H�U�D�W�L�Q�J���P�R�G�H�V
�7�K�H���R�S�H�U�D�W�L�Q�J���P�R�G�H�V���D�U�H���V�H�O�H�F�W�H�G���E�\���P�H�D�Q�V���R�I���W�K�H���P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K��

�$�V���V�R�R�Q���D�V���W�K�H���V�W�U�R�N�H���U�D�W�H���K�D�V���E�H�H�Q���V�H�W���E�\���W�K�H���P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K�����W�K�H
�S�X�P�S���I�L�Q�G�V���L�W�V�H�O�I���L�Q�����0�D�Q�X�D�O�����R�S�H�U�D�W�L�Q�J���P�R�G�H���������������F�R�U�U�H�V�S�R�Q�G�V���W�R��������
�V�W�U�R�N�H�V���P�L�Q��

�7�K�H�����(�[�W�H�U�Q�D�O���&�R�Q�W�D�F�W�����R�S�H�U�D�W�L�Q�J���P�R�G�H���L�V���G�H�V�F�U�L�E�H�G���E�H�O�R�Z���L�Q���W�K�H�����2�S�H�U�D�£
�W�L�R�Q�����D�Q�G�����,�Q�V�W�D�O�O�D�W�L�R�Q�����(�O�H�F�W�U�L�F�D�O�����F�K�D�S�W�H�U�V��

�7�K�H�����(�[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H�����R�S�H�U�D�W�L�Q�J���P�R�G�H���L�V���G�H�V�F�U�L�E�H�G���E�H�O�R�Z���L�Q���W�K�H�����2�S�H�£
�U�D�W�L�R�Q�����D�Q�G�����,�Q�V�W�D�O�O�D�W�L�R�Q�����(�O�H�F�W�U�L�F�D�O�����F�K�D�S�W�H�U�V��

���0�D�Q�X�D�O�����R�S�H�U�D�W�L�Q�J���P�R�G�H

���(�[�W�H�U�Q�D�O���F�R�Q�W�D�F�W�����R�S�H�U�D�W�L�Q�J���P�R�G�H

���(�[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H�����R�S�H�U�D�W�L�Q�J���P�R�G�H

�)�X�Q�F�W�L�R�Q�D�O���G�H�V�F�U�L�S�W�L�R�Q

��

�� �� �����(����������



���������� �)�X�Q�F�W�L�R�Q�V
�7�K�H���I�X�Q�F�W�L�R�Q�V���D�U�H���G�H�V�F�U�L�E�H�G���E�H�O�R�Z���L�Q���W�K�H�����2�S�H�U�D�W�L�R�Q�����F�K�D�S�W�H�U��

�������� �5�H�O�D�\
�7�K�H���S�X�P�S���K�D�V���W�Z�R���F�R�Q�Q�H�F�W�L�Q�J���R�S�W�L�R�Q�V��

�7�K�H���U�H�O�D�\���F�D�Q���V�Z�L�W�F�K���D���F�R�Q�Q�H�F�W�H�G���S�R�Z�H�U���F�L�U�F�X�L�W�����H���J�����I�R�U���D�Q���D�O�D�U�P���K�R�U�Q�����L�Q
�W�K�H���H�Y�H�Q�W���R�I���Z�D�U�Q�L�Q�J�V���R�U���I�D�X�O�W���P�H�V�V�D�J�H�V�����H���J�����Z�D�U�Q�L�Q�J���O�H�Y�H�O�V����

�7�K�H���U�H�O�D�\���F�D�Q���E�H���U�H�W�U�R�I�L�W�W�H�G���Z�L�W�K���W�K�H���U�H�W�U�R�I�L�W���N�L�W���Y�L�D���D���N�Q�R�F�N���R�X�W���R�S�H�Q�L�Q�J���L�Q
�W�K�H���S�X�P�S���I�R�R�W�������U�H�I�H�U���W�R�����5�H�W�U�R�I�L�W�W�L�Q�J���U�H�O�D�\�V����

�7�K�L�V���F�R�P�E�L�Q�H�G���U�H�O�D�\���F�D�Q���J�H�Q�H�U�D�W�H���D���F�R�Q�W�D�F�W���Z�L�W�K���H�D�F�K���V�W�U�R�N�H���Y�L�D���L�W�V���S�D�F�L�Q�J
�U�H�O�D�\���L�Q���D�G�G�L�W�L�R�Q���W�R���L�W�V���I�X�Q�F�W�L�R�Q���D�V���D���I�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\��

�7�K�H���U�H�O�D�\���F�D�Q���E�H���U�H�W�U�R�I�L�W�W�H�G���Z�L�W�K���W�K�H���U�H�W�U�R�I�L�W���N�L�W���Y�L�D���D���N�Q�R�F�N���R�X�W���R�S�H�Q�L�Q�J���L�Q
�W�K�H���S�X�P�S���I�R�R�W�������U�H�I�H�U���W�R�����5�H�W�U�R�I�L�W�W�L�Q�J���U�H�O�D�\�V����

�������� �+�L�H�U�D�U�F�K�\���R�I���2�S�H�U�D�W�L�Q�J���0�R�G�H�V�����)�X�Q�F�W�L�R�Q�V���D�Q�G���)�D�X�O�W���6�W�D�W�X�V�H�V
�7�K�H���G�L�I�I�H�U�H�Q�W���R�S�H�U�D�W�L�Q�J���P�R�G�H�V�����I�X�Q�F�W�L�R�Q�V���D�Q�G���I�D�X�O�W���V�W�D�W�X�V�H�V���K�D�Y�H���D���G�L�I�£
�I�H�U�H�Q�W���H�I�I�H�F�W���R�Q���L�I���D�Q�G���K�R�Z���W�K�H���S�X�P�S���U�H�D�F�W�V��

�7�K�H���I�R�O�O�R�Z�L�Q�J���O�L�V�W���V�K�R�Z�V���W�K�H���R�U�G�H�U��

���� �� �7�H�V�W�����S�U�L�P�L�Q�J��

���� �� �)�D�X�O�W�����6�W�R�S�����3�D�X�V�H

���� �� �$�X�[�L�O�L�D�U�\���I�U�H�T�X�H�Q�F�\�����H�[�W�H�U�Q�D�O���I�U�H�T�X�H�Q�F�\���F�K�D�Q�J�H�R�Y�H�U��

���� �� �0�D�Q�X�D�O�����(�[�W�H�U�Q���&�R�Q�W�D�F�W

�&�R�P�P�H�Q�W�V��

�U�H���� �� ���3�U�L�P�L�Q�J�����F�D�Q���W�D�N�H���S�O�D�F�H���L�Q���D�Q�\���P�R�G�H���R�I���W�K�H���S�X�P�S�����S�U�R�Y�L�G�L�Q�J���L�W���L�V
�I�X�Q�F�W�L�R�Q�L�Q�J����

�U�H���� �� ���)�D�X�O�W���������6�W�R�S�����X�Q�G�����3�D�X�V�H�����V�W�R�S���H�Y�H�U�\�W�K�L�Q�J���D�S�D�U�W���I�U�R�P�����3�U�L�P�L�Q�J����

�U�H���� �� �7�K�H���V�W�U�R�N�H���U�D�W�H���R�I�����$�X�[�L�O�L�D�U�\���I�U�H�T�X�H�Q�F�\�����D�O�Z�D�\�V���K�D�V���S�U�L�R�U�L�W�\���R�Y�H�U���W�K�H
�V�W�U�R�N�H���U�D�W�H���V�S�H�F�L�I�L�H�G���E�\���D�Q���R�S�H�U�D�W�L�Q�J���P�R�G�H���L�Q������

�)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\���R�S�W�L�R�Q

�)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���D�Q�G���S�D�F�L�Q�J���U�H�O�D�\���R�S�W�L�R�Q

�)�X�Q�F�W�L�R�Q�D�O���G�H�V�F�U�L�S�W�L�R�Q

��

�������� �(����������



������ �$�V�V�H�P�E�O�\

�¦ �&�R�P�S�D�U�H���W�K�H���G�L�P�H�Q�V�L�R�Q�V���R�Q���W�K�H���G�L�P�H�Q�V�L�R�Q���V�K�H�H�W���Z�L�W�K
�W�K�R�V�H���R�I���W�K�H���S�X�P�S��

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N
�,�I���Z�D�W�H�U���R�U���R�W�K�H�U���H�O�H�F�W�U�L�F�D�O�O�\���F�R�Q�G�X�F�W�L�Q�J���O�L�T�X�L�G�V���S�H�Q�H�W�U�D�W�H���L�Q�W�R
�W�K�H���G�U�L�Y�H���K�R�X�V�L�Q�J�����L�Q���D�Q�\���R�W�K�H�U���P�D�Q�Q�H�U���W�K�D�Q���Y�L�D���W�K�H���S�X�P�S�
�V
�V�X�F�W�L�R�Q���F�R�Q�Q�H�F�W�L�R�Q�����D�Q���H�O�H�F�W�U�L�F���V�K�R�F�N���P�D�\���R�F�F�X�U��

�¦ �3�R�V�L�W�L�R�Q���W�K�H���S�X�P�S���V�R���W�K�D�W���L�W���F�D�Q�Q�R�W���E�H���I�O�R�R�G�H�G��

�&�$�8�7�,�2�1��
�' �D�Q�J�H�U���I�U�R�P���L�Q�F�R�U�U�H�F�W�O�\���R�S�H�U�D�W�H�G���R�U���L�Q�D�G�H�T�X�D�W�H�O�\���P�D�L�Q�W�D�L�Q�H�G
�S�X�P�S�V
�'�D�Q�J�H�U���F�D�Q���D�U�L�V�H���I�U�R�P���D���S�R�R�U�O�\���D�F�F�H�V�V�L�E�O�H���S�X�P�S���G�X�H���W�R
�L�Q�F�R�U�U�H�F�W���R�S�H�U�D�W�L�R�Q���D�Q�G���S�R�R�U���P�D�L�Q�W�H�Q�D�Q�F�H��

�¦ �(�Q�V�X�U�H���W�K�D�W���W�K�H���S�X�P�S���L�V���D�F�F�H�V�V�L�E�O�H���D�W���D�O�O���W�L�P�H�V��
�¦ �$�G�K�H�U�H���W�R���W�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���L�Q�W�H�U�Y�D�O�V��

�&�D�S�D�F�L�W�\���W�R�R���O�R�Z
�7�K�H���O�L�T�X�L�G���H�Q�G���Y�D�O�Y�H�V���F�D�Q���E�H���G�L�V�W�X�U�E�H�G���E�\���Y�L�E�U�D�W�L�R�Q�V��

�¦ �6�H�F�X�U�H���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���V�R���W�K�D�W���Q�R���Y�L�E�U�D�W�L�R�Q�V���F�D�Q
�R�F�F�X�U��

�&�D�S�D�F�L�W�\���W�R�R���O�R�Z
�,�I���W�K�H���Y�D�O�Y�H�V���R�I���W�K�H���O�L�T�X�L�G���H�Q�G���D�U�H���Q�R�W���Y�H�U�W�L�F�D�O�����W�K�H�\���F�D�Q�Q�R�W
�F�O�R�V�H���F�R�U�U�H�F�W�O�\��

�¦ �6�X�F�W�L�R�Q���D�Q�G���G�L�V�F�K�D�U�J�H���Y�D�O�Y�H�V���P�X�V�W���V�W�D�Q�G���Y�H�U�W�L�F�D�O�O�\
�X�S�Z�D�U�G�V�����I�R�U���V�H�O�I���E�O�H�H�G�L�Q�J���O�L�T�X�L�G���H�Q�G�����W�K�H���E�O�H�H�G���Y�D�O�Y�H����

�0�R�X�Q�W���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���Z�L�W�K���W�K�H���S�X�P�S���I�R�R�W���R�Q���D���K�R�U�L�]�R�Q�W�D�O�����O�H�Y�H�O
�D�Q�G���O�R�D�G���E�H�D�U�L�Q�J���V�X�S�S�R�U�W�L�Q�J���V�X�U�I�D�F�H��

�$�V�V�H�P�E�O�\

��

�� �� �����(����������



������ �,�Q�V�W�D�O�O�D�W�L�R�Q�����K�\�G�U�D�X�O�L�F

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�$�Q���X�Q�V�X�L�W�D�E�O�H���I�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���G�D�P�D�J�H���W�K�H���Z�H�W�W�H�G���S�D�U�W�V���R�I
�W�K�H���S�X�P�S��

�¦ �7�D�N�H���L�Q�W�R���D�F�F�R�X�Q�W���W�K�H���U�H�V�L�V�W�D�Q�F�H���R�I���W�K�H���Z�H�W�W�H�G���P�D�W�H�U�L�D�O�V
�Z�K�H�Q���V�H�O�H�F�W�L�Q�J���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O�������V�H�H���W�K�H���3�U�R�0�L�Q�H�Q�W
�3�U�R�G�X�F�W���&�D�W�D�O�R�J�X�H���R�U���Y�L�V�L�W���R�X�U���K�R�P�H�S�D�J�H��

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�3�X�P�S�V���Z�K�L�F�K���D�U�H���Q�R�W���I�X�O�O�\���L�Q�V�W�D�O�O�H�G���K�\�G�U�D�X�O�L�F�D�O�O�\���F�D�Q���S�X�P�S
�I�H�H�G���F�K�H�P�L�F�D�O���I�U�R�P���W�K�H���R�X�W�O�H�W���R�S�H�Q�L�Q�J���R�I���W�K�H���G�L�V�F�K�D�U�J�H���Y�D�O�Y�H
�D�V���V�R�R�Q���D�V���W�K�H�\���D�U�H���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\��

�¦ �)�L�U�V�W���L�Q�V�W�D�O�O���W�K�H���S�X�P�S���K�\�G�U�D�X�O�L�F�D�O�O�\�����W�K�H�Q���H�O�H�F�W�U�L�F�D�O�O�\��
�¦ �,�Q���W�K�H���H�Y�H�Q�W���W�K�D�W���\�R�X���K�D�Y�H���I�D�L�O�H�G���W�R���G�R���V�R�����W�X�U�Q���W�K�H���P�X�O�W�L�£

�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K���W�R���>�6�W�R�S�@�����L�I���I�L�W�W�H�G�����R�U���S�U�H�V�V���D�Q���2�Q�������2�I�I
�V�Z�L�W�F�K���R�U���(�P�H�U�J�H�Q�F�\���6�W�R�S���V�Z�L�W�F�K���R�Q���V�L�W�H��

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�)�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���V�S�U�D�\���R�X�W���R�I���W�K�H���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���L�I
�W�K�H�\���D�U�H���P�D�Q�L�S�X�O�D�W�H�G���R�U���R�S�H�Q�H�G���G�X�H���W�R���S�U�H�V�V�X�U�H���L�Q���W�K�H���O�L�T�X�L�G
�H�Q�G���D�Q�G���D�G�M�D�F�H�Q�W���S�D�U�W�V���R�I���W�K�H���V�\�V�W�H�P��

�¦ �'�L�V�F�R�Q�Q�H�F�W���W�K�H���S�X�P�S���I�U�R�P���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\���D�Q�G
�H�Q�V�X�U�H���W�K�D�W���L�W���F�D�Q�Q�R�W���E�H���V�Z�L�W�F�K�H�G���R�Q���D�J�D�L�Q���E�\���X�Q�D�X�W�K�R�U�£
�L�V�H�G���S�H�U�V�R�Q�V��

�¦ �'�H�S�U�H�V�V�X�U�L�V�H���W�K�H���V�\�V�W�H�P���E�H�I�R�U�H���F�R�P�P�H�Q�F�L�Q�J���D�Q�\���Z�R�U�N
�R�Q���K�\�G�U�D�X�O�L�F���S�D�U�W�V��

�&�$�8�7�,�2�1��
�' �D�Q�J�H�U���I�U�R�P���U�X�S�W�X�U�L�Q�J���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V
�3�H�D�N���O�R�D�G�V���G�X�U�L�Q�J���W�K�H���G�R�V�L�Q�J���V�W�U�R�N�H���F�D�Q���F�D�X�V�H���W�K�H���P�D�[�L�P�X�P
�S�H�U�P�L�V�V�L�E�O�H���R�S�H�U�D�W�L�Q�J���S�U�H�V�V�X�U�H���R�I���W�K�H���V�\�V�W�H�P���D�Q�G���S�X�P�S���W�R
�E�H���H�[�F�H�H�G�H�G��

�¦ �7�K�H���G�L�V�F�K�D�U�J�H���O�L�Q�H�V���D�U�H���W�R���E�H���S�U�R�S�H�U�O�\���G�H�V�L�J�Q�H�G��

�&�$�8�7�,�2�1��
�' �D�Q�J�H�U���R�I���S�H�U�V�R�Q�Q�H�O���L�Q�M�X�U�\���D�Q�G���P�D�W�H�U�L�D�O���G�D�P�D�J�H
�7�K�H���X�V�H���R�I���X�Q�W�H�V�W�H�G���W�K�L�U�G���S�D�U�W�\���S�D�U�W�V���F�D�Q���U�H�V�X�O�W���L�Q���S�H�U�V�R�Q�Q�H�O
�L�Q�M�X�U�L�H�V���D�Q�G���P�D�W�H�U�L�D�O���G�D�P�D�J�H��

�¦ �2�Q�O�\���I�L�W���S�D�U�W�V���W�R���P�H�W�H�U�L�Q�J���S�X�P�S�V�����Z�K�L�F�K���K�D�Y�H���E�H�H�Q
�W�H�V�W�H�G���D�Q�G���U�H�F�R�P�P�H�Q�G�H�G���E�\���3�U�R�0�L�Q�H�Q�W��

�6�D�I�H�W�\���,�Q�I�R�U�P�D�W�L�R�Q

�,�Q�V�W�D�O�O�D�W�L�R�Q�����K�\�G�U�D�X�O�L�F

��

�������� �(����������



���������� �,�Q�V�W�D�O�O�L�Q�J���K�R�V�H���O�L�Q�H�V

������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���0�H�W�H�U�L�Q�J���3�X�P�S�V���: �L�W�K�R�X�W���%�O�H�H�G���9�D�O�Y�H

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�7�K�H���S�L�S�H�V���F�D�Q���O�R�R�V�H�Q���R�U���U�X�S�W�X�U�H���L�I���W�K�H�\���D�U�H���Q�R�W���L�Q�V�W�D�O�O�H�G���F�R�U�£
�U�H�F�W�O�\��

�¦ �5�R�X�W�H���D�O�O���K�R�V�H���O�L�Q�H�V���V�R���W�K�H�\���D�U�H���I�U�H�H���I�U�R�P���P�H�F�K�D�Q�L�F�D�O
�V�W�U�H�V�V�H�V���D�Q�G���N�L�Q�N�V��

�¦ �2�Q�O�\���X�V�H���R�U�L�J�L�Q�D�O���K�R�V�H�V���Z�L�W�K���W�K�H���V�S�H�F�L�I�L�H�G���K�R�V�H���G�L�P�H�Q�£
�V�L�R�Q�V���D�Q�G���Z�D�O�O���W�K�L�F�N�Q�H�V�V�H�V��

�¦ �2�Q�O�\���X�V�H���F�O�D�P�S���U�L�Q�J�V���D�Q�G���K�R�V�H���Q�R�]�]�O�H�V���W�K�D�W���D�U�H���L�Q�W�H�Q�G�H�G
�I�R�U���W�K�H���K�R�V�H���G�L�D�P�H�W�H�U���L�Q���T�X�H�V�W�L�R�Q���W�R���H�Q�V�X�U�H���W�K�H���O�R�Q�J
�V�H�U�Y�L�F�H���O�L�I�H���R�I���W�K�H���F�R�Q�Q�H�F�W�L�R�Q�V��

�&�$�8�7�,�2�1��
�' �D�Q�J�H�U���I�U�R�P���U�X�S�W�X�U�L�Q�J���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V
�+�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���F�D�Q���U�X�S�W�X�U�H���L�I���W�K�H���P�D�[�L�P�X�P���S�H�U�P�L�V�£
�V�L�E�O�H���R�S�H�U�D�W�L�Q�J���S�U�H�V�V�X�U�H���L�V���H�[�F�H�H�G�H�G��

�¦ �$�O�Z�D�\�V���D�G�K�H�U�H���W�R���W�K�H���P�D�[�L�P�X�P���S�H�U�P�L�V�V�L�E�O�H���R�S�H�U�D�W�L�Q�J
�S�U�H�V�V�X�U�H���R�I���D�O�O���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V�������S�O�H�D�V�H���U�H�I�H�U���W�R
�W�K�H���S�U�R�G�X�F�W���V�S�H�F�L�I�L�F���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���D�Q�G���V�\�V�W�H�P
�G�R�F�X�P�H�Q�W�D�W�L�R�Q��

�¦ �1�H�Y�H�U���D�O�O�R�Z���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���W�R���U�X�Q���D�J�D�L�Q�V�W���D���F�O�R�V�H�G
�V�K�X�W���R�I�I���G�H�Y�L�F�H��

�¦ �,�Q�V�W�D�O�O���D���U�H�O�L�H�I���Y�D�O�Y�H��

�&�$�8�7�,�2�1��
�+�D�]�D�U�G�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O�V���F�D�Q���H�V�F�D�S�H
�+�D�]�D�U�G�R�X�V���R�U���H�[�W�U�H�P�H�O�\���D�J�J�U�H�V�V�L�Y�H���I�H�H�G���F�K�H�P�L�F�D�O�V���F�D�Q���O�H�D�N
�R�X�W���Z�K�H�Q���X�V�L�Q�J���F�R�Q�Y�H�Q�W�L�R�Q�D�O���E�O�H�H�G�L�Q�J���S�U�R�F�H�G�X�U�H�V���Z�L�W�K
�P�H�W�H�U�L�Q�J���S�X�P�S�V��

�¦ �,�Q�V�W�D�O�O���D���E�O�H�H�G���O�L�Q�H���Z�L�W�K���U�H�W�X�U�Q���O�L�Q�H���L�Q�W�R���W�K�H���V�W�R�U�D�J�H���W�D�Q�N��

�&�$�8�7�,�2�1��
�+�D�]�D�U�G�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O�V���F�D�Q���H�V�F�D�S�H
�+�D�]�D�U�G�R�X�V���R�U���H�[�W�U�H�P�H�O�\���D�J�J�U�H�V�V�L�Y�H���I�H�H�G���F�K�H�P�L�F�D�O�V���F�D�Q���O�H�D�N
�R�X�W���L�Q���W�K�H���H�Y�H�Q�W���W�K�D�W���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���L�V���U�H�P�R�Y�H�G���I�U�R�P���W�K�H
�L�Q�V�W�D�O�O�D�W�L�R�Q��

�¦ �,�Q�V�W�D�O�O���D���V�K�X�W���R�I�I���Y�D�O�Y�H���R�Q���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S�
�V���S�U�H�V�V�X�U�H
�D�Q�G���G�L�V�F�K�D�U�J�H���V�L�G�H�V��

�&�$�8�7�,�2�1��
�8�Q�F�R�Q�W�U�R�O�O�H�G���I�O�R�Z���R�I���I�H�H�G���F�K�H�P�L�F�D�O
�)�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���S�U�H�V�V���W�K�U�R�X�J�K���D���V�W�R�S�S�H�G���P�H�W�H�U�L�Q�J���S�X�P�S
�L�I���W�K�H�U�H���L�V���E�D�F�N���S�U�H�V�V�X�U�H��

�¦ �8�V�H���D�Q���L�Q�M�H�F�W�L�R�Q���Y�D�O�Y�H���R�U���D���Y�D�F�X�X�P���E�U�H�D�N�H�U��

�6�D�I�H�W�\���,�Q�I�R�U�P�D�W�L�R�Q

�,�Q�V�W�D�O�O�D�W�L�R�Q�����K�\�G�U�D�X�O�L�F

��

�� �� �����(����������



�&�$�8�7�,�2�1��
�8�Q�F�R�Q�W�U�R�O�O�H�G���I�O�R�Z���R�I���I�H�H�G���F�K�H�P�L�F�D�O
�)�H�H�G���F�K�H�P�L�F�D�O�V���F�D�Q���O�H�D�N���W�K�U�R�X�J�K���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���L�Q���D�Q
�X�Q�F�R�Q�W�U�R�O�O�H�G���P�D�Q�Q�H�U���L�Q���W�K�H���H�Y�H�Q�W���R�I���H�[�F�H�V�V�L�Y�H���S�U�L�P�L�Q�J���S�U�H�V�£
�V�X�U�H��

�¦ �'�R���Q�R�W���H�[�F�H�H�G���W�K�H���P�D�[�L�P�X�P���S�H�U�P�L�V�V�L�E�O�H���S�U�L�P�L�Q�J���S�U�H�V�£
�V�X�U�H���I�R�U���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S��

�$�O�L�J�Q���W�K�H���S�L�S�H�V���V�R���W�K�D�W���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���D�Q�G���W�K�H���O�L�T�X�L�G���H�Q�G
�F�D�Q���E�H���U�H�P�R�Y�H�G���I�U�R�P���W�K�H���V�L�G�H���L�I���Q�H�F�H�V�V�D�U�\��

���� �&�X�W���R�I�I���W�K�H���H�Q�G�V���R�I���W�K�H���K�R�V�H�V���D�W���U�L�J�K�W���D�Q�J�O�H�V��

���� �3�X�O�O���W�K�H���X�Q�L�R�Q���Q�X�W�����������D�Q�G���F�O�D�P�S���U�L�Q�J�����������R�Y�H�U���W�K�H���K�R�V�H���������������V�H�H
�I�L�J�X�U�H���)�L�J��������

���� �3�X�V�K���W�K�H���K�R�V�H���H�Q�G�����������X�S���W�R���W�K�H���V�W�R�S���R�Y�H�U���W�K�H���Q�R�]�]�O�H�����������D�Q�G���Z�L�G�H�Q��
�L�I���Q�H�F�H�V�V�D�U�\��

�(�Q�V�X�U�H���W�K�D�W���W�K�H���2���U�L�Q�J���D�Q�G���I�O�D�W���V�H�D�O�����������L�V���S�U�R�S�H�U�O�\
�I�L�W�W�H�G���W�R���W�K�H���Y�D�O�Y�H����������

�1�H�Y�H�U���U�H���X�V�H���X�V�H�G���3�7�)�(���V�H�D�O�V�����$�Q���L�Q�V�W�D�O�O�D�W�L�R�Q���V�H�D�O�H�G
�L�Q���W�K�L�V���Z�D�\���L�V���Q�R�W���Z�D�W�H�U�W�L�J�K�W��

�7�K�L�V���W�\�S�H���R�I���V�H�D�O���L�V���S�H�U�P�D�Q�H�Q�W�O�\���G�L�V�W�R�U�W�H�G���Z�K�H�Q���V�X�E�£
�M�H�F�W�H�G���W�R���S�U�H�V�V�X�U�H��

�,�Q���R�U�G�H�U���W�R���H�Q�D�E�O�H���L�W���W�R���E�H���G�L�V�W�L�Q�J�X�L�V�K�H�G���I�U�R�P���W�K�H
�(�3�'�0���I�O�D�W���V�H�D�O�����W�K�H���)�3�0���I�O�D�W���V�H�D�O���3�9���G�H�V�L�J�Q���K�D�V���D���G�R�W��

���� �3�O�D�F�H���W�K�H���K�R�V�H�����������Z�L�W�K���W�K�H���Q�R�]�]�O�H�����������R�Q�W�R���W�K�H���Y�D�O�Y�H����������

���� �&�O�D�P�S���W�K�H���K�R�V�H���F�R�Q�Q�H�F�W�R�U�����7�L�J�K�W�H�Q���W�K�H���X�Q�L�R�Q���Q�X�W�����������Z�K�L�O�H���V�L�P�X�O�W�D�£
�Q�H�R�X�V�O�\���S�U�H�V�V�L�Q�J���R�Q���W�K�H���K�R�V�H����������

���� �5�H���W�L�J�K�W�H�Q���W�K�H���K�R�V�H���F�R�Q�Q�H�F�W�R�U�����3�X�O�O���R�Q���W�K�H���K�R�V�H�����������E�U�L�H�I�O�\�����Z�K�L�F�K���L�V
�I�D�V�W�H�Q�H�G���W�R���W�K�H���G�R�V�L�Q�J���K�H�D�G���D�Q�G���W�K�H�Q���W�L�J�K�W�H�Q���W�K�H���X�Q�L�R�Q���Q�X�W�����������R�Q�F�H
�P�R�U�H��

�,�Q�V�W�D�O�O�L�Q�J���K�R�V�H���O�L�Q�H�V�������3�3�����1�3�����3�9�����7�7
�G�H�V�L�J�Q�V

�,�Q�V�W�D�O�O�D�W�L�R�Q�����K�\�G�U�D�X�O�L�F

��

�������� �(����������



� � � +� R� V� H
�� �8�Q�L�R�Q���Q�X�W
�� �&�O�D�P�S���U�L�Q�J
�� �1�R�]�]�O�H
�� �2���U�L�Q�J���R�U���I�O�D�W���V�H�D�O
� � � 9� D� O� Y� H

������ �3�X�O�O���W�K�H���X�Q�L�R�Q���Q�X�W�����������D�Q�G���F�O�D�P�S���U�L�Q�J�V�����������������R�Y�H�U���W�K�H���S�L�S�H�����������Z�L�W�K
�D�S�S�U�R�[�����������P�P���R�Y�H�U�K�D�Q�J�������V�H�H���ª ���«�,�Q�V�W�D�O�O�L�Q�J���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���S�L�S�H�������6�6
�G�H�V�L�J�Q�¬���R�Q���S�D�J�H��������

���� �,�Q�V�H�U�W���W�K�H���S�L�S�H�����������X�S���W�R���W�K�H���V�W�R�S���L�Q���W�K�H���Y�D�O�Y�H����������

���� �7�L�J�K�W�H�Q���W�K�H���X�Q�L�R�Q���Q�X�W����������

�� �S�L�S�H
�� �8�Q�L�R�Q���Q�X�W
�� �5�H�D�U���F�O�D�P�S���U�L�Q�J
�� �)�U�R�Q�W���F�O�D�P�S���U�L�Q�J
� � � 9� D� O� Y� H

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�&�R�Q�Q�H�F�W�L�R�Q�V���F�D�Q���F�R�P�H���O�R�R�V�H���L�Q���W�K�H���H�Y�H�Q�W���W�K�D�W���K�R�V�H���O�L�Q�H�V���D�U�H
�L�Q�V�W�D�O�O�H�G���L�Q�F�R�U�U�H�F�W�O�\���R�Q���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���Y�D�O�Y�H�V��

�¦ �2�Q�O�\���X�V�H���3�(���R�U���3�7�)�(���K�R�V�H���O�L�Q�H�V��
�¦ �,�Q���D�G�G�L�W�L�R�Q�����L�Q�V�H�U�W���D���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���V�X�S�S�R�U�W���L�Q�V�H�U�W���L�Q�W�R���W�K�H

�K�R�V�H���O�L�Q�H��

������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���0�H�W�H�U�L�Q�J���3�X�P�S�V���: �L�W�K���%�O�H�H�G���9�D�O�Y�H

�&�$�8�7�,�2�1��
�¦ �$�O�O���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���V�D�I�H�W�\���Q�R�W�H�V���I�R�U���P�H�W�H�U�L�Q�J���S�X�P�S�V

�Z�L�W�K�R�X�W���E�O�H�H�G���Y�D�O�Y�H�V���D�O�V�R���D�S�S�O�\��

�$���U�H�W�X�U�Q���O�L�Q�H���L�V���D�O�V�R���F�R�Q�Q�H�F�W�H�G���L�Q���D�G�G�L�W�L�R�Q���W�R���W�K�H���V�X�F�W�L�R�Q���D�Q�G���G�L�V�F�K�D�U�J�H
�O�L�Q�H��

��

��

��

��

��

��

�3�B�0�$�=�B���������B�6�:

�)�L�J�����������3�3�����1�3�����3�9���D�Q�G���7�7���G�H�V�L�J�Q�V

�,�Q�V�W�D�O�O�L�Q�J���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���S�L�S�H�������6�6���G�H�V�L�J�Q

��

��

��

��

��

�3�B�0�$�=�B���������B�6�:

�)�L�J�����������6�6���G�H�V�L�J�Q

�,�Q�V�W�D�O�O�L�Q�J���K�R�V�H���O�L�Q�H�V�������6�6���G�H�V�L�J�Q

�6�D�I�H�W�\���,�Q�I�R�U�P�D�W�L�R�Q

�,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���W�K�H���U�H�W�X�U�Q���O�L�Q�H

�,�Q�V�W�D�O�O�D�W�L�R�Q�����K�\�G�U�D�X�O�L�F

��

�� �� �����(����������



������ �$�W�W�D�F�K���W�K�H���K�R�V�H���O�L�Q�H���W�R���W�K�H���U�H�W�X�U�Q���K�R�V�H���Q�R�]�]�O�H���R�U���W�R���W�K�H���O�L�T�X�L�G���H�Q�G
�E�O�H�H�G���Y�D�O�Y�H�����3�9�&���K�R�V�H�����V�R�I�W�������[�����P�P���L�V���U�H�F�R�P�P�H�Q�G�H�G��

���� �)�H�H�G���W�K�H���I�U�H�H���H�Q�G���R�I���W�K�H���U�H�W�X�U�Q���O�L�Q�H���E�D�F�N���W�R���W�K�H���V�W�R�U�D�J�H���W�D�Q�N��

���� �6�K�R�U�W�H�Q���W�K�H���U�H�W�X�U�Q���O�L�Q�H���V�R���W�K�D�W���L�W���L�V���Q�R�W���L�P�P�H�U�V�H�G���L�Q���W�K�H���I�H�H�G���F�K�H�P�£
�L�F�D�O���L�Q���W�K�H���V�W�R�U�D�J�H���W�D�Q�N��

������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���0�H�W�H�U�L�Q�J���3�X�P�S�V���: �L�W�K���6�H�O�I���E�O�H�H�G�L�Q�J�����6�(�. ���7�\�S�H��

�&�$�8�7�,�2�1��
�¦ �$�O�O���R�I���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���V�D�I�H�W�\���Q�R�W�H�V���I�R�U���P�H�W�H�U�L�Q�J

�S�X�P�S�V���Z�L�W�K�R�X�W���V�H�O�I���E�O�H�H�G�L�Q�J���D�O�V�R���D�S�S�O�\��
�¦ �'�R���Q�R�W���H�[�F�H�H�G���W�K�H���P�D�[�L�P�X�P���Y�D�O�X�H�V���I�R�U���S�U�L�P�L�Q�J���O�L�I�W�����S�U�L�£

�P�L�Q�J���S�U�H�V�V�X�U�H���D�Q�G���Y�L�V�F�R�V�L�W�\���R�I���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O��
�¦ �'�R���Q�R�W���D�O�O�R�Z���W�K�H���V�X�F�W�L�R�Q���V�L�G�H���O�L�Q�H���F�U�R�V�V���V�H�F�W�L�R�Q���W�R

�H�[�F�H�H�G���W�K�H���O�L�Q�H���F�U�R�V�V���V�H�F�W�L�R�Q���R�Q���W�K�H���V�X�F�W�L�R�Q���Y�D�O�Y�H��

�,�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���S�U�L�P�L�Q�J���S�U�H�V�V�X�U�H
�¦ �0�D�N�H���V�X�U�H���W�K�D�W���W�K�H���S�U�L�P�L�Q�J���S�U�H�V�V�X�U�H���R�Q���W�K�H���V�X�F�W�L�R�Q���H�Q�G

�L�V���D�W���O�H�D�V�W���H�T�X�D�O���W�R���W�K�H���U�H�W�X�U�Q���O�L�Q�H���S�U�H�V�V�X�U�H��
�¦ �3�U�L�P�L�Q�J���S�U�H�V�V�X�U�H���L�Q���W�K�H���U�H�W�X�U�Q���O�L�Q�H���U�H�V�W�U�L�F�W�V���W�K�H���E�O�H�H�G�L�Q�J

�I�X�Q�F�W�L�R�Q��
�¦ �+�R�Z�H�Y�H�U�����R�S�H�U�D�W�L�R�Q���Z�L�W�K���S�U�L�P�L�Q�J���S�U�H�V�V�X�U�H���L�Q���W�K�H���U�H�W�X�U�Q

�O�L�Q�H���D�Q�G���W�K�H���V�X�F�W�L�R�Q���H�Q�G���D�W���D�W�P�R�V�S�K�H�U�L�F���S�U�H�V�V�X�U�H���L�V���S�R�V�£
�V�L�E�O�H��

�$���U�H�W�X�U�Q���O�L�Q�H���L�V���D�O�V�R���F�R�Q�Q�H�F�W�H�G���L�Q���D�G�G�L�W�L�R�Q���W�R���W�K�H���V�X�F�W�L�R�Q���D�Q�G���G�L�V�F�K�D�U�J�H
�O�L�Q�H��

�¦ �7�K�H���U�H�W�X�U�Q���O�L�Q�H���L�V���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���Y�H�U�W�L�F�D�O���Y�D�O�Y�H���R�Q���W�K�H
�X�S�S�H�U���V�L�G�H���R�I���W�K�H���O�L�T�X�L�G���H�Q�G�����,�W���L�V���I�D�F�W�R�U�\���O�D�E�H�O�O�H�G���Z�L�W�K���D
�U�H�G���V�O�H�H�Y�H�������V�H�H���ª ���«�,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���W�K�H���U�H�W�X�U�Q���O�L�Q�H�¬
�R�Q���S�D�J�H��������

�¦ �7�K�H���G�L�V�F�K�D�U�J�H���O�L�Q�H���L�V���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���K�R�U�L�]�R�Q�W�D�O���Y�D�O�Y�H��

���� �$�W�W�D�F�K���W�K�H���K�R�V�H���O�L�Q�H���W�R���W�K�H���U�H�W�X�U�Q���K�R�V�H���Q�R�]�]�O�H���R�U���W�R���W�K�H���O�L�T�X�L�G���H�Q�G
�E�O�H�H�G���Y�D�O�Y�H�����3�9�&���K�R�V�H�����V�R�I�W�������[�����P�P���L�V���U�H�F�R�P�P�H�Q�G�H�G��

���� �)�H�H�G���W�K�H���I�U�H�H���H�Q�G���R�I���W�K�H���U�H�W�X�U�Q���O�L�Q�H���E�D�F�N���W�R���W�K�H���V�W�R�U�D�J�H���W�D�Q�N��

���� �6�(�.���R�Q�O�\�����,�Q�V�H�U�W���W�K�H���U�H�W�X�U�Q���O�L�Q�H���L�Q�W�R���W�K�H���D�Q�W�L���N�L�Q�N���G�H�Y�L�F�H���R�Q���W�K�H���E�O�H�H�G
�Y�D�O�Y�H���D�Q�G���V�F�U�H�Z���L�W���L�Q���S�O�D�F�H���X�Q�W�L�O���W�K�H���D�Q�W�L���N�L�Q�N���G�H�Y�L�F�H���H�Q�J�D�J�H�V��

�7�K�H���D�Q�W�L���N�L�Q�N���G�H�Y�L�F�H���S�U�H�Y�H�Q�W�V���W�K�H���U�H�W�X�U�Q���O�L�Q�H���I�U�R�P
�N�L�Q�N�L�Q�J�����D�Y�R�L�G�L�Q�J���W�K�H���U�L�V�N���R�I���V�H�O�I���E�O�H�H�G�L�Q�J���I�D�L�O�X�U�H��

���� �6�K�R�U�W�H�Q���W�K�H���U�H�W�X�U�Q���O�L�Q�H���V�R���W�K�D�W���L�W���L�V���Q�R�W���L�P�P�H�U�V�H�G���L�Q���W�K�H���I�H�H�G���F�K�H�P�£
�L�F�D�O���L�Q���W�K�H���V�W�R�U�D�J�H���W�D�Q�N��

�6�D�I�H�W�\���,�Q�I�R�U�P�D�W�L�R�Q

�,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���W�K�H���U�H�W�X�U�Q���O�L�Q�H

�,�Q�V�W�D�O�O�D�W�L�R�Q�����K�\�G�U�D�X�O�L�F

��

�������� �(����������



��

��

��

��

��

�3�B�0�$�=�B���������B�6�:�B��

�)�L�J�����������6�(�.���O�L�T�X�L�G���H�Q�G

�� �$�Q�W�L���N�L�Q�N���G�H�Y�L�F�H
�� �%�O�H�H�G���Y�D�O�Y�H���I�R�U���W�K�H���U�H�W�X�U�Q���O�L�Q�H���L�Q�W�R���W�K�H���V�W�R�U�D�J�H���W�D�Q�N�������������P�P
�� �5�H�G���V�O�H�H�Y�H
�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H���I�R�U���G�L�V�F�K�D�U�J�H���O�L�Q�H���W�R���W�K�H���L�Q�M�H�F�W�L�R�Q���S�R�L�Q�W���������������������������P�P
�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���I�R�U���V�X�F�W�L�R�Q���O�L�Q�H���L�Q���W�K�H���V�W�R�U�D�J�H���W�D�Q�N���������������������������P�P

������������ �%�D�V�L�F���L�Q�V�W�D�O�O�D�W�L�R�Q���Q�R�W�H�V

�&�$�8�7�,�2�1��
�' �D�Q�J�H�U���U�H�V�X�O�W�L�Q�J���I�U�R�P���U�X�S�W�X�U�L�Q�J���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V
�+�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���F�D�Q���U�X�S�W�X�U�H���L�I���W�K�H���P�D�[�L�P�X�P���S�H�U�P�L�V�£
�V�L�E�O�H���R�S�H�U�D�W�L�Q�J���S�U�H�V�V�X�U�H���L�V���H�[�F�H�H�G�H�G��

�¦ �1�H�Y�H�U���D�O�O�R�Z���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���W�R���U�X�Q���D�J�D�L�Q�V�W���D���F�O�R�V�H�G
�V�K�X�W���R�I�I���G�H�Y�L�F�H��

�¦ �:�L�W�K���P�H�W�H�U�L�Q�J���S�X�P�S�V���Z�L�W�K�R�X�W���L�Q�W�H�J�U�D�O���U�H�O�L�H�I���Y�D�O�Y�H�����,�Q�V�W�D�O�O
�D���U�H�O�L�H�I���Y�D�O�Y�H���L�Q���W�K�H���G�L�V�F�K�D�U�J�H���O�L�Q�H��

�&�$�8�7�,�2�1��
�+�D�]�D�U�G�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O�V���F�D�Q���H�V�F�D�S�H
�:�L�W�K���K�D�]�D�U�G�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O�V�����+�D�]�D�U�G�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O
�F�D�Q���O�H�D�N���R�X�W���Z�K�H�Q���X�V�L�Q�J���F�R�Q�Y�H�Q�W�L�R�Q�D�O���E�O�H�H�G�L�Q�J���S�U�R�F�H�G�X�U�H�V
�Z�L�W�K���P�H�W�H�U�L�Q�J���S�X�P�S�V��

�¦ �,�Q�V�W�D�O�O���D���E�O�H�H�G���O�L�Q�H���Z�L�W�K���D���U�H�W�X�U�Q���L�Q�W�R���W�K�H���V�W�R�U�D�J�H���W�D�Q�N��

�6�K�R�U�W�H�Q���W�K�H���U�H�W�X�U�Q���O�L�Q�H���V�R���W�K�D�W���L�W���G�R�H�V���Q�R�W���G�L�S���L�Q�W�R���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O
�L�Q���W�K�H���V�W�R�U�D�J�H���W�D�Q�N��

�6�D�I�H�W�\���Q�R�W�H�V

�,�Q�V�W�D�O�O�D�W�L�R�Q�����K�\�G�U�D�X�O�L�F

��

�� �� �����(����������



�3�B�0�$�=�B���������B�6�:

��

��

�)�L�J�����������6�W�D�Q�G�D�U�G���L�Q�V�W�D�O�O�D�W�L�R�Q

�� �0�D�L�Q���O�L�Q�H
�� �6�W�R�U�D�J�H���W�D�Q�N

�6�\�P�E�R�O �(�[�S�O�D�Q�D�W�L�R�Q �6�\�P�E�R�O �(�[�S�O�D�Q�D�W�L�R�Q

�0�H�W�H�U�L�Q�J���S�X�P�S �)�R�R�W���Y�D�O�Y�H���Z�L�W�K���I�L�O�W�H�U���P�H�V�K�H�V

�,�Q�M�H�F�W�L�R�Q���Y�D�O�Y�H �/�H�Y�H�O���V�Z�L�W�F�K

�0�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���Y�D�O�Y�H �0�D�Q�R�P�H�W�H�U

�/�H�J�H�Q�G���I�R�U���K�\�G�U�D�X�O�L�F���G�L�D�J�U�D�P

�,�Q�V�W�D�O�O�D�W�L�R�Q�����K�\�G�U�D�X�O�L�F

��

�������� �(����������



������ �( �O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N
�$���P�D�L�Q�V���Y�R�O�W�D�J�H���P�D�\���H�[�L�V�W���L�Q�V�L�G�H���W�K�H���G�H�Y�L�F�H��

�¦ �%�H�I�R�U�H���D�Q�\���Z�R�U�N�����G�L�V�F�R�Q�Q�H�F�W���W�K�H���G�H�Y�L�F�H�
�V���P�D�L�Q�V���F�D�E�O�H
�I�U�R�P���W�K�H���P�D�L�Q�V��

�: �$�5�1�,�1�* ��
�5�L�V�N���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N
�7�K�L�V���S�X�P�S���L�V���V�X�S�S�O�L�H�G���Z�L�W�K���D���J�U�R�X�Q�G�L�Q�J���F�R�Q�G�X�F�W�R�U���D�Q�G���D
�J�U�R�X�Q�G�L�Q�J���W�\�S�H���D�W�W�D�F�K�P�H�Q�W���S�O�X�J��

�¦ �7�R���U�H�G�X�F�H���W�K�H���U�L�V�N���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N�����H�Q�V�X�U�H���W�K�D�W���L�W���L�V���F�R�Q�£
�Q�H�F�W�H�G���R�Q�O�\���W�R���D���S�U�R�S�H�U���J�U�R�X�Q�G�L�Q�J���W�\�S�H���U�H�F�H�S�W�D�F�O�H��

�: �$�5�1�,�1�* ��
�5�L�V�N���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N
�,�Q���W�K�H���H�Y�H�Q�W���R�I���D�Q���H�O�H�F�W�U�L�F�D�O���D�F�F�L�G�H�Q�W�����W�K�H���S�X�P�S���P�X�V�W���E�H
�T�X�L�F�N�O�\���G�L�V�F�R�Q�Q�H�F�W�H�G���I�U�R�P���W�K�H���P�D�L�Q�V��

�¦ �,�Q�V�W�D�O�O���D�Q���H�P�H�U�J�H�Q�F�\���F�X�W���R�I�I���V�Z�L�W�F�K���L�Q���W�K�H���S�X�P�S���S�R�Z�H�U
�V�X�S�S�O�\���O�L�Q�H���R�U

�¦ �,�Q�W�H�J�U�D�W�H���W�K�H���S�X�P�S���L�Q���W�K�H���H�P�H�U�J�H�Q�F�\���F�X�W���R�I�I���P�D�Q�D�J�H�£
�P�H�Q�W���R�I���W�K�H���V�\�V�W�H�P���D�Q�G���L�Q�I�R�U�P���S�H�U�V�R�Q�Q�H�O���R�I���W�K�H���L�V�R�O�D�W�L�Q�J
�R�S�W�L�R�Q��

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N
�$���P�D�L�Q�V���Y�R�O�W�D�J�H���P�D�\���H�[�L�V�W���L�Q�V�L�G�H���W�K�H���S�X�P�S���K�R�X�V�L�Q�J��

�¦ �,�I���W�K�H���S�X�P�S���K�R�X�V�L�Q�J���K�D�V���E�H�H�Q���G�D�P�D�J�H�G�����\�R�X���P�X�V�W���G�L�V�£
�F�R�Q�Q�H�F�W���L�W���I�U�R�P���W�K�H���P�D�L�Q�V���L�P�P�H�G�L�D�W�H�O�\�����,�W���P�D�\���R�Q�O�\���E�H
�U�H�W�X�U�Q�H�G���W�R���V�H�U�Y�L�F�H���D�I�W�H�U���D�Q���D�X�W�K�R�U�L�V�H�G���U�H�S�D�L�U��

�&�$�8�7�,�2�1��
�0�D�W�H�U�L�D�O���G�D�P�D�J�H���S�R�V�V�L�E�O�H���G�X�H���W�R���S�R�Z�H�U���V�X�U�J�H�V
�6�K�R�X�O�G���W�K�H���S�X�P�S���E�H���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\���L�Q
�S�D�U�D�O�O�H�O���W�R���L�Q�G�X�F�W�L�Y�H���F�R�Q�V�X�P�H�U�V�����V�X�F�K���D�V���V�R�O�H�Q�R�L�G���Y�D�O�Y�H�V��
�P�R�W�R�U�V�������L�Q�G�X�F�W�L�Y�H���S�R�Z�H�U���V�X�U�J�H�V���F�D�Q���G�D�P�D�J�H���W�K�H���F�R�Q�W�U�R�O�O�H�U
�Z�K�H�Q���L�W���L�V���V�Z�L�W�F�K�H�G���R�I�I��

�¦ �3�U�R�Y�L�G�H���W�K�H���S�X�P�S���Z�L�W�K���L�W�V���R�Z�Q���F�R�Q�W�D�F�W�V���D�Q�G���V�X�S�S�O�\���Z�L�W�K
�Y�R�O�W�D�J�H���Y�L�D���D���F�R�Q�W�D�F�W�R�U���U�H�O�D�\���R�U���U�H�O�D�\��

�3�H�U�V�R�Q�Q�H�O�� �„ �(�O�H�F�W�U�L�F�L�D�Q

�,�Q�V�W�D�O�O���W�K�H���S�X�P�S���L�Q���O�L�Q�H���Z�L�W�K���E�H�V�W���Z�R�U�N�L�Q�J���S�U�D�F�W�L�F�H���D�Q�G���L�Q���D�F�F�R�U�G�D�Q�F�H
�Z�L�W�K���W�K�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���D�Q�G���D�S�S�O�L�F�D�E�O�H���U�H�J�X�O�D�W�L�R�Q�V��

�( �O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q

��

�� �� �����(����������



���������� �6�X�S�S�O�\���Y�R�O�W�D�J�H���F�R�Q�Q�H�F�W�R�U

�: �$�5�1�,�1�* ��
�8�Q�H�[�S�H�F�W�H�G���V�W�D�U�W�X�S���L�V���S�R�V�V�L�E�O�H
�$�V���V�R�R�Q���D�V���W�K�H���S�X�P�S���L�V���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���P�D�L�Q�V�����W�K�H���S�X�P�S
�P�D�\���V�W�D�U�W���S�X�P�S�L�Q�J���D�Q�G���F�R�Q�V�H�T�X�H�Q�W�O�\���I�H�H�G���F�K�H�P�L�F�D�O���P�D�\
�H�V�F�D�S�H��

�¦ �3�U�H�Y�H�Q�W���G�D�Q�J�H�U�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O�V���I�U�R�P���H�V�F�D�S�L�Q�J��
�¦ �,�I���\�R�X���K�D�Y�H���Q�R�W���V�X�F�F�H�V�V�I�X�O�O�\���S�U�H�Y�H�Q�W�H�G���W�K�L�V�����L�P�P�H�G�L�D�W�H�O�\

�S�U�H�V�V���W�K�H���>�6�7�2�3���6�7�$�5�7�@���N�H�\���R�U���G�L�V�F�R�Q�Q�H�F�W���W�K�H���S�X�P�S
�I�U�R�P���P�D�L�Q�V�����H���J�����Y�L�D���D�Q���H�P�H�U�J�H�Q�F�\���F�X���R�I�I���V�Z�L�W�F�K��

�&�$�8�7�,�2�1��
�,�I���W�K�H���S�X�P�S���L�V���L�Q�W�H�J�U�D�W�H�G���L�Q�W�R���D���V�\�V�W�H�P�����'�H�V�L�J�Q���W�K�H���V�\�V�W�H�P���V�R
�W�K�D�W���S�R�W�H�Q�W�L�D�O���K�D�]�D�U�G�R�X�V���V�L�W�X�D�W�L�R�Q�V���D�U�H���D�Y�R�L�G�H�G���E�\���S�X�P�S�V
�V�W�D�U�W�L�Q�J���X�S���D�X�W�R�P�D�W�L�F�D�O�O�\���V�X�E�V�H�T�X�H�Q�W���W�R���X�Q�L�Q�W�H�Q�G�H�G���S�R�Z�H�U
�L�Q�W�H�U�U�X�S�W�L�R�Q�V��

�&�$�8�7�,�2�1��
�3�U�R�Y�L�G�H���D�Q���R�S�W�L�R�Q���W�R���G�L�V�F�R�Q�Q�H�F�W���W�K�H���S�X�P�S���Z�L�W�K�R�X�W���(�P�H�U�£
�J�H�Q�F�\���6�W�R�S���V�Z�L�W�F�K���I�U�R�P���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\��

������������ �0�D�L�Q�V���Y�R�O�W�D�J�H
�6�K�R�X�O�G���W�K�H���S�X�P�S���E�H���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���P�D�L�Q�V���L�Q���S�D�U�D�O�O�H�O���W�R���L�Q�G�X�F�W�L�Y�H���F�R�Q�£
�V�X�P�H�U�V�����H���J�����V�R�O�H�Q�R�L�G���Y�D�O�Y�H�V�����P�R�W�R�U�������W�K�H���S�X�P�S���P�X�V�W���E�H���H�O�H�F�W�U�L�F�D�O�O�\���L�V�R�£
�O�D�W�H�G���Z�K�H�Q���W�K�H�V�H���F�R�Q�V�X�P�H�U�V���D�U�H���V�Z�L�W�F�K�H�G���R�I�I��

�„ �6�X�S�S�O�\���W�K�H���S�X�P�S�V���Z�L�W�K���Y�R�O�W�D�J�H���Y�L�D���D���F�R�Q�W�D�F�W�R�U���U�H�O�D�\���R�U���U�H�O�D�\���X�V�L�Q�J
�V�H�S�D�U�D�W�H���F�R�Q�W�D�F�W�V���I�R�U���W�K�H���S�X�P�S��

�„ �,�I���W�K�L�V���L�V���Q�R�W���S�R�V�V�L�E�O�H���W�K�H�Q���F�R�Q�Q�H�F�W���D���Y�D�U�L�V�W�R�U�����S�D�U�W���Q�R���������������������R�U���D�Q
�5�&���P�H�P�E�H�U���������������w�)��������������5���L�Q���S�D�U�D�O�O�H�O��

�3�U�R�G�X�F�W �3�D�U�W���Q�R��

�9�D�U�L�V�W�R�U�� ������������

�5�&���*�D�W�H���������������w�)��������������5�� ������������

�������� �6�X�S�S�O�\���Y�R�O�W�D�J�H���F�R�Q�Q�H�F�W�R�U�������O�R�Z���Y�R�O�W�D�J�H

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N
�¦ �)�R�U���V�D�I�H�W�\���U�H�D�V�R�Q�V�����W�K�H���O�R�Z���Y�R�O�W�D�J�H���S�X�P�S�V���P�X�V�W���E�H

�R�S�H�U�D�W�H�G���X�V�L�Q�J���R�Q�O�\���S�U�R�W�H�F�W�L�Y�H���O�R�Z���Y�R�O�W�D�J�H�����6�(�/�9���L�Q
�D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���(�1��������������������

�&�$�8�7�,�2�1��
�6�X�S�S�O�\���Y�R�O�W�D�J�H�V���W�K�D�W���D�U�H���W�R�R���K�L�J�K���G�H�V�W�U�R�\���W�K�H���S�X�P�S��

�¦ �'�R���Q�R�W���F�R�Q�Q�H�F�W���W�K�H���O�R�Z���Y�R�O�W�D�J�H���S�X�P�S���W�R���Y�R�O�W�D�J�H�V���!���������9��

�3�D�U�D�O�O�H�O���F�R�Q�Q�H�F�W�L�R�Q���W�R���L�Q�G�X�F�W�L�Y�H���F�R�Q�£
�V�X�P�H�U�V

�,�Q�W�H�U�I�H�U�H�Q�F�H���V�X�S�S�U�H�V�V�L�R�Q���D�L�G�V

�(�O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q

��

�������� �(����������



�¦ �7�K�H���S�X�P�S���Z�L�O�O���J�H�Q�H�U�D�W�H���D���I�D�X�O�W�������V�Z�L�W�F�K���R�I�I���W�K�U�H�V�K�R�O�G���I�R�U
�V�X�S�S�O�\�������L�Q���W�K�H���H�Y�H�Q�W���W�K�D�W���W�K�H���V�X�S�S�O�\���Y�R�O�W�D�J�H���W�R���W�K�H���S�X�P�S
�L�V���L�Q�V�X�I�I�L�F�L�H�Q�W���W�R���H�Q�V�X�U�H���U�H�O�L�D�E�O�H���I�X�Q�F�W�L�R�Q�����7�K�H���S�X�P�S���Z�L�O�O
�U�H�F�R�P�P�H�Q�F�H���R�S�H�U�D�W�L�R�Q���D�V���V�R�R�Q���D�V���W�K�H���V�X�S�S�O�\���Y�R�O�W�D�J�H���L�V
�U�H�V�W�R�U�H�G��

�¦ �7�K�H���I�D�X�O�W���L�Q�G�L�F�D�W�R�U���I�O�D�V�K�H�V���D�G�G�L�W�L�R�Q�D�O�O�\���L�I���W�K�H���V�X�S�S�O�\
�Y�R�O�W�D�J�H���L�V���L�Q�W�H�U�U�X�S�W�H�G���G�X�U�L�Q�J���D���V�W�U�R�N�H���������W�K�U�H�V�K�R�O�G���I�R�U
�V�W�U�R�N�H���D�E�R�U�W���������$�E�R�U�W�H�G���V�W�U�R�N�H�V���D�U�H���Q�R�W���F�R�X�Q�W�H�G���E�\���W�K�H
�V�W�U�R�N�H���F�R�X�Q�W�H�U�����,�Q���G�R�L�Q�J���V�R�����W�K�H���S�X�P�S�
�V���H�O�H�F�W�U�R�Q�L�F���F�R�Q�£
�W�U�R�O�O�H�U���S�H�U�L�R�G�L�F�D�O�O�\���F�K�H�F�N�V���W�K�H���V�X�S�S�O�\���Y�R�O�W�D�J�H�������Z�D�L�W���W�L�P�H
�D�I�W�H�U���V�W�U�R�N�H���D�E�R�U�W�������������P�L�Q�������7�K�H���S�X�P�S���Z�L�O�O���U�H�F�R�P�P�H�Q�F�H
�R�S�H�U�D�W�L�R�Q���L�I���W�K�H���V�X�S�S�O�\���Y�R�O�W�D�J�H���L�V���V�X�I�I�L�F�L�H�Q�W��

�¦ �7�K�H���S�X�P�S�
�V���H�O�H�F�W�U�L�F�D�O���V�\�V�W�H�P���Z�L�O�O���V�K�X�W���G�R�Z�Q���F�R�P�S�O�H�W�H�O�\
�L�Q���W�K�H���H�Y�H�Q�W���W�K�D�W���W�K�H���V�X�S�S�O�\���Y�R�O�W�D�J�H���X�Q�G�H�U�V�K�R�R�W�V���D�Q�R�W�K�H�U
�W�K�U�H�V�K�R�O�G�����7�K�H���S�X�P�S���Z�L�O�O���F�R�P�H���R�X�W���R�I���V�W�D�Q�G�E�\���P�R�G�H���D�Q�G
�U�H�F�R�P�P�H�Q�F�H���R�S�H�U�D�W�L�R�Q���D�V���V�R�R�Q���D�V���V�X�I�I�L�F�L�H�Q�W���V�X�S�S�O�\
�Y�R�O�W�D�J�H���L�V���U�H�V�W�R�U�H�G��

�¦ �7�K�H���S�U�R�J�U�D�P�P�H�G���W�K�U�H�V�K�R�O�G�V���D�S�S�O�\���W�R���V�W�D�Q�G�D�U�G���O�H�D�G���D�F�L�G
�E�D�W�W�H�U�L�H�V�����3�U�R�0�L�Q�H�Q�W���F�D�Q���P�D�W�F�K���W�K�H�V�H���W�R���F�X�V�W�R�P�H�U
�U�H�T�X�L�U�H�P�H�Q�W�V��

�¦ �8�V�H���V�K�R�U�W���O�D�U�J�H���G�L�D�P�H�W�H�U���S�R�Z�H�U���O�H�D�G�V���L�Q���R�U�G�H�U���W�R���P�L�Q�L�£
�P�L�V�H���I�D�X�O�W�V�����8�V�H���E�D�W�W�H�U�L�H�V���Z�L�W�K���O�R�Z���L�Q�W�H�U�Q�D�O���U�H�V�L�V�W�D�Q�F�H��

�¦ �,�I���W�K�H���S�X�P�S���L�V���F�R�Q�Q�H�F�W�H�G���Z�L�W�K���L�Q�F�R�U�U�H�F�W���S�R�O�D�U�L�W�\�����L�W���Z�L�O�O���Q�R�W
�U�X�Q���E�H�F�D�X�V�H���W�K�H���S�R�O�D�U�L�W�\���S�U�R�W�H�F�W�L�R�Q���G�R�H�V���Q�R�W���D�O�O�R�Z���D�Q�\
�F�X�U�U�H�Q�W���W�R���I�O�R�Z��

���������� �' �H�V�F�U�L�S�W�L�R�Q���R�I���W�K�H���7�H�U�P�L�Q�D�O�V
������������ ���( �[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O

�7�K�H�����H�[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����V�R�F�N�H�W���L�V���D���I�L�Y�H���S�L�Q���S�D�Q�H�O���V�R�F�N�H�W�����,�W���L�V���F�R�P�S�D�W�L�E�O�H
�Z�L�W�K���W�Z�R�����D�Q�G���I�R�X�U���S�R�O�H���F�D�E�O�H�V��

�7�K�H�����$�X�[�L�O�L�D�U�\���U�D�W�H�����I�X�Q�F�W�L�R�Q���F�D�Q���R�Q�O�\���E�H���X�V�H�G���Z�L�W�K���D���I�L�Y�H���F�R�Q�G�X�F�W�R�U���F�D�E�O�H��

�( �O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q

��

�� �� �����(����������



�(�O�H�F�W�U�L�F�D�O���L�Q�W�H�U�I�D�F�H���I�R�U���S�L�Q���������3�D�X�V�H���������S�L�Q���������(�[�W�H�U�Q�D�O���F�R�Q�W�D�F�W���������S�L�Q���������$�X�[�£
�L�O�L�D�U�\���I�U�H�T�X�H�Q�F�\��

�'�' �D�W�D �9�D�O�X�H �8�Q�L�W

�9�R�O�W�D�J�H���Z�L�W�K���R�S�H�Q���F�R�Q�W�D�F�W�V �� �9

�,�Q�S�X�W���U�H�V�L�V�W�D�Q�F�H ���� �N5

�0�D�[�����S�X�O�V�H���I�U�H�T�X�H�Q�F�\ ���� �S�X�O�V�H���V

�0�L�Q�����S�X�O�V�H���G�X�U�D�W�L�R�Q ���� �P�V

�0�L�Q�����S�D�X�V�H���E�H�W�Z�H�H�Q���S�X�O�V�H�V �� �P�V

�&�R�Q�W�U�R�O���Y�L�D��

�„ �S�R�W�H�Q�W�L�D�O���I�U�H�H���F�R�Q�W�D�F�W�����O�R�D�G�������������P�$���D�W�������9�����R�U
�„ �6�H�P�L�F�R�Q�G�X�F�W�R�U���V�Z�L�W�F�K�����U�H�V�L�G�X�D�O���Y�R�O�W�D�J�H���������������9��

�(�O�H�F�W�U�L�F�D�O���L�Q�W�H�U�I�D�F�H���I�R�U���S�L�Q���������P�$���L�Q�S�X�W�������Z�L�W�K���L�G�H�Q�W�L�W�\���F�R�G�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F
���&�R�Q�W�U�R�O���Y�H�U�V�L�R�Q�������$���������(�[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H����

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�,�Q�S�X�W���D�S�S�D�U�H�Q�W���R�K�P�L�F���U�H�V�L�V�W�D�Q�F�H�����D�S�S�U�R�[�� ������ 5

�%�H�K�D�Y�L�R�X�U���R�I���W�K�H���S�X�P�S

�$�W���D�D�S�S�U�R�[�������������P�$�������������P�$�����W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���P�D�N�H�V���L�W�V���I�I�L�U�V�W���P�H�W�H�U�L�Q�J
�V�W�U�R�N�H��

�$�W���D�D�S�S�U�R�[���������������P�$���W�K�H���S�X�P�S���P�R�Y�H�V���W�R���F�R�Q�W�L�Q�X�R�X�V���R�S�H�U�D�W�L�R�Q���D�W����������
�V�W�U�R�N�H�V�������P�L�Q����

�:�L�W�K���F�X�U�U�H�Q�W���V�L�J�Q�D�O�V���D�D�E�R�Y�H���������P�$�����W�K�H���U�H�G���I�D�X�O�W���L�Q�G�L�F�D�W�R�U���O�L�J�K�W�V���X�S�����W�K�H
�S�X�P�S���V�W�R�S�V���D�Q�G���D�Q�\���I�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\���I�L�W�W�H�G���V�Z�L�W�F�K�H�V�����D���I�I�D�X�O�W���L�V
�S�H�Q�G�L�Q�J����

�2�Q�O�\���Z�L�W�K�����������������P�$�����:�L�W�K���F�X�U�U�H�Q�W���V�L�J�Q�D�O�V���E�E�H�O�R�Z�����������P�$�����W�K�H���U�H�G���I�D�X�O�W
�L�Q�G�L�F�D�W�R�U���O�L�J�K�W�V���X�S�����W�K�H���S�X�P�S���V�W�R�S�V���D�Q�G���D�Q�\���I�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\���I�L�W�W�H�G
�V�Z�L�W�F�K�H�V�����)�)�D�X�O�W���I�R�U���H�[�D�P�S�O�H���Z�L�W�K���D���F�D�E�O�H���E�U�H�D�N����

�3�L�Q �)�X�Q�F�W�L�R�Q �����Z�L�U�H���F�D�E�O�H �����Z�L�U�H���F�D�E�O�H

�� �3�D�X�V�H �E�U�R�Z�Q �E�U�L�G�J�H�G���D�W���S�L�Q����

�� �(�[�W�H�U�Q�D�O���F�R�Q�W�D�F�W�Z�K�L�W�H �E�U�R�Z�Q

�� �P�$���L�Q�S�X�W� �E�O�X�H ��

�� �(�D�U�W�K���*�1�' �E�O�D�F�N �Z�K�L�W�H

�� �$�X�[�L�O�L�D�U�\���I�U�H�£
�T�X�H�Q�F�\

�J�U�H�\ ��

����Z�L�W�K���L�G�H�Q�W�L�W�\���F�R�G�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F�����&�R�Q�W�U�R�O���Y�H�U�V�L�R�Q�������$���������(�[�W�H�U�Q�D�O���$�Q�D�£
�O�R�J�X�H��

�5�H�I�H�U���W�R���W�K�H���I�X�Q�F�W�L�R�Q�D�O���G�H�V�F�U�L�S�W�L�R�Q���I�R�U���W�K�H���K�L�H�U�D�U�F�K�\���R�I���I�X�Q�F�£
�W�L�R�Q�V���D�Q�G���R�S�H�U�D�W�L�Q�J���P�R�G�H�V��

�7�K�H���S�X�P�S���G�R�H�V���Q�R�W���Z�R�U�N���L�I��

�„ �W�K�H���F�D�E�O�H���L�V���F�R�Q�Q�H�F�W�H�G���D�Q�G���S�L�Q�������D�Q�G���S�L�Q�������D�U�H���R�S�H�Q��

��

����

��

��

�3�B�%�(�B���������B�6�:

�)�L�J�����������3�X�P�S���D�V�V�L�J�Q�P�H�Q�W

��

����

��

��

�3�B�%�(�B���������B�6�:

�)�L�J�������������&�D�E�O�H���D�V�V�L�J�Q�P�H�Q�W

���3�D�X�V�H�����I�X�Q�F�W�L�R�Q

�(�O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q

��

�������� �(����������



�7�K�H���S�X�P�S���Z�R�U�N�V���L�I��

�„ �W�K�H���F�D�E�O�H���L�V���F�R�Q�Q�H�F�W�H�G���D�Q�G���S�L�Q�������D�Q�G���S�L�Q�������D�U�H���F�R�Q�Q�H�F�W�H�G��
�„ �Q�R���F�D�E�O�H���L�V���F�R�Q�Q�H�F�W�H�G��

�7�K�H���S�X�P�S���S�H�U�I�R�U�P�V���R�Q�H���R�U���P�R�U�H���V�W�U�R�N�H�V���L�I��

�„ �3�L�Q�������D�Q�G���S�L�Q�������D�U�H���F�R�Q�Q�H�F�W�H�G���W�R���H�D�F�K���R�W�K�H�U���I�R�U���D�W���O�H�D�V�W���������P�V�����$�W���W�K�H
�V�D�P�H���W�L�P�H�����S�L�Q�������D�Q�G���S�L�Q�������P�X�V�W���D�O�V�R���E�H���F�R�Q�Q�H�F�W�H�G���W�R���H�D�F�K���R�W�K�H�U��

�„ �7�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���P�D�N�H�V���L�W�V���I�L�U�V�W���P�H�W�H�U�L�Q�J���V�W�U�R�N�H���D�W���D�S�S�U�R�[�������������P�$
�����������P�$�����D�Q�G���H�Q�W�H�U�V���L�Q�W�R���F�R�Q�W�L�Q�X�R�X�V���R�S�H�U�D�W�L�R�Q���D�W���D�S�S�U�R�[���������������P�$��

�7�K�H���S�X�P�S���Z�R�U�N�V���D�W���D���S�U�H���V�H�W���V�W�U�R�N�H���U�D�W�H���L�I��

�„ �3�L�Q�������D�Q�G���S�L�Q�������D�U�H���F�R�Q�Q�H�F�W�H�G���W�R���H�D�F�K���R�W�K�H�U�����$�W���W�K�H���V�D�P�H���W�L�P�H�����S�L�Q����
�D�Q�G���S�L�Q�������P�X�V�W���D�O�V�R���E�H���F�R�Q�Q�H�F�W�H�G���W�R���H�D�F�K���R�W�K�H�U�����7�K�H���D�X�[�L�O�L�D�U�\���I�U�H�£
�T�X�H�Q�F�\���L�V���I�D�F�W�R�U�\���S�U�H�V�H�W���W�R���W�K�H���P�D�[�L�P�X�P���V�W�U�R�N�H���U�D�W�H��

�������������� ���/�H�Y�H�O���V�Z�L�W�F�K�����W�H�U�P�L�Q�D�O
�7�K�H�U�H���L�V���D���F�R�Q�Q�H�F�W�L�Q�J���R�S�W�L�R�Q���I�R�U���D�������V�W�D�J�H���O�H�Y�H�O���V�Z�L�W�F�K���Z�L�W�K���S�U�H���Z�D�U�Q�L�Q�J
�D�Q�G���O�L�P�L�W���V�W�R�S��

�(�O�H�F�W�U�L�F�D�O���L�Q�W�H�U�I�D�F�H

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�9�R�O�W�D�J�H���Z�L�W�K���R�S�H�Q���F�R�Q�W�D�F�W�V �� �9

�,�Q�S�X�W���U�H�V�L�V�W�D�Q�F�H ���� �N5

�&�R�Q�W�U�R�O���Y�L�D��

�„ �S�R�W�H�Q�W�L�D�O���I�U�H�H���F�R�Q�W�D�F�W�����O�R�D�G�������������P�$���D�W�������9�����R�U
�„ �6�H�P�L�F�R�Q�G�X�F�W�R�U���V�Z�L�W�F�K�����U�H�V�L�G�X�D�O���Y�R�O�W�D�J�H���������������9��

�3�L�Q �)�X�Q�F�W�L�R�Q �����Z�L�U�H���F�D�E�O�H

�� �(�D�U�W�K���*�1�' �E�O�D�F�N

�� �0�L�Q�L�P�X�P���S�U�H���Z�D�U�Q�L�Q�J�E�O�X�H

�� �0�L�Q�L�P�X�P���O�L�P�L�W���V�W�R�S�E�U�R�Z�Q

���(�[�W�H�U�Q�D�O���F�R�Q�W�D�F�W�����R�S�H�U�D�W�L�Q�J���P�R�G�H

���(�[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H�����R�S�H�U�D�W�L�Q�J���P�R�G�H

���$�X�[�L�O�L�D�U�\���I�U�H�T�X�H�Q�F�\�����R�S�H�U�D�W�L�Q�J���P�R�G�H

��

����
�3�B�%�(�B���������B�6�:

�)�L�J�������������3�X�P�S���D�V�V�L�J�Q�P�H�Q�W

��

����
�3�B�%�(�B���������B�6�:

�)�L�J�������������&�D�E�O�H���D�V�V�L�J�Q�P�H�Q�W

�(�O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q

��

�� �� �����(����������



���������� �5�H�O�D�\
������������ �5�H�O�D�\���I�X�Q�F�W�L�R�Q�V
�%�H�W�D���E���%�7���E���%�7���E

�,�G�H�Q�W�L�W�\���F�R�G�H �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H �0�D�[�L�P�X�P���Y�R�O�W�D�J�H �0�D�[�L�P�X�P���F�X�U�£
�U�H�Q�W

�%�H�K�D�Y�L�R�X�U���R�I���U�H�O�D�\
�W�\�S�H���Z�K�H�Q���U�H�W�U�R�I�L�W�£
�W�L�Q�J�����D�V���V�W�D�Q�G�D�U�G

�� �Q�R���U�H�O�D�\ �� �� �� ��

�� �)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J
�U�H�O�D�\

�1�&���F�K�D�Q�J�H�R�Y�H�U
�F�R�Q�W�D�F�W

���������9 �����$ �;

�� �)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J
�U�H�O�D�\

�1�2���F�K�D�Q�J�H�R�Y�H�U
�F�R�Q�W�D�F�W

���������9 �����$ ��

�� �)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J
�U�H�O�D�\

�1���2 �������9 ���������P�$ �;

�� �3�D�F�L�Q�J���U�H�O�D�\ �1���2 �������9 ���������P�$ ��

�� �)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J
�U�H�O�D�\

�1���2 �������9 ���������P�$ ��

�� �3�D�F�L�Q�J���U�H�O�D�\ �1���2 �������9 ���������P�$ ��

�5�H�O�D�\���W�\�S�H���V�Z�L�W�F�K�H�V���L�Q���W�K�H���H�Y�H�Q�W���R�I������

�5�H�O�D�\���W�\�S�H �O�H�Y�H�O

�: �D�U�Q�L�Q�J

�O�H�Y�H�O

�O�R�Z

�&�D�O�L�E�U�D�W�H�G���V�W�U�R�N�H
�O�H�Q�J�W�K

�(�U�U�R�U

�3�U�R�F�H�V�V�R�U

�(�U�U�R�U

�)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\�� �; �; �; �;

������������ ���)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\�����R�X�W�S�X�W�����L�G�H�Q�W�L�W�\���F�R�G�H�������� ������
�$���I�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\���F�D�Q���R�S�W�L�R�Q�D�O�O�\���E�H���R�U�G�H�U�H�G�����,�W���L�V���X�V�H�G���W�R���H�P�L�W���D���V�L�J�Q�D�O
�Z�K�H�Q���W�K�H�U�H���L�V���D���I�D�X�O�W���Z�L�W�K���W�K�H���S�X�P�S���D�Q�G���I�R�U���W�K�H�����/�L�T�X�L�G���O�H�Y�H�O���O�R�Z�������V�W���V�W�D�J�H��
�Z�D�U�Q�L�Q�J���P�H�V�V�D�J�H���D�Q�G�����/�L�T�X�L�G���O�H�Y�H�O���O�R�Z�����Q�G���V�W�D�J�H�����I�D�X�O�W���P�H�V�V�D�J�H��

�$���F�X�W���R�I�I���U�H�O�D�\���Z�R�U�N�V���Z�K�H�Q���W�K�H�U�H���D�U�H���I�D�X�O�W���D�O�H�U�W�V���I�U�R�P���W�K�H���S�X�P�S���D�Q�G���L�Q���W�K�H
�H�Y�H�Q�W���R�I���W�K�H�����/�L�T�X�L�G���O�H�Y�H�O���O�R�Z�����Q�G���V�W�D�J�H�����D�O�H�U�W��

�7�K�H���I�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\���F�D�Q���E�H���U�H�W�U�R�I�L�W�W�H�G���D�Q�G���L�V���R�S�H�U�D�W�L�R�Q�D�O���R�Q�F�H
�D�W�W�D�F�K�H�G���W�R���W�K�H���U�H�O�D�\���E�R�D�U�G�������U�H�I�H�U���W�R���W�K�H�����2�S�H�U�D�W�L�Q�J���,�Q�V�W�U�X�F�W�L�R�Q�V���I�R�U���5�H�W�U�R�£
�I�L�W�W�L�Q�J���5�H�O�D�\�V���I�R�U���%�H�W�D���E���D�Q�G���G�H�O�W�D����

�( �O�H�F�W�U�L�F�D�O���L�Q�W�H�U�I�D�F�H

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�0�D�[�L�P�X�P���F�R�Q�W�D�F�W���O�R�D�G���D�W�����������9���D�Q�G������������
�+�]��

� � � $

�0�L�Q�L�P�X�P���P�H�F�K�D�Q�L�F�D�O���O�L�I�H�V�S�D�Q�� �������������� �V�Z�L�W�F�K�L�Q�J
�R�S�H�U�D�W�L�R�Q�V

��

��

��

��

�3�B�6�,�B���������B�6�:

�)�L�J�������������3�X�P�S���D�V�V�L�J�Q�P�H�Q�W

�(�O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q

��

�������� �(����������



�3�3�L�Q���D�V�V�L�J�Q�P�H�Q�W

�7�R���S�L�Q �9�' �( ���F�D�E�O�H �&�R�Q�W�D�F�W �&�6�$���F�D�E�O�H

�� �Z�K�L�W�H �1�2�����Q�R�U�P�D�O�O�\���R�S�H�Q���Z�K�L�W�H

�� �J�U�H�H�Q �1�&�����Q�R�U�P�D�O�O�\���F�O�R�V�H�G���U�H�G

�� �E�U�R�Z�Q �&�����F�R�P�P�R�Q�� �E�O�D�F�N

������������ ���)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\������ �����3�D�F�L�Q�J���U�H�O�D�\�����R�X�W�S�X�W�����L�G�H�Q�W�L�W�\���F�R�G�H�������� ������
�$���I�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J�������S�D�F�L�Q�J���U�H�O�D�\���F�D�Q���R�S�W�L�R�Q�D�O�O�\���E�H���R�U�G�H�U�H�G�����7�K�H���S�D�F�L�Q�J
�R�X�W�S�X�W���L�V���H�O�H�F�W�U�L�F�D�O�O�\���L�V�R�O�D�W�H�G���E�\���P�H�D�Q�V���R�I���D�Q���R�S�W�R�F�R�X�S�O�H�U���Z�L�W�K���D���V�H�P�L�F�R�Q�£
�G�X�F�W�R�U���V�Z�L�W�F�K�����7�K�H���V�H�F�R�Q�G���V�Z�L�W�F�K���L�V���D���U�H�O�D�\��

�7�K�H���I�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J�����S�D�F�L�Q�J���U�H�O�D�\���F�D�Q���E�H���U�H�W�U�R�I�L�W�W�H�G���D�Q�G���L�V���R�S�H�U�D�W�L�R�Q�D�O���R�Q�F�H
�D�W�W�D�F�K�H�G���W�R���W�K�H���U�H�O�D�\���E�R�D�U�G�������U�H�I�H�U���W�R���W�K�H�����2�S�H�U�D�W�L�Q�J���,�Q�V�W�U�X�F�W�L�R�Q�V���I�R�U���5�H�W�U�R�£
�I�L�W�W�L�Q�J���5�H�O�D�\�V���I�R�U���%�H�W�D���E���D�Q�G���G�H�O�W�D����

�( �O�H�F�W�U�L�F�D�O���L�Q�W�H�U�I�D�F�H

�I�R�U���I�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\�V��

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�0�D�[�L�P�X�P���F�R�Q�W�D�F�W���O�R�D�G���D�W���������9���D�Q�G������������
�+�]��

� � � $

�0�L�Q�L�P�X�P���P�H�F�K�D�Q�L�F�D�O���O�L�I�H�V�S�D�Q�� �������������� �V�Z�L�W�F�K�L�Q�J
�R�S�H�U�D�W�L�R�Q�V

�I�R�U���V�H�P�L�F�R�Q�G�X�F�W�R�U���V�Z�L�W�F�K���S�D�F�L�Q�J���U�H�O�D�\��

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�5�H�V�L�G�X�D�O���Y�R�O�W�D�J�H���P�D�[�����D�W���,�F��� �������P�$ ������ �9

�0�D�[�L�P�X�P���F�X�U�U�H�Q�W ������ �P�$

�0�D�[�L�P�X�P���Y�R�O�W�D�J�H ���� �9�'�&

�3�D�F�L�Q�J���S�X�O�V�H���G�X�U�D�W�L�R�Q�����D�S�S�U�R�[�� ������ �P�V

�3�L�Q���D�V�V�L�J�Q�P�H�Q�W

�7�R���S�L�Q �9�' �( ���F�D�E�O�H �&�R�Q�W�D�F�W �5�H�O�D�\

�� �\�H�O�O�R�Z �1�2�����Q�R�U�P�D�O�O�\���R�S�H�Q���)�D�X�O�W���L�Q�G�L�£
�F�D�W�L�Q�J���U�H�O�D�\

�� �J�U�H�H�Q �&�����F�R�P�P�R�Q�� �)�D�X�O�W���L�Q�G�L�£
�F�D�W�L�Q�J���U�H�O�D�\

�� �Z�K�L�W�H �1�2�����Q�R�U�P�D�O�O�\���R�S�H�Q���3�D�F�L�Q�J���U�H�O�D�\

�� �E�U�R�Z�Q �&�����F�R�P�P�R�Q�� �3�D�F�L�Q�J���U�H�O�D�\

�,�G�H�Q�W�L�W�\���F�R�G�H�������� ����

�3�B�6�,�B��������

�)�L�J�������������&�D�E�O�H���D�V�V�L�J�Q�P�H�Q�W

��

��

��

��

�3�B�6�,�B���������B�6�:

�)�L�J�������������3�X�P�S���D�V�V�L�J�Q�P�H�Q�W

�,�G�H�Q�W�L�W�\���F�R�G�H�������� ����

�3�B�6�,�B��������

�)�L�J�������������&�D�E�O�H���D�V�V�L�J�Q�P�H�Q�W

�(�O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q

��

�� �� �����(����������



�������� �6�W�D�U�W���X�S

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U�R�X�V���U�H�D�F�W�L�R�Q�V���D�U�H���S�R�V�V�L�E�O�H���G�X�H���W�R���F�R�Q�W�D�F�W���R�I���I�H�H�G
�F�K�H�P�L�F�D�O���Z�L�W�K���Z�D�W�H�U
�7�K�H���I�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���P�L�[���D�Q�G���U�H�D�F�W���L�Q���W�K�H���O�L�T�X�L�G���H�Q�G���Z�L�W�K
�Z�D�W�H�U���U�H�P�D�L�Q�L�Q�J���D�I�W�H�U���W�H�V�W�L�Q�J���L�Q���W�K�H���I�D�F�W�R�U�\��

�¦ �5�H�D�G���W�K�H���V�D�I�H�W�\���G�D�W�D���V�K�H�H�W���R�Q���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O��
�¦ �%�O�D�V�W���W�K�H���O�L�T�X�L�G���H�Q�G���Z�L�W�K���F�R�P�S�U�H�V�V�H�G���D�L�U��
�¦ �)�O�X�V�K���W�K�H���O�L�T�X�L�G���H�Q�G���Z�L�W�K���D���V�X�L�W�D�E�O�H���P�H�G�L�X�P���W�K�U�R�X�J�K���W�K�H

�V�X�F�W�L�R�Q���F�R�Q�Q�H�F�W�R�U��

�: �$�5�1�,�1�* ��
�)�L�U�H���K�D�]�D�U�G���Z�L�W�K���I�O�D�P�P�D�E�O�H���P�H�G�L�D
�2�Q�O�\���Z�L�W�K���F�R�P�E�X�V�W�L�E�O�H���P�H�G�L�D�����7�K�H�V�H���P�D�\���V�W�D�U�W���W�R���E�X�U�Q���Z�K�H�Q
�F�R�P�E�L�Q�H�G���Z�L�W�K���R�[�\�J�H�Q��

�¦ �'�X�U�L�Q�J���I�L�O�O�L�Q�J���D�Q�G���G�U�D�L�Q�L�Q�J���R�I���W�K�H���O�L�T�X�L�G���H�Q�G�����D�Q���H�[�S�H�U�W
�P�X�V�W���H�Q�V�X�U�H���W�K�D�W���I�H�H�G���F�K�H�P�L�F�D�O���G�R�H�V���Q�R�W���F�R�P�H���L�Q�W�R���F�R�Q�£
�W�D�F�W���Z�L�W�K���R�[�\�J�H�Q��

�&�$�8�7�,�2�1��
�' �D�Q�J�H�U���Z�L�W�K���G�D�Q�J�H�U�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O�V
�&�R�Q�W�D�F�W���Z�L�W�K���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O���L�V���S�R�V�V�L�E�O�H���S�U�R�Y�L�G�H�G���W�K�H���I�R�O�£
�O�R�Z�L�Q�J���K�D�Q�G�O�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���D�U�H���D�G�K�H�U�H�G���W�R��

�¦ �,�I���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O���L�V���G�D�Q�J�H�U�R�X�V�����W�D�N�H���D�S�S�U�R�S�U�L�D�W�H
�V�D�I�H�W�\���S�U�H�F�D�X�W�L�R�Q�V���Z�K�H�Q���F�D�U�U�\�L�Q�J���R�X�W���W�K�H���I�R�O�O�R�Z�L�Q�J���K�D�Q�£
�G�O�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V��

�¦ �$�G�K�H�U�H���W�R���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O���V�D�I�H�W�\���G�D�W�D���V�K�H�H�W��

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�$�Q���X�Q�V�X�L�W�D�E�O�H���I�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���G�D�P�D�J�H���W�K�H���S�D�U�W�V���R�I���W�K�H
�S�X�P�S���W�K�D�W���F�R�P�H���L�Q�W�R���F�R�Q�W�D�F�W���Z�L�W�K���W�K�H���F�K�H�P�L�F�D�O��

�¦ �7�D�N�H���L�Q�W�R���D�F�F�R�X�Q�W���W�K�H���U�H�V�L�V�W�D�Q�F�H���R�I���W�K�H���P�D�W�H�U�L�D�O�V���W�K�D�W���Z�L�O�O
�F�R�P�H���L�Q�W�R���F�R�Q�W�D�F�W���Z�L�W�K���W�K�H���P�H�G�L�X�P���Z�K�H�Q���V�H�O�H�F�W�L�Q�J���W�K�H
�I�H�H�G���F�K�H�P�L�F�D�O�������U�H�I�H�U���W�R���W�K�H���3�U�R�0�L�Q�H�Q�W�p���5�H�V�L�V�W�D�Q�F�H���/�L�V�W
�L�Q���W�K�H���3�U�R�G�X�F�W���&�D�W�D�O�R�J�X�H���R�U���D�W���Z�Z�Z���S�U�R�P�L�Q�H�Q�W���F�R�P��

�¦ �5�H�O�L�D�E�O�H���P�H�W�H�U�L�Q�J���F�D�Q�Q�R�W���E�H���J�X�D�U�D�Q�W�H�H�G���D�I�W�H�U���W�K�H
�P�H�W�H�U�L�Q�J���S�X�P�S���K�D�V���E�H�H�Q���L�G�O�H���I�R�U���V�R�P�H���W�L�P�H�����D�V���W�K�H���I�H�H�G
�F�K�H�P�L�F�D�O���F�D�Q���F�U�\�V�W�D�O�O�L�V�H���L�Q���W�K�H���Y�D�O�Y�H�V���D�Q�G���R�Q���W�K�H���G�L�D�£
�S�K�U�D�J�P�����5�H�J�X�O�D�U�O�\���F�K�H�F�N���W�K�H���Y�D�O�Y�H�V���D�Q�G���G�L�D�S�K�U�D�J�P��

�¦ �2�Q�O�\���D�G�M�X�V�W���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���Z�K�H�Q���W�K�H���S�X�P�S���L�V���U�X�Q�Q�L�Q�J��
�¦ �7�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���V�K�R�X�O�G���S�U�L�P�H���D�W�������������V�W�U�R�N�H���O�H�Q�J�W�K��

�D�V���W�K�H���S�U�L�P�L�Q�J���O�L�I�W���G�H�S�H�Q�G�V���R�Q���W�K�H���V�W�U�R�N�H���Y�R�O�X�P�H���Z�K�H�Q
�W�K�H���O�L�T�X�L�G���H�Q�G���L�V���H�P�S�W�\�����,�I���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���K�D�V���W�R
�S�U�L�P�H���D�W���D���V�P�D�O�O�H�U���V�W�U�R�N�H���O�H�Q�J�W�K���D�Q�G���L�V���Q�R�W���S�U�L�P�L�Q�J��
�U�H�G�X�F�H���W�K�H���S�U�L�P�L�Q�J���O�L�I�W�����L���H�����E�U�L�H�I�O�\���O�L�I�W���X�S���W�K�H���V�W�R�U�D�J�H���W�D�Q�N
�Z�L�W�K���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O����

�¦ �6�(�.���W�\�S�H���R�Q�O�\�����7�K�H���V�X�F�W�L�R�Q���O�L�I�W���F�R�U�U�H�V�S�R�Q�G�V���W�R���W�K�H���S�U�L�£
�P�L�Q�J���O�L�I�W�����D�V���V�R�P�H���J�D�V���D�O�Z�D�\�V���U�H�P�D�L�Q�V���L�Q���W�K�H���O�L�T�X�L�G���H�Q�G
�Z�L�W�K���J�D�V�H�R�X�V���P�H�G�L�D��

�6�W�D�U�W���X�S

��

�������� �(����������



������ �)�L�O�O���W�K�H���O�L�T�X�L�G���H�Q�G�������ª ���«�)�L�O�O�L�Q�J���W�K�H���O�L�T�X�L�G���H�Q�G�¬���R�Q���S�D�J�H��������

���� �&�K�H�F�N���W�K�H���S�X�P�S���F�R�Q�Q�H�F�W�R�U�V���D�Q�G���F�R�Q�Q�H�F�W�L�R�Q�V���I�R�U���O�H�D�N���W�L�J�K�W�Q�H�V�V��

���� �&�K�H�F�N���W�K�H���V�X�F�W�L�R�Q���Y�D�O�Y�H���D�Q�G���G�L�V�F�K�D�U�J�H���Y�D�O�Y�H���I�R�U���O�H�D�N���W�L�J�K�W�Q�H�V�V���D�Q�G
�W�L�J�K�W�H�Q���L�I���Q�H�F�H�V�V�D�U�\��

���� �&�K�H�F�N���W�K�H���O�L�T�X�L�G���H�Q�G���I�R�U���O�H�D�N���W�L�J�K�W�Q�H�V�V���D�Q�G���W�L�J�K�W�H�Q���W�K�H���V�F�U�H�Z�V���R�Q
�W�K�H���G�R�V�L�Q�J���K�H�D�G���L�I���Q�H�F�H�V�V�D�U�\�������V�H�H���E�H�O�R�Z���I�R�U���V�W�D�U�W�L�Q�J���W�R�U�T�X�H��

���� �2�Q�O�\���Z�L�W�K���E�O�H�H�G���Y�D�O�Y�H�����&�K�H�F�N���Z�K�H�W�K�H�U���W�K�H���E�O�H�H�G���Y�D�O�Y�H���L�V���F�O�R�V�H�G��

���� �6�W�D�U�W���X�S���W�K�H���U�H�O�L�H�I���Y�D�O�Y�H���L�Q���W�K�H���V�\�V�W�H�P���L�Q���O�L�Q�H���Z�L�W�K���L�W�V���R�S�H�U�D�W�L�Q�J
�L�Q�V�W�U�X�F�W�L�R�Q�V��

���� �6�W�D�U�W���X�S���W�K�H���V�\�V�W�H�P��

���� �$�I�W�H�U���������K�R�X�U�V���R�I���R�S�H�U�D�W�L�R�Q�����7�L�J�K�W�H�Q���W�K�H���V�F�U�H�Z�V���R�Q���W�K�H���G�R�V�L�Q�J���K�H�D�G����
�V�H�H���E�H�O�R�Z���I�R�U���W�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H��

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H���I�R�U���V�F�U�H�Z�V�� ���������������������� �1�P

�: �L�W�K���I�H�H�G���F�K�H�P�L�F�D�O�V���W�K�D�W���V�K�R�X�O�G���Q�R�W���F�R�P�H���L�Q�W�R���F�R�Q�W�D�F�W���Z�L�W�K���Z�D�W�H�U��

���� �7�X�U�Q���W�K�H���S�X�P�S���V�R���W�K�D�W���W�K�H���S�U�H�V�V�X�U�H���F�R�Q�Q�H�F�W�R�U���L�V���I�D�F�L�Q�J���G�R�Z�Q�Z�D�U�G�V��

���� �$�O�O�R�Z���Z�D�W�H�U���W�R���I�O�R�Z���R�X�W���R�I���W�K�H���O�L�T�X�L�G���H�Q�G��

���� �)�O�X�V�K���W�K�H���V�X�F�W�L�R�Q���F�R�Q�Q�H�F�W�R�U���I�U�R�P���D�E�R�Y�H���Z�L�W�K���D���V�X�L�W�D�E�O�H���P�H�G�L�X�P���R�U
�E�O�D�V�W���Z�L�W�K���F�R�P�S�U�H�V�V�H�G���D�L�U��

�: �L�W�K���O�L�T�X�L�G���H�Q�G�V���Z�L�W�K�R�X�W���E�O�H�H�G���Y�D�O�Y�H��

���� �&�R�Q�Q�H�F�W���W�K�H���V�X�F�W�L�R�Q���O�L�Q�H���W�R���W�K�H���O�L�T�X�L�G���H�Q�G���E�X�W���Q�R�W���\�H�W���W�R���W�K�H���G�L�V�£
�F�K�D�U�J�H���O�L�Q�H��

���� �,�I���I�L�W�W�H�G�����&�O�R�V�H���W�K�H���V�K�X�W���R�I�I���Y�D�O�Y�H���R�Q���W�K�H���G�L�V�F�K�D�U�J�H���V�L�G�H��

���� �&�R�Q�Q�H�F�W���D���V�K�R�U�W�����W�U�D�Q�V�S�D�U�H�Q�W���V�H�F�W�L�R�Q���R�I���K�R�V�H���W�R���W�K�H���G�L�V�F�K�D�U�J�H���Y�D�O�Y�H��

���� �6�Z�L�W�F�K���R�Q���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���D�Q�G���D�O�O�R�Z���W�R���Z�R�U�N���D�W���P�D�[�L�P�X�P���V�W�U�R�N�H
�O�H�Q�J�W�K���D�Q�G���V�W�U�R�N�H���U�D�W�H���X�Q�W�L�O���V�R�P�H���I�H�H�G���F�K�H�P�L�F�D�O���E�H�F�R�P�H�V���Y�L�V�L�E�O�H���L�Q
�W�K�H���V�K�R�U�W���V�H�F�W�L�R�Q���R�I���K�R�V�H��

�Ö �7�K�H���O�L�T�X�L�G���H�Q�G���K�D�V���E�H�H�Q���I�L�O�O�H�G���F�R�P�S�O�H�W�H�O�\���Z�L�W�K�R�X�W���E�X�E�E�O�H�V��

���� �6�Z�L�W�F�K���R�I�I���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S��

���� �&�R�Q�Q�H�F�W���W�K�H���G�L�V�F�K�D�U�J�H���O�L�Q�H���W�R���W�K�H���O�L�T�X�L�G���H�Q�G��

�Ö �7�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���L�V���U�H�D�G�\���I�R�U���R�S�H�U�D�W�L�R�Q��

�: �L�W�K���O�L�T�X�L�G���H�Q�G�V���Z�L�W�K���E�O�H�H�G���Y�D�O�Y�H�V�����Q�R�W���6�(�. ����

���� �&�R�Q�Q�H�F�W���W�K�H���V�X�F�W�L�R�Q���D�Q�G���G�L�V�F�K�D�U�J�H���O�L�Q�H���W�R���W�K�H���O�L�T�X�L�G���H�Q�G��

���� �&�R�Q�Q�H�F�W���W�K�H���U�H�W�X�U�Q���O�L�Q�H��

���� �2�S�H�Q���W�K�H���E�O�H�H�G���Y�D�O�Y�H���E�\���W�X�U�Q�L�Q�J���W�K�H���V�W�D�U���V�K�D�S�H�G���K�D�Q�G�O�H���L�Q���D
�F�R�X�Q�W�H�U���F�O�R�F�N�Z�L�V�H���G�L�U�H�F�W�L�R�Q��

�Ö �<�R�X���F�D�Q���Q�R�Z���X�V�H���W�K�H���U�H�W�X�U�Q���O�L�Q�H���W�R���E�O�H�H�G���W�K�H���S�X�P�S��

���� �6�Z�L�W�F�K���R�Q���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���D�Q�G���D�O�O�R�Z���W�R���Z�R�U�N���D�W���P�D�[�L�P�X�P���V�W�U�R�N�H
�O�H�Q�J�W�K���D�Q�G���V�W�U�R�N�H���U�D�W�H���X�Q�W�L�O���V�R�P�H���I�H�H�G���F�K�H�P�L�F�D�O���E�H�F�R�P�H�V���Y�L�V�L�E�O�H���L�Q
�W�K�H���U�H�W�X�U�Q���R�U���G�L�V�F�K�D�U�J�H���O�L�Q�H��

�Ö �7�K�H���O�L�T�X�L�G���H�Q�G���K�D�V���E�H�H�Q���I�L�O�O�H�G���F�R�P�S�O�H�W�H�O�\���Z�L�W�K�R�X�W���E�X�E�E�O�H�V��

���� �6�Z�L�W�F�K���R�I�I���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S��

���� �&�O�R�V�H���W�K�H���E�O�H�H�G���Y�D�O�Y�H��

�Ö �7�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���L�V���U�H�D�G�\���I�R�U���R�S�H�U�D�W�L�R�Q��

�6�W�D�U�W�L�Q�J���X�S���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H

�' �U�D�L�Q�L�Q�J���W�K�H���O�L�T�X�L�G���H�Q�G

�)�L�O�O�L�Q�J���W�K�H���O�L�T�X�L�G���H�Q�G

�6�W�D�U�W���X�S

��

�� �� �����(����������



�:�: �L�W�K���V�H�O�I���E�O�H�H�G�L�Q�J���P�H�W�H�U�L�Q�J���S�X�P�S�V�����6�(�. ���W�\�S�H����

�¦ �7�K�H���U�H�W�X�U�Q���O�L�Q�H���L�V���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���Y�H�U�W�L�F�D�O���Y�D�O�Y�H���R�Q���W�K�H
�W�R�S���R�I���W�K�H���O�L�T�X�L�G���H�Q�G�����,�W���L�V���O�D�E�H�O�O�H�G���Z�L�W�K���D���U�H�G���V�O�H�H�Y�H���H�[��
�Z�R�U�N�V��

�¦ �7�K�H���G�L�V�F�K�D�U�J�H���O�L�Q�H���L�V���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���K�R�U�L�]�R�Q�W�D�O���Y�D�O�Y�H��

���� �6�Z�L�W�F�K���R�Q���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���D�Q�G���D�O�O�R�Z���W�R���Z�R�U�N���D�W���P�D�[�L�P�X�P���V�W�U�R�N�H
�O�H�Q�J�W�K���D�Q�G���V�W�U�R�N�H���U�D�W�H���X�Q�W�L�O���V�R�P�H���I�H�H�G���F�K�H�P�L�F�D�O���E�H�F�R�P�H�V���Y�L�V�L�E�O�H���L�Q
�W�K�H���U�H�W�X�U�Q���R�U���G�L�V�F�K�D�U�J�H���O�L�Q�H��

�Ö �7�K�H���O�L�T�X�L�G���H�Q�G���K�D�V���E�H�H�Q���I�L�O�O�H�G���F�R�P�S�O�H�W�H�O�\���Z�L�W�K�R�X�W���E�X�E�E�O�H�V��

���� �6�Z�L�W�F�K���R�I�I���W�K�H���P�H�W�H�U�L�Q�J���S�X�P�S��

�Ö �7�K�H���P�H�W�H�U�L�Q�J���S�X�P�S���L�V���U�H�D�G�\���I�R�U���R�S�H�U�D�W�L�R�Q��

�6�W�U�R�N�H���O�H�Q�J�W�K���D�Q�G���V�W�U�R�N�H���U�D�W�H
�¦ �6�H�O�H�F�W���D�V���O�D�U�J�H���D���V�W�U�R�N�H���O�H�Q�J�W�K���D�V���S�R�V�V�L�E�O�H���Z�L�W�K���J�D�V�H�R�X�V

�I�H�H�G���F�K�H�P�L�F�D�O�V��
�¦ �6�H�O�H�F�W���D�V���K�L�J�K���D���V�W�U�R�N�H���U�D�W�H���D�V���S�R�V�V�L�E�O�H���I�R�U���J�R�R�G���P�L�[�L�Q�J��
�¦ �'�R���Q�R�W���V�H�W���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���W�R���O�H�V�V���W�K�D�Q�������������I�R�U���S�U�H�F�L�V�H

�P�H�W�H�U�L�Q�J���X�V�L�Q�J���T�X�D�Q�W�L�W�\���S�U�R�S�R�U�W�L�R�Q�D�O���P�H�W�H�U�L�Q�J��

�6�H�W�W�L�Q�J���W�K�H���S�U�H�F�L�V�H���G�R�V�D�J�H

�6�W�D�U�W���X�S

��

�������� �(����������



�������� �2�S�H�U�D�W�L�R�Q

�: �$�5�1�,�1�* ��
�)�L�U�H���K�D�]�D�U�G���Z�L�W�K���I�O�D�P�P�D�E�O�H���P�H�G�L�D
�2�Q�O�\���Z�L�W�K���F�R�P�E�X�V�W�L�E�O�H���P�H�G�L�D�����7�K�H�V�H���P�D�\���V�W�D�U�W���W�R���E�X�U�Q���Z�K�H�Q
�F�R�P�E�L�Q�H�G���Z�L�W�K���R�[�\�J�H�Q��

�¦ �'�X�U�L�Q�J���I�L�O�O�L�Q�J���D�Q�G���G�U�D�L�Q�L�Q�J���R�I���W�K�H���O�L�T�X�L�G���H�Q�G�����D�Q���H�[�S�H�U�W
�P�X�V�W���H�Q�V�X�U�H���W�K�D�W���I�H�H�G���F�K�H�P�L�F�D�O���G�R�H�V���Q�R�W���F�R�P�H���L�Q�W�R���F�R�Q�£
�W�D�F�W���Z�L�W�K���R�[�\�J�H�Q��

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N
�,�Q�F�R�P�S�O�H�W�H�O�\���L�Q�V�W�D�O�O�H�G���H�O�H�F�W�U�L�F�D�O���R�S�W�L�R�Q�V���F�D�Q���D�O�O�R�Z���P�R�L�V�W�X�U�H
�L�Q�W�R���W�K�H���L�Q�V�L�G�H���R�I���W�K�H���K�R�X�V�L�Q�J��

�¦ �.�Q�R�F�N���R�X�W���R�S�H�Q�L�Q�J�V���L�Q���W�K�H���S�X�P�S���K�R�X�V�L�Q�J���P�X�V�W���E�H
�H�T�X�L�S�S�H�G���Z�L�W�K���P�D�W�F�K�L�Q�J���P�R�G�X�O�H�V���R�U���E�H���V�H�D�O�H�G���L�Q���D���O�H�D�N��
�W�L�J�K�W���P�D�Q�Q�H�U��

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N
�$���P�D�L�Q�V���Y�R�O�W�D�J�H���P�D�\���H�[�L�V�W���L�Q�V�L�G�H���W�K�H���S�X�P�S���K�R�X�V�L�Q�J��

�¦ �,�I���W�K�H���S�X�P�S���K�R�X�V�L�Q�J���K�D�V���E�H�H�Q���G�D�P�D�J�H�G�����\�R�X���P�X�V�W���G�L�V�£
�F�R�Q�Q�H�F�W���L�W���I�U�R�P���W�K�H���P�D�L�Q�V���L�P�P�H�G�L�D�W�H�O�\�����,�W���P�D�\���R�Q�O�\���E�H
�U�H�W�X�U�Q�H�G���W�R���V�H�U�Y�L�F�H���D�I�W�H�U���D�Q���D�X�W�K�R�U�L�V�H�G���U�H�S�D�L�U��

���������� �0�D�Q�X�D�O
�3�H�U�V�R�Q�Q�H�O�� �„ �,�Q�V�W�U�X�F�W�H�G���S�H�U�V�R�Q�Q�H�O

�������������� �&�D�S�D�F�L�W�\
�7�K�H���F�D�S�D�F�L�W�\���L�V���G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���D�Q�G���W�K�H���V�W�U�R�N�H���U�D�W�H��

�7�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���L�V���D�G�M�X�V�W�H�G���E�\���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���D�G�M�X�V�W�P�H�Q�W���N�Q�R�E���Z�L�W�K�L�Q
�D���U�D�Q�J�H���R�I�����������������������������$���V�W�U�R�N�H���O�H�Q�J�W�K���R�I���E�H�W�Z�H�H�Q�������������������������������6�(�.���W�\�S�H��
�����������������������������L�V���U�H�F�R�P�P�H�Q�G�H�G���W�R���D�F�K�L�H�Y�H���W�K�H���V�S�H�F�L�I�L�H�G���U�H�S�U�R�G�X�F�L�E�L�O�L�W�\��

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�5�H�F�R�P�P�H�Q�G�H�G���V�W�U�R�N�H���O�H�Q�J�W�K�����V�W�D�Q�G�D�U�G
�W�\�S�H

�������������������� ��

�5�H�F�R�P�P�H�Q�G�H�G���V�W�U�R�N�H���O�H�Q�J�W�K�����6�(�.���W�\�S�H �������������������� ��

�7�K�H���V�W�U�R�N�H���U�D�W�H���F�D�Q���E�H���V�H�W���Z�L�W�K�L�Q���D���U�D�Q�J�H���R�I�����������������������������X�V�L�Q�J���W�K�H���P�X�O�W�L�£
�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K��

�������������� �)�X�Q�F�W�L�R�Q�V
�7�K�H���S�X�P�S���K�D�V���W�K�H���I�R�O�O�R�Z�L�Q�J���I�X�Q�F�W�L�R�Q�V��

�7�K�H���S�X�P�S���F�D�Q���E�H���U�H�P�R�W�H�O�\���V�W�R�S�S�H�G���Y�L�D���W�K�H�����(�[�W�H�U�Q�D�O���&�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O��
�7�K�H�����3�D�X�V�H�����I�X�Q�F�W�L�R�Q���R�Q�O�\���Z�R�U�N�V���Y�L�D���W�K�H�����(�[�W�H�U�Q�D�O���&�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O��

���3�D�X�V�H�����I�X�Q�F�W�L�R�Q

�2�S�H�U�D�W�L�R�Q

��

�� �� �����(����������



�7�K�H���S�X�P�S�V���F�D�Q���E�H���V�W�R�S�S�H�G���E�\���W�X�U�Q�L�Q�J���W�K�H���P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K���W�R�����6�W�R�S��
�Z�L�W�K�R�X�W���G�L�V�F�R�Q�Q�H�F�W�L�Q�J���L�W���I�U�R�P���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\��

�3�U�L�P�L�Q�J�����W�U�D�Q�V�L�H�Q�W���F�R�Q�Y�H�\�D�Q�F�H���D�W���P�D�[�L�P�X�P���I�U�H�T�X�H�Q�F�\�����F�D�Q���E�H���S�U�R�Y�L�G�H�G���E�\
�W�X�U�Q�L�Q�J���W�K�H���P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K���W�R�����7�H�V�W����

�,�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���W�K�H���O�L�T�X�L�G���S�R�Z�G�H�U���O�H�Y�H�O���L�Q���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O���F�R�Q�W�D�L�Q�H�U���L�V
�U�H�S�R�U�W�H�G���W�R���W�K�H���S�X�P�S�����7�R���G�R���V�R�����D���W�Z�R���V�W�D�J�H���O�H�Y�H�O���V�Z�L�W�F�K���P�X�V�W���E�H���I�L�W�W�H�G�����L�W
�L�V���F�R�Q�Q�H�F�W�H�G���W�R���W�K�H�����/�H�Y�H�O���V�Z�L�W�F�K�����W�H�U�P�L�Q�D�O��

�(�Q�D�E�O�H�V���V�Z�L�W�F�K�L�Q�J���R�I���D���V�W�U�R�N�H���U�D�W�H���Y�L�D���W�K�H�����(�[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����M�D�F�N�����7�K�L�V���D�X�[�£
�L�O�L�D�U�\���U�D�W�H���K�D�V���S�U�L�R�U�L�W�\���R�Y�H�U���W�K�H���R�S�H�U�D�W�L�Q�J���P�R�G�H���V�W�U�R�N�H���U�D�W�H���V�H�W�W�L�Q�J�V�������,�Q���W�K�H
�V�W�D�Q�G�D�U�G���Y�H�U�V�L�R�Q�����W�K�H�����$�X�[�L�O�L�D�U�\���I�U�H�T�X�H�Q�F�\�����I�X�Q�F�W�L�R�Q���L�V���S�U�R�J�U�D�P�P�H�G���W�R��������
�����V�W�U�R�N�H���U�D�W�H��

���������������� �( �[�W�H�U�Q�D�O���F�R�Q�W�D�F�W
�,�Q���W�K�H���(�[�W�H�U�Q���&�R�Q�W�D�F�W���R�S�H�U�D�W�L�Q�J���P�R�G�H�����H�L�W�K�H�U���D���V�H�U�L�H�V���R�I���V�W�U�R�N�H�V���F�D�Q���E�H
�W�U�L�J�J�H�U�H�G���R�U���D�Q���L�Q�E�R�X�Q�G���V�H�U�L�H�V���R�I���F�R�Q�W�D�F�W�V���F�D�Q���E�H���V�W�H�S�S�H�G���G�R�Z�Q���Y�L�D���W�K�H
�S�X�O�V�H���F�R�Q�W�U�R�O���V�Z�L�W�F�K���E�\���D���V�L�Q�J�O�H���F�R�Q�W�D�F�W���R�Q���W�K�H�����(�[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O��
�7�R���G�R���V�R�����W�K�H���P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K���K�D�V���W�R���E�H���W�X�U�Q�H�G���W�R�����(�[�W�H�U�Q����

�( �[�S�O�D�Q�D�W�L�R�Q���R�I���W�K�H���V�W�H�S�S�H�G���G�R�Z�Q���Y�D�O�X�H�V��

�6�H�W�W�D�E�O�H���Y�D�O�X�H�V �,�Q�F�R�P�L�Q�J���F�R�Q�W�D�F�W�V �6�W�U�R�N�H�V���S�H�U�I�R�U�P�H�G

������ �� ��

������ �� ��

������ �� ��

������ �� ��

�������� ���� ��

�������� ���� ��

�������� ���� ��

�( �[�S�O�D�Q�D�W�L�R�Q���R�I���V�W�H�S�S�H�G���X�S���Y�D�O�X�H�V��

�6�H�W�W�D�E�O�H���Y�D�O�X�H�V �,�Q�F�R�P�L�Q�J���F�R�Q�W�D�F�W�V �6�W�U�R�N�H�V���S�H�U�I�R�U�P�H�G

������ �� ��

������ �� ��

������ �� ��

������ �� ��

�������� �� ����

�������� �� ����

�������� �� ����

���6�W�R�S�����I�X�Q�F�W�L�R�Q�����R�S�W�L�R�Q�D�O��

���3�U�L�P�L�Q�J�����I�X�Q�F�W�L�R�Q

���/�H�Y�H�O���V�Z�L�W�F�K�����I�X�Q�F�W�L�R�Q

���$�X�[�L�O�L�D�U�\���U�D�W�H�����I�X�Q�F�W�L�R�Q

���(�[�W�H�U�Q�����R�S�H�U�D�W�L�Q�J���P�R�G�H��

�2�S�H�U�D�W�L�R�Q

��

�������� �(����������



���������������� �( �[�W�H�U�Q�D�O���D�Q�D�O�R�J
�,�Q�����(�[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H�����R�S�H�U�D�W�L�Q�J���P�R�G�H�����W�K�H���V�W�U�R�N�H���U�D�W�H���F�D�Q���E�H���F�R�Q�W�U�R�O�O�H�G
�E�\���D�Q���P�$���V�L�J�Q�D�O���Y�L�D���W�K�H���S�X�O�V�H���F�R�Q�W�U�R�O���V�Z�L�W�F�K�����7�R���G�R���V�R�����W�K�H���P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O
�V�Z�L�W�F�K���K�D�V���W�R���E�H���W�X�U�Q�H�G���W�R�����(�[�W�H�U�Q����

�,�Q���W�K�H���V�D�P�H���Z�D�\�����D���V�L�Q�J�O�H���F�R�Q�W�D�F�W���Y�L�D���W�K�H���S�X�O�V�H���F�R�Q�W�U�R�O���V�Z�L�W�F�K���D�W���W�K�H
���H�[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O���F�D�Q���H�L�W�K�H�U���E�H���X�V�H�G���W�R���W�U�L�J�J�H�U���D���V�H�U�L�H�V���R�I���V�W�U�R�N�H�V
�R�U���W�R���V�W�H�S���G�R�Z�Q���D�Q���L�Q�F�R�P�L�Q�J���V�H�U�L�H�V���R�I���F�R�Q�W�D�F�W�V�����7�R���G�R���V�R�����W�K�H���P�X�O�W�L�I�X�Q�F�£
�W�L�R�Q�D�O���V�Z�L�W�F�K���K�D�V���W�R���E�H���W�X�U�Q�H�G���W�R�����(�[�W�H�U�Q����

�( �[�S�O�D�Q�D�W�L�R�Q���R�I���W�K�H���V�W�H�S�S�H�G���G�R�Z�Q���Y�D�O�X�H�V��

�6�H�W�W�D�E�O�H���Y�D�O�X�H�V �,�Q�F�R�P�L�Q�J���F�R�Q�W�D�F�W�V �6�W�U�R�N�H�V���S�H�U�I�R�U�P�H�G

�V�X�F�K���D�V�����(�[�W�H�U�Q�D�O���$�Q�D�£
�O�R�J�X�H��

�V�X�F�K���D�V�����(�[�W�H�U�Q�D�O���$�Q�D�£
�O�R�J�X�H��

�V�X�F�K���D�V�����(�[�W�H�U�Q�D�O���$�Q�D�£
�O�R�J�X�H��

������ ������ ������

���������� ���� ��

���������� ���� ��

�����������P�$ �� �F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���W�K�H
�P�$���V�L�J�Q�D�O

�(�[�S�O�D�Q�D�W�L�R�Q���R�I���V�W�H�S�S�H�G���X�S���Y�D�O�X�H�V��

�6�H�W�W�D�E�O�H���Y�D�O�X�H�V �,�Q�F�R�P�L�Q�J���F�R�Q�W�D�F�W�V �6�W�U�R�N�H�V���S�H�U�I�R�U�P�H�G

�V�X�F�K���D�V�����(�[�W�H�U�Q�D�O���$�Q�D�£
�O�R�J�X�H��

�V�X�F�K���D�V�����(�[�W�H�U�Q�D�O���$�Q�D�£
�O�R�J�X�H��

�V�X�F�K���D�V�����(�[�W�H�U�Q�D�O���$�Q�D�£
�O�R�J�X�H��

������ ������ ������

�������� �� ����

�������� �� ����

�����������P�$ �� �F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���W�K�H
�P�$���V�L�J�Q�D�O

���������� �5�H�P�R�W�H���R�S�H�U�D�W�L�R�Q
�7�K�H�U�H���L�V���D�Q���R�S�W�L�R�Q���W�R���F�R�Q�W�U�R�O���W�K�H���S�X�P�S���U�H�P�R�W�H�O�\���Y�L�D���D���V�L�J�Q�D�O���F�D�E�O�H�������U�H�I�H�U���W�R
�\�R�X�U���V�\�V�W�H�P���G�R�F�X�P�H�Q�W�D�W�L�R�Q���D�Q�G���W�R�����(�O�H�F�W�U�L�F�D�O���,�Q�V�W�D�O�O�D�W�L�R�Q����

���( �[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H�����R�S�H�U�D�W�L�Q�J���P�R�G�H

�2�S�H�U�D�W�L�R�Q

��

�� �� �����(����������



�������� �0�D�L�Q�W�H�Q�D�Q�F�H

�: �$�5�1�,�1�* ��
�,�W���L�V���P�D�Q�G�D�W�R�U�\���W�K�D�W���\�R�X���U�H�D�G���W�K�H���V�D�I�H�W�\���L�Q�I�R�U�P�D�W�L�R�Q���D�Q�G
�V�S�H�F�L�I�L�F�D�W�L�R�Q�V���L�Q���W�K�H�����6�W�R�U�D�J�H�����7�U�D�Q�V�S�R�U�W���D�Q�G���8�Q�S�D�F�N�L�Q�J��
�F�K�D�S�W�H�U���S�U�L�R�U���W�R���V�K�L�S�S�L�Q�J���W�K�H���S�X�P�S��

�: �$�5�1�,�1�* ��
�)�L�U�H���K�D�]�D�U�G���Z�L�W�K���I�O�D�P�P�D�E�O�H���P�H�G�L�D
�2�Q�O�\���Z�L�W�K���F�R�P�E�X�V�W�L�E�O�H���P�H�G�L�D�����7�K�H�V�H���P�D�\���V�W�D�U�W���W�R���E�X�U�Q���Z�K�H�Q
�F�R�P�E�L�Q�H�G���Z�L�W�K���R�[�\�J�H�Q��

�¦ �'�X�U�L�Q�J���I�L�O�O�L�Q�J���D�Q�G���G�U�D�L�Q�L�Q�J���R�I���W�K�H���O�L�T�X�L�G���H�Q�G�����D�Q���H�[�S�H�U�W
�P�X�V�W���H�Q�V�X�U�H���W�K�D�W���I�H�H�G���F�K�H�P�L�F�D�O���G�R�H�V���Q�R�W���F�R�P�H���L�Q�W�R���F�R�Q�£
�W�D�F�W���Z�L�W�K���R�[�\�J�H�Q��

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�)�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���V�S�U�D�\���R�X�W���R�I���W�K�H���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���L�I
�W�K�H�\���D�U�H���P�D�Q�L�S�X�O�D�W�H�G���R�U���R�S�H�Q�H�G���G�X�H���W�R���S�U�H�V�V�X�U�H���L�Q���W�K�H���O�L�T�X�L�G
�H�Q�G���D�Q�G���D�G�M�D�F�H�Q�W���S�D�U�W�V���R�I���W�K�H���V�\�V�W�H�P��

�¦ �'�L�V�F�R�Q�Q�H�F�W���W�K�H���S�X�P�S���I�U�R�P���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\���D�Q�G
�H�Q�V�X�U�H���W�K�D�W���L�W���F�D�Q�Q�R�W���E�H���V�Z�L�W�F�K�H�G���R�Q���D�J�D�L�Q���E�\���X�Q�D�X�W�K�R�U�£
�L�V�H�G���S�H�U�V�R�Q�V��

�¦ �'�H�S�U�H�V�V�X�U�L�V�H���W�K�H���V�\�V�W�H�P���E�H�I�R�U�H���F�R�P�P�H�Q�F�L�Q�J���D�Q�\���Z�R�U�N
�R�Q���K�\�G�U�D�X�O�L�F���S�D�U�W�V��

�7�K�L�U�G���S�D�U�W�\���V�S�D�U�H���S�D�U�W�V���I�R�U���W�K�H���S�X�P�S�V���P�D�\���O�H�D�G���W�R���S�U�R�E�O�H�P�V
�Z�K�H�Q���S�X�P�S�L�Q�J��

�¦ �8�V�H���R�Q�O�\���R�U�L�J�L�Q�D�O���V�S�D�U�H���S�D�U�W�V��
�¦ �8�V�H���W�K�H���F�R�U�U�H�F�W���V�S�D�U�H���S�D�U�W�V���N�L�W�V�����,�Q���W�K�H���H�Y�H�Q�W���R�I���G�R�X�E�W��

�U�H�I�H�U���W�R���W�K�H���H�[�S�O�R�G�H�G���Y�L�H�Z�V���D�Q�G���R�U�G�H�U�L�Q�J���L�Q�I�R�U�P�D�W�L�R�Q���L�Q
�W�K�H���D�S�S�H�Q�G�L�[��

�,�Q�W�H�U�Y�D�O �0�D�L�Q�W�H�Q�D�Q�F�H���Z�R�U�N �3�H�U�V�R�Q�Q�H�O

�4�X�D�U�W�H�U�O�\��„ �&�K�H�F�N���W�K�H���P�H�W�H�U�L�Q�J���G�L�D�S�K�U�D�J�P���I�R�U���G�D�P�D�J�H���������U�H�I�H�U���W�R�����5�H�S�D�L�U����
�„ �&�K�H�F�N���W�K�D�W���W�K�H���K�\�G�U�D�X�O�L�F���O�L�Q�H�V���D�U�H���I�L�[�H�G���I�L�U�P�O�\���W�R���W�K�H���O�L�T�X�L�G���H�Q�G��
�„ �&�K�H�F�N���W�K�D�W���W�K�H���V�X�F�W�L�R�Q���Y�D�O�Y�H���D�Q�G���G�L�V�F�K�D�U�J�H���Y�D�O�Y�H���D�U�H���I�L�W�W�H�G���W�L�J�K�W�O�\��
�„ �&�K�H�F�N���W�K�H���W�L�J�K�W�Q�H�V�V���R�I���W�K�H���H�Q�W�L�U�H���O�L�T�X�L�G���H�Q�G�������S�D�U�W�L�F�X�O�D�U�O�\���D�U�R�X�Q�G���W�K�H

�O�H�D�N�D�J�H���K�R�O�H�������U�H�I�H�U���W�R���ª ���«�6�W�D�Q�G�D�U�G���O�L�T�X�L�G���H�Q�G�V���¬���R�Q���S�D�J�H��������
�„ �&�K�H�F�N���W�K�D�W���W�K�H���I�O�R�Z���L�V���F�R�U�U�H�F�W�����$�O�O�R�Z���W�K�H���S�X�P�S���W�R���S�U�L�P�H���E�U�L�H�I�O�\�������W�X�U�Q���W�K�H

�P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K���E�U�L�H�I�O�\���W�R�����7�H�V�W��
�„ �&�K�H�F�N���W�K�D�W���W�K�H���H�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V���D�U�H���L�Q�W�D�F�W��
�„ �&�K�H�F�N���W�K�H���L�Q�W�H�J�U�L�W�\���R�I���W�K�H���K�R�X�V�L�Q�J��
�„ �&�K�H�F�N���W�K�D�W���W�K�H���G�R�V�L�Q�J���K�H�D�G���V�F�U�H�Z�V���D�U�H���W�L�J�K�W��

�7�H�F�K�Q�L�F�D�O���S�H�U�V�R�Q�Q�H�O

����8�Q�G�H�U���Q�R�U�P�D�O���O�R�D�G�L�Q�J�����D�S�S�U�R�[���������������R�I���F�R�Q�W�L�Q�X�R�X�V���R�S�H�U�D�W�L�R�Q��

�8�Q�G�H�U���K�H�D�Y�\���O�R�D�G�L�Q�J�����H���J�����F�R�Q�W�L�Q�X�R�X�V���R�S�H�U�D�W�L�R�Q�������6�K�R�U�W�H�U���L�Q�W�H�U�Y�D�O�V��

�����&�K�H�F�N���W�K�H���G�L�D�S�K�U�D�J�P���I�U�H�T�X�H�Q�W�O�\���Z�L�W�K���I�H�H�G���F�K�H�P�L�F�D�O�V���W�K�D�W���S�X�W���S�D�U�W�L�F�X�O�D�U
�S�U�H�V�V�X�U�H���R�Q���W�K�H���G�L�D�S�K�U�D�J�P�����H���J�����W�K�R�V�H���F�R�Q�W�D�L�Q�L�Q�J���D�E�U�D�V�L�Y�H���D�G�G�L�W�L�Y�H�V��

�6�W�D�Q�G�D�U�G���O�L�T�X�L�G���H�Q�G�V��

�0�D�L�Q�W�H�Q�D�Q�F�H

��

�������� �(����������



�3�B�%�(�B���������B�6�:

�)�L�J�������������/�H�D�N�D�J�H���K�R�O�H

�,�Q�W�H�U�Y�D�O �0�D�L�Q�W�H�Q�D�Q�F�H���Z�R�U�N

�4�X�D�U�W�H�U�O�\� �,�Q���D�G�G�L�W�L�R�Q��

�„ �&�K�H�F�N���W�K�D�W���W�K�H���E�\�S�D�V�V���O�L�Q�H���L�V���I�L�[�H�G���I�L�U�P�O�\���W�R���W�K�H���O�L�T�X�L�G���H�Q�G
�„ �&�K�H�F�N���W�K�D�W���W�K�H���E�O�H�H�G���Y�D�O�Y�H���L�V���W�L�J�K�W��
�„ �&�K�H�F�N���W�K�H���G�L�V�F�K�D�U�J�H���D�Q�G���E�\�S�D�V�V���O�L�Q�H���I�R�U���N�L�Q�N�V
�„ �&�K�H�F�N���W�K�D�W���W�K�H���E�O�H�H�G���Y�D�O�Y�H���L�V���R�S�H�U�D�W�L�Q�J���F�R�U�U�H�F�W�O�\��

����8�Q�G�H�U���Q�R�U�P�D�O���O�R�D�G�L�Q�J�����D�S�S�U�R�[���������������R�I���F�R�Q�W�L�Q�X�R�X�V���R�S�H�U�D�W�L�R�Q��

�8�Q�G�H�U���K�H�D�Y�\���O�R�D�G�L�Q�J�����H���J�����F�R�Q�W�L�Q�X�R�X�V���R�S�H�U�D�W�L�R�Q�������6�K�R�U�W�H�U���L�Q�W�H�U�Y�D�O�V��

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H���I�R�U���V�F�U�H�Z�V�� ���������������������� �1�P

�/�L�T�X�L�G���H�Q�G�V���Z�L�W�K���E�O�H�H�G���Y�D�O�Y�H��

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H

�0�D�L�Q�W�H�Q�D�Q�F�H

��

�� �� �����(����������



�������� �5�H�S�D�L�U�V

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N
�8�Q�D�X�W�K�R�U�L�V�H�G���U�H�S�D�L�U�V���L�Q�V�L�G�H���W�K�H���S�X�P�S���F�D�Q���U�H�V�X�O�W���L�Q���D�Q���H�O�H�F�£
�W�U�L�F���V�K�R�F�N��

�)�R�U���W�K�L�V���U�H�D�V�R�Q�����R�Q�O�\���D�O�O�R�Z���D���3�U�R�0�L�Q�H�Q�W���E�U�D�Q�F�K���R�U���U�H�S�U�H�V�H�Q�£
�W�D�W�L�Y�H���W�R���S�H�U�I�R�U�P���U�H�S�D�L�U���L�Q�V�L�G�H���W�K�H���S�X�P�S�����L�Q���S�D�U�W�L�F�X�O�D�U���W�K�H���I�R�O�£
�O�R�Z�L�Q�J��

�¦ �5�H�S�O�D�F�H�P�H�Q�W���R�I���G�D�P�D�J�H�G���P�D�L�Q�V���F�R�Q�Q�H�F�W�L�R�Q���O�L�Q�H�V
�¦ �5�H�S�O�D�F�H�P�H�Q�W���R�I���I�X�V�H�V
�¦ �5�H�S�O�D�F�H�P�H�Q�W���R�I���H�O�H�F�W�U�R�Q�L�F���F�R�Q�W�U�R�O

�: �$�5�1�,�1�* ��
�)�L�U�H���K�D�]�D�U�G���Z�L�W�K���I�O�D�P�P�D�E�O�H���P�H�G�L�D
�2�Q�O�\���Z�L�W�K���F�R�P�E�X�V�W�L�E�O�H���P�H�G�L�D�����7�K�H�V�H���P�D�\���V�W�D�U�W���W�R���E�X�U�Q���Z�K�H�Q
�F�R�P�E�L�Q�H�G���Z�L�W�K���R�[�\�J�H�Q��

�¦ �'�X�U�L�Q�J���I�L�O�O�L�Q�J���D�Q�G���G�U�D�L�Q�L�Q�J���R�I���W�K�H���O�L�T�X�L�G���H�Q�G�����D�Q���H�[�S�H�U�W
�P�X�V�W���H�Q�V�X�U�H���W�K�D�W���I�H�H�G���F�K�H�P�L�F�D�O���G�R�H�V���Q�R�W���F�R�P�H���L�Q�W�R���F�R�Q�£
�W�D�F�W���Z�L�W�K���R�[�\�J�H�Q��

�: �$�5�1�,�1�* ��
�,�W���L�V���P�D�Q�G�D�W�R�U�\���W�K�D�W���\�R�X���U�H�D�G���W�K�H���V�D�I�H�W�\���L�Q�I�R�U�P�D�W�L�R�Q���D�Q�G
�V�S�H�F�L�I�L�F�D�W�L�R�Q�V���L�Q���W�K�H�����6�W�R�U�D�J�H�����7�U�D�Q�V�S�R�U�W���D�Q�G���8�Q�S�D�F�N�L�Q�J��
�F�K�D�S�W�H�U���S�U�L�R�U���W�R���V�K�L�S�S�L�Q�J���W�K�H���S�X�P�S��

�: �$�5�1�,�1�* ��
�&�R�Q�W�D�F�W���Z�L�W�K���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O
�3�D�U�W�V���W�K�D�W���F�R�P�H���L�Q�W�R���F�R�Q�W�D�F�W���Z�L�W�K���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O���D�U�H
�H�[�S�R�V�H�G���D�Q�G���W�R�X�F�K�H�G���G�X�U�L�Q�J���U�H�S�D�L�U���Z�R�U�N��

�¦ �3�U�R�W�H�F�W���\�R�X�U�V�H�O�I���D�J�D�L�Q�V�W���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O���L�Q���F�D�V�H���L�W���L�V
�K�D�]�D�U�G�R�X�V�����5�H�D�G���W�K�H���V�D�I�H�W�\���G�D�W�D���V�K�H�H�W���R�Q���W�K�H���I�H�H�G
�F�K�H�P�L�F�D�O��

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�)�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���V�S�U�D�\���R�X�W���R�I���W�K�H���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���L�I
�W�K�H�\���D�U�H���P�D�Q�L�S�X�O�D�W�H�G���R�U���R�S�H�Q�H�G���G�X�H���W�R���S�U�H�V�V�X�U�H���L�Q���W�K�H���O�L�T�X�L�G
�H�Q�G���D�Q�G���D�G�M�D�F�H�Q�W���S�D�U�W�V���R�I���W�K�H���V�\�V�W�H�P��

�¦ �'�L�V�F�R�Q�Q�H�F�W���W�K�H���S�X�P�S���I�U�R�P���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\���D�Q�G
�H�Q�V�X�U�H���W�K�D�W���L�W���F�D�Q�Q�R�W���E�H���V�Z�L�W�F�K�H�G���R�Q���D�J�D�L�Q���E�\���X�Q�D�X�W�K�R�U�£
�L�V�H�G���S�H�U�V�R�Q�V��

�¦ �'�H�S�U�H�V�V�X�U�L�V�H���W�K�H���V�\�V�W�H�P���E�H�I�R�U�H���F�R�P�P�H�Q�F�L�Q�J���D�Q�\���Z�R�U�N
�R�Q���K�\�G�U�D�X�O�L�F���S�D�U�W�V��

�5�H�S�D�L�U�V���W�K�D�W���P�D�\���E�H���F�D�U�U�L�H�G���R�X�W���E�\���T�X�D�O�L�I�L�H�G���W�H�F�K�Q�L�F�D�O���S�H�U�V�R�Q�Q�H�O�����L�Q
�D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V��

�„ �&�O�H�D�Q�L�Q�J���Y�D�O�Y�H�V
�„ �5�H�S�O�D�F�L�Q�J���W�K�H���G�L�D�S�K�U�D�J�P

�$�O�O���R�W�K�H�U���U�H�S�D�L�U�V�����&�R�Q�W�D�F�W���W�K�H���U�H�V�S�R�Q�V�L�E�O�H���3�U�R�0�L�Q�H�Q�W���E�U�D�Q�F�K��

�6�D�I�H�W�\���,�Q�I�R�U�P�D�W�L�R�Q

�5�H�S�D�L�U�V

��

�������� �(����������



������������ �&�O�H�D�Q�L�Q�J���Y�D�O�Y�H�V

�: �D�U�Q�L�Q�J���R�I���I�D�X�O�W�\���R�S�H�U�D�W�L�R�Q
�5�H�I�H�U���W�R���W�K�H���H�[�S�O�R�G�H�G���G�U�D�Z�L�Q�J�V���L�Q���W�K�H���D�S�S�H�Q�G�L�[���Z�K�H�Q
�Z�R�U�N�L�Q�J���R�Q���W�K�H���X�Q�L�W��

�: �D�U�Q�L�Q�J���R�I���I�D�X�O�W�\���R�S�H�U�D�W�L�R�Q
�¦ �'�L�V�F�K�D�U�J�H���D�Q�G���V�X�F�W�L�R�Q���Y�D�O�Y�H�V���G�L�I�I�H�U���I�U�R�P���H�D�F�K���R�W�K�H�U��

�2�Q�O�\���W�D�N�H���W�K�H�P���D�S�D�U�W���R�Q�H���D�I�W�H�U���H�D�F�K���R�W�K�H�U�����V�R���W�K�D�W���\�R�X
�G�R���Q�R�W���F�R�Q�I�X�V�H���W�K�H���F�R�P�S�R�Q�H�Q�W�V��

�¦ �2�Q�O�\���X�V�H���Q�H�Z���F�R�P�S�R�Q�H�Q�W�V���Z�K�L�F�K���I�L�W���\�R�X�U���Y�D�O�Y�H�������E�R�W�K���L�Q
�W�H�U�P�V���R�I���V�K�D�S�H���D�Q�G���F�K�H�P�L�F�D�O���U�H�V�L�V�W�D�Q�F�H��

�¦ �5�H�F�D�O�L�E�U�D�W�H���W�K�H���S�X�P�S���D�I�W�H�U���U�H�S�O�D�F�L�Q�J���D���Y�D�O�Y�H��
�¦ �8�V�L�Q�J���D�Q���$�O�O�H�Q���N�H�\���R�U���V�L�P�L�O�D�U�����L�Q�V�H�U�W���L�W���L�Q�W�R���W�K�H���V�P�D�O�O�H�U

�K�R�O�H���R�I���W�K�H���G�L�V�F�K�D�U�J�H���F�R�Q�Q�H�F�W�R�U���D�Q�G���S�X�V�K���W�K�H���Y�D�O�Y�H
�L�Q�V�H�U�W�V���R�X�W���R�I���L�W��

�$���V�X�F�W�L�R�Q���Y�D�O�Y�H���L�V���F�R�Q�V�W�U�X�F�W�H�G���L�Q���D�O�P�R�V�W���W�K�H���V�D�P�H���Z�D�\���D�V���D���G�L�V�F�K�D�U�J�H
�Y�D�O�Y�H��

�3�O�H�D�V�H���Q�R�W�H�����K�R�Z�H�Y�H�U�����W�K�D�W��

�„ �W�K�H���W�Z�R���Y�D�O�Y�H���L�Q�V�H�U�W�V���D�U�H���L�G�H�Q�W�L�F�D�O���K�H�U�H
�„ �7�K�H�U�H���L�V���D�Q���D�G�G�L�W�L�R�Q�D�O���V�S�D�F�H�U���E�H�W�Z�H�H�Q���W�K�H���Y�D�O�Y�H���L�Q�V�H�U�W�V��
�„ �7�K�H�U�H���L�V���D���V�K�D�S�H�G���V�H�D�O���L�Q���W�K�H���G�R�V�L�Q�J���K�H�D�G���L�Q�V�W�H�D�G���R�I���D�Q���2���U�L�Q�J��
�„ �7�K�H���I�O�R�Z���G�L�U�H�F�W�L�R�Q���R�I���W�K�H���V�X�F�W�L�R�Q���F�R�Q�Q�H�F�W�R�U���L�V���W�K�H���R�S�S�R�V�L�W�H���W�R���W�K�D�W���R�I

�W�K�H���G�L�V�F�K�D�U�J�H���F�R�Q�Q�H�F�W�R�U��

�: �D�U�Q�L�Q�J���R�I���I�D�X�O�W�\���R�S�H�U�D�W�L�R�Q
�¦ �'�L�V�F�K�D�U�J�H���D�Q�G���V�X�F�W�L�R�Q���Y�D�O�Y�H�V���G�L�I�I�H�U���I�U�R�P���H�D�F�K���R�W�K�H�U��

�2�Q�O�\���W�D�N�H���W�K�H�P���D�S�D�U�W���R�Q�H���D�I�W�H�U���H�D�F�K���R�W�K�H�U�����V�R���W�K�D�W���\�R�X
�G�R���Q�R�W���F�R�Q�I�X�V�H���W�K�H���F�R�P�S�R�Q�H�Q�W�V��

�¦ �2�Q�O�\���X�V�H���Q�H�Z���F�R�P�S�R�Q�H�Q�W�V���Z�K�L�F�K���I�L�W���\�R�X�U���Y�D�O�Y�H�������E�R�W�K���L�Q
�W�H�U�P�V���R�I���V�K�D�S�H���D�Q�G���F�K�H�P�L�F�D�O���U�H�V�L�V�W�D�Q�F�H��

�¦ �:�L�W�K���W�K�H���3�9�7���P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q�����W�K�H���E�D�O�O���V�H�D�W���L�V���L�Q�W�H�J�U�D�W�H�G
�L�Q���W�K�H���G�R�V�L�Q�J���K�H�D�G���D�Q�G���V�R���K�D�V���W�R���E�H���F�O�H�D�Q�H�G���V�H�S�D�U�D�W�H�O�\��

�¦ �2�Q���W�K�H���3�9�7���P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q�����W�K�H���G�L�V�F�K�D�U�J�H���Y�D�O�Y�H���L�V���D
�G�R�X�E�O�H���E�D�O�O���Y�D�O�Y�H��

�¦ �8�V�L�Q�J���D�Q���$�O�O�H�Q���N�H�\���R�U���V�L�P�L�O�D�U�����L�Q�V�H�U�W���L�W���L�Q�W�R���W�K�H���V�P�D�O�O�H�U
�K�R�O�H���R�I���W�K�H���G�L�V�F�K�D�U�J�H���F�R�Q�Q�H�F�W�R�U���D�Q�G���S�X�V�K���W�K�H���Y�D�O�Y�H
�L�Q�V�H�U�W�V���R�X�W���R�I���L�W��

�$���V�X�F�W�L�R�Q���Y�D�O�Y�H���L�V���F�R�Q�V�W�U�X�F�W�H�G���L�Q���D�O�P�R�V�W���W�K�H���V�D�P�H���Z�D�\���D�V���D���G�L�V�F�K�D�U�J�H
�Y�D�O�Y�H��

�3�O�H�D�V�H���Q�R�W�H�����K�R�Z�H�Y�H�U�����W�K�D�W��

�„ �7�K�H���I�O�R�Z���G�L�U�H�F�W�L�R�Q���R�I���W�K�H���V�X�F�W�L�R�Q���F�R�Q�Q�H�F�W�R�U���L�V���W�K�H���R�S�S�R�V�L�W�H���W�R���W�K�D�W���R�I
�W�K�H���G�L�V�F�K�D�U�J�H���F�R�Q�Q�H�F�W�R�U��

�&�O�H�D�Q�L�Q�J���D���G�L�V�F�K�D�U�J�H���Y�D�O�Y�H���R�U���D���V�X�F�W�L�R�Q
�Y�D�O�Y�H���R�Q���W�\�S�H�V�����3�3�����3�9�����1�3��������������������������
��������������������������������

�&�O�H�D�Q�L�Q�J���D���G�L�V�F�K�D�U�J�H���Y�D�O�Y�H���R�U���D���V�X�F�W�L�R�Q
�Y�D�O�Y�H���R�Q���W�\�S�H�V�����3�3�����3�9�����1�3��������������������������
��������������������������������������������������������

�5�H�S�D�L�U�V

��

�� �� �����(����������



������������ �5�H�S�O�D�F�L�Q�J���W�K�H���G�L�D�S�K�U�D�J�P

�: �$�5�1�,�1�* ��
�$���O�L�W�W�O�H���I�H�H�G���F�K�H�P�L�F�D�O���P�D�\���K�D�Y�H���D�F�F�X�P�X�O�D�W�H�G���E�H�K�L�Q�G���W�K�H���G�L�D�£
�S�K�U�D�J�P���L�Q���W�K�H���E�D�F�N�S�O�D�W�H���I�R�O�O�R�Z�L�Q�J���D���O�H�D�N�������G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H
�G�H�V�L�J�Q��

�¦ �7�D�N�H���W�K�L�V���I�H�H�G���F�K�H�P�L�F�D�O���L�Q�W�R���F�R�Q�V�L�G�H�U�D�W�L�R�Q���Z�K�H�Q���\�R�X���D�U�H
�S�O�D�Q�Q�L�Q�J���D���U�H�S�D�L�U�������H�V�S�H�F�L�D�O�O�\���L�I���L�W���L�V���K�D�]�D�U�G�R�X�V��

�„ �,�I���Q�H�F�H�V�V�D�U�\���W�D�N�H���S�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V��
�„ �$�G�K�H�U�H���W�R���W�K�H���P�D�W�H�U�L�D�O���V�D�I�H�W�\���G�D�W�D���V�K�H�H�W���I�R�U���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O��
�„ �(�Q�V�X�U�H���W�K�D�W���W�K�H���V�\�V�W�H�P���L�V���D�W���D�W�P�R�V�S�K�H�U�L�F���S�U�H�V�V�X�U�H��

���� �(�P�S�W�\���W�K�H���O�L�T�X�L�G���H�Q�G�����W�X�U�Q���W�K�H���O�L�T�X�L�G���H�Q�G���X�S�V�L�G�H���G�R�Z�Q���D�Q�G���D�O�O�R�Z���W�K�H
�I�H�H�G���F�K�H�P�L�F�D�O���W�R���U�X�Q���R�X�W�����I�O�X�V�K���R�X�W���Z�L�W�K���D���V�X�L�W�D�E�O�H���P�H�G�L�X�P�����I�O�X�V�K���W�K�H
�O�L�T�X�L�G���H�Q�G���W�K�R�U�R�X�J�K�O�\���Z�K�H�Q���X�V�L�Q�J���K�D�]�D�U�G�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O�V����

���� �7�X�U�Q���W�K�H���V�W�U�R�N�H���D�G�M�X�V�W�P�H�Q�W���G�L�D�O���D�V���I�D�U���D�V���������V�W�U�R�N�H���O�H�Q�J�W�K���Z�K�H�Q���W�K�H
�S�X�P�S���L�V���U�X�Q�Q�L�Q�J�����W�K�H���G�U�L�Y�H���D�[�O�H���L�V���W�K�H�Q���G�L�I�I�L�F�X�O�W���W�R���W�X�U�Q����

���� �6�Z�L�W�F�K���R�I�I���W�K�H���S�X�P�S��

���� �8�Q�V�F�U�H�Z���W�K�H���K�\�G�U�D�X�O�L�F���F�R�Q�Q�H�F�W�R�U�V���R�Q���W�K�H���G�L�V�F�K�D�U�J�H���D�Q�G���V�X�F�W�L�R�Q
�V�L�G�H��

���� �:�L�W�K���3�3���W�\�S�H�V���Z�L�W�K���E�O�H�H�G���Y�D�O�Y�H�����)�L�U�V�W�O�\���U�H�P�R�Y�H���W�K�H���E�O�H�H�G���Y�D�O�Y�H
���J�U�L�S�������W�K�H�Q���O�L�I�W���R�I�I���W�K�H���F�R�Y�H�U���R�I���W�K�H���O�L�T�X�L�G���H�Q�G���Z�L�W�K���D���V�F�U�H�Z���G�U�L�Y�H�U��

���� �5�H�P�R�Y�H���W�K�H���V�F�U�H�Z�V����������

���� �/�R�R�V�H�Q���W�K�H���G�R�V�L�Q�J���K�H�D�G�����������D�Q�G���W�K�H���E�D�F�N�S�O�D�W�H�����������I�U�R�P���W�K�H���S�X�P�S
�K�R�X�V�L�Q�J���������������E�X�W���R�Q�O�\���O�R�R�V�H�Q��

���� �+�R�O�G���W�K�H���S�X�P�S���K�R�X�V�L�Q�J�����������Z�L�W�K���R�Q�H���K�D�Q�G���D�Q�G���F�O�D�P�S���W�K�H���G�L�D�S�K�U�D�J�P
���������Z�L�W�K���W�K�H���R�W�K�H�U���K�D�Q�G���E�H�W�Z�H�H�Q���W�K�H���G�R�V�L�Q�J���K�H�D�G�����������D�Q�G���W�K�H���E�D�F�N�£
�S�O�D�W�H����������

���� �/�R�R�V�H�Q���W�K�H���G�L�D�S�K�U�D�J�P�����������I�U�R�P���W�K�H���G�U�L�Y�H���D�[�O�H���Z�L�W�K���D���J�H�Q�W�O�H���E�D�F�N�£
�Z�D�U�G�V���W�X�U�Q���R�I���W�K�H���G�R�V�L�Q�J���K�H�D�G�������������G�L�D�S�K�U�D�J�P�����������D�Q�G���E�D�F�N�S�O�D�W�H��������
�L�Q���D�Q���D�Q�W�L�F�O�R�F�N�Z�L�V�H���G�L�U�H�F�W�L�R�Q��

������ �8�Q�V�F�U�H�Z���W�K�H���G�L�D�S�K�U�D�J�P�����������F�R�P�S�O�H�W�H�O�\���I�U�R�P���W�K�H���G�U�L�Y�H���D�[�O�H��

������ �5�H�P�R�Y�H���W�K�H���E�D�F�N�S�O�D�W�H�����������I�U�R�P���W�K�H���S�X�P�S���K�R�X�V�L�Q�J����������

������ �&�K�H�F�N���W�K�H���F�R�Q�G�L�W�L�R�Q���R�I���W�K�H���V�D�I�H�W�\���G�L�D�S�K�U�D�J�P�����������D�Q�G���U�H�S�O�D�F�H���L�I���Q�H�F�£
�H�V�V�D�U�\��

������ �3�X�V�K���W�K�H���V�D�I�H�W�\���G�L�D�S�K�U�D�J�P�����������R�Q�W�R���W�K�H���G�U�L�Y�H���D�[�O�H���R�Q�O�\���X�Q�W�L�O���L�W���O�L�H�V
�I�O�X�V�K���Z�L�W�K���W�K�H���S�X�P�S���K�R�X�V�L�Q�J�����������D�Q�G���Q�R���I�X�U�W�K�H�U��

������ �7�H�Q�W�D�W�L�Y�H�O�\���V�F�U�H�Z���W�K�H���Q�H�Z���G�L�D�S�K�U�D�J�P�����������R�Q�W�R���W�K�H���G�U�L�Y�H���D�[�O�H���X�Q�W�L�O���L�W
�F�D�Q���J�R���Q�R���I�X�U�W�K�H�U��

�Ö �7�K�H���G�L�D�S�K�U�D�J�P�����������L�V���Q�R�Z���V�L�W�W�L�Q�J���D�W���W�K�H���V�W�R�S���R�I���W�K�H���W�K�U�H�D�G��

������ �6�K�R�X�O�G���W�K�L�V���Q�R�W���Z�R�U�N�����U�H�P�R�Y�H���G�L�U�W���R�U���V�Z�D�U�I���I�U�R�P���W�K�H���W�K�U�H�D�G�V���D�Q�G
�V�F�U�H�Z���W�K�H���G�L�D�S�K�U�D�J�P�����������R�Q�W�R���W�K�H���G�U�L�Y�H���D�[�O�H���F�R�U�U�H�F�W�O�\���W�K�L�V���W�L�P�H��

�(�Q�V�X�U�H���W�K�D�W���W�K�H���G�L�D�S�K�U�D�J�P���L�V���V�F�U�H�Z�H�G���H�[�D�F�W�O�\���R�Q�W�R���W�K�H
�G�U�L�Y�H���D�[�O�H���R�W�K�H�U�Z�L�V�H���W�K�H���S�X�P�S���Z�L�O�O���V�X�E�V�H�T�X�H�Q�W�O�\���Q�R�W
�P�H�W�H�U���D�F�F�X�U�D�W�H�O�\��

������ �8�Q�V�F�U�H�Z���W�K�H���G�L�D�S�K�U�D�J�P�����������D�J�D�L�Q��

������ �3�O�D�F�H���W�K�H���E�D�F�N�S�O�D�W�H�����������R�Q���W�K�H���S�X�P�S���K�R�X�V�L�Q�J����������

�5�H�S�D�L�U�V

��

�������� �(����������



�&�$�8�7�,�2�1��
�/�H�D�N�D�J�H���P�D�\���E�H�F�R�P�H���D�S�S�D�U�H�Q�W���D�W���D���O�D�W�H�U���V�W�D�J�H��
�¦ �0�D�N�H���V�X�U�H���W�K�D�W���W�K�H���O�H�D�N�D�J�H���K�R�O�H���S�R�L�Q�W�V���G�R�Z�Q�£

�Z�D�U�G�V���Z�K�H�Q���W�K�H���S�X�P�S���L�V���L�Q�V�W�D�O�O�H�G���O�D�W�H�U�������S�O�H�D�V�H
�U�H�I�H�U���W�R����

�¦ �3�O�D�F�H���W�K�H���E�D�F�N�S�O�D�W�H�����������L�P�P�H�G�L�D�W�H�O�\���L�Q�W�R���W�K�H���F�R�U�£
�U�H�F�W���S�R�V�L�W�L�R�Q���R�Q���W�K�H���S�X�P�S���K�R�X�V�L�Q�J�������������'�R���Q�R�W���W�Z�L�V�W
�W�K�H���E�D�F�N�S�O�D�W�H���R�Q���W�K�H���S�X�P�S���K�R�X�V�L�Q�J���W�R���S�U�H�Y�H�Q�W���W�K�H
�V�D�I�H�W�\���G�L�D�S�K�U�D�J�P�����������E�H�F�R�P�L�Q�J���Z�D�U�S�H�G��

������ �3�O�D�F�H���W�K�H���G�L�D�S�K�U�D�J�P�����������L�Q�W�R���W�K�H���E�D�F�N�S�O�D�W�H����������

�&�$�8�7�,�2�1��
�/�H�D�N�D�J�H���P�D�\���E�H�F�R�P�H���D�S�S�D�U�H�Q�W���D�W���D���O�D�W�H�U���V�W�D�J�H��
�¦ �'�R���Q�R�W���R�Y�H�U���W�L�J�K�W�H�Q���W�K�H���G�L�D�S�K�U�D�J�P�����������L�Q���W�K�H���I�R�O�£

�O�R�Z�L�Q�J���V�W�H�S��
�¦ �(�Q�V�X�U�H���W�K�D�W���W�K�H���E�D�F�N�S�O�D�W�H�����������U�H�P�D�L�Q�V���L�Q���L�W�V���S�R�V�L�£

�W�L�R�Q���V�R���W�K�D�W���W�K�H���V�D�I�H�W�\���G�L�D�S�K�U�D�J�P���G�R�H�V���Q�R�W
�E�H�F�R�P�H���Z�D�U�S�H�G��

������ �+�R�O�G���W�K�H���E�D�F�N�S�O�D�W�H�����������I�L�U�P�O�\���D�Q�G���V�F�U�H�Z���W�K�H���G�L�D�S�K�U�D�J�P�����������L�Q���D���F�O�R�F�N�£
�Z�L�V�H���G�L�U�H�F�W�L�R�Q���X�Q�W�L�O���L�W���L�V���V�L�W�W�L�Q�J���W�L�J�K�W�O�\�����W�K�H���W�Z�L�V�W�L�Q�J���U�H�V�L�V�W�D�Q�F�H���R�I���W�K�H
�U�H�W�X�U�Q���V�S�U�L�Q�J���F�D�Q���E�H���I�H�O�W����

������ �6�H�W���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���W�R������������

������ �3�O�D�F�H���W�K�H���G�R�V�L�Q�J���K�H�D�G�����������Z�L�W�K���W�K�H���V�F�U�H�Z�V�����������R�Q�W�R���W�K�H���G�L�D�S�K�U�D�J�P
���������D�Q�G���W�K�H���E�D�F�N�S�O�D�W�H���������������H�Q�V�X�U�H���W�K�D�W���W�K�H���V�X�F�W�L�R�Q���F�R�Q�Q�H�F�W�R�U���S�R�L�Q�W�V
�G�R�Z�Q�Z�D�U�G�V���Z�K�H�Q���W�K�H���S�X�P�S���L�V���L�Q���L�W�V���V�X�E�V�H�T�X�H�Q�W���I�L�W�W�L�Q�J���S�R�V�L�W�L�R�Q��

������ �*�H�Q�W�O�\���W�L�J�K�W�H�Q���W�K�H���V�F�U�H�Z�V�����������D�Q�G���W�K�H�Q���W�L�J�K�W�H�Q���W�K�H�P���G�L�D�J�R�Q�D�O�O�\�����6�H�H
�E�H�O�R�Z���I�R�U���W�K�H���W�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H��

������ �:�L�W�K���3�3���W�\�S�H�V���Z�L�W�K���E�O�H�H�G���Y�D�O�Y�H�����$�O�O�R�Z���W�K�H���F�R�Y�H�U���R�I���W�K�H���O�L�T�X�L�G���H�Q�G���W�R
�U�H�V�W���L�Q���W�K�H���G�R�V�L�Q�J���K�H�D�G�����W�K�H�Q���S�U�H�V�V���W�K�H���J�U�L�S���R�Q���W�K�H���E�O�H�H�G���Y�D�O�Y�H���L�Q�W�R
�W�K�H���G�R�V�L�Q�J���K�H�D�G��

�&�$�8�7�,�2�1��
�/�H�D�N�D�J�H���S�R�V�V�L�E�O�H
�¦ �&�K�H�F�N���W�K�H���W�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H���R�I���W�K�H���V�F�U�H�Z�V���D�I�W�H�U������

�K�R�X�U�V���R�I���R�S�H�U�D�W�L�R�Q��
�¦ �:�L�W�K���3�3���D�Q�G���3�9���G�R�V�L�Q�J���K�H�D�G�V�����F�K�H�F�N���W�K�H���W�L�J�K�W�£

�H�Q�L�Q�J���W�R�U�T�X�H���D�J�D�L�Q���D�I�W�H�U���W�K�U�H�H���P�R�Q�W�K�V��

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H���I�R�U���V�F�U�H�Z�V�� ���������������������� �1�P

�7�L�J�K�W�H�Q�L�Q�J���W�R�U�T�X�H

�5�H�S�D�L�U�V

��

�� �� �����(����������



� � � � � � � � � � � �

�3�B�%�(�B���������B�6�:

�)�L�J�������������3�D�U�W�L�D�O�O�\���H�[�S�O�R�G�H�G���Y�L�H�Z���R�I���O�L�T�X�L�G���H�Q�G

�5�H�S�D�L�U�V

��

�������� �(����������



�������� �7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J

�: �$�5�1�,�1�* ��
�: �D�U�Q�L�Q�J���R�I���G�D�Q�J�H�U�R�X�V���R�U���X�Q�N�Q�R�Z�Q���I�H�H�G���F�K�H�P�L�F�D�O
�6�K�R�X�O�G���D���G�D�Q�J�H�U�R�X�V���R�U���X�Q�N�Q�R�Z�Q���I�H�H�G���F�K�H�P�L�F�D�O���E�H���X�V�H�G�����,�W
�P�D�\���H�V�F�D�S�H���I�U�R�P���W�K�H���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���Z�K�H�Q���Z�R�U�N�L�Q�J
�R�Q���W�K�H���S�X�P�S��

�¦ �7�D�N�H���D�S�S�U�R�S�U�L�D�W�H���S�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V���E�H�I�R�U�H���Z�R�U�N�L�Q�J���R�Q
�W�K�H���S�X�P�S�����H���J�����V�D�I�H�W�\���J�O�D�V�V�H�V�����V�D�I�H�W�\���J�O�R�Y�H�V��������������
�2�E�V�H�U�Y�H���W�K�H���V�D�I�H�W�\���G�D�W�D���V�K�H�H�W���I�R�U���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O��

�¦ �'�U�D�L�Q���D�Q�G���I�O�X�V�K���W�K�H���O�L�T�X�L�G���H�Q�G���E�H�I�R�U�H���Z�R�U�N�L�Q�J���R�Q���W�K�H
�S�X�P�S��

�: �$�5�1�,�1�* ��
�)�L�U�H���K�D�]�D�U�G���Z�L�W�K���I�O�D�P�P�D�E�O�H���P�H�G�L�D
�2�Q�O�\���Z�L�W�K���F�R�P�E�X�V�W�L�E�O�H���P�H�G�L�D�����7�K�H�V�H���P�D�\���V�W�D�U�W���W�R���E�X�U�Q���Z�K�H�Q
�F�R�P�E�L�Q�H�G���Z�L�W�K���R�[�\�J�H�Q��

�¦ �'�X�U�L�Q�J���I�L�O�O�L�Q�J���D�Q�G���G�U�D�L�Q�L�Q�J���R�I���W�K�H���O�L�T�X�L�G���H�Q�G�����D�Q���H�[�S�H�U�W
�P�X�V�W���H�Q�V�X�U�H���W�K�D�W���I�H�H�G���F�K�H�P�L�F�D�O���G�R�H�V���Q�R�W���F�R�P�H���L�Q�W�R���F�R�Q�£
�W�D�F�W���Z�L�W�K���R�[�\�J�H�Q��

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�)�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���V�S�U�D�\���R�X�W���R�I���W�K�H���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���L�I
�W�K�H�\���D�U�H���P�D�Q�L�S�X�O�D�W�H�G���R�U���R�S�H�Q�H�G���G�X�H���W�R���S�U�H�V�V�X�U�H���L�Q���W�K�H���O�L�T�X�L�G
�H�Q�G���D�Q�G���D�G�M�D�F�H�Q�W���S�D�U�W�V���R�I���W�K�H���V�\�V�W�H�P��

�¦ �'�L�V�F�R�Q�Q�H�F�W���W�K�H���S�X�P�S���I�U�R�P���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\���D�Q�G
�H�Q�V�X�U�H���W�K�D�W���L�W���F�D�Q�Q�R�W���E�H���V�Z�L�W�F�K�H�G���R�Q���D�J�D�L�Q���E�\���X�Q�D�X�W�K�R�U�£
�L�V�H�G���S�H�U�V�R�Q�V��

�¦ �'�H�S�U�H�V�V�X�U�L�V�H���W�K�H���V�\�V�W�H�P���E�H�I�R�U�H���F�R�P�P�H�Q�F�L�Q�J���D�Q�\���Z�R�U�N
�R�Q���K�\�G�U�D�X�O�L�F���S�D�U�W�V��

���������� �)�D�X�O�W�V���Z�L�W�K�R�X�W���D���I�D�X�O�W���P�H�V�V�D�J�H

�)�D�X�O�W���G�H�V�F�U�L�S�W�L�R�Q �&�D�X�V�H �5�H�P�H�G�\ �3�H�U�V�R�Q�Q�H�O

�3�X�P�S���G�R�H�V���Q�R�W���S�U�L�P�H���L�Q
�V�S�L�W�H���R�I���I�X�O�O���V�W�U�R�N�H���P�R�W�L�R�Q
�D�Q�G���E�O�H�H�G�L�Q�J��

�0�L�Q�R�U���F�U�\�V�W�D�O�O�L�Q�H���G�H�S�R�V�L�W�V���R�Q
�W�K�H���E�D�O�O���V�H�D�W���G�X�H���W�R���W�K�H
�Y�D�O�Y�H�V���G�U�\�L�Q�J���R�X�W��

�7�D�N�H���W�K�H���V�X�F�W�L�R�Q���K�R�V�H���R�X�W���R�I���W�K�H
�V�W�R�U�D�J�H���W�D�Q�N���D�Q�G���W�K�R�U�R�X�J�K�O�\���I�O�X�V�K���R�X�W
�W�K�H���O�L�T�X�L�G���H�Q�G��

�7�H�F�K�Q�L�F�D�O���S�H�U�£
�V�R�Q�Q�H�O

�6�H�U�L�R�X�V���F�U�\�V�W�D�O�O�L�Q�H���G�H�S�R�V�L�W�V
�R�Q���W�K�H���E�D�O�O���V�H�D�W���G�X�H���W�R���W�K�H
�Y�D�O�Y�H�V���G�U�\�L�Q�J���R�X�W��

�'�L�V�P�D�Q�W�O�H���W�K�H���Y�D�O�Y�H�V���D�Q�G���F�O�H�D�Q���W�K�H�P
�����U�H�I�H�U���W�R�����5�H�S�D�L�U��

�7�H�F�K�Q�L�F�D�O���S�H�U�£
�V�R�Q�Q�H�O

�)�O�X�L�G���L�V���H�V�F�D�S�L�Q�J���I�U�R�P���W�K�H
�E�D�F�N�S�O�D�W�H��

�7�K�H���V�F�U�H�Z�V���L�Q���W�K�H���G�R�V�L�Q�J
�K�H�D�G���D�U�H���W�R�R���O�R�R�V�H��

�7�L�J�K�W�H�Q���W�K�H���V�F�U�H�Z�V���L�Q���W�K�H���G�R�V�L�Q�J���K�H�D�G
�F�U�R�V�V�Z�L�V�H�������U�H�I�H�U���W�R�����5�H�S�D�L�U�����I�R�U���W�L�J�K�W�£
�H�Q�L�Q�J���W�R�U�T�X�H��

�,�Q�V�W�U�X�F�W�H�G���S�H�U�£
�V�R�Q�Q�H�O

�7�K�H���G�L�D�S�K�U�D�J�P���L�V���Q�R�W���O�H�D�N��
�W�L�J�K�W��

�5�H�S�O�D�F�H���W�K�H���G�L�D�S�K�U�D�J�P�������U�H�I�H�U���W�R
���5�H�S�D�L�U����

�7�H�F�K�Q�L�F�D�O���S�H�U�£
�V�R�Q�Q�H�O

�*�U�H�H�Q���/�(�'���G�L�V�S�O�D�\�����R�S�H�U�£
�D�W�L�Q�J���L�Q�G�L�F�D�W�R�U�����G�R�H�V���Q�R�W
�O�L�J�K�W���X�S��

�7�K�H���Z�U�R�Q�J���P�D�L�Q�V���Y�R�O�W�D�J�H���R�U
�Q�R���P�D�L�Q�V���Y�R�O�W�D�J�H���L�V���F�R�Q�£
�Q�H�F�W�H�G��

�&�R�Q�Q�H�F�W���W�K�H���S�X�P�S���F�R�U�U�H�F�W�O�\���W�R���W�K�H
�V�S�H�F�L�I�L�H�G���P�D�L�Q�V���Y�R�O�W�D�J�H�������D�F�F�R�U�G�L�Q�J���W�R
�W�K�H���V�S�H�F�L�I�L�F�D�W�L�R�Q���R�Q���W�K�H���Q�D�P�H�S�O�D�W�H

�(�O�H�F�W�U�L�F�L�D�Q

�6�D�I�H�W�\���,�Q�I�R�U�P�D�W�L�R�Q

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J

��

�� �� �����(����������



������������ �)�D�X�O�W���P�H�V�V�D�J�H�V

�)�D�X�O�W���G�H�V�F�U�L�S�W�L�R�Q �&�D�X�V�H �5�H�P�H�G�\ �3�H�U�V�R�Q�Q�H�O

�5�H�G���/�(�'���L�Q�G�L�F�D�W�R�U�����I�D�X�O�W���L�Q�G�L�£
�F�D�W�R�U�����O�L�J�K�W�V���X�S���D�Q�G���W�K�H
�S�X�P�S���V�W�R�S�V

�7�K�H���I�O�X�L�G���O�H�Y�H�O���L�Q���W�K�H���V�W�R�U�D�J�H���W�D�Q�N���K�D�V
�U�H�D�F�K�H�G�����/�L�T�X�L�G���O�H�Y�H�O���O�R�Z�����Q�G���V�W�D�J�H����

�)�L�O�O���W�K�H���V�W�R�U�D�J�H���W�D�Q�N�� �,�Q�V�W�U�X�F�W�H�G
�S�H�U�V�R�Q�Q�H�O

�7�K�H���S�X�P�S���L�V���L�Q�����(�[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H�����R�S�H�U�D�W�L�Q�J
�P�R�G�H���D�Q�G���W�K�H���F�R�Q�W�U�R�O���F�X�U�U�H�Q�W���K�D�V���U�L�V�H�Q���D�E�R�Y�H
�������P�$�����I�D�X�O�W���V�L�J�Q�D�O����

�&�O�H�D�U���W�K�H���F�D�X�V�H���R�I���W�K�H
�I�D�X�O�W���R�Q���W�K�H���S�X�P�S��

�7�K�H���S�X�P�S���L�V���L�Q�����(�[�W�H�U�Q�D�O���$�Q�D�O�R�J�X�H�����R�S�H�U�D�W�L�Q�J
�P�R�G�H�����V�H�W���W�R���������������P�$�����D�Q�G���W�K�H���F�R�Q�W�U�R�O���F�X�U�£
�U�H�Q�W���K�D�V���I�D�O�O�H�Q���E�H�O�R�Z�������P�$��

�&�O�H�D�U���W�K�H���F�D�X�V�H���R�I���W�K�H
�O�R�Z���F�R�Q�W�U�R�O���F�X�U�U�H�Q�W�����H���J��
�F�D�E�O�H���E�U�H�D�N����

�7�K�H���P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���V�Z�L�W�F�K���L�V���Q�R�W���W�X�U�Q�H�G���W�R
���(�[�W�H�U�Q�����E�X�W���D�Q���H�[�W�H�U�Q�D�O���F�D�E�O�H���L�V���F�R�Q�Q�H�F�W�H�G
�D�Q�G���W�K�H���S�X�P�S���K�D�V���W�K�H���L�G�H�Q�W�L�W�\���F�R�G�H���I�H�D�W�X�U�H
���&�R�Q�W�U�R�O���W�\�S�H�������������������Z�L�W�K���O�R�F�N����

�(�L�W�K�H�U���W�X�U�Q���W�K�H���P�X�O�W�L�I�X�Q�F�£
�W�L�R�Q�D�O���V�Z�L�W�F�K���W�R�����(�[�W�H�U�Q��
�R�U���U�H�P�R�Y�H���W�K�H���(�[�W�H�U�Q
�F�D�E�O�H���I�U�R�P���W�K�H���S�X�P�S

�7�H�F�K�Q�L�F�D�O
�S�H�U�V�R�Q�Q�H�O

���������� �: �D�U�Q�L�Q�J���P�H�V�V�D�J�H�V

�)�D�X�O�W���G�H�V�F�U�L�S�W�L�R�Q �&�D�X�V�H �5�H�P�H�G�\ �3�H�U�V�R�Q�Q�H�O

�<�H�O�O�R�Z���/�(�'���L�Q�G�L�F�D�W�R�U�����Z�D�U�Q�L�Q�J
�L�Q�G�L�F�D�W�R�U�����O�L�J�K�W�V���X�S

�7�K�H���I�O�X�L�G���O�H�Y�H�O���L�Q���W�K�H���V�W�R�U�D�J�H���W�D�Q�N���K�D�V
�U�H�D�F�K�H�G�����/�L�T�X�L�G���O�H�Y�H�O���O�R�Z�����V�W���V�W�D�J�H����

�)�L�O�O���W�K�H���V�W�R�U�D�J�H
�W�D�Q�N��

�,�Q�V�W�U�X�F�W�H�G���S�H�U�V�R�Q�Q�H�O

���������� �$�O�O���2�W�K�H�U���)�D�X�O�W�V
�3�O�H�D�V�H���F�R�Q�W�D�F�W���W�K�H���U�H�V�S�R�Q�V�L�E�O�H���3�U�R�0�L�Q�H�Q�W���E�U�D�Q�F�K���R�U���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H��

�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J

��

�������� �(����������



�������� �' �H�F�R�P�P�L�V�V�L�R�Q�L�Q�J

�: �$�5�1�,�1�* ��
�' �D�Q�J�H�U���I�U�R�P���F�K�H�P�L�F�D�O���U�H�V�L�G�X�H�V
�7�K�H�U�H���L�V���Q�R�U�P�D�O�O�\���F�K�H�P�L�F�D�O���U�H�V�L�G�X�H���L�Q���W�K�H���O�L�T�X�L�G���H�Q�G���D�Q�G���R�Q
�W�K�H���K�R�X�V�L�Q�J���D�I�W�H�U���R�S�H�U�D�W�L�R�Q�����7�K�L�V���F�K�H�P�L�F�D�O���U�H�V�L�G�X�H���F�R�X�O�G���E�H
�K�D�]�D�U�G�R�X�V���W�R���S�H�R�S�O�H��

�¦ �,�W���L�V���P�D�Q�G�D�W�R�U�\���W�K�D�W���W�K�H���V�D�I�H�W�\���Q�R�W�H�V���L�Q���W�K�H�����6�W�R�U�D�J�H��
�7�U�D�Q�V�S�R�U�W���D�Q�G���8�Q�S�D�F�N�L�Q�J�����F�K�D�S�W�H�U���D�U�H���U�H�D�G���E�H�I�R�U�H���V�K�L�S�£
�S�L�Q�J���R�U���W�U�D�Q�V�S�R�U�W��

�¦ �7�K�R�U�R�X�J�K�O�\���F�O�H�D�Q���W�K�H���O�L�T�X�L�G���H�Q�G���D�Q�G���W�K�H���K�R�X�V�L�Q�J���R�I
�F�K�H�P�L�F�D�O�V���D�Q�G���G�L�U�W�����$�G�K�H�U�H���W�R���W�K�H���P�D�W�H�U�L�D�O���V�D�I�H�W�\���G�D�W�D
�V�K�H�H�W���I�R�U���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O��

�: �$�5�1�,�1�* ��
�: �D�U�Q�L�Q�J���R�I���G�D�Q�J�H�U�R�X�V���R�U���X�Q�N�Q�R�Z�Q���I�H�H�G���F�K�H�P�L�F�D�O
�6�K�R�X�O�G���D���G�D�Q�J�H�U�R�X�V���R�U���X�Q�N�Q�R�Z�Q���I�H�H�G���F�K�H�P�L�F�D�O���E�H���X�V�H�G�����,�W
�P�D�\���H�V�F�D�S�H���I�U�R�P���W�K�H���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���Z�K�H�Q���Z�R�U�N�L�Q�J
�R�Q���W�K�H���S�X�P�S��

�¦ �7�D�N�H���D�S�S�U�R�S�U�L�D�W�H���S�U�R�W�H�F�W�L�Y�H���P�H�D�V�X�U�H�V���E�H�I�R�U�H���Z�R�U�N�L�Q�J���R�Q
�W�K�H���S�X�P�S�����H���J�����V�D�I�H�W�\���J�O�D�V�V�H�V�����V�D�I�H�W�\���J�O�R�Y�H�V��������������
�2�E�V�H�U�Y�H���W�K�H���V�D�I�H�W�\���G�D�W�D���V�K�H�H�W���I�R�U���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O��

�¦ �'�U�D�L�Q���D�Q�G���I�O�X�V�K���W�K�H���O�L�T�X�L�G���H�Q�G���E�H�I�R�U�H���Z�R�U�N�L�Q�J���R�Q���W�K�H
�S�X�P�S��

�: �$�5�1�,�1�* ��
�)�L�U�H���K�D�]�D�U�G���Z�L�W�K���I�O�D�P�P�D�E�O�H���P�H�G�L�D
�2�Q�O�\���Z�L�W�K���F�R�P�E�X�V�W�L�E�O�H���P�H�G�L�D�����7�K�H�V�H���P�D�\���V�W�D�U�W���W�R���E�X�U�Q���Z�K�H�Q
�F�R�P�E�L�Q�H�G���Z�L�W�K���R�[�\�J�H�Q��

�¦ �'�X�U�L�Q�J���I�L�O�O�L�Q�J���D�Q�G���G�U�D�L�Q�L�Q�J���R�I���W�K�H���O�L�T�X�L�G���H�Q�G�����D�Q���H�[�S�H�U�W
�P�X�V�W���H�Q�V�X�U�H���W�K�D�W���I�H�H�G���F�K�H�P�L�F�D�O���G�R�H�V���Q�R�W���F�R�P�H���L�Q�W�R���F�R�Q�£
�W�D�F�W���Z�L�W�K���R�[�\�J�H�Q��

�&�$�8�7�,�2�1��
�: �D�U�Q�L�Q�J���R�I���I�H�H�G���F�K�H�P�L�F�D�O���V�S�U�D�\�L�Q�J���D�U�R�X�Q�G
�)�H�H�G���F�K�H�P�L�F�D�O���F�D�Q���V�S�U�D�\���R�X�W���R�I���W�K�H���K�\�G�U�D�X�O�L�F���F�R�P�S�R�Q�H�Q�W�V���L�I
�W�K�H�\���D�U�H���P�D�Q�L�S�X�O�D�W�H�G���R�U���R�S�H�Q�H�G���G�X�H���W�R���S�U�H�V�V�X�U�H���L�Q���W�K�H���O�L�T�X�L�G
�H�Q�G���D�Q�G���D�G�M�D�F�H�Q�W���S�D�U�W�V���R�I���W�K�H���V�\�V�W�H�P��

�¦ �'�L�V�F�R�Q�Q�H�F�W���W�K�H���S�X�P�S���I�U�R�P���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\���D�Q�G
�H�Q�V�X�U�H���W�K�D�W���L�W���F�D�Q�Q�R�W���E�H���V�Z�L�W�F�K�H�G���R�Q���D�J�D�L�Q���E�\���X�Q�D�X�W�K�R�U�£
�L�V�H�G���S�H�U�V�R�Q�V��

�¦ �'�H�S�U�H�V�V�X�U�L�V�H���W�K�H���V�\�V�W�H�P���E�H�I�R�U�H���F�R�P�P�H�Q�F�L�Q�J���D�Q�\���Z�R�U�N
�R�Q���K�\�G�U�D�X�O�L�F���S�D�U�W�V��

�' �D�Q�J�H�U���R�I���G�D�P�D�J�H���W�R���W�K�H���G�H�Y�L�F�H
�7�D�N�H���L�Q�W�R���D�F�F�R�X�Q�W���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q���L�Q���W�K�H�����6�W�R�U�D�J�H�����7�U�D�Q�V�S�R�U�W
�D�Q�G���8�Q�S�D�F�N�L�Q�J�����F�K�D�S�W�H�U���L�I���W�K�H���V�\�V�W�H�P���L�V���G�H�F�R�P�P�L�V�V�L�R�Q�H�G���I�R�U
�D���W�H�P�S�R�U�D�U�\���S�H�U�L�R�G��

���� �'�L�V�F�R�Q�Q�H�F�W���W�K�H���S�X�P�S���I�U�R�P���W�K�H���P�D�L�Q�V���S�R�Z�H�U���V�X�S�S�O�\��

���� �'�U�D�L�Q���W�K�H���O�L�T�X�L�G���H�Q�G���E�\���W�X�U�Q�L�Q�J���W�K�H���S�X�P�S���X�S�V�L�G�H���G�R�Z�Q���D�Q�G���D�O�O�R�Z�L�Q�J
�W�K�H���I�H�H�G���F�K�H�P�L�F�D�O���W�R���U�X�Q���R�X�W��

�' �H�F�R�P�P�L�V�V�L�R�Q�L�Q�J

�' �H�F�R�P�P�L�V�V�L�R�Q�L�Q�J

��

�� �� �����(����������



������ �)�O�X�V�K���W�K�H���O�L�T�X�L�G���H�Q�G���Z�L�W�K���D���V�X�L�W�D�E�O�H���P�H�G�L�X�P�����I�O�X�V�K���W�K�H���G�R�V�L�Q�J���K�H�D�G
�W�K�R�U�R�X�J�K�O�\���Z�K�H�Q���X�V�L�Q�J���K�D�]�D�U�G�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O�V��

�&�$�8�7�,�2�1��
�( �Q�Y�L�U�R�Q�P�H�Q�W�D�O���K�D�]�D�U�G���G�X�H���W�R���H�O�H�F�W�U�R�Q�L�F���Z�D�V�W�H
�7�K�H�U�H���D�U�H���H�O�H�F�W�U�R�Q�L�F���F�R�P�S�R�Q�H�Q�W�V���L�Q���W�K�H���S�X�P�S�����Z�K�L�F�K���F�D�Q
�K�D�Y�H���D���W�R�[�L�F���H�I�I�H�F�W���R�Q���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W��

�¦ �6�H�S�D�U�D�W�H���W�K�H���H�O�H�F�W�U�R�Q�L�F���F�R�P�S�R�Q�H�Q�W�V���I�U�R�P���W�K�H���U�H�P�D�L�Q�L�Q�J
�S�D�U�W�V��

�¦ �1�R�W�H���W�K�H���S�H�U�W�L�Q�H�Q�W���U�H�J�X�O�D�W�L�R�Q�V���F�X�U�U�H�Q�W�O�\���D�S�S�O�L�F�D�E�O�H���L�Q
�\�R�X�U���F�R�X�Q�W�U�\��

�' �L�V�S�R�V�D�O

�' �H�F�R�P�P�L�V�V�L�R�Q�L�Q�J

��

�������� �(����������



�������� �7�H�F�K�Q�L�F�D�O���G�D�W�D
���������� �3�H�U�I�R�U�P�D�Q�F�H���G�D�W�D

�7�\�S�H �0�L�Q�L�P�X�P���S�X�P�S���F�D�S�D�F�L�W�\

�D�W���P�D�[�L�P�X�P���E�D�F�N���S�U�H�V�V�X�U�H

�0�L�Q�L�P�X�P���S�X�P�S���F�D�S�D�F�L�W�\

�D�W���P�H�G�L�X�P���E�D�F�N���S�U�H�V�V�X�U�H

�&�R�Q�Q�H�F�£
�W�L�R�Q���V�L�]�H

�R�X�W�V�L�G�H
�‡���[
�L�Q�V�L�G�H���‡

�6�X�F�W�L�R�Q
�O�L�I�W�

�3�U�L�P�L�Q�J
�O�L�I�W��

�0�D�[�£
�L�P�X�P
�S�U�L�P�L�Q�J
�S�U�H�V�V�X�U�H
�R�Q���V�X�F�£
�W�L�R�Q���V�L�G�H

�� �E�D�U �O���K �P�O��
�V�W�U�R�N�H

�E�D�U �O���K �P�O��
�V�W�U�R�N�H

�P�P �P���: �6 �P���: �6 �E�D�U

�%�H�W�D���E

�������� ���� �������� ���������� ������ �������� ���������� ���[�� ������ ������ ��

�������� �� ������ ���������� ������ �������� ���������� ���[�� ������ ������ ��

�������� �� �������� ���������� ������ �������� ���������� ���[�� ������ ������ ��

�������� ���� �������� ���������� ���� ������ �������� ���[�� ������ ������ ��

�������� ���� ������ �������� ������ �������� �������� ���[�� ������ ������ ��

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ��

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ��

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ��

�������� ���� ������ �������� ���� ������ �������� ���[�� ������ ������ ������

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ��

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ��

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ��

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ��

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ��

�������� �� ������ �������� �� �������� �������� ���[�� ������ ������ ��

�������� �� �������� �������� ������ �������� �������� ���[�� ������ ������ ������

�������� �� �������� �������� ������ �������� �������� �����[�� ������ ������ ��

�������� ���� ������ �������� �������� ������ �������� ���[�� �� ������ ������ ��

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ��

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ��

�������� �� �������� �������� ������ �������� �������� ���[�� ������ ������ ������

�������� �� �������� �������� ������ �������� �������� �����[�� ������ ������ ��

�������� �� �������� �������� ������ �������� �������� �����[�� ������ ������ ������

�%�H�W�D���E���0�H�W�H�U�L�Q�J���S�X�P�S�V���Z�L�W�K���V�H�O�I���E�O�H�H�G�L�Q�J���G�R�V�L�Q�J���K�H�D�G���6�(�. ���

�������� ���� �������� ���������� ������ �������� ���������� ���[�� ������ ������ ������

�������� ���� �������� ���������� ������ �������� �������� ���[�� ������ ������ ������

�������� �� �������� ���������� ������ �������� �������� ���[�� ������ ������ ������

�%�H�W�D���E���R�S�H�U�D�W�L�Q�J���D�W�����������V�W�U�R�N�H�V���P�L�Q�X�W�H
�D�Q�G���������� ���V�W�U�R�N�H���O�H�Q�J�W�K

�7�H�F�K�Q�L�F�D�O���G�D�W�D

��

�� �� �����(����������



�7�7�\�S�H �0�L�Q�L�P�X�P���S�X�P�S���F�D�S�D�F�L�W�\

�D�W���P�D�[�L�P�X�P���E�D�F�N���S�U�H�V�V�X�U�H

�0�L�Q�L�P�X�P���S�X�P�S���F�D�S�D�F�L�W�\

�D�W���P�H�G�L�X�P���E�D�F�N���S�U�H�V�V�X�U�H

�&�R�Q�Q�H�F�£
�W�L�R�Q���V�L�]�H

�R�X�W�V�L�G�H
�‡���[
�L�Q�V�L�G�H���‡

�6�X�F�W�L�R�Q
�O�L�I�W�

�3�U�L�P�L�Q�J
�O�L�I�W��

�0�D�[�£
�L�P�X�P
�S�U�L�P�L�Q�J
�S�U�H�V�V�X�U�H
�R�Q���V�X�F�£
�W�L�R�Q���V�L�G�H

�� �E�D�U �O���K �P�O��
�V�W�U�R�N�H

�E�D�U �O���K �P�O��
�V�W�U�R�N�H

�P�P �P���: �6 �P���: �6 �E�D�U

�������� �� ������ ���������� ������ ������ �������� ���[�� ������ ������ ������

�������� ���� �������� �������� �������� ������ �������� ���[�� ������ ������ ������

�������� ���� �������� �������� ������ �������� �������� ���[�� ������ ������ ������

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� �������� �������� ������ �������� �������� ���[�� ������ ������ ������

�������� �� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� �������� ������ ������ �������� �������� ���[�� ������ ������ ������

�������� �� �������� ������ ������ �������� �������� �����[�� ������ ������ ������

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� �������� �������� ������ �������� �������� ���[�� ������ ������ ������

�������� �� �������� �������� ������ �������� �������� �����[�� ������ ������ ������

�%�H�W�D���E���P�H�W�H�U�L�Q�J���S�X�P�S�V���Z�L�W�K���V�H�O�I���E�O�H�H�G�L�Q�J���G�R�V�L�Q�J���K�H�D�G���6�(�5����

�������� ���� �������� �������� ������ �������� ���������� ���[�� ������ ������ ������

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� �������� �������� ������ �������� �������� ���[�� ������ ������ ������

�������� �� �������� ������ ������ �������� �������� ���[�� ������ ������ ������

�������� �� �������� ������ ������ �������� �������� �����[�� ������ ������ ������

�������� ���� ������ �������� ������ ������ �������� ���[�� ������ ������ ������

�������� �� �������� �������� ������ �������� �������� ���[�� ������ ������ ������

�������� �� �������� �������� ������ �������� �������� �����[�� ������ ������ ������

�7�H�F�K�Q�L�F�D�O���G�D�W�D

��

�������� �(����������



� �� �6�X�F�W�L�R�Q���O�L�I�W���Z�L�W�K���D���I�L�O�O�H�G���V�X�F�W�L�R�Q���O�L�Q�H���D�Q�G���I�L�O�O�H�G���O�L�T�X�L�G���H�Q�G�����:�L�W�K���V�H�O�I��
�E�O�H�H�G�L�Q�J���G�R�V�L�Q�J���K�H�D�G���Z�L�W�K���D�L�U���L�Q���W�K�H���V�X�F�W�L�R�Q���O�L�Q�H��

�� �� �3�U�L�P�L�Q�J���O�L�I�W���Z�L�W�K���F�O�H�D�Q���D�Q�G���P�R�L�V�W���Y�D�O�Y�H�V�����3�U�L�P�L�Q�J���O�L�I�W���D�W�������������V�W�U�R�N�H
�O�H�Q�J�W�K���D�Q�G���I�U�H�H���R�X�W�O�H�W���R�U���R�S�H�Q�H�G���E�O�H�H�G���Y�D�O�Y�H��

��� �� �7�K�H���J�L�Y�H�Q���S�H�U�I�R�U�P�D�Q�F�H���G�D�W�D���F�R�Q�V�W�L�W�X�W�H�V���J�X�D�U�D�Q�W�H�H�G���P�L�Q�L�P�X�P
�Y�D�O�X�H�V�����F�D�O�F�X�O�D�W�H�G���X�V�L�Q�J���Z�D�W�H�U���D�V���W�K�H���P�H�G�L�X�P���D�W���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H��
�7�K�H���E�\�S�D�V�V���F�R�Q�Q�H�F�W�L�R�Q���Z�L�W�K���D���V�H�O�I���E�O�H�H�G�L�Q�J���G�R�V�L�Q�J���K�H�D�G���6�(�.���L�V
���[�����P�P��

��� �� �7�K�H���J�L�Y�H�Q���S�H�U�I�R�U�P�D�Q�F�H���G�D�W�D���F�R�Q�V�W�L�W�X�W�H�V���J�X�D�U�D�Q�W�H�H�G���P�L�Q�L�P�X�P
�Y�D�O�X�H�V�����F�D�O�F�X�O�D�W�H�G���X�V�L�Q�J���Z�D�W�H�U���D�V���W�K�H���P�H�G�L�X�P���D�W���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H��

�� �� �7�K�H���F�R�Q�Q�H�F�W�R�U���Z�L�G�W�K���L�V�������P�P���R�Q���6�6�7���P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q�V��

�%�H�W�D���E���0�H�W�H�U�L�Q�J���S�X�P�S�V���Z�L�W�K���G�R�V�L�Q�J���K�H�D�G�V���I�R�U���K�L�J�K�H�U���Y�L�V�F�R�V�L�W�\���P�H�G�L�D�����+�9��
�K�D�Y�H���D�����������������O�R�Z�H�U���F�D�S�D�F�L�W�\���D�Q�G���D�U�H���Q�R�W���V�H�O�I���S�U�L�P�L�Q�J�����&�R�Q�Q�H�F�W�L�R�Q
�*�����������'�1���������Z�L�W�K���K�R�V�H���Q�R�]�]�O�H���G�������'�1������

������������ �$�F�F�X�U�D�F�\
�������������� �6�W�D�Q�G�D�U�G���/�L�T�X�L�G���(�Q�G

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�&�D�S�D�F�L�W�\���U�D�Q�J�H���R�I���W�K�H���V�H�U�L�H�V �������������������� �����

�5�H�S�U�R�G�X�F�L�E�L�O�L�W�\ �s�� ������

� �� �D�W���P�D�[�����V�W�U�R�N�H���O�H�Q�J�W�K���D�Q�G���P�D�[�����R�S�H�U�D�W�L�Q�J���S�U�H�V�V�X�U�H���I�R�U���D�O�O���P�D�W�H�U�L�D�O
�Y�H�U�V�L�R�Q�V

�� �� �D�W���F�R�Q�V�W�D�Q�W���F�R�Q�G�L�W�L�R�Q�V���D�Q�G���P�L�Q���������������V�W�U�R�N�H���O�H�Q�J�W�K

�������������� �6�H�O�I���%�O�H�H�G�L�Q�J���/�L�T�X�L�G���(�Q�G
�$�V���W�K�H���V�H�O�I���E�O�H�H�G�L�Q�J���O�L�T�X�L�G���H�Q�G���L�V���X�V�H�G���Z�L�W�K���R�X�W�J�D�V�V�L�Q�J���P�H�G�L�D���D�Q�G���Z�K�H�Q
�R�S�H�U�D�W�L�Q�J���Z�L�W�K���D�L�U���E�X�E�E�O�H�V�����Q�R���G�R�V�L�Q�J���D�F�F�X�U�D�F�\���R�U���U�H�S�U�R�G�X�F�L�E�L�O�L�W�\���F�D�Q���E�H
�S�U�R�Y�L�G�H�G��

�7�K�H���U�H�F�R�P�P�H�Q�G�H�G���P�L�Q�L�P�X�P���V�W�U�R�N�H���O�H�Q�J�W�K���Z�L�W�K���V�H�O�I���E�O�H�H�G�L�Q�J���G�R�V�L�Q�J
�S�X�P�S�V���L�V������������

���������� �9�L�V�F�R�V�L�W�\
�7�K�H���O�L�T�X�L�G���H�Q�G�V���D�U�H���V�X�L�W�D�E�O�H���I�R�U���W�K�H���I�R�O�O�R�Z�L�Q�J���Y�L�V�F�R�V�L�W�\���U�D�Q�J�H�V��

�9�H�U�V�L�R�Q �5�D�Q�J�H �8�Q�L�W

�V�W�D�Q�G�D�U�G ������������������ �P�3�D�V

�:�L�W�K���Y�D�O�Y�H���V�S�U�L�Q�J�V���������������������� �P�3�D�V

�6�H�O�I���E�O�H�H�G�L�Q�J�����6�(�.������������������ �P�3�D�V

�+�9�����K�L�J�K�O�\���Y�L�V�F�R�X�V��������������������������� �P�3�D�V

����2�Q�O�\���Z�K�H�Q���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���L�V���F�R�U�U�H�F�W�O�\���D�G�M�X�V�W�H�G

�7�H�F�K�Q�L�F�D�O���G�D�W�D

��

�� �� �����(����������



������������ �0�D�W�H�U�L�D�O���' �D�W�D

�9�H�U�V�L�R�Q �' �R�V�L�Q�J���K�H�D�G �6�X�F�W�L�R�Q���' �L�V�£
�F�K�D�U�J�H���F�R�Q�£
�Q�H�F�W�R�U

�6�H�D�O�V �9�D�O�Y�H���E�D�O�O�V

�3�3�( �3�R�O�\�S�U�R�S�\�£
�O�H�Q�H

�3�R�O�\�S�U�R�S�\�£
�O�H�Q�H

�(�3�'�0 �&�H�U�D�P�L�F

�3�3�% �3�R�O�\�S�U�R�S�\�£
�O�H�Q�H

�3�R�O�\�S�U�R�S�\�£
�O�H�Q�H

�)�3�0 �&�H�U�D�P�L�F

�3�3�7 �3�R�O�\�S�U�R�S�\�£
�O�H�Q�H

�3�9�'�) �3�7�)�( �&�H�U�D�P�L�F

�1�3�( �$�F�U�\�O�L�F���J�O�D�V�V�3�9�& �(�3�'�0 �&�H�U�D�P�L�F

�1�3�% �$�F�U�\�O�L�F���J�O�D�V�V�3�9�& �)�3�0 �&�H�U�D�P�L�F

�1�3�7 �$�F�U�\�O�L�F���J�O�D�V�V�3�9�'�) �3�7�)�( �&�H�U�D�P�L�F

�3�9�7 �3�9�'�) �3�9�'�) �3�7�)�( �&�H�U�D�P�L�F

�7�7�7 �3�7�)�(���Z�L�W�K
�F�D�U�E�R�Q

�3�7�)�(���Z�L�W�K
�F�D�U�E�R�Q

�3�7�)�( �&�H�U�D�P�L�F

�6�6�7 �6�W�D�L�Q�O�H�V�V
�V�W�H�H�O��������������

�6�W�D�L�Q�O�H�V�V
�V�W�H�H�O��������������

�3�7�)�( �&�H�U�D�P�L�F

�2�Q�O�\���W�K�H���V�H�O�I���E�O�H�H�G�L�Q�J���Y�H�U�V�L�R�Q���L�Q���3�3�(�����3�3�%�����1�3�(���D�Q�G���1�3�%���P�D�W�H�U�L�D�O
�P�R�G�H�O�V���Z�L�W�K���D���Y�D�O�Y�H���V�S�U�L�Q�J���P�D�G�H���R�I���K�D�V�W�H�D�O�O�R�\���&���D�Q�G���D���Y�D�O�Y�H���L�Q�V�H�U�W���P�D�G�H
�R�I���3�9�'�)�����'�L�D�S�K�U�D�J�P���Z�L�W�K���D���3�7�)�(���F�R�D�W�L�Q�J��

�)�3�0��� ���I�O�X�R�U�R�U�X�E�E�H�U

�+�R�X�V�L�Q�J���S�D�U�W�V�����S�R�O�\�S�K�H�Q�\�O���H�W�K�H�U�����3�3�(���Z�L�W�K���I�L�E�U�H�J�O�D�V�V��

���������� �( �O�H�F�W�U�L�F�D�O���G�D�W�D

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�1�R�P�L�Q�D�O���S�R�Z�H�U�����D�S�S�U�R�[�� ������������������������ �:

�&�X�U�U�H�Q�W���,���H�I�I ������������������������ �$

�3�H�D�N���F�X�U�U�H�Q�W �������������������� �$

�6�Z�L�W�F�K���R�Q���S�H�D�N���F�X�U�U�H�Q�W�������Z�L�W�K�L�Q���D�S�S�U�R�[��
�������P�V���I�D�O�O�L�Q�J��

���� �$

�)�X�V�H� ������ �$�7

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�1�R�P�L�Q�D�O���S�R�Z�H�U�����D�S�S�U�R�[�� ������������������ �:

�&�X�U�U�H�Q�W���,���H�I�I ���������������������� �$

�3�H�D�N���F�X�U�U�H�Q�W ���������������������� �$

�6�Z�L�W�F�K���R�Q���S�H�D�N���F�X�U�U�H�Q�W�������Z�L�W�K�L�Q���D�S�S�U�R�[��
�������P�V���I�D�O�O�L�Q�J��

���� �$

�)�X�V�H� ������ �$�7

����)�X�V�H�V���P�X�V�W���K�D�Y�H���9�'�(�����8�/���D�Q�G���&�6�$���F�H�U�W�L�I�L�F�D�W�L�R�Q�����(���*�����W�\�S�H���������������P�D�Q�X�£
�I�D�F�W�X�U�H�G���E�\���:�L�F�N�P�D�Q�Q���L�Q���F�R�P�S�O�L�D�Q�F�H���Z�L�W�K���,�(�&���3�X�E�O������������������������

�6�W�D�Q�G�D�U�G���O�L�T�X�L�G���H�Q�G�V

�3�X�P�S

�9�H�U�V�L�R�Q�������������������������9���s�������� �����������������+�]��
�%�H�W�D���E���%�7���E

�9�H�U�V�L�R�Q�������������������������9���s�������� �����������������+�]��
�%�H�W�D���E���%�7���E

�7�H�F�K�Q�L�F�D�O���G�D�W�D

��

�������� �(������������



�7�7�\�S�H �3�H�U�I�R�U�P�£
�D�Q�F�H

�7�\�S�H �3�H�U�I�R�U�P�£
�D�Q�F�H

�7�\�S�H �3�H�U�I�R�U�P�£
�D�Q�F�H

�: �: �:

�������� ������ �������� �������� �������� ��������

�������� ������ �������� �������� �������� ��������

�������� ������ �������� ������ �������� ��������

�������� �������� �������� ������ �������� ��������

�������� �������� �������� �������� �������� ��������

�������� ������ �������� �������� �������� ��������

�������� ������ �������� �������� �������� ��������

�������� ������ �������� ������ �������� ��������

�������� �������� �������� �������� �� ��

�3�D�U�D�P�H�W�H�U �%�H�W�D���E���%�7���E

�1�R�P�L�Q�D�O���S�R�Z�H�U�����D�S�S�U�R�[�� �����������:��

�1�R�P�L�Q�D�O���F�X�U�U�H�Q�W�����D�Y�H�U�D�J�H�G���D�W�����������+���P�L�Q���������������������������$��

�3�H�D�N���F�X�U�U�H�Q�W �������������������������$��

�F�O�R�V�H�G���F�X�U�U�H�Q�W�����Q�R���V�W�U�R�N�H�����������������������P�$��

�)�X�V�H� �����$�7

�����6�(�/�9���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���(�1����������������

��������$�7�������[�������P�P�����R�U�G�H�U���Q�R����������������

�7�K�H���S�X�P�S���R�Q�O�\���Z�R�U�N�V���L�I���W�K�H���S�R�O�D�U�L�W�\���L�V���F�R�U�U�H�F�W��

�3�D�U�D�P�H�W�H�U �%�H�W�D���E���%�7���E

�1�R�P�L�Q�D�O���S�R�Z�H�U�����D�S�S�U�R�[�� �����������:��

�1�R�P�L�Q�D�O���F�X�U�U�H�Q�W�����D�Y�H�U�D�J�H�G���D�W�����������+���P�L�Q�����������$��

�3�H�D�N���F�X�U�U�H�Q�W �����������$��

�&�O�R�V�H�G���F�X�U�U�H�Q�W�����Q�R���V�W�U�R�N�H���������P�$��

�)�X�V�H� �����$�7

�����6�(�/�9���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���(�1����������������

��������$�7�������[�������P�P�����R�U�G�H�U���Q�R����������������

�7�K�H���S�X�P�S���R�Q�O�\���Z�R�U�N�V���L�I���W�K�H���S�R�O�D�U�L�W�\���L�V���F�R�U�U�H�F�W��

�3�R�Z�H�U���F�R�Q�V�X�P�S�W�L�R�Q

�' �H�V�L�J�Q���������������������9�' �&������������ �������� �����L�G�H�Q�W�L�W�\
�F�R�G�H���0

�' �H�V�L�J�Q�����������9�' �&�������������� �������� �����L�G�H�Q�W�L�W�\���F�R�G�H
�1

�7�H�F�K�Q�L�F�D�O���G�D�W�D

��

�� �� �����(������������



������������ �7�H�P�S�H�U�D�W�X�U�H�V

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�6�W�R�U�D�J�H���D�Q�G���W�U�D�Q�V�S�R�U�W���W�H�P�S�H�U�D�W�X�U�H�� ���������������������� �r�&

�$�P�E�L�H�Q�W���W�H�P�S�H�U�D�W�X�U�H���L�Q���R�S�H�U�D�W�L�R�Q�����S�R�Z�H�U
�H�Q�G���G�U�L�Y�H���D�Q�G���F�R�Q�W�U�R�O����

���������������������� �r�&

�0�D�[�L�P�X�P���W�H�P�S�H�U�D�W�X�U�H�����O�L�T�X�L�G���H�Q�G

�0�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q �9�D�O�X�H �8�Q�L�W

�3�3 ���� �r�&

�1�3 ���� �r�&

�3�9 ���� �r�&

�7�7 ���� �r�&

�6�6 ���� �r�&

����O�R�Q�J���W�H�U�P���D�W���P�D�[�����R�S�H�U�D�W�L�Q�J���S�U�H�V�V�X�U�H�����G�H�S�H�Q�G�H�Q�W���R�Q���W�K�H���D�P�E�L�H�Q�W���W�H�P�£
�S�H�U�D�W�X�U�H���D�Q�G���W�K�H���I�H�H�G���F�K�H�P�L�F�D�O���W�H�P�S�H�U�D�W�X�U�H

�0�L�Q�L�P�X�P���W�H�P�S�H�U�D�W�X�U�H�����O�L�T�X�L�G���H�Q�G

�0�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q �9�D�O�X�H �8�Q�L�W

�$�O�O ������ �r�&

�0�D�[�L�P�X�P���W�H�P�S�H�U�D�W�X�U�H�����O�L�T�X�L�G���H�Q�G

�0�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q �9�D�O�X�H �8�Q�L�W

�3�3�7 ������ �r�&

�1�3�7 ���� �r�&

�3�9�7 ������ �r�&

�7�7�7 ������ �r�&

�6�6�7 ������ �r�&

����7�H�P�S�����P�D�[�������I�R�U���������P�L�Q���D�W���P�D�[���������E�D�U�����G�H�S�H�Q�G�H�Q�W���R�Q���W�K�H���D�P�E�L�H�Q�W���D�Q�G
�I�H�H�G���F�K�H�P�L�F�D�O���W�H�P�S�H�U�D�W�X�U�H�V

���������� �&�O�L�P�D�W�H

�' �D�W�D �9�D�O�X�H �8�Q�L�W

�0�D�[�L�P�X�P���D�L�U���K�X�P�L�G�L�W�\����� ���� �����U�H�O��
�K�X�P�L�G�L�W�\

����Q�R�Q���F�R�Q�G�H�Q�V�L�Q�J

�(�[�S�R�V�X�U�H���L�Q���D���K�X�P�L�G���D�Q�G���D�O�W�H�U�Q�D�W�L�Q�J���F�O�L�P�D�W�H��

�)�:���������D�F�F�R�U�G�L�Q�J���W�R���'�,�1������������

�3�X�P�S�����I�X�O�O�\���D�V�V�H�P�E�O�H�G

�/�L�T�X�L�G���H�Q�G�����O�R�Q�J���W�H�U�P�

�0�L�Q�L�P�X�P���W�H�P�S�H�U�D�W�X�U�H�����O�L�T�X�L�G���H�Q�G

�/�L�T�X�L�G���H�Q�G�����V�K�R�U�W���W�H�U�P�

�7�H�F�K�Q�L�F�D�O���G�D�W�D

��

�������� �(������������



������������ �' �H�J�U�H�H���R�I���3�U�R�W�H�F�W�L�R�Q���D�Q�G���6�D�I�H�W�\���5�H�T�X�L�U�H�P�H�Q�W�V
�3�U�R�W�H�F�W�L�R�Q���D�J�D�L�Q�V�W���D�F�F�L�G�H�Q�W�D�O���F�R�Q�W�D�F�W���D�Q�G���K�X�P�L�G�L�W�\��

�,�3���������D�F�F�R�U�G�L�Q�J���W�R���'�,�1���(�1������������

�'�H�J�U�H�H���R�I���S�U�R�W�H�F�W�L�R�Q��

���������P�D�L�Q�V���S�R�Z�H�U���F�R�Q�Q�H�F�W�L�R�Q���Z�L�W�K���S�U�R�W�H�F�W�L�Y�H���H�D�U�W�K���F�R�Q�G�X�F�W�R�U

���������� �&�R�P�S�D�W�L�E�L�O�L�W�\
�6�R�P�H���K�\�G�U�D�X�O�L�F���S�D�U�W�V���R�I���W�K�H���%�H�W�D���p���E���D�U�H���L�G�H�Q�W�L�F�D�O���W�R���W�K�R�V�H���R�I���W�K�H���%�H�W�D���p���D��
�J�D�P�P�D�����/���D�Q�G���G�H�O�W�D���p����

�7�K�H�U�H���L�V���P�R�V�W���F�R�P�S�D�W�L�E�L�O�L�W�\���Z�L�W�K���S�X�P�S�V���R�I���W�K�H���%�H�W�D���p���D�����J�D�P�P�D�����/���D�Q�G
�G�H�O�W�D���p���V�H�U�L�H�V���Z�L�W�K���W�K�H���I�R�O�O�R�Z�L�Q�J���F�R�P�S�R�Q�H�Q�W�V���D�Q�G���D�F�F�H�V�V�R�U�L�H�V��

�„ �6�L�J�Q�D�O���F�D�E�O�H���J�D�P�P�D���9�D�U�L�R�����������������D�Q�G�������Z�L�U�H���I�R�U���W�K�H�����(�[�W�H�U�Q�����I�X�Q�F�W�L�R�Q
�„ �/�H�Y�H�O���V�Z�L�W�F�K�������V�W�D�J�H�����J�D�P�P�D�������9�D�U�L�R�������%�H�W�D���p����
�„ �'�R�V�L�Q�J���O�L�Q�H���F�U�R�V�V���V�H�F�W�L�R�Q�V
�„ �6�W�D�Q�G�D�U�G���J�D�P�P�D���F�R�Q�Q�H�F�W�R�U���N�L�W
�„ �&�K�H�P�L�F�D�O���I�H�H�G���F�R�Q�W�D�L�Q�H�U
�„ �2�Y�H�U�D�O�O���K�H�L�J�K�W�����G�L�V�W�D�Q�F�H���E�H�W�Z�H�H�Q���W�K�H���V�X�F�W�L�R�Q���D�Q�G���G�L�V�F�K�D�U�J�H���F�R�Q�£

�Q�H�F�W�R�U��
�„ �6�D�P�H���X�V�H���R�I���D�F�F�H�V�V�R�U�L�H�V�����V�X�F�K���D�V���E�D�F�N���S�U�H�V�V�X�U�H���Y�D�O�Y�H�V�����P�X�O�W�L�I�X�Q�F�£

�W�L�R�Q�D�O���Y�D�O�Y�H�V�����G�R�V�L�Q�J���P�R�Q�L�W�R�U���D�Q�G���I�O�X�V�K�L�Q�J���H�T�X�L�S�P�H�Q�W

������������ �6�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O
�6�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O���/�S�$�������������G�%���D�F�F�R�U�G�L�Q�J���W�R���(�1���,�6�2������������

�D�W���P�D�[�L�P�X�P���V�W�U�R�N�H���O�H�Q�J�W�K�����P�D�[�L�P�X�P���V�W�U�R�N�H���U�D�W�H�����P�D�[�L�P�X�P���E�D�F�N���S�U�H�V�V�X�U�H
���Z�D�W�H�U��

������������ �6�K�L�S�S�L�Q�J���Z�H�L�J�K�W

�0�D�W�H�U�L�D�O �%�7���E �%�7���E

�� ����������
����������
��������

����������
����������
����������
����������
��������

����������
����������
����������
����������
��������

����������
����������
����������
��������

����������
����������
��������

�������� ����������
����������
��������

�������� ��������

�3�3�����1�3��
�3�9�����7�7

������ ������ ������ ������ ������ ������ ������ ������ ������

�6�6 ������ ������ ������ ������ ������ ������ ������ ������ ������

�' �H�J�U�H�H���R�I���S�U�R�W�H�F�W�L�R�Q

�6�D�I�H�W�\���U�H�T�X�L�U�H�P�H�Q�W�V

�6�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O

�6�K�L�S�S�L�Q�J���Z�H�L�J�K�W���R�I���%�H�W�D���E���W�\�S�H�V�������L�Q���N�J

�7�H�F�K�Q�L�F�D�O���G�D�W�D

��

�� �� �����(������������



�������� �' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J�V

�¦ �&�R�P�S�D�U�H���W�K�H���G�L�P�H�Q�V�L�R�Q�V���R�Q���W�K�H���G�L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J
�D�Q�G���S�X�P�S��

�¦ �$�O�O���G�L�P�H�Q�V�L�R�Q�V���D�U�H���L�Q���P�P��

�)

�(

���������������� �������������� �.

�/

�0

����������

����������������

��������������������������

����

���
���

���
���

���
�

��������������

���
���

���
���

���
���

�3�B�%�(�B���������B�6�:

�)�L�J�������������'�L�P�H�Q�V�L�R�Q���G�U�D�Z�L�Q�J���%�H�W�D���E���%�7���E���%�7���E�����P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q���3�3�������G�L�P�H�Q�V�L�R�Q�V���L�Q���P�P

�� ���������������������� ���������������������� ���������������������� ��������

�( �������� �� ���� ������

�) ������ ���������� ���������� ����������

�. ���� �������� ���� ��������

�/ ���������� ������ ���������� ��������

�0 �š������ �š������ �š������ �š��������

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J���%�H�W�D���E�����P�D�W�H�U�L�D�O���Y�H�U�£
�V�L�R�Q���3�3

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J�V

��

�������� �(������������



�$

�%

�(

�&

�'

�)

�.

�-

�/

��������

�,

�+

�*

�0

�3�B�%�(�B���������B�6�:�[�B��

�)�L�J�������������'�L�P�H�Q�V�L�R�Q���G�U�D�Z�L�Q�J���%�H�W�D���E���%�7���E���%�7���E�����P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q���3�3�������G�L�P�H�Q�V�L�R�Q�V���L�Q���P�P

�� ���������������������� ���������������������� �������� ���������������������� ��������

�$ ���� ���� ���� ���� ����

�% ���� ���� ������ ������ ������

�& ���� ���� ������ ������ ������

�' ������ ������ ������ ������ ������

�( ���� ������ �������� ���� ������

�) ������ ���������� ���������� ������ ����������

�* ���������� ���������� ���������� ���������� ����������

�+ ���� ���� ������ ������ ������

�, ���� ���� ���� ���� ����

�- ���� ���� ���� ���� ����

�. ���� �������� �������� �������� ����

�/ ������ ���������� ���������� ���������� ����������

�0 �š������ �š������ �š������ �š������ �š��������

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J���%�H�W�D���E�����P�D�W�H�U�L�D�O���Y�H�U�£
�V�L�R�Q���3�3

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J�V

��

�� �� �����(������������



����

����������������

��������������
������������������������������

��������������������������

�.

�/

�0

��������

�(

���
���

���
���

���
�

�)

���
���

���
���

���
���

�3�B�%�(�B���������B�6�:�B��

�)�L�J�������������'�L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J���%�H�W�D���E���%�7���E���%�7���E�����P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q�V���3�3���D�Q�G���1�3���Z�L�W�K���V�H�O�I���E�O�H�H�G�L�Q�J���G�R�V�L�Q�J���K�H�D�G���6�(�.����
�G�L�P�H�Q�V�L�R�Q�V���L�Q���P�P

�� �������� ���������������������� ����������������������

�( ���� ������ ��������

�) ���������� ���������� ����������

�. ���� ���� ����

�/ ���� ���������� ����

�0 �š������ �š������ �š������

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J���%�H�W�D���E�����P�D�W�H�U�L�D�O���Y�H�U�£
�V�L�R�Q���3�3���D�Q�G���1�3���6�(�.

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J�V

��

�������� �(������������



�% �+

�-

�*

�$

�(

�&

�)

�0

�.

�/

�,

�'

��������

���[��

�3�B�%�(�B���������B�6�:�[�B��

�)�L�J�������������'�L�P�H�Q�V�L�R�Q���G�U�D�Z�L�Q�J���%�H�W�D���E���%�7���E���%�7���E�����P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q���3�9�������G�L�P�H�Q�V�L�R�Q�V���L�Q���P�P

�� �������� ���������������������� ���������������������� ��������

�$ ���� ���� ���� ����

�% ���� ���� ������ ������

�& ���� ���� ������ ������

�' ������ ������ ������ ������

�( ���� ������ �������� ������

�) ������ ���������� ���������� ������

�* ���������� ���������� ���������� ����������

�+ ���� ���� ������ ������

�, ���� ���� ���� ����

�- ���� ���� ���� ����

�. ���� ���� ���� ����

�/ ���� ���� ���� ����

�0 �š������ �š������ �š������ �š��������

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J���%�H�W�D���E�����P�D�W�H�U�L�D�O���Y�H�U�£
�V�L�R�Q���3�9

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J�V

��

�� �� �����(������������



���������������� ����������������

��������������

��������������������������

����
��������������

�(

���
���

���
���

���
�

�)

���
���

���
���

���
���

�0

�.

�/

������

�3�B�%�(�B���������B�6�:�[�B��

�)�L�J�������������'�L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J���%�H�W�D���E���%�7���E���%�7���E�����P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q���3�9���I�R�U���K�L�J�K�O�\���Y�L�V�F�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O�V�������G�L�P�H�Q�V�L�R�Q�V���L�Q
�P�P

�� �������� ���������������������� �������� ���������������������� ��������

�( ���� ���� ���� �������� ����

�) ������ ������ ������ ���������� ������

�. �������� ���� ���� �������� ��������

�/ ���� ���� ���� ���� ��������

�0 �š������ �š������ �š������ �š������ �š������

�.

�/

��������������

��������������������������

������������������

����������������

���
���

���
���

���
� ���

���
���

���
���

���

�0

�(

�)

��������������

�3�B�%�(�B���������B�6�:

�)�L�J�������������'�L�P�H�Q�V�L�R�Q���G�U�D�Z�L�Q�J���%�H�W�D���E���%�7���E���%�7���E�����P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q���7�7�������G�L�P�H�Q�V�L�R�Q�V���L�Q���P�P

�� ���������������������� ���������������������� ���������������������� ���������������������� ��������

�( �������� �������� ���������� �������� ����������

�) ���������� ���������� ���������� ���������� ����������

�. ���� ���� ���� �������� ����

�/ ���� ���� ���� ���� ����

�0 �š������ �š������ �š������ �š������ �š��������

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J���%�H�W�D���E�����P�D�W�H�U�L�D�O���Y�H�U�£
�V�L�R�Q���3�9���+�9

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J���%�H�W�D���E�����P�D�W�H�U�L�D�O���Y�H�U�£
�V�L�R�Q���7�7

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J�V

��

�������� �(������������



������������������������������

��������������������������

����

���������������� ��������������

�(

�0

�.

�/
���

���
���

���
���

� �)

���
���

���
���

���
���

�3�B�%�(�B���������B�6�:�[�B��

�)�L�J�������������'�L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J���%�H�W�D���E���%�7���E���%�7���E�����P�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q���6�6�������G�L�P�H�Q�V�L�R�Q�V���L�Q���P�P

�� ���������������������� ���������������������� ���������������������� �������� ���������������������� ��������

�( �������� �������� �������� �������� �������� ����

�) ���������� ���������� ���������� ���������� ���������� ������

�. ���� ���� ���� ���� ���� ����

�/ ���� ���� ���� ���� ���� ����

�0 �š������ �š������ �š������ �š������ �š������ �š��������

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J���%�H�W�D���E�����P�D�W�H�U�L�D�O���Y�H�U�£
�V�L�R�Q���6�6

�' �L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J�V

��

�� �� �����(������������



�������� �' �L�D�J�U�D�P�V���I�R�U���V�H�W�W�L�Q�J���W�K�H���P�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\

��

������

������

������

������

������

������

������

������

������

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

��
������
������
������
������

��
������
������
������

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

� � � � � � � � � � � � � �� �

��

������

������

������

������

��

������

������

������

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

��

������

��

������

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

� � � � � � � � � � � �� � � �� � � �� �

��

������

������

������

������

������

������

������

������

������

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

��
������
������
������
������

��
������
������

�S���>�E�D�U�@

�N�%

� � � ������� � � � � � �

��

������

������

������

������

������

������

������

������

������

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������
�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

��

������

��

������

�S���>�E�D�U�@

�N
�%

� � � � � � � �

�)�L�J�������������$�����0�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\���&���I�R�U���P�H�G�L�X�P���E�D�F�N���S�U�H�V�V�X�U�H���G�H�S�H�Q�G�H�Q�W���R�Q���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���V���I�R�U���G�L�I�I�H�U�H�Q�W���V�W�U�R�N�H���U�D�W�H�V���I�����%��
�&�R�U�U�H�V�S�R�Q�G�L�Q�J���F�R�U�U�H�F�W�L�R�Q���I�D�F�W�R�U�V���N���G�H�S�H�Q�G�H�Q�W���R�Q���E�D�F�N���S�U�H�V�V�X�U�H���S��

�' �L�D�J�U�D�P�V���I�R�U���V�H�W�W�L�Q�J���W�K�H���P�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\

��

�������� �(������������



��

������

��

������

��

������

��

������

��

������

��

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

� � � � � � � � � � � �� � � �� � � �� �

��

������

������

������

������

������

������

������

������

������

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

��
������
������
������
������

��
������
������

�S���>�E�D�U�@

�N�%

� � � ��� � � � � � �� �

��
������
������
������
������

��
������
������

�S���>�E�D�U�@

�N�%

� � � ������� � � � � � �

��

������

������

������

������

��

������

������

������

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

��

������

������

������

������

������

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

��
������
������
������
������

��
������

� � � �
�S���>�E�D�U�@

�N�%

�� ��

�)�L�J�������������$�����0�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\���&���I�R�U���P�H�G�L�X�P���E�D�F�N���S�U�H�V�V�X�U�H���G�H�S�H�Q�G�H�Q�W���R�Q���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���V���I�R�U���G�L�I�I�H�U�H�Q�W���V�W�U�R�N�H���U�D�W�H�V���I�����%��
�&�R�U�U�H�V�S�R�Q�G�L�Q�J���F�R�U�U�H�F�W�L�R�Q���I�D�F�W�R�U�V���N���G�H�S�H�Q�G�H�Q�W���R�Q���E�D�F�N���S�U�H�V�V�X�U�H���S��

�' �L�D�J�U�D�P�V���I�R�U���V�H�W�W�L�Q�J���W�K�H���P�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\

��

�� �� �����(������������



��

������

������

������

������

������

������

������

������

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

��

��

��

��

��

��

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

��
������
������
������
������

��
������
������
������

�S���>�E�D�U�@

�N�%

� � � � � � � � � � � � � �� �

��
������
������
������
������

��
������

������ ��

�S���>�E�D�U�@

�N�%

� � � � � � � �

��
������
������
������
������

��
������

�� � � � � � �
�S���>�E�D�U�@

�N�%

��

������

������

������

������

������

������

������

������

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

�)�L�J�������������$�����0�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\���&���I�R�U���P�H�G�L�X�P���E�D�F�N���S�U�H�V�V�X�U�H���G�H�S�H�Q�G�H�Q�W���R�Q���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���V���I�R�U���G�L�I�I�H�U�H�Q�W���V�W�U�R�N�H���U�D�W�H�V���I�����%��
�&�R�U�U�H�V�S�R�Q�G�L�Q�J���F�R�U�U�H�F�W�L�R�Q���I�D�F�W�R�U�V���N���G�H�S�H�Q�G�H�Q�W���R�Q���E�D�F�N���S�U�H�V�V�X�U�H���S��

�' �L�D�J�U�D�P�V���I�R�U���V�H�W�W�L�Q�J���W�K�H���P�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\

��

�������� �(������������



��

��

��

��

��

��

��

��

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

��
������
������
������
������

��
������
������

�S���>�E�D�U�@

�N�%

� � � ������� � � � � � �

��

������

��

������

�S���>�E�D�U�@

�N�%

� � � � � ���

��

��

��

��

��

��

��

��

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

��

��

��

��

��

����

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

�I���>���@�&���>�O���K�@ �%�7���E����������

�V���>���@

�$

��
������
������
������
������

��
������

�� � � � � � �
�S���>�E�D�U�@

�N�%

������

����

����

����

����

����

����

����

����

����

��
������
������
������
������

��
������

������ ��

��

��

��

��

��

��

��

��

��

��

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

� � � � � � � �

�)�L�J�������������$�����0�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\���&���I�R�U���P�H�G�L�X�P���E�D�F�N���S�U�H�V�V�X�U�H���G�H�S�H�Q�G�H�Q�W���R�Q���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���V���I�R�U���G�L�I�I�H�U�H�Q�W���V�W�U�R�N�H���U�D�W�H�V���I�����%��
�&�R�U�U�H�V�S�R�Q�G�L�Q�J���F�R�U�U�H�F�W�L�R�Q���I�D�F�W�R�U�V���N���G�H�S�H�Q�G�H�Q�W���R�Q���E�D�F�N���S�U�H�V�V�X�U�H���S��

�' �L�D�J�U�D�P�V���I�R�U���V�H�W�W�L�Q�J���W�K�H���P�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\

��

�� �� �����(������������



��
������
������
������
������

��
������

� � � �� �� �

��

��

��

��

��

����

����

����

����

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

� � � � � �

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

������
��������
������

��������
��

��������

������ �� ������ ��

��

��

����

����

����

����

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

��

��

��

��

��

��

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

��

������

��

������

��

�������������� ���� ����

��

��

��

��

��

��

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

��

������

��

������

��

�������������� ���� ����

�)�L�J�������������$�����0�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\���&���I�R�U���P�H�G�L�X�P���E�D�F�N���S�U�H�V�V�X�U�H���G�H�S�H�Q�G�H�Q�W���R�Q���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���V���I�R�U���G�L�I�I�H�U�H�Q�W���V�W�U�R�N�H���U�D�W�H�V���I�����%��
�&�R�U�U�H�V�S�R�Q�G�L�Q�J���F�R�U�U�H�F�W�L�R�Q���I�D�F�W�R�U�V���N���G�H�S�H�Q�G�H�Q�W���R�Q���E�D�F�N���S�U�H�V�V�X�U�H���S��

�' �L�D�J�U�D�P�V���I�R�U���V�H�W�W�L�Q�J���W�K�H���P�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\

��

�������� �(������������



��
������
������
������
������

��
������
������

��

��

��

��

��

��

��

��

��

��

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

� � � ��� � � � � � �� �

��
������
������
������
������

��
������

��

��

��

��

��

����

����

����

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

� � � ������� � � � � � �

��

��

����

����

����

����

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

��
������
������
������
������

��
������

� � � �� �� � � �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�N

�$

�%

�� ��

��
������
������
������
������

��
������

������ �� ������ ��

��

��

����

����

����

����

����

����

����

� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� � � �� �� �

���������P�L�Q���� �������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

�������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

���������P�L�Q����

������

�I���>���@

����

����

����

����

����

����

����

����

����

�&���>�O���K�@ �%�7���E����������

�V���>���@

�S���>�E�D�U�@

�$

�%

�)�L�J�������������$�����0�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\���&���I�R�U���P�H�G�L�X�P���E�D�F�N���S�U�H�V�V�X�U�H���G�H�S�H�Q�G�H�Q�W���R�Q���W�K�H���V�W�U�R�N�H���O�H�Q�J�W�K���V���I�R�U���G�L�I�I�H�U�H�Q�W���V�W�U�R�N�H���U�D�W�H�V���I�����%��
�&�R�U�U�H�V�S�R�Q�G�L�Q�J���F�R�U�U�H�F�W�L�R�Q���I�D�F�W�R�U�V���N���G�H�S�H�Q�G�H�Q�W���R�Q���E�D�F�N���S�U�H�V�V�X�U�H���S��

�' �L�D�J�U�D�P�V���I�R�U���V�H�W�W�L�Q�J���W�K�H���P�H�W�H�U�L�Q�J���F�D�S�D�F�L�W�\

��

�� �� �����(������������



�������� �( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������3�9�7 �������������� �������������� �������������� ��������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������ ������������

�� �%�O�H�H�G���Y�D�O�Y�H �������������� �������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p���������������������������3�3���Z�L�W�K
�E�O�H�H�G���Y�D�O�Y�H

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 �������������� �������������� �������������� ��������������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 �������������� �������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H������������������������ �7�\�S�H������������������������ �7�\�S�H������������������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������3�9�7 �������������� �������������� ��������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������

�� �%�O�H�H�G���Y�D�O�Y�H �������������� �������������� ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7�������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p��������������������������������������
���������������3�3���Z�L�W�K���E�O�H�H�G���Y�D�O�Y�H

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H������������������������ �7�\�S�H������������������������ �7�\�S�H������������������������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� ��������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7�������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�������������3�9�7 ��������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 ��������������

�� �'�L�D�S�K�U�D�J�P ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p�������������3�3���Z�L�W�K�R�X�W���E�O�H�H�G
�Y�D�O�Y�H

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H����������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



��

��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������3�9�7 �������������� �������������� �������������� ��������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������ ������������

�� �%�O�H�H�G���Y�D�O�Y�H �������������� �������������� �������������� ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 �������������� �������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p���������������������������1�3���Z�L�W�K���D�Q�G
�Z�L�W�K�R�X�W���E�O�H�H�G���Y�D�O�Y�H

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 �������������� �������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



��

��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H������������������������ �7�\�S�H������������������������ �7�\�S�H������������������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������3�9�7 �������������� �������������� ��������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������

�� �%�O�H�H�G���Y�D�O�Y�H �������������� �������������� ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7�������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p��������������������������������������
���������������1�3���Z�L�W�K���D�Q�G���Z�L�W�K�R�X�W���E�O�H�H�G���Y�D�O�Y�H

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H������������������������ �7�\�S�H������������������������ �7�\�S�H������������������������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� ��������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7�������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



��

��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�������������3�9�7 ��������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 ��������������

�� �'�L�D�S�K�U�D�J�P ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p�������������1�3���Z�L�W�K���D�Q�G
�Z�L�W�K�R�X�W���E�O�H�H�G���Y�D�O�Y�H

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H����������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



��

��

����

��

��

��

��
��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������3�9�7 �������������� �������������� �������������� ��������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������ ������������

�� �%�O�H�H�G���Y�D�O�Y�H �������������� �������������� �������������� ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 �������������� �������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p���������������������������3�9���Z�L�W�K
�E�O�H�H�G���Y�D�O�Y�H

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 �������������� �������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



��

��

��

��
��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H������������������������ �7�\�S�H������������������������ �7�\�S�H������������������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������3�9�7�������������������������������������������������� �������������� ��������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������

�� �%�O�H�H�G���Y�D�O�Y�H �������������� �������������� ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7�������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p��������������������������������������
���������������3�9���Z�L�W�K���E�O�H�H�G���Y�D�O�Y�H

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H������������������������ �7�\�S�H������������������������ �7�\�S�H������������������������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� ��������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7�������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�������������)�9�'���3�9�7 ��������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 ��������������

�� �'�L�D�S�K�U�D�J�P ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p�������������3�9���Z�L�W�K�R�X�W���E�O�H�H�G
�Y�D�O�Y�H

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H����������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������3�9�7 ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���'�1�������+�9���Z�L�W�K���3�9�7���W�X�E�H���Q�R�]�]�O�H�������������� �������������� �������������� ��������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������ ������������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V���U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p�����������������������������������������3�9
�+�9�����I�R�U���K�L�J�K�O�\���Y�L�V�F�R�X�V���I�H�H�G���F�K�H�P�L�F�D�O�V

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



��

��

��

��

��
��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������7�7�7 ������������ ������������ ������������ ������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������ ������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������7�7�7 ������������ ������������ ������������ ������������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p���������������������������7�7

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������7�7�7 ������������ ������������ ������������ ������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



��

��

��

��

�� ��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H������������������������ �7�\�S�H������������������������ �7�\�S�H������������������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������7�7�7 ������������ ������������ ������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H�����F�R�P�S�O�����������������7�7�7������������ ������������ ������������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p��������������������������������������
���������������7�7

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H������������������������ �7�\�S�H������������������������ �7�\�S�H������������������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H�����F�R�P�S�O�����������������7�7�7������������ ������������ ������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�������������7�7�7 ������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H���F�R�P�S�O�����7�7�7 ������������

�� �'�L�D�S�K�U�D�J�P ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p�������������7�7

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H����������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O�����7�7�7 ������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�������P�P���6�6 ������������ ������������ ������������ ������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������ ������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H���F�R�P�S�O���������P�P���6�6�7 ������������ ������������ ������������ ������������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p���������������������������6�6

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H���������� �7�\�S�H����������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� �������������� ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O���������P�P���6�6�7 ������������ ������������ ������������ ������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



��

��

��

��

��

��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H������������������������ �7�\�S�H������������������������ �7�\�S�H������������������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���6�6 ������������ ������������ ������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������ ������������ ������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H���F�R�P�S�O�����6�6�7 ������������ ������������ ������������

�� �'�L�D�S�K�U�D�J�P �������������� �������������� ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p��������������������������������������
���������������6�6

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H������������������������ �7�\�S�H������������������������ �7�\�S�H������������������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P �������������� �������������� ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O�����6�6�7 ������������ ������������ ������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�������� �(������������



��

��

��

��

�� ��

��

��

��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H����������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���������P�P���6�6 ������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H���F�R�P�S�O�����������P�P���6�6�7 ������������

�� �'�L�D�S�K�U�D�J�P ��������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p�������������6�6

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �����(������������



�,�,�W�H�P �' �H�V�F�U�L�S�W�L�R�Q �7�\�S�H����������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O�����������P�P���6�6�7 ������������

�6�S�U�L�Q�J�����L�W�H�P���������L�V���D���V�S�H�F�L�D�O���D�F�F�H�V�V�R�U�\�����7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W�����7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V
�U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

���������� �(������������



��

��

��

��

��

����

��

��
��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �3�D�U�W �0�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q �3�D�U�W���Q�R��

���������������� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�3�( ������������

���������������� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�3�% ������������

���������������� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�&�( ������������

���������������� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�&�% ������������

���������� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�3�( ������������

���������� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�3�% ������������

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p���������������������������3�3���6�(�. ���D�Q�G
�������������������������1�3���6�(�. �����V�H�O�I���E�O�H�H�G�L�Q�J

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �������(������������



�,�,�W�H�P �3�D�U�W �0�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q �3�D�U�W���Q�R��

���������� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�&�( ������������

���������� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�&�% ������������

�� �:�L�W�K������������

�&�R�Q�Q�H�F�W�R�U���N�L�W��������

�3�&�% ��������������

���� �:�L�W�K������������

�&�R�Q�Q�H�F�W�R�U���N�L�W��������

�3�&�( ������������

���� �:�L�W�K������������

�&�R�Q�Q�H�F�W�R�U���N�L�W��������

�3�&�% ������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������

�� �%�O�H�H�G���Y�D�O�Y�H�3�3�( ��������������

�� �%�O�H�H�G���Y�D�O�Y�H�3�3�% ��������������

�� �%�O�H�H�G���Y�D�O�Y�H�3�&�( ��������������

�� �%�O�H�H�G���Y�D�O�Y�H�3�&�% ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H
�F�R�P�S�O��

�3�3�( ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H
�F�R�P�S�O��

�3�3�% ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H
�F�R�P�S�O��

�3�&�( ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H
�F�R�P�S�O��

�3�&�% ��������������

�� �'�L�D�S�K�U�D�J�P���������� ��������������

�� �'�L�D�S�K�U�D�J�P���������� ��������������

�� �'�L�D�S�K�U�D�J�P���������� ��������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O���3�3�( ������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O���3�3�% ������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O���3�&�( ������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O���3�&�% ������������

�6�S�D�U�H���S�D�U�W�V���N�L�W�V���I�R�U
�W�\�S�H��

�0�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q �3�D�U�W���Q�R��

�������� �3�3�( ��������������

�������� �3�3�( ��������������

�����������Z�L�W�K���V�S�U�L�Q�J�3�3�( ��������������

�����������Z�L�W�K�R�X�W���V�S�U�L�Q�J�3�3�( ��������������

�������� �3�3�% ��������������

�������� �3�3�% ��������������

�����������Z�L�W�K���V�S�U�L�Q�J�3�3�% ��������������

�����������Z�L�W�K�R�X�W���V�S�U�L�Q�J�3�3�% ��������������

�������� �1�3�( ��������������

�������� �1�3�( ��������������

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

���������� �(������������



�6�6�S�D�U�H���S�D�U�W�V���N�L�W�V���I�R�U
�W�\�S�H��

�0�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q �3�D�U�W���Q�R��

�����������Z�L�W�K�R�X�W���V�S�U�L�Q�J�1�3�( ��������������

�����������Z�L�W�K���V�S�U�L�Q�J�1�3�( ��������������

�������� �1�3�% ��������������

�������� �1�3�% ��������������

�����������Z�L�W�K�R�X�W���V�S�U�L�Q�J�1�3�% ��������������

�����������Z�L�W�K���V�S�U�L�Q�J�1�3�% ��������������

�6�H�D�O�L�Q�J���V�H�W�V �0�D�W�H�U�L�D�O �3�D�U�W���Q�R��

�����6�H�D�O�L�Q�J���V�H�W�(�3�'�0 ��������������

�����6�H�D�O�L�Q�J���V�H�W�)�3�0 ��������������

�7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W��

�7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V���U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �������(������������



��

��

��

��

����

��

��

��

�� ��

�3�B�%�(�B���������B�6�:

�)�L�J��������

�,�W�H�P �3�D�U�W �0�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q �3�D�U�W���Q�R��

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�3�( ������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�3�% ������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�&�( ������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�&�% ������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�3�( ������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�3�% ������������

�/�L�T�X�L�G���H�Q�G���%�H�W�D�p��������������������������������������
���������������3�3�������1�3���6�(�. �����V�H�O�I���E�O�H�H�G�L�Q�J

�(�[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

���������� �(������������



�,�,�W�H�P �3�D�U�W �0�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q �3�D�U�W���Q�R��

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�&�( ������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W���������3�&�% ������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������3�3�( ������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������3�3�% ������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������3�&�( ������������

�� �&�R�Q�Q�H�F�W�R�U���N�L�W�����������3�&�% ������������

�� �����9�D�O�Y�H���E�D�O�O�V ������������

�� �%�O�H�H�G���Y�D�O�Y�H �3�3�( ��������������

�� �%�O�H�H�G���Y�D�O�Y�H �3�3�% ��������������

�� �%�O�H�H�G���Y�D�O�Y�H �3�&�( ��������������

�� �%�O�H�H�G���Y�D�O�Y�H �3�&�% ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H
�F�R�P�S�O��

�3�3�( ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H
�F�R�P�S�O��

�3�3�% ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H
�F�R�P�S�O��

�3�&�( ��������������

�� �'�L�V�F�K�D�U�J�H���Y�D�O�Y�H
�F�R�P�S�O��

�3�&�% ��������������

�� �'�L�D�S�K�U�D�J�P���������� ��������������

�� �'�L�D�S�K�U�D�J�P���������� ��������������

�� �'�L�D�S�K�U�D�J�P���������� ��������������

�� �6�D�I�H�W�\���G�L�D�S�K�U�D�J�P ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O���3�3�( ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O���3�3�% ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O���3�&�( ��������������

�� �6�X�F�W�L�R�Q���Y�D�O�Y�H���F�R�P�S�O���3�&�% ��������������

�6�S�D�U�H���S�D�U�W�V���N�L�W�V���I�R�U
�W�\�S�H��

�0�D�W�H�U�L�D�O���Y�H�U�V�L�R�Q �3�D�U�W���Q�R��

���������������������� �3�3�( ��������������

���������������������� �3�3�( ��������������

���������������������� �3�3�( ��������������

���������������������� �3�3�% ��������������

���������������������� �3�3�% ��������������

���������������������� �3�3�% ��������������

���������������������� �1�3�( ��������������

���������������������� �1�3�( ��������������

���������������������� �1�3�( ��������������

���������������������� �1�3�% ��������������

���������������������� �1�3�% ��������������

���������������������� �1�3�% ��������������

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

�� �� �������(������������



�6�6�H�D�O�L�Q�J���V�H�W�V �0�D�W�H�U�L�D�O �3�D�U�W���Q�R��

�����6�H�D�O�L�Q�J���V�H�W�(�3�'�0 ��������������

�����6�H�D�O�L�Q�J���V�H�W�)�3�0 ��������������

�7�K�H���S�R�V�L�W�L�R�Q�V���O�L�V�W�H�G���D�U�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���V�S�D�U�H���S�D�U�W�V���N�L�W��

�7�H�F�K�Q�L�F�D�O���F�K�D�Q�J�H�V���U�H�V�H�U�Y�H�G��

�( �[�S�O�R�G�H�G���9�L�H�Z�V���R�I���/�L�T�X�L�G���(�Q�G�V

��

���������� �(������������



�������� �)�X�U�W�K�H�U���R�U�G�H�U���L�Q�I�R�U�P�D�W�L�R�Q
�7�K�H���L�Q�I�R�U�P�D�W�L�R�Q���L�V���J�L�Y�H�Q���L�Q���W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���H�[�S�O�R�G�H�G���Y�L�H�Z�V��

�7�\�S�H �1�3�7���������3�9�7��

�������� ��������������

�������� ��������������

���������������������� ��������������

���������������������� ��������������

���������������������� ��������������

�7�\�S�H �3�3�����1�3�����3�9 �7�7 �6�6 �+�9���W�\�S�H�V

�������� �������������� �������������� �������������� ��

�������� �������������� �������������� �������������� ��

�������� �������������� �������������� �������������� ��

���������������������� �������������� �������������� �������������� ��������������

���������������������� �������������� �������������� �������������� ��������������

���������������������� �������������� �������������� �������������� ��������������

���������������������� �������������� �������������� �������������� ��������������

�������� �������������� �������������� �������������� ��

�7�K�H���L�Q�I�R�U�P�D�W�L�R�Q���L�V���J�L�Y�H�Q���L�Q���W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���H�[�S�O�R�G�H�G���Y�L�H�Z�V��

�7�\�S�H �3�3�����1�3 �3�9 �7�7�����6�6

����������������������

��������������������

�������������� �������������� ���������������

����������������������

����������������������

����������������������

�������������� �������������� ������������

�������� �������������� �������������� ������������

�$�O�O���+�9���W�\�S�H�V �� �������������� ��

����������S�D�U�W

�1�D�P�H �3�D�U�W���Q�R��

�)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\���I�R�U���%�H�W�D�p���E ��������������

�)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���D�Q�G���S�D�F�L�Q�J���U�H�O�D�\
�I�R�U���%�H�W�D�p���E

��������������

�6�S�D�U�H���S�D�U�W�V���N�L�W�V���I�R�U���6�(�. ���W�\�S�H�V

�6�S�D�U�H���S�D�U�W�V���N�L�W�V���I�R�U���6�(�5���W�\�S�H�V

�6�S�D�U�H���S�D�U�W�V���N�L�W�V���I�R�U���R�W�K�H�U���W�\�S�H�V

�6�H�D�O�L�Q�J���V�H�W�V���I�R�U���6�(�. ���W�\�S�H�V

�6�H�D�O�L�Q�J���V�H�W�V���I�R�U���R�W�K�H�U���W�\�S�H�V

�5�H�O�D�\���U�H�W�U�R�I�L�W���N�L�W���I�R�U���%�H�W�D�p���E

�)�X�U�W�K�H�U���R�U�G�H�U���L�Q�I�R�U�P�D�W�L�R�Q

��

�� �� �������(������������



�3�3�U�R�G�X�F�W �3�D�U�W���Q�R��

�9�D�U�L�V�W�R�U�� ������������

�5�&���*�D�W�H���������������w�)��������������5�� ������������

�)�X�U�W�K�H�U���L�Q�I�R�U�P�D�W�L�R�Q���R�Q���V�S�D�U�H���S�D�U�W�V�����D�F�F�H�V�V�R�U�L�H�V���D�Q�G���R�S�W�L�R�Q�V���F�D�Q���E�H���I�R�X�Q�G
�L�Q��

�„ �W�K�H���H�[�S�O�R�G�H�G���G�U�D�Z�L�Q�J�V
�„ �W�K�H���L�G�H�Q�W�L�W�\���F�R�G�H
�„ �X�Q�G�H�U���Z�Z�Z���S�U�R�P�L�Q�H�Q�W���F�R�P
�„ �W�K�H���3�U�R�0�L�Q�H�Q�W���S�U�R�G�X�F�W���F�D�W�D�O�R�J�X�H

�,�Q�W�H�U�I�H�U�H�Q�F�H���V�X�S�S�U�H�V�V�L�R�Q���D�L�G�V

�)�X�U�W�K�H�U���V�R�X�U�F�H�V���R�I���L�Q�I�R�U�P�D�W�L�R�Q

�)�X�U�W�K�H�U���R�U�G�H�U���L�Q�I�R�U�P�D�W�L�R�Q

��

���������� �(������������



�������� �( �&���' �H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�I�R�U�P�L�W�\���I�R�U���0�D�F�K�L�Q�H�U�\
�,�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���'�,�5�(�&�7�,�9�(�������������������(�&���2�)���7�+�(���(�8�5�2�3�(�$�1���3�$�5�£
�/�,�$�0�(�1�7���$�1�'���2�)���7�+�(���&�2�8�1�&�,�/�����$�S�S�H�Q�G�L�[���,�����%�$�6�,�&���+�(�$�/�7�+���$�1�'
�6�$�)�(�7�<���5�(�4�8�,�5�(�0�(�1�7�6�����V�H�F�W�L�R�Q���������������������&��

�:�H��

�„ �3�U�R�0�L�Q�H�Q�W���*�P�E�+
�„ �,�P���6�F�K�X�K�P�D�F�K�H�U�J�H�Z�D�Q�Q��������������
�„ �'�������������������+�H�L�G�H�O�E�H�U�J��

�K�H�U�H�E�\���G�H�F�O�D�U�H���W�K�D�W���W�K�H���S�U�R�G�X�F�W���V�S�H�F�L�I�L�H�G���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J�����F�R�P�S�O�L�H�V���Z�L�W�K
�W�K�H���U�H�O�H�Y�D�Q�W���E�D�V�L�F���K�H�D�O�W�K���D�Q�G���V�D�I�H�W�\���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���W�K�H���(�&���'�L�U�H�F�W�L�Y�H�����R�Q
�W�K�H���E�D�V�L�V���R�I���L�W�V���I�X�Q�F�W�L�R�Q�D�O���F�R�Q�F�H�S�W���D�Q�G���G�H�V�L�J�Q���D�Q�G���L�Q���W�K�H���Y�H�U�V�L�R�Q���G�L�V�W�U�L�E�X�W�H�G
�E�\���X�V�����$�Q�\���P�R�G�L�I�L�F�D�W�L�R�Q���W�R���W�K�H���S�U�R�G�X�F�W���Q�R�W���D�S�S�U�R�Y�H�G���E�\���X�V���Z�L�O�O���L�Q�Y�D�O�L�G�D�W�H
�W�K�L�V���G�H�F�O�D�U�D�W�L�R�Q��

�(�[�W�U�D�F�W���I�U�R�P���W�K�H���(�&���' �H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�I�R�U�P�L�W�\

�'�H�V�L�J�Q�D�W�L�R�Q���R�I���W�K�H���S�U�R�G�X�F�W���0�H�W�H�U�L�Q�J���S�X�P�S�����S�U�R�G�X�F�W���U�D�Q�J�H���%�H�W�D�������D�Q�G���%�H�W�D����

�3�U�R�G�X�F�W���W�\�S�H�� �%�7���E���B���B���B���B���B���B���B���B���B���B���B���8

�%�7���E���B���B���B���B���B���B���B���B���B���B���B���8

�6�H�U�L�D�O���Q�X�P�E�H�U�� �V�H�H���Q�D�P�H�S�O�D�W�H���R�Q���W�K�H���G�H�Y�L�F�H

�5�H�O�H�Y�D�Q�W���(�&���G�L�U�H�F�W�L�Y�H�V���0�D�F�K�L�Q�H�U�\���'�L�U�H�F�W�L�Y�H���������������������(�&��

�(�0�&���'�L�U�H�F�W�L�Y�H�����������������������(�&��

�&�R�P�S�O�L�D�Q�F�H���Z�L�W�K���W�K�H���S�U�R�W�H�F�W�L�R�Q���W�D�U�J�H�W�V���R�I���W�K�H���/�R�Z���9�R�O�W�D�J�H���'�L�U�H�F�W�L�Y�H�������������������(�&
�D�F�F�R�U�G�L�Q�J���W�R���$�S�S�H�Q�G�L�[���,�����1�R�����������������R�I���W�K�H���0�D�F�K�L�Q�H�U�\���'�L�U�H�F�W�L�Y�H�������������������(�&

�5�R�+�6���'�L�U�H�F�W�L�Y�H���������������������(�8��

�+�D�U�P�R�Q�L�V�H�G���V�W�D�Q�G�D�U�G�V���D�S�S�O�L�H�G�����L�Q
�S�D�U�W�L�F�X�O�D�U��

�(�1��������������������

�(�1���,�6�2������������������������

�(�1����������������������������

�(�1��������������������������������

�(�1��������������������������������

�(�1������������������������

�3�O�D�F�H�����'�D�W�H�� �+�H�L�G�H�O�E�H�U�J������������������������

�<�R�X���Z�L�O�O���I�L�Q�G���W�K�H���(�&���'�H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�I�R�U�P�L�W�\���W�R���G�R�Z�Q�O�R�D�G���R�Q���R�X�U���K�R�P�H�£
�S�D�J�H��

�( �&���' �H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�I�R�U�P�L�W�\���I�R�U���0�D�F�K�L�Q�H�U�\

��

�� �� �������(������������



�������� �( �&���' �H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�I�R�U�P�L�W�\���I�R�U���0�D�F�K�L�Q�H�U�\
�,�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���'�,�5�(�&�7�,�9�(�������������������(�&���2�)���7�+�(���(�8�5�2�3�(�$�1���3�$�5�£
�/�,�$�0�(�1�7���$�1�'���2�)���7�+�(���&�2�8�1�&�,�/�����$�S�S�H�Q�G�L�[���,�����%�$�6�,�&���+�(�$�/�7�+���$�1�'
�6�$�)�(�7�<���5�(�4�8�,�5�(�0�(�1�7�6�����V�H�F�W�L�R�Q���������������������&��

�:�H��

�„ �3�U�R�0�L�Q�H�Q�W���*�P�E�+
�„ �,�P���6�F�K�X�K�P�D�F�K�H�U�J�H�Z�D�Q�Q��������������
�„ �'�������������������+�H�L�G�H�O�E�H�U�J��

�K�H�U�H�E�\���G�H�F�O�D�U�H���W�K�D�W���W�K�H���S�U�R�G�X�F�W���V�S�H�F�L�I�L�H�G���L�Q���W�K�H���I�R�O�O�R�Z�L�Q�J�����F�R�P�S�O�L�H�V���Z�L�W�K
�W�K�H���U�H�O�H�Y�D�Q�W���E�D�V�L�F���K�H�D�O�W�K���D�Q�G���V�D�I�H�W�\���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���W�K�H���(�&���'�L�U�H�F�W�L�Y�H�����R�Q
�W�K�H���E�D�V�L�V���R�I���L�W�V���I�X�Q�F�W�L�R�Q�D�O���F�R�Q�F�H�S�W���D�Q�G���G�H�V�L�J�Q���D�Q�G���L�Q���W�K�H���Y�H�U�V�L�R�Q���G�L�V�W�U�L�E�X�W�H�G
�E�\���X�V�����$�Q�\���P�R�G�L�I�L�F�D�W�L�R�Q���W�R���W�K�H���S�U�R�G�X�F�W���Q�R�W���D�S�S�U�R�Y�H�G���E�\���X�V���Z�L�O�O���L�Q�Y�D�O�L�G�D�W�H
�W�K�L�V���G�H�F�O�D�U�D�W�L�R�Q��

�(�[�W�U�D�F�W���I�U�R�P���W�K�H���(�&���' �H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�I�R�U�P�L�W�\

�'�H�V�L�J�Q�D�W�L�R�Q���R�I���W�K�H���S�U�R�G�X�F�W���0�H�W�H�U�L�Q�J���S�X�P�S�����S�U�R�G�X�F�W���U�D�Q�J�H���%�H�W�D�������D�Q�G���%�H�W�D����

�3�U�R�G�X�F�W���W�\�S�H�� �%�7���E���B���B���B���B���B���B���B���B���B���B���B���0

�%�7���E���B���B���B���B���B���B���B���B���B���B���B���1

�%�7���E���B���B���B���B���B���B���B���B���B���B���B���1

�6�H�U�L�D�O���Q�X�P�E�H�U�� �V�H�H���Q�D�P�H�S�O�D�W�H���R�Q���W�K�H���G�H�Y�L�F�H

�5�H�O�H�Y�D�Q�W���(�&���G�L�U�H�F�W�L�Y�H�V���(�&���0�D�F�K�L�Q�H�U�\���'�L�U�H�F�W�L�Y�H���������������������(�&��

�(�&���(�0�&���'�L�U�H�F�W�L�Y�H�����������������������(�&��

�(�8���5�R�+�6���'�L�U�H�F�W�L�Y�H���������������������(�8��

�+�D�U�P�R�Q�L�V�H�G���V�W�D�Q�G�D�U�G�V���D�S�S�O�L�H�G�����L�Q
�S�D�U�W�L�F�X�O�D�U��

�(�1��������������������

�(�1���,�6�2������������������������

�(�1����������������������������

�(�1��������������������������������

�(�1��������������������������������

�(�1������������������������

�3�O�D�F�H�����'�D�W�H�� �+�H�L�G�H�O�E�H�U�J������������������������

�<�R�X���Z�L�O�O���I�L�Q�G���W�K�H���(�&���'�H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�I�R�U�P�L�W�\���R�Q���R�X�U���K�R�P�H�S�D�J�H��

�( �&���' �H�F�O�D�U�D�W�L�R�Q���R�I���&�R�Q�I�R�U�P�L�W�\���I�R�U���0�D�F�K�L�Q�H�U�\

��

���������� �(������������



�������� �,�Q�G�H�[
����������������������
���(�[�W�H�U�Q�D�O���F�R�Q�W�U�R�O�����W�H�U�P�L�Q�D�O� � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �
���/�H�Y�H�O���V�Z�L�W�F�K�����W�H�U�P�L�Q�D�O� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �

�$
� $� E� R� X� W� �� W� K� L� V� �� S� X� P� S � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�$�F�F�X�U�D�F�\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� $� Q� W� L� �� N� L� Q� N� �� G� H� Y� L� F� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�$�S�S�O�L�H�G���K�D�U�P�R�Q�L�V�H�G���V�W�D�Q�G�D�U�G�V� � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �
�$�V�V�H�P�E�O�\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�$�X�[�L�O�L�D�U�\���I�U�H�T�X�H�Q�F�\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �

�%
�%�D�F�N�S�O�D�W�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�%�O�H�H�G���Y�D�O�Y�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �
�%�\�S�D�V�V���K�R�V�H���V�O�H�H�Y�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�&
� &� D� S� D� F� L� W� \ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
�&�O�H�D�Q�L�Q�J���Y�D�O�Y�H�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�&�R�P�S�D�W�L�E�L�O�L�W�\ �� �� �� �� �� �� �� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� &� R� Q� Q� H� F� W� R� U� �� V� L� ]� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� &� R� Q� W� D� F� W� H� U� �� U� H� O� D� \ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�&�R�Q�W�D�F�W�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
�&�R�Q�W�U�R�O���(�O�H�P�H�Q�W�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� &� R� Q� W� U� R� O� �� W� \� S� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�'
�'�H�F�R�P�P�L�V�V�L�R�Q�L�Q�J� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�'�H�J�U�H�H���R�I���S�U�R�W�H�F�W�L�R�Q� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�'�H�V�L�J�Q�D�W�L�R�Q���R�I���W�K�H���S�U�R�G�X�F�W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �
�'�L�P�H�Q�V�L�R�Q�D�O���G�U�D�Z�L�Q�J�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� '� L� V� F� K� D� U� J� H� �� Y� D� O� Y� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
� '� L� V� S� R� V� D� O � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�'�R�V�L�Q�J���K�H�D�G� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�'�U�D�L�Q�L�Q�J���W�K�H���O�L�T�X�L�G���H�Q�G� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�(
� (� O� H� F� W� U� L� F� D� O� �� G� D� W� D � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�(�P�H�U�J�H�Q�F�\ �� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�(�[�W�H�U�Q���&�R�Q�W�D�F�W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
� (� [� W� H� U� Q� D� O � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�(�[�W�H�U�Q�D�O���D�Q�D�O�R�J� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �
� (� [� W� H� U� Q� D� O� �� F� R� Q� W� D� F� W � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �
�(�[�W�H�U�Q�D�O���I�U�H�T�X�H�Q�F�\���F�K�D�Q�J�H�R�Y�H�U� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�(�[�W�H�U�Q�D�O���I�U�H�T�X�H�Q�F�\���F�K�D�Q�J�H�U� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�)
� )� D� X� O� W � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���D�Q�G���S�D�F�L�Q�J���U�H�O�D�\���R�S�W�L�R�Q� � � � � � � � � � � � � � � � � � � � � � � �� �
�)�D�X�O�W���L�Q�G�L�F�D�W�L�Q�J���U�H�O�D�\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �
� )� D� X� O� W� �� L� Q� G� L� F� D� W� R� U� �� �� U� H� G� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
� )� D� X� O� W� �� P� H� V� V� D� J� H� V � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� )� D� X� O� W� �� 6� W� D� W� X� V� H� V � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�)�X�Q�F�W�L�R�Q�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �

�+
�+�L�H�U�D�U�F�K�\���R�I���2�S�H�U�D�W�L�Q�J���0�R�G�H�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�,
�,�G�H�Q�W�L�I�L�F�D�W�L�R�Q���R�I���V�D�I�H�W�\���Q�R�W�H�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�,�G�H�Q�W�L�W�\���F�R�G�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�,�Q�G�X�F�W�L�Y�H���F�R�Q�V�X�P�H�U�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�,�Q�I�R�U�P�D�W�L�R�Q���L�Q���W�K�H���H�Y�H�Q�W���R�I���D�Q���H�P�H�U�J�H�Q�F�\� � � � � � � � � � � � � � � � � � � �� �
�,�Q�V�W�D�O�O�D�W�L�R�Q�����H�O�H�F�W�U�L�F�D�O� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�,�Q�V�W�D�O�O�D�W�L�R�Q�����K�\�G�U�D�X�O�L�F� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�,�Q�V�W�D�O�O�L�Q�J���K�R�V�H���O�L�Q�H�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�,�Q�W�H�Q�G�H�G���8�V�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� ,� 3 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�/
�/�H�D�N�D�J�H���K�R�O�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� O� H� Y� H� O � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� /� H� Y� H� O� �� V� Z� L� W� F� K � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �

�0
�P�$���L�Q�S�X�W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� P� $� �� V� L� J� Q� D� O � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�0�D�L�Q�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�0�D�L�Q�V���F�D�E�O�H�V �� �� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�0�D�L�Q�W�H�Q�D�Q�F�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 0� D� Q� X� D� O � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �
�0�D�Q�X�D�O���R�S�H�U�D�W�L�R�Q� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�0�D�W�H�U�L�D�O���'�D�W�D� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�0�H�W�H�U�L�Q�J���S�X�P�S�V���Z�L�W�K���E�O�H�H�G���Y�D�O�Y�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�0�H�W�H�U�L�Q�J���S�X�P�S�V���Z�L�W�K���V�H�O�I���E�O�H�H�G�L�Q�J� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�0�H�W�H�U�L�Q�J���S�X�P�S�V���Z�L�W�K�R�X�W���L�Q�W�H�J�U�D�O���U�H�O�L�H�I���Y�D�O�Y�H� � � � � � � � � � � � � � � � � �� �
�0�H�W�H�U�L�Q�J���S�X�P�S�V���Z�L�W�K�R�X�W���V�H�O�I���E�O�H�H�G�L�Q�J� � � � � � � � � � � � � � � � � � � � � � � � � �� �
�0�L�Q�L�P�X�P���6�W�U�R�N�H���/�H�Q�J�W�K� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 0� X� O� W� L� I� X� Q� F� W� L� R� Q� D� O� �� 6� Z� L� W� F� K � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �����������������

�2
�2�S�H�U�D�W�L�Q�J���L�Q�G�L�F�D�W�R�U�����J�U�H�H�Q��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
� 2� S� H� U� D� W� L� Q� J� �� P� R� G� H� V � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �
� 2� S� H� U� D� W� L� R� Q � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 2� U� G� H� U� L� Q� J� �� ,� Q� I� R� U� P� D� W� L� R� Q � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �
�2�Y�H�U�Y�L�H�Z���R�I���(�T�X�L�S�P�H�Q�W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�3
� 3� D� F� L� Q� J� �� U� H� O� D� \ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�3�D�U�D�O�O�H�O���F�R�Q�Q�H�F�W�L�R�Q� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 3� D� X� V� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �� �� �� �� �
� 3� H� U� I� R� U� P� D� Q� F� H� �� G� D� W� D � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 3� R� Z� H� U� �� F� R� Q� V� X� P� S� W� L� R� Q � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 3� U� L� P� L� Q� J � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
� 3� U� L� P� L� Q� J� �� I� X� Q� F� W� L� R� Q � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 3� U� L� P� L� Q� J� �� S� U� H� V� V� X� U� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�3�U�R�W�H�F�W�L�R�Q���D�J�D�L�Q�V�W���F�R�Q�W�D�F�W���D�Q�G���K�X�P�L�G�L�W�\� � � � � � � � � � � � � � � � � � � � � � � �� �
�3�U�R�W�H�F�W�L�R�Q���F�O�D�V�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 3� X� O� V� H� �� F� R� Q� W� U� R� O� �� V� Z� L� W� F� K � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �

�4
�4�X�D�O�L�I�L�F�D�W�L�R�Q���R�I���S�H�U�V�R�Q�Q�H�O� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�5
�5�D�G�L�R�D�F�W�L�Y�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 5� &� �� P� H� P� E� H� U � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�5�H�O�D�\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
�5�H�O�D�\���F�R�Q�Q�H�F�W�L�R�Q �� ��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 5� H� O� D� \� �� U� H� W� U� R� I� L� W� �� N� L� W � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �
�5�H�O�H�Y�D�Q�W���(�&���G�L�U�H�F�W�L�Y�H�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �
� 5� H� P� R� W� H� �� R� S� H� U� D� W� L� R� Q � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
� 5� H� S� D� L� U� V � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�5�H�S�O�D�F�L�Q�J���W�K�H���G�L�D�S�K�U�D�J�P� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�5�H�S�U�R�G�X�F�L�E�L�O�L�W�\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �
�5�H�W�X�U�Q���O�L�Q�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 5� H� W� X� U� Q� �� S� L� S� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �

�6
� 6� D� I� H� W� \� �� &� K� D� S� W� H� U � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
� 6� D� I� H� W� \� �� G� H� F� O� D� U� D� W� L� R� Q� �� I� R� U� P � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�6�D�I�H�W�\���U�H�T�X�L�U�H�P�H�Q�W�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 6� F� R� S� H� �� R� I� �� '� H� O� L� Y� H� U� \ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 6� (� . � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 6� (� .� �� W� \� S� H� V � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�,�Q�G�H�[

��

�� �� �������(������������



�6�H�O�I���%�O�H�H�G�L�Q�J� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�6�H�P�L�F�R�Q�G�X�F�W�R�U���V�Z�L�W�F�K� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�6�H�U�L�D�O���Q�X�P�E�H�U� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �
�6�K�L�S�S�L�Q�J���Z�H�L�J�K�W� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�6�O�H�H�Y�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�6�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
�6�W�D�Q�G�D�U�G���L�Q�V�W�D�O�O�D�W�L�R�Q� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 6� W� D� U� W� �� X� S � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 6� W� R� S � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
� 6� W� R� U� D� J� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� V� W� U� R� N� H� �� O� H� Q� J� W� K � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
� 6� W� U� R� N� H� �� /� H� Q� J� W� K� �� $� G� M� X� V� W� P� H� Q� W� �� %� X� W� W� R� Q � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 6� W� U� R� N� H� �� U� D� W� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �
� 6� W� U� R� N� H� V � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
�6�X�F�W�L�R�Q���Y�D�O�Y�H� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 6� X� S� S� O� \� �� Y� R� O� W� D� J� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�6�\�P�E�R�O�V� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�7�7
�7�H�F�K�Q�L�F�D�O���G�D�W�D� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�7�H�V�W�����I�X�Q�F�W�L�R�Q��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �� �� �� �� �
� 7� U� D� Q� V� S� R� U� W � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��� � � � � � � � � � � � � � � � � � � �� �

�8
�8�Q�S�D�F�N�L�Q�J� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�9
� 9� D� U� L� V� W� R� U � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
� 9� L� V� F� R� V� L� W� \ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

�:
�:�D�U�Q�L�Q�J���L�Q�G�L�F�D�W�R�U�����\�H�O�O�R�Z��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
� :� D� U� Q� L� Q� J� �� P� H� V� V� D� J� H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �� �� �� �� �
�:�D�U�Q�L�Q�J���V�L�J�Q� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�,�Q�G�H�[

��

���������� �(������������



��

�� �� �������(������������



��

���������� �(������������



��

�� �� �������(������������



�+�H�L�G�H�O�E�H�U�J�����������H�Q�B�*�%

�k����������

�3�U�R�0�L�Q�H�Q�W���*�P�E�+

�,�P���6�F�K�X�K�P�D�F�K�H�U�J�H�Z�D�Q�Q����������

�'���������������+�H�L�G�H�O�E�H�U�J

�7�H�O�H�S�K�R�Q�H����������������������������������

�)�D�[��������������������������������������

�(�P�D�L�O�������L�Q�I�R�#�S�U�R�P�L�Q�H�Q�W���F�R�P

�,�Q�W�H�U�Q�H�W�������Z�Z�Z���S�U�R�P�L�Q�H�Q�W���F�R�P

�(������������



D/GB/F/E

Betriebsanleitung / Operating Instructions
Mode d•emploi / Instrucciones de servicio
ProMinent® Mehrfunktionsventil
ProMinent® Multi-Function Valve
Vanne multifonctions ProMinent ®

Válvula multifuncional ProMinent ®

P
ro

M
in

en
t®

Teile Nr./Part No.: 987629 ProMinent Dosiertechnik GmbH · 69123 Heidelberg · Germany  BA MAZ 023 10/04 G/GB/F/E�(������������

�3���������[�������3�X�P�S�����0�H�W�H�U�L�Q�J�����3�D�U�W�V�����0�X�O�W�L���I�X�Q�F�W�L�R�Q���9�D�O�Y�H�3�9�'�)���������3�6�,�*���6�L�]�H����



2 ProMinent®
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4 ProMinent®

1 Aufbau

Die Funktionen des Mehrfunktionsventils werden durch je eine
federbelastete Membran erzeugt. Es ist je ein Entlastungs-
mechanismus für die Druckhalte-Funktion und für die Überdruck-
funktion vorgesehen.

2 Funktionsbeschreibung

Funktionen

- Erzeugung eines definierten Gegendruckes bei Dosierung
gegen freien Auslauf.
Das Aufheben dieser Funktion erfolgt durch Drehen am
schwarzen Drehknopf im Uhrzeigersinn (1).

- Verhindern von Durchhebern aus dem Vorratsgebinde bei
Unterdruck an der Dosierstelle.
Das Aufheben dieser Funktion erfolgt durch Drehen am
schwarzen Drehknopf im Uhrzeigersinn (1).

ACHTUNG

€ Multifunktionsventile sind keine absolut dicht schließende
Absperrorgane.

Wenn absolut kein Dosiermedium zur Dosierstelle gelangen darf,
so ist ein zusätzliches Absperrorgan saugseitig der Pumpe
vorzusehen.

Aufbau / Funktionsbeschreibung

Abb. zeigt Mehrfunktions-
ventil Grösse I

1

2
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 5ProMinent®

- Ansaughilfe bei der Inbetriebnahme der Pumpe gegen Druck.
Das Lösen der Druckleitung ist nicht erforderlich.
Dies erfolgt durch Drehen am roten Drehknopf (2).

ACHTUNG

€ An der Dosierstelle muß ein Rückschlagventil installiert
werden, da bei der Betätigung des Ventils der gesamte
Inhalt der Anlage über den Bypass zurückfließen kann.

- Entlastung der Dosierleitung bei Stillstand der Anlage
(z.B. Reparatur). Dies erfolgt durch Drehen am roten
Drehknopf (2).

- Überströmventil zum Schutz der Anlage gegen unzulässigen
Überdruck, der von der Dosierpumpe verursacht wird. Rück-
führung über eine Bypassleitung. Diese Funktion erfolgt
automatisch.

Funktionsbeschreibung

�8�P�������ƒ���J�H�G�U�H�K�W���J�H�]�H�L�F�K�Q�H�W�8�P�������ƒ���J�H�G�U�H�K�W���J�H�]�H�L�F�K�Q�H�W

2

Um 90��

gedreht gezeichnet

1

�(������������



6 ProMinent®

3 Bestimmungsgemäßer Gebrauch

Bestimmungsgemäßer Gebrauch

Schutz der Dosierleitung vor unzulässigem Überdruck, der durch
die Dosierpumpe erzeugt wird, wenn ein in der Dosierleitung
befindlicher Absperrhahn geschlossen wird.

€ Das Multifunktionsventil darf nicht verwendet werden zum
Schutz der Dosierleitung vor unzulässigem Überdruck, der
andere Ursachen hat als der von der Dosierpumpe erzeugte
Druck.

€ Das Ventil darf nicht  als Absperrorgan verwendet werden.

4 Montage / Installation

Sicherheitsanforderung, Sicherheitshinweise

ACHTUNG

€ Bei druckbeaufschlagten Systemen muss an der Dosier-
stelle ein Rückschlagventil installiert sein, da sonst bei
Betätigung des Ventils der gesamte Inhalt der Anlage über
den Bypass zurückfließen kann.

€ Die Bypassleitung muß immer angeschlossen sein, da es
beim Betrieb des Ventils nahe der Überdruckfunktion zu
einem minimalen Überströmen in die Bypassleitung
kommen kann.

€ Multifunktionsventile sind keine absolut dicht schließenden
Absperrorgane!

Montagebeschreibung mechanisch/hydraulisch

Das Mehrfunktionsventil wird direkt auf den Druckanschluß der
Pumpe aufgeschraubt. Das Ventil kann um 360�� gedreht und
ausgerichtet werden.

Abgangsseitig wird mittels Anschlußset bzw. GF-Verschraubung
die Dosierleitung bzw. Dosierschlauch befestigt. Werkseitig ist in
der O-Ringnut am Abgang ein EPDM O-Ring eingelegt. Für
Anwendungen, bei denen EPDM nicht beständig ist, wird die
Montage eines Viton® B O-Rings empfohlen. Dieser O-Ring
(bräunlich) ist dem Ventil beigelegt.

Die Bypassleitung wird in den Vorratsbehälter zurückgeführt.
Befestigung über Schlauchtülle und Überwurfmutter.

Bestimmungsgemäßer Gebrauch  / Montage/Installation

�(������������



 7ProMinent®

5 Betrieb / Bedienung

ACHTUNG

€ Die Bypassleitung muß immer angeschlossen sein, da es
beim Betrieb des Ventils nahe der Überdruckfunktion zu
einem minimalen Überströmen in die Bypassleitung
kommen kann.

€ Multifunktionsventile sind keine absolut dicht schließenden
Absperrorgane!

Bedienung und Einstellung
Ansaughilfe

Durch Drehen des roten Drehknopfes (2) in Pfeilrichtung (Uhrzeiger-
sinn) wird der Weg zum Bypass frei. Das Medium fließt in den
Vorratsbehälter zurück.

HINWEIS

€ Dabei wird auch die Druckleitung teilweise entlastet und es
kann Flüssigkeit am Bypass austreten.

Die ProMinent Dosierpumpe ist jetzt auf ŒAnsaugenŽ zu stellen
(s. hierzu auch Betriebsanleitung der Pumpe), bis Flüssigkeit in der
Bypassleitung sichtbar wird.

Die Pumpe hat angesaugt und kann in Betrieb genommen werden.
Nach dem Loslassen des roten Drehknopfes (2) geht dieser
selbständig in die Ausgangsstellung zurück.

Entlastung der Druckleitung

Durch Herausdrehen des roten Drehknopfes (2) und des schwarzen
Drehknopfes (1) im Uhrzeigersinn wird der Weg von der Druck-
leitung zum Bypass frei. Wird nur der rote Drehknopf (2) betätigt, so
fällt der Druck in der Leitung auf ca. 1,5 bar ab.

Die beiden Knöpfe müssen solange herausgedreht bleiben, bis
keine Flüssigkeit mehr an der Bypassöffnung austritt bzw. keine
Flüssigkeit mehr in den Vorratsbehälter zurückfließt. Die Dosier-
leitung ist jetzt druckentlastet. Nach dem Loslassen der beiden
Drehknöpfe, drehen sich beide wieder selbständig in ihre Aus-
gangsstellung zurück.

Betrieb / Bedienung

�(������������



8 ProMinent®

Technische Daten / Bestellhinweise

Technische Änderungen vorbehalten.

6 Technische Daten / Bestellhinweise

Mediumberührte Werkstoffe

Ventilkörper PVDF
Membrane PTFE-beschichtet
Dichtungen Viton® oder EPDM
Adapter bei Größe III PVC

Viton® ist ein eingetragenes Warenzeichen von
DuPont Dow Elastomers.

Typ Best. Nr. Überström- Anschluß- Bypass-
Öffnungsdruck* größe Anschluß

Größe I 792011.9 16 bar 6-12 mm   6/4 mm

Größe I 791715.6 10 bar 6-12 mm   6/4 mm

Größe I 1005745   6 bar 6-12 mm   6/4 mm

Größe II 792203.4 10 bar 6-12 mm 12/9 mm

Größe II 740427.0   6 bar 6-12 mm 12/9 mm

Größe III 792215.6 10 bar DN 10 12/9 mm

* Der hier angegebene Überström-Öffnungsdruck ist der Druck, bei dem das Ventil zu öffnen
beginnt. Je nach Pumpentyp kann der Druck bis zum vollständigen Öffnen des Ventils um bis zu
50 % höher liegen.

Einsatzbereich

Größe I CONCEPT, Pneumados und Beta® 4: alle Typen
gamma/ L: Typ 1000, 1601, 1602, 1005, 0708, 0413, 0220

und 1605

Größe II alle Typen unter Größe I
Beta® 5: Typ 1008, 0713, 0420 und 0232
gamma/ L: Typ 1008, 0713, 0420 und 0232

Größe III Sigma/ 1 mit Anschlussgewinde DN 10

�(������������
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1 Design

Each of the functions of the multi-function valve is produced by a
spring-loaded diaphragm. The valve features a pressure relief
mechanism for both the pressure retaining function as well as for
the pressure relief function.

2 Functional Description

Functions

- Producing a defined backpressure for metering with respect to
free outlet.
Turn the black rotary knob clockwise (1) to disable this function.

- Prevents lift-through from the supply vessel in the case of
vacuum at the metering point.
Turn the black rotary knob clockwise (1) to disable this function.

IMPORTANT

€ Multi-function valves are not intended to act as fully sealing
stop taps.

If it is imperative that no metering chemical reaches the metering
point, fit an additional stop cock to the suction side of the pump.

Design / Functional Description

Fig. shows the
multi-function valve, Size I

1

2
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 11ProMinent®

- Intake aid to prevent pressure when starting up pumps. It is not
necessary to release the delivery line.
Turn the red rotary knob (2) for this purpose.

IMPORTANT

€ A non-return valve must be installed at the metering point
since the entire content of the system can flow via the
bypass when the valve is operated.

- Depressurizing the metering line when the relevant system is at
a standstill (e.g. repairs). Turn the red rotary knob (2) for this
purpose.

- Overflow valve to protect the system from impermissible
overpressure caused by the metering pump. Return flow via a
bypass line. This function operates automatically.

Functional Description

1
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3 Use for Intended Purpose

Use for Intended Purpose

To protect the metering line from impermissible overpressure
caused by the metering pump when a stop cock valve is
connected in the metering line.

€ The multi-function valve may not be used to protect the
discharge line from inadmissible excess pressure caused by
anything other than the pressure generated by the metering
pump.

€ The valve must not  be used as a shut-off.

4 Mounting / Installation

Safety Requirements, Notes on Safety

IMPORTANT

€ Pressurised systems must have a non-return valve fitted at
the metering point because the entire contents of the
system can flow back via the bypass when the valve is
operated.

€ The bypass line must always be connected since minimum
overflow into the bypass line can occur during operation of
the valve close to the pressure relief function.

€ Multi-function valves are not intended to act as fully sealing
stop taps!

Mounting Description, Mechanical/Hydraulic

The multi-function valve is screwed directly on to the pressure
connection of the pump. The valve can be turned and aligned
through 360��.

The metering line or metering hose is secured on the outlet end by
means of a connection set or GF screw fitting. An EPDM O-ring is
fitted at the factory in the O-ring groove at the outlet. For applica-
tions in which EPDM is not suitable, it is advisable to fit a Viton B
O-ring. This O-ring (brown) is supplied together with the valve.

The bypass line is routed into the supply vessel. It is secured by
means of a hose grommet and union nut.

Use for Intended Purpose / Mounting/Installation

�(������������
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5 Operation

IMPORTANT

€ The bypass line must always be connected since minimum
overflow into the bypass line can occur during operation of
the valve close to the pressure relief function.

€ Multi-function valves are not intended to act as fully sealing
stop taps!

Operation and Setting
Intake Aid

Turn the red rotary knob (2) in the direction of the arrow (clockwise)
to open the way to the bypass. The medium flows back into the
supply tank.

NOTE

€ In this case, the delivery line is partly depressurized and
liquid can flow out of the bypass.

The ProMinent metering pump must now be set to •intake• (refer to
pump operating instructions) until liquid can be seen in the bypass
line.

The pump is now primed and ready for use. After being released,
the red rotary knob (2) reverts of its own accord back to its initial
position.

Depressurizing the Delivery Line

The passage from the delivery line to the bypass is cleared by
turning the red rotary knob (2) and the black rotary knob (1). The
pressure drops in the line to approx. 1.5 bar if only the red rotary
knob (2) is turned.

Both knobs must remain unscrewed until no more liquid flows out
of the bypass line or no more liquid flows back into the supply
tank. The metering line is now depressurized. Once released, both
rotary knobs turn of their own accord back to their initial position.

Operation

�(������������
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Technical Data / Ordering Notes

Subject to technical modifications.

6 Technical Data / Ordering Notes

Materials in Contact with Medium

Valve housing PVDF
Diaphragm PTFE-coated
Seals Viton® or EPDM
Adapter for size III PVC

Viton® is a registered trademark of DuPont Dow Elastomers.

Type Order No. Overflow opening Connection Bypass
pressure* size connection

Size I 792011.9 16 bar 6-12 mm   6/4 mm

Size I 791715.6 10 bar 6-12 mm   6/4 mm

Size I 1005745   6 bar 6-12 mm   6/4 mm

Size II 792203.4 10 bar 6-12 mm 12/9 mm

Size II 740427.0   6 bar 6-12 mm 12/9 mm

Size III 792215.6 10 bar DN 10 12/9 mm

* The overflow opening pressure stated here is the pressure at which the valve starts to open.
Depending on the pump type, the pressure may be higher up to 50 % until complete opening of
the valve.

Operating range

Size I CONCEPT, Pneumados and Beta® 4: all types
gamma/ L: type 1000, 1601, 1602, 1005, 0708, 0413, 0220

and 1605

Size II all types below size I
Beta® 5: type 1008, 0713, 0420 and 0232
gamma/ L: type 1008, 0713, 0420 and 0232

Size III Sigma/ 1 with threaded connection DN 10

�(������������
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1 Structure

Les fonctionnalités de la vanne multifonctions sont générées à
chaque fois par une membrane équipée d•un ressort. Un
mécanisme de décharge est prévu pour la fonction de maintien en
pression et pour la fonction de surpression.

2 Description fonctionnelle

Fonctionnalités

- Génération d•une contre-pression définie pour un dosage contre
une sortie libre.
Cette fonction peut être arrêtée en tournant le bouton rotatif noir
en sens horaire (1).

- Eviter les coups de siphon du réservoir en présence d•un vide
au point de dosage.
Cette fonction peut être arrêtée en tournant le bouton rotatif noir
en sens horaire (1).

ATTENTION

€ Les vannes multifonctions ne sont pas des organes d•arrêt
à fermeture absolument étanche.

Si aucune quantité de fluide ne doit parvenir au point de dosage, il
faut prévoir un organe d•arrêt supplémentaire côté aspiration de la
pompe.

Structure / Description fonctionnelle

L•illustration montre une
vanne multifonctions taille I

1

2
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 17ProMinent®

- Dispositif auxiliaire d•aspiration pour la mise en service de la
pompe contre pression. Pas besoin de desserrer le tuyau de
refoulement.
Tourner à cet effet le bouton rotatif rouge (2).

ATTENTION

€ Un clapet anti-retour doit être installé au point de dosage
étant donné qu•en actionnant la vanne, le contenu total de
l•installation est susceptible de recouler via la dérivation.

- Décharge de la conduite de dosage à l•arrêt de l•installation
(réparation par exemple). Tourner à cet effet le bouton rotatif
rouge (2).

- Soupape de décharge pour protéger l•installation contre une
surpression inadmissible provoquée par la pompe doseuse.
Retour via une conduite de dérivation (bypass). Cette fonction
s•exécute automatiquement.

Description fonctionnelle

1
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3 Utilisation conforme

Utilisation conforme

Protection de la conduite de dosage contre une surpression non
autorisée, générée par la pompe doseuse après la fermeture d•un
robinet d•arrêt monté dans la conduite de dosage.

€ La vanne multifonctions ne doit pas être utilisée pour la protection
de la conduite de dosage contre une surpression inadmissible
ayant d•autres causes que la pression générée par la pompe
doseuse.

€ La vanne ne doit pas  être utilisée en tant qu•organe d•arrêt.

4 Montage / Installation

Exigences concernant la sécurité,
consignes de sécurité

ATTENTION

€ Lors d•injection dans un système sous pression, un clapet
anti-retour doit être installé au point de dosage sinon un
retour de flux est susceptible d•être refoulé via le bypass de
la vanne multifonctions lorsque celle-ci est actionnée.

€ La conduite de bypass doit toujours être raccordée.
Lorsque la pression d•exploitation de la pompe est proche
de la pression de décharge de la vanne, il se peut qu•un peu
de produit s•écoule du raccord de bypass.

€ Les vannes multifonctions ne sont pas des organes d•arrêt
à fermeture absolument étanche.

Description du montage de l•installation
mécanique/hydraulique

La vanne multifonctions se visse directement sur le raccord de
refoulement de la pompe. La vanne peut être tournée et alignée
de 360��.

Côté sortie, il convient de fixer le tuyau ou resp. la conduite de
dosage au moyen du lot de raccordement ou via un raccord vissé
GF. Un joint torique en EPDM est posé départ usine dans la rainure
du joint torique en sortie. En cas d•utilisations pour lesquelles
l•EPDM ne serait pas résistant, nous recommandons le montage
d•un joint torique en Viton B. Ce joint torique (brunâtre) est joint à la
vanne.

La conduite de dérivation est ramenée dans le réservoir. Elle est
fixée par un embout de tuyau flexible et un écrou-raccord.

Utilisation conforme / Montage/Installation
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5 Mise en service / Commande

ATTENTION

€ La conduite bypass doit toujours être raccordée étant
donné qu•en cas d•exploitation de la vanne à proximité de
la fonction de surpression, un débordement minimal est
susceptible de se produire dans la conduite de dérivation.

€ Les vannes multifonctions ne sont pas des organes d•arrêt
à fermeture absolument étanche.

Commande et réglage
Dispositif auxiliaire d•aspiration

Tourner le bouton rotatif rouge (2) dans le sens de la flèche (sens
horaire) pour dégager la voie vers le (bypass). Le milieu s•écoule de
nouveau dans le réservoir.

REMARQUE

€ Ce faisant, la conduite de refoulement est partiellement
déchargée et du liquide peut sortir du bypass.

Dès à présent, commuter la pompe doseuse ProMinent ® sur
ŒAmorçage• (voir à cet effet également le mode d•emploi de la
pompe), jusqu'à ce que du liquide devienne visible dans la
conduite de dérivation.

La pompe s•est amorcée et peut être mise en service. En laissant
revenir le bouton rotatif rouge (2), celui-ci reprend automatiquement
sa position d'origine.

Décharge de la conduite de refoulement

En sortant le bouton rotatif rouge (2) et le bouton rotatif noir (1)
par rotation dans le sens des aiguilles d•une montre, le parcours
allant de la conduite de refoulement vers le bypass est libéré. En
actionnant uniquement le bouton rotatif rouge (2), la pression dans
la conduite tombe à 1,5 bar environ.

Les deux boutons doivent demeurer tournés jusqu•à ce que plus
aucun liquide ne sorte de l•ouverture du bypass ou que plus aucun
liquide ne soit refoulé dans le réservoir. La conduite de dosage est
maintenant hors pression. En relâchant les deux boutons rotatifs,
ceux-ci se remettent à tourner automatiquement sur leur position
d•origine.

Mise en service/Commande
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Caractéristiques techniques/Remarques concernant la commande

Sous réserve de modifications.

6 Caractéristiques techniques /
Remarques concernant la commande

Matériaux en contact avec le milieu

Corps de la vanne PVDF
Membranes revêtues de PTFE
Joints Viton® ou EPDM
Adapteur taille III PVC

Viton® est une marque déposée de DuPont Dow Elastomers.

Type Nº de commande Pression d•ouverture Grandeur de Raccord
de décharge* raccordement bypass

taille I 792011.9 16 bar 6-12 mm   6/4 mm

taille I 791715.6 10 bar 6-12 mm   6/4 mm

taille I 1005745   6 bar 6-12 mm   6/4 mm

taille II 792203.4 10 bar 6-12 mm 12/9 mm

taille II 740427.0   6 bar 6-12 mm 12/9 mm

taille III 792215.6 10 bar DN 10 12/9 mm

* La pression d•ouverture de décharge indiquée ici constitue la pression à laquelle la vanne
commence à s•ouvrir. En fonction du type de pompe, la pression jusqu•à l•ouverture complète de
la vanne peut être jusqu•à 50 % plus élevée.

Domaine d•utilisation

taille I CONCEPT, Pneumados et Beta® 4: tous types
gamma/ L: type 1000, 1601, 1602, 1005, 0708, 0413, 0220

et 1605

taille II tous types inférieurs à la taille I
Beta® 5: type 1008, 0713, 0420 et 0232
gamma/ L: type 1008, 0713, 0420 et 0232

taille III Sigma/ 1 avec taraudage de raccordement DN 10

�(������������
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1 Principio de funcionamiento

Las funciones de la válvula multifuncional son generadas, en cada
caso, por una membrana sometida a la presión de un muelle. Están
previstos un mecanismo de descarga para la función de
mantenimiento de la presión y otro para la de sobrepresión.

2 Características funcionales

Funciones

- Generar una contrapresión definida en la dosificación a salida
libre.
La supresión de esta función se realiza girando el botón giratorio
negro en sentido horario (1).

- Evitar el "efecto sifón" desde el depósito dosificador en caso de
presión negativa en el punto de dosificación.
La supresión de esta función se realiza girando el botón giratorio
negro en sentido horario (1).

ATENCIÓN

€ Las valvulas multifuncionales no son órganos de cierre
absolutamente herméticos.

Si no debe llegar absolutamente ningún medio de dosificación al
punto de dosificación debe instalarse un órgano de cierre adicional
en el lado de aspiración de la bomba.

Principio de funcionamiento / Características funcionales

La ilustración muestra
la válvula multifuncional
tamaño I

1

2
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 23ProMinent®

ATENCIÓN

€ En el punto de dosificación se debe instalar una válvula de
retención, ya que al operar la válvula, todo el contenido de
la instalación puede refluir a través de la derivación.

- Descargar el tubo de dosificación cuando la instalación esté
parada (p.ej. por motivos de reparación). Esto se realiza girando
el botón giratorio rojo (2).

- Válvula de seguridad para proteger la instalación contra
sobrepresiones inadmisibles generadas por la bomba
dosificadora. Retorno a través de un tubo de derivación. Esta
función es automática.

- Ayudar en la aspiración en la puesta en servicio de la bomba
contra presión. No es necesario aflojar el tubo de presión.
Esto se realiza girando el botón giratorio rojo (2).

Características funcionales

1
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3 Uso conforme a los fines previstos

Uso conforme a los fines previstos

Protección del tubo dosificador contra sobrepresiones inadmisibles
generadas por la bomba dosificadora al cerrar una llave de
retención ubicada en el tubo dosificador.

€ La válvula multifuncional no debe utilizarse para protección de
la tubería de dosificación contra sobrepresión indebida, que
tiene otras causas que la presión generada por la bomba
dosificadora.

€ La válvula no debe ser empleada como órgano de cierre.

4 Montaje / Instalación

Requisitos e indicaciones de seguridad

ATENCIÓN

€ En sistemas presurizados debe estar instalada una válvula
antirretorno en los puntos de dosificación, ya que de lo
contrario, al operarse la válvula todo el contenido de la
instalación puede refluir a través de la derivación.

€ El tubo de derivación debe mantenerse siempre conectado,
ya que al operar la válvula cerca de la función de sobre-
presión es posible que rebase una pequeña cantidad de
líquido hacia el tubo de derivación.

€ Las válvulas multifuncionales no son órganos de cierre
absolutamente herméticos.

Descripción del montaje mecánico / hidráulico

La válvula multifuncional se enrosca directamente en la conexión
de presión de la bomba. La válvula tiene un giro de 360 �� y puede
orientarse según conveniencia.

En el lado de salida, se fija el tubo o conducto dosificador
mediante un juego de conexiones o bien la unión roscada GF. En la
ranura anular en O del lado de salida, viene colocada de fábrica
una junta toroidal de EPDM. Para las aplicaciones en las que el
EPDM no sea resistente a los líquidos utilizados, se recomienda el
montaje de una junta toroidal de Viton B. Esta junta toroidal (de
color marrón) viene adjunta a la válvula.

El tubo de derivación se lleva nuevamente al depósito dosificador.
Fijarlo mediante boquilla portatubo y tuerca de racor.

Uso conforme a los fines previstos / Montaje/Instalación
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5 Operación / Manejo

ATENCIÓN

€ El tubo de derivación debe mantenerse siempre conectado,
ya que al operar la válvula cerca de la función de sobre-
presión es posible que rebase una pequeña cantidad de
líquido hacia el tubo de derivación.

€ Las válvulas multifuncionales no son órganos de cierre
absolutamente herméticos.

Operación y puesta a punto
Ayuda en la aspiración

Mediante giro del botón giratorio rojo (2) en la dirección de la flecha
(sentido horario) queda libre la vía al bypass. El líquido a dosificar
retorna al depósito dosificador.

NOTA

€ Se produce una descarga parcial del tubo de presión, por lo
que puede salir líquido en la derivación.

La bomba dosificadora ProMinent debe ponerse entonces en
"aspirar" (véase tambièn al respecto las instrucciones de servicio
de la bomba), hasta que aparezca líquido en el tubo de derivación.

La bomba ha aspirado y puede ser puesta en marcha. Al soltar el
botón giratorio rojo (2), éste retorna automáticamente a la posición
inicial.

Descarga del tubo de presión

Girando hacia fuera el botón giratorio rojo (2) y el botón giratorio
negro (1) en el sentido de las agujas del reloj, queda libre el recorrido
de la tubería de impulsión hasta el bypass. Si sólo es accionado el
botón giratorio rojo (2), la presión en la tubería bajará hasta 1,5 bar,
aproximadamente.

Ambos mandos deben permanecer en esa posición hasta que ya
no salga líquido por el orificio de derivación ni que retorne líquido
al depósito dosificador. El tubo de dosificación está entonces
descargado de presión. Al soltar los dos mandos giratorios, éstos
retornan automáticamente a su posición inicial.

Operación/Manejo

�(������������



26 ProMinent®

Características técnicas/Instrucciones para el pedido

Sujeto a modificaciones técnicas.

6 Características técnicas /
Instrucciones para el pedido

Materiales empleados para los elementos en
contacto con el líquido a dosificar

Cuerpo de válvula PVDF
Membrana revestida de Teflón
Juntas Viton® o EPDM
Pieza de ajuste para tamaño III PVC

Viton® es una marca registrada de DuPont Dow Elastomers.

Tipo No. de ref. Presión de apertura Tamaño de Conexión de
de rebose* conexión derivación

Tamaño I 792011.9 16 bar 6-12 mm   6/4 mm

Tamaño I 791715.6 10 bar 6-12 mm   6/4 mm

Tamaño I 1005745   6 bar 6-12 mm   6/4 mm

Tamaño II 792203.4 10 bar 6-12 mm 12/9 mm

Tamaño II 740427.0   6 bar 6-12 mm 12/9 mm

Tamaño III 792215.6 10 bar DN 10 12/9 mm

* La presión de apertura de rebose indicada aquí es la presión a la que empieza a abrirse la válvula.
Según el tipo de bomba, la presión hasta la apertura total de la válvula puede ser hasta el 50 %
mayor.

Aplicaciones

Tamaño I CONCEPT, Pneumados y Beta® 4: todos los tipos
gamma/ L: tipo 1000, 1601, 1602, 1005, 0708, 0413, 0220

y 1605

Tamaño II todos los tipos bajo tamaño I
Beta® 5: tipo 1008, 0713, 0420 y 0232
gamma/ L: tipo 1008, 0713, 0420 y 0232

Tamaño III Sigma/ 1 con rosca de unión DN 10

�(������������



 27ProMinent® �(������������



28 ProMinent®

Anschriften- und Liefernachweise durch den Hersteller /
Addresses and delivery through manufacturer /
Adresses et liste des fournisseurs fournies par le constructeuer /
Para informarse de las direcciones de los distribuidores, dirigirse al fabricante:

ProMinent Dosiertechnik GmbH
Im Schuhmachergewann 5-11 · 69123 Heidelberg
Germany
Tel.: +49 6221 842-0
Fax: +49 6221 842-419
info@prominent.com · www.prominent.com
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������ �2�3�(�5�$�7�,�2�1�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«
�������� �(�[�D�P�L�Q�D�W�L�R�Q���E�H�I�R�U�H���V�W�D�U�W�L�Q�J�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«
�������� �6�W�D�U�W�L�Q�J���R�S�H�U�D�W�L�R�Q�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«����

������ �0�$�,�1�7�(�1�$�1�&�(�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«����
�������� �0�D�M�R�U���S�R�L�Q�W�V���L�Q���U�H�J�X�O�D�U���L�Q�V�S�H�F�W�L�R�Q���D�Q�G���P�D�L�Q�W�H�Q�D�Q�F�H�«�«�«�«�«�«�«�«����
�������� �0�R�W�R�U���Z�L�Q�G�L�Q�J�V�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«������
�������� �&�O�H�D�Q�L�Q�J���R�I���W�K�H���L�Q�W�H�U�L�R�U���R�I���W�K�H���P�R�W�R�U�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«
�������� �&�O�H�D�Q�L�Q�J���R�I���W�K�H���H�[�W�H�U�L�R�U���R�I���W�K�H���P�R�W�R�U�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«������
�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���D�Q�W�L���I�U�L�F�W�L�R�Q���E�H�D�U�L�Q�J�V�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«����

������������ �)�U�H�T�X�H�Q�F�\���R�I���U�H���O�X�E�U�L�F�D�W�L�R�Q�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«����
������������ �.�L�Q�G�V���R�I���J�U�H�D�V�H�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«
������������ �*�U�H�D�V�H���T�X�D�Q�W�L�W�\�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«
������������ �5�H���J�U�H�D�V�L�Q�J�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«����
������������ �2�L�O���U�H���O�X�E�U�L�F�D�W�L�R�Q�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«��
������������ �&�O�H�D�Q�L�Q�J���D�Q�G���L�Q�V�W�D�O�O�D�W�L�R�Q���R�I���E�H�D�U�L�Q�J�V�«�«�«�«�«�«�«�«�«�«�«�«�«

�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���V�O�H�H�Y�H���E�H�D�U�L�Q�J�V�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«
������������ �'�D�L�O�\���L�Q�V�S�H�F�W�L�R�Q�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«������
������������ �5�H�J�X�O�D�U���H�[�D�P�L�Q�D�W�L�R�Q�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«����
������������ �'�L�V�D�V�V�H�P�E�O�\�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«��
������������ �5�H���D�V�V�H�P�E�O�\�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«��

�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���V�O�L�S���U�L�Q�J�V�����I�R�U���:�R�X�Q�G���5�R�W�R�U���R�Q�O�\���«�«�«�«�«�«�«�«�«�«
�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���Q�R�Q���U�H�Y�H�U�V�H���U�D�W�F�K�H�W���P�H�F�K�D�Q�L�V�P�����9�H�U�W�L�F�D�O���0�R�W�R�U�V���R�Q�O�\��

������ �)�$�8�/�7���)�,�1�'�,�1�*���$�1�'���5�(�&�2�*�1�,�7�,�2�1�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«����
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������ �,�1�7�5�2�'�8�&�7�,�2�1

This and the following instruction address the more common situations encountered in motor
installation, operation and maintenance.  For the TWMC motor warranty to be and to remain in
effect, the motor must be installed and operated in strict accordance with the outline drawing,
motor nameplates and these instructions and must not be altered or modified in any unauthorized
manner.

During the installation and operation of motors in heavy industrial applications there is a danger of
live electrical parts and rotating parts.  Therefore to prevent injury and/or damage the basic
planning work for installation, transportation, assembly, operation, etc... needs to be done and
checked by authorized and competent personnel only.

Since these instructions cannot cover every eventuality of installation, operation and
maintenance, the following points should be considered and checked.

�” The technical data and information on permissible use such as assembly, connection,
ambient and operating conditions given in the related catalogue, operating instructions,
nameplates and other production documentation.

�” The general erection and safety regulations.

�” The local and plant-specific specifications and requirements.

�” The proper use of transport, lifting devices and tools.

�” The use of personal protective equipment.

Following indications should be observed when reading these instructions.

�6�D�I�H�W�\���L�Q�V�W�U�X�F�W�L�R�Q�V���D�U�H���P�D�U�N�H�G���D�V���I�R�O�O�R�Z�V��

�:�D�U�Q�L�Q�J���R�I���H�O�H�F�W�U�L�F���K�D�]�D�U�G�V���I�R�U���S�H�U�V�R�Q�Q�H�O��

�:�D�U�Q�L�Q�J���R�I���G�D�Q�J�H�U�V���I�R�U���S�H�U�V�R�Q�Q�H�O��

�$�7�7�(�1�7�,�2�1��
�:�D�U�Q�L�Q�J���R�I���G�D�P�D�J�H���I�R�U���W�K�H���P�R�W�R�U���R�U���L�Q�V�W�D�O�O�D�W�L�R�Q��
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������ �$�&�&�(�3�7�,�1�*�����,�1�6�3�(�&�7�,�2�1�����6�7�2�5�$�*�(�����7�5�$�1�6�3�2�5�7�$�7�,�2�1

�,�Q�V�S�H�F�W�L�R�Q���X�S�R�Q���U�H�F�H�L�S�W
Check to following points upon receipt:

�” Are the nameplate ratings identical with what you ordered?

�” Are dimensions and color in compliance with your specifications?

�” Are the nameplate ratings for space heater, thermal protector, temperature detector, etc.
identical with what you ordered?

�” Is there any damage?

�” Are all accessories and accompanying instruction manuals in good order?

�” Please ensure that the arrow head indicator really indicates direction of rotation.

�” If there are any specific requirements, please ensure they are in conformity with your
specifications.

�����������6�W�R�U�D�J�H
When motors are not in operation, the following precautionary measures should be undertaken to
assure best performance.

�����������3�O�D�F�H
(a) High and dry, well ventilated without direct sun, dust or corrosive gas.
(b) Not located near to a boiler or freezer.
(c) Entirely free form vibration and easy for movements.
(d) Motors should be put on pallets to prevent moisture.

�������������0�R�L�V�W�X�U�H���S�U�H�Y�H�Q�W�L�R�Q
Since moisture can be very detrimental to electrical components, the motor temperature should
be maintained about 3ºC above the dew point temperature by providing either external or internal
heat.  If the motor is equipped with space heaters, they should be energized at the voltage shown
by the space heater nameplate attached to the motor.  Incandescent light bulbs can be placed
within the motor to provide heat.  However, if used, they must not be allowed to come in contact
with any parts of the motor because of the concentrated hot spot that could result.

������
Even during storage, the insulation resistance should be kept above the specified values.

(a) For measurement of insulation resistance and acceptable standard values, please refer
to measures stated in 3.1.2 “Measurement of insulation resistance”.

(b) Insulation resistance test should be performed once every three months.

��
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������
If the motor is not in operation for a long period  (one week and above) after installation or has
been in operation but stopped for a period of time, the following precautions must be taken.

(a) Protect the motor as measures stated in 2.2.3.
(b) Insulation resistance test should be performed as stated in 2.2.4.

�������������%�H�D�U�L�Q�J���S�U�R�W�H�F�W�L�R�Q

(a) If the motor has been provided with a shaft shipping brace to prevent shaft movement
during transit, it must be removed before operating the motor.  It is very important that
this brace be re-installed exactly as it was originally, before the motor is moved form
storage or any time when the motor is being transported.  This prevents axial rotor
movement that might damage the bearings.

(b) Motors equipped with sleeve bearings are shipped from the factory with the bearing oil
reservoirs drained.  In storage, the oil reservoirs should be properly filled to the center of
the oil level gauge with a good grade of rust inhibiting oil.  To keep the bearing journals
well oiled and to prevent rusting, the motor shaft should be rotated several revolutions
about every month ensuring the shaft does not come to rest in its original position.  While
the shaft is rotating, it should be pushed to both extremes of the endplay.

(c) Motors with anti-friction bearings are properly lubricated with the correct grade of grease
at the factory and no further greasing is required in storage.  The shaft should be rotated
several revolutions about every month to maintain proper distribution of the grease within
the bearings.

(d) Tilt-pad bearings are a type of sleeve bearing used in special design applications.  Due to
the nature of this bearing, a loose oil ring for delivering lubricant cannot be provided.
Therefore, during the storage internal, oil must be periodically manually introduced into
the pads and housing to prevent the occurrence of oxidation of the precision machined
components.
(1) Remove the pipe plug from the bearing cap located above the tilt-bearing shell.
(2) Pour in approximately one cup of oil every month and rotate the shaft a few

revolutions about every two (2) weeks.
(3) For long periods of storage, the oil that accumulates in the housing should be

removed.

�$�7�7�(�1�7�,�2�1��
�&�D�U�H���V�K�R�X�O�G���E�H���W�D�N�H�Q���W�R���N�H�H�S���S�D�U�W�V���V�X�F�K���D�V���I�L�W�W�L�Q�J���V�X�U�I�D�F�H�V�����N�H�\�����V�K�D�I�W���H�[�W�H�Q�V�L�R�Q���D�Q�G���D�[�L�D�O
�F�H�Q�W�U�D�O���K�R�O�H���I�U�R�P���D�Q�\���F�R�O�O�L�V�L�R�Q���Z�L�W�K���I�R�U�H�L�J�Q���P�D�W�W�H�U�������*�U�H�D�V�H���V�K�R�X�O�G���D�O�V�R���E�H���J�H�Q�H�U�R�X�V�O�\
�D�S�S�O�L�H�G���W�R���S�U�H�Y�H�Q�W���U�X�V�W�L�Q�J��

�������������7�U�D�Q�V�S�R�U�W�D�W�L�R�Q
To keep the rotating parts of motors from moving, thus preventing damage and scratching during
transportation, they should be held securely with a locking device.   Remove all transit clamps
before operating the motor.  It is very important that this device be reinstalled exactly as it was
originally, before the motor is moved from storage or any time when the motor is being
transported.  The vertical mounting type motors should be transported in the vertical position.
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�'�R���Q�R�W���X�V�H���W�K�H���K�R�L�V�W�L�Q�J���K�R�R�N���H�\�H�E�R�O�W�V���W�R���O�L�I�W���P�R�U�H���W�K�D�W���W�K�H���P�R�W�R�U���L�W�V�H�O�I�������7�K�H�\���D�U�H
�G�H�V�L�J�Q�H�G���W�R���V�X�S�S�R�U�W���W�K�H���P�R�W�R�U���R�Q�O�\�������0�D�N�H���V�X�U�H���W�K�H���K�R�L�V�W�L�Q�J���K�R�R�N���L�V���F�R�U�U�H�F�W�O�\
�D�W�W�D�F�K�H�G���W�R���W�K�H���H�\�H�E�R�O�W���V�����O�X�J���V�����D�U�H���I�X�O�O�\���V�F�U�H�Z�H�G���L�Q���E�H�I�R�U�H���K�R�L�V�W�L�Q�J�������$�O�V�R���Q�R�W�H
�V�X�F�K���S�D�U�W�V���D�V���I�D�Q���F�R�Y�H�U�����Y�H�Q�W�L�O�D�W�L�R�Q���E�R�[�����E�U�D�F�N�H�W�����V�O�L�S���U�L�Q�J�����H�W�F�����P�D�\���K�D�Y�H���W�K�H�L�U���R�Z�Q
�K�R�L�V�W�L�Q�J���O�X�J�V���Z�K�L�F�K���F�D�Q���R�Q�O�\���F�D�U�U�\���W�K�H�L�U���R�Z�Q���Z�H�L�J�K�W�������1�R�W�K�L�Q�J���H�[�W�U�D���V�K�R�X�O�G���E�H
�D�W�W�D�F�K�H�G���Z�K�L�O�H���K�R�L�V�W�L�Q�J��
�'�R���Q�R�W���W�Z�L�V�W���W�K�H���V�W�H�H�O���Z�L�U�H�V���D�Q�G���P�D�N�H���V�X�U�H���W�K�H���H�\�H�E�R�O�W�V���K�D�Y�H���E�H�H�Q���I�L�U�P�O�\���V�F�U�H�Z�H�G
�D�Q�G���W�K�H���V�O�L�Q�J���D�Q�J�O�H���L�V���F�R�U�U�H�F�W��

���� �,�1�6�7�$�/�/�$�7�,�2�1

�6�L�W�H���D�Q�G���H�Q�Y�L�U�R�Q�P�H�Q�W���I�R�U���P�R�W�R�U���L�Q�V�W�D�O�O�D�W�L�R�Q
����������
Standard environment and site conditions for the installation of motors are usually set as follows:

(a) Ambient temperature:  -10~40ºC
(b) Humidity:  Relative humidity below 90%RH for totally enclosed types, and below 80%RH

for semi-enclosed types.
(c) Elevation:  below 1000 meters or 3300 feet.
(d) Harmful gases, liquids, dusts, high moisture should be absent.
(e) Foundations should be strong and free of vibration.

If there are any special environmental conditions, please inform TWMC prior o ordering.

������������ �9�H�Q�W�L�O�D�W�L�R�Q���D�Q�G���V�S�D�F�H
(a) Installation area should be well ventilated.
(b) The installation space should be large enough to facilitate heat dissipation and

maintenance.

�������� �)�R�X�Q�G�D�W�L�R�Q
����������
Use rigid and solid sole plate or common bed as foundation.
For best motor performance, it is advisable to use a sole plate or common bed, particularly when
using a shaft coupling.

��
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������������ �,�Q�V�W�D�O�O�D�W�L�R�Q
(a) Select an appropriate foundation surface for the sole plate or common bed, which will be,

considered the ultimate level.
(b) Align the position of the common bed with reference to that level.
(c) Align the level accuracy at least at four points such as bearing mounting, shaft extension

etc.  The accuracy should be within 0.04mm or .0015 inches
(d) Sole plate or common bed should be embedded in concrete foundation as illustrated in Fig.

3.  Stiff pads should also be installed beneath the wedges, which are welded together at
various spots about 400-500mm (15.75-19.70 inches) apart etc., to enable the foundation
to carry evenly the weight of the whole motor.

(e) The base should be sturdy and rigid to keep it
flat and level.

(f) Make sure the mortar and concrete are
completely dry, and the precision of the level is
acceptable, and then set the motor on the
mounting foundation.

(g) Accurately install shaft couplings, belt sheaves
etc., then weld the wedges solid to prevent
untoward change in position.

������������ �7�K�H���I�R�X�Q�G�D�W�L�R�Q���R�I���Y�H�U�W�L�F�D�O���L�Q�G�X�F�W�L�R�Q���P�R�W�R�U�V���������$�O�V�R���W�K�H���I�R�X�Q�G�D�W�L�R�Q���R�I���S�X�P�S��
(a) Foundation of motor/pump must be rigid and secure to provide adequate support.  There

must be no vibration, twisting, misalignment etc. due to inadequate foundations.
(b) A massive concrete foundation is preferred in order to minimize vibration.  Rigidity and

stability are enhanced by prop plate and foundation bolt.  As shown in Fig. 4.

��
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������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���Y�H�U�W�L�F�D�O���P�R�W�R�U�V��
(a) All mounting surfaces must be clean and level.
(b) Foundation must be leveled at least at 4 points and guaranteed to be below 0.04mm

(.0015 in.) flat and level.
(c) Make sure the mortar and concrete are completely dry, and the precision of the level is

acceptable, and then set the motor on the mounting foundation.
(d) Accurately install shaft couplings.

�������� �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���V�K�D�I�W���F�R�X�S�O�L�Q�J

�$�7�7�(�1�7�,�2�1��
�0�R�W�R�U�V���P�X�V�W���D�O�Z�D�\�V���E�H���D�F�F�X�U�D�W�H�O�\���D�O�L�J�Q�H�G�����D�Q�G���W�K�L�V���D�S�S�O�L�H�V���H�V�S�H�F�L�D�O�O�\���Z�K�H�U�H���W�K�H�\���D�U�H
�G�L�U�H�F�W�O�\���F�R�X�S�O�H�G��
�,�Q�F�R�U�U�H�F�W���D�O�L�J�Q�P�H�Q�W���F�D�Q���O�H�D�G���W�R���E�H�D�U�L�Q�J���I�D�L�O�X�U�H�����Y�L�E�U�D�W�L�R�Q���D�Q�G���H�Y�H�Q���V�K�D�I�W���I�U�D�F�W�X�U�H�������$�V���V�R�R�Q
�D�V���E�H�D�U�L�Q�J���I�D�L�O�X�U�H���R�U���Y�L�E�U�D�W�L�R�Q���L�V���G�H�W�H�F�W�H�G�����W�K�H���D�O�L�J�Q�P�H�Q�W���V�K�R�X�O�G���E�H���F�K�H�F�N�H�G��

����������
Field application of a coupling to the motor shaft should follow the procedures recommended by
the coupling manufacturer.  The motor shaft extension must not be subjected to either extreme
heat or cold during coupling installation.

�$�7�7�(�1�7�,�2�1��
�%�D�V�L�F�D�O�O�\�����W�K�H���F�R�X�S�O�L�Q�J���V�K�R�X�O�G���E�H���K�H�D�W�H�G���D�Q�G���S�X�V�K�H�G���R�Q�W�R���W�K�H���V�K�D�I�W���H�[�W�H�Q�V�L�R�Q���Z�L�W�K���V�O�L�J�K�W
�D�[�L�D�O���I�R�U�F�H�������'�R���Q�R�W���K�D�P�P�H�U���F�R�X�S�O�L�Q�J���W�R���S�U�H�Y�H�Q�W���E�H�D�U�L�Q�J���G�D�P�D�J�H��

����������
Although the sleeve bearings are equipped with thrust faces, these are intended only to provide
momentary axial restraint of rotor movement either during start-up or when operating the motor
disconnected from the driven equipment.  They must not be operated under a constant thrust
load unless they were originally designed for this condition.

��
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Motors with either sleeve or anti-friction bearings are suitable for connection to the driven load
through a flexible coupling.  Coupling solidly to the load is not acceptable.  With sleeve bearings,
the flexible coupling should be of the limited end float type to prevent the possibility of any end
thrust from load being transmitted to the motor bearings, which could cause bearing damage.
The recommended limits of end float are as follows:

(a) When the motor is in operation after installation, be sure that the end-play indicator is
within the 6mm (.236 in.) of the groove on the shaft or aligned to the shaft shoulder
immediately outboard of the drive-end bearing to assure there is low friction between shaft
and bearing.

(b)  Unless otherwise specified, the designed end-play value X of the groove for TWMC
motors in general is within 6mm (.236 in.) as illustrated in Fig. 6.  In essence, the endplay
indicator is adjusted to point at the center of the groove or the drive-end shaft shoulder;
thus X equals to 6±1mm or so, and the endplay value (Y) of the couplings should equal or
be smaller than 3mm (.118 in.).

(c) If the desired value Y is grater than 3mmm (.118 in.) caused for instance by a thrust load
and/or load machine with large end-play, please inform TWMC prior to entering an order.

����������
In aligning the motor (and rotor) axially with the driven equipment, consideration should be given
not only to the endplay indicator position but also to axial shaft expansion and increase in shaft
centerline height due to thermal effects.  In general, the axial shaft growth for motors can be
disregarded since neither bearing is fixed and any shaft growth due to temperature increase will
produce an elongation away from the coupling.

Shaft height growth (change in shaft centerline elevation) for TEFC machines can be calculated
as follows:

�û=(0.0005”) x (motor foot to shaft £ dimension)
For non-TEFC machines, divide the number by 2.

����������
It is desirable, in normal operation that the motor operates on its magnetic center, so that no axial
force is exerted on the coupling.
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The motor shaft and the driven shaft should be aligned within the following tolerances in both
angular and parallel alignment:

Unit: mm
TIR Range of rotating speed Solid coupling Flexible coupling

2500 rpm and above 0.03 0.03
C

Below 2500 rpm 0.04 0.05
2500 rpm and above 0.03 0.03

A
Below 2500 rpm 0.03 0.04

Angular misalignment is the amount by which the centerlines of driver and driven shafts are
skewed.  It can be measured using a dial indicator set up as shown in Fig. 7.  The couplings are
rotated together through 360 degrees so that the indicator does not measure runout of the
coupling hub face.  The shafts should be forced against either the in or out extreme of their end
float while being rotated.

Parallel misalignment is the amount by which the centerlines of the driver and driven shafts are
out of parallel.  It can be measured using a dial indicator set up as shown in Fig. 8.  Again, the
couplings are rotated together through 360 degrees so that the indicator does not measure runout
of the coupling hub outside diameter.

����������
After the motor has been properly aligned with the driven equipment and the hold-down bolts
have been installed and tightened, for motors with fabricated frames, at least two dowel pins
should be installed in two diagonally opposite motor feet.

������������ �,�Q�V�W�D�O�O�D�W�L�R�Q���R�I���V�K�D�I�W���F�R�X�S�O�L�Q�J���������9�H�U�W�L�F�D�O���K�R�O�O�R�Z���V�K�D�I�W���P�R�W�R�U���R�Q�O�\��
Bolted Coupling as shown in Fig. 9

(a) Bearings are provided to absorb some upward shaft thrust when the coupling is fitted.
(b) The coupling is fastened with bolts.
(c) This coupling type is not auto-release type.

Note: Standard high thrust motors can absorb momentary up-thrust load up to 30% of the
standard down thrust load.  If the up-thrust is long in duration (over 10 Seconds) and/or
exceeds 30% of the standard high thrust rating, special design arrangements are
required and standard motor is not suitable.
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������������ �1�R�Q���U�H�Y�H�U�V�H���U�D�W�F�K�H�W���F�R�X�S�O�L�Q�J�����D�V���)�L�J�������������,�I���Q�H�F�H�V�V�D�U�\��
The non-reverse coupling is also a bolted type and,

(a) It prevents the pump and motor from rotating in the reverse direction.
(b) It also prevents damage form over speeding and damage to pump shaft and bearings.
(c) The ratchet pins are lifted by the ratchet teeth and are held clear by centrifugal force and

friction as the motor comes up to speed.
(d) When power is removed, speed decreases, and the pins fall.  At the instant of reversal, a

pin will catch in a ratchet tooth and prevent backward rotation.
(e) When installing the non-reverse coupling, do not use lubricant.  Lubricant will interfere with

proper operation.  The top half of the coupling should seat solidly on the lower half and the
pins should touch the bottom of the pockets between the teeth in the plate.

(f) As with the bolted coupling, the up-thrust capabilities are 30% of the standard high thrust
rating for down thrust.

�$�7�7�(�1�7�,�2�1��
�'�R���Q�R�W���D�S�S�O�\���Q�R�Q���U�H�Y�H�U�V�H���U�D�W�F�K�H�W�V���R�Q���D�S�S�O�L�F�D�W�L�R�Q�V���L�Q���Z�K�L�F�K���W�K�H���S�X�P�S���U�H�Y�H�U�V�D�O���W�L�P�H���I�U�R�P
�V�K�X�W�G�R�Z�Q�����W�K�H���L�Q�V�W�D�Q�W���W�K�H���V�W�R�S���E�X�W�W�R�Q���L�V���S�U�H�V�V�H�G�����W�R���]�H�U�R���V�S�H�H�G���L�V���O�H�V�V���W�K�D�Q���R�Q�H���V�H�F�R�Q�G��

�������� �,�Q�V�W�D�O�O�D�W�L�R�Q���I�R�U���E�H�O�W���G�U�L�Y�H
In general, power transmission though direct flexible coupling is appropriate for large motors.
Such motors are not suitable for belt, chain or gear connection unless specially designed for such
service.  However, for small and medium motors of which outputs within the ranges shown on
table below, it is acceptable to use belt transmission as indicated.  Beyond these ranges, do not
apply belt sheaves unless specially designed.

����������
The diameter ratio between conveyance sheaves should not be greater than 5 to 1 for flat belts,
and 8 to 1 for V-belts.  It is also advisable to limit the belt velocity to under 35m/sec (115 ft/sec) to
limit belt abrasion and vibration.  The smaller the outer diameter of the V-belt sheave, the greater
the shaft bending stress will be.  If the bending stress is in excess of the shaft fatigue stress, the
shaft may break.  Therefore, please inform TWMC when you have decided the size of the
sheaves and the length of the belts upon ordering.
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�$�7�7�(�1�7�,�2�1��
�3�O�D�F�H���W�K�H���V�K�H�D�Y�H���D�Q�G���E�H�O�W���D�V���F�O�R�V�H���D�V���S�R�V�V�L�E�O�H���W�R���W�K�H���P�R�W�R�U
�E�R�G�\�����L�W���L�V���D�G�Y�L�V�D�E�O�H���W�R���P�D�N�H���[���D�V���V�K�R�Z�Q���L�Q���)�L�J�����������H�T�X�D�O���W�R������
�W�R���U�H�G�X�F�H���W�K�H���E�H�Q�G�L�Q�J���P�R�P�H�Q�W���D�Q�G���L�P�S�U�R�Y�H���V�K�D�I�W���O�L�I�H��

�������������7�D�E�O�H���R�I���E�H�O�W���V�K�H�D�Y�H���D�S�S�O�L�F�D�W�L�R�Q���I�R�U���J�H�Q�H�U�D�O���H�O�H�F�W�U�L�F���P�R�W�R�U�V
�9���%�H�O�W���6�K�H�D�Y�H�2�X�W�S�X�W

���.�:���+�3�� �&�R�Q�Y�H�Q�W�L�R�Q�D�O���9���%�H�O�W�V �1�D�U�U�R�Z���9���%�H�O�W�V

���3 ���3 ���3 �9���%�H�O�W
�7�\�S�H

�1�X�P�E�H�U
�2�I

�%�H�O�W�V

�0�L�Q��
�3�&�'
���P�P��

�0�D�[
�:�L�G�W�K
���P�P��

�9���%�H�O�W
�7�\�S�H

�1�X�P�E�H�U
�2�I

�%�H�O�W�V

�0�L�Q��
�3�&�'
���P�P��

�0�D�[
�:�L�G�W�K
���P�P��

11/15 - - B 4 160 82 3V 4 125 48
- 11/15 - B 5 170 101 3V 5 140 59
- - 11/15 B 5 190 101 3V 6 160 69

15/20 - - B 5 170 101 3V 6 125 69
- 15/20 - B 5 224 101 3V 6 160 69
- - 15/20 C 4 224 111 5V 3 180 60

18.5/25 - - B 5 200 101 3V 6 140 69
- 18.5/25 - C 4 224 111 5V 3 180 60
- - 18.5/25 C 5 224 136 5V 4 180 78

22/30 - - B 5 224 101 5V 6 160 69
- 22/30 - C 5 224 136 3V 4 180 78
- - 22/30 C 5 250 136 5V 4 200 78

30/40 - - C 5 224 136 5V 4 180 78
- 30/40 - C 5 265 136 5V 4 224 78
- - 30/40 C 6 265 162 5V 5 224 95

37/50 - - C 6 224 162 5V 4 200 78
- 37/50 - C 6 265 162 5V 4 224 78
- - 37/50 C 7 280 187 5V 5 250 95

45/60 - - C 6 265 162 5V 4 224 78
- 45/60 - C 7 280 187 5V 5 224 95
- - 45/60 C 7 315 187 5V 6 250 113

55/75 - - C 7 265 187 5V 5 224 95
- 55/75 - C 8 300 213 5V 6 250 113
- - 55/75 D 5 355 196 5V 6 280 113

75/100 - - C 8 315 213 5V 6 250 113
- 75/100 - D 6 355 233 5V 6 315 113
- - 75/100 D 6 400 233 5V 6 355 113
- 90/120 - D 6 400 233 5V 6 355 113
- - 90/120 D 6 425 233 8V 4 355 124
- 110/150 - D 7 400 270 8V 4 355 124
- 132/175 110/150 D 7 450 270 8V 4 400 124
- 160/200 132/175 D 9 450 344 8V 4 450 124

�������� �&�R�Q�Y�H�\�D�Q�F�H���Z�L�W�K���F�K�D�L�Q���R�U���J�H�D�U

����������
Make sure the loading capacity of shaft and bearings is appropriate for the size and installation
position (overhung) of chain and gear.  If necessary, please contact us to ensure the shaft and
bearings will meet your requirements.
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����������
Pay close attention to ensure the parallelism of shafts.

����������
The teeth of couplings should be correctly and precisely matched; the force conveyance
centers should lie on the same line.

����������
There should be no skip, jumping, vibration or unusual noises.

�$�7�7�(�1�7�,�2�1��
�'�R���Q�R�W���K�D�P�P�H�U���W�K�H���F�R�Q�Y�H�\�D�Q�F�H���G�H�Y�L�F�H�V���V�X�F�K���D�V���F�R�X�S�O�L�Q�J�V�����E�H�O�W���V�K�H�D�Y�H�V�����F�K�D�L�Q���Z�K�H�H�O�V��
�J�H�D�U�V���H�W�F�����R�Q�W�R���W�K�H���V�K�D�I�W�������7�K�R�V�H���V�K�D�I�W���I�L�W�P�H�Q�W�V���V�K�R�X�O�G���E�H���I�L�W�W�H�G���D�Q�G���U�H�P�R�Y�H�G���R�Q�O�\���E�\
�P�H�D�Q�V���R�I���V�X�L�W�D�E�O�H���G�H�Y�L�F�H�V�������+�H�D�W���V�K�U�L�Q�N�L�Q�J���P�D�\���E�H���D���E�H�W�W�H�U���D�O�W�H�U�Q�D�W�L�Y�H���W�R���D�Y�R�L�G���G�D�P�D�J�L�Q�J
�E�H�D�U�L�Q�J�V���D�Q�G���F�R�P�S�R�Q�H�Q�W�V��

�7�K�H���H�[�S�R�V�H�G���U�R�W�D�W�L�Q�J���S�D�U�W�V���V�K�R�X�O�G���E�H���F�R�Y�H�U�H�G���W�R���S�U�H�Y�H�Q�W���D�F�F�L�G�H�Q�W�V��

�������� �(�O�H�F�W�U�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V
All interconnecting wiring for controls and grounding should be in strict accordance with local
requirements such as the USA National Electrical Code and UK IEE wiring regulations.  Wiring of
motor and control, overload protection and grounding should follow the instructions of connection
diagrams attached to the motor.

������������ �3�R�Z�H�U
The rated conditions of operation for the motor are as shown on the nameplate.  Within the limits,
given below, of voltage and frequency variation from the nameplate values, the motor will
continue to operate but with performance characteristics that may differ from those at rated
conditions:

±10% of rated voltage
±5% of rated frequency
±10% combined voltage and frequency variation so long as frequency variation is
no more than ±5% of rated.

Operating the motor at voltages and frequencies outside of the above limits can result in both
unsatisfactory motor performance and damage to or failure of the motor.

����������
The main lead box furnished with the motor has been sized to provide adequate space for the
make-up of the connections between the motor lead cables and the incoming power cables.

�7�K�H���E�R�O�W�H�G���M�R�L�Q�W�V���E�H�W�Z�H�H�Q���W�K�H���P�R�W�R�U���O�H�D�G���D�Q�G���W�K�H���S�R�Z�H�U���F�D�E�O�H�V���P�X�V�W���E�H���P�D�G�H���D�Q�G
�L�Q�V�X�O�D�W�H�G���L�Q���D���Z�R�U�N�P�D�Q���O�L�N�H���P�D�Q�Q�H�U���I�R�O�O�R�Z�L�Q�J���W�K�H���E�H�V�W���W�U�D�G�H���S�U�D�F�W�L�F�H�V��

����������
Either fabricated motors or fan cooled cast frame, motors are all provided with grounding pads or
bolts.

�7�K�H���P�R�W�R�U���P�X�V�W���E�H���J�U�R�X�Q�G�H�G���E�\���S�U�R�S�H�U���F�R�Q�Q�H�F�W�L�R�Q���W�R���W�K�H���H�O�H�F�W�U�L�F�D�O���V�\�V�W�H�P���J�U�R�X�Q�G��
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����������
The rotation direction of the motor will be as shown by either a nameplate on the motor or the
outline drawing.  The required phase rotation of the incoming power for this motor rotation may
also be stated.  If either is unknown, the correct sequence can be determined in the following
manner: While the motor is uncoupled from the load, start the motor and observe the direction of
rotation.  Allow the motor to achieve full speed before disconnecting it from the power source.
Refer to the operation section of these instructions for information concerning initial start-up.  If
resulting rotation is incorrect, it can be reversed by interchanging any two (2) incoming cables.

�������������$�X�[�L�O�L�D�U�\���G�H�Y�L�F�H�V
Auxiliary devices such as resistance temperature detectors, thermocouples, thermoguards, etc.,
will generally terminate on terminal blocks located in the auxiliary terminal box on the motor.
Other devices may terminate in their own enclosures elsewhere on the motor.  Such information
can be obtained by referring to the outline drawing.  Information regarding terminal designation
and the connection of auxiliary devices can be obtained from auxiliary drawings or attached
nameplates.
If the motor is provided with internal space heaters, the incoming voltage supplied to them must
be exactly as shown by either a nameplate on the motor or the outline drawing for proper heater
operation.

�&�D�X�W�L�R�Q���P�X�V�W���E�H���H�[�H�U�F�L�V�H�G���D�Q�\�W�L�P�H���F�R�Q�W�D�F�W���L�V���P�D�G�H���Z�L�W�K���W�K�H���L�Q�F�R�P�L�Q�J���V�S�D�F�H
�K�H�D�W�H�U���F�L�U�F�X�L�W���D�V���V�S�D�F�H���K�H�D�W�H�U���Y�R�O�W�D�J�H���L�V���R�I�W�H�Q���D�X�W�R�P�D�W�L�F�D�O�O�\���D�S�S�O�L�H�G���Z�K�H�Q���W�K�H
�P�R�W�R�U���L�V���V�K�X�W�G�R�Z�Q��

������ �2�3�(�5�$�7�,�2�1

�������� �(�[�D�P�L�Q�D�W�L�R�Q���E�H�I�R�U�H���V�W�D�U�W
����������
When motors are installed in good manner, ensure the wiring is according to the diagram.  Also,
the following points should be noted:

(a) Make sure all wiring is correct.
(b) Ensure the sizes of cable wires are appropriate and all connections are well made for the

currents they will carry.
(c) Ensure all connections are properly insulated for the voltage and temperature they will

experience.
(d) Ensure the capacity of fuses, switches, magnetic switches and thermo relays etc. are

appropriate and the contactors are in good condition.
(e) Make sure the frame and terminal box are grounded.
(f) Make sure that the starting method is correct.
(g) Make sure switches and starters are set at their right positions.
(h) Motor heaters must be switched off when the motor is running.

������������ �0�H�D�V�X�U�H�P�H�Q�W���R�I���L�Q�V�X�O�D�W�L�R�Q���U�H�V�L�V�W�D�Q�F�H

�'�X�U�L�Q�J���D�Q�G���L�P�P�H�G�L�D�W�H�O�\���D�I�W�H�U���P�H�D�V�X�U�L�Q�J�����W�K�H���W�H�U�P�L�Q�D�O�V���P�X�V�W���Q�R�W���E�H���W�R�X�F�K�H�G���D�V���W�K�H�\
�P�D�\���F�D�U�U�\���U�H�V�L�G�X�D�O���G�D�Q�J�H�U�R�X�V���Y�R�O�W�D�J�H�V�������)�X�U�W�K�H�U�P�R�U�H�����L�I���S�R�Z�H�U���F�D�E�O�H�V���D�U�H
�F�R�Q�Q�H�F�W�H�G�����P�D�N�H���V�X�U�H���W�K�D�W���W�K�H���S�R�Z�H�U���V�X�S�S�O�L�H�V���D�U�H���F�O�H�D�U�O�\���G�L�V�F�R�Q�Q�H�F�W�H�G���D�Q�G���W�K�H�U�H
�D�U�H���Q�R���P�R�Y�L�Q�J���S�D�U�W�V��
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(a) For rated voltage below 1000V, measured with a 500VDC megger.
(b) For rated voltage above 1000V, measured with a 1000VDC megger.
(c) In accordance with IEEE 43, clause 9.3, the following formula should be applied:

Rated voltage (v)
R�• (

1000
 + 1) x 10(M�Ÿ)

(d) On a new winding, where the contaminant causing low insulation resistance is generally
moisture, drying the winding through the proper application of heat will normally increase
the insulation resistance to an acceptable level.  The following are several accepted
methods for applying heat to the winding:
(1) If the motor is equipped with space heaters, they can be energized to heat the

winding.
(2) Direct current (as from a welder) can be passed through the winding.  The total current

should not exceed approximately 50% of rated full load current.  If the motor has only
three leads, two must be connected together to form one circuit through the winding.
In this case, one phase will carry the fully applied current and each of the others, one-
half each.  If the motor has six leads (3 mains and 3 neutrals), the three phases should
be connected into one series circuit.

�(�Q�V�X�U�H���W�K�H�U�H���L�V���D�G�H�T�X�D�W�H���J�X�D�U�G�L�Q�J���V�R���O�L�Y�H���S�D�U�W�V���F�D�Q�Q�R�W���E�H���W�R�X�F�K�H�G��

(3) Heated air can either blown directly into the motor or into a temporary enclosure
surrounding the motor.  The source of heated air should preferably be electrical as
opposed to fueled (such as kerosene) where a malfunction of the fuel burner could
result in carbon entering the motor.

�$�7�7�(�1�7�,�2�1��
�&�D�X�W�L�R�Q���P�X�V�W���E�H���H�[�H�U�F�L�V�H�G�����Z�K�H�Q���K�H�D�W�L�Q�J���W�K�H���P�R�W�R�U���Z�L�W�K���D�Q�\���V�R�X�U�F�H���R�I���K�H�D�W���R�W�K�H�U���W�K�D�Q���V�H�O�I
�F�R�Q�W�D�L�Q�H�G���V�S�D�F�H���K�H�D�W�H�U�V�����W�R���U�D�L�V�H���W�K�H���Z�L�Q�G�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���D�W���D���J�U�D�G�X�D�O���U�D�W�H���W�R���D�O�O�R�Z���D�Q�\
�H�Q�W�U�D�S�S�H�G���P�R�L�V�W�X�U�H���W�R���Y�D�S�R�U�L�]�H���D�Q�G���H�V�F�D�S�H���Z�L�W�K�R�X�W���U�X�S�W�X�U�L�Q�J���W�K�H���L�Q�V�X�O�D�W�L�R�Q�������7�K�H���H�Q�W�L�U�H
�K�H�D�W�L�Q�J���F�\�F�O�H���V�K�R�X�O�G���H�[�W�H�Q�G���R�Y�H�U���������������K�R�X�U�V��

Insulation resistance measurements can be made while the winding is being heated.
However, they must be corrected to 40ºC for evaluation since the actual insulation
resistance will decrease with increasing temperature.  As an approximation for a new
winding, the insulation resistance will approximately halve for each 10ºC increase in
insulation temperature above the dew point temperature.

(e) Should the resistance fail to attain the specified value even after drying, careful
examination should be undertaken to eliminate all other possible causes, if any.

������������ �3�R�Z�H�U���6�R�X�U�F�H
(a) Ensure the capacity of the power source is sufficient.
(b) Ensure the supply voltage and frequency ratings are identical to those on the nameplate.
(c) Voltage variation should be confined to within ±10% of the rated value and the phase to

phase voltages should be balanced.
����
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������������ �%�H�D�U�L�Q�J���O�X�E�U�L�F�D�W�L�R�Q
(a) For sleeve bearing motors, the oil reservoir must be filled with oil to the correct level.  On

self-lubricated bearings, the standstill oil level will be at the center of the oil gauge.  The
proper oil is a rust and oxidation inhibited, turbine grade oil.  Refer to the lubrication
nameplate for the recommended viscosity.

(b) Motors, which are supplied with provision for flood lubrication, have an inlet orifice to
meter the oil flow to the bearing.  Refer to the outline drawing for these values.  If the
supply pressure does not match that stated on the outline, the orifice size must be
adjusted to produce the specified flow rate.  The drain adapter (also provided) has a weir
plate fixed to the inside of the pipe to permit the establishment of the proper oil level.  This
weir plate must be located at the bottom of the pipe and must be parallel to the plane of
the motor feet.  To ensure optimum flow, the drain line should be vented to the
atmosphere.

Oil inlet temperature: Normal below 50ºC
Alarm 60ºC
Trip 65ºC

(c) If the motor is in storage for over three (3) months, refilling of some new oil should be
undertaken before operation to prevent bearing damage due to dry friction.  The oil level
should be kept at the center of the oil gauge.  If necessary, drain some oil after refilling.

(d) Motors that have been designed with anti-friction bearings for use with an oil mist
lubrication system have been packed at the factory with a small amount of grease for short
test runs.  Continuous running should not be considered unless the oil mist system is
installed and operating.

(e) Grease lubricant type
(1) The bearings have been well greased at the factory before delivery.  However,

regreasing is required if a significant period has elapsed between manufacture and
use or in storage

(2) All motors with ZZ bearings will have SHELL Alvania R3 (Lithium base grease). All
motors with open bearings will have Polyrex EM (polyurea base grease).

������������ �&�R�R�O�L�Q�J���Z�D�W�H�U���I�R�U���W�K�H���F�R�R�O�H�U���R�Q���Z�D�W�H�U���F�R�R�O�H�G���P�R�W�R�U�V
Make sure the quality, volume and inlet temperature of cooling water for the motors are normal
before the machine is in operation.

Water:  General tower water or industrial water.
Volume:  Please see outline drawing
Inlet temperature: Normal below 30ºC

Alarm 35ºC
Trip 40ºC

�$�7�7�(�1�7�,�2�1��
�0�D�N�H���V�X�U�H���D�O�O���O�R�F�N�V�����Z�K�L�F�K���I�D�V�W�H�Q���W�K�H���P�R�Y�D�E�O�H���S�D�U�W�V���R�I���W�K�H���P�R�W�R�U�V���G�X�U�L�Q�J���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q��
�D�U�H���G�L�V�P�D�Q�W�O�H�G���D�Q�G���W�K�H���V�K�D�I�W���F�D�Q���U�R�W�D�W�H���I�U�H�H�O�\��

�$�7�7�(�1�7�,�2�1��
�(�Q�V�X�U�H���W�K�H�U�H���L�V���Q�R���I�R�U�H�L�J�Q���P�D�W�W�H�U���R�U���W�R�R�O�V���L�Q�V�L�G�H���W�K�H���P�R�W�R�U�V���E�H�I�R�U�H���V�W�D�U�W�L�Q�J���P�R�W�R�U�V��
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����������
Make sure the transmission system, including belts, screws, bolts, nuts and set pins are in good
condition.

�7�K�H���N�H�\�V���I�L�W�W�H�G���W�R���W�K�H���V�K�D�I�W���H�[�W�H�Q�V�L�R�Q�V���D�U�H���K�H�O�G���E�\���S�O�D�V�W�L�F���W�D�S�H���R�Q�O�\���W�R���S�U�H�Y�H�Q�W
�W�K�H�P���I�U�R�P���I�D�O�O�L�Q�J���R�X�W���G�X�U�L�Q�J���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q���R�U���K�D�Q�G�O�L�Q�J�������7�K�H���V�K�D�I�W���N�H�\���V�K�D�O�O���E�H
�U�H�P�R�Y�H�G���W�R���D�Y�R�L�G���I�O�\�L�Q�J���R�X�W�����Z�K�H�Q���W�K�H���P�R�W�R�U���L�V���R�S�H�U�D�W�H�G���S�U�L�R�U���W�R���W�K�H���F�R�X�S�O�L�Q�J�V���H�W�F��
�E�H�L�Q�J���I�L�W�W�H�G���W�R���W�K�H���V�K�D�I�W���H�[�W�H�Q�V�L�R�Q��

����������
Make sure the items above are examined.  Test the motor running with or without load.  Record
and check according to “Maintenance” at 15-minute intervals during the first three hours of
operation.  Then regular examinations should take place at longer intervals.  If all goes well the
motor can be classified as “in good order”.

�������� �6�W�D�U�W�L�Q�J���R�S�H�U�D�W�L�R�Q

������������ �6�W�D�U�W�L�Q�J���O�R�D�G
Initially run the motor unloaded prior to coupling to other machines.  Unless otherwise specified, a
motor usually starts with light load, which is then gradually increased, proportional to the square
of the speed and at last reaches 100% load at full load speed.

������������ �6�W�D�U�W�L�Q�J
Too frequent starts can be harmful to the motors.  The following restrictions should be observed:

(a) Motor can be restarted should the initial start fail.  Two starts are generally permissible
when the motor is cold.

(b) Motor can be started only once when it is at normal running temperature.
(c) Should additional starts be necessary beyond the conditions stated above, the following

restrictions should be noted:
(1) Let the motor cool down for 60 minutes before restarting, fully loaded.
(2) Let the motor cool down for 30 minutes before restarting, unloaded.
(3) Two inching starts can be regarded as one normal start.

�$�7�7�(�1�7�,�2�1��
�,�I���W�K�H���P�R�W�R�U���U�R�W�R�U���I�D�L�O�V���W�R���V�W�D�U�W���W�X�U�Q�L�Q�J���Z�L�W�K�L�Q���R�Q�H���R�U���W�Z�R���V�H�F�R�Q�G�V�����V�K�X�W���R�I�I���W�K�H���S�R�Z�H�U
�V�X�S�S�O�\���L�P�P�H�G�L�D�W�H�O�\��
�,�Q�Y�H�V�W�L�J�D�W�H���W�K�R�U�R�X�J�K�O�\���D�Q�G���W�D�N�H���F�R�U�U�H�F�W�L�Y�H���D�F�W�L�R�Q���E�H�I�R�U�H���D�W�W�H�P�S�W�L�Q�J���D���U�H�V�W�D�U�W��

Possible reasons for not starting are:
(1) Too low a voltage at the motor terminals.
(2) The load is too much for the rotor to accelerate.
(3) The load is frozen up mechanically.
(4) All electrical connections have not been made.
(5) Single-phase power has been applied.
(6) Any combination of the above.
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������������ �5�R�W�D�W�L�Q�J���G�L�U�H�F�W�L�R�Q
(a) Most TWMC motors are bi-directional.  However, when some special types, such as high

speed 2-Pole, certain large capacity motors, those with a non-reversing ratchet etc.,
should rotate in one direction, please ensure the rotation is in conformity with the
directional arrow-mark shown on the attached nameplate.

(b) To reverse a bi-directional motor, cut the power and wait until the motor stops.  Then
interchange any two of the three phases.

������������ �3�R�Z�H�U���V�R�X�U�F�H�����9�R�O�W�D�J�H�����&�X�U�U�H�Q�W
(a) Ensure the voltage and frequency of the power source are identical to the ratings shown

on the nameplate.
(b) Voltage variation should be confined to within ±10% of the rating and the three phase

voltages should be in full balance
(c) Ensure the motor phase currents, when without load, are within ±5% of the average

values.

����������
Frequency variation should be confined to within ±5% of the rating.  The aggregate variation of
voltage and frequency should be confined to within ±10% of the absolute value of the ratings.

�6�W�D�U�W�L�Q�J���W�L�P�H���D�Q�G���X�Q�X�V�X�D�O���Q�R�L�V�H�V
�$�7�7�(�1�7�,�2�1��
�6�W�D�U�W�L�Q�J���W�L�P�H���L�V���O�R�Q�J�H�U���I�R�U���W�K�H���P�R�W�R�U�V���Z�L�W�K���O�D�U�J�H���L�Q�H�U�W�L�D�������+�R�Z�H�Y�H�U�����L�I���V�W�D�U�W�L�Q�J���W�L�P�H���L�V���O�R�Q�J�H�U
�W�K�D�Q���X�V�X�D�O���R�U���L�I���W�K�H�U�H���L�V���G�L�I�I�L�F�X�O�W�\���L�Q���V�W�D�U�W�L�Q�J�����R�U���W�K�H�U�H���L�V���D�E�Q�R�U�P�D�O���Q�R�L�V�H�����G�R���Q�R�W���U�X�Q���W�K�H
�P�R�W�R�U���D�Q�G���U�H�I�H�U���W�R���7�:�0�&���6�H�U�Y�L�F�H���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H��

������������ �6�O�H�H�Y�H���E�H�D�U�L�Q�J���R�L�O���U�L�Q�J�V�����V�O�H�H�Y�H���E�H�D�U�L�Q�J���W�\�S�H�V���R�Q�O�\��
As the oil ring is used to carry lubricant to sleeve bearings, frequently check to ensure the oil ring
is in motion.

������������ �%�H�D�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���U�L�V�H
Following the initial start-up, the bearing temperatures should be closely monitored.  The rate of
rise in bearing temperature is more indicative of impending trouble than is the actual temperature.

�$�7�7�(�1�7�,�2�1��
�,�I���W�K�H���U�D�W�H���R�I���U�L�V�H���L�Q���W�H�P�S�H�U�D�W�X�U�H���L�V���H�[�F�H�V�V�L�Y�H���R�U���L�I���W�K�H���P�R�W�R�U���H�[�K�L�E�L�W�V���H�[�F�H�V�V�L�Y�H���Y�L�E�U�D�W�L�R�Q���R�U
�Q�R�L�V�H�����L�W���V�K�R�X�O�G���E�H���V�K�X�W���G�R�Z�Q���L�P�P�H�G�L�D�W�H�O�\���D�Q�G���D���W�K�R�U�R�X�J�K���L�Q�Y�H�V�W�L�J�D�W�L�R�Q���P�D�G�H���D�V���W�R���W�K�H
�F�D�X�V�H���E�H�I�R�U�H���L�W���L�V���R�S�H�U�D�W�H�G���D�J�D�L�Q��

If the bearing temperature rise and motor operation appear to be normal, operation should
continue until the bearing temperature stabilizes.

Recommended limits on bearing temperature are as follows:
�6�O�H�H�Y�H���%�H�D�U�L�Q�J�V �7�R�W�D�O���P�H�D�V�X�U�H�G���W�H�P�S�H�U�D�W�X�U�H
�” By permanently installed detector 90ºC
�” By temporary detector on top of the bearing
    sleeve near the oil ring

85ºC
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�$�Q�W�L���)�U�L�F�W�L�R�Q���%�H�D�U�L�Q�J�V �7�R�W�D�O���P�H�D�V�X�U�H�G���W�H�P�S�H�U�D�W�X�U�H
�” By permanently installed detector 100ºC
�” By temporary detector measuring the outside
   of the bearing housing

95ºC

�$�7�7�(�1�7�,�2�1���������)�R�U���V�O�H�H�Y�H���E�H�D�U�L�Q�J��
�������� �,�W���P�X�V�W���E�H���Q�R�W�H�G���W�K�D�W���Z�K�H�Q���R�S�H�U�D�W�L�Q�J���I�O�R�R�G���O�X�E�U�L�F�D�W�H�G���V�O�H�H�Y�H���E�H�D�U�L�Q�J�V���Z�L�W�K�R�X�W���R�X�W�V�L�G�H

�O�X�E�U�L�F�D�W�L�R�Q���V�X�S�S�O�L�H�G�����W�K�H���E�H�D�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���P�X�V�W���Q�R�W���E�H���D�O�O�R�Z�H�G���W�R���H�[�F�H�H�G�������ž�&���W�R�W�D�O
�W�H�P�S�H�U�D�W�X�U�H

�������� �8�Q�G�H�U���Q�R�U�P�D�O���F�R�Q�G�L�W�L�R�Q�����I�R�U���W�K�H���V�H�O�I���O�X�E�H���E�H�D�U�L�Q�J�����W�K�H���U�D�W�H���R�I���W�H�P�S�H�U�D�W�X�U�H���U�L�V�H���V�K�R�X�O�G
�E�H���I�U�R�P���������W�R�������ž�&���I�R�U���W�K�H���I�L�U�V�W���W�H�Q�������������P�L�Q�X�W�H�V���D�I�W�H�U���V�W�D�U�W�L�Q�J���X�S���D�Q�G���D�S�S�U�R�[�L�P�D�W�H�O�\
�����ž�&���D�W���W�K�L�U�W�\�������������P�L�Q�X�W�H�V�������7�K�H���U�D�W�H���R�I���E�H�D�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���U�L�V�H���L�V���D���I�X�Q�F�W�L�R�Q���R�I���W�K�H
�Q�D�W�X�U�D�O���Y�H�Q�W�L�O�D�W�L�R�Q���D�Q�G���R�S�H�U�D�W�L�Q�J���F�R�Q�G�L�W�L�R�Q�V��

�������� �:�K�H�Q���W�K�H���U�D�W�H���R�I���E�H�D�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���U�L�V�H���L�V���O�H�V�V���W�K�D�Q�����ž�&���S�H�U���K�D�O�I���K�R�X�U�����W�K�H���E�H�D�U�L�Q�J
�W�H�P�S�H�U�D�W�X�U�H���L�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���V�W�D�E�L�O�L�]�H�G��

�������� �,�I���W�K�H���W�R�W�D�O���E�H�D�U�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���H�[�F�H�H�G�V�������ž�&�����W�K�H���P�R�W�R�U���V�K�R�X�O�G���E�H���V�K�X�W���G�R�Z�Q
�L�P�P�H�G�L�D�W�H�O�\��

�1�R�L�V�H���D�Q�G���9�L�E�U�D�W�L�R�Q
�$�7�7�(�1�7�,�2�1��
�$�Q�\���D�E�Q�R�U�P�D�O���Q�R�L�V�H���R�U���Y�L�E�U�D�W�L�R�Q���V�K�R�X�O�G���E�H���L�P�P�H�G�L�D�W�H�O�\���L�Q�Y�H�V�W�L�J�D�W�H�G���D�Q�G���F�R�U�U�H�F�W�H�G��
�,�Q�F�U�H�D�V�H�G���Y�L�E�U�D�W�L�R�Q���F�D�Q���E�H���L�Q�G�L�F�D�W�L�Y�H���R�I���D���F�K�D�Q�J�H���L�Q���E�D�O�D�Q�F�H���G�X�H���W�R���P�H�F�K�D�Q�L�F�D�O���I�D�L�O�X�U�H���R�I���D
�U�R�W�R�U���S�D�U�W�����D���V�W�D�W�R�U���Z�L�Q�G�L�Q�J���S�U�R�E�O�H�P���R�U���D���F�K�D�Q�J�H���L�Q���P�R�W�R�U���D�O�L�J�Q�P�H�Q�W��

������ �0�$�,�1�7�(�1�$�1�&�(

�������� �0�D�M�R�U���S�R�L�Q�W�V���L�Q���U�H�J�X�O�D�U���L�Q�V�S�H�F�W�L�R�Q�V���D�Q�G���P�D�L�Q�W�H�Q�D�Q�F�H��

�)�R�U���V�D�I�H�W�\�����P�D�L�Q�W�H�Q�D�Q�F�H���D�Q�G���U�H�S�D�L�U�V���P�X�V�W���R�Q�O�\���E�H���F�D�U�U�L�H�G���R�X�W���E�\���S�U�R�S�H�U�O�\���W�U�D�L�Q�H�G
�S�H�U�V�R�Q�Q�H�O��

�6�R�P�H���W�H�V�W�L�Q�J�����V�X�F�K���D�V���L�Q�V�X�O�D�W�L�R�Q���U�H�V�L�V�W�D�Q�F�H�����X�V�X�D�O�O�\���U�H�T�X�L�U�H�V���W�K�H���P�R�W�R�U���W�R���E�H
�V�W�R�S�S�H�G���D�Q�G���L�V�R�O�D�W�H�G���I�U�R�P���S�R�Z�H�U���V�X�S�S�O�L�H���V����

Routine inspection and maintenance are usually performed by looking, listening, smelling and
simple meters.

�+�L�J�K���W�H�P�S�H�U�D�W�X�U�H���P�D�\���D�U�L�V�H���X�Q�G�H�U���R�S�H�U�D�W�L�Q�J���F�R�Q�G�L�W�L�R�Q�V���R�Q���W�K�H���P�R�W�R�U���V�X�U�I�D�F�H�V�����V�R
�W�K�D�W���W�R�X�F�K�L�Q�J���V�K�R�X�O�G���E�H���S�U�H�Y�H�Q�W�H�G���R�U���D�Y�R�L�G�H�G�������.�H�H�S���D�Z�D�\���I�U�R�P���P�R�Y�L�Q�J���D�Q�G���O�L�Y�H
�S�D�U�W�V�������8�Q�O�H�V�V���G�H�H�P�H�G���Q�H�F�H�V�V�D�U�\�����G�R���Q�R�W���U�H�P�R�Y�H���J�X�D�U�G�V���Z�K�L�O�V�W���D�V�V�H�V�V�L�Q�J���W�K�H
�P�R�W�R�U��

Timely replacement of worn parts can assure longevity and prevent breakdown.

Routine inspection and regular inspection and maintenance are important in preventing
breakdown and lengthening service life.
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Owing to the varied time and circumstances, motors are used, it is difficult to set the items and
periods for regular inspection and maintenance.  However, as a guide it is recommended to be
performed periodically according to factory maintenance program.  Generally, the inspection
scope determined by the following factors:

(a) Ambient temperature.
(b) Starting and stopping frequency.
(c) Troublesome parts usually affecting motor functions.
(d) Easily abraded parts.
(e) The important position of motor in the operational system of a factory should be duly

recognized.  Therefore, its health and wellbeing should be fully protected especially when
it is operating in severe conditions.

�������� �0�R�W�R�U���Z�L�Q�G�L�Q�J�V��
(a) Measurement of insulation resistance and standards to determine quality of insulation

resistance, please refer to measures stated in 3.1.2 “Measurement of insulation
resistance”.

(b) Inspection of coil-ends:
(1) Grease and dust accumulated on coils may cause insulation deterioration and poor

cooling effect.
(2) Moisture must not accumulate.  Keep coils warm when motor is not in use if moisture

can be seen.
(3) Discoloring. This is mainly caused by overheating.

(c) Ensure no untoward change of wedges from original position.
(d) Ensure the binding at the coil end is in its normal position.

�������� �&�O�H�D�Q���W�K�H���L�Q�W�H�U�L�R�U���R�I���W�K�H���P�R�W�R�U��
(a) After a motor is in operation for some time, accumulation of dust, carbon powder and

grease etc., on the inside is unavoidable, and may cause damage.  Regular cleaning and
examination is necessary to assure top performance.

(b) Points to note during cleaning:
(1) If using compressed air or blower:

(a) Compressed air should be free of moisture.
(b) Maintain air pressure at 4 kg/cm², since high pressure can cause damage to coils.

(2) Vacuum
Vacuum cleaning can be used, both before and after other methods of cleaning, to
remove loose dirt and debris.  It is a very effective way to remove loose surface
contamination from the winding without scattering.  Vacuum cleaning tools should be
non-metallic to avoid any damage to thee winding insulation

(3) Wiping
Surface contamination on the winding can be removed by wiping using a soft, lint-free
wiping material.  If the contamination is oily, the wiping material can be moistened
(not dripping wet) with a safety type petroleum solvent.  In hazardous locations, a
solvent such as inhibited methyl chloroform may be used, but must be used sparingly
and immediately removed.  While this solvent is non-flammable under ordinary
conditions, it is toxic and proper health and safety precautions should be followed
while using it.
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�$�7�7�(�1�7�,�2�1��
�6�R�O�Y�H�Q�W�V���R�I���Q�D�\���W�\�S�H���V�K�R�X�O�G���Q�H�Y�H�U���E�H���X�V�H�G���R�Q���Z�L�Q�G�L�Q�J�V���S�U�R�Y�L�G�H�G���Z�L�W�K���D�E�U�D�V�L�R�Q���S�U�R�W�H�F�W�L�R�Q��
�$�E�U�D�V�L�R�Q���S�U�R�W�H�F�W�L�R�Q���L�V���D���J�U�D�\�����U�X�E�E�H�U���O�L�N�H���F�R�D�W�L�Q�J���D�S�S�O�L�H�G���W�R���W�K�H���Z�L�Q�G�L�Q�J���H�Q�G���W�X�U�Q�V��

�$�G�H�T�X�D�W�H���Y�H�Q�W�L�O�D�W�L�R�Q���P�X�V�W���D�O�Z�D�\�V���E�H���S�U�R�Y�L�G�H�G���L�Q���D�Q�\���D�U�H�D���Z�K�H�U�H���V�R�O�Y�H�Q�W�V���D�U�H
�E�H�L�Q�J���X�V�H�G���W�R���D�Y�R�L�G���W�K�H���G�D�Q�J�H�U���R�I���I�L�U�H�����H�[�S�O�R�V�L�R�Q���R�U���K�H�D�O�W�K���K�D�]�D�U�G�V�������,�Q���F�R�Q�I�L�Q�H�G
�D�U�H�D�V�����V�X�F�K���D�V���S�L�W�V�����H�D�F�K���R�S�H�U�D�W�R�U���V�K�R�X�O�G���E�H���S�U�R�Y�L�G�H�G���Z�L�W�K���D�Q���D�L�U�O�L�Q�H���U�H�V�S�L�U�D�W�R�U�����D
�K�R�V�H���P�D�V�N���R�U���D���V�H�O�I���F�R�Q�W�D�L�Q�H�G���E�U�H�D�W�K�L�Q�J���D�S�S�D�U�D�W�X�V�������2�S�H�U�D�W�R�U�V���V�K�R�X�O�G���Z�H�D�U
�J�R�J�J�O�H�V�����D�S�U�R�Q�V���D�Q�G���V�X�L�W�D�E�O�H���J�O�R�Y�H�V�������6�R�O�Y�H�Q�W�V���D�Q�G���W�K�H�L�U���Y�D�S�R�U�V���V�K�R�X�O�G���Q�H�Y�H�U���E�H
�H�[�S�R�V�H�G���W�R���R�S�H�Q���I�O�D�P�H�V���R�U���V�S�D�U�N�V���D�Q�G���V�K�R�X�O�G���D�O�Z�D�\�V���E�H���V�W�R�U�H�G���L�Q���D�S�S�U�R�Y�H�G���V�D�I�H�W�\
�F�R�Q�W�D�L�Q�H�U�V��

(4) Keep core ducts completely clean.  The difference in temperature rise could be
around 10°C before and after cleaning

�������� �&�O�H�D�Q���W�K�H���H�[�W�H�U�L�R�U���R�I���W�K�H���P�R�W�R�U��
(a) On open ventilated motors, screens and louvers over the inlet air openings should not be

allowed to accumulate any build-up of dirt, lint, etc. that could restrict free air movement.

�$�7�7�(�1�7�,�2�1��
�6�F�U�H�H�Q�V���D�Q�G���O�R�X�Y�H�U�V���V�K�R�X�O�G���Q�H�Y�H�U���E�H���F�O�H�D�Q�H�G���R�U���G�L�V�W�X�U�E�H�G���Z�K�L�O�H���W�K�H���P�R�W�R�U���L�V���L�Q���R�S�H�U�D�W�L�R�Q
�E�H�F�D�X�V�H���D�Q�\���G�L�V�O�R�G�J�H�G���G�L�U�W���R�U���G�H�E�U�L�V���F�D�Q���E�H���G�U�D�Z�Q���G�L�U�H�F�W�O�\���L�Q�W�R���W�K�H���P�R�W�R�U��

(b) If the motor is equipped with air filters, they should be replaced (disposable type) or
cleaned and reconditioned (permanent type) at a frequency that is dictated by conditions.
It is better to replace or recondition filters too often than not often enough.

(c) Totally enclosed air to air cooled and totally enclosed fan cooled motors require special
cleaning considerations.  The external fan must be cleaned thoroughly since any dirt
build-up not removed can lead to unbalance and vibration.  All of the tubes of the air-to-
air heat exchanger should be cleaned using a suitable tube brush having synthetic fiber
bristles (not wire of any type).

�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���D�Q�W�L���I�U�L�F�W�L�R�Q���E�H�D�U�L�Q�J�V

�������������)�U�H�T�X�H�Q�F�\���R�I���U�H���O�X�E�U�L�F�D�W�L�R�Q��
The life of grease varies greatly as a result of types of model, revolution speed, temperature,
operational conditions etc.  It is, therefore, impossible to be precise about replenishment intervals.
However, for normal direct coupling transmission, the periods shown as Table 1 may be used as
a guide.

�5�H�P�D�U�N�V��
(a) The periods shown in Table 1 should be halved where bearings are used for belt drive

and/or in dirty or high ambient temperature or high humidity environments.
(b) Please refer to the lubrication nameplate, if attached to the motor.
(c) For bearing numbers outside the range of Table 1, please contact TWMC

����
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(d) If the periods referred to in Table 1 for drive-end bearing and opposite drive-end are
different, for the convenience of maintenance operation, please take the shorter one the
required grease replenishment period of these bearings.

������������ �.�L�Q�G�V���R�I���J�U�H�D�V�H��
All motors with ZZ bearings will have SHELL Alvania R3 (lithium base grease). All motors with
open bearings will have Polyrex EM (polyurea base grease).
Certain T-frame models will utilize special grease and will be noted on the lubrication nameplate.
Please us identical grease or its equivalents when maintaining lubrication schedule.
�$�7�7�(�1�7�,�2�1��
�'�R���Q�R�W���P�L�[���G�L�I�I�H�U�H�Q�W���N�L�Q�G�V���R�I���J�U�H�D�V�H��
�0�L�[�L�Q�J���J�U�H�D�V�H���Z�L�W�K���G�L�I�I�H�U�H�Q�W���W�\�S�H���R�I���W�K�L�F�N�H�Q�H�U�V���P�D�\���G�H�V�W�U�R�\���L�W�V���F�R�P�S�R�V�L�W�L�R�Q���D�Q�G���S�K�\�V�L�F�D�O
�S�U�R�S�H�U�W�L�H�V�������(�Y�H�Q���L�I���W�K�H���W�K�L�F�N�H�Q�H�U�V���D�U�H���R�I���W�K�H���V�D�P�H���W�\�S�H�����S�R�V�V�L�E�O�H���G�L�I�I�H�U�H�Q�F�H�V���L�Q���W�K�H
�D�G�G�L�W�L�Y�H���P�D�\���F�D�X�V�H���G�H�W�U�L�P�H�Q�W�D�O���H�I�I�H�F�W�V��

������������ �*�U�H�D�V�H���T�X�D�Q�W�L�W�\
The amount of grease per replenishment depends on the type, size and construction of the
bearings.  The maximum amount of one replenishment for each bearing is shown in Table 2.

������������ �5�H���J�U�H�D�V�L�Q�J

�,�I���U�H���O�X�E�U�L�F�D�W�L�R�Q���L�V���W�R���E�H���S�H�U�I�R�U�P�H�G���Z�K�H�Q���W�K�H���P�R�W�R�U���L�V���U�X�Q�Q�L�Q�J�����V�W�D�\���F�O�H�D�U���R�I���U�R�W�D�W�L�Q�J
�S�D�U�W�V��

It is advisable to re-grease when the motor is running to allow the new grease to be evenly
distributed inside the bearing.
Before re-greasing, the inlet fitting should be thoroughly cleaned to prevent any accumulated dirt
from being carried into the bearing with the new grease.  The outlet of grease drainage should be
opened to allow the proper venting of old grease.

Use a grease gun to pump grease through grease nipple into the bearings.  After re-greasing,
operate the motor for 10-30 minutes to allow any excess grease to vent out.

����
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�7�$�%�/�(������
Bearing
Number

600
RPM

720
RPM

750
RPM

900
RPM

1000
RPM

1200
RPM

1500
RPM

1800
RPM

3000
RPM

3600
RPM

6210
12 2000 Hrs.
13
14 1000 Hrs.
15
16 720 Hrs.
17 2000 Hrs.
18 3000 Hrs.
20
22
24 1500 Hrs.
26
28 2000 Hrs. 1000 Hrs.
30
32 500 Hrs.
34 1500 Hrs.
36

62XX
63XX
72XX
73XX

38 2000 Hrs. 1000 Hrs.

Bearing
Number

600
RPM

720
RPM

750
RPM

900
RPM

1000
RPM

1200
RPM

1500
RPM

1800
RPM

NU214
15 2000 Hrs.
16
17
18 3000 Hrs. 1500 Hrs.
20
22 1000 Hrs.
24
26 2000 Hrs.
28 500 Hrs.
30
32
34 2000 Hrs. 1000 Hrs.
36
38 2000 Hrs.
40
44 1000 Hrs.

NU2XX
NU3XX

48 1000 Hrs.

Bearing
Number

600
RPM

720
RPM

750
RPM

900
RPM

1000
RPM

1200
RPM

1500
RPM

1800
RPM

22220 300 Hrs.
22
24 1000 Hrs. 500 Hrs.
26
28
30 300 Hrs.
32 500 Hrs.
34
36
38 500 Hrs.
40 300 Hrs.
44

222XX
223XX

48 300 Hrs.
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�7�$�%�/�(������
Bearing No. Amount of replenishment Bearing No. Amount of replenishment

6210 30 g 6310 40 g
6212 40 6312 60
6213 50 6313 80
6214 50 6314 80
6215 60 6315 100
6216 60 6316 100
6217 80 6317 120
6218 80 6318 120
6220 100 6320 160
6222 120 6322 220
6224 120 6324 270
6226 140 6326 300
6228 160 6328 400
6230 180 6330 450
6232 200 6332 500
6234 250 6334 600
6236 300 6336 700
6238 350 6338 800
6240 400 6340 900
6244 450 6344 900

62XX
72XX

NU2XX
2222XX

6248 500

63XX
73XX

NU223XX
223XX

6348 900

*Fill new grease until it overflows and the old grease is entirely replaced.

������������ �2�L�O���U�H���O�X�E�U�L�F�D�W�L�R�Q�����)�R�U���R�L�O���O�X�E�U�L�F�D�W�L�R�Q���W�\�S�H�V���R�Q�O�\��
Maintain proper lubrication by checking the oil level periodically and adding oil when necessary.
Because of the initial clearing action of the bearing and the expansion of the oil as it comes up to
operating temperature, the oil level will be higher after the motor has been in operation for a while
than it is with the motor at standstill.
Overfilling should be avoided not only because of the possibility that expansion may force the oil
over the oil sleeve and on to the rotor, but also because too high an operating oil level prevents
the bearing form clearing itself of excess oil.  The resultant churning can cause extra loss, high
temperatures, and oxidized oil.  If, during operation, the oil level goes above the maximum shown
on the sight gauge, drain enough oil to bring the level back within the recommended operating
range.  �'�R���Q�R�W���S�H�U�P�L�W���W�K�H���R�S�H�U�D�W�L�Q�J���O�H�Y�H�O���W�R���I�D�O�O���E�H�O�R�Z���W�K�H���P�L�Q�L�P�X�P���V�K�R�Z�Q���R�Q���W�K�H���J�D�X�J�H��

�$�7�7�(�1�7�,�2�1��
�6�K�R�X�O�G���L�W���H�Y�H�U���E�H�F�R�P�H���Q�H�F�H�V�V�D�U�\���W�R���D�G�G���H�[�F�H�V�V�L�Y�H���D�P�R�X�Q�W���R�I���P�D�N�H���X�S���R�L�O�����L�Q�Y�H�V�W�L�J�D�W�H
�L�P�P�H�G�L�D�W�H�O�\���I�R�U���R�L�O���O�H�D�N�V��

Change the oil at regular intervals.  The time between oil changes depends upon the severity of
operating conditions and, hence, must be determined by the motor user.  Two or three changes a
year is typical, but special conditions, such as high ambient temperature, may require more
frequent changes.  Avoid operating the motor with oxidized oil.
Use only good grade, oxidation-corrosion-inhibited turbine oils produced by reputable oil
companies.

����
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 The viscosity of the oil to be used depends upon the type and size of the bearings, its load and
speed, the ambient temperature, and the amount and temperature of the cooling water (if used)).
The lubrication nameplate or instructions with each motor specifies the viscosity range of oil
suitable for average conditions.  The usual oil viscosity range of oil suitable for average
conditions.  The usual oil viscosity recommendations are summarized in Table 3.  Operation in
ambient temperatures that are near or below freezing may require preheating the oil or the use of
special oil.  Whenever the motor is disassembled for general cleaning and reconditioning, the
bearing housing may be washed out with a suitable cleaning solvent.  Be sure that the oil-
metering hole is clear, and then dry the housing thoroughly before re-assembly, and ensure all
traces of cleaning solvent have been removed.

�7�$�%�/�(�������2�L�O���9�L�V�F�R�V�L�W�\��
Oil Viscosity - SSUBearing function

and location
Bearing

Type @ 100°F @ 200°F
72XX, 73XX
Angular contact ball
And/or (62XX, 63XX)

150 45

Spherical roller 300 53
Thrust Bearing

Plate (Kingsbury Type) 300 53

**Remark:  When a lubrication nameplate attached to the motor, use lubrication oil it stipulates.

������������ �&�O�H�D�Q�L�Q�J���D�Q�G���L�Q�V�W�D�O�O�D�W�L�R�Q���R�I���E�H�D�U�L�Q�J�V
(a) Apply the proper amount of grease to the disassembled parts of the bearing after they

have been thoroughly cleaned with high quality cleaning oil.  Then protect them from
contamination before and during assembly.

(b) Bearing installation

�$�7�7�(�1�7�,�2�1��
�%�H�I�R�U�H���L�Q�V�W�D�O�O�L�Q�J���W�K�H���E�H�D�U�L�Q�J�V�����P�D�N�H���V�X�U�H���W�K�D�W���W�K�H���V�K�D�I�W���P�R�X�Q�W�H�G���S�D�U�W�V���L�Q�V�L�G�H���W�K�H���E�H�D�U�L�Q�J�V
�D�U�H���L�Q���S�O�D�F�H���E�H�I�R�U�H���L�Q�V�W�D�O�O�D�W�L�R�Q��

Since the bearing is a high precision component, it is important to avoid ingression of dust
and foreign matter, and hammering during cleaning and installation.  Use extreme care
and insure clean conditions during installation and assembly.

�$�7�7�(�1�7�,�2�1��
�7�K�H���E�H�V�W���Z�D�\���I�R�U���E�H�D�U�L�Q�J���L�Q�V�W�D�O�O�D�W�L�R�Q���L�V���K�H�D�W���V�K�U�L�Q�N�L�Q�J�������.�Q�R�F�N�L�Q�J���D�Q�G���K�D�P�P�H�U�L�Q�J���G�X�U�L�Q�J
�L�Q�V�W�D�O�O�D�W�L�R�Q���V�K�R�X�O�G���E�H���D�Y�R�L�G�H�G���D�E�V�R�O�X�W�H�O�\��

The bearing should be heated in a bath of clean oil at a temperature of approximately
80°C.  After warming, slide the bearings in place quickly and nimbly so that it has not
shrunk before being fully in position.
Grease the bearing after the temperature returns to normal, and then reassemble the
motor.

����
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�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���V�O�H�H�Y�H���E�H�D�U�L�Q�J�V

������������ �'�D�L�O�\���L�Q�V�S�H�F�W�L�R�Q�V
(a) Ensure the volume and quality of lubrication oil are in compliance with specifications.

(b) Ensure there is motion of the oil ring and it is not clamped.
(c) The indicator of the shaft endplay should be restricted within the specified range of the red

groove of the shaft or the ±3mm (.118 in.) range of the drive-end shaft shoulder, or the
bearing may be damaged.

������������ �5�H�J�X�O�D�U���H�[�D�P�L�Q�D�W�L�R�Q
(a) Periodical change of oil

The oil reservoirs of self (not flood) lubricated bearings should be drained and refilled about
every six (6) months.  More frequent changes may be needed on high speed (3600 rpm)
motors or if severe oil discoloration or contamination occurs.  In conditions where
contamination does occur, it may be advisable to flush the reservoir with kerosene to
remove any sediment before new oil is added.  Proper care must be taken to thoroughly
drain the reservoir of the flushing material before refilling with the new oil.
Refill the reservoir to the center of oil sight glass with a rust and oxidation inhibited turbine
grade oil.  Refer to the outline and lubrication nameplate for the correct viscosity.

(b) Quantity of lubrication oil
Please refer to the lubrication nameplate for oil quantity.

(c) Oil viscosity
(d) 

ISO Equivalents Viscosity (SUS/100°F)

VG32 Esso Teresso 32 150

VG46 Esso Teresso 46 200

VG68 Esso Teresso 68 300
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�(������������



�������������'�L�V�D�V�V�H�P�E�O�\

�3�U�L�R�U���W�R���G�L�V�D�V�V�H�P�E�O�L�Q�J�����H�Q�V�X�U�H���W�K�H���S�R�Z�H�U���V�X�S�S�O�L�H�V���D�U�H���G�L�V�F�R�Q�Q�H�F�W�H�G���D�Q�G���W�K�H�U�H
�D�U�H���Q�R���P�R�Y�L�Q�J���S�D�U�W�V��

The bearing sleeve is of the spherically seated, self-aligning type.  The opposite drive end
bearing is normally insulated for larger motors (or when specified).  On some motors, the
insulation is bonded to the spherical seat of the bearing housing.

�$�7�7�(�1�7�,�2�1��
�(�[�W�U�H�P�H���F�D�U�H���P�X�V�W���E�H���H�[�H�U�F�L�V�H�G���L�Q���U�H�P�R�Y�L�Q�J���W�K�H���E�H�D�U�L�Q�J���V�O�H�H�Y�H���I�U�R�P���W�K�H���L�Q�V�X�O�D�W�H�G���V�X�S�S�R�U�W
�W�R���D�Y�R�L�G���G�D�P�D�J�L�Q�J���W�K�L�V���L�Q�V�X�O�D�W�L�R�Q��

The following is the recommended procedure for removing the bearing sleeve:

(a) Remove the oil drain plug in the housing bottom and drain the oil sump.

(b) Remove all instrumentation sensors that are in contact with the bearing sleeve.  These
would include resistance temperature detectors, thermocouples, thermometers, etc..

(c) Remove the socket head bolts holding the bearing cap and the inner air seal.  The end
cover plate must also be removed if the non-drive end bearing is being disassembled.
Remove the bearing cap and top half of the inner air seal.  Place them on a clean, dry
surface to avoid damage to the parting surfaces.

(d) Remove the top half of the bearing sleeve using suitable eyebolts in the tapped holes
provided.  Lift the bearing top straight up and avoid any contact with the shoulders of the
shaft journals that might damage the thrust faces of the bearing.  Place on a clean, dry
surface taking care to prevent damage to either the parting surfaces or the locating pins
that are captive n the top bearing half.

(e) Remove the screws at the partings in the oil ring and dismantle the ring by gently tapping
the dowel pin ends with a soft face mallet.  Remove the ring halves and immediately
reassemble them to avoid any mix up I parts or damage to the surfaces at the partings.

(f) Pull up on the garter spring surrounding the floating labyrinth seal and carefully slip out the
top half.  Rotate the garter spring until the lock is visible.  Twist counter-clockwise to
disengage the lock, remove the garter spring then rotate the lower half of the seal out of
the groove in the bearing housing.  Note the condition of these floating labyrinth seals.  If
they are cracked or chipped, they must be replaced.  Do not attempt to reuse a damaged
seal.

(g) To remove the bottom bearing half, the shaft must be raised a slight amount to relieve
pressure on the bearing.  On the drive end, this can be done by jacking or lifting on the
shaft extension.  Protect the shaft.  On the non-drive, jacing or lifting can be done using
bolts threaded into the tapped holes provided in the shaft end.

����
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(h)  Roll the bottom bearing half to the top of the shaft journal and then lift it using suitable
eyebolts threaded into the holes provided.  Again avoid any contact with the shaft
shoulders that could damage the bearing thrust faces.  Place the lower bearing half on a
clean, dry surface to protect the parting surfaces.

�8�V�H���H�[�W�U�H�P�H���F�D�U�H���Z�K�H�Q���U�R�O�O�L�Q�J���R�X�W���W�K�H���O�R�Z�H�U���E�H�D�U�L�Q�J���K�D�O�I�������.�H�H�S���W�K�H���K�D�Q�G�V���D�Q�G
�I�L�Q�J�H�U�V���Z�H�O�O���F�O�H�D�U���R�I���D�Q�\���S�R�V�L�W�L�R�Q���Z�K�H�U�H���W�K�H�\���P�L�J�K�W���E�H���F�D�X�J�K�W���E�\���W�K�H���E�H�D�U�L�Q�J���K�D�O�I���L�I
�L�W���Z�H�U�H���D�F�F�L�G�H�Q�W�D�O�O�\���U�H�O�H�D�V�H�G���D�Q�G���U�R�W�D�W�H�G���E�D�F�N���W�R���L�W�V���E�R�W�W�R�P���S�R�V�L�W�L�R�Q�������6�H�U�L�R�X�V
�S�H�U�V�R�Q�D�O���L�Q�M�X�U�\���F�R�X�O�G���U�H�V�X�O�W��

(i) Protect the shaft journal by wrapping it with clean, heavy paper or cardboard.

������������ �5�H���D�V�V�H�P�E�O�\
Bearing re-assembly is basically a reverse of the disassembly procedures outlined above, with
the following suggestions:

(a) The interior of the bearing housing should be cleaned and then flushed with clean oil or
kerosene.

(b) The bearing halves and the shaft journal should be wiped clean using lint-free cloth soaked
with clean oil.

(c) All parts should be carefully inspected for nicks, scratches, etc., in any contract surfaces.
Such imperfections should be removed by an appropriate method such as stoning,
scraping, filling, etc., followed by thorough cleaning.

(d) Before installing the floating labyrinth seal halves, observe their condition.  Do not attempt
to use a cracked or chipped seal.  The bottom half seal has a set of drilled holes in its side
face.  These must be place at the bottom toward the inside of the bearing so that
accumulating oil may drain back into the housing.

(e) Put a bead of Curil-T around the seal half O.D.’s on both sides adjacent to the garter spring
groove.  This will prevent oil by-passing the seal around its outside.

(f) Place the bottom seal half on top of the shaft and roll it into position.  Install the top half and
insert the garter spring pulling up on both ends to permit engaging the lock.  Run a bead of
Curil-T around the O.D’s on both sides adjacent to the garter spring groove on this half
also.

(g) Carefully reassemble the two oil ring halves.  Inspect the dowel pins for burrs and
straightness and make any corrections required.  Do not force the ring halves together.
Excessive force may alter the roundness or flatness of the oil ring which can change its oil
delivery performance.

(h) Some of the pipe plugs in the housing are metric thread type.  These are identified as
those, which have a copper, lead, or similar material washer.  If these plugs are removed,
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be careful not to lose the washers.  Before re-assembly, inspect the washers and replace
them as required.

(i) Before installing the bearing cap, observe the position of the floating labyrinth seal.  The
“tab” must be on top to engage the pocket.  Failure to position the seal properly will result
in damage when the cap is assembled.

�$�7�7�(�1�7�,�2�1��
���������&�X�U�L�O���7���L�V���W�K�H���R�Q�O�\���D�S�S�U�R�Y�H�G���F�R�P�S�R�X�Q�G���I�R�U���X�V�H���L�Q���W�K�H���D�V�V�H�P�E�O�\���R�I���W�K�H���E�H�D�U�L�Q�J�V���R�Q���W�K�L�V

�P�R�W�R�U�������2�W�K�H�U���S�U�R�G�X�F�W�V���P�D�\���K�D�U�G�H�Q���D�Q�G���L�P�S�H�G�H���W�K�H���R�S�H�U�D�W�L�R�Q��
���������'�X�U�L�Q�J���W�K�H���U�H���D�V�V�H�P�E�O�\���R�I���W�K�H���E�H�D�U�L�Q�J���S�D�U�W�V�����D���W�K�L�Q���O�D�\�H�U���R�I���&�X�U�L�O���7���V�K�R�X�O�G���E�H���D�S�S�O�L�H�G���W�R

�D�O�O���J�D�V�N�H�W�V���D�Q�G���P�D�F�K�L�Q�H�G���L�Q�W�H�U�I�D�F�H���V�X�U�I�D�F�H�V�������7�K�L�V���V�X�J�J�H�V�W�L�R�Q���G�R�H�V���Q�R�W���D�S�S�O�\���W�R���W�K�H
�P�D�F�K�L�Q�H�G���V�X�U�I�D�F�H�V���R�I���W�K�H���E�H�D�U�L�Q�J���O�L�Q�H�U���K�D�O�Y�H�V��

���������:�K�H�Q���V�H�D�W�L�Q�J���W�K�H���E�H�D�U�L�Q�J���V�K�H�O�O�����D�S�S�O�\���D���W�K�L�Q���O�D�\�H�U���R�I���O�X�E�H���R�L�O���D�W���W�K�H���V�S�K�H�U�L�F�D�O���V�X�U�I�D�F�H���R�I
�W�K�H���O�L�Q�H�U�������6�O�R�Z�O�\���U�R�O�O���W�K�H���O�R�Z�H�U���E�H�D�U�L�Q�J���O�L�Q�H�U���L�Q�W�R���W�K�H���E�H�D�U�L�Q�J���K�R�X�V�L�Q�J���P�D�N�L�Q�J���V�X�U�H���W�K�D�W
�W�K�H���V�S�O�L�Q�W�H�G���V�X�U�I�D�F�H���R�I���W�K�H���O�L�Q�H�U���D�Q�G���W�K�H���K�R�X�V�L�Q�J���D�U�H���I�O�X�V�K�������*�U�D�G�X�D�O�O�\���O�R�Z�H�U���W�K�H���V�K�D�I�W
�R�Q�W�R���W�K�H���E�H�D�U�L�Q�J�������7�K�H���Z�H�L�J�K�W���R�I���K�H���V�K�D�I�W���Z�L�O�O���K�H�O�S���U�R�W�D�W�H���W�K�H���E�H�D�U�L�Q�J���O�L�Q�H�U���V�R���W�K�D�W���W�K�H
�E�D�E�E�L�W�W���V�X�U�I�D�F�H���R�I���W�K�H���O�L�Q�H�U���Z�L�O�O���P�D�W�F�K���W�K�H���V�O�R�S�H���R�I���W�K�H���M�R�X�U�Q�D�O�������6�R�P�H�W�L�P�H�V���L�W���L�V���U�H�T�X�L�U�H�G
�W�R���X�V�H���D���U�X�E�E�H�U���P�D�O�O�H�W���W�R���W�D�S���O�L�J�K�W�O�\���R�Q���W�K�H���E�H�D�U�L�Q�J���K�R�X�V�L�Q�J���Z�K�L�O�H���V�O�R�Z�O�\���U�R�O�O�L�Q�J���W�K�H
�V�K�D�I�W���W�R���K�H�O�S���W�K�L�V���V�H�D�W�L�Q�J���R�S�H�U�D�W�L�R�Q��

�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���V�O�L�S���U�L�Q�J�����)�R�U���:�R�X�Q�G���5�R�W�R�U���0�R�W�R�U�V���R�Q�O�\��

�(�Q�V�X�U�H���P�R�W�R�U���L�V���G�L�V�F�R�Q�Q�H�F�W�H�G���I�U�R�P���S�R�Z�H�U���V�X�S�S�O�L�H�V���D�Q�G���W�K�H�U�H���D�U�H���Q�R���D�F�F�H�V�V�L�E�O�H
�P�R�Y�L�Q�J���S�D�U�W�V���E�H�I�R�U�H���P�D�L�Q�W�H�Q�D�Q�F�H���R�S�H�U�D�W�L�R�Q��

������������ �$�G�M�X�V�W�P�H�Q�W���R�I���F�D�U�E�R�Q���E�U�X�V�K
(a) Brush pressure for normal operation:

�”  Electro-graphite brush…..0.2~0.25 kg/cm²
When frequent vibrations are evident or the brush is small (area below 0.5 cm²), the
pressure should be greater than as shown.

(b) Adjustment of brush pressure:
The brush pressure should be adjusted to keep normal operation as it wears.
�” The brush pressure may be reduced after use, so it is necessary to re-adjust.  For

adjustment, please turn adjusting screw, pressure adjusting pin or pressure adjusting
plate as shown in Fig. 14 to obtain the correct tension (=0.23 x brush cross sectional
area in cm²) ±10% kg.

(c) Brush pressure need not be adjusted if constant force spring is used as shown in Fig. 15
and Fig. 16.
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������������ �%�U�X�V�K���U�H�S�O�D�F�H�P�H�Q�W
The carbon brush is a part of the equipment which is easily worn away, replace it after it is worn
to ½ ~ ¾ of original size.

(a) Brush material
The brush material is important to the performance of the motor.  Only the most
appropriate materials are chosen by TWMC, and are listed on the nameplate of the motor.
It is important to know this when you replace the brush, so a recommended type is used.

(b) Dimensions
Brush, holder and gap between them, please refer to CNS 2322 C4051 or JIS C2802.

�$�7�7�(�1�7�,�2�1��
�7�K�H���J�D�S���E�H�W�Z�H�H�Q���D���E�U�X�V�K���D�Q�G���L�W���K�R�O�G�H�U���L�V���L�P�S�R�U�W�D�Q�W���I�R�U���J�R�R�G���S�H�U�I�R�U�P�D�Q�F�H���D�Q�G���V�D�I�H�W�\���R�I���W�K�H
�P�R�W�R�U��

(c) Adjustment of new brushes (Shown in Fig. 17)
(1) Polish the new brush with a file until is assumes the appropriate contour of the slip ring

which it touches.
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(2) Place sand-paper (JIS R6252 No. 40…50) on the slip ring with the abrasive face of the
paper against the brush to induce a closer contact by rubbing against each other.

(3) Repeat item 2 with fine sand –paper (JIS R6252 No. 100 to 200) until the contact
surface between brush and slip ring exceeds 80%.

(4) Finally, clean the contaminated slip ring and brush with clean cloth or compressed air.

�������� �0�D�L�Q�W�H�Q�D�Q�F�H���R�I���Q�R�Q���U�H�Y�H�U�V�H���U�D�W�F�K�H�W���P�H�F�K�D�Q�L�V�P
���)�R�U���9�H�U�W�L�F�D�O���K�L�J�K���7�K�U�X�V�W���0�R�W�R�U���R�Q�O�\��

����������
In the pump piping system, a check valve and a stop valve should be installed in the discharge
line.  The check valve, placed between the pump and the stop valve, is to protect the pump from
reverse flow and excessive backpressure.  The stop valve is used in priming, starting and when
shutting down the pump.  It is advisable to close the stop valve before stopping the pump.  This is
especially important when the pump is operated against a high static head.

TWMC vertical high thrust motors are equipped with non-reverse ratchet (N.R.R.) mechanism
only when requested by the pump manufacturer.  Typical construction of the N.R.R. mechanism
is shown as Fig 18 below.

The N.R.R. mechanism keeps the pump and motor from rotating in the reverse direction.  Thus
prevents damage from over-speeding and damage to water-lubricated pump shaft bearings
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when, on shutdown, the falling water column tends to drive the pump in the reverse direction.
In normal operation, the ratchet pins are lifted by the ratchet teeth and are held clear by
centrifugal force and friction as the motor comes up to speed.  When power is removed, the
speed decreases and the pins fall.  At the instant of reversal, a pin will catch in a ratchet tooth
and prevent backward rotation.

����������
The service life of ratchet  pins depends not only on the reverse shock load between the pin and
ratchet tooth when pump stopped but also the frequency of pump starting and stopping while in
service.  Provided that the pins are deformed due to this reverse shock load, then the up and
down motion of the ratchet pins could be sluggish or jammed and that unusual noises shall arise.

The recommended replacement period for these ratchet pins is every three (3) years.  If the
reverse shock load is greater than 30% of motor rated torque or the starting frequency is more
than twice per day, then the replacement period should be halved.

�$�7�7�(�1�7�,�2�1��
�7�K�H���F�K�H�F�N���Y�D�O�Y�H���D�Q�G���V�W�R�S���Y�D�O�Y�H���L�Q���W�K�H���G�L�V�F�K�D�U�J�H���O�L�Q�H���V�K�R�X�O�G���E�H���U�H�J�X�O�D�U�O�\���L�Q�V�S�H�F�W�H�G���D�Q�G
�P�D�L�Q�W�D�L�Q�H�G���W�R���D�V�V�X�U�H���W�K�H���Q�R�U�P�D�O���I�X�Q�F�W�L�R�Q���R�I���W�K�H�V�H���Y�D�O�Y�H�V�������7�K�L�V���L�V���L�P�S�R�U�W�D�Q�W���W�R���S�U�R�W�H�F�W���W�K�H
�S�X�P�S���D�Q�G���P�R�W�R�U���I�U�R�P���G�D�P�D�J�H���D�Q�G���L�Q�F�U�H�D�V�H���W�K�H���V�H�U�Y�L�F�H���O�L�I�H���R�I���W�K�H���1���5���5�����P�H�F�K�D�Q�L�V�P��

SECTION A-A
ITEM NAME
104 RATCHET
214 BEARING SEAT
402 EXTERNAL FAN
704 RATCHET PIN CARRIER
816 RATCHET PIN

Fig. 18
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������ �)�$�8�/�7���)�,�1�'�,�1�*���$�1�'���5�(�&�2�*�1�,�7�,�2�1

�.�L�Q�G�V���R�I
�%�U�H�D�N�G�R�Z�Q�6�\�P�S�W�R�P�V �3�R�V�V�L�E�O�H

�&�D�X�V�H�V �5�H�P�H�G�L�H�V

�3�R�Z�H�U���R�I�I �&�R�Q�V�X�O�W���S�R�Z�H�U���F�R�P�S�D�Q�\
�6�Z�L�W�F�K���R�I�I �6�Z�L�W�F�K���R�Q
�1�R���I�X�V�H �,�Q�V�W�D�O�O���I�X�V�H
�%�U�R�N�H�Q���Z�L�U�L�Q�J �&�K�H�F�N���Z�L�U�L�Q�J���D�Q�G���U�H�S�D�L�U
�%�U�R�N�H�Q���O�H�D�G �&�K�H�F�N���Z�L�U�L�Q�J���D�Q�G���U�H�S�D�L�U

�0�R�W�L�R�Q�O�H�V�V���D�Q�G
�V�R�X�Q�G�O�H�V�V

�%�U�R�N�H�Q���Z�L�Q�G�L�Q�J�V �&�K�H�F�N���Z�L�Q�G�L�Q�J�V���D�Q�G���U�H�S�D�L�U
�6�K�R�U�W���F�L�U�F�X�L�W���R�I���F�L�U�F�X�L�W���V�Z�L�W�F�K�H�V �&�K�H�F�N���F�L�U�F�X�L�W���V�Z�L�W�F�K�H�V���D�Q�G���U�H�S�O�D�F�H

�,�Q�F�R�U�U�H�F�W���Z�L�U�L�Q�J�&�K�H�F�N���Z�L�U�L�Q�J���D�F�F�R�U�G�L�Q�J���W�R
�Q�D�P�H�S�O�D�W�H

�3�R�R�U���F�R�Q�W�D�F�W���D�W���W�H�U�P�L�Q�D�O �/�R�F�N���W�L�J�K�W�O�\
�:�L�Q�G�L�Q�J�V���J�U�R�X�Q�G�H�G �)�D�F�W�R�U�\���U�H�S�D�L�U
�%�U�R�N�H�Q���Z�L�Q�G�L�Q�J�V �)�D�F�W�R�U�\���U�H�S�D�L�U
�3�R�R�U���F�R�Q�W�D�F�W���R�I���F�L�U�F�X�L�W���V�Z�L�W�F�K�H�V �&�K�H�F�N���D�Q�G���U�H�S�D�L�U
�%�U�R�N�H�Q���Z�L�U�L�Q�J �&�K�H�F�N���D�Q�G���U�H�S�D�L�U
�3�R�R�U���F�R�Q�W�D�F�W���R�I���V�W�D�U�W�L�Q�J���V�Z�L�W�F�K�H�V �&�K�H�F�N���D�Q�G���U�H�S�D�L�U
�6�K�R�U�W���F�L�U�F�X�L�W���R�I���V�W�D�U�W�L�Q�J���V�Z�L�W�F�K�H�V �&�K�H�F�N���D�Q�G���U�H�S�D�L�U

�)�D�L�O���W�R���V�W�D�U�W
�Z�L�W�K�R�X�W���O�R�D�G�)�X�V�H���E�O�R�Z�L�Q�J��

���$�X�W�R�P�D�W�L�F
�V�Z�L�W�F�K���W�U�L�S�V���R�I�I��
�V�O�R�Z���V�W�D�U�W���Z�L�W�K
�H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F
�Q�R�L�V�H��

�,�Q�F�R�U�U�H�F�W���F�R�Q�Q�H�F�W�L�R�Q�V���R�I���V�W�D�U�W�L�Q�J
�V�Z�L�W�F�K�H�V �&�R�Q�Q�H�F�W���D�F�F�R�U�G�L�Q�J���W�R���Q�D�P�H�S�O�D�W�H

�,�Q�V�X�I�I�L�F�L�H�Q�W���F�D�S�D�F�L�W�\���R�I���I�X�V�H �5�H�S�O�D�F�H���I�X�V�H���L�I���Z�L�U�L�Q�J���S�H�U�P�L�W�V
�2�Y�H�U�O�R�D�G �/�L�J�K�W�H�Q���O�R�D�G

�)�X�V�H���E�O�R�Z�L�Q�J��
�)�D�L�O���W�R���U�H�V�W�D�U�W���G�X�H
�W�R���W�U�L�S���R�I�I���R�I
�D�X�W�R�P�D�W�L�F���V�Z�L�W�F�K�+�L�J�K���O�R�D�G���D�W���O�R�Z���Y�R�O�W�D�J�H�&�K�H�F�N���F�L�U�F�X�L�W���F�D�S�D�F�L�W�\���D�Q�G���U�H�G�X�F�H

�O�R�D�G
�2�Y�H�U�O�R�D�G���R�U���L�Q�W�H�U�P�L�W�W�H�Q�W
�R�Y�H�U�O�R�D�G �/�L�J�K�W�H�Q���O�R�D�G

�8�Q�G�H�U���Y�R�O�W�D�J�H �&�K�H�F�N���F�L�U�F�X�L�W���F�D�S�D�F�L�W�\���D�Q�G���S�R�Z�H�U
�V�R�X�U�F�H

�2�Y�H�U���Y�R�O�W�D�J�H �&�K�H�F�N���S�R�Z�H�U���V�R�X�U�F�H

�9�H�Q�W�L�O�D�W�L�R�Q���G�X�F�W���F�O�R�J�J�H�G�5�H�P�R�Y�H���W�K�H���I�R�U�H�L�J�Q���P�D�W�W�H�U���L�Q���W�K�H
�G�X�F�W

�$�P�E�L�H�Q�W���W�H�P�S�H�U�D�W�X�U�H���H�[�F�H�H�G�V
�����ƒ�&

�&�R�U�U�H�F�W���L�Q�V�X�O�D�W�L�R�Q���F�O�D�V�V���W�R���%���R�U���)�����R�U
�O�R�Z�H�U���D�P�E�L�H�Q�W���W�H�P�S�H�U�D�W�X�U�H

�)�U�L�F�W�L�R�Q���E�H�W�Z�H�H�Q���U�R�W�R�U���D�Q�G���V�W�D�W�R�U �)�D�F�W�R�U�\���U�H�S�D�L�U
�)�X�V�H���E�O�R�Z�Q�����6�L�Q�J�O�H���S�K�D�V�H
�U�R�W�D�W�L�Q�J�� �,�Q�V�W�D�O�O���W�K�H���V�S�H�F�L�I�L�H�G���I�X�V�H

�3�R�R�U���F�R�Q�W�D�F�W���R�I���F�L�U�F�X�L�W���V�Z�L�W�F�K�H�V �&�K�H�F�N���D�Q�G���U�H�S�D�L�U
�3�R�R�U���F�R�Q�W�D�F�W���R�I���F�L�U�F�X�L�W���V�W�D�U�W�L�Q�J
�V�Z�L�W�F�K�H�V �&�K�H�F�N���D�Q�G���U�H�S�D�L�U

�/�R�D�G�L�Q�J���D�I�W�H�U
�V�W�D�U�W

�2�Y�H�U�K�H�D�W�L�Q�J���P�R�W�R�U

�8�Q�E�D�O�D�Q�F�H���W�K�U�H�H���S�K�D�V�H���Y�R�O�W�D�J�H�&�K�H�F�N���F�L�U�F�X�L�W���R�U���F�R�Q�V�X�O�W���S�R�Z�H�U
�F�R�P�S�D�Q�\
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�.�L�Q�G�V���R�I
�%�U�H�D�N�G�R�Z�Q

�6�\�P�S�W�R�P�V �3�R�V�V�L�E�O�H
�&�D�X�V�H�V

�5�H�P�H�G�L�H�V

�9�R�O�W�D�J�H���G�U�R�S �&�K�H�F�N���F�L�U�F�X�L�W���D�Q�G���S�R�Z�H�U�V���V�R�X�U�F�H
�6�X�G�G�H�Q���R�Y�H�U�O�R�D�G �&�K�H�F�N���P�D�F�K�L�Q�H

�6�S�H�H�G���I�D�O�O�V
�V�K�D�U�S�O�\

�6�L�Q�J�O�H���S�K�D�V�H���U�R�W�D�W�L�Q�J �&�K�H�F�N���F�L�U�F�X�L�W���D�Q�G���U�H�S�D�L�U
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SECTION: 2.15.030

FM2780

0315

Supersedes

0114

����������������������������������������
AQUA-MATE SERIES

Model 72 Submersible Dewatering Pump

SK1924

        1 1/2" NPT

3 1/8"5 15/16"

4 1/4"

3 1/8" (79 mm)

4" (102 mm)

11 13/16" (300 mm)

3 3/4" (95 mm)

(108 mm)

(151 mm) (79 mm)

PRODUCT SPECIFICATIONS

M
O

TO
R

Horse Power 3/10 

Voltage 115

Phase 1 Ph

Hertz 60 Hz

RPM 3400

Type Permanent split capacitor

Insulation Class B

Amps 3.1 

P
U

M
P

Operation Automatic or nonautomatic

Auto On/Off Points 7-3/8" (18.7 cm) / 3-5/8" (9.2 cm)

Discharge Size 1-1/2" NPT

Solids Handling 3/8" (9 mm) spherical solids

Cord Length 9' (3 m) standard

Cord Type UL listed, 3-wire, grounded plug

Max. Head 18' (5.5 m)

Max. Flow Rate 38 GPM (144 LPM)

Max. Operating Temp. 110° F (43° C)

Cooling Oil free

Motor Protection Auto reset thermal overload

M
AT

E
R

IA
LS

Motor Housing Engineered plastic

Pump Housing Engineered plastic

Base Engineered plastic

Upper Bearing Ball bearing

Lower Bearing Ball bearing

Mechanical Seals Carbon and ceramic

Impeller Type Non-clogging vortex

Impeller Engineered plastic

Hardware Stainless steel

Motor Shaft 410 stainless steel

Gasket Buna-N o-ring

Product information presented 
�K�H�U�H���U�H�À�H�F�W�V���F�R�Q�G�L�W�L�R�Q�V���D�W���W�L�P�H��
of  publication. Consult factory 
regarding discrepancies or 
inconsistencies.

®

Your Peace of Mind is Our Top Priority  
®

R

�&�H�U�W�L�¿�H�G���W�R���&�6�$
�6�W�D�Q�G�D�U�G��������������

NOTE: See model comparison chart for specific details.

© Copyright 2015 Zoeller ® Co. All rights reserved.
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SELECTION GUIDE

1. Integral ”oat-operated mechanical switch, no external control required.

2. Single piggyback variable level ”oat switch or double piggyback variable level ”oat switch. Refer to FM0477.

3. See FM0477 for a residential alternator system.

M
ET

ER
S 

TO
TA

L 
D

YN
AM

IC
 H

EA
D

0

2

4

6

403010 20

FLOW PER MINUTE

LITERS 

GALLONS

0 80

10

5

15

20

PUMP PERFORMANCE CURVE

FE
ET

MODEL 72

* Single piggyback switch included.

012051

Shut-off Head:

Feet

MODEL

5

15

10

1.5

4.6

3.0

Meters

18 ft. (5.5 m)

Liters

38

30

14

Gal.

72

144

53

114

Model
MODEL COMPARISON

Seal Mode Volts Ph Amps HP Hz Lbs Kg Simplex Duplex

M72 Single Auto 115 1 3.1 3/10 60 9.5 4.3 1 3

N72 Single Non 115 1 3.1 3/10 60 9.5 4.3 2 2 & 3

BN72 Single Non 115 1 3.1 3/10 60 9.5 4.3 * ---

TOTAL DYNAMIC HEAD 
FLOW PER MINUTE

© Copyright 2015 Zoeller ® Co. All rights reserved.
502-778-2731  |  800-928-7867  |  3649 Cane Run Road  |  Louisville, KY  40211-1961  |  www.z oeller.com

All installation of controls, protection devices and wiring should be done by a qualified licensed electrician.  All electrical  and safety codes should be 
followed including the most recent National Electrical Code (NEC) and the Occupational Safety and Health Act (OSHA).CAUTION

OPTIONAL PUMP STAND P/N 10-2421

€ Reduces potential clogging by debris
€ Replaces rocks or bricks under the pump
€ Made of durable, noncorrosive ABS
€ Raises pump 2" (5 cm) off bottom of basin
€ Provides the ability to raise intake by adding sections of 1½" or 2" 
 (DN40 or DN50) PVC piping
€ Attaches securely to pump
€ Accommodates sump, dewatering and ef”uent applications
NOTE: Make sure ”oat is free from obstruction.

"Easy assembly"
  (pump & discharge pipe
          not included.)

�(������������
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INSTALLATION INSTRUCTIONS
RECOMMENDED MODELS

P
/N

 1
51

79
7

Notice to installing contractor:  Instructions must remain with installation.
SECTION: 6.10.002

FM2676

1011

Supersedes

New

PREINSTALLATION CHECKLIST - ALL INSTALLATIONS

DATE INSTALLED:

MODEL NUMBER:

1.  Inspect your pump. Occasionally, products are damaged during shipment.  If the unit is damaged, contact your dealer before using. DO NOT remove the test plugs in the cover nor the motor housing.
2.  Carefully read the literature���S�U�R�Y�L�G�H�G���W�R���I�D�P�L�O�L�D�U�L�]�H���\�R�X�U�V�H�O�I���Z�L�W�K���V�S�H�F�L�¿�F���G�H�W�D�L�O�V���U�H�J�D�U�G�L�Q�J���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���X�V�H�����7�K�H�V�H���P�D�W�H�U�L�D�O�V���V�K�R�X�O�G���E�H���U�H�W�D�L�Q�H�G���I�R�U���I�X�W�X�U�H���U�H�I�H�U�H�Q�F�H��

NOTICE: VENT HOLE FOR

CHECK VALVE

SEE #3 IN CAUTION SECTION

BELOW AND #4 ON PAGE 3

EFFLUENT*/SUMP/DEWATERING SEWAGE
49 / 53 / 57 Series, 98 Series 264 Series

137 Series, 151 / 152 / 153 Series 266 / 267 /  268 Series

SEE BELOW FOR
LIST OF CAUTIONS

SEE BELOW FOR
LIST OF WARNINGS

 1.���� �0�D�N�H���F�H�U�W�D�L�Q���W�K�D�W���W�K�H���U�H�F�H�S�W�D�F�O�H���L�V���Z�L�W�K�L�Q���W�K�H���U�H�D�F�K�����R�I���W�K�H���S�X�P�S�¶�V���S�R�Z�H�U���V�X�S�S�O�\���F�R�U�G�������'�2���1�2�7��
�8�6�(���$�1���(�;�7�(�1�6�,�2�1���&�2�5�'�����(�[�W�H�Q�V�L�R�Q���F�R�U�G�V���W�K�D�W���D�U�H���W�R�R���O�R�Q�J���R�U���W�R�R���O�L�J�K�W���G�R���Q�R�W���G�H�O�L�Y�H�U���V�X�I�¿�F�L�H�Q�W��
voltage to the pump motor. But, more important, they could present a safety hazard if the insulation 
were to become damaged or the connection end were to fall into the sump.

 2.  Make sure the pump electrical supply circuit is equipped with fuses or circuit breakers of 
proper capacity.  A separate branch circuit is recommended, sized according to the “National 
�(�O�H�F�W�U�L�F�D�O���&�R�G�H�´���I�R�U���W�K�H���F�X�U�U�H�Q�W���V�K�R�Z�Q���R�Q���W�K�H���S�X�P�S���Q�D�P�H�S�O�D�W�H��

 3.  Testing for ground.   As a safety measure, each electrical outlet should be checked for ground 
using an Underwriters Laboratory Listed circuit analyzer which will indicate if the power, neutral and 
�J�U�R�X�Q�G���Z�L�U�H�V���D�U�H���F�R�U�U�H�F�W�O�\���F�R�Q�Q�H�F�W�H�G���W�R���\�R�X�U���R�X�W�O�H�W�������,�I���W�K�H�\���D�U�H���Q�R�W�����F�D�O�O���D���T�X�D�O�L�¿�H�G���O�L�F�H�Q�V�H�G���H�O�H�F�W�U�L�F�L�D�Q��

 4.  For Added Safety.  Pumping and other equipment with a 3-prong grounded plug must be connected 
to a 3-prong grounded receptacle. For added safety the receptacle may be protected with a ground-
�I�D�X�O�W���F�L�U�F�X�L�W���L�Q�W�H�U�U�X�S�W�H�U�����:�K�H�Q���D���S�X�P�S���Q�H�H�G�V���W�R���E�H���F�R�Q�Q�H�F�W�H�G���L�Q���D���Z�D�W�H�U�W�L�J�K�W���M�X�Q�F�W�L�R�Q���E�R�[�����W�K�H���S�O�X�J��
can be removed and spliced to the supply cable with proper grounding. For added safety this circuit 
�P�D�\���E�H���S�U�R�W�H�F�W�H�G���E�\���D���J�U�R�X�Q�G���I�D�X�O�W���F�L�U�F�X�L�W���L�Q�W�H�U�U�X�S�W�H�U�����7�K�H���F�R�P�S�O�H�W�H���L�Q�V�W�D�O�O�D�W�L�R�Q���P�X�V�W���F�R�P�S�O�\���Z�L�W�K��
�W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���D�O�O���D�S�S�O�L�F�D�E�O�H���O�R�F�D�O���F�R�G�H�V���D�Q�G���R�U�G�L�Q�D�Q�F�H�V��

 5. FOR YOUR PROTECTION, ALWAYS DISCONNECT PUMP FROM ITS POWER SOURCE BEFORE 
HANDLING.  Single phase pumps are supplied with a 3-prong grounded plug to help protect you 
against the possibility of electrical shock.  DO NOT UNDER ANY CIRCUMSTANCES REMOVE 
THE GROUND PIN.�����7�K�H�������S�U�R�Q�J���S�O�X�J��must be inserted into a mating 3-prong grounded receptacle.  
If the installation does not have such a receptacle, it must be changed to the proper type, wired 
�D�Q�G���J�U�R�X�Q�G�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���D�O�O���D�S�S�O�L�F�D�E�O�H���O�R�F�D�O���F�R�G�H�V���D�Q�G��
�R�U�G�L�Q�D�Q�F�H�V�������7�K�U�H�H���S�K�D�V�H���S�X�P�S�V���U�H�T�X�L�U�H���P�R�W�R�U���V�W�D�U�W�L�Q�J���G�H�Y�L�F�H�V���Z�L�W�K���P�R�W�R�U���R�Y�H�U�O�R�D�G���S�U�R�W�H�F�W�L�R�Q�����6�H�H��
�)�0�����������I�R�U���G�X�S�O�H�[���L�Q�V�W�D�O�O�D�W�L�R�Q�V��

 6. �7�K�H���W�D�Q�N���L�V�� �W�R���E�H�� �Y�H�Q�W�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���O�R�F�D�O���S�O�X�P�E�L�Q�J�� �F�R�G�H���� �� �3�X�P�S�V must be installed in 
�D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���D�O�O���D�S�S�O�L�F�D�E�O�H���O�R�F�D�O���F�R�G�H�V���D�Q�G���R�U�G�L�Q�D�Q�F�H�V�������3�X�P�S�V��
�D�U�H���Q�R�W���W�R���E�H���L�Q�V�W�D�O�O�H�G���L�Q���O�R�F�D�W�L�R�Q�V���F�O�D�V�V�L�¿�H�G���D�V���K�D�]�D�U�G�R�X�V���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O��
�&�R�G�H�����$�1�6�,���1�)�3�$��������

 7. “Risk of electrical shock”  Do not remove power supply cord and strain relief or connect conduit 
directly to the pump.

 8.�� �,�Q�V�W�D�O�O�D�W�L�R�Q�� �D�Q�G�� �V�H�U�Y�L�F�L�Q�J�� �R�I�� �H�O�H�F�W�U�L�F�D�O�� �F�L�U�F�X�L�W�V�� �D�Q�G�� �K�D�U�G�Z�D�U�H�� �V�K�R�X�O�G�� �E�H�� �S�H�U�I�R�U�P�H�G�� �E�\�� �D�� �T�X�D�O�L�¿�H�G��
licensed electrician.

 9.�� �3�X�P�S���L�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���V�H�U�Y�L�F�L�Q�J�����V�K�R�X�O�G���E�H���S�H�U�I�R�U�P�H�G���E�\���D���T�X�D�O�L�¿�H�G���S�H�U�V�R�Q��
 10.�� �5�L�V�N���R�I���H�O�H�F�W�U�L�F���V�K�R�F�N�������7�K�H�V�H���S�X�P�S�V���K�D�Y�H���Q�R�W���E�H�H�Q���L�Q�Y�H�V�W�L�J�D�W�H�G���I�R�U���X�V�H���L�Q���V�Z�L�P�P�L�Q�J���S�R�R�O���D�Q�G��

marine areas.

 11.�� �$�F�F�R�U�G�L�Q�J���W�R���W�K�H���V�W�D�W�H���R�I���&�D�O�L�I�R�U�Q�L�D�����3�U�R�S�������������W�K�L�V���S�U�R�G�X�F�W���F�R�Q�W�D�L�Q�V���F�K�H�P�L�F�D�O�V���N�Q�R�Z�Q���W�R���W�K�H���V�W�D�W�H��
�R�I���&�D�O�L�I�R�U�Q�L�D���W�R���F�D�X�V�H���F�D�Q�F�H�U���D�Q�G���E�L�U�W�K���G�H�I�H�F�W�V���R�U���R�W�K�H�U���U�H�S�U�R�G�X�F�W�L�Y�H���K�D�U�P��

 1.�� �&�K�H�F�N���W�R���E�H���V�X�U�H���\�R�X�U���S�R�Z�H�U���V�R�X�U�F�H���L�V���F�D�S�D�E�O�H���R�I���K�D�Q�G�O�L�Q�J���W�K�H���Y�R�O�W�D�J�H���U�H�T�X�L�U�H�P�H�Q�W�V���R�I���W�K�H���P�R�W�R�U����
as indicated on the pump name plate.

 2.�� �7�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���R�I���D�X�W�R�P�D�W�L�F���S�X�P�S�V���Z�L�W�K���Y�D�U�L�D�E�O�H���O�H�Y�H�O���À�R�D�W���V�Z�L�W�F�K�H�V���R�U���Q�R�Q�D�X�W�R�P�D�W�L�F���S�X�P�S�V���X�V�L�Q�J��
�D�X�[�L�O�L�D�U�\���Y�D�U�L�D�E�O�H���O�H�Y�H�O���À�R�D�W���V�Z�L�W�F�K�H�V���L�V���W�K�H���U�H�V�S�R�Q�V�L�E�L�O�L�W�\���R�I���W�K�H���L�Q�V�W�D�O�O�L�Q�J���S�D�U�W�\���D�Q�G���F�D�U�H���V�K�R�X�O�G���E�H��
�W�D�N�H�Q���W�K�D�W���W�K�H���W�H�W�K�H�U�H�G���À�R�D�W�����V�Z�L�W�F�K���Z�L�O�O���Q�R�W���K�D�Q�J���X�S���R�Q���W�K�H���S�X�P�S���D�S�S�D�U�D�W�X�V���R�U���S�L�W���S�H�F�X�O�L�D�U�L�W�L�H�V���D�Q�G��
�L�V���V�H�F�X�U�H�G���V�R���W�K�D�W���W�K�H���S�X�P�S���Z�L�O�O���V�K�X�W���R�I�I�������,�W���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�R���X�V�H���U�L�J�L�G���S�L�S�L�Q�J���D�Q�G���¿�W�W�L�Q�J�V���D�Q�G���W�K�H��
pit be 18" or larger in diameter.

 3. Information - vent hole purpose.�����,�W���L�V���Q�H�F�H�V�V�D�U�\���W�K�D�W���D�O�O���V�X�E�P�H�U�V�L�E�O�H���V�X�P�S�����H�I�À�X�H�Q�W�����D�Q�G���V�H�Z�D�J�H��
pumps capable of handling various sizes of solid waste be of the bottom intake design to reduce 
�F�O�R�J�J�L�Q�J���D�Q�G���V�H�D�O���I�D�L�O�X�U�H�V�������,�I���D���F�K�H�F�N���Y�D�O�Y�H���L�V���L�Q�F�R�U�S�R�U�D�W�H�G���L�Q���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q�����D���Y�H�Q�W���K�R�O�H�����D�S�S�U�R�[����
���������������P�X�V�W���E�H���G�U�L�O�O�H�G���L�Q���W�K�H���G�L�V�F�K�D�U�J�H���S�L�S�H���E�H�O�R�Z���W�K�H���F�K�H�F�N���Y�D�O�Y�H���D�Q�G���S�L�W���F�R�Y�H�U���W�R���S�X�U�J�H���W�K�H���X�Q�L�W��
�R�I���W�U�D�S�S�H�G���D�L�U�����7�U�D�S�S�H�G���D�L�U���L�V���F�D�X�V�H�G���E�\���D�J�L�W�D�W�L�R�Q���D�Q�G���R�U���D���G�U�\���E�D�V�L�Q�������9�H�Q�W���K�R�O�H���V�K�R�X�O�G���E�H���F�K�H�F�N�H�G��
�S�H�U�L�R�G�L�F�D�O�O�\���I�R�U���F�O�R�J�J�L�Q�J�������7�K�H���������������������D�Q�G���������6�H�U�L�H�V���S�X�P�S�V���K�D�Y�H���D���Y�H�Q�W���O�R�F�D�W�H�G���L�Q���W�K�H���S�X�P�S���K�R�X�V�L�Q�J��
�R�S�S�R�V�L�W�H���W�K�H���À�R�D�W�����D�G�M�D�F�H�Q�W���W�R���D���K�R�X�V�L�Q�J���O�X�J�����E�X�W���D�Q���D�G�G�L�W�L�R�Q�D�O���Y�H�Q�W���K�R�O�H���L�V���U�H�F�R�P�P�H�Q�G�H�G�������7�K�H���Y�H�Q�W��
hole on a High Head application may cause too much turbulence. You may not want to drill one. 
If you choose not to drill a vent hole, be sure the pump case and impeller is covered with liquid 
before connecting the pipe to the check valve and no inlet  carries air to the pump intake. �1�2�7�(����
�7�+�(���+�2�/�(���0�8�6�7���$�/�6�2���%�(���%�(�/�2�:���7�+�(���%�$�6�,�1���&�2�9�(�5���$�1�'���&�/�(�$�1�(�'���3�(�5�,�2�'�,�&�$�/�/�<�� Water 
stream will be visible from this hole during pump run periods.

 4.�� �3�X�P�S���V�K�R�X�O�G���E�H���F�K�H�F�N�H�G���I�U�H�T�X�H�Q�W�O�\���I�R�U���G�H�E�U�L�V���D�Q�G���R�U���E�X�L�O�G���X�S���Z�K�L�F�K���P�D�\���L�Q�W�H�U�I�H�U�H���Z�L�W�K���W�K�H���À�R�D�W���³�R�Q�´��
�R�U���³�R�I�I�´���S�R�V�L�W�L�R�Q�����5�H�S�D�L�U���D�Q�G���V�H�U�Y�L�F�H���V�K�R�X�O�G���E�H���S�H�U�I�R�U�P�H�G���E�\���=�R�H�O�O�H�U���3�X�P�S���&�R�P�S�D�Q�\���$�X�W�K�R�U�L�]�H�G��
Service Station only.

 5.�� �'�H�Z�D�W�H�U�L�Q�J���D�Q�G���H�I�À�X�H�Q�W���V�X�P�S���S�X�P�S�V���D�U�H���Q�R�W���G�H�V�L�J�Q�H�G���I�R�U���X�V�H���L�Q���S�L�W�V���K�D�Q�G�O�L�Q�J���U�D�Z���V�H�Z�D�J�H��

 6.�� �0�D�[�L�P�X�P���R�S�H�U�D�W�L�Q�J���W�H�P�S�H�U�D�W�X�U�H���I�R�U���V�W�D�Q�G�D�U�G���P�R�G�H�O���S�X�P�S�V���P�X�V�W���Q�R�W���H�[�F�H�H�G���������ƒ�)���������ƒ�&��������

 7. Pump models 266, 267, 268, and 137 must be operated in an upright position. Do not attempt to 
start pump when tilted or laying on its side.

 8.�� �'�R���Q�R�W���R�S�H�U�D�W�H���D���S�X�P�S���L�Q���D�Q���D�S�S�O�L�F�D�W�L�R�Q���Z�K�H�U�H���W�K�H���7�R�W�D�O���'�\�Q�D�P�L�F���+�H�D�G���L�V���O�H�V�V���W�K�D�Q���W�K�H���P�L�Q�L�P�X�P��
�7�R�W�D�O���'�\�Q�D�P�L�F���+�H�D�G���O�L�V�W�H�G���R�Q���W�K�H���3�X�P�S���3�H�U�I�R�U�P�D�Q�F�H���&�X�U�Y�H�V��

REFER TO WARRANTY ON PAGE 2.

�1�2�7�(�����3�X�P�S�V���Z�L�W�K���W�K�H���³�8�/�´���P�D�U�N���D�Q�G���S�X�P�S�V���Z�L�W�K���W�K�H���³�8�6�´���P�D�U�N���D�U�H���W�H�V�W�H�G���W�R���8�/���6�W�D�Q�G�D�U�G���8�/����������
�&�6�$���&�H�U�W�L�¿�H�G���S�X�P�S�V���D�U�H���F�H�U�W�L�¿�H�G���W�R���&�6�$���6�W�D�Q�G�D�U�G���&�����������1�R������������

Product information presented 
�K�H�U�H���U�H�À�H�F�W�V���F�R�Q�G�L�W�L�R�Q�V���D�W���W�L�P�H��
of  publication. Consult factory 
regarding discrepancies or 
inconsistencies.

MAIL TO:�����3���2���� �%�2�;���������������‡���/�R�X�L�V�Y�L�O�O�H�����.�<������������������������
SHIP TO:���������������&�D�Q�H���5�X�Q���5�R�D�G�����‡���/�R�X�L�V�Y�L�O�O�H�����.�<������������������������

�������������������������������‡���������������������������3�8�0�3���‡���)�$�;������������������������������

visit our web site:
www.zoeller.com

®

Your Peace of Mind is Our Top Priority  
®
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we do not authorize any representative or other person to assume for us any other 
liability in connection with our products.

�&�R�Q�W�D�F�W���0�D�Q�X�I�D�F�W�X�U�H�U���D�W���������������&�D�Q�H���5�X�Q���5�R�D�G�����/�R�X�L�V�Y�L�O�O�H�����.�H�Q�W�X�F�N�\�������������������$�W�W�H�Q�W�L�R�Q����
�&�X�V�W�R�P�H�U���6�H�U�Y�L�F�H���'�H�S�D�U�W�P�H�Q�W���W�R���R�E�W�D�L�Q���D�Q�\���Q�H�H�G�H�G���U�H�S�D�L�U���R�U���U�H�S�O�D�F�H�P�H�Q�W���R�I���S�D�U�W���V����
or additional information pertaining to our warranty.

MANUFACTURER EXPRESSLY DISCLAIMS LIABILITY FOR SPECIAL, 
CONSEQUENTIAL OR INCIDENTAL DAMAGES OR BREACH OF EXPRESSED 
OR IMPLIED WARRANTY; AND ANY IMPLIED WARRANTY OF FITNESS FOR A 
PARTICULAR PURPOSE AND OF MERCHANTABILITY SHALL BE LIMITED TO 
THE DURATION OF THE EXPRESSED WARRANTY.

Some states do not allow limitations on the duration of an implied warranty, so the 
�D�E�R�Y�H���O�L�P�L�W�D�W�L�R�Q���P�D�\���Q�R�W���D�S�S�O�\���W�R���\�R�X�����6�R�P�H���V�W�D�W�H�V���G�R���Q�R�W���D�O�O�R�Z���W�K�H���H�[�F�O�X�V�L�R�Q���R�U��
�O�L�P�L�W�D�W�L�R�Q���R�I���L�Q�F�L�G�H�Q�W�D�O���R�U���F�R�Q�V�H�T�X�H�Q�W�L�D�O���G�D�P�D�J�H�V�����V�R���W�K�H���D�E�R�Y�H���O�L�P�L�W�D�W�L�R�Q���R�U���H�[�F�O�X�V�L�R�Q��
may not apply to you.

�7�K�L�V�� �Z�D�U�U�D�Q�W�\�� �J�L�Y�H�V�� �\�R�X�� �V�S�H�F�L�¿�F�� �O�H�J�D�O�� �U�L�J�K�W�V�� �D�Q�G�� �\�R�X�� �P�D�\�� �D�O�V�R�� �K�D�Y�H�� �R�W�K�H�U�� �U�L�J�K�W�V��
which vary from state to state.

Limited Warranty
Manufacturer warrants, to the purchaser and subsequent owner during the warranty 
period, every new product to be free from defects in material and workmanship under 
normal use and service, when properly used and maintained, for a period of three 
years from the date of original manufacture.  Parts that fail within the warranty period, 
that inspections determine to be defective in material or workmanship, will be repaired, 
replaced or remanufactured at Manufacturer's option, provided however, that by so 
doing we will not be obligated to replace an entire assembly, the entire mechanism 
or the complete unit.  No allowance will be made for shipping charges, damages, 
labor or other charges that may occur due to product failure, repair or replacement.

�7�K�L�V���Z�D�U�U�D�Q�W�\���G�R�H�V���Q�R�W���D�S�S�O�\���W�R���D�Q�G���W�K�H�U�H���V�K�D�O�O���E�H���Q�R���Z�D�U�U�D�Q�W�\���I�R�U���D�Q�\���P�D�W�H�U�L�D�O���R�U��
product that has been disassembled without prior approval of Manufacturer, subjected 
to misuse, misapplication, neglect, alteration, accident or act of God; that has not 
been installed, operated or maintained in accordance with Manufacturer's installation 
�L�Q�V�W�U�X�F�W�L�R�Q�V�����W�K�D�W���K�D�V���E�H�H�Q���H�[�S�R�V�H�G���W�R���R�X�W�V�L�G�H���V�X�E�V�W�D�Q�F�H�V���L�Q�F�O�X�G�L�Q�J���E�X�W���Q�R�W���O�L�P�L�W�H�G���W�R��
�W�K�H���I�R�O�O�R�Z�L�Q�J�������V�D�Q�G�����J�U�D�Y�H�O�����F�H�P�H�Q�W�����P�X�G�����W�D�U�����K�\�G�U�R�F�D�U�E�R�Q�V�����K�\�G�U�R�F�D�U�E�R�Q���G�H�U�L�Y�D�W�L�Y�H�V��
���R�L�O�����J�D�V�R�O�L�Q�H�����V�R�O�Y�H�Q�W�V�����H�W�F���������R�U���R�W�K�H�U���D�E�U�D�V�L�Y�H���R�U���F�R�U�U�R�V�L�Y�H���V�X�E�V�W�D�Q�F�H�V�����Z�D�V�K���W�R�Z�H�O�V��
�R�U���I�H�P�L�Q�L�Q�H���V�D�Q�L�W�D�U�\���S�U�R�G�X�F�W�V�����H�W�F�����L�Q���D�O�O���S�X�P�S�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�V�������7�K�H���Z�D�U�U�D�Q�W�\���V�H�W���R�X�W��
�L�Q���W�K�H���S�D�U�D�J�U�D�S�K���D�E�R�Y�H���L�V���L�Q���O�L�H�X���R�I���D�O�O���R�W�K�H�U���Z�D�U�U�D�Q�W�L�H�V���H�[�S�U�H�V�V�H�G���R�U���L�P�S�O�L�H�G�����D�Q�G��

  ELECTRICAL PRECAUTIONS- Before servicing a pump, always shut off the main power breaker and then unplug the pump - making 
�V�X�U�H���\�R�X���D�U�H���Z�H�D�U�L�Q�J���L�Q�V�X�O�D�W�H�G���S�U�R�W�H�F�W�L�Y�H���V�R�O�H���V�K�R�H�V���D�Q�G���Q�R�W���V�W�D�Q�G�L�Q�J���L�Q���Z�D�W�H�U�����8�Q�G�H�U���À�R�R�G�H�G���F�R�Q�G�L�W�L�R�Q�V�����F�R�Q�W�D�F�W���\�R�X�U���O�R�F�D�O���H�O�H�F�W�U�L�F���F�R�P�S�D�Q�\���R�U���D��
�T�X�D�O�L�¿�H�G���O�L�F�H�Q�V�H�G���H�O�H�F�W�U�L�F�L�D�Q���I�R�U���G�L�V�F�R�Q�Q�H�F�W�L�Q�J���H�O�H�F�W�U�L�F�D�O���V�H�U�Y�L�F�H���S�U�L�R�U���W�R���S�X�P�S���U�H�P�R�Y�D�O��

 Submersible pumps contain oils which becomes pressurized and hot under operating conditions - allow 2½ hours after disconnecting before 
attempting service.

If the above checklist does not uncover the problem, consult the factory - Do not attempt to service or otherwise disassemble pump. Service must be 
performed by Zoeller Authorized Service Stations. Go to www.zoellerpumps.com/servicestations���W�R���À�Q�G���W�K�H���$�X�W�K�R�U�L�]�H�G���6�H�U�Y�L�F�H���6�W�D�W�L�R�Q���L�Q���\�R�X�U���D�U�H�D��

SERVICE CHECKLIST

EASY DO’S & DON'T’S FOR INSTALLING A SUMP PUMP
  1. DO read thoroughly all installation material provided with the pump.
  2. DO�� �L�Q�V�S�H�F�W�� �S�X�P�S�� �I�R�U�� �D�Q�\�� �Y�L�V�L�E�O�H�� �G�D�P�D�J�H�� �F�D�X�V�H�G�� �E�\�� �V�K�L�S�S�L�Q�J���� �� �&�R�Q�W�D�F�W��

dealer if pump appears to be damaged.
  3. DO clean all debris from the sump.  Be sure that the pump will have a hard, 

�À�D�W���V�X�U�I�D�F�H���E�H�Q�H�D�W�K���L�W������DO NOT install on sand, gravel or dirt.
  4. DO be sure that the sump is large enough to allow proper clearance for the 

�O�H�Y�H�O���F�R�Q�W�U�R�O���V�Z�L�W�F�K���H�V�����W�R���R�S�H�U�D�W�H���S�U�R�S�H�U�O�\��
  5. DO Always Disconnect Pump From Power Source Before Handling.
  DO always connect to a separately protected and properly grounded 

circuit.
  DO NOT���H�Y�H�U���F�X�W�����V�S�O�L�F�H�����R�U���G�D�P�D�J�H���S�R�Z�H�U���F�R�U�G�����2�Q�O�\���V�S�O�L�F�H���L�Q���D���Z�D�W�H�U�W�L�J�K�W��

�M�X�Q�F�W�L�R�Q���E�R�[����
  DO NOT carry or lift pump by its power cord.
  DO NOT���X�V�H���D�Q���H�[�W�H�Q�V�L�R�Q���F�R�U�G���Z�L�W�K���D���V�X�P�S���S�X�P�S��
  6. DO install a check valve and a union in the discharge line.
  DO NOT use a discharge pipe smaller than the pump discharge.

 7. DO NOT���X�V�H���D���V�X�P�S���S�X�P�S���D�V���D���W�U�H�Q�F�K���R�U���H�[�F�D�Y�D�W�L�R�Q���S�X�P�S�����R�U���I�R�U���S�X�P�S�L�Q�J��
sewage, gasoline, or other hazardous liquids.

 8. DO test pump immediately after installation to be sure that the system is 
working properly.

 9. DO cover sump with an adequate sump cover.
 10. DO review all applicable local and national codes and verify that the installation 

conforms to each of them.
 11. DO���F�R�Q�V�X�O�W���P�D�Q�X�I�D�F�W�X�U�H�U���I�R�U���F�O�D�U�L�¿�F�D�W�L�R�Q�V���R�U���T�X�H�V�W�L�R�Q�V��
 12. DO consider a two pump system with an alarm where an installation may become 

overloaded or primary pump failure would result in property damages.
 13. DO���F�R�Q�V�L�G�H�U���D���'���&�����%�D�F�N�X�S���6�\�V�W�H�P���Z�K�H�U�H���D���V�X�P�S���R�U���G�H�Z�D�W�H�U�L�Q�J���S�X�P�S��

�L�V�� �Q�H�F�H�V�V�D�U�\�� �I�R�U�� �W�K�H�� �S�U�H�Y�H�Q�W�L�R�Q�� �R�I�� �S�U�R�S�H�U�W�\�� �G�D�P�D�J�H�V�� �I�U�R�P�� �À�R�R�G�L�Q�J�� �G�X�H��
�W�R���$���&���� �S�R�Z�H�U�� �G�L�V�U�X�S�W�L�R�Q�V���� �P�H�F�K�D�Q�L�F�D�O�� �R�U�� �H�O�H�F�W�U�L�F�D�O�� �S�U�R�E�O�H�P�V�� �R�U�� �V�\�V�W�H�P��
overloading.

  14. DO inspect and test system for proper operations at least every three 
months.

CONDITION COMMON CAUSES

A. Pump will not start or run. �&�K�H�F�N���I�X�V�H�����O�R�Z���Y�R�O�W�D�J�H�����R�Y�H�U�O�R�D�G���R�S�H�Q�����R�S�H�Q���R�U���L�Q�F�R�U�U�H�F�W���Z�L�U�L�Q�J�����R�S�H�Q���V�Z�L�W�F�K�����L�P�S�H�O�O�H�U���R�U���V�H�D�O���E�R�X�Q�G���P�H�F�K�D�Q�L�F�D�O�O�\����
defective capacitor or relay when used, motor or wiring shorted. Float assembly held down. Switch defective, 
damaged, or out of adjustment.

B. Motor overheats and trips overload 
or blows fuse.

�,�Q�F�R�U�U�H�F�W���Y�R�O�W�D�J�H�����Q�H�J�D�W�L�Y�H���K�H�D�G�����G�L�V�F�K�D�U�J�H���R�S�H�Q���O�R�Z�H�U���W�K�D�Q���Q�R�U�P�D�O�����L�P�S�H�O�O�H�U���R�U���V�H�D�O���E�R�X�Q�G���P�H�F�K�D�Q�L�F�D�O�O�\�����G�H�I�H�F-
tive capacitor or relay, motor shorted.

C. Pump starts and stops too often.�)�O�R�D�W���W�L�J�K�W���R�Q���U�R�G�����F�K�H�F�N���Y�D�O�Y�H���V�W�X�F�N���R�U���Q�R�Q�H���L�Q�V�W�D�O�O�H�G���L�Q���O�R�Q�J���G�L�V�W�D�Q�F�H���O�L�Q�H�����R�Y�H�U�O�R�D�G���R�S�H�Q�����O�H�Y�H�O���V�Z�L�W�F�K���V�����G�H�I�H�F-
tive, sump pit too small.

D. Pump will not shut off. �'�H�E�U�L�V���X�Q�G�H�U���À�R�D�W���D�V�V�H�P�E�O�\���� �À�R�D�W���R�U���À�R�D�W���U�R�G���E�R�X�Q�G���E�\�� �S�L�W���V�L�G�H�V���R�U���R�W�K�H�U���� �V�Z�L�W�F�K���G�H�I�H�F�W�L�Y�H���� �G�D�P�D�J�H�G���R�U���R�X�W���R�I��
adjustment.

E. Pump operates but delivers little or 
no water.

�&�K�H�F�N�� �V�W�U�D�L�Q�H�U�� �K�R�X�V�L�Q�J���� �G�L�V�F�K�D�U�J�H�� �S�L�S�H���� �R�U�� �L�I�� �F�K�H�F�N�� �Y�D�O�Y�H�� �L�V�� �X�V�H�G�� �Y�H�Q�W�� �K�R�O�H�� �P�X�V�W�� �E�H�� �F�O�H�D�U���� �'�L�V�F�K�D�U�J�H�� �K�H�D�G��
�H�[�F�H�H�G�V���S�X�P�S���F�D�S�D�F�L�W�\�����/�R�Z���R�U���L�Q�F�R�U�U�H�F�W���Y�R�O�W�D�J�H�����,�Q�F�R�U�U�H�F�W���P�R�W�R�U���U�R�W�D�W�L�R�Q�����&�D�S�D�F�L�W�R�U���G�H�I�H�F�W�L�Y�H�����,�Q�F�R�P�L�Q�J���Z�D�W�H�U��
containing air or causing air to enter pumping chamber.

F. Drop in head and/or capacity after 
a period of use.

Increased pipe friction, clogged line or check valve. Abrasive material and adverse chemicals could possibly 
�G�H�W�H�U�L�R�U�D�W�H���L�P�S�H�O�O�H�U���D�Q�G���S�X�P�S���K�R�X�V�L�Q�J�����&�K�H�F�N���O�L�Q�H�����5�H�P�R�Y�H���E�D�V�H���D�Q�G���L�Q�V�S�H�F�W��

In those instances where damages are incurred as a result of an alleged pump failure, 
the Homeowner must retain possession of the pump for investigation purposes.

�(������������
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On some installations it may be desirable 
to install an independent hanger for the 
level control switches to avoid possible 
hang ups on the pumps, piping, valves, 
etc.  Float hangers are available from 
�=�R�H�O�O�H�U�� �&�R�P�S�D�Q�\�� �R�Q�� �&�D�W�D�O�R�J�� �6�K�H�H�W��
FM0526 or can be fabricated from stan-
�G�D�U�G���S�L�S�H���D�Q�G���¿�W�W�L�Q�J�V��

SUGGESTED METHODS OF FLOAT INSTALLATION
TYPICAL FLOAT HANGER ON CONCRETE PITS

OR SEPTIC TANK RISERS
TYPICAL FLOAT HANGER ON STEEL COVER PITS

ACCESS COVER

STANDARD PIPE
FLANGE

PVC OR LIGHT WEIGHT
STAINLESS STEEL PIPEPEAGRAVEL TYPICAL FLOAT HANGER ON CONCRETE PITS

OR SEPTIC TANK RISERS

10-1457 FLOAT TREE
WITH 3 FLOATS SHOWN

SK1217 SK1218

RECOMMENDED INSTALLATION FOR ALL APPLICATIONS

All installations must comply with all applicable electrical and plumbing codes, including,  but not limited to, National Electrical Code, local, regional, and/or state plumbing 
codes, etc. Not intended for use in hazardous locations.

�� �������� ���(�O�H�F�W�U�L�F�D�O���Z�L�U�L�Q�J���D�Q�G���S�U�R�W�H�F�W�L�R�Q���P�X�V�W���E�H���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���1�D�W�L�R�Q�D�O��
�(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���D�Q�\���R�W�K�H�U���D�S�S�O�L�F�D�E�O�H���V�W�D�W�H���D�Q�G���O�R�F�D�O���H�O�H�F�W�U�L�F�D�O��
requirements. 

�� �������� ���,�Q�V�W�D�O�O���S�U�R�S�H�U���=�R�H�O�O�H�U���X�Q�L�F�K�H�F�N�����F�R�P�E�L�Q�D�W�L�R�Q���X�Q�L�R�Q���D�Q�G���F�K�H�F�N���Y�D�O�Y�H������
preferably just above the basin to allow easy removal of the pump for 
�F�O�H�D�Q�L�Q�J���R�U���U�H�S�D�L�U�������2�Q���V�H�Z�D�J�H�����H�I�À�X�H�Q�W���R�U���G�H�Z�D�W�H�U�L�Q�J�����L�I���K�L�J�K���K�H�D�G���R�U��
below cover installation is required use 30-0164 on 1½" pipe, 30-0152 
�R�Q���������S�L�S�H���D�Q�G�������������������R�Q���������S�L�S�H�������6�H�H�����������E�H�O�R�Z����

�� �������� ���$�O�O���L�Q�V�W�D�O�O�D�W�L�R�Q�V���U�H�T�X�L�U�H���D���E�D�V�L�Q���F�R�Y�H�U���W�R���S�U�H�Y�H�Q�W���G�H�E�U�L�V���I�U�R�P���I�D�O�O�L�Q�J���L�Q�W�R��
the basin and to prevent accidental injury. 

�� �������� ���:�K�H�Q���D���8�Q�L�F�K�H�F�N���L�V���L�Q�V�W�D�O�O�H�G�����G�U�L�O�O���D���������������G�L�D�����K�R�O�H���L�Q���W�K�H���G�L�V�F�K�D�U�J�H��
pipe even with the top of the pump. NOTE: THE HOLE MUST ALSO 
BE BELOW THE BASIN COVER AND CLEANED PERIODICALLY. 
���+�L�J�K���+�H�D�G���X�Q�L�W���V�H�H���������X�Q�G�H�U���³�&�D�X�W�L�R�Q�´���R�Q���I�U�R�Q�W���S�D�J�H�������:�D�W�H�U���V�W�U�H�D�P��
will be visible from this hole during pump run periods.

�� �������� ���6�H�F�X�U�H�O�\���W�D�S�H���R�U���F�O�D�P�S���S�R�Z�H�U���F�R�U�G���W�R���G�L�V�F�K�D�U�J�H���S�L�S�H�����F�O�H�D�U���R�I���W�K�H���À�R�D�W��
�P�H�F�K�D�Q�L�V�P���V������

�� �������� �8�V�H���I�X�O�O���V�L�]�H���G�L�V�F�K�D�U�J�H���S�L�S�H����
�� �������� ���%�D�V�L�Q���P�X�V�W���E�H���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���D�S�S�O�L�F�D�E�O�H���F�R�G�H�V���D�Q�G�� 

�V�S�H�F�L�¿�F�D�W�L�R�Q�V��
�� �������� ���3�X�P�S���P�X�V�W���E�H���O�H�Y�H�O���D�Q�G���À�R�D�W���P�H�F�K�D�Q�L�V�P���V�����F�O�H�D�U���R�I���V�L�G�H�V���R�I���E�D�V�L�Q��

before starting pump.     

�� �������� �%�D�V�L�Q���P�X�V�W���E�H���F�O�H�D�Q���D�Q�G���I�U�H�H���R�I���G�H�E�U�L�V���D�I�W�H�U���L�Q�V�W�D�O�O�D�W�L�R�Q��
�� ���������� ���*�D�W�H���9�D�O�Y�H���R�U���%�D�O�O���9�D�O�Y�H���W�R���E�H���V�X�S�S�O�L�H�G���E�\���L�Q�V�W�D�O�O�H�U���D�Q�G���L�Q�V�W�D�O�O�H�G�� 

according to any and all codes.
�� ���������� ���/�R�F�D�W�H���À�R�D�W���V�Z�L�W�F�K�H�V���D�V���V�K�R�Z�Q���L�Q���V�N�H�W�F�K�H�V�����7�K�H���E�H�V�W���S�O�D�F�H���I�R�U���W�K�H��

�³�R�I�I�´���S�R�L�Q�W���L�V���D�E�R�Y�H���W�K�H���P�R�W�R�U���K�R�X�V�L�Q�J���D�Q�G���S�R�V�L�W�L�R�Q�H�G���������ƒ���I�U�R�P���W�K�H��
�L�Q�O�H�W�����1�H�Y�H�U���S�X�W���³�R�I�I�´���S�R�L�Q�W���E�H�O�R�Z���G�L�V�F�K�D�U�J�H���R�Q���S�X�P�S�����6�H�Z�D�J�H���	�� 
�(�I�À�X�H�Q�W���R�Q�O�\������NOTE: FOR AUTOMATIC PUMPS, USE 
DEWATERING INSTALLATION SKETCH.

�� ���������� �*�D�V���W�L�J�K�W���V�H�D�O�V���U�H�T�X�L�U�H�G���W�R���F�R�Q�W�D�L�Q���J�D�V�H�V���D�Q�G���R�G�R�U�V��
�� �������������� ���9�H�Q�W���J�D�V�H�V���D�Q�G���R�G�R�U�V���W�R���W�K�H���D�W�P�R�V�S�K�H�U�H���W�K�U�R�X�J�K���Y�H�Q�W���S�L�S�H�����6�H�Z�D�J�H��

�	���'�H�Z�D�W�H�U�L�Q�J���R�Q�O�\����
�� �������������� �,�Q�V�W�D�O�O���=�R�H�O�O�H�U���3�X�P�S���6�W�D�Q�G�����0�R�G�H�O���������������������X�Q�G�H�U���S�X�P�S���W�R���S�U�R�Y�L�G�H���D����

�� �V�H�W�W�O�L�Q�J���E�D�V�L�Q�������(�I�À�X�H�Q�W���	���'�H�Z�D�W�H�U�L�Q�J���R�Q�O�\����
�)�R�U���(�I�À�X�H�Q�W���2�Q�O�\��
�� �������������� ���:�L�U�H���S�X�P�S���W�R���S�R�Z�H�U���W�K�U�R�X�J�K���D���=�R�H�O�O�H�U���Z�D�W�H�U�W�L�J�K�W���M�X�Q�F�W�L�R�Q���E�R�[���R�U��

watertight splice.  �1�2�7�(�����:�D�W�H�U�W�L�J�K�W���H�Q�F�O�R�V�X�U�H���L�V���D���P�X�V�W���L�Q���G�D�P�S��
�D�U�H�D�V�����6�H�H���1�R���������R�Q���I�U�R�Q�W���S�D�J�H���R�I���)�0����������                  

�� ���������� ���5�H�I�H�U���W�R���6�6�3�0�$���(�I�À�X�H�Q�W���6�L�]�L�Q�J���0�D�Q�X�D�O���I�R�U���G�H�W�H�U�P�L�Q�L�Q�J���³�R�Q�´�������³�R�I�I�´��
switches. 

�� �������������� �6�H�S�W�L�F���W�D�Q�N���U�L�V�H�U�V���P�X�V�W���E�H���X�V�H�G���I�R�U���H�D�V�\���S�X�P�S���D�Q�G���¿�O�W�H�U���D�F�F�H�V�V��

NOTE: Double seal pumps offer extra protection from damage caused by 
seal failure.

�7�<�3�,�&�$�/���6�(�:�$�*�(���,�1�6�7�$�/�/�$�7�,�2�1

SK290

Always refer to 
FM0551 and/or 
SSPMA recom-
mended sewage 
pump installation 
and maintenance.

�7�<�3�,�&�$�/���(�)�)�/�8�(�1�7���,�1�6�7�$�/�/�$�7�,�2�1

SK291

WW1 
EFFLUENT
FILTERSee FM0531, 

�)�0�����������	���)�0����������
for alarms, controls 
�	���M�X�Q�F�W�L�R�Q���E�R�[�H�V

�7�<�3�,�&�$�/���'�(�:�$�7�(�5�,�1�*���,�1�6�7�$�/�/�$�7�,�2�1

SK292

�6�H�H���)�0�������������)�0�����������	���)�0�����������I�R�U���D�O�D�U�P�V����
�F�R�Q�W�U�R�O�V���	���M�X�Q�F�W�L�R�Q���E�R�[�H�V

�(������������
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WD & WH MODEL INSTALLATION

WIRING DIAGRAM FOR MODELS
�:�'�������������9���������3�K�����������+�]��

�:�+���������������������9���������3�K�����������+�]��

�0�R�G�H�O�V���:�'���	���:�+���D�U�H���I�X�O�O�\���D�X�W�R�P�D�W�L�F�����$���À�R�D�W���V�Z�L�W�F�K���L�V���L�Q�F�O�X�G�H�G���D�Q�G��
factory wired in the pump circuit to provide automatic operation 
�R�Q�F�H���W�K�H���À�R�D�W���V�Z�L�W�F�K���L�V���V�H�F�X�U�H�G���S�U�R�S�H�U�O�\���W�R���W�K�H���R�X�W�O�H�W���S�L�S�H�����8�V�H���W�K�H��
�G�L�D�J�U�D�P���D�E�R�Y�H���W�R���V�H�F�X�U�H���W�K�H���À�R�D�W���V�Z�L�W�F�K���S�U�R�S�H�U�O�\���D�Q�G���R�E�W�D�L�Q���W�K�H��
proper tether to customize the on-off cycle to each application.

Determining Pumping Range
in Inches (1 inch - 2.5 cm)

�7�H�W�K�H�U���/�H�Q�J�W�K��5 10 15 20 22

�3�X�P�S�L�Q�J���5�D�Q�J�H��9 13.5 18 22 24

max.

Use only as a guide. Due to weight of 
cable, pumping range above horizontal 
is not equal to pumping range below 
�K�R�U�L�]�R�Q�W�D�O�����5�D�Q�J�H�V���D�U�H���E�D�V�H�G���R�Q���W�H�V�W�L�Q�J���L�Q��
nonturbulent conditions.���5�D�Q�J�H���P�D�\���Y�D�U�\��
due to water temperature and cord shape. 
As tether length increases, so does the 
variance of the pumping range.

min.

START

RUN

BLUE

MOTOR

(WHITE)
RED
(BROWN)

O.L.

YELLOW
(BLACK)

SWITCH
FLOAT 

BLACK

BLACK

WHITE

CAPACITOR

BLUE
(1) (2)

RED

RUN

WHITE

GREEN

L1 L2

(3)

011835
Note: Failure to keep within proper tether limits 
may prevent reliable switch operation.

Note: �&�D�E�O�H�� �P�X�V�W�� �E�H�� �P�R�X�Q�W�H�G�� �L�Q�� �K�R�U�L�]�R�Q�W�D�O��
position.

22" MAX.
5" MIN.

20 AMP SWITCH (WD & WH MODELS)

SK305

THREE PHASE WIRING INSTRUCTIONS
 FOR YOUR PROTECTION, ALWAYS 

DISCONNECT PUMP FROM ITS POWER SOURCE 
BEFORE HANDLING.

�7�R�� �D�X�W�R�P�D�W�L�F�D�O�O�\�� �R�S�H�U�D�W�H�� �D�� �Q�R�Q�D�X�W�R�P�D�W�L�F�� �W�K�U�H�H�� �S�K�D�V�H�� �S�X�P�S���� �D��
control panel is required.  Follow the instructions provided with the 
panel to wire the system.  For automatic three phase pumps see 
automatic 3 phase wiring diagram located to the far right.

Before installing a pump, check the pump rotation to ensure that 
wiring has been connected properly to power source, and that 
�W�K�H���J�U�H�H�Q���O�H�D�G���R�I���S�R�Z�H�U���F�R�U�G�����6�H�H���Z�L�U�L�Q�J���G�L�D�J�U�D�P�������L�V���F�R�Q�Q�H�F�W�H�G��
to a valid ground. Momentarily energize the pump, observing the 
�G�L�U�H�F�W�L�R�Q�V���R�I���N�L�F�N���E�D�F�N���G�X�H���W�R���V�W�D�U�W�L�Q�J���W�R�U�T�X�H�����5�R�W�D�W�L�R�Q���L�V���F�R�U�U�H�F�W���L�I��
kick back is in the opposite direction of rotation arrow on the pump 
casing. If rotation is not correct, switching of any two power leads 
other than ground, should provide the proper rotation.

All three phase pumps require motor starting devices with motor 
�R�Y�H�U�O�R�D�G���S�U�R�W�H�F�W�L�R�Q�����6�H�H���)�0�����������I�R�U���G�X�S�O�H�[���L�Q�V�W�D�O�O�D�W�L�R�Q�V�������3�X�P�S�V 
must���E�H���L�Q�V�W�D�O�O�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H��
and all applicable local codes and ordinances. Pumps are not to 
�E�H���L�Q�V�W�D�O�O�H�G���L�Q���O�R�F�D�W�L�R�Q�V���F�O�D�V�V�L�¿�H�G���D�V���K�D�]�D�U�G�R�X�V���L�Q���D�F�F�R�U�G�D�Q�F�H��
�Z�L�W�K���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H�����$�1�6�,���1�)�3�$��������

NONAUTOMATIC
3 PHASE

AUTOMATIC
3 PHASE

MOTOR

(3)

BLUE RED

BLACK

GREEN

L1 L2

006848

(1) (2)

YELLOW

L3

WHITE

RED

013071

SINGLE PHASE WIRING INSTRUCTIONS
 FOR YOUR PROTECTION, ALWAYS DISCONNECT PUMP FROM ITS POWER SOURCE BEFORE HANDLING.  Single phase 

pumps are supplied with a 3-prong grounded plug to help protect you against the possibility of electrical shock. DO NOT UNDER ANY CIRCUMSTANCES 
REMOVE THE GROUND PIN.�����7�K�H�������S�U�R�Q�J���S�O�X�J��must  be inserted into a mating 3-prong grounded receptacle. If the installation does not have such 
�D���U�H�F�H�S�W�D�F�O�H�����L�W���P�X�V�W���E�H���F�K�D�Q�J�H�G���W�R���W�K�H���S�U�R�S�H�U���W�\�S�H�����Z�L�U�H�G���D�Q�G���J�U�R�X�Q�G�H�G���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���1�D�W�L�R�Q�D�O���(�O�H�F�W�U�L�F�D�O���&�R�G�H���D�Q�G���D�O�O���D�S�S�O�L�F�D�E�O�H���O�R�F�D�O���F�R�G�H�V��
and ordinances.

 “Risk of electrical shock”  Do not remove power supply cord and strain relief or connect conduit directly to the pump.
���,�Q�V�W�D�O�O�D�W�L�R�Q���D�Q�G���F�K�H�F�N�L�Q�J���R�I���H�O�H�F�W�U�L�F�D�O���F�L�U�F�X�L�W�V���D�Q�G���K�D�U�G�Z�D�U�H���V�K�R�X�O�G���E�H���S�H�U�I�R�U�P�H�G���E�\���D���T�X�D�O�L�¿�H�G���O�L�F�H�Q�V�H�G���H�O�H�F�W�U�L�F�L�D�Q��
���8�Q�L�W�V���V�X�S�S�O�L�H�G���Z�L�W�K�R�X�W���D���S�O�X�J�����V�L�Q�J�O�H���D�Q�G���W�K�U�H�H���S�K�D�V�H�����D�Q�G���V�L�Q�J�O�H���S�K�D�V�H���Q�R�Q�D�X�W�R�P�D�W�L�F���X�Q�L�W�V���Z�L�W�K���D���������D�P�S���S�O�X�J���P�X�V�W���K�D�Y�H���D���P�R�W�R�U��

�F�R�Q�W�U�R�O�� �D�Q�G�� �O�L�T�X�L�G�� �O�H�Y�H�O�� �F�R�Q�W�U�R�O�� �S�U�R�Y�L�G�H�G�� �D�W���W�L�P�H�� �R�I�� �L�Q�V�W�D�O�O�D�W�L�R�Q�����7�K�H�� �F�R�Q�W�U�R�O�� �G�H�Y�L�F�H�� �V�K�R�X�O�G�� �K�D�Y�H�� �V�X�L�W�D�E�O�H�� �Y�R�O�W�D�J�H���� �D�P�S�H�U�H���� �I�U�H�T�X�H�Q�F�\���� �J�U�R�X�Q�G�L�Q�J�� �D�Q�G��
horsepower rating for the pump to which it is connected.

IMPORTANT NOTICE: �6�R�P�H���L�Q�V�X�U�D�Q�F�H���S�R�O�L�F�L�H�V�����E�R�W�K���F�R�P�P�H�U�F�L�D�O���D�Q�G���U�H�V�L�G�H�Q�W�L�D�O�����H�[�W�H�Q�G���F�R�Y�H�U�D�J�H���I�R�U���G�D�P�D�J�H�V���L�Q�F�X�U�U�H�G���E�\���S�U�R�G�X�F�W���I�D�L�O�X�U�H�����<�R�X���Z�L�O�O���Q�H�H�G���W�R��
�K�D�Y�H���S�R�V�V�H�V�V�L�R�Q���R�I���W�K�H���S�U�R�G�X�F�W���W�R���V�X�S�S�R�U�W���\�R�X�U���F�O�D�L�P���L�Q���P�R�V�W���F�D�V�H�V�����=�R�H�O�O�H�U���3�X�P�S���&�R�����Z�L�O�O���H�[�F�K�D�Q�J�H���W�K�H���X�Q�L�W���R�U���U�H�I�X�Q�G���W�K�H���R�U�L�J�L�Q�D�O���S�X�U�F�K�D�V�H���S�U�L�F�H���R�Q�F�H���W�K�H���F�O�D�L�P��
is settled with the insurer in the case where you need to retain possession of the product to support a damage claim you submit to your insurance company.

006848

�(������������
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Aviso al contratista instalador: Las instrucciones deberán permanecer con la instalación.
FM2676S

EFLUENTES*/SUMIDERO/ACHIQUE AGUAS CLOACALES
49 / 53 / 57 Series, 98 Series 264 Series

137 Series, 151 / 152 / 153 Series 266 / 267 / 268 Series

 1. Asegúrese de que el tomacorriente esté al alcance del cable de alimentación eléctrica de la 
�E�R�P�E�D�����1�2���8�6�(���8�1���&�$�%�/�(���'�(���(�;�7�(�1�6�,�Ï�1�����/�R�V���F�D�E�O�H�V���G�H���H�[�W�H�Q�V�L�y�Q���T�X�H���V�R�Q���G�H�P�D�V�L�D�G�R��
�O�D�U�J�R�V���R���O�L�Y�L�D�Q�R�V���Q�R���V�X�P�L�Q�L�V�W�U�D�Q���Y�R�O�W�D�M�H���V�X�¿�F�L�H�Q�W�H���D�O���P�R�W�R�U���G�H���O�D���E�R�P�E�D�����0�i�V���L�P�S�R�U�W�D�Q�W�H���D�~�Q����
�S�U�H�V�H�Q�W�D�Q���X�Q���S�H�O�L�J�U�R���D���O�D���V�H�J�X�U�L�G�D�G���V�L���H�O���D�L�V�O�D�Q�W�H���V�H���G�D�x�D���R���H�O���H�[�W�U�H�P�R���G�H���F�R�Q�H�[�L�y�Q���F�D�H���G�H�Q�W�U�R��
del sumidero.

 2. Asegúrese de que el circuito de alimentación eléctrica de la bomba esté equipado con fu-
sibles o interruptores de circuito de capacidad adecuada.���6�H���U�H�F�R�P�L�H�Q�G�D���X�Q���F�L�U�F�X�L�W�R���D�X�[�L�O�L�D�U����
�G�H�O���W�D�P�D�x�R���G�H���D�F�X�H�U�G�R���D�O���³�&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O�´���S�D�U�D���O�D���F�R�U�U�L�H�Q�W�H���T�X�H���V�H���P�X�H�V�W�U�D���H�Q���O�D��
etiqueta de nombre de la bomba.

 3. Prueba de puesta a tierra.���&�R�P�R���P�H�G�L�G�D���G�H���V�H�J�X�U�L�G�D�G�����F�D�G�D���W�R�P�D�F�R�U�U�L�H�Q�W�H���G�H�E�H���Y�H�U�L�¿�F�D�U�V�H��
para puesta a tierra usando un analizador de circuitos aprobado por el Underwriters Laboratory, 
�H�O���F�X�D�O���L�Q�G�L�F�D�U�i���V�L���O�R�V���D�O�D�P�E�U�H�V���G�H���H�Q�H�U�J�t�D�����Q�H�X�W�U�D�O�H�V���\���G�H���S�X�H�V�W�D���D���W�L�H�U�U�D���H�V�W�i�Q���F�R�Q�H�F�W�D�G�R�V���F�R�U-
�U�H�F�W�D�P�H�Q�W�H���D���V�X���W�R�P�D�F�R�U�U�L�H�Q�W�H�����6�L���Q�R���O�R���H�V�W�i�Q�����O�O�D�P�H���D���X�Q���W�p�F�Q�L�F�R���H�O�H�F�W�U�L�F�L�V�W�D���F�D�O�L�¿�F�D�G�R��

 4. Para mayor seguridad. El equipo de bombeo y otro equipo eléctrico con enchufes de 3 patillas 
deben conectarse a un tomacorriente para 3 patillas con puesta a tierra. Para mayor seguridad, 
�H�O���W�R�P�D�F�R�U�U�L�H�Q�W�H���S�X�H�G�H���H�V�W�D�U���S�U�R�W�H�J�L�G�R���F�R�Q���X�Q���L�Q�W�H�U�U�X�S�W�R�U���G�H���F�L�U�F�X�L�W�R���G�H���I�D�O�O�D���D���W�L�H�U�U�D�����&�X�D�Q�G�R���X�Q�D��
�E�R�P�E�D���Q�H�F�H�V�L�W�D���V�H�U���F�R�Q�H�F�W�D�G�D���D���X�Q�D���F�D�M�D���G�H���F�R�Q�H�[�L�y�Q���K�H�U�P�p�W�L�F�D�����H�O���H�Q�F�K�X�I�H���S�X�H�G�H���V�H�U���U�H�W�L�U�D�G�R��
y empalmado al cable de alimentación eléctrica propiamente conectado a tierra. Para mayor 
seguridad, este circuito puede ser protegido mediante un interruptor de circuito de falla a tierra. 
�/�D���L�Q�V�W�D�O�D�F�L�y�Q���F�R�P�S�O�H�W�D���G�H�E�H�U�i���F�X�P�S�O�L�U���F�R�Q���H�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���\���W�R�G�D�V���O�D�V���R�U�G�H�Q�D�Q�]�D�V��
y códigos locales aplicables.

 5. PARA SU PROTECCIÓN, SIEMPRE DESCONECTE LA BOMBA DE LA FUENTE DE 
  ALIMENTACIÓN ELÉCTRICA ANTES DE MANIPULARLA.���/�D�V���E�R�P�E�D�V���P�R�Q�R�I�i�V�L�F�D�V���V�H��

suministran con enchufes de 3 patillas con puesta a tierra para ayudar a protegerle contra la 
posibilidad de choque eléctrico.  NO RETIRE BAJO NINGUNA CIRCUNSTANCIA LA CLAVIJA 
DE PUESTA A TIERRA. Los enchufes de 3 patillas se deben introducir en un tomacorriente para 
3 patillas apropiado. Si la instalación no posee un tomacorriente de este tipo, se debe cambiar 
�S�R�U���X�Q�R���D�S�U�R�S�L�D�G�R�����F�D�E�O�H�D�G�R���\���F�R�Q���S�X�H�V�W�D���D���W�L�H�U�U�D���G�H���D�F�X�H�U�G�R���D�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���\���D��
�W�R�G�D�V���O�D�V���R�U�G�H�Q�D�Q�]�D�V���\���F�y�G�L�J�R�V���O�R�F�D�O�H�V���D�S�O�L�F�D�E�O�H�V�����/�D�V���E�R�P�E�D�V���W�U�L�I�i�V�L�F�D�V���U�H�T�X�L�H�U�H�Q���G�L�V�S�R�V�L�W�L�Y�R�V��
�G�H���D�U�U�D�Q�T�X�H���G�H�O���P�R�W�R�U���F�R�Q���S�U�R�W�H�F�F�L�y�Q���F�R�Q�W�U�D���V�R�E�U�H�F�D�U�J�D�����9�H�D���)�0�����������S�D�U�D���L�Q�V�W�D�O�D�F�L�R�Q�H�V���G�X�S�O�H�[����

 6.�� �(�O���W�D�Q�T�X�H���V�H���G�H�E�H���Y�H�Q�W�L�O�D�U���F�R�Q�I�R�U�P�H���D���O�R�V���F�y�G�L�J�R�V���G�H���S�O�R�P�H�U�t�D���O�R�F�D�O�H�V�����/�D�V���E�R�P�E�D�V���V�H��deben 
�L�Q�V�W�D�O�D�U���F�R�Q�I�R�U�P�H���D�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���\���D���W�R�G�R�V���O�R�V���F�y�G�L�J�R�V���\���R�U�G�H�Q�D�Q�]�D�V���O�R�F�D�O�H�V���T�X�H��
�F�R�U�U�H�V�S�R�Q�G�D�Q�����/�D�V���E�R�P�E�D�V���Q�R���V�H���G�H�E�H�Q���L�Q�V�W�D�O�D�U���H�Q���V�L�W�L�R�V���S�H�O�L�J�U�R�V�R�V���F�R�Q�I�R�U�P�H���D���O�D���F�O�D�V�L�¿�F�D�F�L�y�Q��
�G�H�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O�����$�1�6�,���1�)�3�$��������

 7. “Riesgo de choque eléctrico”. No quite el cable de alimentación eléctrica ni el dispositivo de 
alivio de tensión y no conecte un conductor directamente a la bomba.

 8.�� �/�D���L�Q�V�W�D�O�D�F�L�y�Q���\���Y�H�U�L�¿�F�D�F�L�y�Q���G�H���O�R�V���F�L�U�F�X�L�W�R�V���H�O�p�F�W�U�L�F�R�V���\���G�H�O���H�T�X�L�S�R���G�H�E�H�U�i�Q���O�O�H�Y�D�U�V�H���D���F�D�E�R���S�R�U��
�X�Q���W�p�F�Q�L�F�R���H�O�H�F�W�U�L�F�L�V�W�D���F�D�O�L�¿�F�D�G�R��

 9. �/�D���L�Q�V�W�D�O�D�F�L�y�Q���\���Y�H�U�L�¿�F�D�F�L�y�Q���G�H���O�D���E�R�P�E�D���G�H�E�H�U�i���O�O�H�Y�D�U�V�H���D���F�D�E�R���S�R�U���X�Q�D���S�H�U�V�R�Q�D���F�D�O�L�¿�F�D�G�D��
 10.�� �5�L�H�V�J�R���G�H���F�K�R�T�X�H���H�O�p�F�W�U�L�F�R���±���1�R���V�H���K�D���L�Q�Y�H�V�W�L�J�D�G�R���H�O���X�V�R���G�H���H�V�W�D�V���E�R�P�E�D�V���H�Q���i�U�H�D�V���P�D�U�L�Q�D�V���\���H�Q���S�L�V�F�L�Q�D�V��
 11.�� �(�V�W�H���S�U�R�G�X�F�W�R���F�R�Q�W�L�H�Q�H���V�X�V�W�D�Q�F�L�D�V���T�X�t�P�L�F�D�V���T�X�H���G�H���D�F�X�H�U�G�R���D�O���H�V�W�D�G�R���G�H���&�D�O�L�I�R�U�Q�L�D���S�X�H�G�H�Q��

�F�D�X�V�D�U���F�i�Q�F�H�U���\���G�H�I�H�F�W�R�V���F�R�Q�J�p�Q�L�W�R�V���X���R�W�U�R�V���G�D�x�R�V���D���O�D���V�D�O�X�G���U�H�S�U�R�G�X�F�W�L�Y�D��

 1.�� �$�V�H�J�~�U�H�V�H���G�H���T�X�H���O�D���I�X�H�Q�W�H���G�H���H�Q�H�U�J�t�D���H�O�p�F�W�U�L�F�D���V�H�D���F�D�S�D�]���G�H���P�D�Q�H�M�D�U���O�R�V���U�H�T�X�L�V�L�W�R�V���G�H���Y�R�O�W�D�M�H��
del motor, según se indica en la etiqueta de nombre de la bomba.

 2.�� �/�D���L�Q�V�W�D�O�D�F�L�y�Q���G�H���E�R�P�E�D�V���D�X�W�R�P�i�W�L�F�D�V���F�R�Q���L�Q�W�H�U�U�X�S�W�R�U�H�V���G�H���À�R�W�D�G�R�U���G�H���Q�L�Y�H�O���Y�D�U�L�D�E�O�H���R���O�D�V���E�R�P-
�E�D�V���Q�R���D�X�W�R�P�i�W�L�F�D�V���T�X�H���X�V�D�Q���L�Q�W�H�U�U�X�S�W�R�U�H�V���G�H���À�R�W�D�G�R�U���G�H���Q�L�Y�H�O���Y�D�U�L�D�E�O�H���D�X�[�L�O�L�D�U�H�V���H�V���U�H�V�S�R�Q�V�D�E�L-
�O�L�G�D�G���G�H�O���L�Q�V�W�D�O�D�G�R�U���\���G�H�E�H�U�i���Y�H�U�L�¿�F�D�U�V�H���T�X�H���H�O���L�Q�W�H�U�U�X�S�W�R�U���G�H���À�R�W�D�G�R�U���D�W�D�G�R���Q�R���V�H���H�Q�J�D�Q�F�K�D�U�i���H�Q��
�H�O���D�S�D�U�D�W�R���G�H���O�D���E�R�P�E�D���Q�L���H�Q���O�D�V���S�H�F�X�O�L�D�U�L�G�D�G�H�V���G�H�O���I�R�V�R���\���T�X�H���H�V�W�i���¿�M�D�G�R���G�H���P�D�Q�H�U�D���T�X�H���S�H�U�P�L�W�D��
�O�D���S�D�U�D�G�D���G�H���O�D���E�R�P�E�D�����6�H���U�H�F�R�P�L�H�Q�G�D���X�V�D�U���W�X�E�H�U�t�D���\���H�P�S�D�O�P�H�V���U�t�J�L�G�R�V���\���T�X�H���H�O���I�R�V�R���W�H�Q�J�D��������
�F�P�����������S�X�O�J�������R���P�i�V���G�H���G�L�i�P�H�W�U�R��

 3. Información - Objetivo del agujero de ventilación. Es necesario que todas las bombas 
�V�X�P�H�U���J�L�E�O�H�V���G�H���V�X�P�L�G�H�U�R�����H�À�X�H�Q�W�H�V���\���G�H���D�J�X�D�V���F�O�R�D�F�D�O�H�V���F�D�S�D�F�H�V���G�H���P�D�Q�H�M�D�U���U�H�V�L�G�X�R�V���V�y�O�L�G�R�V��
de varios tamaños tengan la entrada en la parte inferior para reducir el atascamiento y las fallas 
�G�H�O���V�H�O�O�R�����6�L���V�H���L�Q�F�R�U�S�R�U�D���D���O�D���L�Q�V�W�D�O�D�F�L�y�Q���X�Q�D���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q�����G�H�E�H�U�i���S�H�U�I�R�U�D�U�V�H���X�Q���D�J�X�M�H�U�R��
�G�H���Y�H�Q�W�L�O�D�F�L�y�Q���>�G�H���D�S�U�R�[���������P�P���������������S�X�O�J�����@���H�Q���O�D���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D���G�H�E�D�M�R���G�H���O�D���Y�i�O�Y�X�O�D���G�H��
�U�H�W�H�Q�F�L�y�Q���\���G�H���O�D���W�D�S�D���G�H�O���I�R�V�R���D���¿�Q���G�H���S�X�U�J�D�U���O�D���X�Q�L�G�D�G���G�H�O���D�L�U�H���D�W�U�D�S�D�G�R�����/�D���F�D�X�V�D���G�H���D�L�U�H��
�D�W�U�D�S�D�G�R���S�X�H�G�H���V�H�U���D�J�L�W�D�F�L�y�Q���\���R���X�Q���H�V�W�D�Q�T�X�H���V�H�F�R�����'�H�E�H�U�i���U�H�Y�L�V�D�U�V�H���S�H�U�L�y�G�L�F�D�P�H�Q�W�H���H�O���D�J�X�M�H�U�R��
�G�H���Y�H�Q�W�L�O�D�F�L�y�Q���S�D�U�D���Y�H�U�L�¿�F�D�U���T�X�H���Q�R���H�V�W�p���D�W�D�V�F�D�G�R�����/�D�V���E�R�P�E�D�V���G�H���O�D�V���V�H�U�L�H�V�����������������y�����������S�R�V�H�H�Q��
�X�Q�D���Y�H�Q�W�L�O�D�F�L�y�Q���X�E�L�F�D�G�D���H�Q���O�D���F�D�M�D���G�H���O�D���E�R�P�E�D���G�H�O���O�D�G�R���R�S�X�H�V�W�R���D�O���À�R�W�D�G�R�U�����M�X�Q�W�R���D���X�Q�D���D�O�H�W�D��
de la caja. Sin embargo, se recomienda un agujero de ventilación adicional. Un agujero de 
�Y�H�Q�W�L�O�D�F�L�y�Q���H�Q���X�Q�D���D�S�O�L�F�D�F�L�y�Q���G�H���F�D�U�J�D���H�O�H�Y�D�G�D���S�R�G�U�t�D���F�D�X�V�D�U���G�H�P�D�V�L�D�G�D���W�X�U�E�X�O�H�Q�F�L�D�����(�V���S�R�V�L�E�O�H��
�T�X�H���X�V�W�H�G���S�U�H�¿�H�U�D���Q�R���S�H�U�I�R�U�D�U���X�Q�R�����6�L���G�H�F�L�G�H���Q�R���S�H�U�I�R�U�D�U���X�Q���D�J�X�M�H�U�R���G�H���Y�H�Q�W�L�O�D�F�L�y�Q�����D�V�H�J�~�U�H�V�H��
�G�H���T�X�H���O�D���F�D�M�D���G�H���O�D���E�R�P�E�D���\���H�O���L�P�S�X�O�V�R�U���H�V�W�p�Q���F�X�E�L�H�U�W�R�V���G�H���O�t�T�X�L�G�R���D�Q�W�H�V���G�H���F�R�Q�H�F�W�D�U���O�D���W�X�E�H�U�t�D��
�D���O�D���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q���\���T�X�H���Q�R���K�D�\�D���Q�L�Q�J�~�Q���W�L�S�R���G�H���H�Q�W�U�D�G�D���G�H���D�L�U�H���H�Q���O�D���Y�t�D���G�H���H�Q�W�U�D�G�D��
de la bomba. �1�2�7�$�����(�/���$�*�8�-�(�5�2���7�$�0�%�,�e�1���'�(�%�(�5�È���(�6�7�$�5���3�2�5���'�(�%�$�-�2���'�(���/�$���7�$�3�$��
�'�(�/���6�8�0�,�'�(�5�2���<���6�(���'�(�%�(�5�È���/�,�0�3�,�$�5�/�2���3�(�5�,�Ï�'�,�&�$�0�(�1�7�(�����6�H���Y�H�U�i���X�Q���F�K�R�U�U�R���G�H���D�J�X�D��
�V�D�O�L�H�Q�G�R���G�H�O���D�J�X�M�H�U�R���G�X�U�D�Q�W�H���O�R�V���S�H�U�t�R�G�R�V���G�H���E�R�P�E�H�R��

 4. Se debe revisar la bomba frecuentemente para asegurarse de que no hay escombros y/o 
�D�F�X�P�X�O�D�F�L�y�Q���T�X�H���S�X�H�G�D���L�Q�W�H�U�I�H�U�L�U���F�R�Q���O�D���S�R�V�L�F�L�y�Q���³�R�Q�´�����H�Q�F�H�Q�G�L�G�R�����R���³�R�I�I�´�����D�S�D�J�D�G�R�����G�H�O���À�R�W�D�G�R�U����
�/�D���U�H�S�D�U�D�F�L�y�Q���\���V�H�U�Y�L�F�L�R���G�H�E�H�U�i���K�D�F�H�U�V�H���V�R�O�D�P�H�Q�W�H���S�R�U���S�H�U�V�R�Q�D�O���G�H���X�Q�D���(�V�W�D�F�L�y�Q���G�H���V�H�U�Y�L�F�L�R��
�D�X�W�R�U�L�]�D�G�D���S�R�U���=�R�H�O�O�H�U���3�X�P�S���&�R�P�S�D�Q�\��

 5.�� �/�D�V���E�R�P�E�D�V���G�H���D�F�K�L�T�X�H���\���G�H���H�À�X�H�Q�W�H�V���Q�R���V�H���G�L�V�H�x�D�Q���S�D�U�D���X�V�R���H�Q���I�R�V�R�V���F�R�Q���D�J�X�D�V���F�O�R�D�F�D�O�H�V���F�U�X�G�D�V��
 6.�� �/�D���W�H�P�S�H�U�D�W�X�U�D���G�H���I�X�Q�F�L�R�Q�D�P�L�H�Q�W�R���P�i�[�L�P�D���S�D�U�D���E�R�P�E�D�V���G�H���P�R�G�H�O�R���H�V�W�i�Q�G�D�U���Q�R���G�H�E�H���V�X�S�H�U�D�U��

�����ƒ�&�����������ƒ�)������
 7. Las bombas modelos 266, 267, 268, y 137 se deben operar en posición vertical. No intente 

encender la bomba cuando esté inclinada o apoyada sobre uno de sus lados.
 8.�� �1�R���R�S�H�U�H���O�D���E�R�P�E�D���H�Q���X�Q�D���D�S�O�L�F�D�F�L�y�Q���G�R�Q�G�H���O�D���F�D�U�J�D���G�L�Q�i�P�L�F�D���W�R�W�D�O���V�H�D���P�H�Q�R�U���T�X�H���O�D���F�D�U�J�D��

�G�L�Q�i�P�L�F�D���W�R�W�D�O���P�t�Q�L�P�D���T�X�H���V�H���L�Q�G�L�F�D���H�Q���O�D���&�X�U�Y�D���G�H���U�H�Q�G�L�P�L�H�Q�W�R���G�H���O�D���E�R�P�E�D��

�� �� �$�9�,�6�2�����/�D�V���E�R�P�E�D�V���F�R�Q���O�D���P�D�U�F�D���³�8�/�´���\���³�8�6�´���K�D�Q���V�L�G�R���S�U�R�E�D�G�D�V���G�H���D�F�X�H�U�G�R���D�O���H�V�W�i�Q�G�D�U���8�/����������
�/�D�V���E�R�P�E�D�V���³�D�S�U�R�E�D�G�D�V���S�R�U���&�6�$�´���H�V�W�i�Q���F�H�U�W�L�¿�F�D�G�D�V���G�H���D�F�X�H�U�G�R���D�O���H�V�W�i�Q�G�D�U���&�6�$���&�����������1�R������������

Su Tranquilidad es Nuestra Prioridad  
®

La siguiente información sobre 
�H�V�W�H���S�U�R�G�X�F�W�R���U�H�À�H�M�D���O�D�V���F�R�Q�G�L-
ciones existentes en la fecha de 
publicación. Se debe consultar a 
la fábrica cualquier discrepancia o 
inconsistencia que existiera.
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ENVIAR CORRESPONDENCIA A: �3�����2�����%�R�[���������������‡���/�R�X�L�V�Y�L�O�O�H�����.�<�������������������������8�6�$
ENVIAR A: �����������&�D�Q�H���5�X�Q���5�R�D�G���‡���/�R�X�L�V�Y�L�O�O�H���.�<���������������������������8�6�$

+1���������������������������������‡��Fax: +1������������������������������

Visite nuestro sitio web:
www.zoeller.com

FECHA DE INSTALACIÓN:

NÚMERO DE MODELO:
 INSTRUCCIONES DE INSTALACIÓN

MODELOS RECOMENDADOS

LISTA DE VERIFICACIÓN DE PRE-INSTALACIÓN - TODAS LAS INSTALACIONES
1. Inspeccione su bomba. �2�F�D�V�L�R�Q�D�O�P�H�Q�W�H�����O�R�V���S�U�R�G�X�F�W�R�V���V�H���G�D�x�D�Q���G�X�U�D�Q�W�H���H�O���H�Q�Y�t�R�����6�L���O�D���X�Q�L�G�D�G���H�V�W�i���G�D�x�D�G�D�����F�R�P�X�Q�t�T�X�H�V�H���F�R�Q���V�X���Y�H�Q�G�H�G�R�U���D�Q�W�H�V���G�H���X�V�D�U�O�D�����1�2���T�X�L�W�H���O�R�V���W�D�S�R�Q�H�V���G�H���S�U�X�H�E�D���G�H���O�D���F�X�E�L�H�U�W�D��

�Q�L���G�H�O���F�i�U�W�H�U���G�H�O���P�R�W�R�U����
2. Lea cuidadosamente toda la literatura���S�U�R�Y�L�V�W�D���S�D�U�D���I�D�P�L�O�L�D�U�L�]�D�U�V�H���F�R�Q���O�R�V���G�H�W�D�O�O�H�V���H�V�S�H�F�t�¿�F�R�V���U�H�O�D�F�L�R�Q�D�G�R�V���F�R�Q���O�D���L�Q�V�W�D�O�D�F�L�y�Q���\���X�V�R�����(�V�W�R�V���P�D�W�H�U�L�D�O�H�V���G�H�E�H�U�i�Q���J�X�D�U�G�D�U�V�H���S�D�U�D���U�H�I�H�U�H�Q�F�L�D���I�Xtura.

VER ABAJO LA LISTA DE ADVERTENCIAS VER ABAJO LA LISTA DE PRECAUCIONES

REFIÉRASE A LA GARANTÍA EN LA PÁGINA 2.

®

�(������������
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�E�R�P�E�H�R���� �/�D�� �J�D�U�D�Q�W�t�D�� �S�U�H�V�H�Q�W�D�G�D�� �H�Q�� �H�O�� �S�i�U�U�D�I�R�� �D�Q�W�H�U�L�R�U�� �G�H�M�D�� �V�L�Q���H�I�H�F�W�R�� �F�X�D�O�T�X�L�H�U�� �R�W�U�D��
�J�D�U�D�Q�W�t�D���H�[�S�U�H�V�D���R���L�P�S�O�t�F�L�W�D�����\���Q�R���D�X�W�R�U�L�]�D�P�R�V���D���Q�L�Q�J�~�Q���U�H�S�U�H�V�H�Q�W�D�Q�W�H���X���R�W�U�D���S�H�U�V�R�Q�D���S�D�U�D��
que asuma por nosotros  ninguna otra responsabilidad con respecto a nuestros productos.

�&�R�P�X�Q�t�T�X�H�V�H���F�R�Q���H�O���)�D�E�U�L�F�D�Q�W�H���H�Q�������������&�D�Q�H���5�X�Q���5�R�D�G�����/�R�X�L�V�Y�L�O�O�H�����.�<���������������(�(���8�8������
�$�W�W�H�Q�W�L�R�Q�����&�X�V�W�R�P�H�U���6�H�U�Y�L�F�H���'�H�S�D�U�W�P�H�Q�W�����S�D�U�D���R�E�W�H�Q�H�U���F�X�D�O�T�X�L�H�U���U�H�S�D�U�D�F�L�y�Q���Q�H�F�H�V�D�U�L�D���R��
�U�H�H�P�S�O�D�]�R���G�H���S�D�U�W�H�V���R���L�Q�I�R�U�P�D�F�L�y�Q���D�G�L�F�L�R�Q�D�O���V�R�E�U�H���Q�X�H�V�W�U�D���J�D�U�D�Q�W�t�D��

EL FABRICANTE EXPRESAMENTE RECHAZA RESPONSABILIDAD POR DAÑOS 
ESPECIALES, EMERGENTES O INCIDENTALES O POR INCUMPLIMIENTO DE 
LA GARANTÍA EXPRESA O IMPLÍCITA; Y CUALQUIER GARANTÍA IMPLÍCITA DE 
IDONEIDAD PARA UN FIN PARTICULAR Y DE COMERCIALIZACIÓN SE LIMITARÁ 
A LA DURACIÓN DE LA GARANTÍA EXPRESA.

�$�O�J�X�Q�R�V���H�V�W�D�G�R�V���Q�R���S�H�U�P�L�W�H�Q���O�L�P�L�W�D�F�L�R�Q�H�V���H�Q���O�D���G�X�U�D�F�L�y�Q���G�H���X�Q�D���J�D�U�D�Q�W�t�D���L�P�S�O�t�F�L�W�D�����G�H��
�I�R�U�P�D���T�X�H���O�D���O�L�P�L�W�D�F�L�y�Q���D�Q�W�H�U�L�R�U���S�R�G�U�t�D���Q�R���D�S�O�L�F�D�U���D���X�V�W�H�G�����$�O�J�X�Q�R�V���H�V�W�D�G�R�V���Q�R���S�H�U�P�L�W�H�Q��
�O�D���H�[�F�O�X�V�L�y�Q���R���O�L�P�L�W�D�F�L�y�Q���G�H���G�D�x�R�V���L�Q�F�L�G�H�Q�W�D�O�H�V���R���H�P�H�U�J�H�Q�W�H�V�����G�H���I�R�U�P�D���T�X�H���O�D���O�L�P�L�W�D�F�L�y�Q��
�R���H�[�F�O�X�V�L�y�Q���D�Q�W�H�U�L�R�U���S�R�G�U�t�D���Q�R���D�S�O�L�F�D�U���D���X�V�W�H�G��

�(�V�W�D���J�D�U�D�Q�W�t�D���O�H���R�W�R�U�J�D���D���X�V�W�H�G���G�H�U�H�F�K�R�V���O�H�J�D�O�H�V���H�V�S�H�F�t�¿�F�R�V���\���S�R�G�U�t�D���W�H�Q�H�U���R�W�U�R�V���G�H�U�H�F�K�R�V��
�T�X�H���Y�D�U�t�D�Q���G�H���X�Q���H�V�W�D�G�R���D���R�W�U�R��

GARANTÍA LIMITADA
�(�O���)�D�E�U�L�F�D�Q�W�H���J�D�U�D�Q�W�L�]�D�����D�O���F�R�P�S�U�D�G�R�U���\���H�O���S�U�R�S�L�H�W�D�U�L�R���V�X�E�V�L�J�X�L�H�Q�W�H���G�X�U�D�Q�W�H���H�O���S�H�U�t�R�G�R���G�H��
�J�D�U�D�Q�W�t�D�����T�X�H���F�D�G�D���S�U�R�G�X�F�W�R���Q�X�H�Y�R���H�V�W�i���O�L�E�U�H���G�H���G�H�I�H�F�W�R�V���H�Q���P�D�W�H�U�L�D�O�H�V���\���P�D�Q�R���G�H���R�E�U�D��
bajo condiciones de uso y servicio normales, cuando se usa y mantiene correctamente, 
�G�X�U�D�Q�W�H���X�Q���S�H�U�t�R�G�R���G�H���W�U�H�V���D�x�R�V���D���S�D�U�W�L�U���G�H���O�D���I�H�F�K�D���G�H���I�D�E�U�L�F�D�F�L�y�Q���R�U�L�J�L�Q�D�O���G�H�O���S�U�R�G�X�F�W�R������
�/�D�V���S�D�U�W�H�V���T�X�H���I�D�O�O�H�Q���G�X�U�D�Q�W�H���H�O���S�H�U�t�R�G�R���G�H���J�D�U�D�Q�W�t�D�����X�Q���D�x�R���D���S�D�U�W�L�U���G�H���O�D���I�H�F�K�D���G�H���F�R�P�S�U�D��
�S�R�U���S�D�U�W�H���G�H�O���X�V�X�D�U�L�R���¿�Q�D�O�����O�R���T�X�H���R�F�X�U�U�D���S�U�L�P�H�U�R�����F�X�\�D�V���L�Q�V�S�H�F�F�L�R�Q�H�V���G�H�W�H�U�P�L�Q�H�Q���T�X�H��
�S�U�H�V�H�Q�W�D�Q�� �G�H�I�H�F�W�R�V�� �H�Q�� �P�D�W�H�U�L�D�O�H�V�� �R�� �P�D�Q�R�� �G�H�� �R�E�U�D���� �V�H�U�i�Q�� �U�H�S�D�U�D�G�D�V���� �U�H�H�P�S�O�D�]�D�G�D�V�� �R��
remanufacturadas a opción del Fabricante, con la condición sin embargo de que por hacerlo 
no estemos en la obligación de reemplazar un ensamblaje completo, el mecanismo entero 
�R���O�D���X�Q�L�G�D�G���F�R�P�S�O�H�W�D�����1�R���V�H���G�D�U�i���F�R�Q�F�H�V�L�y�Q���D�O�J�X�Q�D���S�R�U���F�R�V�W�R�V���G�H���H�Q�Y�t�R�����G�D�x�R�V�����P�D�Q�R���G�H��
obra u otros cargos que pudieran surgir por falla, reparación o reemplazo del producto.

�(�V�W�D���J�D�U�D�Q�W�t�D���Q�R���D�S�O�L�F�D���D���\���Q�R���V�H���R�I�U�H�F�H�U�i���J�D�U�D�Q�W�t�D���D�O�J�X�Q�D���S�R�U���Q�L�Q�J�~�Q���P�D�W�H�U�L�D�O���R���S�U�R�G�X�F�W�R��
que haya sido desarmado sin aprobación previa del Fabricante, o que haya sido sometido 
a uso indebido, aplicación indebida, negligencia, alteración, accidente o acto fortuito; 
que no haya sido instalado, usado o mantenido según las instrucciones de instalación 
�G�H�O���)�D�E�U�L�F�D�Q�W�H�����T�X�H���K�D�\�D���V�L�G�R���H�[�S�X�H�V�W�R���D���V�X�V�W�D�Q�F�L�D�V���I�R�U�i�Q�H�D�V���T�X�H���L�Q�F�O�X�\�H�Q���S�H�U�R���Q�R���V�H��
�O�L�P�L�W�D�Q���D���O�R���V�L�J�X�L�H�Q�W�H�����D�U�H�Q�D�����J�U�D�Y�D�����F�H�P�H�Q�W�R�����O�R�G�R�����D�O�T�X�L�W�U�i�Q�������K�L�G�U�R�F�D�U�E�X�U�R�V�����G�H�U�L�Y�D�G�R�V���G�H��
�K�L�G�U�R�F�D�U�E�X�U�R�V�����D�F�H�L�W�H�����J�D�V�R�O�L�Q�D�����V�R�O�Y�H�Q�W�H�V�����H�W�F���������X���R�W�U�D�V���V�X�V�W�D�Q�F�L�D�V���D�E�U�D�V�L�Y�D�V���R���F�R�U�U�R�V�L�Y�D�V����
toallas para lavar o productos sanitarios femeninos, etc. en todas las aplicaciones de 

LO QUE DEBE Y NO DEBE HACER PARA INSTALAR UNA BOMBA DE SUMIDERO
 1. LEA completamente todo el material sobre la instalación provisto con la bomba.
 2. INSPECCIONE���O�D���E�R�P�E�D���S�D�U�D���Y�H�U���V�L���K�D�\���F�X�D�O�T�X�L�H�U���G�D�x�R���Y�L�V�L�E�O�H���F�D�X�V�D�G�R���G�X�U�D�Q�W�H���H�O���H�Q�Y�t�R�����&�R�P�X-

�Q�t�T�X�H�V�H���F�R�Q���H�O���Y�H�Q�G�H�G�R�U���V�L���O�D���E�R�P�E�D���H�V�W�i���G�D�x�D�G�D��
 3. RETIRE���W�R�G�R�V���O�R�V���H�V�F�R�P�E�U�R�V���G�H�O���V�X�P�L�G�H�U�R�����$�V�H�J�~�U�H�V�H���G�H���T�X�H���O�D���E�R�P�E�D���V�H���D�S�R�\�D�U�i���V�R�E�U�H���X�Q�D��

�V�X�S�H�U�¿�F�L�H���G�X�U�D�����S�O�D�Q�D���\���H�V�W�D�E�O�H����NO LA INSTALE sobre arena, grava o tierra.
 4. ASEGÚRESE���G�H���T�X�H���H�O���V�X�P�L�G�H�U�R���V�H�D���V�X�¿�F�L�H�Q�W�H�P�H�Q�W�H���J�U�D�Q�G�H���S�D�U�D���S�H�U�P�L�W�L�U���H�O���I�X�Q�F�L�R�Q�D�P�L�H�Q�W�R��

correcto de los interruptores de control de nivel.
 5. SIEMPRE desconecte la bomba de la fuente de alimentación eléctrica antes de 

manipularla.
  SIEMPRE conecte la bomba a un circuito protegido separadamente y con puesta a tierra 

adecuado.
  JAMÁS���F�R�U�W�H�����H�P�S�D�O�P�H���R���G�D�x�H���H�O���F�D�E�O�H���G�H���D�O�L�P�H�Q�W�D�F�L�y�Q���H�O�p�F�W�U�L�F�D�������(�P�S�D�O�P�H���~�Q�L�F�D�P�H�Q�W�H���F�X�D�Q�G�R��

�K�D�\���X�Q�D���F�D�M�D���G�H���F�R�Q�H�[�L�y�Q���K�H�U�P�p�W�L�F�D����
  JAMÁS transporte o levante la bomba por su cable de alimentación eléctrica.
  JAMÁS���X�V�H���X�Q���F�D�E�O�H���G�H���H�[�W�H�Q�V�L�y�Q���F�R�Q���X�Q�D���E�R�P�E�D���G�H���V�X�P�L�G�H�U�R��
 6. INSTALE���X�Q�D���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q���\���X�Q�D���X�Q�L�y�Q���H�Q���O�D���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D��
  JAMÁS���X�V�H���X�Q�D���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D���G�H���P�H�Q�R�U���W�D�P�D�x�R���T�X�H���O�D���G�H�V�F�D�U�J�D���G�H���O�D���E�R�P�E�D��

 7. JAMÁS�� �X�V�H�� �X�Q�D�� �E�R�P�E�D�� �G�H�� �V�X�P�L�G�H�U�R�� �F�R�P�R�� �X�Q�D�� �E�R�P�E�D�� �H�[�F�D�Y�D�G�R�U�D�� �R�� �S�D�U�D�� �]�D�Q�M�D�V���� �Q�L�� �S�D�U�D��
�E�R�P�E�H�D�U���D�J�X�D�V���F�O�R�D�F�D�O�H�V�����J�D�V�R�O�L�Q�D���X���R�W�U�R�V���O�t�T�X�L�G�R�V���S�H�O�L�J�U�R�V�R�V��

 8. PRUEBE la bomba inmediatamente después de su instalación para asegurarse de que el 
sistema funciona correctamente.

 9. CUBRA el foso con una tapa adecuada para sumidero.
 10. EXAMINE���W�R�G�R�V���O�R�V���F�y�G�L�J�R�V���Q�D�F�L�R�Q�D�O�H�V���\���O�R�F�D�O�H�V���D�S�O�L�F�D�E�O�H�V���\���Y�H�U�L�¿�T�X�H���T�X�H���O�D���L�Q�V�W�D�O�D�F�L�y�Q���H�V�W�p��

de acuerdo a cada uno de ellos.
 11. CONSULTE con el fabricante si necesita aclaraciones o tiene preguntas.
 12. CONSIDERE un sistema de dos bombas con alarma en donde la instalación puede sobrecargarse 

�R���O�D���I�D�O�O�D���G�H���X�Q�D���E�R�P�E�D���S�U�L�P�D�U�L�D���F�D�X�V�D�U�t�D���G�D�x�R�V���D���O�D���S�U�R�S�L�H�G�D�G��
 13. CONSIDERE���X�Q���V�L�V�W�H�P�D���G�H���D�S�R�\�R���G�H���&�'�� �H�Q���G�R�Q�G�H���X�Q�D���E�R�P�E�D���G�H���D�F�K�L�T�X�H���R���V�X�P�L�G�H�U�R���H�V��

necesaria para prevenir daños a la propiedad debido a inundación causada por interrupciones 
�H�Q�� �H�O�� �V�X�P�L�Q�L�V�W�U�R�� �G�H�� �H�Q�H�U�J�t�D�� �H�O�p�F�W�U�L�F�D���� �S�U�R�E�O�H�P�D�V�� �P�H�F�i�Q�L�F�R�V�� �R�� �H�O�p�F�W�U�L�F�R�V���� �R�� �V�R�E�U�H�F�D�U�J�D�� �G�H�O��
sistema.

 14. INSPECCIONE y pruebe el funcionamiento del sistema por lo menos cada 3 meses.

En aquellas instancias en que haya daños causados por una presunta falla de la 
�E�R�P�E�D�����H�O���S�U�R�S�L�H�W�D�U�L�R���G�H�E�H�U�i���F�R�Q�V�H�U�Y�D�U���O�D���E�R�P�E�D���D���¿�Q���G�H���L�Q�Y�H�V�W�L�J�D�U���G�L�F�K�D���I�D�O�O�D��

 PRECAUCIONES ELÉCTRICAS - �$�Q�W�H�V���G�H���S�U�R�S�R�U�F�L�R�Q�D�U���D�O�J�~�Q���V�H�U�Y�L�F�L�R���D���O�D���E�R�P�E�D�����G�H�V�D�F�W�L�Y�H���V�L�H�P�S�U�H���H�O���L�Q�W�H�U�U�X�S�W�R�U���S�U�L�Q�F�L�S�D�O���G�H���V�X�P�L�Q�L�V�W�U�R���G�H���H�Q�H�U�J�t�D��
eléctrica y desenchufe la bomba. Asegúrese de usar zapatos protectores con suelas aislantes y de no estar parado en el agua. Bajo condiciones de inundación, llame a 
�V�X���F�R�P�S�D�x�t�D���H�O�p�F�W�U�L�F�D���O�R�F�D�O���R���D���X�Q���W�p�F�Q�L�F�R���H�O�H�F�W�U�L�F�L�V�W�D���F�D�O�L�¿�F�D�G�R���S�D�U�D���G�H�V�F�R�Q�H�F�W�D�U���H�O���V�H�U�Y�L�F�L�R���H�O�p�F�W�U�L�F�R���D�Q�W�H�V���G�H���T�X�L�W�D�U���O�D���E�R�P�E�D����

 Las bombas sumergibles contienen aceites que se presurizan y calientan bajo condiciones operativas. 
Deje que pasen 2½ horas después de apagarla antes de proceder con el servicio.

�6�L���O�D���O�L�V�W�D���G�H���Y�H�U�L�À�F�D�F�L�y�Q���D�U�U�L�E�D���P�H�Q�F�L�R�Q�D�G�D���Q�R���U�H�Y�H�O�D���H�O���S�U�R�E�O�H�P�D�����F�R�Q�V�X�O�W�H���F�R�Q���O�D���I�i�E�U�L�F�D�����1�R���L�Q�W�H�Q�W�H���S�U�R�S�R�U�F�L�R�Q�D�U���D�O�J�~�Q���V�H�U�Y�L�F�L�R���R���G�H�V�D�U�P�D�U���O�D��
bomba. Las Estaciones de servicio autorizadas por Zoeller deberán proporcionar dicho servicio. 
Visite el sitio www.zoellerpumps.com/servicestations para encontrar la estación de servicio autorizada para su zona.

LISTA DE VERIFICACIÓN DE SERVICIO

CONDICIÓN CAUSAS COMUNES

A. La bomba no arranca o no funciona.
�9�H�U�L�¿�T�X�H���H�O���I�X�V�L�E�O�H�����Y�R�O�W�D�M�H���E�D�M�R�����S�U�R�W�H�F�F�L�y�Q���F�R�Q�W�U�D���V�R�E�U�H�F�D�U�J�D���D�E�L�H�U�W�D�����F�D�E�O�H�D�G�R���D�E�L�H�U�W�R���R���L�Q�F�R�U�U�H�F�W�R�����L�Q�W�H�U�U�X�S�W�R�U���D�E�L�H�U�W�R�����L�P�S�X�O�V�R�U���R���V�H�O�O�R��
�W�U�D�E�D�G�R���P�H�F�i�Q�L�F�D�P�H�Q�W�H�����F�D�S�D�F�L�W�R�U���R���U�H�O�p���G�H�I�H�F�W�X�R�V�R�����P�R�W�R�U���R���F�D�E�O�H�D�G�R���H�O�p�F�W�U�L�F�R���H�Q���F�R�U�W�R���F�L�U�F�X�L�W�R�����&�R�Q�M�X�Q�W�R���G�H�O���À�R�W�D�G�R�U���H�Q�J�D�Q�F�K�D�G�R����
Interruptor defectuoso, dañado o fuera de punto.

B.
El motor se sobrecalienta y activa la protección 
contra sobrecarga o desconecta el fusible.

�9�R�O�W�D�M�H���L�Q�F�R�U�U�H�F�W�R�����F�D�U�J�D���Q�H�J�D�W�L�Y�D�����G�H�V�F�D�U�J�D���D�E�L�H�U�W�D���P�H�Q�R�V���G�H���O�R���Q�R�U�P�D�O�������L�P�S�X�O�V�R�U���R���V�H�O�O�R���W�U�D�E�D�G�R���P�H�F�i�Q�L�F�D�P�H�Q�W�H�����F�D�S�D�F�L�W�R�U���R���U�H�O�p��
defectuoso, motor en corto circuito.

C.
La bomba se encienda y se apaga muy a 
menudo.

�(�O���À�R�W�D�G�R�U���H�V�W�i���D�S�U�H�W�D�G�R���H�Q���O�D���Y�D�U�L�O�O�D�����O�D���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q���H�V�W�i���D�W�D�V�F�D�G�D���R���Q�R���K�D�\���X�Q�D���L�Q�V�W�D�O�D�G�D���H�Q���X�Q�D���O�t�Q�H�D���G�H���O�D�U�J�D���G�L�V�W�D�Q�F�L�D����
protección contra sobrecarga abierta, interruptores defectuosos, foso del sumidero demasiado pequeño.

D. La bomba no se apaga.
�+�D�\���H�V�F�R�P�E�U�R�V���G�H�E�D�M�R���G�H�O���F�R�Q�M�X�Q�W�R���G�H�O���À�R�W�D�G�R�U�����H�O���À�R�W�D�G�R�U���R���O�D���Y�D�U�L�O�O�D���G�H�O���À�R�W�D�G�R�U���H�V�W�i�Q���W�U�D�E�D�G�R�V���S�R�U���O�R�V���O�D�G�R�V���G�H�O���I�R�V�R���X���R�W�U�R�V�����L�Q�W�H�U�U�X�S�W�R�U��
defectuoso, dañado o fuera de punto.

E. La bomba funciona pero sin o con poca agua.
�9�H�U�L�¿�T�X�H���O�D���F�D�M�D���G�H�O���¿�O�W�U�R���\���O�D���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D�����R���V�L���V�H���X�V�D���X�Q�D���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q�����H�O���D�J�X�M�H�U�R���G�H���Y�H�Q�W�L�O�D�F�L�y�Q���G�H�E�H���H�V�W�D�U���D�E�L�H�U�W�R�����/�D��
�F�D�U�J�D���G�H���G�H�V�F�D�U�J�D���H�[�F�H�G�H���O�D���F�D�S�D�F�L�G�D�G���G�H���O�D���E�R�P�E�D�����9�R�O�W�D�M�H���E�D�M�R���R���L�Q�F�R�U�U�H�F�W�R�����5�R�W�D�F�L�y�Q���L�Q�F�R�U�U�H�F�W�D���G�H�O���P�R�W�R�U�����&�D�S�D�F�L�W�R�U���G�H�I�H�F�W�X�R�V�R�����(�O��
agua de entrada contiene aire o hace que el aire entre en la bomba.

F.
Caída en la carga y/o capacidad después de un 
período de uso.

�$�X�P�H�Q�W�R���G�H���I�U�L�F�F�L�y�Q���H�Q���O�D���W�X�E�H�U�t�D�����O�t�Q�H�D���R���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q���D�W�D�V�F�D�G�D�����0�D�W�H�U�L�D�O���D�E�U�D�V�L�Y�R���R���S�U�R�G�X�F�W�R�V���T�X�t�P�L�F�R�V���D�G�Y�H�U�V�R�V���S�R�G�U�t�D�Q���K�D�E�H�U��
�G�H�W�H�U�L�R�U�D�G�R���H�O���L�P�S�X�O�V�R�U���R���H�O���F�i�U�W�H�U���G�H���O�D���E�R�P�E�D�����5�H�Y�L�V�H���O�D���O�t�Q�H�D�����4�X�L�W�H���O�D���E�D�V�H���H���L�Q�V�S�H�F�F�L�R�Q�H��

�(������������
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INSTALACIÓN RECOMENDADA PARA TODAS LAS APLICACIONES

Todas las instalaciones deben cumplir con todos los códigos eléctricos y de instalación sanitaria aplicables, incluyendo, pero sin limitarse al Código Eléctrico Nacional, 
los códigos locales, regionales y/o los códigos estatales de instalación sanitaria, etc.  No se debe usar las instalaciones en lugares peligrosos.

1. �(�O���F�D�E�O�H�D�G�R���\���O�D���S�U�R�W�H�F�F�L�y�Q���H�O�p�F�W�U�L�F�D���G�H�E�H�Q���H�V�W�D�U���G�H���D�F�X�H�U�G�R���F�R�Q���H�O���&�y�G�L�J�R��
Eléctrico Nacional y todos los otros requisitos eléctricos locales y estatales 
aplicables.

2. �,�Q�V�W�D�O�H���H�O���³�8�Q�L�F�K�H�F�N�´�����F�R�P�E�L�Q�D�F�L�y�Q���G�H���X�Q�L�y�Q���\���Y�i�O�Y�X�O�D���G�H���U�H�W�H�Q�F�L�y�Q�����D�S�U�R�S�L�D�G�R���G�H��
�=�R�H�O�O�H�U�����O�X�H�J�R���D�U�U�L�E�D���G�H�O���H�V�W�D�Q�T�X�H���S�D�U�D���T�X�H���V�H���S�X�H�G�D���T�X�L�W�D�U���I�i�F�L�O�P�H�Q�W�H���O�D���E�R�P�E�D��
�S�D�U�D���V�X���O�L�P�S�L�H�]�D���R���U�H�S�D�U�D�F�L�y�Q�����6�L���O�R�V���V�L�V�W�H�P�D�V���S�D�U�D���D�J�X�D�V���F�O�R�D�F�D�O�H�V�����H�À�X�H�Q�W�H�V��
o achique requieren instalación de carga elevada o por debajo de la tapa, use 
�����������������H�Q���W�X�E�H�U�t�D���G�H���������P�P�������ò���S�X�O�J�������������������������H�Q���W�X�E�H�U�t�D���G�H���������P�P���������S�X�O�J������
�\�������������������H�Q���W�X�E�H�U�t�D���G�H���������P�P���������S�X�O�J���������9�H�D���H�O���Q�~�P�H�U�R�������P�i�V���D�E�D�M�R��

3. �7�R�G�D�V���O�D�V���L�Q�V�W�D�O�D�F�L�R�Q�H�V���U�H�T�X�L�H�U�H�Q���X�Q�D���W�D�S�D���S�D�U�D���S�U�H�Y�H�Q�L�U���T�X�H���H�V�F�R�P�E�U�R�V���F�D�L�J�D�Q��
dentro del estanque y prevenir lesiones accidentales.

4. �&�X�D�Q�G�R���L�Q�V�W�D�O�H���X�Q���³�8�Q�L�F�K�H�F�N�´�����S�H�U�I�R�U�H���X�Q���D�J�X�M�H�U�R���G�H�������P�P���������������S�X�O�J�������G�H��
�G�L�i�P�H�W�U�R���H�Q���O�D���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D���D�O���P�L�V�P�R���Q�L�Y�H�O���G�H���O�D���S�D�U�W�H���V�X�S�H�U�L�R�U���G�H���O�D��
bomba. NOTA:���(�/���$�*�8�-�(�5�2���7�$�0�%�,�e�1���'�(�%�(�5�È���(�6�7�$�5���3�2�5���'�(�%�$�-�2���'�(��
�/�$���7�$�3�$���'�(�/���(�6�7�$�1�4�8�(���<���6�(���'�(�%�(���/�,�0�3�,�$�5�/�2���3�(�5�,�Ï�'�,�&�$�0�(�1�7�(�������3�D�U�D��
�X�Q�L�G�D�G�H�V���G�H���F�D�U�J�D���H�O�H�Y�D�G�D�����Y�H�U���H�O���Q�~�P�H�U�R�������G�H���O�D���O�L�V�W�D���G�H���³�3�U�H�F�D�X�F�L�R�Q�H�V�´���H�Q���O�D��
�S�i�J�L�Q�D�����������6�H���Y�H�U�i���X�Q���F�K�R�U�U�R���G�H���D�J�X�D���V�D�O�L�H�Q�G�R���G�H�O���D�J�X�M�H�U�R���G�X�U�D�Q�W�H���O�R�V���S�H�U�t�R�G�R�V��
de bombeo.

5. �)�L�M�H���¿�U�P�H�P�H�Q�W�H���H�O���F�D�E�O�H���G�H���D�O�L�P�H�Q�W�D�F�L�y�Q���H�O�p�F�W�U�L�F�D���D�O���W�X�E�R���G�H���G�H�V�F�D�U�J�D���F�R�Q���F�L�Q�W�D��
o abrazadera.

6. �8�V�H���W�X�E�H�U�t�D���G�H���G�H�V�F�D�U�J�D���G�H���W�D�P�D�x�R���F�R�P�S�O�H�W�R��
7. �(�O���H�V�W�D�Q�T�X�H���G�H�E�H���H�V�W�D�U���G�H���D�F�X�H�U�G�R���F�R�Q���O�R�V���F�y�G�L�J�R�V���\���O�D�V���H�V�S�H�F�L�¿�F�D�F�L�R�Q�H�V��

aplicables.
8. �/�D���E�R�P�E�D���G�H�E�H���H�V�W�D�U���Q�L�Y�H�O�D�G�D���\���H�O���P�H�F�D�Q�L�V�P�R���G�H�O���À�R�W�D�G�R�U���O�L�E�U�H���G�H���O�R�V���O�D�G�R�V���G�H�O��

estanque antes de encender la bomba.

9. El estanque debe estar limpio y libre de escombros después de la instalación.
10. �(�O���L�Q�V�W�D�O�D�G�R�U���G�H�E�H�U�i���V�X�P�L�Q�L�V�W�U�D�U���X�Q�D���Y�i�O�Y�X�O�D���G�H���S�D�V�R���G�L�U�H�F�W�R���R���X�Q�D���Y�i�O�Y�X�O�D���G�H��

bola y instalarla de acuerdo con cualesquiera y todos los códigos.
11. ���/�D���X�E�L�F�D�F�L�y�Q���G�H���O�R�V���L�Q�W�H�U�U�X�S�W�R�U�H�V���G�H���À�R�W�D�G�R�U���H�V���F�R�P�R���V�H���P�X�H�V�W�U�D���H�Q���H�O���H�V�T�X�H�P�D��

�D���O�D���L�]�T�X�L�H�U�G�D�����(�O���S�X�Q�W�R�����R�I�I�������D�S�D�J�D�G�R�����G�H�E�H���H�V�W�D�U���S�R�U���H�Q�F�L�P�D���G�H�O���F�i�U�W�H�U���G�H�O���P�R-
�W�R�U���\���D���������ƒ���G�H���O�D���H�Q�W�U�D�G�D������NOTA:���3�$�5�$���%�2�0�%�$�6���$�8�7�2�0�$�7�,�&�$�6�����8�7�,�/�,�&�(���(�/��
�(�6�4�8�(�0�$���3�$�5�$���/�$���,�1�6�7�$�/�$�&�,�2�1���3�$�5�$���$�&�+�,�4�8�(���0�È�6���$�%�$�-�2��

12. Los sellos herméticos contra gases son necesarios en todas las instalaciones de 
�D�J�X�D�V���F�O�R�D�F�D�O�H�V���D���¿�Q���G�H���F�R�Q�W�H�Q�H�U���O�R�V���J�D�V�H�V���\���R�O�R�U�H�V��

13. ���9�H�Q�W�L�O�H���O�R�V���J�D�V�H�V���\���R�O�R�U�H�V���D���O�D���D�W�P�y�V�I�H�U�D���D���W�U�D�Y�p�V���G�H�O���W�X�E�R���G�H���Y�H�Q�W�L�O�D�F�L�y�Q���� 
���V�y�O�R���S�D�U�D���F�O�R�D�F�D���\���D�F�K�L�T�X�H����

14. �,�Q�V�W�D�O�H���H�O���V�R�S�R�U�W�H���S�D�U�D���E�R�P�E�D���=�R�H�O�O�H�U�����0�R�G�H�O�R���������������������G�H�E�D�M�R���G�H���O�D���E�R�P�E�D���S�D�U�D��
�S�U�R�S�R�U�F�L�R�Q�D�U���X�Q���V�X�P�L�G�H�U�R���G�H���G�H�F�D�Q�W�D�F�L�y�Q�����V�y�O�R���S�D�U�D���H�À�X�H�Q�W�H���\���D�F�K�L�T�X�H���� 
�3�D�U�D���H�À�X�H�Q�W�H���V�R�O�D�P�H�Q�W�H��

15. �/�D���F�R�Q�H�[�L�y�Q���G�H�O���F�D�E�O�H�D�G�R���G�H���O�D���E�R�P�E�D���D���O�D���I�X�H�Q�W�H���G�H���D�O�L�P�H�Q�W�D�F�L�y�Q���H�O�p�F�W�U�L�F�D���G�H�E�H��
�K�D�F�H�U�V�H���D���W�U�D�Y�p�V���G�H���X�Q�D���F�D�M�D���G�H���F�R�Q�H�[�L�y�Q���K�H�U�P�p�W�L�F�D���=�R�H�O�O�H�U���R���X�Q���H�P�S�D�O�P�H���K�H�U-
mético. NOTA:���/�D���F�D�M�D���K�H�U�P�p�W�L�F�D���H�V���R�E�O�L�J�D�W�R�U�L�D���H�Q���i�U�H�D�V���K�~�P�H�G�D�V�����9�H�D���)�0������������
�9�H�D���H�O���Q�~�P�H�U�R�������H�Q���O�D���S�i�J�L�Q�D������

16. �&�R�Q�V�X�O�W�H���H�O���0�D�Q�X�D�O���V�R�E�U�H���W�D�P�D�x�R�V���G�H���H�À�X�H�Q�W�H�V���G�H�O���6�6�3�0�$���S�D�U�D���G�H�W�H�U�P�L�Q�D�U���O�D��
�S�R�V�L�F�L�y�Q���G�H���O�R�V���L�Q�W�H�U�U�X�S�W�R�U�H�V���³�R�Q���R�I�I�´�����H�Q�F�H�Q�G�L�G�R���D�S�D�J�D�G�R����

17. �6�H���G�H�E�H���X�V�D�U���W�X�E�R�V���Y�H�U�W�L�F�D�O�H�V���H�Q���H�O���W�D�Q�T�X�H���V�p�S�W�L�F�R���S�D�U�D���W�H�Q�H�U���I�i�F�L�O���D�F�F�H�V�R���D���O�D��
�E�R�P�E�D���\���D�O���¿�O�W�U�R�� 
NOTA: Las bombas de sello doble ofrecen protección adicional contra los daños 
causados por falla del sello.

En algunas instalaciones es deseable 
instalar un soporte colgante independiente 
para los interruptores de control de 
nivel para evitar posibles enganches en 
�O�D�V�� �E�R�P�E�D�V���� �W�X�E�H�U�t�D���� �Y�i�O�Y�X�O�D�V���� �H�W�F���� �/�R�V��
�V�R�S�R�U�W�H�V���F�R�O�J�D�Q�W�H�V���G�H�O���À�R�W�D�G�R�U���V�H���S�X�H�G�H�Q��
�F�R�P�S�U�D�U�� �G�H�� �=�R�H�O�O�H�U�� �&�R�P�S�D�Q�\�� �V�H�J�~�Q�� �O�D��
�+�R�M�D���G�H���F�D�W�i�O�R�J�R���)�0�������������R���I�D�E�U�L�F�D�U�V�H���G�H��
�W�X�E�H�U�t�D���\���H�P�S�D�O�P�H�V���F�R�P�X�Q�H�V��

MÉTODOS SUGERIDOS PARA LA INSTALACIÓN DEL FLOTADOR
SOPORTE COLGANTE PARA FLOTADOR TÍPICO EN FOSOS DE 
CONCRETO O TUBOS VERTICALES PARA TANQUES SÉPTICOS

SOPORTE COLGANTE PARA FLOTADOR 
TÍPICO EN FOSOS CON TAPA DE ACERO

SK1217 SK1218

�,�1�6�7�$�/�$�&�,�Ï�1���7�Ë�3�,�&�$���3�$�5�$���$�*�8�$�6���&�/�2�$�&�$�/�(�6����

SK290

ENCENDER

APAGAR

10 CM (4 PULG.) 
DE GRAVA

NOTA: Siempre 
consulte FM0551 
�G�H���=�R�H�O�O�H�U���\���R��
la Instalación y 
mantenimiento 
de bombas para 
aguas cloacales 
recomendada por 
SSPMA

�,�1�6�7�$�/�$�&�,�Ï�1���7�Ë�3�,�&�$���3�$�5�$���(�)�/�8�(�1�7�(�6��

SK291

A LA FUENTE DE 
SUMINISTRO DE 
CA, ALAMBRE 
TIPO U.F.

TANQUE SÉPTICO CÁMARA DE DOSIFICACIÓN

ENCENDER

APAGAR

FLOTADOR 
DEL ALARMA

WW FILTRO

AL SISTEMA DE BAJA PRESIÓN, 
SISTEMA DE MONTÍCULOS, FILTRO 
DE ARENA, CAMPOS DE DRENAJE 
U OTRO SITIO DE DESECHOLÍNEA DEL SUELO

 NOTA:���9�H�D���)�0������������
FM0732 y FM1420 
para referencia sobre 
alarmas, controles y 
�F�D�M�D�V���G�H���F�R�Q�H�[�L�y�Q��

�,�1�6�7�$�/�$�&�,�Ï�1���7�Ë�3�,�&�$���3�$�5�$���$�&�+�,�4�8�(

SK292

ENCENDER

APAGAR

10 CM (4 PULG.) 
DE GRAVA

 NOTA:���9�H�D���)�0�������������)�0�����������\���)�0�����������S�D�U�D���U�H�I�H�U�H�Q�F�L�D��
�V�R�E�U�H���D�O�D�U�P�D�V�����F�R�Q�W�U�R�O�H�V���\���F�D�M�D�V���G�H���F�R�Q�H�[�L�y�Q��

TAPA DE ACCESO

GRAVA FINA
TUBERÍA DE PVC O ACERO
INOXIDABLE DE PESO LIVIANO

BRIDA COMÚN 
DE LA TUBERÍA

ÁRBOL PARA 
FLOTADOR 10-
1457 CON TRES 
FLOTADORES

�(������������
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INSTRUCCIONES PARA LA INSTALACIÓN DE LOS MODELOS WD Y WH

AVISO IMPORTANTE: �&�L�H�U�W�D�V���S�y�O�L�]�D�V���G�H���V�H�J�X�U�R�����W�D�Q�W�R���F�R�P�H�U�F�L�D�O�H�V���F�R�P�R���U�H�V�L�G�H�Q�F�L�D�O�H�V�����H�[�W�L�H�Q�G�H�Q���O�D���F�R�E�H�U�W�X�U�D���D���O�R�V���G�D�x�R�V���F�D�X�V�D�G�R�V���S�R�U���O�D���I�D�O�O�D���G�H�O���S�U�R�G�X�F�W�R����
�(�Q���O�D���P�D�\�R�U�t�D���G�H���O�R�V���F�D�V�R�V�����X�V�W�H�G���G�H�E�H�U�i���F�R�Q�V�H�U�Y�D�U���H�O���S�U�R�G�X�F�W�R���S�D�U�D���U�H�V�S�D�O�G�D�U���V�X���U�H�F�O�D�P�R�����=�R�H�O�O�H�U���3�X�P�S���&�R�����U�H�H�P�S�O�D�]�D�U�i���O�D���X�Q�L�G�D�G���R���U�H�H�P�E�R�O�V�D�U�i���H�O���S�U�H�F�L�R��
�G�H���F�R�P�S�U�D���R�U�L�J�L�Q�D�O���X�Q�D���Y�H�]���T�X�H���O�D���F�R�P�S�D�x�t�D���G�H���V�H�J�X�U�R�V���O�L�T�X�L�G�H���H�O���U�H�F�O�D�P�R�����H�Q���H�O���F�D�V�R���G�H���T�X�H���X�V�W�H�G���Q�H�F�H�V�L�W�H���F�R�Q�V�H�U�Y�D�U���H�O���S�U�R�G�X�F�W�R���S�D�U�D���U�H�V�S�D�O�G�D�U���X�Q���U�H�F�O�D�P�R��
�S�R�U���G�D�x�R�V���T�X�H���O�H���K�D�\�D���S�U�H�V�H�Q�W�D�G�R���D���V�X���F�R�P�S�D�x�t�D���G�H���V�H�J�X�U�R�V��

(1) (2)

L1 L2

(3)

DIAGRAMA DE CABLEADO PARA LOS MODELOS:
�:�'���������9���������)�$�6�(�����������&�,�&�/�2�6

�:�+�����������������9���������)�$�6�(�����������&�,�&�/�2�6

Nota:���1�R���W�H�Q�H�U���H�Q���F�X�H�Q�W�D���O�R�V���O�t�P�L�W�H�V���D�G�H�F�X�D�G�R�V��
�G�H���O�D���D�W�D�G�X�U�D���S�R�G�U�t�D���D�O�W�H�U�D�U���H�O���I�X�Q�F�L�R�Q�D�P�L�H�Q�W�R��
seguro del interruptor.
Nota: El cable debe ser instalado en posición 
horizontal.

�/�R�V�� �P�R�G�H�O�R�V�� �:�'�� �\�� �:�+�� �V�R�Q�� �F�R�P�S�O�H�W�D�P�H�Q�W�H�� �D�X�W�R�P�i�W�L�F�R�V���� �6�H�� �L�Q�F�O�X�\�H�� �X�Q��
�L�Q�W�H�U�U�X�S�W�R�U���G�H���À�R�W�D�G�R�U���F�R�Q���F�D�E�O�H�D�G�R���G�H���I�i�E�U�L�F�D���H�Q���H�O���F�L�U�F�X�L�W�R���G�H���O�D���E�R�P�E�D���S�D�U�D��
�S�U�R�Y�H�H�U���X�Q�D���R�S�H�U�D�F�L�y�Q���D�X�W�R�P�i�W�L�F�D���X�Q�D���Y�H�]���T�X�H���H�O���L�Q�W�H�U�U�X�S�W�R�U���G�H���À�R�W�D�G�R�U���V�H��
�K�D�\�D���D�W�D�G�R���F�R�U�U�H�F�W�D�P�H�Q�W�H���D���O�D���W�X�E�H�U�t�D���G�H���V�D�O�L�G�D�����8�V�H���H�O���G�L�D�J�U�D�P�D���G�H���D�U�U�L�E�D��
�S�D�U�D���D�V�H�J�X�U�D�U���F�R�U�U�H�F�W�D�P�H�Q�W�H���H�O���L�Q�W�H�U�U�X�S�W�R�U���G�H���À�R�W�D�G�R�U���\���R�E�W�H�Q�H�U���O�D���D�W�D�G�X�U�D��
apropiada para adecuar el ciclo de encendido-apagado a cada aplicación.

5 PULG., MÍN. 
22 PULG., MÁX.

INTERRUPTOR DE 20 AMPERIOS
(MODELOS WD Y WH)

SK305

011835

BLANCO

VERDE

NEGRO

NEGRO

BLANCO

INTERRUPTOR 
DEL FLOTADOR

CAPACITOR

AZUL

AZUL
(BLANCO)

ROJO
(MARRÓN)

MOTOR

AMARILLO
(NEGRO)

ROJO

ARRANQUE 

ENCENDIDO 

O.L.

Determinación del rango de bombeo en pulgadas
(1 pulg. = 2,5 cm)

�8�V�D�U���V�R�O�D�P�H�Q�W�H���F�R�P�R���J�X�t�D�����'�H�E�L�G�R���D�O���S�H�V�R���G�H�O���F�D�E�O�H����el rango de bombeo 
sobre la horizontal no es igual al rango de bombeo debajo de la horizontal. 
Los rangos se basan en pruebas en condiciones no turbulentas. El rango 
puede variar debido a la temperatura del agua y a la forma del cable. 
A medida que aumenta la longitud de la atadura, también aumenta la 
variación en el rango de bombeo.

Longitud de la atadura 5 10 15 20 22

�P�t�Q�� �P�i�[��

�5�D�Q�J�R���G�H���E�R�P�E�H�R9 13.5 18 22 24

INSTRUCCIONES PARA EL CABLEADO MONOFÁSICO
  PARA SU PROTECCIÓN, SIEMPRE DESCONECTE LA BOMBA DE LA FUENTE DE ALIMENTACIÓN ELÉCTRICA ANTES DE 

MANIPULARLA.���/�D�V���E�R�P�E�D�V���P�R�Q�R�I�i�V�L�F�D�V���V�H���V�X�P�L�Q�L�V�W�U�D�Q���F�R�Q���H�Q�F�K�X�I�H�V���G�H�������S�D�W�L�O�O�D�V���F�R�Q���S�X�H�V�W�D���D���W�L�H�U�U�D���S�D�U�D���D�\�X�G�D�U���D���S�U�R�W�H�J�H�U�O�H���F�R�Q�W�U�D���O�D���S�R�V�L�E�L�O�L�G�D�G���G�H��
choque eléctrico. NO RETIRE BAJO NINGUNA CIRCUNSTANCIA LA CLAVIJA DE PUESTA A TIERRA. Los enchufes de 3 patillas se deben introducir 
en un tomacorriente para 3 patillas apropiado. Si la instalación no posee un tomacorriente de este tipo, se debe cambiar por uno apropiado, cableado 
�\���F�R�Q���S�X�H�V�W�D���D���W�L�H�U�U�D���G�H���D�F�X�H�U�G�R���D�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���\���D���W�R�G�D�V���O�D�V���R�U�G�H�Q�D�Q�]�D�V���\���F�y�G�L�J�R�V���O�R�F�D�O�H�V���D�S�O�L�F�D�E�O�H�V��

 “Riesgo de choque eléctrico”. No quite el cable de alimentación eléctrica ni el dispositivo de alivio de tensión y no conecte un 
conductor directamente a la bomba.

 �/�D���L�Q�V�W�D�O�D�F�L�y�Q���\���Y�H�U�L�¿�F�D�F�L�y�Q���G�H���O�R�V���F�L�U�F�X�L�W�R�V���H�O�p�F�W�U�L�F�R�V���\���G�H�O���H�T�X�L�S�R���G�H�E�H�U�i�Q���O�O�H�Y�D�U�V�H���D���F�D�E�R���S�R�U���X�Q���W�p�F�Q�L�F�R���H�O�H�F�W�U�L�F�L�V�W�D���F�D�O�L�¿�F�D�G�R��
 �$���O�D�V���X�Q�L�G�D�G�H�V���T�X�H���V�H���V�X�P�L�Q�L�V�W�U�D�Q���V�L�Q���H�Q�F�K�X�I�H�����P�R�Q�R�I�i�V�L�F�R���\���W�U�L�I�i�V�L�F�R�����\���D���O�D�V���X�Q�L�G�D�G�H�V���P�R�Q�R�I�i�V�L�F�D�V���Q�R���D�X�W�R�P�i�W�L�F�D�V���T�X�H���S�R�V�H�H�Q���X�Q��

�H�Q�F�K�X�I�H���G�H���������D�P�S�H�U�L�R�V���V�H���O�H�V���G�H�E�H���F�R�Q�H�F�W�D�U���X�Q���F�R�Q�W�U�R�O���G�H���P�R�W�R�U���\���X�Q���F�R�Q�W�U�R�O���G�H���Q�L�Y�H�O���G�H���O�t�T�X�L�G�R�V���G�X�U�D�Q�W�H���O�D���L�Q�V�W�D�O�D�F�L�y�Q�����/�R�V���Q�L�Y�H�O�H�V���G�H���Y�R�O�W�D�M�H�����D�P�S�H�U�D�M�H����
frecuencia, puesta a tierra y potencia del dispositivo de control deben ser apropiados para la bomba a la cual se conecta.

INSTRUCCIONES PARA EL CABLEADO TRIFÁSICO

(3)

L1 L2

006848

(1) (2)

L3

 PARA 
SU PROTECCIÓN, SIEMPRE 
DESCONECTE LA BOMBA DE LA 

FUENTE DE ALIMENTACIÓN ELÉCTRICA 
ANTES DE MANIPULARLA.

�/�D�V���E�R�P�E�D�V���W�U�L�I�i�V�L�F�D�V���Q�R���V�R�Q���D�X�W�R�P�i�W�L�F�D�V�����3�D�U�D��
�R�S�H�U�D�U�O�D�V���D�X�W�R�P�i�W�L�F�D�P�H�Q�W�H���V�H���U�H�T�X�L�H�U�H���X�Q���S�D�Q�H�O��
de control. Siga las instrucciones provistas con 
el panel para completar el cableado del sistema. 
�3�D�U�D�� �E�R�P�E�D�V�� �W�U�L�I�i�V�L�F�D�V�� �D�X�W�R�P�i�W�L�F�D�V���� �Y�H�U�� �H�O��
�G�L�D�J�U�D�P�D�� �G�H�� �F�D�E�O�H�D�G�R�� �S�D�U�D�� �E�R�P�E�D�V�� �W�U�L�I�i�V�L�F�D�V��
�D�X�W�R�P�i�W�L�F�D�V���D���O�D���G�H�U�H�F�K�D��

�$�Q�W�H�V���G�H���L�Q�V�W�D�O�D�U���X�Q�D���E�R�P�E�D�����Y�H�U�L�¿�T�X�H���O�D���U�R�W�D�F�L�y�Q���G�H���O�D���P�L�V�P�D��
para asegurarse de que los cables se hayan conectado 
correctamente a la fuente de alimentación eléctrica y que el 
�F�R�Q�G�X�F�W�R�U�� �Y�H�U�G�H�� �G�H�O�� �F�D�E�O�H�� �G�H�� �D�O�L�P�H�Q�W�D�F�L�y�Q�� �H�O�p�F�W�U�L�F�D�� ���Y�H�D�� �H�O��
�G�L�D�J�U�D�P�D�� �G�H�� �F�D�E�O�H�D�G�R���� �H�V�W�i�� �F�R�Q�H�F�W�D�G�R�� �F�R�Q�� �S�X�H�V�W�D�� �D�� �W�L�H�U�U�D��
�D�G�H�F�X�D�G�D���� �$�F�W�L�Y�H�� �P�R�P�H�Q�W�i�Q�H�D�P�H�Q�W�H�� �O�D�� �E�R�P�E�D���� �R�E�V�H�U�Y�D�Q�G�R��
la dirección del retroceso debido a la torsión de arranque. La 
�U�R�W�D�F�L�y�Q���H�V���F�R�U�U�H�F�W�D���V�L���H�O���U�H�W�U�R�F�H�V�R���H�V�W�i���H�Q���G�L�U�H�F�F�L�y�Q���R�S�X�H�V�W�D��
�D���O�D���À�H�F�K�D���G�H���U�R�W�D�F�L�y�Q���H�Q���O�D���F�D�M�D���G�H���O�D���E�R�P�E�D���� �6�L���O�D���U�R�W�D�F�L�y�Q��
no es correcta, cambiar dos de cualquiera de los conductores 
�H�O�p�F�W�U�L�F�R�V�����H�[�F�H�S�W�R���H�O���F�R�Q���S�X�H�V�W�D���D���W�L�H�U�U�D�����S�U�R�Y�H�H�U�i���O�D���U�R�W�D�F�L�y�Q��
apropiada.

�7�R�G�D�V���O�D�V���E�R�P�E�D�V���W�U�L�I�i�V�L�F�D�V���U�H�T�X�L�H�U�H�Q���G�L�V�S�R�V�L�W�L�Y�R�V���G�H���D�U�U�D�Q�T�X�H���G�H�O���P�R�W�R�U���F�R�Q���S�U�R�W�H�F�F�L�y�Q���F�R�Q�W�U�D���V�R�E�U�H�F�D�U�J�D����
�9�H�D���)�0�����������S�D�U�D���L�Q�V�W�D�O�D�F�L�R�Q�H�V���V�L�P�S�O�H�[���R���)�0�����������S�D�U�D���L�Q�V�W�D�O�D�F�L�R�Q�H�V���G�X�S�O�H�[�����/�D�V���E�R�P�E�D�V��se deben instalar de 
�D�F�X�H�U�G�R���D�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���\���D���W�R�G�D�V���O�D�V���R�U�G�H�Q�D�Q�]�D�V���\���F�y�G�L�J�R�V���O�R�F�D�O�H�V���D�S�O�L�F�D�E�O�H�V�����/�D�V���E�R�P�E�D�V���Q�R���V�H��
�G�H�E�H�Q���L�Q�V�W�D�O�D�U���H�Q���V�L�W�L�R�V���F�O�D�V�L�¿�F�D�G�R�V���F�R�P�R���S�H�O�L�J�U�R�V�R�V���V�H�J�~�Q���H�O���&�y�G�L�J�R���(�O�p�F�W�U�L�F�R���1�D�F�L�R�Q�D�O���$�1�6�,���1�)�3�$��������
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ADRESSE POSTALE :���3���2�����%�2�;���������������‡���/�R�X�L�V�Y�L�O�O�H�����.�<�������������������������8�6�$
ADRESSE PHYSIQUE :�������������&�D�Q�H���5�X�Q���5�R�D�G���‡���/�R�X�L�V�Y�L�O�O�H�����.�<�������������������������8�6�$

TÉL : +1 �����������������������������‡��FAX +1 ����������������������������

Que vous dormiez en paix est notre priorité  
®

Les renseignements présentés 
�L�F�L���U�H�À�q�W�H�Q�W���O�H�V���F�R�Q�G�L�W�L�R�Q�V���D�X���P�R-
�P�H�Q�W���G�H���O�D���S�X�E�O�L�F�D�W�L�R�Q�����&�R�Q�V�X�O�W�H�U��
l’usine en cas de contradiction 
ou d’inconsistance.

Avis à l'installateur - Les instructions doivent rester avec l'installation.
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LISTE DE VÉRIFICATIONS AVANT L’INSTALLATION - TOUTES LES INSTALLATIONS
1. Inspecter la pompe. �'�H���W�H�P�S�V���H�Q���W�H�P�S�V�����O�D���S�R�P�S�H���H�V�W���H�Q�G�R�P�P�D�J�p�H���H�Q���F�R�X�U�V���G�¶�H�[�S�p�G�L�W�L�R�Q�����6�L���O�D���S�R�P�S�H���H�V�W���H�Q�G�R�P�P�D�J�p�H�����F�R�Q�W�D�F�W�H�U���O�H���G�L�V�W�U�L�E�X�W�H�X�U���D�Y�D�Q�W���G�H���O�¶�X�W�L�O�L�V�H�U����NE PAS enlever les bouchons test 

du couvercle ni du compartiment moteur.
2. Il faut lire attentivement tous les documents �I�R�X�U�Q�L�V���S�R�X�U���V�H���I�D�P�L�O�L�D�U�L�V�H�U���D�Y�H�F���O�H�V���G�p�W�D�L�O�V���V�S�p�F�L�¿�T�X�H�V���G�H���O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���H�W���G�H���O�¶�X�W�L�O�L�V�D�W�L�R�Q�����,�O���I�D�X�W���F�R�Q�V�H�U�Y�H�U���F�H�V���G�R�F�X�P�H�Q�W�V���S�R�X�U���S�R�X�Y�R�L�U���O�H�V���F�R�Q�V�X�O�W�H�U���X�O�W�p�U�L�H�X�U�H�P�H�Q�W��

 1.�� �,�O���I�D�X�W���Y�p�U�L�¿�H�U���T�X�H���O�D���S�U�L�V�H���H�V�W���j���S�R�U�W�p�H���G�X���F�R�U�G�R�Q���G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���G�H���O�D���S�R�P�S�H����NE PAS UTILISER 
DE RALLONGE. Les rallonges trop longues ou de trop faible capacité ne fournissent pas la tension 
nécessaire au moteur de la pompe, mais, encore plus important, elles peuvent être dangereuses 
�V�L���O�¶�L�V�R�O�D�Q�W���H�V�W���H�Q�G�R�P�P�D�J�p���R�X���V�L���O�¶�H�[�W�U�p�P�L�W�p���D�Y�H�F���O�H���E�U�D�Q�F�K�H�P�H�Q�W���W�R�P�E�H���G�D�Q�V���X�Q���H�Q�G�U�R�L�W���K�X�P�L�G�H��
ou mouillé.

 2. �9�p�U�L�À�H�U���T�X�H���O�H���F�L�U�F�X�L�W���G�·�D�O�L�P�H�Q�W�D�W�L�R�Q���G�H���O�D���S�R�P�S�H���H�V�W���p�T�X�L�S�p���G�H���I�X�V�L�E�O�H�V���R�X���G�H���G�L�V�M�R�Q�F�W�H�X�U�V���G�H��
capacité appropriée. �,�O���H�V�W���U�H�F�R�P�P�D�Q�G�p���G�¶�L�Q�V�W�D�O�O�H�U���X�Q���F�L�U�F�X�L�W���L�Q�G�p�S�H�Q�G�D�Q�W���G�H���F�D�S�D�F�L�W�p���V�X�I�¿�V�D�Q�W�H����
�F�R�Q�I�R�U�P�H���D�X�[���F�R�G�H�V���p�O�H�F�W�U�L�T�X�H�V���Q�D�W�L�R�Q�D�X�[���S�R�X�U���O�D���F�D�S�D�F�L�W�p���L�Q�G�L�T�X�p�H���V�X�U���O�D���S�O�D�T�X�H���G�¶�L�G�H�Q�W�L�¿�F�D�W�L�R�Q��
de la pompe.

 3. �9�p�U�L�À�F�D�W�L�R�Q���G�H���O�D���P�L�V�H���j���O�D���W�H�U�U�H�����3�R�X�U���G�H�V���U�D�L�V�R�Q�V���G�H���V�p�F�X�U�L�W�p�����L�O���I�D�X�W���Y�p�U�L�¿�H�U���O�D���W�H�U�U�H���G�H���F�K�D�T�X�H��
prise électrique en utilisant un analyseur de circuit sur la liste d’Underwriters Laboratory qui indique 
�V�L���O�H�V���¿�O�V���G�H���S�K�D�V�H�����G�H���Q�H�X�W�U�H���H�W���G�H���W�H�U�U�H���G�H���O�D���S�U�L�V�H���V�R�Q�W���E�U�D�Q�F�K�p�V���F�R�U�U�H�F�W�H�P�H�Q�W�����6�¶�L�O�V���Q�H���V�R�Q�W���S�D�V��
�E�U�D�Q�F�K�p�V���F�R�U�U�H�F�W�H�P�H�Q�W�����D�S�S�H�O�H�U���X�Q���p�O�H�F�W�U�L�F�L�H�Q���D�J�U�p�p���T�X�D�O�L�¿�p��

 4. Pour des raisons de sécurité�����O�H�V���S�R�P�S�H�V���H�W���D�X�W�U�H���p�T�X�L�S�H�P�H�Q�W���p�T�X�L�S�p�V���G�
�X�Q���¿�O���j���W�U�R�L�V���E�U�R�F�K�H�V����
�D�Y�H�F���P�L�V�H���j���O�D���W�H�U�U�H�����G�R�L�Y�H�Q�W���r�W�U�H���E�U�D�Q�F�K�p�V���V�X�U���X�Q�H���S�U�L�V�H���j���W�U�R�L�V���E�U�R�F�K�H�V�����3�R�X�U���G�H�V���U�D�L�V�R�Q�V���G�H��
�V�p�F�X�U�L�W�p�����O�D���S�U�L�V�H���G�R�L�W���r�W�U�H���S�U�R�W�p�J�p�H���S�D�U���X�Q���G�L�V�M�R�Q�F�W�H�X�U���G�L�I�I�p�U�H�Q�W�L�H�O�����4�X�D�Q�G���O�D���S�R�P�S�H���H�V�W���E�U�D�Q�F�K�p�H��
�G�D�Q�V���X�Q���E�R�v�W�L�H�U���G�H���E�U�D�Q�F�K�H�P�H�Q�W���p�W�D�Q�F�K�H�����L�O���H�V�W���S�R�V�V�L�E�O�H���G�
�H�Q�O�H�Y�H�U���O�D���¿�F�K�H���H�W���G�H���I�D�L�U�H���O�H���E�U�D�Q�F�K�H�P�H�Q�W��
�G�L�U�H�F�W�H�P�H�Q�W���V�X�U���O�
�D�O�L�P�H�Q�W�D�W�L�R�Q���D�Y�H�F���P�L�V�H���j���O�D���W�H�U�U�H���D�S�S�U�R�S�U�L�p�H�����3�R�X�U���G�H�V���U�D�L�V�R�Q�V���G�H���V�p�F�X�U�L�W�p�����F�H��
circuit peut être protégé par un disjoncteur différentiel. L'installation doit être conforme au code 
�Q�D�W�L�R�Q�D�O���G�
�p�O�H�F�W�U�L�F�L�W�p���H�W���W�R�X�V���O�H�V���U�q�J�O�H�P�H�Q�W�V���O�R�F�D�X�[��

 5. POUR DES RAISONS DE SÉCURITÉ, IL FAUT TOUJOURS DÉBRANCHER L’ALIMENTATION 
DE LA POMPE AVANT DE LA MANIPULER. Les pompes monophasées sont équipées d’un cordon 
�D�Y�H�F���¿�F�K�H���j���W�U�R�L�V���E�U�R�F�K�H�V���G�H���P�L�V�H���j���W�H�U�U�H���S�R�X�U���S�U�R�W�p�J�H�U���F�R�Q�W�U�H���O�H�V���p�O�H�F�W�U�R�F�X�W�L�R�Q�V����IL NE FAUT 
JAMAIS ENLEVER LA BROCHE DE MISE À TERRE. Il faut���E�U�D�Q�F�K�H�U���O�D���¿�F�K�H���j���W�U�R�L�V���E�U�R�F�K�H�V��
�G�D�Q�V���X�Q�H���S�U�L�V�H���j���W�U�R�L�V���E�U�R�F�K�H�V���G�H���P�L�V�H���j���W�H�U�U�H����Si le circuit n’est pas équipé d’une telle prise, il faut 
en installer une en respectant le code national d’électricité et toute la législation et réglementation 
locales en vigueur. Les pompes triphasées doivent être équipées d’un dispositif de mise en marche 
�D�Y�H�F���S�U�R�W�H�F�W�L�R�Q���W�K�H�U�P�L�T�X�H���G�X���P�R�W�H�X�U�����&�R�Q�V�X�O�W�H�U���O�D���Q�R�U�P�H���)�0�����������S�R�X�U���O�H�V���L�Q�V�W�D�O�O�D�W�L�R�Q�V���G�X�S�O�H�[����

 6. La ventilation du réservoir doit être conforme au code de plomberie local. Les pompes doivent être 
�L�Q�V�W�D�O�O�p�H�V���F�R�Q�I�R�U�P�p�P�H�Q�W���D�X���F�R�G�H���Q�D�W�L�R�Q�D�O���G�¶�p�O�H�F�W�U�L�F�L�W�p���H�W���j���W�R�X�W�H���O�D���O�p�J�L�V�O�D�W�L�R�Q���H�W���U�p�J�O�H�P�H�Q�W�D�W�L�R�Q��
�O�R�F�D�O�H�V���H�Q���Y�L�J�X�H�X�U�����/�H�V���S�R�P�S�H�V���Q�H���G�R�L�Y�H�Q�W���S�D�V���r�W�U�H���L�Q�V�W�D�O�O�p�H�V���G�D�Q�V���G�H�V���H�Q�G�U�R�L�W�V���F�O�D�V�V�L�¿�p�V���j���U�L�V�T�X�H����
�F�R�Q�I�R�U�P�p�P�H�Q�W���j���O�D���Q�R�U�P�H���$�1�6�,���1�)�3�$���������G�X���&�R�G�H���Q�D�W�L�R�Q�D�O���D�P�p�U�L�F�D�L�Q���G�H���O�¶�p�O�H�F�W�U�L�F�L�W�p����

 7. Risque d’électrocution. Ne pas enlever le cordon d’alimentation ni le distributeur de tension 
�P�p�F�D�Q�L�T�X�H�����Q�L���E�U�D�Q�F�K�H�U���O�H���F�R�Q�G�X�L�W���G�L�U�H�F�W�H�P�H�Q�W���j���O�D���S�R�P�S�H��

 8. �/�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���H�W���O�D���Y�p�U�L�¿�F�D�W�L�R�Q���G�H���O�¶�p�T�X�L�S�H�P�H�Q�W���p�O�H�F�W�U�L�T�X�H���G�R�L�Y�H�Q�W���r�W�U�H���I�D�L�W�H�V���S�D�U���X�Q���p�O�H�F�W�U�L�F�L�H�Q���T�X�D�O�L�¿�p��
 9.���/�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���H�W���O�D���Y�p�U�L�¿�F�D�W�L�R�Q���G�H���O�D���S�R�P�S�H���G�R�L�Y�H�Q�W���r�W�U�H���I�D�L�W�H�V���S�D�U���X�Q�H���S�H�U�V�R�Q�Q�H���T�X�D�O�L�¿�p�H��
 10. Risque d’électrocution. L’usage de ce type de pompe dans une piscine de natation et des zones 

marines n’a pas été étudié.
 11. �&�H���S�U�R�G�X�L�W���F�R�Q�W�L�H�Q�W���G�H�V���S�U�R�G�X�L�W�V���F�K�L�P�L�T�X�H�V���G�R�Q�W���O�¶�p�W�D�W���G�H���O�D���&�D�O�L�I�R�U�Q�L�H���D���G�p�W�H�U�P�L�Q�H�U���F�R�P�P�H���p�W�D�Q�W��

�O�D���F�D�X�V�H���G�H���F�D�Q�F�H�U���H�W���G�H���G�p�¿�F�L�H�Q�F�H�V���j���O�D���Q�D�L�V�V�D�Q�F�H���R�X���D�X�W�U�H�V���G�R�P�P�D�J�H�V���U�H�S�U�R�G�X�F�W�L�I�V��

 1.�� �9�p�U�L�¿�H�U���T�X�H���O�H���F�L�U�F�X�L�W���G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���D���X�Q�H���F�D�S�D�F�L�W�p���V�X�I�¿�V�D�Q�W�H���S�R�X�U���D�O�L�P�H�Q�W�H�U���O�H���P�R�W�H�X�U�����F�R�P�P�H��
�L�Q�G�L�T�X�p���V�X�U���O�D���S�R�P�S�H���R�X���V�X�U���O�D���S�O�D�T�X�H���G�¶�L�G�H�Q�W�L�¿�F�D�W�L�R�Q���G�H���O�¶�D�S�S�D�U�H�L�O��

 2.�� �/�¶�L�Q�V�W�D�O�O�D�W�H�X�U���H�V�W���U�H�V�S�R�Q�V�D�E�O�H���G�H���O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���G�H�V���S�R�P�S�H�V���D�X�W�R�P�D�W�L�T�X�H�V���D�Y�H�F���G�H�V���L�Q�W�H�U�U�X�S�W�H�X�U�V���j��
�Q�L�Y�H�D�X���Y�D�U�L�D�E�O�H���R�X���G�H�V���S�R�P�S�H�V���Q�R�Q���D�X�W�R�P�D�W�L�T�X�H�V���X�W�L�O�L�V�D�Q�W���G�H�V���L�Q�W�H�U�U�X�S�W�H�X�U�V���D�X�[�L�O�L�D�L�U�H�V���j���Q�L�Y�H�D�X��
�Y�D�U�L�D�E�O�H���H�W���L�O���G�R�L�W���V�¶�D�V�V�X�U�H�U���T�X�H���O�¶�L�Q�W�H�U�U�X�S�W�H�X�U���j���À�R�W�W�H�X�U���H�V�W���L�Q�V�W�D�O�O�p���I�H�U�P�H�P�H�Q�W���S�R�X�U���T�X�¶�L�O���Q�¶�D�F�F�U�R�F�K�H��
�S�D�V���j���O�D���S�R�P�S�H���Q�L���D�X���S�X�L�W�V���S�R�X�U���S�H�U�P�H�W�W�U�H���O�¶�D�U�U�r�W���G�H���O�D���S�R�P�S�H�����,�O���H�V�W���U�H�F�R�P�P�D�Q�G�p���G�¶�X�W�L�O�L�V�H�U���G�X���W�X�\�D�X��
�H�W���G�H�V���U�D�F�F�R�U�G�V���U�L�J�L�G�H�V���H�W���O�H���S�X�L�W�V���G�R�L�W���D�Y�R�L�U���X�Q���G�L�D�P�q�W�U�H���V�X�S�p�U�L�H�X�U���j���������F�P��������������

 3. Renseignements sur le trou d’évent. �,�O���H�V�W���Q�p�F�H�V�V�D�L�U�H���T�X�H���O�D���S�R�P�S�H���V�X�E�P�H�U�V�L�E�O�H�����O�H�V���S�R�P�S�H�V���j��
�H�I�À�X�H�Q�W�V���H�W���G�¶�p�J�R�X�W���F�D�S�D�E�O�H�V���G�H���S�D�V�V�H�U���G�H�V���V�R�O�L�G�H�V���G�H���G�L�I�I�p�U�H�Q�W�H�V���W�D�L�O�O�H�V���D�L�H�Q�W���O�H�X�U���D�O�L�P�H�Q�W�D�W�L�R�Q���j��
la base pour réduire le colmatage et la défaillance des joints. Si l’installation comprend un clapet 
�G�H���V�p�F�X�U�L�W�p�����L�O���I�D�X�W���S�H�U�F�H�U���X�Q���W�U�R�X���G�¶�p�Y�H�Q�W���G�¶�H�Q�Y�L�U�R�Q�������P�P�������������������G�D�Q�V���O�H���W�X�\�D�X���G�H���U�H�I�R�X�O�H�P�H�Q�W���D�X��
dessous du clapet de sécurité et le couvercle pour purger l’air de l’appareil. L’air emprisonné est 
�F�D�X�V�p���S�D�U���O�¶�D�J�L�W�D�W�L�R�Q���H�W�������R�X���X�Q���S�X�L�W�V���V�H�F�����,�O���I�D�X�W���Y�p�U�L�¿�H�U���S�p�U�L�R�G�L�T�X�H�P�H�Q�W���T�X�H���O�H���W�U�R�X���G�¶�p�Y�H�Q�W���Q�¶�H�V�W���S�D�V��
�F�R�O�P�D�W�p�����/�H�V���F�D�U�W�H�U�V���G�H���S�R�P�S�H���G�H���O�D���V�p�U�L�H�������������������H�W���������V�R�Q�W���p�T�X�L�S�p�V���G�¶�X�Q���W�U�R�X���G�¶�p�Y�H�Q�W���j���O�¶�R�S�S�R�V�p��
�G�X���À�R�W�W�H�X�U�����S�U�q�V���G�X���J�R�X�M�R�Q���G�X���F�D�U�W�H�U�����G�X���J�R�X�M�R�Q���G�X���F�D�U�W�H�U�����P�D�L�V���X�Q���W�U�R�X���G�
�p�Y�H�Q�W���H�V�W���U�H�F�R�P�P�D�Q�G�p����
�/�H���W�U�R�X���G�
�p�Y�H�Q�W���G�H���O�
�D�S�S�O�L�F�D�W�L�R�Q���j���X�Q�H���K�D�X�W�H�X�U���G�H���U�H�I�R�X�O�H�P�H�Q�W���G�\�Q�D�P�L�T�X�H���p�O�H�Y�p�H���S�H�X�W���F�D�X�V�H�U���X�Q�H��
turbulence trop élevée. Il peut être désirable de ne pas le percer. S'il est décidé de ne pas percer 
de trou d'évent, il faut s'assurer que le carter et le rotor de la pompe sont couverts de liquide 
�D�Y�D�Q�W���G�H���E�U�D�Q�F�K�H�U���O�H���W�X�\�D�X���V�X�U���O�H���F�O�D�S�H�W���D�Q�W�L���U�H�W�R�X�U���H�W���T�X�
�D�X�F�X�Q�H���F�R�Q�G�X�L�W�H���G�
�D�V�S�L�U�D�W�L�R�Q���Q�
�D�P�q�Q�H��
�G�H���O�
�D�L�U���j���O�
�D�G�P�L�V�V�L�R�Q���G�H���O�D���S�R�P�S�H�����5�(�0�$�5�4�8�(�������/�(���7�5�2�8���'�2�,�7���$�8�6�6�,���Ç�7�5�(���$�8���'�(�6�6�2�8�6��
�'�8���&�2�8�9�(�5�&�/�(���'�8���3�8�,�7�6���(�7���,�/���)�$�8�7���/�(���1�(�7�7�2�<�(�5���5�e�*�8�/�,�Ê�5�(�0�(�1�7�����8�Q���M�H�W���G�¶�H�D�X���V�H�U�D��
�Y�L�V�L�E�O�H���G�H���F�H�W�W�H���R�U�L�¿�F�H���G�X�U�D�Q�W���O�H�V���S�p�U�L�R�G�H�V���G�H���I�R�Q�F�W�L�R�Q�Q�H�P�H�Q�W���G�H���O�D���S�R�P�S�H��

 4.�� �,�O���I�D�X�W���Y�p�U�L�¿�H�U���I�U�p�T�X�H�P�P�H�Q�W���T�X�¶�L�O���Q�¶�\���D���S�D�V���G�H���G�p�E�U�L�V���Q�L���G�¶�D�F�F�X�P�X�O�D�W�L�R�Q���S�R�X�Y�D�Q�W���L�Q�W�H�U�I�p�U�H�U���D�Y�H�F���O�H��
�G�p�S�O�D�F�H�P�H�Q�W���G�X���À�R�W�W�H�X�U���G�H���P�D�U�F�K�H�������D�U�U�r�W�����/�H�V���U�p�S�D�U�D�W�L�R�Q�V���Q�H���G�R�L�Y�H�Q�W���r�W�U�H���I�D�L�W�H�V���T�X�H���S�D�U���X�Q���F�H�Q�W�U�H��
�G�H���U�p�S�D�U�D�W�L�R�Q���D�J�U�p�p���S�D�U���=�R�H�O�O�H�U���3�X�P�S���&�R�P�S�D�Q�\��

 5.�� �/�H�V���S�R�P�S�H�V���G�¶�D�V�V�q�F�K�H�P�H�Q�W���P�p�F�D�Q�L�T�X�H���H�W���G�¶�H�I�À�X�H�Q�W�V���V�R�Q�W���F�R�Q�o�X�H�V���S�R�X�U���S�R�P�S�D�J�H���G�¶�H�D�X���X�V�p�H���Q�R�Q��
traitée dans un puits.

 6.�� �/�D���W�H�P�S�p�U�D�W�X�U�H���G�H���I�R�Q�F�W�L�R�Q�Q�H�P�H�Q�W���P�D�[�L�P�D�O�H���G�¶�X�Q�H���S�R�P�S�H���V�W�D�Q�G�D�U�G���Q�H���S�H�X�W���S�D�V���r�W�U�H���S�O�X�V���G�H�������ƒ�&�����������ƒ�)������
 7.�� �,�O���I�D�X�W���X�W�L�O�L�V�H�U���O�H�V���S�R�P�S�H�V���P�R�G�q�O�H�V�����������������������H�W�����������H�Q���S�R�V�L�W�L�R�Q���Y�H�U�W�L�F�D�O�H�����,�O���Q�H���I�D�X�W���S�D�V���H�V�V�D�\�H�U��de 

mettre la pompe en marche quand elle est inclinée ou couchée sur le côté. 
 8. Il ne faut pas faire fonctionner la pompe dans une application où la hauteur de refoulement 

�G�\�Q�D�P�L�T�X�H���H�V�W���L�Q�I�p�U�L�H�X�U�H���j���O�D���K�D�X�W�H�X�U���G�H���U�H�I�R�X�O�H�P�H�Q�W���G�\�Q�D�P�L�T�X�H���P�L�Q�L�P�D�O�H���G�R�Q�Q�p�H���G�D�Q�V���O�H�V���F�R�X�U�E�H�V��
de refoulement et de capacité.

SE RÉFÉRER À LA GARANTIE EN PAGE 2.

REMARQUE�������/�H�V���S�R�P�S�H�V���D�Y�H�F���D�Q�Q�R�W�D�W�L�R�Q�V���³�8�/�´���H�W���³�8�6�´���V�R�Q�W���Y�p�U�L�¿�p�H�V���G�¶�D�S�U�qs la norme UL778. Les 
�S�R�P�S�H�V���F�H�U�W�L�¿�p�H�V���&�6�$���V�R�Q�W���Y�p�U�L�¿�p�H�V���G�¶�D�S�U�q�V���O�D���Q�R�U�P�H���&�����������Q�R����������

AVERTISSEMENT
VOIR PLUS BAS POUR LA

LISTE DES AVERTISSEMENTS
VOIR PLUS BAS POUR LA

LISTE DES MISES EN GARDEMISE EN GARDE

EFFLUENTS* / PUISARD / ASSÈCHEMENTÉGOUT
Série 49 / 53 / 57 Série 264

Série 137, Série 151 / 152 / 153 Série 266 / 267 / 268

®

�(������������
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AVERTISSEMENT  PRÉCAUTIONS AVEC LE SYSTÈME ÉLECTRIQUE���±���$�Y�D�Q�W���G�H���U�p�S�D�U�H�U���O�D���S�R�P�S�H�����L�O���I�D�X�W���W�R�X�M�R�X�U�V���R�X�Y�U�L�U���O�H���F�L�U�F�X�L�W���H�W���G�p�E�U�D�Q�F�K�H�U���O�D���S�R�P�S�H�����H�Q���S�U�H�Q�D�Q�W��
�V�R�L�Q���G�H���S�R�U�W�H�U���G�H�V���F�K�D�X�V�V�X�U�H�V���j���V�H�P�H�O�O�H���L�V�R�O�D�Q�W�H���H�W���G�H���Q�H���S�D�V���V�H���W�H�Q�L�U���G�D�Q�V���O�¶�H�D�X�����(�Q���F�D�V���G�¶�L�Q�R�Q�G�D�W�L�R�Q�����F�R�Q�W�D�F�W�H�U���O�D���F�R�P�S�D�J�Q�L�H���G�¶�p�O�H�F�W�U�L�F�L�W�p���R�X���X�Q���p�O�H�F�W�U�L�F�L�H�Q���D�J�U�p�p���S�R�X�U��
couper l’alimentation avant de déposer la pompe.

AVERTISSEMENT  Les pompes submersibles contiennent de l’huile qui peut être sous pression ou devenir chaude en cours de fonctionnement. Attendre 2 heures et demi après 
l’avoir débranchée avant de travailler sur la pompe.

LISTE DE VÉRIFICATIONS POUR L’ENTRETIEN

�6�L���O�H�V���Y�p�U�L�À�F�D�W�L�R�Q�V���F�L���G�H�V�V�X�V���Q�H���U�p�V�R�O�Y�H�Q�W���O�H���S�U�R�E�O�q�P�H�����F�R�Q�V�X�O�W�H�U���O�·�X�V�L�Q�H�����1�H���S�D�V���H�V�V�D�\�H�U���G�H���U�p�S�D�U�H�U���R�X���G�H���G�p�P�R�Q�W�H�U���O�D���S�R�P�S�H�����7�R�X�W�H�V���O�H�V���U�p�S�D�U�D�W�L�R�Q�V��
doivent être faites par un centre de réparation agréé par Zoeller. Visitez le site Web www.zoellerpumps.com/servicestations pour trouver le centre 
de service agréé le plus proche.

CAUSES FRÉQUENTES

�9�p�U�L�¿�H�U���T�X�H���O�H���I�X�V�L�E�O�H���H�V�W���H�Q���E�R�Q���p�W�D�W�����T�X�H���O�D���W�H�Q�V�L�R�Q���H�V�W���Q�R�U�P�D�O�H�����T�X�H���O�H���F�L�U�F�X�L�W���Q�¶�H�V�W���S�D�V���V�X�U�F�K�D�U�J�p���H�W���T�X�H���O�H���F�k�E�O�D�J�H���H�V�W���F�R�U�U�H�F�W����
que l’interrupteur n’est pas ouvert, que le rotor ou le joint n’est pas bloqué, que le condensateur ou le relais n’est pas défec-
�W�X�H�X�[�����V�L���L�Q�V�W�D�O�O�p�����T�X�¶�L�O���Q�¶�\���D���S�D�V���G�H���F�R�X�U�W���F�L�U�F�X�L�W���G�D�Q�V���O�H���P�R�W�H�X�U���R�X���O�H���E�R�E�L�Q�D�J�H�����)�O�R�W�W�H�X�U���E�O�R�T�X�p���H�Q���S�R�V�L�W�L�R�Q���E�D�V�V�H�����,�Q�W�H�U�U�X�S�W�H�X�U��
�G�p�I�H�F�W�X�H�X�[�����H�Q�G�R�P�P�D�J�p���R�X���P�D�O���U�p�J�O�p��

�0�D�X�Y�D�L�V�H���W�H�Q�V�L�R�Q�����K�D�X�W�H�X�U���G�H���U�H�I�R�X�O�H�P�H�Q�W���Q�p�J�D�W�L�Y�H�����U�H�I�R�X�O�H�P�H�Q�W���R�X�Y�H�U�W���D�X���G�H�V�V�R�X�V���G�H���O�D���Q�R�U�P�D�O�H�������E�O�R�F�D�J�H���P�p�F�D�Q�L�T�X�H���G�X��
rotor ou du joint, moteur court-circuité.

Flotteur grippé sur la tige, clapet de sécurité coincé ou pas de clapet installé sur une conduite longue, clapet de sécurité ouvert, 
�L�Q�W�H�U�U�X�S�W�H�X�U�V���G�H���Q�L�Y�H�D�X���G�p�I�H�F�W�X�H�X�[�����S�X�L�W�V���W�U�R�S���S�H�W�L�W��

�'�p�E�U�L�V���V�R�X�V���O�H���À�R�W�W�H�X�U�����À�R�W�W�H�X�U���R�X���W�L�J�H���G�X���À�R�W�W�H�X�U���F�R�L�Q�F�p���F�R�Q�W�U�H���O�D���S�D�U�R�L���G�X���S�X�L�W�V�����L�Q�W�H�U�U�X�S�W�H�X�U���G�p�I�H�F�W�X�H�X�[�����H�Q�G�R�P�P�D�J�p���R�X���P�D�O���U�p�J�O�p��

�9�p�U�L�¿�H�U���O�H���F�D�U�W�H�U���G�H���F�U�p�S�L�Q�H�����O�H���W�X�\�D�X���G�H���U�H�I�R�X�O�H�P�H�Q�W���R�X�����V�L���X�Q���F�O�D�S�H�W���G�H���V�p�F�X�U�L�W�p���H�V�W���L�Q�V�W�D�O�O�p�����O�H���W�U�R�X���G�¶�p�Y�H�Q�W�����/�D���K�D�X�W�H�X�U���G�H���U�H�I�R�X�O�H-
�P�H�Q�W���H�V�W���V�X�S�p�U�L�H�X�U�H���j���O�D���F�D�S�D�F�L�W�p���G�H���O�D���S�R�P�S�H�����0�D�X�Y�D�L�V�H���W�H�Q�V�L�R�Q�����0�D�X�Y�D�L�V�H���G�L�U�H�F�W�L�R�Q���G�H���U�R�W�D�W�L�R�Q���G�H���O�D���S�R�P�S�H�����&�R�Q�G�H�Q�V�D�W�H�X�U��
�G�p�I�H�F�W�X�H�X�[�����/�
�H�D�X���G�
�D�O�L�P�H�Q�W�D�W�L�R�Q���F�R�Q�W�L�H�Q�W���G�H���O�
�D�L�U���R�X���S�U�R�Y�R�T�X�H���O�
�H�Q�W�U�p�H���G�
�D�L�U���G�D�Q�V���O�D���F�K�D�P�E�U�H���G�H���O�D���S�R�P�S�H��

Augmentation de la friction dans le tuyau de refoulement, tuyau ou clapet de sécurité colmaté. Des produits abrasifs ou des 
produits chimiques peuvent détériorer le rotor et le carter de pompe. Inspecter la conduite. Déposer la base et inspecter.

CONDITION

A. La pompe ne démarre pas ou ne fonc-
tionne pas.  

B. Le moteur surchauffe et déclenche le 
disjoncteur ou la sécurité thermique.

C. La pompe se met en marche et s’arrête 
trop fréquemment. 

D. La pompe ne s’arrête pas.

E. La pompe fonctionne mais son débit 
est faible ou non existant.

F. Baisse de capacité ou de hauteur 
de refoulement après une période 
d’utilisation.

�H�[�S�U�H�V�V�H�V���R�X���L�P�S�O�L�F�L�W�H�V���H�W���Q�R�X�V���Q�¶�D�X�W�R�U�L�V�R�Q�V���D�X�F�X�Q���U�H�S�U�p�V�H�Q�W�D�Q�W���R�X���D�X�W�U�H���S�H�U�V�R�Q�Q�H���j��
accepter la responsabilité en notre nom pour nos produits.
�3�U�H�Q�G�U�H�� �F�R�Q�W�D�F�W�� �D�Y�H�F�� �O�H�� �)�D�E�U�L�F�D�Q�W���� ���������� �&�D�Q�H�� �5�X�Q�� �5�R�D�G���� �/�R�X�L�V�Y�L�O�O�H���� �.�<�� �������������� �j��
�O�¶�D�W�W�H�Q�W�L�R�Q�� �G�X�� �6�H�U�Y�L�F�H�� �j�� �O�D�� �&�O�L�H�Q�W�q�O�H���� �S�R�X�U�� �R�E�W�H�Q�L�U�� �G�H�V�� �U�p�S�D�U�D�W�L�R�Q�V���� �G�H�V�� �S�L�q�F�H�V�� �G�H��
remplacement ou des renseignements supplémentaires concernant la garantie.

LE FABRICANT REFUSE EXPRESSÉMENT TOUTE RESPONSABILITÉ POUR LES 
DÉGÂTS SPÉCIAUX, INDIRECTS OU SECONDAIRES OU POUR LES RUPTURES 
DE GARANTIE EXPRESSES OU IMPLICITES; ET TOUTE GARANTIE IMPLICITE 
D’APPLICABILITÉ À UNE UTILISATION SPÉCIFIQUE OU DE COMMERCIALITÉ 
EST LIMITÉE À LA DURÉE DE LA GARANTIE EXPRESSE.

�&�H�U�W�D�L�Q�H�V���S�U�R�Y�L�Q�F�H�V���Q�H���S�H�U�P�H�W�W�H�Q�W���S�D�V���O�H�V���O�L�P�L�W�D�W�L�R�Q�V���G�H���O�D���G�X�U�p�H���G�H���O�D���J�D�U�D�Q�W�L�H���L�P�S�O�L�F�L�W�H��
�H�W���L�O���H�V�W���S�R�V�V�L�E�O�H���T�X�H���F�H�W�W�H���O�L�P�L�W�D�W�L�R�Q���Q�H���V�¶�D�S�S�O�L�T�X�H���S�D�V�����&�H�U�W�D�L�Q�H�V���S�U�R�Y�L�Q�F�H�V���Q�H���S�H�U�P�H�W�W�H�Q�W��
�S�D�V���O�¶�H�[�F�O�X�V�L�R�Q���R�X���O�D���O�L�P�L�W�D�W�L�R�Q���G�H�V���G�p�J�k�W�V���V�H�F�R�Q�G�D�L�U�H�V���R�X���L�Q�G�L�U�H�F�W�V�����H�W���L�O���H�V�W���S�R�V�V�L�E�O�H���T�X�H��
�F�H�W�W�H���O�L�P�L�W�D�W�L�R�Q���R�X���H�[�F�O�X�V�L�R�Q���Q�H���V�¶�D�S�S�O�L�T�X�H���S�D�V��

�&�H�W�W�H���J�D�U�D�Q�W�L�H���Y�R�X�V���G�R�Q�Q�H���G�H�V���G�U�R�L�W�V���V�S�p�F�L�¿�T�X�H�V���U�H�F�R�Q�Q�X�V���S�D�U���O�D���O�R�L���H�W���Y�R�X�V���S�R�X�Y�H�]��
�p�J�D�O�H�P�H�Q�W���D�Y�R�L�U���G�¶�D�X�W�U�H�V���G�U�R�L�W�V���T�X�L���Y�D�U�L�H�Q�W���G�¶�X�Q�H���S�U�R�Y�L�Q�F�H���j���O�¶�D�X�W�U�H��

GARANTIE LIMITÉE
�/�H�� �I�D�E�U�L�F�D�Q�W�� �J�D�U�D�Q�W�L�W�� �j�� �O�¶�D�F�K�H�W�H�X�U�� �H�W�� �D�X�� �S�U�R�S�U�L�p�W�D�L�U�H�� �X�O�W�p�U�L�H�X�U�� �S�H�Q�G�D�Q�W�� �O�D�� �S�p�U�L�R�G�H�� �G�H��
garantie, tout produit neuf contre tout vice de matériel et de main-d’œuvre, en utilisation 
normale et quand utilisé et entretenu correctement, pendant une période de 3 ans de 
�O�D���G�D�W�H���G�H���I�D�E�U�L�F�D�W�L�R�Q���L�Q�L�W�L�D�O�H�������/�H�V���S�L�q�F�H�V���G�H�Y�H�Q�D�Q�W���G�p�I�H�F�W�X�H�X�V�H�V���S�H�Q�G�D�Q�W���O�D���S�p�U�L�R�G�H���G�H��
garantie, et que des inspections prouvent contenir des vices de fabrication ou de main-
�G�¶�°�X�Y�U�H�����V�H�U�R�Q�W���U�p�S�D�U�p�H�V�����U�H�P�S�O�D�F�p�H�V���R�X���U�p�Q�R�Y�p�H�V���D�X���F�K�R�L�[���G�X���)�D�E�U�L�F�D�Q�W�����j���F�R�Q�G�L�W�L�R�Q��
qu’en faisant cela nous ne soyons pas obligés de remplacer l’ensemble, le mécanisme 
�F�R�P�S�O�H�W���R�X���O�¶�D�S�S�D�U�H�L�O���F�R�P�S�O�H�W�����$�X�F�X�Q�H���S�U�R�Y�L�V�L�R�Q���Q�¶�H�V�W���I�D�L�W�H���S�R�X�U���O�H�V���I�U�D�L�V���G�¶�H�[�S�p�G�L�W�L�R�Q����
�O�H�V���G�p�J�k�W�V�����O�D���P�D�L�Q���G�¶�°�X�Y�U�H���Q�L���G�¶�D�X�W�U�H�V���I�U�D�L�V���F�D�X�V�p�V���S�D�U���O�D���G�p�I�D�L�O�O�D�Q�F�H�����O�D���U�p�S�D�U�D�W�L�R�Q���R�X��
le remplacement du produit.

�&�H�W�W�H�� �J�D�U�D�Q�W�L�H�� �Q�H�� �V�¶�D�S�S�O�L�T�X�H�� �S�D�V�� �H�W�� �Q�H�� �F�R�X�Y�U�H�� �D�X�F�X�Q�� �P�D�W�p�U�L�H�O�� �R�X�� �S�U�R�G�X�L�W�� �T�X�L�� �D�� �p�W�p��
�G�p�P�R�Q�W�p�� �V�D�Q�V�� �O�¶�D�X�W�R�U�L�V�D�W�L�R�Q�� �S�U�p�D�O�D�E�O�H�� �G�X�� �)�D�E�U�L�F�D�Q�W���� �V�R�X�P�L�V�� �j�� �X�Q�� �X�V�D�J�H�� �D�E�X�V�L�I���� �G�H�V��
�D�S�S�O�L�F�D�W�L�R�Q�V���L�Q�F�R�U�U�H�F�W�H�V�����G�H���O�D���Q�p�J�O�L�J�H�Q�F�H�����G�H�V���P�R�G�L�¿�F�D�W�L�R�Q�V�����G�H�V���D�F�F�L�G�H�Q�W�V���R�X���X�Q���F�D�V��
de force majeure ; qui n’a pas été installé, utilisé ou entretenu selon les instructions 
�G�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���G�X���)�D�E�U�L�F�D�Q�W�����T�X�L���D���p�W�p���H�[�S�R�V�p�����\���F�R�P�S�U�L�V�����P�D�L�V���Q�R�Q���G�H���I�D�o�R�Q���O�L�P�L�W�D�W�L�Y�H�����j��
du sable, des gravillons, du ciment, de la boue, du goudron, des hydrocarbures ou des 
�G�p�U�L�Y�p�V���G�¶�K�\�G�U�R�F�D�U�E�X�U�H�V�����K�X�L�O�H�����H�V�V�H�Q�F�H�����V�R�O�Y�D�Q�W�V�����H�W�F�������R�X���j���G�¶�D�X�W�U�H�V���S�U�R�G�X�L�W�V���D�E�U�D�V�L�I�V��
�R�X���F�R�U�U�R�V�L�I�V�����V�H�U�Y�L�H�W�W�H�V���R�X���S�U�R�G�X�L�W�V���G�¶�K�\�J�L�q�Q�H���I�p�P�L�Q�L�Q�H���H�W�F�������G�D�Q�V���W�R�X�W�H�V���O�H�V���D�S�S�O�L�F�D�W�L�R�Q�V��
de pompage. La garantie mentionnée ci-dessus remplace toutes les autres garanties 

CONSEILS POUR L’INSTALLATION D’UNE POMPE DE PUISARD
 1. IL FAUT lire toutes les instructions d’installation fournies avec la pompe.
 2. IL FAUT���Y�p�U�L�¿�H�U���T�X�H���O�H�V���D�S�S�D�U�H�L�O�V���Q�¶�R�Q�W���S�D�V���p�W�p���H�Q�G�R�P�P�D�J�p�V���H�Q���F�R�X�U�V���G�¶�H�[�S�p�G�L�W�L�R�Q����

�&�R�Q�W�D�F�W�H�U���O�H���G�L�V�W�U�L�E�X�W�H�X�U���V�L���O�D���S�R�P�S�H���D���p�W�p���H�Q�G�R�P�P�D�J�p�H��
 3. IL FAUT���Q�H�W�W�R�\�H�U���W�R�X�V���O�H�V���G�p�E�U�L�V���G�D�Q�V���O�H���S�X�L�V�D�U�G�����9�p�U�L�¿�H�U���T�X�¶�L�O���\���D���X�Q�H���V�X�U�I�D�F�H���G�X�U�H���H�W��

�S�O�D�W�H���j���O�¶�H�P�S�O�D�F�H�P�H�Q�W���G�p�V�L�U�p���S�R�X�U���O�D���S�R�P�S�H����NE PAS installer la pompe sur du sable, 
du gravier ou de la terre.

 4. IL FAUT���Y�p�U�L�¿�H�U���T�X�H���O�H���S�X�L�V�D�U�G���H�V�W���D�V�V�H�]���O�D�U�J�H���S�R�X�U���D�Y�R�L�U���G�H���O�¶�H�V�S�D�F�H���V�X�I�¿�V�D�Q�W���S�R�X�U��
le bon fonctionnement des interrupteurs de commande de niveau.

 5. IL FAUT toujours débrancher l’alimentation de la pompe avant de la 
manipuler.

  IL FAUT���W�R�X�M�R�X�U�V���E�U�D�Q�F�K�H�U���O�D���S�R�P�S�H���V�X�U���X�Q���F�L�U�F�X�L�W���V�p�S�D�U�p���P�L�V���j���O�D���W�H�U�U�H��
  IL NE FAUT JAMAIS couper, faire une épissure ou endommager un cordon 

�G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q�������3�R�X�U���I�D�L�U�H���X�Q�H���U�D�F�F�R�U�G�H�P�H�Q�W�����L�O���I�D�X�W���X�W�L�O�L�V�H�U���X�Q���E�R�v�W�L�H�U���G�H���U�D�F�F�R�U�G�H�P�H�Q�W��
étanche.

  IL NE FAUT PAS utiliser le cordon d’alimentation pour transporter ou soulever la 
pompe.  

  IL NE FAUT PAS utiliser de rallonge pour une pompe de puisard.
 6. IL FAUT installer un clapet de sécurité et un raccord sur la conduite de refoulement.
  IL NE FAUT PAS���X�W�L�O�L�V�H�U���X�Q�H���F�R�Q�G�X�L�W�H���G�H���U�H�I�R�X�O�H�P�H�Q�W���G�H���G�L�D�P�q�W�U�H���L�Q�I�p�U�L�H�X�U���j���F�H�O�X�L���G�X��

refoulement de la pompe.

 7. IL NE FAUT PAS utiliser une pompe de puisard comme pompe de tranchée 
�R�X�� �G�¶�H�[�F�D�Y�D�W�L�R�Q���� �R�X�� �S�R�X�U�� �S�R�P�S�H�U�� �G�H�V�� �p�J�R�X�W�V���� �G�H�� �O�¶�H�V�V�H�Q�F�H�� �R�X�� �W�R�X�W�� �D�X�W�U�H�� �O�L�T�X�L�G�H��
�G�D�Q�J�H�U�H�X�[��

 8. IL FAUT���H�V�V�D�\�H�U���O�D���S�R�P�S�H���L�P�P�p�G�L�D�W�H�P�H�Q�W���D�S�U�q�V���O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���S�R�X�U���r�W�U�H���F�H�U�W�D�L�Q���T�X�H��
�O�H���V�\�V�W�q�P�H���I�R�Q�F�W�L�R�Q�Q�H���F�R�U�U�H�F�W�H�P�H�Q�W��

 9. IL FAUT recouvrir la pompe de puisard d’un couvercle de puisard approprié.
 10. IL FAUT�� �p�W�X�G�L�H�U�� �W�R�X�V�� �O�H�V�� �F�R�G�H�V�� �O�R�F�D�X�[�� �H�W�� �Q�D�W�L�R�Q�D�X�[�� �D�S�S�O�L�F�D�E�O�H�V�� �H�W�� �Y�p�U�L�¿�H�U�� �T�X�H��

l’installation est conforme.
 11. IL FAUT���F�R�Q�V�X�O�W�H�U���O�H���I�D�E�U�L�F�D�Q�W���S�R�X�U���R�E�W�H�Q�L�U���G�H�V���F�O�D�U�L�¿�F�D�W�L�R�Q�V���R�X���G�H�V���U�p�S�R�Q�V�H�V���D�X�[��

questions.
 12. IL FAUT���F�R�Q�V�L�G�p�U�H�U���X�Q���V�\�V�W�q�P�H���j���G�H�X�[���S�R�P�S�H�V���D�Y�H�F���X�Q�H���D�O�D�U�P�H���T�X�D�Q�G���O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q��

�S�H�X�W���r�W�U�H���V�X�U�F�K�D�U�J�p�H���R�X���V�L���X�Q�H���G�p�I�D�L�O�O�D�Q�F�H���G�H���O�D���S�R�P�S�H���S�U�L�P�D�L�U�H���F�D�X�V�D�L�W���G�H�V���G�p�J�k�W�V��
importants.

 13. IL FAUT���F�R�Q�V�L�G�p�U�H�U���X�Q���V�\�V�W�q�P�H���G�H���V�H�F�R�X�U�V���H�Q���F�R�X�U�D�Q�W���D�O�W�H�U�Q�D�W�L�I���T�X�D�Q�G���X�Q�H���S�R�P�S�H��
�G�H���S�X�L�V�D�U�G���R�X���G�¶�V�p�F�K�D�J�H���P�p�F�D�Q�L�T�X�H���H�V�W���Q�p�F�H�V�V�D�L�U�H���S�R�X�U���p�Y�L�W�H�U���G�H�V���G�p�J�k�W�V���P�D�W�p�U�L�H�O�V��
�H�Q�� �F�D�V�� �G�¶�L�Q�R�Q�G�D�W�L�R�Q�� �j�� �O�D�� �V�X�L�W�H�� �G�¶�X�Q�H�� �S�D�Q�Q�H�� �G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q�� �V�H�F�W�H�X�U���� �G�H�� �S�U�R�E�O�q�P�H��
�P�p�F�D�Q�L�T�X�H���R�X���p�O�H�F�W�U�L�T�X�H���R�X���G�H���V�X�U�F�K�D�U�J�H���G�X���V�\�V�W�q�P�H��

 14. IL FAUT���L�Q�V�S�H�F�W�H�U���O�H���V�\�V�W�q�P�H���H�W���Y�p�U�L�¿�H�U���V�R�Q���I�R�Q�F�W�L�R�Q�Q�H�P�H�Q�W���D�X���P�R�L�Q�V���W�R�X�V���O�H�V���W�U�R�L�V��
mois. 

Lorsque des dégâts sont causés par une défaillance présumée de la pompe, le 
propriétaire doit garder la pompe en sa possession en vue d’enquête.

�(������������
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Toutes les installations doivent être conformes aux codes électriques et de plomberie applicables, y compris, mais pas limité aux codes électriques nationaux, locaux, 
régionaux et aux codes de plomberie provinciaux. Pas conçu pour utilisation dans les endroits dangereux.

Pour certaines installations, il peut être nécessaire d’installer un support indépendant pour les interrupteurs de commande de niveau pour éviter des accrochages possibles sur la 
�S�R�P�S�H�����O�D���W�X�\�D�X�W�H�U�L�H�����O�H�V���Y�D�Q�Q�H�V�����H�W�F�����,�O���H�V�W���S�R�V�V�L�E�O�H���G�H���I�D�E�U�L�T�X�H�U���O�H�V���V�X�S�S�R�U�W�V���G�H���À�R�W�W�H�X�U���H�Q���X�W�L�O�L�V�D�Q�W���G�H�V���W�X�\�D�X�[���H�W���G�H�V���U�D�F�F�R�U�G�V���V�W�D�Q�G�D�U�G���S�R�X�U���I�D�F�L�O�L�W�H�U���O�D���G�p�S�R�V�H���H�Q���F�D�V���G�H���U�p�S�D�U�D�W�L�R�Q����
�/�H�V���V�X�S�S�R�U�W�V���G�H���À�R�W�W�H�V���V�R�Q�W���G�L�V�S�R�Q�L�E�O�H���F�K�H�]���=�R�H�O�O�H�U���W�H�O���T�X�H���G�p�F�U�L�W���D�X���I�H�X�L�O�O�H�W���)�0�����������R�X���S�H�X�Y�H�Q�W��être fabriqué avec de la tuyauterie et des raccords standard. 

MÉTHODES SUGGÉRÉES POUR L’INSTALLATION DU FLOTTEUR

SUPPORT TYPIQUE DE FLOTTEUR POUR
COUVERCLE DE PUITS EN ACIER

SUPPORT DE FLOTTES TYPIQUE POUR PUISARD EN
BÉTON OU POUR PUIT D’ ACCÉS DE FOSSE SEPTIQUE

SK1218

SK1217

�&�2�8�9�(�5�&�/�(���'�¶�$�&�&�Ê�6

�&�2�/�/�(�7���'�(���7�8�<�$�8��
�6�7�$�1�'�$�5�'

�7�8�<�$�8���(�1���$�&�,�(�5���,�1�2�;�<�'�$�%�/�(��
�/�e�*�(�5���2�8���(�1���3�9�&�*�5�$�9�,�/�/�2�1

�����������������6�8�3�3�2�5�7��

�0�2�1�7�5�e ���$�9�(�&������
�)�/�2�7�7�(�6

INSTALLATION RECOMMANDÉE POUR TOUTES APPLICATIONS
�� �������� �/�H�V���F�L�U�F�X�L�W�V���H�W���O�H�V���S�U�R�W�H�F�W�L�R�Q�V���p�O�H�F�W�U�L�T�X�H�V���G�R�L�Y�H�Q�W���r�W�U�H���F�R�Q�I�R�U�P�H�V���D�X�[���Q�R�U�P�H�V���G�H�V��

�F�R�G�H�V���p�O�H�F�W�U�L�T�X�H�V���Q�D�W�L�R�Q�D�X�[�����S�U�R�Y�L�Q�F�L�D�X�[���H�W���O�R�F�D�X�[��
�� �������� �,�Q�V�W�D�O�O�H�U���X�Q���8�Q�L�F�K�H�F�N�����U�D�F�F�R�U�G�������F�O�D�S�H�W���G�H���V�p�F�X�U�L�W�p���F�R�P�E�L�Q�p�����G�H���=�R�H�O�O�H�U���D�S�S�U�R�S�U�L�p����

de préférence juste au-dessus du puits pour permettre la dépose de la pompe 
�S�R�X�U�� �O�H�� �Q�H�W�W�R�\�D�J�H�� �R�X�� �O�H�V�� �U�p�S�D�U�D�W�L�R�Q�V���� �3�R�X�U�� �O�H�V�� �p�J�R�X�W�V���� �O�H�V�� �H�I�À�X�H�Q�W�V�� �R�X�� �O�H�V�� �H�D�X�[��
�G�¶�D�V�V�q�F�K�H�P�H�Q�W���P�p�F�D�Q�L�T�X�H�����X�W�L�O�L�V�H�U���O�H���P�R�G�q�O�H�������������������D�Y�H�F���G�H�V���W�X�\�D�X�[���G�H����������������
���������P�P�������P�R�G�q�O�H�������������������D�Y�H�F���G�H�V���W�X�\�D�X�[���G�H�����������������P�P�����H�W���O�H���P�R�G�q�O�H������������������
�D�Y�H�F���G�H�V���W�X�\�D�X�[���G�H�����������������P�P�����V�¶�L�O���I�D�X�W���X�Q�H���J�U�D�Q�G�H���K�D�X�W�H�X�U���G�H���U�H�I�R�X�O�H�P�H�Q�W���R�X���H�Q��
�F�D�V���G�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���V�R�X�V���X�Q���F�R�X�Y�H�U�F�O�H�����9�R�L�U�����������F�L���G�H�V�V�R�X�V��

�� �������� �7�R�X�V���O�H�V���S�X�L�W�V���G�R�L�Y�H�Q�W���D�Y�R�L�U���X�Q���F�R�X�Y�H�U�F�O�H���S�R�X�U���H�P�S�r�F�K�H�U���O�H�V���G�p�E�U�L�V���G�¶�\���W�R�P�E�H�U���H�W��
éviter les chutes accidentelles.

�� �������� �4�X�D�Q�G���X�Q���8�Q�L�F�K�H�F�N���H�V�W���L�Q�V�W�D�O�O�p�����S�H�U�F�H�U���X�Q���W�U�R�X���G�H�������P�P�������������������G�D�Q�V���O�H���W�X�\�D�X���G�H��
refoulement, de niveau avec le dessus de la pompe. Les pompes de la série 50 et 90 ont 
un trou d’évent intégré. REMARQUE �± �/�(���7�5�2�8���'�2�,�7���$�8�6�6�,���Ç�7�5�(���$�8���'�(�6�6�2�8�6��
�'�8�� �&�2�8�9�(�5�&�/�(�� �'�8�� �3�8�,�7�6�� �(�7�� �,�/�� �)�$�8�7�� �/�(�� �1�(�7�7�2�<�(�5�� �5�e�*�8�/�,�Ê�5�(�0�(�1�7��
���S�R�P�S�H�V�� �j�� �K�D�X�W�H�X�U�� �G�H�� �U�H�I�R�X�O�H�P�H�Q�W�� �p�O�H�Y�p�H���� �Y�R�L�U�� �Q�ƒ�� ���� �G�H�� �O�D�� �S�U�H�P�L�q�U�H�� �S�D�J�H 
�©���0�,�6�(���(�1���*�$�5�'�(���ª�������8�Q���M�H�W���G�¶�H�D�X���V�H�U�D���Y�L�V�L�E�O�H���G�H���F�H�W�W�H���R�U�L�¿�F�H���G�X�U�D�Q�W���O�H�V���S�p�U�L�R�G�H�V��
de fonctionnement de la pompe.

�� �������� �$�W�W�D�F�K�H�U���I�H�U�P�H�P�H�Q�W���O�H���F�R�U�G�R�Q���G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���p�O�H�F�W�U�L�T�X�H���V�X�U���O�H���W�X�\�D�X���G�H���U�H�I�R�X�O�H�P�H�Q�W��
en utilisant du chatterton ou des colliers.

�� �������� �8�W�L�O�L�V�H�U���X�Q���W�X�\�D�X���G�H���U�H�I�R�X�O�H�P�H�Q�W���G�H���S�O�H�L�Q�H�V���G�L�P�H�Q�V�L�R�Q�V��
�� �������� �/�H���S�X�L�W�V���G�R�L�W���r�W�U�H���F�R�Q�I�R�U�P�H���j���W�R�X�V���O�H�V���U�q�J�O�H�P�H�Q�W�V���D�S�S�O�L�F�D�E�O�H�V��
�� �������� �$�Y�D�Q�W���O�D���P�L�V�H���H�Q���V�H�U�Y�L�F�H�����O�D���S�R�P�S�H���G�R�L�W���r�W�U�H���G�H���Q�L�Y�H�D�X���H�W���O�H���P�p�F�D�Q�L�V�P�H���G�X���À�R�W�W�H�X�U���Q�H���G�R�L�W��

pas toucher les bords du puits.
�� �������� �$�S�U�q�V���O�¶�L�Q�V�W�D�O�O�D�W�L�R�Q�����O�H���S�X�L�W�V���G�R�L�W���r�W�U�H���S�U�R�S�U�H���H�W���Q�H���G�R�L�W���S�D�V���F�R�Q�W�H�Q�L�U���G�H���G�p�E�U�L�V��

������������ �/�¶�L�Q�V�W�D�O�O�D�W�H�X�U�� �G�R�L�W�� �I�R�X�U�Q�L�U�� �O�D�� �Y�D�Q�Q�H�� �G�¶�D�U�U�r�W�� �H�W�� �O�¶�L�Q�V�W�D�O�O�H�U�� �H�Q�� �U�H�V�S�H�F�W�D�Q�W�� �W�R�X�V�� �O�H�V��
codes.

������������ �,�G�H�Q�W�L�¿�H�U���O�H�V���L�Q�W�H�U�U�X�S�W�H�X�U�V���j���À�R�W�W�H�X�U���L�Q�G�L�T�X�p�V���G�D�Q�V���O�H�V���L�O�O�X�V�W�U�D�W�L�R�Q�V�����/�H���S�R�L�Q�W���G�
�D�U�U�r�W��
�G�R�L�W���r�W�U�H���D�X���G�H�V�V�X�V���G�X���F�D�U�W�H�U���G�X���P�R�W�H�X�U���H�W���j���������ƒ���G�H���O�
�D�G�P�L�V�V�L�R�Q�����/�H���S�R�L�Q�W���G�¶�D�U�U�r�W��
�Q�H���V�H���G�R�L�W���W�U�R�X�Y�H�U���M�D�P�D�L�V���D�X���G�H�V�V�R�X�V���G�X���U�H�I�R�X�O�H�P�H�Q�W���G�H���O�D���S�R�P�S�H�����X�Q�L�T�X�H�P�H�Q�W��
�S�R�X�U���O�H�V���V�\�V�W�q�P�H�V���G�
�H�D�X�[���X�V�p�H�V���H�W���G�¶�H�I�À�X�H�Q�W������REMARQUE - pour les pompes 
automatiques, utiliser  le schéma  d’installation pour l’assèchement ci-
dessous.

������������ �3�R�X�U���p�Y�L�W�H�U���O�D���S�U�R�S�D�J�D�W�L�R�Q���G�H�V���J�D�]���H�W���G�H�V���R�G�H�X�U�V�����W�R�X�W�H�V���O�H�V���L�Q�V�W�D�O�O�D�W�L�R�Q�V���G�R�L�Y�H�Q�W��
avoir des joints étanches.

������������ �/�H�V���J�D�]���H�W���O�H�V���R�G�H�X�U�V���V�R�Q�W���p�Y�D�F�X�p�V���j���O�¶�D�W�P�R�V�S�K�q�U�H���D�X���P�R�\�H�Q���G�¶�X�Q���W�X�\�D�X���G�¶�p�Y�H�Q�W����
���X�Q�L�T�X�H�P�H�Q�W���S�R�X�U���O�H�V���V�\�V�W�q�P�H�V���G�
�H�D�X�[���X�V�p�H�V���H�W���G�
�D�V�V�q�F�K�H�P�H�Q�W����

���������������� �,�Q�V�W�D�O�O�H�U���O�D���E�D�V�H���G�H���S�R�P�S�H���=�R�H�O�O�H�U�����P�R�G�q�O�H���������������������V�R�X�V���O�D���S�R�P�S�H���S�R�X�U���I�R�U�P�L�U���X�Q��
�E�D�V�V�L�Q���G�H���G�p�F�D�Q�W�D�W�L�R�Q�����X�Q�L�T�X�H�P�H�Q�W���S�R�X�U���O�H�V���V�\�V�W�q�P�H�V���G�¶�H�I�À�X�H�Q�W���H�W���G�¶�D�V�V�q�F�K�H�P�H�Q�W����
�8�Q�L�T�X�H�P�H�Q�W���S�R�X�U���O�H�V���V�\�V�W�q�P�H�V���G�¶�H�I�À�X�H�Q�W����

������������ �%�U�D�Q�F�K�H�U���O�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���G�H���O�D���S�R�P�S�H���S�D�U���O�¶�L�Q�W�H�U�P�p�G�L�D�L�U�H���G�¶�X�Q���E�R�v�W�L�H�U���p�W�D�Q�F�K�H���=�R�H�O�O�H�U��
ou d’une épissure étanche. �5�(�0�$�5�4�8�(���±���/�H���E�R�v�W�L�H�U���p�W�D�Q�F�K�H���H�V�W���X�Q�H���Q�p�F�H�V�V�L�W�p��
�D�E�V�R�O�X�H���G�D�Q�V���X�Q���P�L�O�L�H�X���K�X�P�L�G�H�����9�R�L�U���O�H���Q�ƒ�������j���O�D���S�U�H�P�L�q�U�H���S�D�J�H���G�H���)�0����������

������������ �&�R�Q�V�X�O�W�H�U���O�H���P�D�Q�X�H�O���G�H���G�L�P�H�Q�V�L�R�Q�V���S�R�X�U���O�H�V���p�J�R�X�W�V���G�H���6�6�3�0�$���D�¿�Q���G�H���G�p�W�H�U�P�L�Q�H�U��
�O�H���P�R�G�q�O�H���G�¶�L�Q�W�H�U�U�X�S�W�H�X�U���G�H���P�D�U�F�K�H�������D�U�U�r�W���j���X�W�L�O�L�V�H�U��

������������ �8�Q�� �D�F�F�q�V�� �j�� �O�D�� �I�R�V�V�H�� �V�H�S�W�L�T�X�H�� �G�R�L�W���r�W�U�H�� �S�U�p�Y�X�� �S�R�X�U�� �O�¶�H�Q�W�U�H�W�L�H�Q�� �G�X�� �¿�O�W�U�H�� �H�W���� �G�H�� �O�D��
pompe.

REMARQUE – �/�H�V���S�R�P�S�H�V���j���M�R�L�Q�W���G�R�X�E�O�H���R�I�I�U�H�Q�W���X�Q�H���S�U�R�W�H�F�W�L�R�Q���V�X�S�S�O�p�P�H�Q�W�D�L�U�H���F�R�Q�W�U�H��
�O�H�V���G�R�P�P�D�J�H�V���F�D�X�V�p�V���S�D�U���O�D���G�p�I�D�L�O�O�D�Q�F�H���G�X���M�R�L�Q�W��

INSTALLATION TYPIQUE
POUR ÉGOUT
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REMARQUE�±
Il faut toujours 
consulter le bulletin 
�)�0�����������G�H���=�R�H�O�O�H�U��
et/ou les instructions 
d’installation et 
d’entretien de la 
pompe d’égout de 
SSPMA.

INSTALLATION TYPIQUE
POUR L’ASSÈCHEMENT MÉCANIQUE

INSTALLATION TYPIQUE
POUR LES EFFLUENTS
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�9�(�5�6���6�<�6�7�Ê�0�(���¬���%�$�6�6�(���3�5�(�6�6�,�2�1
�6�<�6�7�Ê�0�(���¬���0�2�1�7�����)�,�/�7�5�(���(�1���6�$�%�/�(����
�6�<�6�7�Ê�0�(���6�(�3�7�,�4�8�(���2�8���$�8�7�5�(���6�<�6�7�Ê�0�(��
�'�(���7�5�$�,�7�(�0�(�1�7

�)�2�6�6�(���6�(�3�7�,�4�8�(

�0�$�5�&�+�(

�$�5�5�Ç�7

�9�(�5�6���$�/�,�0�(�1�7�$�7�,�2�1
�e�/�(�&�7�5�,�4�8�(
�)�,�/���'�(���7�<�3�(���8���)��

�3�8�,�6�$�5�'���'�(���'�2�6�$�*�(

�$�/�$�5�0�(

�:�:���)�,�/�7�5�(

 REMARQUE�±
�9�R�L�U���)�0�������������)�0�����������H�W���)�0�����������S�R�X�U��
alarmes, commandes et boîtiers de raccordent.
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�$�5�5�Ç�7

�������F�P����������
�'�(���*�5�$�9�,�(�5
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�0�$�5�&�+�(

 REMARQUE�±
�9�R�L�U���)�0������������
FM0732 et FM1420 
pour alarmes, com-
mandes et boîtiers 
de raccordement.

DIMENSIONS 
MINIMALES DU BAS-
SIN : 45, 7 cm X 61 
cm (18 po x 24 po). 
UN PLUS GRANDE 
PROFONDEUR PEUT 
ÊTRE REQUISE.

�(������������
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AVERTISSEMENT  POUR DES RAISONS DE SÉCURITÉ, IL FAUT TOUJOURS DÉBRANCHER L’ALIMENTATION ÉLECTRIQUE DE LA POMPE 
AVANT L’INTERVENTION.���/�H�V���S�R�P�S�H�V���P�R�Q�R�S�K�D�V�p�H�V���V�R�Q�W���I�R�X�U�Q�L�H�V���D�Y�H�F���X�Q�H���¿�F�K�H���j���W�U�R�L�V���E�U�R�F�K�H�V���S�R�X�U���D�L�G�H�U���j���S�U�R�W�p�J�H�U���F�R�Q�W�U�H���O�H�V���U�L�V�T�X�H�V���G�¶�p�O�H�F�W�U�R�F�X�W�L�R�Q����
IL NE FAUT JAMAIS ENLEVER LA BROCHE DE TERRE.���/�D���¿�F�K�H���j���W�U�R�L�V���E�U�R�F�K�H�V��doit���r�W�U�H���E�U�D�Q�F�K�p�H���G�D�Q�V���X�Q�H���S�U�L�V�H���j���W�U�R�L�V���D�O�Y�p�R�O�H�V���F�R�U�U�H�V�S�R�Q�G�D�Q�W�H�V����
Si���O�H���F�L�U�F�X�L�W���G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���Q�¶�D���S�D�V���X�Q�H���W�H�O�O�H���S�U�L�V�H�����L�O���I�D�X�W���L�Q�V�W�D�O�O�H�U���X�Q�H���S�U�L�V�H���G�X���W�\�S�H���D�S�S�U�R�S�U�L�p�����E�U�D�Q�F�K�p�H���H�W���P�L�V�H���j���O�D���W�H�U�U�H���V�H�O�R�Q���O�H���F�R�G�H���Q�D�W�L�R�Q�D�O���G�H��
�O�¶�p�O�H�F�W�U�L�F�L�W�p���H�W���W�R�X�V���O�H�V���F�R�G�H�V���H�W���U�q�J�O�H�P�H�Q�W�V���O�R�F�D�X�[���D�S�S�U�R�S�U�L�p�V��

AVERTISSEMENT  « Risque d’électrocution ».���,�O���Q�H���I�D�X�W���S�D�V���H�Q�O�H�Y�H�U���O�H���F�R�U�G�R�Q���G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q���H�W���O�H���V�H�U�U�H���F�k�E�O�H���Q�L���E�U�D�Q�F�K�H�U���G�L�U�H�F�W�H�P�H�Q�W���O�D���S�R�P�S�H����
AVERTISSEMENT  �/�¶�L�Q�V�W�D�O�O�D�W�L�R�Q���H�W���O�D���Y�p�U�L�¿�F�D�W�L�R�Q���G�H�V���F�L�U�F�X�L�W�V���p�O�H�F�W�U�L�T�X�H�V���H�W���G�H���O�D���T�X�L�Q�F�D�L�O�O�H�U�L�H���G�R�L�Y�H�Q�W���r�W�U�H���I�D�L�W�H�V���S�D�U���X�Q���p�O�H�F�W�U�L�F�L�H�Q���T�X�D�O�L�¿�p��
AVERTISSEMENT �� �/�H�V���X�Q�L�W�p�V���Q�R�Q���p�T�X�L�S�p�H�V���G�¶�X�Q�H���¿�F�K�H�����P�R�Q�R�S�K�D�V�p�H���H�W���W�U�L�S�K�D�V�p�H�����H�W���O�H�V���X�Q�L�W�p�V���Q�R�Q���D�X�W�R�P�D�W�L�T�X�H�V���P�R�Q�R�S�K�D�V�p�H�V���j���¿�F�K�H���G�H���������D�P�S�q�U�H�V��

doivent être dotées d’une commande de moteur et d’un régulateur de niveau de liquide lors de l’installation. La tension, l’intensité, la fréquence, la mise 
�j���O�D���W�H�U�U�H���H�W���O�D���S�X�L�V�V�D�Q�F�H���G�X���G�L�V�S�R�V�L�W�L�I���G�H���F�R�P�P�D�Q�G�H���G�R�L�Y�H�Q�W���V�¶�D�F�F�R�U�G�H�U���j���O�D���S�R�P�S�H���V�X�U���O�H�T�X�H�O���L�O���H�V�W���E�U�D�Q�F�K�p��

Instructions de branchement monophasé

(1) (2)

L1 L2

(3)

Installation des modèles WD et WH

SCHÉMA ÉLECTRIQUE POUR LES MODÈLES
�:�'���������������9�����P�R�Q�R�S�K�D�V�p�����������+�]

WH - 200/208, monophasé, 60 Hz

�/�H�V�� �P�R�G�q�O�H�V�� �:�'�� �H�W�� �:�+�� �V�R�Q�W�� �H�Q�W�L�q�U�H�P�H�Q�W�� �D�X�W�R�P�D�W�L�T�X�H�V���� �8�Q�� �L�Q�W�H�U�U�X�S�W�H�X�U��
�j���À�R�W�W�H�X�U���H�V�W���L�Q�F�O�X�V���H�W���E�U�D�Q�F�K�p���G�D�Q�V���O�H���F�L�U�F�X�L�W���G�H���O�D���S�R�P�S�H���S�R�X�U���S�H�U�P�H�W�W�U�H��
�O�H�� �I�R�Q�F�W�L�R�Q�Q�H�P�H�Q�W�� �D�X�W�R�P�D�W�L�T�X�H�� �D�S�U�q�V�� �D�Y�R�L�U�� �L�Q�V�W�D�O�O�p�� �O�¶�L�Q�W�H�U�U�X�S�W�H�X�U�� �j�� �À�R�W�W�H�X�U��
correctement sur le tuyau de refoulement. Il faut utiliser le schéma ci-dessus 
�S�R�X�U���D�W�W�D�F�K�H�U���F�R�U�U�H�F�W�H�P�H�Q�W���O�¶�L�Q�W�H�U�U�X�S�W�H�X�U���j���À�R�W�W�H�X�U���H�W���R�E�W�H�Q�L�U���X�Q���E�U�D�V���D�S�S�U�R�S�U�L�p��
�S�R�X�U���P�R�G�L�¿�H�U���O�H���F�\�F�O�H���G�H���P�D�U�F�K�H���D�U�U�r�W���S�R�X�U���F�K�D�T�X�H���D�S�S�O�L�F�D�W�L�R�Q��

�'�p�À�Q�L�W�L�R�Q���G�H���O�D���S�O�D�J�H���G�H���S�R�P�S�D�J�H���H�Q��
pouces (1 pouce = 2,5 cm)

�&�H���W�D�E�O�H�D�X���Q�H���G�R�L�W���r�W�U�H���X�W�L�O�L�V�p���T�X�H���F�R�P�P�H��
�J�X�L�G�H�����¬���F�D�X�V�H���G�X���S�R�L�G�V���G�X���F�k�E�O�H����la plage 
de pompage au-dessus de l’horizontale n’est 
�S�D�V���p�J�D�O�H���j���O�D���S�O�D�J�H���G�H���S�R�P�S�D�J�H���D�X���G�H�V�V�R�X�V��
de l’horizontale. Les plages sont basées sur 
des essais sans turbulence. La plage peut 
varier en fonction de la température de 
l’eau et de la forme du cordon. Plus le bras 
est long, plus les variations de plage de 
pompage sont importantes.

Remarque �±���/�¶�L�Q�W�H�U�U�X�S�W�H�X�U���U�L�V�T�X�H���G�H��
�P�D�O���I�R�Q�F�W�L�R�Q�Q�H�U���V�L���O�H���F�k�E�O�H���G�¶�D�W�W�D�F�K�H��
n’est pas maintenu dans les limites 
appropriées.
Remarque �±���/�H���F�k�E�O�H���G�R�L�W���r�W�U�H���L�Q�V�W�D�O�O�p��
horizontalement.

Longueur du 
bras d’attache 

Plage de 
pompage 

 5 10 15 20 22

 9 13.5 18 22 24

5 po min.
22 po max.

SK305

�,�Q�W�H�U�U�X�S�W�H�X�U���������D�P�S�V�����P�R�G�q�O�H�V���:�'���H�W���:�+��

min. max.

011835

VERT

NOIR

MOTEUR

BLANC

COMMUTATEUR
DE FLOTTEUR

BLEU ROUGE

JAUNE
(NOIR)

EXÉCUTENT

DÉMARRENT

NOIR

BLANC
CONDENSATEUR

DE PASSAGE

BLEU
(BLANC)

ROUGE
(BRUN)

O.L.

Instructions de branchement triphasé

AVERTISSEMENT  POUR DES 
RAISONS DE SÉCURITÉ, IL 
FAUT TOUJOURS DÉBRANCHER 
L’ALIMENTATION ÉLECTRIQUE 

DE LA POMPE AVANT L’INTERVENTION. 

�7�R�X�W�H�V���O�H�V���S�R�P�S�H�V���W�U�L�S�K�D�V�p�H�V���G�R�L�Y�H�Q�W���r�W�U�H���p�T�X�L�S�p�H�V���G�¶�X�Q���G�L�V�S�R�V�L�W�L�I���G�H���G�p�P�D�U�U�D�J�H�����D�Y�H�F���G�L�V�S�R�V�L�W�L�I���G�H���S�U�R�W�H�F�W�L�R�Q��
�F�R�Q�W�U�H���O�D���V�X�U�F�K�D�U�J�H�����9�R�L�U���)�0�����������S�R�X�U���O�H�V���L�Q�V�W�D�O�O�D�W�L�R�Q�V���G�X�S�O�H�[�����/�D���S�R�P�S�H��doit être branchée conformément 
�D�X���F�R�G�H���Q�D�W�L�R�Q�D�O���G�H���O�¶�p�O�H�F�W�U�L�F�L�W�p���H�W���W�R�X�V���O�H�V���F�R�G�H�V���H�W���U�q�J�O�H�P�H�Q�W�V���O�R�F�D�X�[���D�S�S�U�R�S�U�L�p�V�����,�O���Q�H���I�D�X�W���S�D�V���L�Q�V�W�D�O�O�H�U���O�H�V��
�S�R�P�S�H�V���G�D�Q�V���X�Q���H�Q�G�U�R�L�W���F�O�D�V�V�p���G�D�Q�J�H�U�H�X�[���F�R�Q�I�R�U�P�p�P�H�Q�W���D�X���F�R�G�H���Q�D�W�L�R�Q�D�O���G�H���O�¶�p�O�H�F�W�U�L�F�L�W�p�����$�1�6�,���1�)�3�$��������

(3)

L1 L2

006848

(1) (2)

L3

NOIR

VERT

ROUGE

BLANC

BLEU ROUGE JAUNE

MOTEUR

Les pompes triphasées ne sont pas automatiques. Pour 
qu’elles fonctionnent automatiquement, il faut installer un 
�S�D�Q�Q�H�D�X�� �G�H�� �F�R�P�P�D�Q�G�H���� �3�R�X�U�� �E�U�D�Q�F�K�H�U�� �O�H�� �V�\�V�W�q�P�H���� �V�X�L�Y�U�H��
les instructions fournies avec le panneau de commande. Pour 
trois phases automatique les pompes voient le diagramme de 
�F�k�E�O�D�J�H���D�X�W�R�P�D�W�L�T�X�H���G�H�������S�K�D�V�H�V���V�L�W�X�p���Y�H�U�V���O�H���G�U�R�L�W��

�$�Y�D�Q�W���G�¶�L�Q�V�W�D�O�O�H�U���O�D���S�R�P�S�H�����Y�p�U�L�¿�H�U���O�D���U�R�W�D�W�L�R�Q���G�H���O�D���S�R�P�S�H���S�R�X�U���r�W�U�H��
�F�H�U�W�D�L�Q���T�X�H���O�H�V���¿�O�V���R�Q�W���p�W�p���E�U�D�Q�F�K�p�V���F�R�U�U�H�F�W�H�P�H�Q�W���V�X�U���O�¶�D�O�L�P�H�Q�W�D�W�L�R�Q��
�H�W�� �T�X�H�� �O�H�� �¿�O�� �Y�H�U�W�� �G�X�� �F�R�U�G�R�Q�� �G�¶�D�O�L�P�H�Q�W�D�W�L�R�Q�� ���Y�R�L�U�� �V�F�K�p�P�D�� �p�O�H�F�W�U�L�T�X�H����
est branché sur une bonne terre. Mettre la pompe momentanément 
sous tension et observer la direction du retour causé par le couple de 
démarrage. La rotation est correcte si le retour est en sense contraire 
�j���O�D���À�q�F�K�H���G�H���U�R�W�D�W�L�R�Q���G�D�Q�V���O�H���F�D�U�W�H�U���G�H���O�D���S�R�P�S�H�����6�L���O�D���U�R�W�D�W�L�R�Q���Q�¶�H�V�W��
�S�D�V���F�R�U�U�H�F�W�H�����L�Q�Y�H�U�V�H�U���G�H�X�[���G�H�V���¿�O�V���G�H���S�K�D�V�H���S�R�X�U���R�E�W�H�Q�L�U���O�D���E�R�Q�Q�H��
direction de rotation.

(3)(1) (2)

CR
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L3L2L1

013071

VERT

NOIR ROUGE

BLANC

RELAIS BLANC

ROUGE

FLOTTEUR

BLEU

BLEU

ROUGE

TAN

JAUNE

ORANGE

BLANC BLANC

POURPRE
POURPRE
OU BRUN

ENROULEMENTS

THERMOSTAT

COM

NC

Pompe non-automatique triphasée Pompe automatique triphasée

REMARQUE IMPORTANTE. – Certaines polices d’assurance commerciales et résidentielles couvrent les dommages résultant d’une défaillance du 
�S�U�R�G�X�L�W�����'�D�Q�V���O�D���S�O�X�S�D�U�W���G�H�V���F�D�V�����Y�R�X�V���G�H�Y�H�]���r�W�U�H���H�Q���S�R�V�V�H�V�V�L�R�Q���G�X���S�U�R�G�X�L�W���S�R�X�U���G�p�S�R�V�H�U���X�Q�H���U�p�F�O�D�P�D�W�L�R�Q�����=�R�H�O�O�H�U���3�X�P�S���&�R�����V�·�H�Q�J�D�J�H���j���U�H�P�S�O�D�F�H�U����
�O�·�D�S�S�D�U�H�L�O���R�X���j���U�H�P�E�R�X�U�V�H�U���O�H���S�U�L�[���G�·�D�F�K�D�W���R�U�L�J�L�Q�D�O���D�S�U�q�V���T�X�H���O�·�D�V�V�X�U�H�X�U���D�X�U�D���U�p�J�O�p���O�D���U�p�F�O�D�P�D�W�L�R�Q���G�D�Q�V���X�Q���F�D�V���R�•���Y�R�X�V���r�W�H�V���W�H�Q�X���G�·�r�W�U�H���H�Q���S�R�V�V�H�V�V�L�R�Q��
�G�X���S�U�R�G�X�L�W���S�R�X�U���G�R�F�X�P�H�Q�W�H�U���X�Q�H���U�p�F�O�D�P�D�W�L�R�Q���V�R�X�P�L�V�H���j���Y�R�W�U�H���D�V�V�X�U�H�X�U��
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�'�8�/�&�2�0�(�7�(�5�p�����&�R�P�S�D�F�W���&�R�Q�W�U�R�O�O�H�U
�0�H�D�V�X�U�H�G���Y�D�U�L�D�E�O�H�����S�+�������2�5�3

�$�$�V�V�H�P�E�O�\���D�Q�G���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V

�$��������

�( �1

�3�D�U�W���Q�R������������������ �%�$���'�0�����������������������(�1

�3�O�H�D�V�H���F�D�U�H�I�X�O�O�\���U�H�D�G���W�K�H�V�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���E�H�I�R�U�H���X�V�H�����y���' �R���Q�R�W���G�L�V�F�D�U�G��
�7�K�H���R�S�H�U�D�W�R�U���V�K�D�O�O���E�H���O�L�D�E�O�H���I�R�U���D�Q�\���G�D�P�D�J�H���F�D�X�V�H�G���E�\���L�Q�V�W�D�O�O�D�W�L�R�Q���R�U���R�S�H�U�D�W�L�Q�J���H�U�U�R�U�V��

�7�K�H���O�D�W�H�V�W���Y�H�U�V�L�R�Q���R�I���W�K�H���R�S�H�U�D�W�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q�V���D�U�H���D�Y�D�L�O�D�E�O�H���R�Q���R�X�U���K�R�P�H�S�D�J�H��

�(������������

�3�+���������������7�U�D�Q�V�P�L�W�W�H�U�����S�+�����3�U�R�P�L�Q�H�Q�W���'�X�O�F�R�P�H�W�H�U���S�+���R�U���2�5�3���������P�$��
�R�X�W�S�X�W������������������



�*�* �H�Q�H�U�D�O���Q�R�Q���G�L�V�F�U�L�P�L�Q�D�W�R�U�\���D�S�S�U�R�D�F�K �,�Q���R�U�G�H�U���W�R���P�D�N�H���L�W���H�D�V�L�H�U���W�R���U�H�D�G�����W�K�L�V
�G�R�F�X�P�H�Q�W���X�V�H�V���W�K�H���P�D�O�H���I�R�U�P���L�Q���J�U�D�P�P�D�W�£
�L�F�D�O���V�W�U�X�F�W�X�U�H�V���E�X�W���Z�L�W�K���D�Q���L�P�S�O�L�H�G���Q�H�X�W�U�D�O
�V�H�Q�V�H�����,�W���L�V���D�L�P�H�G���H�T�X�D�O�O�\���D�W���E�R�W�K���P�H�Q���D�Q�G
�Z�R�P�H�Q�����:�H���N�L�Q�G�O�\���D�V�N���I�H�P�D�O�H���U�H�D�G�H�U�V���I�R�U
�W�K�H�L�U���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���L�Q���W�K�L�V���V�L�P�S�O�L�I�L�F�D�W�L�R�Q���R�I
�W�K�H���W�H�[�W��

�6�X�S�S�O�H�P�H�Q�W�D�U�\���L�Q�I�R�U�P�D�W�L�R�Q

�3�O�H�D�V�H���U�H�D�G���W�K�H���V�X�S�S�O�H�P�H�Q�W�D�U�\���L�Q�I�R�U�P�D�W�L�R�Q���L�Q���L�W�V���H�Q�W�L�U�H�W�\��

�,�Q�I�R�U�P�D�W�L�R�Q

�7�K�L�V���S�U�R�Y�L�G�H�V���L�P�S�R�U�W�D�Q�W���L�Q�I�R�U�P�D�W�L�R�Q���U�H�O�D�W�L�Q�J���W�R���W�K�H���F�R�U�U�H�F�W���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���X�Q�L�W���R�U���L�V
�L�Q�W�H�Q�G�H�G���W�R���P�D�N�H���\�R�X�U���Z�R�U�N���H�D�V�L�H�U��

�6�D�I�H�W�\���,�Q�I�R�U�P�D�W�L�R�Q

�7�K�H���V�D�I�H�W�\���L�Q�I�R�U�P�D�W�L�R�Q���L�Q�F�O�X�G�H�V���G�H�W�D�L�O�H�G���G�H�V�F�U�L�S�W�L�R�Q�V���R�I���W�K�H���K�D�]�D�U�G�R�X�V���V�L�W�X�D�W�L�R�Q�����V�H�H
�ª ���&�K�D�S�W�H�U�����������«�(�[�S�O�D�Q�D�W�L�R�Q���R�I���W�K�H���V�D�I�H�W�\���L�Q�I�R�U�P�D�W�L�R�Q�¬���R�Q���S�D�J�H����

�7�K�H���I�R�O�O�R�Z�L�Q�J���V�\�P�E�R�O�V���D�U�H���X�V�H�G���W�R���K�L�J�K�O�L�J�K�W���L�Q�V�W�U�X�F�W�L�R�Q�V�����O�L�Q�N�V�����O�L�V�W�V�����U�H�V�X�O�W�V���D�Q�G���R�W�K�H�U���H�O�H�£
�P�H�Q�W�V���L�Q���W�K�L�V���G�R�F�X�P�H�Q�W��

�0�R�U�H���V�\�P�E�R�O�V

�6�\�P�E�R�O �' �H�V�F�U�L�S�W�L�R�Q

�$�F�W�L�R�Q�����V�W�H�S���E�\���V�W�H�S

Ð �2�X�W�F�R�P�H���R�I���D�Q���D�F�W�L�R�Q

�/�L�Q�N�V���W�R���H�O�H�P�H�Q�W�V���R�U���V�H�F�W�L�R�Q�V���R�I���W�K�H�V�H���L�Q�V�W�U�X�F�W�L�R�Q�V���R�U���R�W�K�H�U���D�S�S�O�L�F�D�E�O�H
�G�R�F�X�P�H�Q�W�V

�„ �/�L�V�W���Z�L�W�K�R�X�W���V�H�W���R�U�G�H�U

�>�%�X�W�W�R�Q�@�'�L�V�S�O�D�\���H�O�H�P�H�Q�W�����H���J�����L�Q�G�L�F�D�W�R�U�V��

�2�S�H�U�D�W�L�Q�J���H�O�H�P�H�Q�W�����H���J�����E�X�W�W�R�Q�����V�Z�L�W�F�K��

�«�'�L�V�S�O�D�\�����*�8�,�¬�6�F�U�H�H�Q���H�O�H�P�H�Q�W�V�����H���J�����E�X�W�W�R�Q�V�����D�V�V�L�J�Q�P�H�Q�W���R�I���I�X�Q�F�W�L�R�Q���N�H�\�V��

�&�2�'�( �3�U�H�V�H�Q�W�D�W�L�R�Q���R�I���V�R�I�W�Z�D�U�H���H�O�H�P�H�Q�W�V���D�Q�G���R�U���W�H�[�W�V

�6�X�S�S�O�H�P�H�Q�W�D�O���L�Q�V�W�U�X�F�W�L�R�Q�V
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One of our most popular pressure switches. Combines small
size and low price with 2% repeatability for enough accuracy for
all but the most demanding applications. Set point adjustment
inside the mounting switch on one side of a wall or panel with
adjustment easily accessible on the opposite side.

*Model 1823 shown; (1823 replaces 1820, 1821 and 1822
which are similar).

Environmental (MIL) Switch

Unlisted Model 1820 can be furnished with special snap switch
sealed against the environment for high humidity and/or for
government applications. Similar to standard Model 1823 except
dead band is slightly greater. Specify Model 1820 (Range No.)
"MIL" in ordering.

Model 1823 pressure switch.  UL
and CSA Listed, FM and CENELEC
approved.

Series 1823 pressure switch.
Conduit enclosure removed to
show electric switch.

Construction and dimensions. Series 1823 pressure switches.

Series 
1800

SERIES 1823 SWITCHES „ 
OPERATING RANGES & DEADBANDS 

SPECIFICATIONS

Service: Air and non-combustible, compatible gases.

Wetted Materials: Consult Factory.

Temperature Limits: -30 to 180°F (-34 to 82.2°C). 1823-00, 

-20 to 180°F (-28.9 to 82.2°C).

Pressure Limits: 10 psig (68.95 kPa) continuous, 25 psig

(172.4 kPa) surge.

Switch Type: Single-pole double-throw (SPDT).

Repeatability: ±2%.

Electrical Rating: 15 A @ 120-480 VAC, 60 Hz. Resistive 1/8

HP @125 VAC, 1/4 HP @ 250 VAC, 60 Hz. De-rate to 10 A for

operation at high cycle rates.

Electrical Connections: 3 screw type, common, normally open

and normally closed.

Process Connections: 1/8�  female NPT.

Mounting Orientation: Diaphragm in vertical position.  Consult

factory for other position orientations.

Set Point Adjustment: Screw type inside mounting spud.

Weight: 1 lb, 5 oz (595 g).

Agency Approvals: CE, UL, CSA, FM.

Model
Number

Operating
Range,

Inches W.C.

Approximate
Dead Band

At Min.
Set Point

At Max.
Set Point

1823-00
1823-0  
1823-1   
1823-2
1823-5
1823-10
1823-20
1823-40
1823-80

0.05
0.06
0.08
0.10
0.14
0.18
0.35
0.56
1.30

0.05
0.06
0.08
0.12
0.28
0.45
0.70
1.10
3.0 

0.07 to 0.22
0.15 to 0.5
0.3 to 1.0
0.5 to 2.0
1.5 to 5.0
2.0 to10
3 to 22
5 to 44
9 to 85       
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INSTALLATION
1. Select a location free form excessive vibration and where oil or

water will not drip upon the switch. See special housings for
unusual conditions.

2. While not required, positioning the pressure connections
down is recommended. Mount the switch with the diaphragm
in a vertical plane. Switch with the diaphragm in a vertical plane.
Switch must be recalibrated for each change in operating
position.

3. Connect switch to source of pressure differential. Metal tubing
with 1/4" O.D. is recommended but any tubing system which
will not restrict the air flow is satisfactory. Note that the low
pressure connection may be made to the 1/2" spud at the back
of the switch if desired. If so connected, drill 1/16" diameter
holes in the Spring Retainer flange and the head of Adjustment
Screw to provide opening to the switch interior and plug the
other low pressure connection.

4. Electrical connections to the standard single pole, double throw
snap switch are provided by means of screw terminals marked
"common", "norm open", and "norm closed". The normally
open contacts close and the normally closed contact open
when pressure increases beyond the set point.

5. Switch loads should not exceed the maximum specified current
rating of 15 amps resistive. Switch capabilities decrease with
high load inductance or rapid cycle rates. whenever and
application involves one or more of these factors, the user may
find it desirable to limit the switched current to 10 amps or less
in the interest of prolonged switch life.

ADJUSTMENT
1. If the switch has been factory preset, check the set-point before

placing in service to assure it has not shifted in transit.
2. If switching has not been preset or it is desired to change the

point, observe the following procedure:
a. To adjust the set point turn the slotted Adjustment Screw

clockwise to increase the set point and counterclockwise to
decrease the set point.

b. The following is a recommended procedure for calibrating or
checking calibration: Use a "T" assembly with three rubber
tubing leads, all as short as possible and the entire assembly
offering minimum flow restriction. Run one lead to the
pressure switch, another to a manometer of known accuracy
and appropriate range, and apply pressure through the third
tube. Make final approach to the set point slowly. Note the
manometer and pressure switch will have different response
characteristics due to different internal volumes, lengths of
tubing, oil drainage, etc. Be certain switch is checked in
position it will assume in use, i.e. vertical, horizontal, etc.
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Explosion-Proof Housing
Cast iron base and aluminum dome cover. Approximate weight 7-
1/2 lb (3.4 kg). Specify "EXPL" in addition to switch catalog
number.
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6-3/4
[171.45] TYP
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Weatherproof Enclosure
16 ga. steel enclosure for unusually wet or oily conditions.
Withstands 200 hour salt spray test. Gasketed cover. Weight 5-1/2
lb (2.5 kg). Switch must be installed at factory. Specify "WP" in
addition to switch catalog number.
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Uno de nuestros mas populares interruptores de presión.
Combina un pequeño tamaño y bajo precio, con una repetibilidad
del 2%, exactitud suficiente para las aplicaciones con mas
demanda. El ajuste del punto de operación en un extremo,
permite instalar el interruptor de un lado en las pared o tablero,
permitiendo acceso al tornillo de ajuste.

Interruptor para Ambiente Húmedo (MIL)

El modelo 1820 puede ser fabricado son un sello especial a
prueba de intemperie, o para aplicaciones con alta humedad.
Similar al modelo 1823, excepto que la banda de operación es
mayor.

Especifique el modelo 1820 (Rango No.) •MilŽ en su orden.

Model 1823 pressure switch. UL
and CSA Listed, FM approved.

Series 1823 pressure switch.
Conduit enclosure removed to
show electric switch.

Construction and dimensions. Series 1823 pressure switches.

SERIE 
1800

Model
Number

Operating
Range,

Inches W.C.

Approximate
Dead Band

At Min.
Set Point

At Max.
Set Point

1823-00
1823-0  
1823-1   
1823-2
1823-5
1823-10
1823-20
1823-40
1823-80

0.05
0.06
0.08
0.10
0.14
0.18
0.35
0.56
1.30

0.05
0.06
0.08
0.12
0.28
0.45
0.70
1.10
3.0 

0.07 to 0.22
0.15 to 0.5
0.3 to 1.0
0.5 to 2.0
1.5 to 5.0
2.0 to10
3 to 22
5 to 44
9 to 85        

Interruptor Para Baja

Presión Diferencial

Especificaciones:
Interruptor de presión diferencial operado por diafragma de 4Ž, para
activar un interruptor de presión tipo simple polo doble tiro. El diafragma
esta controlado por un resorte calibrado que se puede ajustar para fijar
la presión diferencial exacta a la cual el interruptor actuara. El movimiento
del diagragma es transmitido al botón del interruptor por un medio
mecánico. Interruptor Dwyer Instruments, Inc. Catalogo No. 1823-__ __
para el rango de operación requerido.

SPECIFICATIONS

Service: Air and non-combustible, compatible gases.

Wetted Materials: Consult Factory.

Temperature Limits: -30 to 180°F (-34 to 82.2°C). 1823-00, 

-20 to 180°F (-28.9 to 82.2°C).

Pressure Limits: 10 psig (68.95 kPa) continuous, 25 psig

(172.4 kPa) surge.

Switch Type: Single-pole double-throw (SPDT).

Repeatability: ±2%.

Electrical Rating: 15 A @ 120-480 VAC, 60 Hz. Resistive 1/8

HP @125 VAC, 1/4 HP @ 250 VAC, 60 Hz. De-rate to 10 A for

operation at high cycle rates.

Electrical Connections: 3 screw type, common, normally open

and normally closed.

Process Connections: 1/8�  female NPT.

Mounting Orientation: Diaphragm in vertical position.  Consult

factory for other position orientations.

Set Point Adjustment: Screw type inside mounting spud.

Weight: 1 lb, 5 oz (595 g).

Agency Approvals: CE, UL, CSA, FM.
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INSTALACIÓN:
1. Seleccione una ubicación libre de vibración excesiva, en donde el

agua o aceite no entre al interruptor. Revise encapsulados
especiales para aplicaciones especiales.

2. Mientras no se requiera otra, las conexión de presión inferior es
recomendada. Monte el interruptor con el diafragma en posición
vertical, el interruptor debe recalibrarse para cada cambio de
posición.

3. Conecte el interruptor a la fuente de presión diferencial. Tubo
metálico con diámetro de 1/4Ž es recomendado, pero cualquier
sistema de tubería que no restrinja el flujo de aire es bueno.

4. Conexiones eléctricas estándar de los interruptores SPDT, común,
NA y NC. Los contactos cambian cuando se incrementa la presión
del punto de operación.

5. La carga del interruptor no debe exceder los 15 Amp.
Especificados. Las capacidades decrecen con altas cargas
inductivas y ciclos rápidos de actuación, por lo que en estos casos
los limites de corriente deben ser 10 Amp. 0 menores para
incrementar la vida del interruptor.

AJUSTES:
1. Si el interruptor ha sido calibrado en fabrica, revise el punto de

operación antes de ponerlo en servico.
2. De lo contrario, siga los siguientes pasos:

A. Para ajustar el punto de operación, gire el tornillo de calibración
en sentido de las manecillas del reloj para aumentar el valor y en
contra de las manecillas del reloj para dis minuir el valor del punto
de operación.
B. Lo siguiente se recomienda para calibrar o revisar la calibración:
Use una T con tres mangueras plásticas, tan pequeñas como sean
posible. Conecte una manguera al interruptor de presión, otra al
manómetro y por la tercera aplique la presión de esta forma podrá
ajustar el interruptor a la presión requerida lo mas exacto posible.
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Encapsulado a Prueba de Intemperie
Encapsulado de acero para condiciones húmedas y/o aceitosas, soporta
pruebas de 200 horas de spray salino, pesa 5-1/2 libras. El interruptor
debe ser instalado en la planta al momento de su fabricación.
Especifique •WPŽ mas el modelo del interruptor en catalogo.

Encapsulado a Prueba de Explosión
Encapsulado a base de Hierro y Aluminio, pesa aproximadamente 7-1/2
libras. Especifique •EXPLŽ mas modelo del interruptor en catalogo.

CO
M

.
N.

C.
N.

O.

1/8 FEMALE NPT
LOW PRESSURE

CONNECTION

1-1/2 [38.10]
1-1/4 [31.75]
3/32 [2.38]

1-1/2 [38.10] TYP

1/8 FEMALE NPT HIGH
PRESSURE CONNECTION

1-7/16
[36.53]

4-1/6
[103.19]

3/4 [19.05]
CLEARANCE FOR
COVER REMOVAL

Ø5/16 [7.94]
MOUNTING 

HOLES
TYP 4 PLACES

6 [15.40]
SQ

4 [101.60]
TYP

1/2 FEMALE NPT
CONDUIT 

CONNECTION

3 
[76.20]

6-3/4
[171.45] TYP

7-1/2
[190.50]

1/8 FEMALE NPT
HIGH PRESSURE 

CONNECTION Ø5/16 [7.94]
TYP 4 PLACES

1/8 FEMALE NPT
LOW PRESSURE

CONNECTION

4-1/4
[107.95]

TYP

5-7/8
[149.23]

TYP

6-3/8
[161.93]

4-1/4 
[107.95] TYP

7/16
[11.11]
3-3/4 
[95.25]

CLEARANCE
 FOR COVER 

REMOVAL

6-15/16
[176.21]

2-3/4
[70.61]

1/2 FEMALE NPT
COUNDUIT 

CONNECTION

1-1/16
[26.99]

�(������������



�3�,�7�2�7 �7�8�%�( �$�,�5 �)�/�2�: �0�(�7�(�5�6
�3�)�/�2�: �6�(�5�,�(�6

�$�S�S�O�L�F�D�W�L�R�Q��
�Q�H�Z�W�H�U�U�D�3�L�W�R�W �7�X�E�H �$�L�U �)�O�R�Z �0�H�W�H�U�V �D�U�H �G�H�V�L�J�Q�H�G �W�R �E�H �D �F�R�V�W �H�I�I�H�F�W�L�Y�H�� �D�F�F�X�U�D�W�H �I�O�R�Z �P�H�W�H�U�V �W�K�D�W �D�U�H

�F�D�O�L�E�U�D�W�H�G �I�R�U �\�R�X�U �V�L�W�H���V�S�H�F�L�I�L�F �F�R�Q�G�L�W�L�R�Q�V�� �7�K�H �X�Q�L�T�X�H �V�H�O�I �G�U�D�L�Q�L�Q�J �G�H�V�L�J�Q �D�O�O�R�Z�V �W�K�H �P�H�W�H�U �W�R �I�X�Q�F�W�L�R�Q �L�Q �S�U�R�F�H�V�V
�O�L�Q�H�V �Z�L�W�K �K�L�J�K �K�X�P�L�G�L�W�\ �D�Q�G �P�R�L�V�W�X�U�H �F�R�Q�W�H�Q�W �D�V �Z�H�O�O �D�V �G�U�\ �D�L�U �O�L�Q�H�V�� �7�K�H �3�)�/�2�: �P�H�W�H�U �W�D�N�H�V �W�Z�R �S�U�H�V�V�X�U�H �U�H�D�G�L�Q�J�V
�L�Q �\�R�X�U �S�U�R�F�H�V�V �O�L�Q�H�� �R�Q�H �D�W �D �K�L�J�K���S�U�H�V�V�X�U�H�� �]�H�U�R �Y�H�O�R�F�L�W�\ �D�Q�G �R�Q�H �D�W �D �O�R�Z���S�U�H�V�V�X�U�H�� �I�X�O�O �Y�H�O�R�F�L�W�\�� �7�K�H �S�U�H�V�V�X�U�H
�G�L�I�I�H�U�H�Q�W�L�D�O �L�V �X�V�H�G �W�R �F�D�O�L�E�U�D�W�H �W�K�H �P�H�W�H�U �I�R�U �D �G�H�V�L�U�H�G �I�O�R�Z �D�Q�G �R�S�H�U�D�W�L�Q�J �F�R�Q�G�L�W�L�R�Q�V�� �:�K�H�Q �R�U�G�H�U�L�Q�J �W�K�H �I�O�R�Z �P�H�W�H�U�� �L�W
�L�V �F�U�L�W�L�F�D�O �W�R �V�X�S�S�O�\�� �R�S�H�U�D�W�L�Q�J �W�H�P�S�H�U�D�W�X�U�H�� �S�U�H�V�V�X�U�H �R�U �Y�D�F�X�X�P �L�Q �S�V�L�D���D�Q�G �W�K�H �S�L�S�H �,�'�� �7�K�H �3�)�/�2�: �P�H�W�H�U �F�D�Q �E�H
�V�X�S�S�O�L�H�G �Z�L�W�K �D�Q�\ �V�F�D�O�H �U�D�Q�J�H �U�H�T�X�L�U�H�G �L�Q �V�F�I�P �������G�H�J �&�� ���������S�V�L�D�� �R�U �D�F�I�P �D�W �\�R�X�U �O�L�V�W�H�G �R�S�H�U�D�W�L�Q�J �F�R�Q�G�L�W�L�R�Q�V��

�&�R�Q�V�W�U�X�F�W�L�R�Q��
�7�K�H �K�L�J�K�� �V�W�D�W�L�F �S�U�H�V�V�X�U�H �L�V �P�H�D�V�X�U�H�G �X�V�L�Q�J �D ������ �6�W�D�L�Q�O�H�V�V �6�W�H�H�O �S�U�R�E�H �L�Q�V�H�U�W�H�G �L�Q�W�R �W�K�H �S�U�R�F�H�V�V �O�L�Q�H�� �7�K�H

�S�U�R�E�H �L�V �G�H�V�L�J�Q�H�G �Z�L�W�K �� �P�H�D�V�X�U�H�P�H�Q�W �S�R�U�W�V �W�K�D�W �S�U�R�Y�L�G�H �D�Q �D�Y�H�U�D�J�H �U�H�D�G�L�Q�J�I�R�U �I�O�R�Z �W�K�U�R�X�J�K �\�R�X�U �S�U�R�F�H�V�V �S�L�S�H��
�0�X�O�W�L�S�O�H �S�R�U�W�V �R�Q �W�K�H �V�W�D�W�L�F �S�U�H�V�V�X�U�H �O�L�Q�H �H�Q�V�X�U�H �W�K�D�W �\�R�X �F�D�Q �P�D�L�Q�W�D�L�Q �D�Q �D�F�F�X�U�D�W�H �U�H�D�G�L�Q�J �Z�K�L�O�H �W�K�H �W�X�E�H �L�V �V�H�O�I��
�G�U�D�L�Q�L�Q�J�� �7�K�H �O�R�Z �S�U�H�V�V�X�U�H �S�R�L�Q�W �L�V �P�H�D�V�X�U�H�G �E�\ �W�D�S�S�L�Q�J �D �������´ �K�R�O�H �L�Q �W�K�H �S�U�R�F�H�V�V �O�L�Q�H �D�K�H�D�G �R�I �W�K�H �K�L�J�K���S�U�H�V�V�X�U�H �S�R�U�W��
�7�K�L�V �W�D�S�S�L�Q�J �L�V �F�R�P�S�O�H�W�H�G �R�Q �W�K�H �W�R�S �R�I �W�K�H �S�L�S�H �W�R �P�L�Q�L�P�L�]�H �P�R�L�V�W�X�U�H �F�R�O�O�H�F�W�L�R�Q �L�Q �W�K�H �S�U�H�V�V�X�U�H �F�R�P�P�X�Q�L�F�D�W�L�R�Q �O�L�Q�H�V��
�7�K�H �G�L�I�I�H�U�H�Q�W�L�D�O �S�U�H�V�V�X�U�H �J�D�X�J�H �L�V �F�R�Q�Q�H�F�W�H�G �W�R �W�K�H �S�U�H�V�V�X�U�H �S�R�U�W�V �X�V�L�Q�J �������´ �%�X�Q�D���1 �D�Q�G �W�K�H �E�U�D�V�V �F�R�Q�Q�H�F�W�L�R�Q�V �D�U�H
�F�D�S�D�E�O�H �R�I �K�D�Q�G�O�L�Q�J �W�H�P�S�H�U�D�W�X�U�H�V �D�V �K�L�J�K �D�V ������ �G�H�J �)�� �7�K�H �'�Z�\�H�U �0�D�J�Q�H�K�H�O�L�F�Š �J�D�X�J�H �S�U�R�Y�L�G�H�V �D �O�D�U�J�H�� �F�O�H�D�U �D�Q�G
�D�F�F�X�U�D�W�H �G�L�V�S�O�D�\ �R�I �\�R�X�U �D�L�U�I�O�R�Z �U�H�D�G�L�Q�J��

�'�L�P�H�Q�V�L�R�Q�V �&�K�D�U�W��
�3�D�U�W �1�X�P�E�H�U �$ �% �& �' �3�L�S�H

���´ �3�)�/�2�: �������´ �����´ �����´ ���������´ ���´
�����������´ �3�)�/�2�: �������´ �����´ �����´ ���������´ �������´

���´ �3�)�/�2�: �������´ �����´ �����´ ���������´ ���´
���´�3�)�/�2�: �������´ �����´ �����´ ���������´ ���´
���´�3�)�/�2�: �������´ �����´ �����´ ���������´ ���´
���´�3�)�/�2�: �������´ �����´ �����´ ���������´ ���´
���´�3�)�/�2�: �������´ �����´ �����´ �����´ ���´

�/�D�U�J�H�U �S�L�W�R�W �W�X�E�H�V �F�D�Q �E�H �V�X�S�S�O�L�H�G �D�V �U�H�T�X�L�U�H�G��

�6�W�D�Q�G�D�U�G �)�H�D�W�X�U�H�V��
�x �������6�6 �V�W�D�W�L�F �S�U�H�V�V�X�U�H �S�U�R�E�H
�x �%�U�D�V�V �F�R�P�S�U�H�V�V�L�R�Q �I�L�W�W�L�Q�J�V �D�Q�G �%�X�Q�D���1 �S�U�H�V�V�X�U�H

�F�R�P�P�X�Q�L�F�D�W�L�R�Q �W�X�E�L�Q�J
�x �'�L�U�H�F�W �U�H�D�G �G�L�V�S�O�D�\ �F�D�Q �E�H �F�D�O�L�E�U�D�W�H�G �I�R�U �\�R�X�U

�V�S�H�F�L�I�L�F �R�S�H�U�D�W�L�Q�J �F�R�Q�G�L�W�L�R�Q�V�� �'�L�V�S�O�D�\ �F�D�Q �U�H�D�G
�$�&�)�0 �R�U �6�&�)�0 �E�X�W �6�&�)�0 �L�V �U�H�F�R�P�P�H�Q�G�H�G �D�V
�W�K�H�U�H �L�V �O�H�V�V �H�U�U�R�U �Z�K�H�Q �W�K�H �P�H�W�H�U �L�V �R�S�H�U�D�W�L�Q�J
�D�E�R�Y�H �R�U �E�H�O�R�Z �W�K�H �F�D�O�L�E�U�D�W�H�G �S�U�H�V�V�X�U�H�� �2�W�K�H�U
�X�Q�L�W�V �D�U�H �D�Y�D�L�O�D�E�O�H �R�Q �U�H�T�X�H�V�W��

�x �/�D�U�J�H ���´ �G�L�V�S�O�D�\ �I�R�U �D�F�F�X�U�D�W�H �U�H�D�G�L�Q�J
�x �6�W�D�Q�G�D�U�G �J�D�X�J�H�V �D�U�H �V�K�L�S�S�H�G �O�R�R�V�H �I�R�U

�L�Q�V�W�D�O�O�D�W�L�R�Q �L�Q �D�Q �H�[�L�V�W�L�Q�J �S�L�S�H�O�L�Q�H�� �7�K�H �J�D�X�J�H�V
�F�D�Q �E�H �Z�D�O�O �P�R�X�Q�W�H�G �L�Q �V�L�W�H���V�S�H�F�L�I�L�F �O�R�F�D�W�L�R�Q�V�� �$
�S�L�S�H �E�U�D�F�N�H�W �F�D�Q �E�H �S�X�U�F�K�D�V�H�G��

�(������������

�3�6�/�����������������0�H�W�H�U�����)�O�R�Z�����3�L�W�R�W���7�X�E�H��������



�3�,�7�2�7 �7�8�%�( �$�,�5 �)�/�2�: �0�(�7�(�5�6
�3�)�/�2�: �6�(�5�,�(�6

�7�K�H �I�R�O�O�R�Z�L�Q�J �W�D�E�O�H �S�U�R�Y�L�G�H�V �U�H�F�R�P�P�H�Q�G�H�G �I�O�R�Z �U�D�W�H�V �I�R�U �H�D�F�K �P�H�W�H�U �D�W �D �J�L�Y�H�Q �R�S�H�U�D�W�L�Q�J �S�U�H�V�V�X�U�H �U�D�Q�J�H�� �7�K�H�V�H �Y�D�O�X�H�V �D�U�H �V�X�L�W�D�E�O�H �I�R�U �W�H�P�S�H�U�D�W�X�U�H�V
�E�H�W�Z�H�H�Q ������������ �G�H�J �)�� �)�R�U �P�H�W�H�U �D�S�S�O�L�F�D�W�L�R�Q�V �R�X�W�V�L�G�H �W�K�L�V �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H �D�Q�G �R�X�W�V�L�G�H �R�I �W�K�H �R�S�H�U�D�W�L�Q�J �S�U�H�V�V�X�U�H �U�D�Q�J�H�V �O�L�V�W�H�G �E�H�O�R�Z �S�O�H�D�V�H �F�R�Q�W�D�F�W
�R�X�U �V�D�O�H�V �G�H�S�D�U�W�P�H�Q�W �I�R�U �K�H�O�S �L�Q �F�K�R�R�V�L�Q�J �D �V�X�L�W�D�E�O�H �P�H�W�H�U��

�2�S�H�U�D�W�L�Q�J �S�U�H�V�V�X�U�H
�5�H�F�R�P�P�H�Q�G�H�G �2�S�H�U�D�W�L�Q�J �)�O�R�Z �U�D�W�H�V ���6�&�)�0��

������ �S�V�L �������� �S�V�L ���������´ �+�J �����������´ �+�J �����������´ �+�J

�3�)�/�2�: �� ” ���������� ���������� ���������� �������� ��������
�3�)�/�2�: �����������´ ���������� ������������ ���������� ���������� ����������

�3�)�/�2�: ���´ ������������ ������������ ������������ ������������ ����������
�3�)�/�2�: ���´ �������������� �������������� �������������� ������������ ������������
�3�)�/�2�: ���´ �������������� �������������� �������������� �������������� ��������������
�3�)�/�2�: ���´ ���������������� ���������������� ���������������� ���������������� ��������������
�3�)�/�2�: ���´ ������������������ ������������������ ���������������� ���������������� ����������������

�&�D�O�L�E�U�D�W�L�R�Q �D�Q�G �&�R�U�U�H�F�W�L�R�Q �)�D�F�W�R�U�V��
�(�D�F�K �3�)�/�2�: �S�L�W�R�W �W�X�E�H �L�V �F�D�O�L�E�U�D�W�H�G �I�R�U �D �V�S�H�F�L�I�L�F �R�S�H�U�D�W�L�Q�J �W�H�P�S�H�U�D�W�X�U�H �D�Q�G �S�U�H�V�V�X�U�H�� �,�I �W�K�H �S�L�W�R�W �W�X�E�H �R�S�H�U�D�W�H�V �D�W
�D �G�L�I�I�H�U�H�Q�W �S�U�H�V�V�X�U�H �R�U �W�H�P�S�H�U�D�W�X�U�H �W�K�D�Q �W�K�H �R�U�L�J�L�Q�D�O �G�H�V�L�J�Q�� �W�K�H �I�O�R�Z �P�H�D�V�X�U�H�P�H�Q�W �F�D�Q �E�H �D�G�M�X�V�W�H�G �Z�L�W�K �W�K�H
�I�R�O�O�R�Z�L�Q�J �H�T�X�D�W�L�R�Q�� ���8�Q�L�W�V �R�I �)�O�R�Z�� �D�Q�G �)�O�R�Z�� �Z�L�O�O �E�H �W�K�H �V�D�P�H��
�)�O�R�Z�� �  � )� O� R� Z�� � [ � �� 3�����3�� �[ �����7������������ �� ���7��������������

������

�3�U�H�V�V�X�U�H �X�Q�L�W�V�� �S�V�L�D�� �7�H�P�S�H�U�D�W�X�U�H �X�Q�L�W�V�� �ƒ�)

�2�S�W�L�R�Q�V �7�D�E�O�H��
�2�S�W�L�R�Q �'�H�V�F�U�L�S�W�L�R�Q
�2�U�L�H�Q�W�D�W�L�R�Q�� �7�K�H �I�O�R�Z �P�H�W�H�U �J�D�X�J�H �F�D�Q �E�H �R�U�L�H�Q�W�H�G �I�R�U �I�O�R�Z�V �I�U�R�P �/�H�I�W �W�R �5�L�J�K�W�� �5�L�J�K�W �W�R �/�H�I�W�� �8�S �R�U �'�R�Z�Q �D�V �U�H�T�X�L�U�H�G �I�R�U �\�R�X�U �V�S�H�F�L�I�L�F �D�S�S�O�L�F�D�W�L�R�Q��
�6�L�W�H �6�S�H�F�L�I�L�F
�&�D�O�L�E�U�D�W�L�R�Q �D�Q�G
�*�D�X�J�H �5�D�Q�J�H��

�7�K�H �I�R�O�O�R�Z�L�Q�J �L�Q�I�R�U�P�D�W�L�R�Q �L�V �U�H�T�X�L�U�H�G �W�R �F�D�O�L�E�U�D�W�H �W�K�H �I�O�R�Z �P�H�W�H�U �I�R�U �\�R�X�U�V�S�H�F�L�I�L�F �D�S�S�O�L�F�D�W�L�R�Q��
�2�S�H�U�D�W�L�Q�J �3�U�H�V�V�X�U�H ���S�V�L�D����
�2�S�H�U�D�W�L�Q�J �7�H�P�S�H�U�D�W�X�U�H ���ƒ�) �R�U �ƒ�&����
�2�S�H�U�D�W�L�Q�J �)�O�R�Z �5�D�W�H ���D�F�I�P �R�U �V�F�I�P �R�U �R�W�K�H�U �V�F�D�O�H�V �D�V �U�H�T�X�L�U�H�G����
�0�D�[�L�P�X�P �)�O�R�Z �U�D�W�H ���E�H�W�W�H�U �D�F�F�X�U�D�F�\ �L�V �D�F�K�L�H�Y�H�G �Z�K�H�Q �W�K�H �R�S�H�U�D�W�L�Q�J �I�O�R�Z �U�D�W�H �L�V �D�S�S�U�R�[�L�P�D�W�H�O�\ �ô �R�I �W�K�H �V�F�D�O�H �U�D�Q�J�H �R�I �W�K�H �I�O�R�Z �P�H�W�H�U��

���������P�D �2�S�W�L�R�Q �)�O�R�Z �P�H�W�H�U�V �F�D�Q �E�H �R�U�G�H�U�H�G �Z�L�W�K ���������P�D �R�X�W�S�X�W�V �I�R�U �F�R�Q�W�U�R�O �V�\�V�W�H�P�V�� �7�K�U�H�H �Y�H�U�V�L�R�Q�V �D�U�H �D�Y�D�L�O�D�E�O�H��
�1�H�P�D �� ���&�O�D�V�V �� �'�L�Y ����

�)�0 �R�U �&�6�$ �D�S�S�U�R�Y�H�G
�7�Z�R �:�L�U�H �&�R�Q�Q�H�F�W�L�R�Q�� �����9�'�&���� �6�L�J�Q�D�O �2�X�W�S�X�W
�3�R�Z�H�U �&�R�Q�V�X�P�S�W�L�R�Q�� �����P�$
�������6�6 �:�H�W�W�H�G �S�D�U�W�V

�1�H�P�D �� ���:�H�D�W�K�H�U�S�U�R�R�I�� �R�U �1�H�P�D �� ���*�H�Q�H�U�D�O �3�X�U�S�R�V�H��
�7�K�U�H�H �:�L�U�H �&�R�Q�Q�H�F�W�L�R�Q�� �����9�'�&���� �����9�'�&���� �6�L�J�Q�D�O �2�X�W�S�X�W
�$�F�F�X�U�D�F�\ �R�Q �D�O�O ���������P�D �R�X�W�S�X�W�V�� �������� �R�I �I�X�O�O �V�F�D�O�H �I�R�U �P�H�W�H�U
�$�O�X�P�L�Q�X�P �Z�L�W�K �6�L�O�L�F�R�Q �G�L�D�S�K�U�D�J�P

�6�K�X�W�R�I�I �9�D�O�Y�H�V �7�K�H �S�U�H�V�V�X�U�H �J�D�X�J�H�V �D�U�H �Q�R�W �G�H�V�L�J�Q�H�G �W�R �R�S�H�U�D�W�H �Z�L�W�K �Z�D�W�H�U �F�R�O�O�H�F�W�L�Q�J �Z�L�W�K�L�Q �W�K�H �L�Q�W�H�U�Q�D�O �F�R�P�S�R�Q�H�Q�W�V�� �,�I �\�R�X �Z�L�O�O �E�H �R�S�H�U�D�W�L�Q�J �Z�L�W�K �K�R�W
�Z�H�W �D�L�U �R�U �F�R�Q�G�H�Q�V�L�Q�J �D�L�U �V�W�U�H�D�P�V�� �W�K�H�Q �L�W �L�V �U�H�F�R�P�P�H�Q�G�H�G �W�K�D�W �Z�H �L�Q�V�W�D�O�O �V�K�X�W�R�I�I �Y�D�O�Y�H�V �L�Q �W�K�H �S�U�H�V�V�X�U�H �F�R�P�P�X�Q�L�F�D�W�L�R�Q �O�L�Q�H�V �W�R �L�V�R�O�D�W�H
�W�K�H �J�D�X�J�H �I�U�R�P �W�K�H �S�U�R�F�H�V�V �O�L�Q�H�V �Z�K�H�Q �W�K�H �R�S�H�U�D�W�R�U �L�V �Q�R�W �W�D�N�L�Q�J �D �I�O�R�Z �U�H�D�G�L�Q�J��

�3�U�H �,�Q�V�W�D�O�O�H�G
�6�H�F�W�L�R�Q �R�I �3�L�S�H

�7�K�H �I�O�R�Z �P�H�W�H�U�V �F�D�Q �E�H �S�U�H�L�Q�V�W�D�O�O�H�G �L�Q �D �V�H�F�W�L�R�Q �R�I �S�L�S�H �Z�L�W�K �D�Q�\ �F�R�Q�I�L�J�X�U�D�W�L�R�Q �R�I �P�D�W�H�U�L�D�O �D�Q�G �I�L�W�W�L�Q�J�V �R�Q �W�K�H �H�Q�G�� �7�K�L�V �Z�L�O�O �D�O�O�R�Z �W�K�H
�3�)�/�2�: �P�H�W�H�U �W�R �E�H �I�D�F�W�R�U�\ �L�Q�V�W�D�O�O�H�G �D�Q�G �W�H�V�W�H�G �L�Q �W�K�L�V �V�H�F�W�L�R�Q �R�I �S�L�S�H �E�H�I�R�U�H �O�H�D�Y�L�Q�J �R�X�U �I�D�F�L�O�L�W�\��

�3�L�S�H �0�R�X�Q�W�L�Q�J
�%�U�D�F�N�H�W

�$ �S�L�S�H���P�R�X�Q�W�L�Q�J �E�U�D�F�N�H�W �F�D�Q �E�H �V�X�S�S�O�L�H�G �W�R �D�O�O�R�Z �W�K�H �J�D�X�J�H �W�R �P�R�X�Q�W �G�L�U�H�F�W�O�\ �R�Q �W�K�H �S�L�S�H �D�V �V�K�R�Z�Q �L�Q �W�K�H �D�E�R�Y�H �S�L�F�W�X�U�H��

�6�S�H�F�L�I�L�F�D�W�L�R�Q�V��
�0�D�[�L�P�X�P �$�L�U
�7�H�P�S�H�U�D�W�X�U�H��

������ �ƒ�) ���V�W�D�Q�G�D�U�G��
������ �ƒ�) ���K�L�J�K �W�H�P�S �Y�H�U�V�L�R�Q��

�$�F�F�X�U�D�F�\�� ������ �� �R�I �V�F�D�O�H �D�W
�F�D�O�L�E�U�D�W�L�R�Q �S�R�L�Q�W

�0�D�[�� �2�S�H�U�D�W�L�Q�J
�3�U�H�V�V�X�U�H

���� �S�V�L�J ���V�W�D�Q�G�D�U�G �X�Q�L�W��
���� �S�V�L�J ���P�H�G�L�X�P �S�U�H�V�V�X�U�H �X�Q�L�W��
���� �S�V�L�J ���K�L�J�K �S�U�H�V�V�X�U�H �X�Q�L�W��

�3�U�H�V�V�X�U�H �'�U�R�S�� �/�H�V�V �W�K�D�Q ���´ �:�&
�S�U�H�V�V�X�U�H �G�U�R�S �L�Q �K�L�J�K
�I�O�R�Z �D�S�S�O�L�F�D�W�L�R�Q�V

�5�H�S�H�D�W�D�E�L�O�L�W�\�� ���� �R�I �V�F�D�O�H �D�W �F�D�O�L�E�U�D�W�L�R�Q �S�R�L�Q�W

�(������������



�3�,�7�2�7 �7�8�%�( �$�,�5 �)�/�2�: �0�(�7�(�5�6
�3�)�/�2�: �6�(�5�,�(�6

�&�R�P�S�D�Q�\ �1�D�P�H�� �B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B �3�X�U�F�K�D�V�H �2�U�G�H�U �1�X�P�E�H�U�� �B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B

�&�R�Q�W�D�F�W �1�D�P�H�� �B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B �&�R�Q�W�D�F�W �1�X�P�E�H�U ���3�+���)�$�;�����B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B���B�B�B�B�B�B�B�B�B�B�B�B�B�B�B

���1�R�W�H�� �3�O�H�D�V�H �L�Q�F�O�X�G�H �U�H�O�H�Y�D�Q�W �F�U�H�G�L�W �L�Q�I�R�U�P�D�W�L�R�Q �W�R �V�H�W �X�S �D�Q �D�F�F�R�X�Q�W �L�I �U�H�T�X�L�U�H�G��
�6�K�L�S �W�R �$�G�G�U�H�V�V�� �B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B

�%�L�O�O�L�Q�J �$�G�G�U�H�V�V�� �B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B

�&�U�H�G�L�W �&�D�U�G �2�U�G�H�U�V ���3�O�H�D�V�H �F�K�H�F�N �F�D�U�G �W�\�S�H��

�‰�9�,�6�$ �‰�0�$�6�7�(�5�&�$�5�'
�&�U�H�G�L�W �&�D�U�G �1�X�P�E�H�U�� �B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B �(�[�S�L�U�\ �'�D�W�H ���P���\���� �B�B�B�B�B�B�B ���B�B�B�B�B�B�B�B

�0�H�W�H�U �6�L�]�H�� ���S�O�H�D�V�H �F�K�H�F�N �E�R�[��

�‰���´ �‰���´ �‰���´ �‰���´

�‰�����������´ �‰���´ �‰���´

�3�U�R�F�H�V�V �3�L�S�H �0�D�W�H�U�L�D�O �D�Q�G �6�F�K�H�G�X�O�H�� ���S�O�H�D�V�H �F�K�H�F�N �E�R�[��

�‰�6�F�K�H�G�X�O�H ���� �3�9�& �‰�6�F�K�H�G�X�O�H ���� �6�W�H�H�O

�‰�6�F�K�H�G�X�O�H ���� �3�9�& �‰�6�F�K�H�G�X�O�H ���� �6�W�H�H�O
�)�R�U �R�W�K�H�U �0�D�W�H�U�L�D�O�V �D�Q�G �6�F�K�H�G�X�O�H �6�S�H�F�L�I�\ �,�Q�Q�H�U �'�L�D�P�H�W�H�U �R�I �3�L�S�H�� �B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B

�2�U�L�H�Q�W�D�W�L�R�Q�� ���S�O�H�D�V�H �F�K�H�F�N �E�R�[��

�‰�)�O�R�Z �I�U�R�P �/�H�I�W �W�R �5�L�J�K�W �‰�)�O�R�Z �8�S

�‰�)�O�R�Z �I�U�R�P �5�L�J�K�W �W�R �/�H�I�W �‰�)�O�R�Z �'�R�Z�Q

���������P�$ �2�X�W�S�X�W ���S�O�H�D�V�H �F�K�H�F�N �E�R�[��
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�‰�1�R�Q�H
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�(�O�H�Y�D�W�L�R�Q �R�U �$�W�P�R�V�S�K�H�U�L�F �3�U�H�V�V�X�U�H���B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B�B
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�V�F�D�O�H �W�R �D�O�O�R�Z �I�R�U �D�Q �D�F�F�X�U�D�W�H �U�H�D�G�L�Q�J �D�W �W�K�D�W �I�O�R�Z �U�D�W�H�� �1�R�W�H �/�R�Z�H�V�W �D�F�F�X�U�D�W�H �U�H�D�G�L�Q�J �L�V �D�W �ó �R�I �I�X�O�O �V�F�D�O�H��
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INTRODUCTION�� Step��One��

About��Switch�rPak™��Powered��Level��Switches:����This��manual��contains��information��on��all��four��series��of��powered��
level��switches;��Vibration��(LZ12��series),��Ultrasonic��(LU10��series),��Optic��Leak��(LO10��series)��and��SuperGuard��
Capacitance��(LP15��series).����The��switches��all��feature��two��outputs:��1)��a��4��or��20��mA��current��switch��and��2)��a��60VA��
SPST��dry��contact��relay.� � � �All��four��series��are��manufactured��with��thermoplastics,��including��the��cable,��making��
them��submersible��in��design��and��ideal��for��corrosive��applications.� � � �Package��the��switches��with��either��Flowline��
controllers��(LC10��or��LC40��series)��or��interface��directly��to��another��controller��or��PLC.��������

Table��of��Contents��
Specifications:����........................................................................................................................................................��3��
Sensor��Information:����...............................................................................................................................................��4��
�� Vibration��Switch��(LZ12��Series):����.............................................................................................................................��4��

� � � �Maintenance��Alarm:��.....................................................................................................................................��5��
�� Ultrasonic��Switch��(LU10��Series):����...............................................................................................................................��6��
�� Optic��Leak��Detection��(LO10��Series):����.........................................................................................................................��7��
�� SuperGuard��RD��Capacitance��Switch��(LP15��Series):����...................................................................................................��8��

Safety��Precautions:����................................................................................................................................................��9��
�� Make��a��Fail�rSafe��System::����........................................................................................................................��10��
Installation:����..........................................................................................................................................................��11��
�� Through��Wall��Installation:����........................................................................................................................��11��
�� Top��Wall��Installation:����...............................................................................................................................��11��
Electrical:����..............................................................................................................................................................��12��
Wiring:����..................................................................................................................................................................��13��

Wiring��to��a��Flowline��Controller:����...............................................................................................................��13��
�� Switching��Inductive��Loads:����.......................................................................................................................��13��
�� Wiring��the��Relay��Output:����.........................................................................................................................��14��
�� Intrinsically��Safe��Control��Drawings��(LU10��series��only):����......................................................................��15�r16��
�� Wiring��as��a��P�rChannel��or��N�rChannel��Output:����..........................................................................................��17��
Maintenance:����.......................................................................................................................................................��18��
�� Cleaning��procedure:����................................................................................................................................................��18��
�� LZ12��Maintenance��Alarm:����.......................................................................................................................................��18��
�� Testing��the��Installation:����..........................................................................................................................................��19��

Warranty,��Returns��&��Limitations:����........................................................................................................................��20��
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SPECIFICATIONS��(common)�� Step��Two��

Common��Specifications:��

Orientation:���� Universal��
Accuracy:� � � �±��1��mm��in��water��
Repeatability:� � � �±��0.5��mm��in��water��
Supply��voltage:�� 12�r36��VDC��
�� 12�r30��VDC��(LZ12��Only)��
Consumption:�� 25��mA��maximum��
Contact��type:�� (1)��SPST��relay��
Contact��rating:�� 60VA��(125��VAC��max��/ ��1A��max)��
Contact��output:�� Selectable��NO/NC��
Process��temp.:�� F:���r40°��to��176°����
�� C:���r40°��to��80°��

Pressure:�� 150��psi��(10��bar)��@��25��°C.,��derated��
@��1.667��psi��(.113��bar)��per��°C.��above��
25°��C.��

Sensor��rating:�� NEMA��6��(IP68)��
Cable��type:���� 4�rconductor,��#22��AWG��(shielded)��
Cable��length:�� 10'��(3m)���r��Standard��
�� 25'��(7.6m)��or��50'��(15.2m)���r��Special��
Process��mount:�� 3/4"��NPT��(3/4"��G��/ ��R)��
Mount.��gasket:�� Viton®��(G��/ ��R��version��only)��
Classification:�� General��purpose����
CE��compliance:�� EN��61326��EMC��/ ��EN��61010�r1��safety��

��
��
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SENSOR��INFORMATION��(vibration)�� Step��Three��

Vibration��Switch��(LZ12��Series):����The��Tuning��Fork��vibration��switch��operates��at��a��nominal��frequency��of��400��Hz.����
As��the��switch��becomes��immersed��in��a��liquid��or��slurry,��a��corresponding��frequency��shift��occurs.� � � �When��the��
measured��frequency��shift��reaches��the��set��point��value,��the��switch��changes��state��indicating��the��presence��of��a��
liquid��or��slurry��medium.��For��optimum��performance��and��proactive��maintenance,��the��sensor��automatically��
adjusts��for��coating,��and��if��necessary,��outputs��a��preventative��maintenance��alarm.��

��

��Do��not��squeeze��the��forks��together.��Doing��so��could��damage��or��break��the��sensor��and��void��the��warranty.��

When��powering��up��the��LZ12,��the��start�rup��procedure��requires��the��switch��to��cycle��through��a��wet��condition��for��
1/2��second��in��order��to��determine��an��initial��resonance.��

LZ12��Specifications:��

Sensor��material:�� Ryton®��(glass��fill)��
�� Viton®��cable��grommet��
Process��Temp.:�� F:���r40°��to��176°����
�� C:���r40°��to��80°��

Maint.��alarm:�� NPN��transistor,��10��mA��max.��
Cable��jacket��mat’l:�� PP��
Cable��type:�� 5�rconductor,��#24��AWG��

(shielded)��

Configurations:��

Part��Number�� Material����
(body)��

Material����
(cable)��

Thread����
(inside��x��outside)��

LZ12�r1405�� Ryton�� Polypropylene�� ¾”��NPT��x��¾”��NPT��
LZ12�r1425�� Ryton�� Polypropylene�� ¾”��R��x��¾”G��

��
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SENSOR��INFORMATION��(vibration)�� Step��Three��

Maintenance��Alarm��(LZ12��Vibration��only):����For��optimum��performance��and��proactive��maintenance,��the��sensor��
automatically��adjusts��for��coating,��and��if��necessary,��outputs��a��preventative��maintenance��alarm.� � � �The��Yellow��
wire��is��a��NPN��transistor��designed��to��switch��when��a��build�rup��of��material��prevents��the��vibration��switch��from��
operating��at��its��operational��frequency.� � � �Use��the��Yellow��wire��to��identify��when��the��Vibration��switch��requires��
cleaning.����To��wire��the��maintenance��output��wire��to��an��LED,��follow��the��wiring��diagram��below.����The��Yellow��wire��is��
connected��to��the��LED��and��a��2.2k�O��resistor��in��series��and��referenced��back��to��the��(+)��of��the��power��supply.����

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��
Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��
Maintenance��Alarm��
[YEL��wire]��/ ��NPN��Transistor��/ ��10mA��Max.��

To��wire��the��maintenance��output��wire��to��a��PLC,��follow��the��wiring��diagram��below.����The��Yellow��wire��is��connected��
to��the��PLC��input��with��a��10��k�O��resistor��parallel��to��the��PLC��input��and��the��(+)��of��the��power��supply.��

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��
Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��
Maintenance��Alarm��
[YEL��wire]��/ ��NPN��Transistor��/ ��10mA��Max.��

��

� � � �
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SENSOR��INFORMATION��(ultrasonic)�� Step��Three��

Ultrasonic��Switch��(LU10��Series):� � � �The��Ultrasonic��level��switch��generates��a��1.5��MHz��ultrasonic��wave��from��a��
miniature��piezoelectric��transducer��located��on��one��side��of��the��gap��within��it’s��sensing��tip.� � � �Another��piezo��
transducer,��located��on��the��other��side��of��the��gap,��acts��as��a��microphone,��picking��up��the��sound��wave.� � � �When��
liquid��enters��the��gap,��there��is��a��change��in��the��speed��the��wave��crosses��the��gap.�� � �This��change��in��the��speed��of��
sound��identifies��whether��the��sensor��is��in��liquid��or��in��air.��

��The��sensor��should��be��installed��so��that��the��liquid��will ��drip��out��of��the��gap��when��the��sensor��becomes��dry.��

LU10��Specifications:��

Sensor��material:�� 1_��_5:��PP��
�� 2_��_5:��PFA��
Classification:�� Intrinsically��safe��
Approvals:�� CSA:��Class��I,��Groups��A,��B,��C��&��D;��

Class��II,��Groups��E,��F��and��G;��Class��III��
�� EEx:��Class��1,��Division��1,��Groups��A,��

B,��C,��D;��EEx��ib��IIC��T6��
��

Cable��jacket��mat’l:�� 1_��_5:��PP��
�� 2_��_5:��PFA��
Parameters:�� CSA:��Vmax��=��32V,��Imax��=��300��mA,��

Pmax��=��1.3��W;��Ci��=��0���RF,��Li��=��0���RH����
�� EEx:����Ui��=��32V;��Ii��=��300��mA;��Pi��=��

1.3��W;��Ci��=��0���RF;��Li��=��0���RH��
Certificates:�� CSA:��LR��79326��
�� EEx:��LCIE��01.E6048��X��

Configurations:��

Part��
Number��

Length��
Material����
(body)��

Material����
(cable)��

Thread����

cable��
side��

X
sensor��
side��

LU10�r1305�� Short��(3”)�� Polypropylene�� Polypropylene�� (¾”��NPT)����x����(¾”��NPT)��
LU10�r1325�� Short��(3”)�� Polypropylene�� Polypropylene�� (¾”��R)����x����(¾”R)��
LU10�r1405�� Long��(4.5”)�� Polypropylene�� Polypropylene�� (¾”��NPT)����x����(¾”��NPT)��
LU10�r1425�� Long��(4.5”)�� Polypropylene�� Polypropylene�� (¾”��R)����x����(¾”G)��
LU10�r2305�� Short��(3”)�� PFA�� PFA�� (¾”��NPT)����x����(¾”��NPT)��
LU10�r2325�� Short��(3”)�� PFA�� PFA�� (¾”��R)����x����(¾”R)��
LU10�r2405�� Long��(4.5”)�� PFA�� PFA�� (¾”��NPT)����x����(¾”��NPT)��
LU10�r2425�� Long��(4.5”)�� PFA�� PFA�� (¾”��R)����x����(¾”G)��

��

��
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SENSOR��INFORMATION��(optic)�� Step��Three��

Optic��Leak��Detection��Switch��(LO10��Series):� � � �The��Optic��Leak��Detector��use��principles��of��optical��refraction��to��
detect��the��presence��or��absence��of��fluid.� � � �A��pulsed��infrared��light��beam��is��internally��generated��by��a��light��
emitting��diode��and��aimed��at��the��slanted��optical��tip��of��the��sensor.����If��the��tip��is��dry,��the��light��beam��bounces��at��a��
90��degree��angle��to��a��receiving��photo��transistor,��indicating��a��dry��condition.��If��the��tip��is��immersed��in��liquid,��the��
light��beam��will��refract��out��into��the��liquid��instead��of��being��reflected��to��the��photo��transistor,��indicating��a��wet��
condition.��

��The��LO10��series��is��designed��as��a��leak��detection��switch.� � � �The��switch��should��be��installed��in��applications��
where��under��normal��conditions,��it ��remains��away��from��the��liquid��and��will ��only��come��into��contact��during��a��
leak.����

��The��Optic��Leak��Detector��cannot��detect��the��presence��or��absence��of��specular��application��liquids��that��
reflect��light��(such��as��milk),��or��viscous��liquids��(such��as��paint)��that��form��a��coating��on��the��sensor��tip.��

LO10��Specifications:��

Sensor��material:�� 1_��_5:��PP��
�� 2_��_5:��PFA��

Cable��jacket��mat’l:�� 1_��_5:��PP��
�� 2_��_5:��PFA��

Configurations:��

Part��
Number��

Length��
Material����
(body)��

Material����
(cable)��

Thread����

cable��
side��

X
sensor��
side��

LO10�r1305�� Short��(3”)�� Polypropylene�� Polypropylene�� (¾”��NPT)����x����(¾”��NPT)��
LO10�r1325�� Short��(3”)�� Polypropylene�� Polypropylene�� (¾”��R)����x����(¾”R)��
LO10�r1405�� Long��(4.5”)�� Polypropylene�� Polypropylene�� (¾”��NPT)����x����(¾”��NPT)��
LO10�r1425�� Long��(4.5”)�� Polypropylene�� Polypropylene�� (¾”��R)����x����(¾”G)��
LO10�r2305�� Short��(3”)�� PFA�� PFA�� (¾”��NPT)����x����(¾”��NPT)��
LO10�r2325�� Short��(3”)�� PFA�� PFA�� (¾”��R)����x����(¾”R)��
LO10�r2405�� Long��(4.5”)�� PFA�� PFA�� (¾”��NPT)����x����(¾”��NPT)��
LO10�r2425�� Long��(4.5”)�� PFA�� PFA�� (¾”��R)����x����(¾”G)��

��

��
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SENSOR��INFORMATION��(capacitance)�� Step��Three��

SuperGuard��Capacitance��Switch��(LP15��Series):� � � �The��SuperGuard��level��switch��generates��a��pulse�rwave��radio��
frequency��signal��from��the��capacitance��electrode��located��in��the��sensing��tip��of��each��sensor.��When��liquid��comes��
into��contact��with��the��sensing��tip,��the��capacitance��as��measured��by��the��sensor��changes��based��on��the��dielectric��
constant��of��the��liquid.� � � �The��guard��circuit��rejects��the��negative��effects��of��coating��buildup��on��the��probe��by��
eliminating��the��coating��signal��path��between��the��active��and��reference��electrodes.��

��

��The��sensor’s��operation��may��vary��based��on��the��dielectric��properties��of��various��application��liquids.��The��
LP15��series��sensor��is��factory�rcalibrated��to��be��used��with��liquids��with��a��dielectric��value��between��20��and��80.��
Liquids��with��a��dielectric��constant��less��than��20��will ��not��be��detected��by��an��LP15��series��sensor.��

Table��of��Common��Dielectric��Constants:����NOTE:��Liquids��with��a��dielectric��constant��less��than��20��will��not��be��
detected��by��an��LP15��series��level��switch.����

�$�F�H�W�R�Q�H������������������������������������������������������
�$�F�H�W�R�D�O�G�H�K�\�G�H������������������������������
�$�F�H�W�\�O���P�H�W�K�\�O���K�H�[�\�O��
�N�H�W�R�Q�H������������������������������������������������������������
�$�O�F�R�K�R�O�����������������������������������W�R��������
�$�P�P�R�Q�L�D�����������������������������W�R��������
�$�F�H�W�L�F���D�F�L�G�����������������������W�R����������
�%�X�W�\�O���F�K�O�R�U�L�G�H����������������������������������
�%�D�U�L�X�P���F�K�O�R�U�L�G�H���� �����W�R��������
�%�H�Q�]�H�Q�H����������������������������������������������������
�%�H�Q�]�L�Q�H������������������������������������������������������
�%�D�U�L�X�P���Q�L�W�U�D�W�H����������������������������������
�%�U�R�P�L�Q�H����������������������������������������������������
�&�K�O�R�U�R�E�H�Q�]�H�Q�H�����������������W�R������

�&�K�O�R�U�R�W�R�O�X�H�Q�H����������������������������������
�&�K�O�R�U�R�I�R�U�P�����������������������W�R����������
�&�K�O�R�U�L�Q�H�����O�L�T�X�L�G����������������������������
�&�D�U�E�R�Q���W�H�W�U�D�F�K�O�R�U�L�G�H������������
�&�\�D�Q��������������������������������������������������������������
�&�\�F�O�R�K�H�[�D�Q�H���P�H�W�K�D�Q�R�O��
��������������������������������������������������������������������������������
�'���,�����:�D�W�H�U����������������������������������������������
�(�W�K�\�O���W�R�O�X�H�Q�H������������������������������������
�(�W�K�\�O���D�O�F�R�K�R�O������������������������������������
�(�W�K�\�O�H�Q�H���J�O�\�F�R�O����������������������������
�(�W�K�\�O�H�Q�H���R�[�L�G�H��������������������������������
�(�W�K�\�O�H�Q�H���G�L�F�K�O�R�U�L�G�H��
���������������������������������������������������������������W�R��������

�(�W�K�\�O�H�Q�H���F�K�O�R�U�L�G�H��������������������
�(�W�K�\�O���D�F�H�W�D�W�H��������������������������������������
�(�W�K�\�O���V�D�O�L�F�\�O�D�W�H������������������������������
�(�W�K�\�O���V�W�H�D�U�D�W�H����������������������������������
�(�W�K�\�O���V�L�O�L�F�R�W�H������������������������������������
�)�R�U�P�L�F���D�F�L�G����������������������������������������
�)�H�U�U�L�F���R�O�H�D�W�H��������������������������������������
�)�U�H�R�Q������������������������������������������������������������
�*�O�\�F�H�U�L�Q�H������������������������������������������������
�*�O�\�F�R�O����������������������������������������������������������
�*�O�\�F�R�O���Q�L�W�U�L�W�H������������������������������������
�*�D�V�R�O�L�Q�H���������������������������������W�R����������
�+�\�G�U�R�F�K�O�R�U�L�F���D�F�L�G��������������������
�,�V�R�E�X�W�\�U�L�F���D�F�L�G������������������������������

�,�V�R�E�X�W�\�O���P�H�W�K�\�O���N�H�W�R�Q�H��
��������������������������������������������������������������������������������
�-�H�W���I�X�H�O��������������������������������������������������������
�/�H�D�G���F�D�U�E�R�Q�D�W�H������������������������������
�/�H�D�G���Q�L�W�U�D�W�H������������������������������������������
�0�H�W�K�\�O���V�D�O�L�F�\�O�D�W�H������������������������
�0�H�W�K�D�Q�R�O��������������������������������������������������
�0�H�W�K�\�O���D�O�F�R�K�R�O���������������W�R��������
�0�D�U�J�D�U�L�Q�H�����O�L�T�X�L�G��
�����������������������������������������������������������W�R����������
�0�H�W�K�\�O���D�F�H�W�D�W�H��������������������������������
�1���E�X�W�\�O���I�R�U�P�D�W�H����������������������������
�1�L�W�U�R�E�H�Q�]�H�Q�H�������������������W�R��������

�1�L�W�U�R�W�R�O�X�H�Q�H��������������������������������������
�1�D�S�K�W�K�D�O�H�Q�H�������������������W�R����������
�2�L�O�V�����Y�H�J�H�W�D�E�O�H�����������W�R����������
�2�L�O�V�����P�L�Q�H�U�D�O�������������������W�R����������
�2�L�O�V�����S�H�W�U�R�O�H�X�P��
�������������������������������������������������������������W�R����������
�2�O�H�L�F���D�F�L�G����������������������������������������������
�3�U�R�S�D�Q�H�����O�L�T�X�L�G��
�������������������������������������������������������������W�R����������
�3�R�W�D�V�V�L�X�P���Q�L�W�U�D�W�H��
�������������������������������������������������������������W�R����������
�3�R�W�D�V�V�L�X�P���F�K�O�R�U�L�G�H������������������
�6�W�H�D�U�L�F���D�F�L�G������������������������������������������
�7�R�O�X�H�Q�H������������������������������������������������������

�7�U�L�F�K�O�R�U�R�H�W�K�\�O�H�Q�H����������������������
�7�U�L�F�K�O�R�U�R�D�F�H�W�L�F���D�F�L�G���� ��������
�7�H�U�H�S�K�W�K�D�O�L�F���D�F�L�G��
�����������������������������������������������������������W�R����������
�7�K�L�Q�Q�H�U������������������������������������������������������
�8�U�H�D����������������������������������������������������������������
�9�L�Q�\�O���F�K�O�R�U�L�G�H�������������������W�R������
�9�L�Q�\�O���D�O�F�R�K�R�O���� ���������W�R����������
�:�D�W�H�U���������ƒ�&��������������������������������������
�:�D�W�H�U�����������ƒ�&����������������������������������

LP15��Specifications:��

Dielectric��range:���� >20��constants��
Conductive��range:�� >100��miromhos��
��

Sensor��material:�� PP��
Cable��jacket��mat’l:�� PP��

Configurations:��

Part��
Number��

Material����
(body)��

Material����
(cable)��

Thread����

cable��
side��

X��
sensor��
side��

LP15�r1405�� Polypropylene�� Polypropylene�� (¾”��NPT)����x����(¾”��NPT)��
LP15�r1425�� Polypropylene�� Polypropylene�� (¾”��R)����x����(¾”G)��

� � � �

�(������������
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��

SAFETY��PRECAUTION�� Step��Four��

About��Manual:��PLEASE��READ��THE��ENTIRE��MANUAL��PRIOR��TO��INSTALLING��OR��USING��THIS��PRODUCT.��This��
manual��includes��information��on��all��models��of��Flowline��Switch�rTek™��Powered��Level��Switches:��LZ12,��LU10,��LP15��
and��LO10��series.����Please��refer��to��the��part��number��located��on��the��sensor��label��to��verify��the��exact��model��which��
you��have��purchased.����

User’s��Responsibility��for��Safety:��FLOWLINE��manufactures��a��wide��range��of��liquid��level��switches��and��
technologies.����While��each��of��the��these��switches��are��designed��to��operate��in��a��wide��variety��of��applications,��it��is��
the��user’s��responsibility��to��select��a��switch��model��that��is��appropriate��for��the��application,��install��it��properly,��
perform��tests��of��the��installed��system,��and��maintain��all��components.��The��failure��to��do��so��could��result��in��
property��damage��or��serious��injury.��

Proper��Installation��and��Handling:����Because��this��is��an��electrically��operated��device,��only��properly��trained��staff��
should��install��and/or��repair��this��product.����Use��a��proper��sealant��with��all��installations.��Note:��Always��install��the��
3/4” ��Viton��gasket��with��all��versions��of��Switch�rTek™��with��metric��threads.��The��G��threaded��version��will��not��seal��
unless��the��gasket��is��properly��installed.����Never��over��tighten��the��sensor��within��the��fitting,��beyond��a��maximum��of��
80��inch�rpounds��torque.��Always��check��for��leaks��prior��to��system��start�rup.��

Material��Compatibility:��The��LU10��and��LO10��series��sensors��are��available��in��two��different��wetted��materials.����
Models��L_10�r1__5��are��made��of��Polypropylene��(PP).� � � �Models��L_10�r2__5��are��made��of��Perfluoroalkoxy��(PFA).����
The��LZ12��series��is��made��of��made��of��Ryton®��(40%��glass��filled)��and��the��LP15��series��is��made��of��PP.� � � �Make��sure��
that��the��model��you��have��selected��is��compatible��with��the��application��liquid.��To��determine��the��chemical��
compatibility��between��the��sensor��and��its��application��liquids,��refer��to��an��industry��reference��such��as��the��
Compass��Corrosion��Guide��(available��from��Compass��Publications,��phone��858�r589�r9636).��

Wiring��and��Electrical:����The��supply��voltage��used��to��power��the��sensor��should��never��exceed��a��maximum��of��36��
volts��DC��(30��VDC��for��LZ12��series).����Electrical��wiring��of��the��sensor��should��be��performed��in��accordance��with��all��
applicable��national,��state,��and��local��codes.��

Flammable,��Explosive��and��Hazardous��Applications:��Only��the��LU10�r___5��series��switch��is��rated��for��use��in��
hazardous��locations.� � � �Refer��to��the��Certificate��of��Compliance��for��all��applicable��intrinsically��safe��ratings��and��
entity��parameters.� � � �Refer��to��the��National��Electric��Code��(NEC)��for��all��applicable��installation��requirements��in��
hazardous�� locations.��DO��NOT��USE��THE��LZ12,��LP15��OR��LO10��SERIES��GENERAL��PURPOSE��SWITCH��IN��
HAZARDOUS��LOCATIONS.��

Warning ��
The��rating��for��the��relay��is��60��VA��(125��VAC��max��/ ��1A��max).��

Flowline’s��Switch�rTek™��level��switches��are��not��recommended��for��use��with��electrically��charged��application��
liquids.����For��most��reliable��operation,��the��liquid��being��measured��may��need��to��be��electrically��grounded.��

Always��install��the��3/4” ��Viton��gasket��with��all��versions��of��the��powered��sensors��with��metric��threads.��The��G��
threaded��version��will ��not��seal��unless��the��gasket��is��installed��properly.��

��

��

�(������������
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SAFETY��PRECAUTION��(capacitance)�� Step��Four��

Make��a��Fail�rSafe��System:����Design��a��fail�rsafe��system��that��accommodates��the��possibility��of��switch��and/or��power��
failure.����FLOWLINE��recommends��the��use��of��redundant��backup��systems��and��alarms��in��addition��to��the��primary��
system.����Adding��a��redundant��high��level��float��switch��to��the��system��is��a��cost��effective��means��to��prevent��costly��
tank��overflows.��

All��of��the��Switch�rTek™��Powered��Level��Sensors��have��a��single��internal��relay.� � � �The��normally��open��(NO)��or��
normally��closed��(NC)��operation��is��user��selected��based��on��the��desired��system��control.����Always��design��a��fail�rsafe��
system��that��accommodates��for��the��possibility��of��functional��and/or��power��failure��to��the��instrument.� � � �The��
"normal"��relay��state��is��where��the��relay��coil��is��de�renergized��and��the��relay��indicator��is��OFF.��Therefore,��if��power��is��
cut��OFF��to��the��switch��it��will��de�renergize��the��relay.��Make��sure��that��the��de�renergized��state��is��the��safe��state��in��
your��system��design.�� � �As��such,��if��switch��power��is��lost,��a��pump��will��turn��OFF��if��it��is��connected��to��the��normally��
open��side��of��the��relay.��

� � � �

�(������������
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INSTALLATION���� Step��Five��

Through��Wall��Installation:� � � �Flowline’s��Switch�rTek™��
level��switches��may��be��installed��through��the��top,��side��
or��bottom��of��a��tank��wall.� � � �The��sensor��has��male��3/4"��
NPT��threads��on��either��side��of��a��15/16"��wrench��flat.����
This��enables��the��user��to��select��the��sensor’s��mounting��
orientation,��installed��outside��of��the��tank��in,��or��inside��
of��the��tank��out.��

��

� � � �Always��install��the��3/4” ��Viton��gasket��with��the��metric��(long��sensor��length)��versions��of��the��L_��_��_�r_��_2_.��
The��G��threaded��version��of��the��Switch�rTek™��will ��not��seal��unless��the��gasket��is��installed��properly.��

Top��Wall��Installation:����The��powered��level��switches��may��be��installed��through��the��top��wall��of��a��tank.����Flowline’s��
Smart��Trak��LM10��series��mounting��system��is��an��in�rtank��fitting��which��enables��users��to��install��up��to��four��
FLOWLINE��sensors��of��any��technology,��to��any��depth,��along��the��entire��length��of��track.� � � �Smart��Trak��may��be��
installed��through��the��top��wall��of��any��tank��using��a��standard��2"��NPT��tank��adapter.����If��no��tank��top��installation��is��
available,��Flowline's��side��mount��bracket,��LM50�r1001,��enables��Smart��Trak��to��be��installed��directly��to��the��side��
wall��of��a��tank.����Do��not��use��PFA��Teflon��sensors��with��Smart�rTrak.����

Flowline’s��Switch��Pak��LM45��series��mounting��system��is��an��in�rtank��fitting��which��enables��users��to��install��one��
FLOWLINE��sensor,��of��any��technology,��to��a��specific��depth.����The��Flowline��sensor��may��be��installed��onto��the��3/4"��
NPT��adapter��at��the��end��of��the��Switch��Pak.��Switch��Pak��may��be��installed��through��the��top��wall��of��any��tank��using��a��
standard��2"��NPT��tank��adapter.����Flowline's��side��mount��bracket,��model��LM50�r1001,��may��also��be��used��if��top��wall��
installation��is��not��available.��

��

��

�(������������
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��ELECTRICAL�� Step��Six��

Supply��Voltage:� � � �The��supply��voltage��to��the��Switch�rTek™��level��switch��should��never��exceed��a��maximum��of��36��
VDC.��Flowline��controllers��have��a��built�rin��13.5��VDC��power��supply��which��provides��power��to��all��of��Flowline’s��
electrically��powered��sensors.��� �Alternative��controllers��and��power��supplies,��with��a��minimum��output��of��12��VDC��
up��to��a��maximum��output��of��36��VDC��(30��VDC��with��LZ12��series),��may��also��be��used��with��the��Switch�rTek™��level��
switch.��

Required��Cable��Length:����Determine��the��length��of��cable��required��between��the��Switch�rTek™��level��switch��and��its��
point��of��termination.��Allow��enough��slack��to��ensure��the��easy��installation,��removal��and/or��maintenance��of��the��
sensor.� � � �The��cable��length��may��be��extended��up��to��a��maximum��of��1000��feet,��using��a��well�rinsulated,��14��to��20��
gauge��shielded��four��conductor��cable.��

Wire��Stripping:����Using��a��10��gauge��wire��stripper,��carefully��remove��the��outer��layer��of��insulation��from��the��last��1�r
1/4"��of��the��sensor's��cable.����Unwrap��and��discard��the��exposed��foil��shield��from��around��the��signal��wires,��leaving��
the��drain��wire��attached��if��desired.��With��a��20��gauge��wire��stripper,��remove��the��last��1/4"��of��the��colored��
insulation��from��the��signal��wires.��

Signal�� Outputs�� (Current�� sensing):� � � �The�� standard��
method��used��by��Flowline��controllers;��this��technology��
uses��only��two��wires��(Red��and��Black).��The��sensor��
draws��5��mA��when��it��is��dry,��and��22��mA��when��wet.��
NC/NO��status��must��be��set��by��the��controller.� � � �The��
White��and��Green��wires��are��not��used.��

Signal��Output��(Relay��switching):����Allows��the��sensor��to��switch��a��small��load��on��or��off��directly,��using��an��internal��
1A��relay��(60��VAC/60��VDC).��Only��model��LU10�r___5��uses��the��relay��and��features��4��wires��(red,��black,��white��and��
green)��and��a��shield��wire.� � � �The��NO/NC��status��is��set��by��the��polarity��of��the��voltage��feeding��the��red��and��black��
wires.� � � �The��green��wire��is��the��common��for��the��relay��and��the��white��wire��is��the��NO��or��NC,��depending��on��the��
polarity��of��red��and��black.����

Normally��Open��Wiring:��

Normally��Closed��Wiring:��

��

�(������������
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WIRING���� Step��Seven��

Wiring��to��a��FLOWLINE��Controller��
LC40��Series��Controller��(4��or��20��mA��output):��
LC42�r1001��Shown��

LC10/LC11��Series��Controller��(4��or��20��mA��output):��
LC11�r1001��shown��

��

��

Switching��Inductive��Loads:� � � �The��use��of��suppressors��(snubbers)��is��strongly��recommended��when��switching��
inductive��loads��to��prevent��disrupting��the��microprocessor’s��operation.��The��suppressors��also��prolong��the��life��of��
the��relay��contacts.��Suppression��can��be��obtained��with��a��catch��diode��for��DC��circuits��and��a��resistor�rcapacitor��(RC)��
for��AC��circuits.������

��

Catch��Diode

�x�� Always��use��stepper��relays��between��the��sensor��and��external��loads.����
For��DC��circuits��use��a��catch��diode��such��as��1N4148,��shown��on��left.��

��

Refer��to��the��following��circuits��for��RC��network��assembly��and��installation:����

��

Choose��R��and��C��as��follows:

�x�� R:��0.5��to��1��Ohms��for��each��volt��across��the��contacts��

�x�� C:��0.5��to��1���…F��for��each��amp��through��closed��contacts��
Notes:��

1.�� Use��capacitors��rated��for��250��VAC.��
2.�� RC��networks��may��affect��load��release��time��of��solenoid��loads.��Check��

to��confirm��proper��operation.��
3.�� Install��the��RC��network��at��the��meters��relay��screw��terminals.��An��RC��

network��may��also��be��installed��across��the��load.��Experiment��for��best��
results.��

��
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��

WIRING����(continued)�� Step��Seven��

Wiring��the��Relay��Output:����Switch�rTek™��requires��12���r��36��VDC��(30��VDC��max.��for��LZ12��series)��power��to��operate��
the��sensor��and��switch��the��relay.����All��illustrations��below��identify��a��Dry��switch��state��as��the��normal��position��of��the��
relay.��

Switching��a��Normally��Open��DC��Load:����
The��Red��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Black��wire��connects��to��Negative��(�r).��
The��LOAD��can��be��attached��to��either��the��Green��or��
White��wires.� � � �Complete��the��circuit��by��connecting��the��
Green��to��(+)��VDC��power��or��White��to��(�r)��VDC��power��
(see��illustration��below).��

Switching��a��Normally��Closed��DC��Load:������
The��Black��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Red��wire��connects��to��Negative��(�r).����The��
LOAD��can��be��attached��to��either��the��Green��or��White��
wires.�� � �Complete��the��circuit��by��connecting��the��Green��
to��(+)��VDC��power��or��White��to��(�r)��VDC��power��(see��
illustration��below).��

� � � �

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��

Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��

��

Switching��a��Normally��Open��AC��Load:������
The��Red��wire��connects��to��Positive��(+)��of��the��DC��power��
supply��and��the��Black��wire��connects��to��Negative��(�r).����
The��LOAD��can��be��attached��to��the��Green��wire��and��the��
Hot��of��the��VAC��power.� � � �Connect��the��White��to��the��
Neutral��of��the��VAC��power��(see��illustration��below).��

Switching��a��Normally��Closed��AC��Load:������
The��Black��wire��connects��to��Positive��(+)��of��the��DC��
power��supply��and��the��Red��wire��connects��to��Negative��
(�r).����The��LOAD��can��be��attached��to��the��Green��wire��and��
the��Hot��of��the��VAC��power.����Connect��the��White��to��the��
Neutral��of��the��VAC��power��(see��illustration��below).��

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��

Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��

��

� � � �
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WIRING��(continued)�� Step��Seven��

Models��LU10�r___5��Only:����The��LU10�r___5��level��switch��has��been��approved��for��use��in��Class��I,��Groups��A,��B,��C��&��D;��
UNDER��CERTIFICATE��NUMBER��LR��79326�r4.� � � �DO��NOT��USE��THE��LZ12,��LP15��or��LO10��SERIES��IN��INTRINSICALLY��
SAFE��APPLICATIONS.��The��Entity��parameter��for��the��LU10�r_��_��_5��are:��

Vmax��=��32��VDC��/ ��Imax��=��0.5��A��/ ��Ci��=��0���…F��/ ��Li��=��0��mH��
Intrinsically��Safe��Control��Drawing:��

��

Wiring��to��a��Flowline��Controller:����LC90��Series��Controller��(4��or��20��mA��Signal��Output)��
��
��

LC90��Series��
Entity��Parameter��
Voc��=��17.47��VDC��
Isc��=��0.4597��A��
Ca��=��0.494���…F��
La��=��0.119���…H��

��

��

��
��

LU10��series��
Entity��Parameter��
Vmax��=��32��VDC��

Imax��=��0.5��A��
Ci��=��0���…F��
Li��=��0���…H��

��

��

��
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WIRING��(continued)�� Step��Seven��

Models��LU10�r___5��Only:����The��LU10�r___5��level��switch��has��been��approved��for��use��in��Class��I,��Division��1,��Groups��
A,��B,��C��&��D;��EEx��ib��IIC��T6;��UNDER��CERTIFICATE��NUMBER��LCIE��01.E6048X.��DO��NOT��USE��THE��LZ12,��LP15��or��LO10��
SERIES��IN��INTRINSICALLY��SAFE��APPLICATIONS.��The��Entity��parameter��for��the��LU10�r___5��are:��

North��America���r��Vmax��=��32��VDC��/ ��Imax��=��0.5��A��/ ��Pmax��=��1.3��W��/ ��Ci��=��0���…F��/ ��Li��=��0���…H��
Europe���r��Ui��=��32��VDC��/ ��Ii��=��0.5��A��/ ��Pi��=��1.3��W��/ ��Ci��=��0���…F��/ ��Li��=��0���…H��

Intrinsically��Safe��Control��Drawing:��

��

��

�(������������
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WIRING��(continued)�� Step��Seven��

Wiring��as��a��P�rChannel��or��N�rChannel��output:����The��Switch�rTek™��can��be��substituted��for��either��a��P�rChannel��(PNP,��
sourcing)��output��or��an��N�rChannel��(NPN,��sinking)��output.��

Normally��Open��DC��Load��as��a��P�rChannel��Output:������
The��Red��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Black��wire��connects��to��Negative��(�r).����
The��Green��wire��is��jumped��to��the��Red��wire��while��the��
White��wire��is��connected��to��the��LOAD.� � � �Jumper��the��
LOAD��to��the��Negative��(�r)��to��complete��the��circuit.��

Normally��Closed��DC��Load��as��a��P�rChannel��Output:������
The��Black��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Red��wire��connects��to��Negative��(�r).����The��
Green��wire��is��jumped��to��the��Black��wire��while��the��
White��wire��is��connected��to��the��LOAD.� � � �Jumper��the��
LOAD��to��the��Negative��(�r)��to��complete��the��circuit.��

�� ��

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��

Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��

��

Normally��Open��DC��Load��as��a��N�rChannel��Output:������
The��Red��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Black��wire��connects��to��Negative��(�r).����
The��White��wire��is��jumped��to��the��Black��wire��while��the��
Green��wire��is��connected��to��the��LOAD.� � � �Jumper��the��
LOAD��to��the��Positive��(+)��to��complete��the��circuit.��

Normally��Closed��DC��Load��as��a��N�rChannel��Output:������
The��Black��wire��connects��to��Positive��(+)��of��the��power��
supply��and��the��Red��wire��connects��to��Negative��(�r).����The��
White��wire��is��jumped��to��the��Red��wire��while��the��White��
wire��is��connected��to��the��LOAD.�� � �Jumper��the��LOAD��to��
the��Positive��(+)��to��complete��the��circuit.��

�� ��

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��

Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��VA��

� � � �

�(������������
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MAINTENANCE�� ��Step��Eight��

General:����The��Switch�rTek™��level��switch��requires��no��periodic��maintenance��except��cleaning��as��required.��It��is��the��
responsibility��of��the��user��to��determine��the��appropriate��maintenance��schedule,��based��on��the��specific��
characteristics��of��the��application��liquids.��

Cleaning��procedure:��
1.�� Power:��Make��sure��that��all��power��to��the��switch,��controller��and/or��power��supply��is��completely��

disconnected.����
2.�� Switch��removal:��In��all��through�rwall��installations,��make��sure��that��the��tank��is��drained��well��below��the��

sensor��prior��to��removal.����Carefully,��remove��the��sensor��from��the��installation.��
3.�� Cleaning��the��switch:��Use��a��soft��bristle��brush��and��mild��detergent,��carefully��wash��the��Switch�rTek™��level��

switch.����Do��not��use��harsh��abrasives��such��as��steel��wool��or��sandpaper,��which��might��damage��the��surface��
sensor.� � � �Do��not��use��incompatible��solvents��which��may��damage��the��sensor's��PP,��PFA,��PVDF��or��Ryton��
plastic��body.��

4.�� Sensor��installation:��Follow��the��appropriate��steps��of��installation��as��outlined��in��the��Installation��section��of��
this��manual.��

Maintenance��Output��to��LED��(LZ12��Only):������
To��wire��the��maintenance��output��wire��to��an��LED,��
follow��the��wiring��diagram��below.����The��Yellow��wire��is��
connected��to��the��LED��and��a��2.2k�O��resistor��in��series��
and��referenced��back��to��the��(+)��of��the��power��supply.��

Maintenance��Output��to��PLC��(LZ12��Only):������
To��wire��the��maintenance��output��wire��to��a��PLC,��follow��
the�� wiring�� diagram�� below.� � � �The�� Yellow�� wire�� is��
connected��to��the��PLC��input��with��a��10��k�O��resistor��
parallel��to��the��PLC��input��and��the��(+)��of��the��power��
supply.��

Sensor��Power����
[RED��&��BLK��wires]��/ ��36��VDC��Max.��
5��±1mA��Dry��/ ��22��±1mA��Wet��

Relay��Rating��
[GRN��&��WHT��wires]��/ ��60��
VA��

Maintenance��Alarm��
[YEL��wire]��/ ��NPN��Transistor��/ ��10mA��Max.��

��
��
� � � �

�(������������
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MAINTENANCE��(continued)� � � �Step��Eight��

Testing��the��installation:��
1.�� Power:��Turn��on��power��to��the��controller��and/or��power��supply.��
2.�� Immersing��the��switch:��Immerse��the��sensing��tip��in��its��application��liquid,��by��filling��the��tank��up��to��the��

switches��point��of��actuation.����An��alternate��method��of��immersing��the��switch��during��preliminary��testing��is��
to��hold��a��cup��filled��with��application��liquid��up��to��the��switch's��tip.��

3.�� Test:��With��the��switch��being��fluctuated��between��wet��and��dry��states,��the��switch��indicator��light��in��the��
controller��should��turn��on��and��off.����If��the��controller��doesn't��have��an��input��indicator,��use��a��voltmeter��or��
ammeter��to��ensure��that��the��switch��produces��the��correct��signal��(see��below).��

4.�� Point��of��actuation:��Observe��the��point��at��which��the��rising��or��falling��fluid��level��causes��the��switch��to��
change��state,��and��adjust��the��installation��of��the��switch��if��necessary.��

��

��

Example:��Testing��the��LU10��series��with��a��Multimeter��set��to��read��current��(mA).����When��wired��NO��[Red��to��(+)],��the��
meter��will��read��5mA,��±1mA��when��dry��and��will��read��20mA,��±1mA��when��wet.��

��

Example:��Testing��the��LU10��series��with��a��multimeter��set��to��read��resistance��(ohms).� � � �When��wired��NO��[Red��to��
(+)],��the��meter��will��read��O.L��when��dry��and��will��read��some��small��amount��of��resistance��(ex.��0.2��Ohms)��when��wet.��

��

��
��
��
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Warranty,��Returns��&��Limitations���� Step��Nine��

Warranty��
Flowline��warrants��to��the��original��purchaser��of��its��products��that��such��products��will��be��free��from��defects��in��material��and��
workmanship��under��normal��use��and��service��in��accordance��with��instructions��furnished��by��Flowline��for��a��period��of��two��
years��from��the��date��of��manufacture��of��such��products.��Flowline's��obligation��under��this��warranty��is��solely��and��exclusively��
limited��to��the��repair��or��replacement,��at��Flowline's��option,��of��the��products��or��components,��which��Flowline's��examination��
determines��to��its��satisfaction��to��be��defective��in��material��or��workmanship��within��the��warranty��period.��Flowline��must��be��
notified��pursuant��to��the��instructions��below��of��any��claim��under��this��warranty��within��thirty��(30)��days��of��any��claimed��lack��of��
conformity��of��the��product.��Any��product��repaired��under��this��warranty��will��be��warranted��only��for��the��remainder��of��the��
original��warranty��period.��Any��product��provided��as��a��replacement��under��this��warranty��will��be��warranted��for��the��full��two��
years��from��the��date��of��manufacture.��

Returns��
Products��cannot��be��returned��to��Flowline��without��Flowline's��prior��authorization.��To��return��a��product��that��is��thought��to��be��
defective,��go��to��www.flowline.com,��and��submit��a��customer��return��(MRA)��request��form��and��follow��the��instructions��
therein.��All��warranty��and��non�rwarranty��product��returns��to��Flowline��must��be��shipped��prepaid��and��insured.��Flowline��will��
not��be��responsible��for��any��products��lost��or��damaged��in��shipment.��

Limitations��
This��warranty��does��not��apply��to��products��which:��1)��are��beyond��the��warranty��period��or��are��products��for��which��the��original��
purchaser��does��not��follow��the��warranty��procedures��outlined��above;��2)��have��been��subjected��to��electrical,��mechanical��or��
chemical��damage��due��to��improper,��accidental��or��negligent��use;��3)��have��been��modified��or��altered;����4)��anyone��other��than��
service��personnel��authorized��by��Flowline��have��attempted��to��repair;��5)��have��been��involved��in��accidents��or��natural��
disasters;��or��6)��are��damaged��during��return��shipment��to��Flowline.��Flowline��reserves��the��right��to��unilaterally��waive��this��
warranty��and��dispose��of��any��product��returned��to��Flowline��where:��1)��there��is��evidence��of��a��potentially��hazardous��material��
present��with��the��product;��or��2)��the��product��has��remained��unclaimed��at��Flowline��for��more��than��30��days��after��Flowline��has��
dutifully��requested��disposition.��This��warranty��contains��the��sole��express��warranty��made��by��Flowline��in��connection��with��its��
products.��ALL��IMPLIED��WARRANTIES,��INCLUDING��WITHOUT��LIMITATION,��THE��WARRANTIES��OF��MERCHANTABILITY��AND��
FITNESS��FOR��A��PARTICULAR��PURPOSE,��ARE��EXPRESSLY��DISCLAIMED.��The��remedies��of��repair��or��replacement��as��stated��
above��are��the��exclusive��remedies��for��the��breach��of��this��warranty.��IN��NO��EVENT��SHALL��FLOWLINE��BE��LIABLE��FOR��ANY��
INCIDENTAL��OR��CONSEQUENTIAL��DAMAGES��OF��ANY��KIND��INCLUDING��PERSONAL��OR��REAL��PROPERTY��OR��FOR��INJURY��TO��
ANY��PERSON.��THIS��WARRANTY��CONSTITUTES��THE��FINAL,��COMPLETE��AND��EXCLUSIVE��STATEMENT��OF��WARRANTY��TERMS��
AND��NO��PERSON��IS��AUTHORIZED��TO��MAKE��ANY��OTHER��WARRANTIES��OR��REPRESENTATIONS��ON��BEHALF��OF��FLOWLINE.��
This��warranty��will��be��interpreted��pursuant��to��the��laws��of��the��State��of��California.��If��any��portion��of��this��warranty��is��held��to��
be��invalid��or��unenforceable��for��any��reason,��such��finding��will��not��invalidate��any��other��provision��of��this��warranty.��

For��complete��product��documentation,��video��training,��and��technical��support,��go��to��www.flowline.com.��

For��phone��support,��call��562�r598�r3015��from��8am��to��5pm��PST,��Mon���r��Fri.��

(Please��make��sure��you��have��the��Part��and��Serial��number��available.)��

��
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1 Preliminary note

1.1 Symbols used

�y Instruction
> Reaction, result
[…] Designation of pushbuttons, buttons or indications
�: Cross-reference

Important note 
Non-compliance can result in malfunctions or interference.
Information 
Supplementary note.

2 Safety instructions
�‡��Please read this document prior to set-up of the unit. Ensure that the product is 

suitable for your application without any restrictions. 
�‡��If the operating instructions or the technical data are not adhered to, personal 

injury and/or damage to property can occur. 
�‡�� �&�K�H�F�N���W�K�H���F�R�P�S�D�W�L�E�L�O�L�W�\���R�I���W�K�H���S�U�R�G�X�F�W���P�D�W�H�U�L�D�O�V�����:���������7�H�F�K�Q�L�F�D�O���G�D�W�D�����Z�L�W�K���W�K�H��

media to be measured in all applications. 
�‡��Use in gases at pressures > 25 bar only after contacting the manufacturer ifm.

9.5 Service functions .........................................................................................22
9.5.1 Read min/max values for system pressure ........................................22
9.5.2 Reset all parameters to factory setting ...............................................22

10 Operation .........................................................................................................22
10.1 Read set parameters .................................................................................22
10.2 Error indications .........................................................................................22

11 Scale drawing  .................................................................................................23

12 Technical data ..................................................................................................24

13 Setting ranges..................................................................................................25

14 Factory setting .................................................................................................27
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�‡��High-pressure units (250 bar, 400 bar) are supplied with an integrated damping 
device to comply with the regulations for UL approval and to avoid any risk of 
injury in case of bursting when bursting pressure is exceeded.

Any manipulation of the damping device is not permissible.
When the damping device is removed, there is no damping function 
any more. ATTENTION: risk of injury!
For units with cULus approval this approval becomes invalid when the 
damping device is removed.

For the scope of validity cULus: 
The Sensor shall be connected only by using any R/C (CYJV2) cord, having suit-
able ratings.

The device shall be supplied from an isolating transformer having a secondary 
Listed fuse rated either 
a) max 5 amps for voltages 0~20 Vrms (0~28.3 Vp) or 
b) 100/Vp for voltages of 20~30 Vrms (28.3~42.4 Vp).

3 Functions and features
The unit monitors the system pressure in a plant.

3.1 Applications

Type of pressure: relative pressure 

Order no.
Measuring range

(in brackets:  
extended display range)

Permissible  
overpressure

Bursting  
pressure

bar PSI bar PSI bar PSI
PG2409 -1...1 (1.6) -14.52...14.52 (23.22) 10 145 30 435
PG2450 0...400 (600) 0...5800 (8700) 800 11600 1200 17400
PG2451 0...250 (400) 0...3625 (5800) 600 8700 1000 14500
PG2452 0...100 (160) 0...1449 (2322) 300 4350 700 9400
PG2453 -1...25 (40) -14.5...362.5 (580.0) 100 1450 350 5070
PG2454 -1...10 (16) -14.4...145 (232) 50 725 150 2175
PG2455 -1...4 (6.4) -14.5...58 (92.8) 30 435 100 1450
PG2456 -0.125...2.5 (4) -1.8...36.25 (58.00) 20 290 50 725
PG2457 -0.05...1 (1.6) -0.72...14.5 (23.20) 10 145 30 435

�(������������
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Order no.
Measuring range

(in brackets:  
extended display range)

Permissible  
overpressure

Bursting  
pressure

mbar inH2O bar inH2O bar inH2O
PG2458 -12.5...250 (400) -5.0..100.4 (160.6) 10 4015 30 12044
PG2489 -5...100 (160) -2.00...40.16 (64.24) 4 1606 30 12044

Avoid static and dynamic overpressure exceeding the given overload pres-
sure by taking appropriate measures.
The indicated bursting pressure must not be exceeded.
Even if the bursting pressure is exceeded only for a short time, the unit 
may be destroyed. ATTENTION: risk of injury!
Use in gases at pressures > 25 bar only after contacting the manufacturer 
ifm.

4 Function

4.1 Processing of the measured signals

�‡��The unit generates 2 output signals according to the parameter settings.

OUT1 �‡��Switching signal for system pressure limit value.
OUT2 �‡��Analogue signal (4...20 mA, 20...4 mA).

�‡��The unit displays the current system pressure.
Analogue display: circular scale with pointer.
Digital display (alphanumeric display, 4 digits).

�‡��In addition, an LED ring with one of the following display options is available:

Display of set point and reset point. 
Trend display (rising pressure / falling pressure).
Lag indicator function for maximum value or minimum value.
Display of pulsating signals and pressure peaks.

�(������������
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4.2 Pressure monitoring / switching function

OUT1 changes its switching state if it is above or below the set switching limits 
(SP1, rP1). The following switching functions can be selected:
�‡�� �+�\�V�W�H�U�H�V�L�V���I�X�Q�F�W�L�R�Q�������Q�R�U�P�D�O�O�\���R�S�H�Q�����>�2�8���@��� ���>�+�Q�R�@�����:���I�L�J����������
�‡�� �+�\�V�W�H�U�H�V�L�V���I�X�Q�F�W�L�R�Q�������Q�R�U�P�D�O�O�\���F�O�R�V�H�G�����>�2�8���@��� ���>�+�Q�F�@�����:���I�L�J����������

First the set point (SP1) is set, then the reset point (rP1) with the requested 
difference.

�‡�� �:�L�Q�G�R�Z���I�X�Q�F�W�L�R�Q�������Q�R�U�P�D�O�O�\���R�S�H�Q�����>�2�8���@��� ���>�)�Q�R�@�����:���I�L�J����������
�‡�� �:�L�Q�G�R�Z���I�X�Q�F�W�L�R�Q�������Q�R�U�P�D�O�O�\���F�O�R�V�H�G�����>�2�8���@��� ���>�)�Q�F�@�����:���I�L�J����������

The width of the window can be set by means of the difference between SP1 
and rP1. SP1 = upper value, rP1 = lower value.
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P = system pressure; HY = hysteresis; FE = window
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4.3 Pressure monitoring / analogue function

The analogue output can be configured.
�‡��[OU2] defines whether the set measuring range is provided as 4...20 mA 

([OU2] = [I]) or as 20...4 mA ([OU2] = [InEG]).
Scaling can be set by means of the teaching process or by entering a value for the 
ASP and AEP parameters.
�‡��Teaching the analogue start point [tASP] or setting the parameter [ASP] defines 

at which measured value the analogue signal is 4 mA (20 mA at [InEG]).
�‡��Teaching the analogue end point [tAEP] or setting the parameter [AEP] defines 

at which measured value the output signal is 20 mA (4 mA at [InEG]).
Minimum distance between [ASP] and [AEP] = 25 % of the final value of the 
measuring range.

Factory setting Measuring range scaled

������
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P = system pressure , MAW = initial value of the measuring range, MEW = final value of 
the measuring range
1 : [OU2] = [I]; 2 : [OU2] = [InEG]

In the set measuring range the output signal is between 4 and 20 mA ([OU2] = [I]) 
or between 20 and 4 mA ([OU2] = [InEG]).
It is also indicated:
�‡��System pressure above the measuring range: 

 - Output signal 20 to 20.5 mA at [OU2] = [I].
 - Output signal 4 to 3.8 mA at [OU2] = [InEG].

�‡��System pressure below the measuring range: 
 - Output signal 4 to 3.8 mA at [OU2] = [I].
 - Output signal 20 to 20.5 mA at [OU2] = [InEG].

�(������������



8

4.4 Customer-specific calibration

The customer-specific calibration changes the curve of measured values com-
�S�D�U�H�G���W�R���W�K�H���U�H�D�O���P�H�D�V�X�U�H�G���Y�D�O�X�H�V�����V�K�L�I�W�L�Q�J�������F�K�D�Q�J�H���R�I���W�K�H���J�U�D�G�L�H�Q�W�����:��������������
[CAL]). 
�‡��Two calibration points can be defined (CP1, CP2). The two points are inde-

pendent of each other. They must be within the measuring range and not in the 
extended display range.

�‡��The zero point calibration [COF] influences the calibration of the curve of mea-
�V�X�U�H�G���Y�D�O�X�H�V�����5�H�F�R�P�P�H�Q�G�D�W�L�R�Q�����V�H�W���>�&�2�)�@���W�R���������:���������������>�&�2�)�@�������W�K�H�Q���F�D�O�L�E�U�D�W�H��
the curve of measured values.

�$�I�W�H�U���D���F�K�D�Q�J�H���W�K�H���F�D�O�L�E�U�D�W�L�R�Q���F�D�Q���E�H���U�H�V�H�W���W�R���I�D�F�W�R�U�\���V�H�W�W�L�Q�J�����:���������������>�U�(�6�@����
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�‡��P = measured pressure;  
P‘ = modified measured value

�‡��CP1 = calibration point 1;  
CP1‘ = modified measured value for 
CP1

�‡��CP2 = calibration point 2;  
CP2‘ = modified measured value for 
CP2

�‡��1 = curve of measured values at fac-
tory setting

�‡��2 = curve of measured values after 
calibration
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5 Installation
Before installing and removing the unit: make sure that no pressure is ap-
plied to the system. Note: If 0% is displayed and no pointer is visible, this 
does not mean that no pressure is applied to the system !

We recommend horizontal installation for high medium temperatures.

The unit can be fixed to different process connections. Options are as follows:

1 Installation with seals to DIN EN 837-1
 �y Insert the unit and the seal into the process connection with cylindrical pipe thread 
G½ and tighten.

All seals to DIN EN 837-1 can be used if they are suitable for process connections 
with cylindrical pipe thread, e.g. flat seals or double-edge sealing rings.

2 Installation with sealing tape
 �y Insert the unit and the sealing tape into the process connection with G½ internal 
thread (e.g. welding adapter) and tighten.

3 Installation at flange G½ (based on DIN 3852-11)
The sealing ring on the sensor is used as process seal.
The upper sealing area on the process connection must be flush with the tapped hole 
and have a surface characteristic of min. Rz 6.3.

 �y Grease the sensor thread with a suitable paste.
 �y Insert the unit into the process connection.
 �y Tighten it using a spanner. Tightening torque: 35 Nm.

After installation the analogue display can be rotated / adapted to the instal-
lation position (to do so wear protective gloves). 

�(������������



10

6 Electrical connection
The unit must be connected by a qualified electrician.
The national and international regulations for the installation of electrical 
equipment must be adhered to.
Voltage supply according to EN 50178, SELV, PELV.

 �y Disconnect power.
 �y Connect the unit as follows:

OUT1 positive switching OUT1 negative switching

�
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Pin 1 Ub+
Pin 3 Ub-
Pin 4 (OUT1) �‡��Binary switching output pressure monitoring
Pin 2 (OUT2) �‡��Analogue output for system pressure
Core colours of ifm sockets:
1 = BN (brown), 2 = WH (white), 3 = BU (blue), 4 = BK (black)
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7 Operating and display elements

Mode/
Enter

Set

1

2

3

4

5

6

1: Analogue display
 - Display of the current system pressure in bar and PSI or mbar and inH2O.

2: LED ring
�$�F�F�R�U�G�L�Q�J���W�R���W�K�H���V�H�W�W�L�Q�J���R�I���S�D�U�D�P�H�W�H�U���>�/�(�'�@�����:������������

 - Display of set point and reset point.
 - Lag indicator function for maximum value or minimum value.
 - Display of pulsating signals and pressure peaks.
 - Trend display: rising pressure or falling pressure.

3: Indicator LEDs
 - LED 1 = system pressure of the digital display in bar.
 - LED 2 = system pressure of the digital display in mbar.
 - LED 3 = system pressure of the digital display in PSI.
 - LED 4 = system pressure of the digital display in  inH2O.
 - LED 6 = system pressure in % of the scaling (range ASP to AEP) or COF value in %.
 - LEDs 5, 7 =  not used.
 - LED 8 = switching status OUT1 (lights if output 1 is switched)

4: Alphanumeric display, 4 digits
 - Display of the current system pressure.
 - Display of the parameters and parameter values.

5: Touch button Set*
 - Setting of the parameter values (continuously by touching permanently; step by step by 
touching briefly several times).

�(������������
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6: Touch button Mode/Enter*
 - Selection of the parameters and acknowledgement of the parameter values. 

* The two touch buttons are activated simply by touching / deactivated by releasing the 
touch button.
The touch button must be completely covered to be activated.
Slow covering (e.g. liquid flows over the display) does not activate the touch button.

8 Menu

8.1 Menu structure: main menu
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1: Change to menu level 2 (extended functions) 
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8.2 Explanation of the main menu

SP1/rP1 Upper / lower limit value for system pressure at which OUT1 switches.
OU1 Output function for OUT1:

�‡��Switching signal for the pressure limit values: hysteresis function [H ..] or 
window function [F ..], either normally open [. no] or normally closed [. nc].

OU2 Output function for OUT2:
�‡��Analogue signal for the current system pressure: 4...20 mA [I], 20...4 mA 

[InEG].
tCOF Teach zero-point calibration.
tASP Teach analogue start point for system pressure: set measured value at which 

4 mA is provided (20 mA if [OU2] = [InEG]).
tAEP Teach analogue end point for system pressure: set measured value at which 

20 mA is provided (4 mA if [OU2] = [InEG]).
EF Extended functions / opening of menu level 2.

�(������������
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8.3 Menu structure: level 2 (extended functions)
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1: Change to the main menu
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8.4 Explanation of the menu level 2

Uni Standard unit of measurement for system pressure (bar or PSI).

SELd
Display mode:
�‡��Pressure in the unit set in [Uni].
�‡��Pressure in % of the set scaling of the analogue output.

ASP Analogue start point for system pressure: measured value at which 4 mA is 
provided (20 mA if [OU2] = [InEG]).

AEP Analogue end point for system pressure: measured value at which 20 mA is 
provided (4 mA if [OU2] = [InEG]).

HI Maximum value memory for system pressure.
LO Minimum value memory for system pressure.
COF Zero-point calibration.
dS1 Switch-on delay for OUT1.
dr1 Switch-off delay for OUT1.
P-n Switching logic for OUT1: pnp or npn.
dAP Damping for switching outputs and display.
dAA Damping for analogue output (OUT2).
diS Update rate and orientation of the display.
LED Setting for the LED ring.
CAL Calibration function (setting the curve of measured values).
CP1 Calibration point 1
CP2 Calibration point 2
rES Restore factory settings.

�(������������
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9 Parameter setting
During parameter setting the unit remains in the operating mode. It continues its 
monitoring function with the existing parameters until the parameter setting has 
been completed.
�(�[�F�H�S�W�L�R�Q�V�����F�K�D�Q�J�H�V���W�R���W�K�H���S�D�U�D�P�H�W�H�U�V���&�2�)�����:�������������������&�3�����D�Q�G���&�3�������:�����������������W�D�N�H���H�I�I�H�F�W��
immediately.

9.1 General parameter setting

3 steps must be taken for each parameter setting:

1 Select parameter 
 �y Touch [Mode/Enter] until the re-
quested parameter is displayed.

Mode/
Enter

Set

2 Set parameter value
 �y Touch [Set] and keep it touched.

 > Current setting value of the param-
eter flashes for 5 s.

 > After 5 s: setting value is changed: 
step by step by touching briefly 
several times or continuously by 
touching permanently.

Mode/
Enter

Set

Numerical values are incremented continuously. To reduce the value: let the display 
move to the maximum setting value. Then the cycle starts again at the minimum 
setting value.

3 Acknowledge parameter value
 �y Touch [Mode/Enter] briefly.

 > The parameter is displayed again. 
The new setting value is saved.

Mode/
Enter

Set

Set other parameters
 �y Start again with step 1.

Finish parameter setting
 �y Touch [Mode/Enter] several times until the current measured value is displayed or wait 
for 15 s. 

 > The unit returns to the operating mode.

�‡��Timeout:
If no touch button is activated for 15 s during parameter setting, the unit returns to the 
operating mode with unchanged values.

�(������������
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�‡��Change from menu level 1 to menu level 2:
 �y Touch [Mode/Enter] until [EF] is 
displayed.

Mode/
Enter

Set

 �y Touch [Set] briefly. 
 > The first parameter of the submenu is 

displayed (here: [Uni]).
If the menu level 2 is protected by an ac-
cess code, "Cod1" flashes in the display.

 �y Touch [Set] and keep it touched until 
the valid code no. appears.

 �y Touch [Mode/Enter] briefly.
On delivery by ifm electronic: no access 
restriction.

Mode/
Enter

Set

�‡��Locking / unlocking
The unit can be locked electronically to prevent an unintentional operation.

 �y Make sure that the unit is in the normal operating mode.
 �y Touch [Set], 
 �y additionally touch [Mode/Enter] and keep both buttons touched for 10 s.

 > The LED for the current unit of measurement flashes, the current system pressure 
continues to be displayed. After 10 s the display goes out for approx. 1 s. 

 �y Release [Mode/Enter] and [Set] again. Both buttons must be released within 4 s. If 
this does not happen, the unit remains unlocked.

 > [Loc] is displayed, the unit is locked. .
�'�X�U�L�Q�J���R�S�H�U�D�W�L�R�Q���W�K�H���L�Q�G�L�F�D�W�R�U���/�(�'���I�R�U���W�K�H���G�L�V�S�O�D�\���X�Q�L�W�����:���F�K�D�S�W�H�U���������L�V���I�O�D�V�K�L�Q�J���L�I���\�R�X��
try to open the menu.
For unlocking:

 �y Make sure that the unit is in the normal operating mode.
 �y TTouch [Set], 
 �y additionally touch [Mode/Enter] and keep both buttons touched for 10 s.

 > The LED for the current unit of measurement flashes, the current system pressure 
continues to be displayed. After 10 s the display goes out for approx. 1 s.

 �y Release [Mode/Enter] and [Set] again. Both buttons must be released within 4 s. If 
this does not happen, the unit remains unlocked.

 > [uLoc] is displayed, the unit is unlocked. 
On delivery: unlocked.

�(������������
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9.2 Configuration of the digital display (optional)
 �y Select [Uni] and set the unit of measurement:

 - [bAr] / [mbAr].
 - [PSI] / [inHO].

 �y Select [SELd] and set type of indication:
 - [P]: system pressure in the unit set in Uni.
 - [P%]: system pressure in % of the set scaling of the analogue output; 
the following applies: 0 % = ASP value / 100 % = AEP value.

Note: display “0 %” does not mean that no pressure is applied to the 
system.

 �y Select [diS] and set the update rate of the display:
 - [d1]: update of the measured values every 50 ms.
 - [d2]: update of the measured values every 200 ms.
 - [d3]: update of the measured values every 600 ms.
 - [OFF] = The measured value display is deactivated in the Run mode. 
Touching one of the buttons indicates the current measured value for 
15 s. Touching the [Mode/Enter] button again activates the display 
mode. The indicator LEDs remain active even if the display is deacti-
vated.

 �y Select [LED] and set the display function for the digital display and LED 
ring:
 - [SPRP]: One LED on the LED ring indicates the set point and a second 
LED the reset point.

 - [HInd]: 2 adjacent LEDs on the LED ring mark the lag indicator for 
maximum value ([HInd], high indication).

 - [LInd]: 2 adjacent LEDs on the LED ring mark the lag indicator for 
minimum value ([LInd], low indication).
To reset:

 �y Touch [Set] for 1 second.
 > The two LEDs jump to the current position of the pointer.

 - [Ph]: Display of pulsating signals and pressure peaks:
 - In case of quick pressure changes (quickly pulsating signals) the 
digital display and LED ring indicate the minimum value and the 
maximum value.

 - In case of one-time short pressure peaks the digital display and LED 
ring show the indication for a longer time.

 - [Pdir]: The LED ring indicates the trend of the pressure changes (5 
LEDs below the pointer for rising pressure; 5 LEDs above the pointer 
for falling pressure).

A damping set with dAP or dAA also has an effect on this display.

�(������������
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9.3 Set output signals

9.3.1 Set output functions
 �y Select [OU1] and set the switching function:

 - [Hno] = hysteresis function/NO.
 - [Hnc] = hysteresis function/NC.
 - [Fno] = window function/NO.
 - [Fnc] = window function/NC.

 �y Select [OU2 ] and set the analogue function:
 - [I] = current signal proportional to pressure 4…20 mA.
 - [InEG] = current signal proportional to pressure 20…4 mA.

9.3.2 Set  switching limits
 �y Select [SP1] and set the value at which the output switches.

 �y Select [rP1] and set the value at which OUT1 switches off.
rP1 is always smaller than SP1. The unit only accepts values which are 
lower than SP1.

9.3.3 Scale analogue value for OUT2
 �y Set the minimum pressure requested in the system.
 �y Touch [Mode/Enter] until [tASP] appears.
 �y Touch [Set] and keep it touched.

 > Current setting value flashes.
 �y Release [Set] when the display stops flashing.

 > New setting value is displayed.
 �y Touch [Mode/Enter] briefly.

 > The current system pressure is defined as start value for the analogue 
signal. 

 �y Set the maximum pressure requested in the system.
 �y Touch [Mode/Enter] until [tAEP] appears.
 �y Touch [Set] and keep it touched.

 > Current setting value flashes.
 �y Release [Set] when the display stops flashing.

 > New setting value is displayed.
 �y Touch [Mode/Enter] briefly.

 > The current system pressure is defined as end value for the analogue 
signal.

�$�6�3�������$�(�3���F�D�Q���R�Q�O�\���E�H���V�H�W���D�X�W�R�P�D�W�L�F�D�O�O�\���Z�L�W�K�L�Q���G�H�I�L�Q�H�G���O�L�P�L�W�V�����:�������������6�H�W�W�L�Q�J���U�D�Q�J�H�V������
If automatic setting is carried out at an invalid pressure value, [UL] or [OL] is displayed. 
After acknowledgement by [Mode/Enter] [Err] flashes, the ASP value / AEP value is not 
changed.

�(������������



20

As an alternative:
 �y Select [ASP] and set the measured value at which 4 mA is provided 
(20 mA at [OU2] = [InEG]).

 �y Select [AEP] and set the measured value at which 20 mA is provided 
(4 mA at [OU2] = [InEG]).

Minimum distance between ASP and AEP = 25 % of the final value of the 
measuring range (turn-down 1:4).

9.4 User settings (optional)

9.4.1 Carry out zero point calibration 
 �y Select [COF] and set a value between -5 % and 5 % of the final value of 
the measuring range. The internal measured value "0" is shifted by this 
value.

As an alternative: automatic adjustment of the offset in the range 0 bar ± 
5 %.

 �y Make sure that no pressure is applied to the system.
 �y Touch [Mode/Enter] until [tCOF] appears.
 �y Touch [Set] and keep it touched.

 > The current offset value (in %) flashes briefly.
 > The current system pressure is displayed.
 �y Release [Set].
 �y Touch [Mode/Enter] briefly (= to confirm the new offset value).

9.4.2 Set delay time for OUT1
[dS1] = switch-on delay / [dr1] = switch-off delay.

 �y Select [dS1] or [dr1] and set a value between 0.1 and 50 s (at 0.0 the 
delay time is not active).

9.4.3 Set switching logic for OUT1

 �y Select [P-n] and set [PnP] or [nPn].

9.4.4 Set damping for the switching signal
 �y Select [dAP] and set a value between 0.01 and 30 s.

dAP value = response time between pressure change and change of the 
switching status in seconds.
[dAP] influences the switching frequency: fmax = 1 ÷ 2dAP.
[dAP] also has an effect on the display.

�(������������
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9.4.5 Set damping for the analogue signal
 �y Select [dAA] and set a value between 0.01 and 30 s.

dAA value = response time between pressure change and change of the 
analogue signal in seconds.

9.4.6 Calibrate curve of measured values
If the unit is to adopt the settings for the calibration points, the following conditions must be 
adhered to:

 - CP1 and CP2 must be within the measuring range (i.e. between ASP and AEP).
 - CP1 and CP2 must not be in the extended display range.
 - Minimum distance between the calibration points CP1 and CP2 = 5 % of the final value of 
the measuring range.

 - Maximum correction value = ± 2 % of the final value of the measuring range.

 �y Set a defined reference pressure between ASP and AEP in the system.
 �y Select [CAL].
 �y Touch [Set] briefly.

 > [CP1] is displayed.
 �y Touch [Set] for 5 s.

 > The pressure measured by the unit is displayed.
 �y Touch [Set] until the set reference pressure is indicated (measured 
pressure = reference pressure) or the corresponding analogue signal is 
provided to OUT2.

 �y Touch [Mode/Enter] briefly.
 > [CP1] is displayed.
 �y Touch [Mode/Enter] briefly.

 > [CP2] is displayed.
Continue with a) or b).
a) Finish calibration:

 �y Touch [Mode/Enter] briefly.
 > [CAL] is displayed. 

b) Change a 2nd point on the curve of measured values:
 �y Set a second defined reference pressure in the system.
 �y Touch [Set] for 5 s.

 > The pressure measured by the unit is displayed.
 �y Touch [Set] until the set reference pressure is indicated (measured 
pressure = reference pressure) or the corresponding analogue signal is 
provided to OUT2.

 �y Touch [Mode/Enter] briefly.
 > [CP2] is displayed.
 �y Touch [Mode/Enter] briefly.

 > [CAL] is displayed, the process is finished.

�(������������
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9.5 Service functions

9.5.1 Read min/max values for system pressure
 �y Select [HI] or [LO] and touch [Set] briefly.

[HI] = maximum value, [LO] = minimum value.
Delete memory:

 �y Select [HI] or [LO].
 �y Touch [Set] and keep it touched until [----] is displayed.
 �y Touch [Mode/Enter] briefly.

9.5.2 Reset all parameters to factory setting
 �y Select [rES].
 �y Touch [Set] and keep it touched until [----] is displayed.
 �y Touch [Mode/Enter] briefly.

It is recommended to take down your own settings in the table before carry-
�L�Q�J���R�X�W���D���U�H�V�H�W�����:�������)�D�F�W�R�U�\���V�H�W�W�L�Q�J����

10 Operation
After power on, the unit is in the Run mode (= normal operating mode). It carries 
out its measurement and evaluation functions and provides output signals accord-
ing to the set parameters.

�2�S�H�U�D�W�L�Q�J���L�Q�G�L�F�D�W�R�U�V���:���������2�S�H�U�D�W�L�Q�J���D�Q�G���G�L�V�S�O�D�\���H�O�H�P�H�Q�W�V��
Reset the lag indicator (if [LED] = [HInd] or [LInd]):

 �y Touch [Set] for 1 second.
 > The two lag indicator LEDs jump to the current position of the pointer.

10.1 Read set parameters

 �y Touch [Mode/Enter] until the requested parameter is displayed.
 �y Touch [Set] briefly.

 > The unit displays the corresponding parameter value for about 15 s. After 
another 15 s it returns to the Run mode.

10.2 Error indications

[OL] Overload pressure (measuring range exceeded).
[UL] Underload pressure (below measuring range).
[SC1] Short circuit in OUT1. The output is switched off as long as the short circuit 

persists.
[Err] Flashing: internal error, invalid entry.

The messages SC1 and Err are displayed even if the display is switched off.

�(������������
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11 Scale drawing 
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Dimensions in mm
1: analogue display
2: digital display
3: touch button (programming button)
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12 Technical data
Operating voltage [V] ........................................................................................... 18...32 DC 
Current consumption [mA] .................................................................................. < 70 (24 V)
Current rating [mA] ......................................................................................................... 250 
Short-circuit protection; reverse polarity protection / overload protection, integrated 
watchdog 
Voltage drop [V]  .............................................................................................................. < 2
Power-on delay time [s]  ..................................................................................................... 6 
Min. response time switching output [ms] .......................................................................... 9
Switching frequency [Hz]  ..................................................................................................75 
Analogue output   ...............................................................................  4...20 mA / 20...4 mA 
�0�D�[�����O�R�D�G���>�Ÿ�@�� ................................................................................................. (Ub - 10) x 50 
Step response time analogue output [ms]  ....................................................................... 28
Accuracy / deviations (in % of the span)1)

PG2409
PG2452

...
PG2458

PG2450
PG2451
PG2489

Switch point accuracy < ± 0.5 < ± 0.6
Switch point accuracy in the extended display 
range < ± 1.5 < ± 1.5

Characteristics deviation < ± 0.25 (BFSL) 
< ± 0.5 (LS)

< ± 0.35 (BFSL) 
< ± 0.6 (LS)

Hysteresis < 0.25 < 0.5
Repeatability (in case of temperature fluctuations 
< 10 K) < ± 0.1 < ± 0.1

Long-term stability (in % of the span / 6 months) < ± 0.1 < ± 0.1

Temperature coefficients (TEMPCO) in the compensated temperature range 0 ...70°C (in 
% of the span per 10 K)

PG2409
PG2452

...
PG2458

PG2450
PG2451
PG2489

Greatest TEMPCO of the zero point < ± 0.2 < ± 0.3
Greatest TEMPCO of the span < ± 0.2 < ± 0.3

�(������������
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Materials (wetted parts)  .......................................................... stainless steel 316L / 1.4404
 ceramics (Al2O3); FPM 
Housing materials ............................ stainless steel 316L / 1.4404; PA; FPM (Viton); PTFE;  
 viewing glass: laminated safety glass 4 mm
Protection rating   ............................................................................................IP 67 / IP 69K
Protection class ..................................................................................................................III
�,�Q�V�X�O�D�W�L�R�Q���U�H�V�L�V�W�D�Q�F�H���>�0�Ÿ�@ .........................................................................> 100 (500 V DC)
Shock resistance [g] ................................................................ 50 (DIN IEC 68-2-27, 11 ms)
Vibration resistance [g] ..................................................20 ( DIN IEC 68-2-6, 10 - 2000 Hz)
Switching cycles min. .......................................................................................... 100 million
Ambient temperature [°C] ....................................................................................... -20 ... 80
Medium temperature [°C] ......................................................................................... -25...80
Storage temperature [°C]........................................................................................ -40...100 
EMC  EN 61000-4-2 ESD:  ....................................................................................... 4 / 8 kV 
 EN 61000-4-3 HF radiated:  ............................................................................  10 V/m 
 EN 61000-4-4 Burst:  ........................................................................................... 2 kV 
 EN 61000-4-5 Surge:  .................................................................................. 0.5 / 1 kV 
 EN 61000-4-6 HF conducted:  ............................................................................  10 V 

1) 1) All indications are referred to a turn-down of 1:1

13 Setting ranges

SP1 rP1 ASP AEP
�û�3

min max min max min max min max

P
G

24
09 bar -0.992 1.600 -1.000 1.592 -1.000 1.100 -0.500 1.600 0.004

PSI -14.40 23.22 -14.52 23.10 -14.52 15.96 -7.26 23.22 0.06

P
G

24
50 bar 2 600 0 598 0 500 100 600 1

PSI 30 8700 0 8670 0 7250 1450 8700 10

P
G

24
51 bar 1.0 400.0 0.0 399.0 0.0 350.0 50.0 400.0 0.5

PSI 15 5800 0 5785 0 5075 725 5800 5

P
G

24
52 bar 0.4 160.0 0.0 159.6 0.0 135.0 25.0 160.0 0.2

PSI 6 2322 0 2316 0 1959 363 2322 3

�û�3��� ���V�W�H�S���L�Q�F�U�H�P�H�Q�W
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SP1 rP1 ASP AEP
�û�3

min max min max min max min max
P

G
24

53 bar -0.90 40.00 -1.00 39.90 -1.00 33.75 5.25 40.00 0.05

PSI -13.0 580.0 -14.5 578.5 -14.5 489.5 76.0 580.0 0.5

P
G

24
54 bar -0.96 16.00 -1.00 15.96 -1.00 13.50 1.50 16.00 0.02

PSI -14.0 232.0 -14.4 231.6 -14.4 195.8 21.8 232.0 0.2

P
G

24
55 bar -0.98 6.40 -1.00 6.38 -1.00 5.40 0.00 6.40 0.01

PSI -14.2 92.8 -14.5 92.5 -14.5 78.3 0.0 92.8 0.1

P
G

24
56 bar -0.115 4.000 -0.125 3.990 -0.125 3.350 0.525 4.000 0.005

PSI -1.65 58.00 -1.80 57.85 -1.80 48.60 7.60 58.00 0.05

P
G

24
57 bar -0.046 1.600 -0.050 1.596 -0.050 1.340 0.200 1.600 0.002

PSI -0.66 23.20 -0.72 23.14 -0.72 19.58 2.90 23.20 0.02

P
G

24
58 mbar -11.5 400.0 -12.5 399.0 -12.5 337.5 50.0 400.0 0.5

inH2O -4.6 160.6 -5.0 160.2 -5.0 135.6 20.0 160.6 0.2

P
G

24
89 mbar -4.6 160.0 -5.0 159.6 -5.0 135.0 20.0 160.0 0.2

inH2O -1.84 64.24 -2.00 64.08 -2.00 54.24 8.00 64.24 0.08

�û�3��� ���V�W�H�S���L�Q�F�U�H�P�H�Q�W
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14 Factory setting

Factory setting User setting

SP1 25.0 % VMR*

rP1 24.9 % VMR*

OU1 Hno

OU2 I

COF / tCOF 0.0

ASP / tASP 0 % VMR*

AEP / tAEP 100 % VMR*

Uni bAr / mbAr

SELd P

dS1 0.0

dr1 0.0

P-n pnp

dAP 0.06

dAA 0.03

dis d2

LED SPRP

CP1 0.00

CP2 0.00
* = the indicated percentage of the final value of the measuring range (VMR) of the cor-
responding sensor is set.

More information at www.ifm.com
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The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.
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Safety Data Sheet 

Product Name: MicroC® 2000 Publication Date: May 31, 2015 

Product Code: NA Replaces: February 26, 2015 

Product Use: A reducing agent for biological processes 

Supplier Information: 
Environmental Operating Solutions, Inc 
160 MacArthur Blvd., Unit 6 
Bourne, MA 02532 

 
Phone: 
Fax: 
Website: 

 
508-743-8440 
508-743-8443 
www.microc.com 

EMERGENCY TELEPHONE NUMBER: CHEMTREC 800-424-9300 

Chemical Name CAS #  % by Weight  
Glycerin; glycerol 56-81-5  70-74% 
Water 7732-18-5 22-26% 
Sodium Chloride 7647-14-5 4-6% 
Methanol 67-56-1 < 1% 

Potential Health Effects 
Routes of Exposure Ingestion, inhalation, skin contact, eye contact 
Eyes May cause slight irritation 
Skin May cause slight irritation 
Inhalation High mist concentrations may cause irritation of respiratory tract.   
Ingestion May be harmful if swallowed in large quantities 

Environmental Operating Solutions, Inc. 
160 MacArthur Blvd., Unit 6, Bourne, MA 02532 Page 1 of 6

1.  PRODUCT AND COMPANY IDENTIFICATION 

OSHA Regulatory Status:    
This product when used as intended is not hazardous according to 29 CFR 1910.1200 
 
Note: When vaporized, glycerin mist may cause irritation of the respiratory tract.   
 

2. HAZARDS IDENTIFICATION 

3.  COMPOSITION / INFORMATION ON INGREDIENTS 

Safety Data Sheet
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Safety Data Sheet 

Eye Contact Immediately flush eyes thoroughly with plenty of water for 15 minutes and 
consult a physician immediately. 

Skin Contact Remove contaminated clothing and wash affected area with water and 
soap.  Consult physician if irritation develops 

Inhalation Remove individual to fresh air.  Seek medical attention if breathing 
problems persist 

Ingestion Do not induce vomiting.  Rinse mouth thoroughly.  Seek medical attention. 

General Advice If  individual feels unwell following the exposure to the product consult a 
physician immediately.  Present this Safety Data Sheet to the doctor in 
attendance 
 

Note to physician Treat patient symptomatically 

Flammability Summary (OSHA and NFPA) Non-flammable Material 

Protection of Firefighters: Wear suitable protective equipment. Wear self contained breathing 
apparatus if necessary 
 

Extinguishing Media Use equipment appropriate to the main source of the fire.  Water spray, 
alcohol foam, dry chemical or CO2.  Water or alcohol foam may cause 
frothing 
 

Specific hazards arising from the chemical Carbon oxides 

Personal Protection for Spills Keep unnecessary personnel away from spill.  Use personal protective 
equipment.  Ventilate area of leak or spill.  Avoid breathing vapors and mist. 
 

Methods for Containment Eliminate all sources of ignition.  Stop flow of material if safe to do so.  Dike 
spilled material.  Absorb spill with inert absorbent material.  Sand, earth and 
vermiculite are suitable absorbent materials.   
 

Environmental Precautions Prevent further leakage.  Contain spill if safe to do so.  Do not let product enter 
storm drains if possible.   

Precautions for Safe Handling See other relevant sections of this SDS.  Avoid contact with skin and 
eyes.  Avoid breathing mist.  Use with adequate ventilation.  Do not 
handle and store near open flames, high heat or sources of ignition. 
 

Storage Keep containers closed when not in use.  Minimize evaporative losses.  
Keep away from ignition sources. 

Incompatible Materials for Storage None known 
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4.  FIRST AID MEASURES 

5.  FIRE FIGHTING MEASURES 

6. ACCIDENTAL RELEASE MEASURES 

7.  HANDLING AND STORAGE 
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8.  EXPOSURE CONTROLS / PERSONAL PROTECTION 

Component Concentration 
in Product 

ACGIH TLV OSHA TABLE Z-1 Limits 
for Air Contaminants 

NIOSH 

Glycerin 
CAS No: 56-81-5 

70-74% w/w Form: Glycerin Mist  
TWA: 10 mg/m3 

Form: Total Dust 
PEL: 15 mg/m3 
 
Form: Respirable 
Fraction 
PEL:  5 mg/m3 

Insufficient 
Data on 
Glycerin Mist 

Methanol  
CAS No: 67-56-1 

< 1 % w/w TWA: 260 mg/m3 PEL: 260 mg/m3 TWA: 260 
mg/m3 

INSUFFICIENT DATA ON MIXTURE.  DATA ON INDIVIDUAL COMPONENTS PROVIDED BELOW 

Engineering Controls Use proper equipment and storage conditions to control airborne levels 
below recommended exposure limits.  

Personal Protective Equipment 
 

Eye Protection:  Use normal eye protection practices such as safety glasses with side 
shields.  Use chemical goggles if risk of splashing is high. 
 

Skin Protection Handle with chemical resistant gloves.  Dispose of contaminated gloves 
after use.  Nitrile gloves recommended.   
 

Respiratory Protection If workers could be exposed to concentrations above the exposure 
limits in Section 8, use a full face respirator with multipurpose 
combination cartridges. 
 

Physical State Liquid Flash Point None to Boil (ASTM D93) 

Color Light brown Boiling Point Not determined 

Odor Musty – Sweet Odor Evaporation Rate Not determined 

Odor Threshold Not determined UEL/LEL Not determined 

Flammability (solid, gas) Not determined 

pH  4.00-11.00 Vapor Pressure Not determined 

Solubility in Water Highly soluble in water Vapor Density Not determined 

Relative Density Not Determined 

Bulk Density 10.22 lbs/gal Partition Coefficient Not determined 

Specific gravity 1.225@ 20°C Autoignition Temperatures 

Viscosity 45 cPs @ 20C 
Decomposition 
Temperature Not determined 

9.  PHYSICAL AND CHEMICAL PROPERTIES 

Safety Data Sheet 
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Safety Data Sheet 

Reactivity Avoid contact with oxidizing agents (e.g. nitric acid, peroxides, chromates) 

Chemical Stability Stable under normal storage conditions 

Possibility of hazardous reactions None known  

Conditions to Avoid Heat, flames, sparks.  Contact with oxidizing agents 

Incompatible Materials None known 

Hazardous Decomposition Products Oxides of carbon under high heat 

Glycerin; Glycerol CAS No. 56-81-5 

Acute Toxicity Dermal LD50 = > 10,000 mg/kg (Rabbit) 
Inhalation LC50 = > 570 mg/m3 1 hr (Rat) 
Oral LD50 = 12,600 mg/kg (Rat) 

Carcinogenicity Not listed by ACGIH, IARC, NIOSH, NTP or OSHA 

Mutagenicity No data available 

Reproductive Toxicity No data available 
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10.  STABILITY AND REACTIVITY 

11. TOXICOLOGY 
INSUFFICIENT DATA ON MIXTURE.  DATA ON INDIVIDUAL COMPONENTS PROVIDED BELOW 

Methanol 67-56-1 

Acute Toxicity Dermal LD50 =  15,800 mg/kg (Rabbit) 
Inhalation LC50 =  64,000 mg/m3 4 hr (Rat) 
Oral LD50 = 5,600 mg/kg (Rat) 

Carcinogenicity Not listed by ACGIH, IARC, NIOSH, NTP or OSHA 

Mutagenicity No data available 

Reproductive Toxicity No data available 

Eye Contact The components in this product may result in mild eye irritation from 
contact with liquid or vapors.  Symptoms include redness, swelling, 
watering. 
 

Skin Contact The components in this product may result in mild skin irritation.  Symptoms 
include redness, itching, burning, dermatitis. 
 

Inhalation Breathing high mist concentrations may be harmful.  Inhalation can cause 
irritation of the throat and lungs. 

Ingestion Ingestion of this product may result in nausea, vomiting and diarrhea.  
Aspiration into the lungs can cause damage and inflammation to the lungs.    

Target Organs Lungs, Kidneys 

Prolonged Exposure  Symptoms include nausea, headache, vomiting 
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US Domestic DOT Not Regulated 

Shipping Name Glycerin; Glycerol 

IMDG Not dangerous goods 

IATA Not dangerous goods 

Marine pollutant No 

12.  ECOLOGICAL INFORMATION 

Ecotoxicity Glycerin:  96 hr LC50: 51,000-57,000 mg/L (Rainbow Trout), > 5000 mg/L Goldfish  
Methanol: 96 hr LC50: > 15,400-29,400 mg/L (Fish) 

Persistence and degradability No data available 

Bioaccumulative potential No data available 

Mobility in soil No data available 

Other adverse effects No data available 

13. DISPOSAL CONSIDERATIONS 
This product as supplied is not classified as a RCRA hazardous waste according to 40 CFR 261.  However it should 
be fully characterized prior to disposal as contamination with other materials may subject it to hazardous waste 
regulations.  RCRA requires the user of the product to determine whether the product meets RCRA criteria for 
hazardous waste.  Always consult with local, state and federal regulations prior to disposal.   

14.  TRANSPORTATION INFORMATION 

United States 

Toxic Substances Control Act 

The components of this product are listed on the TSCA Inventory of Existing Chemical Substances 

Section 302 (EHS) TPQ  Not applicable  

Section 304 (EHS) TPQ  Not applicable  

SARA Section 311/312 Hazard Categories 
 Acute  - NO 
 Chronic – NO 
 Physical - None  
 Pressure Hazard - NO  
 Fire Hazard - NO  

15.  REGULATORY INFORMATION 

Safety Data Sheet 

Environmental Operating Solutions, Inc. 
160 MacArthur Blvd., Unit 6, Bourne, MA 02532 Page 5 of 6 

�)��������



Safety Data Sheet 

Environmental Operating Solutions, Inc. 
160 MacArthur Blvd., Unit 6, Bourne, MA 02532 Page 6 of 6 

MSDS REVISION STATUS:  May 31, 2015|  Replaces February 26, 2015 
 
THIS MATERIAL SAFETY DATA SHEET (MSDS) HAS BEEN PREPARED IN COMPLIANCE WITH THE FEDERAL OSHA 
HAZARD COMMUNICATION STANDARD, 29 CFR 1910.1200. THE INFORMATION IN THIS MSDS SHOULD BE PROVIDED 
TO ALL WHO WILL USE, HANDLE, STORE, TRANSPORT, OR OTHERWISE BE EXPOSED TO THIS PRODUCT. WE BELIEVE 
THIS INFORMATION TO BE RELIABLE AND UP TO DATE AS OF ITS PUBLICATION DATE, BUT MAKE NO WARRANTY 
THAT IT IS. IF THIS MSDS IS MORE THAN THREE YEARS OLD YOU SHOULD CONTACT THE SUPPLIER TO MAKE CERTAIN 
THAT THE INFORMATION IS CURRENT. 
 

SARA Section 313 
This product may contain trace amounts of a chemical that is subject to reporting requirements of SARA 

Methanol  CAS # 67-56-1   Typical % Weight in Product  0.0-0.10% 

CERCLA 
This product may contain trace amounts of a chemical that is subject to reporting requirements of CERCLA  
 Methanol RQ # 5,000.  Typical % Weight in Product 0.0-0.10% 

Clean Water Act Section 311 Hazardous Substances (40 CFR 117.3):  None 
 
State Right to Know Regulations 

    Chemical Name: Glycerin   

California – Proposition 65 Not applicable 

Massachusetts Right to Know Glycerin 

Minnesota Hazardous Substances List Glycerin mist 

New Jersey Right to Know None 

Pennsylvania Right to Know Glycerin 

Rhode Island Right to Know Glycerin 

16.  ADDITIONAL INFORMATION 
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The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.
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�$�S�S�O�L�F�D�W�L�R�Q��
�Q�H�Z�W�H�U�U�D�&�R�Q�W�D�L�Q�H�U �(�Q�F�O�R�V�X�U�H�V �D�U�H �D �S�R�S�X�O�D�U

�F�K�R�L�F�H �I�R�U �K�R�X�V�L�Q�J �O�D�U�J�H �V�W�D�W�L�R�Q�D�U�\ �V�\�V�W�H�P�V�� �&�R�Q�W�D�L�Q�H�U�V
�D�U�H �V�H�F�X�U�H�� �F�R�V�W �H�I�I�H�F�W�L�Y�H �D�Q�G �R�I�I�H�U �D �Z�L�G�H �U�D�Q�J�H �R�I
�R�S�W�L�R�Q�V �W�R �F�X�V�W�R�P�L�]�H �D�S�S�H�D�U�D�Q�F�H �R�U �I�X�Q�F�W�L�R�Q�D�O�L�W�\ �W�R �V�X�L�W
�F�X�V�W�R�P�H�U �U�H�T�X�L�U�H�P�H�Q�W�V��

�&�R�Q�V�W�U�X�F�W�L�R�Q�V��
�+�H�D�Y�\ �F�R�U�U�X�J�D�W�H�G �V�W�H�H�O �V�K�H�O�O �D�Q�G �V�W�H�H�O �E�H�D�P

�V�W�U�X�F�W�X�U�H �Z�L�W�K �Z�R�R�G���S�O�D�Q�N �I�O�R�R�U�L�Q�J�� �+�H�D�Y�\ �V�W�H�H�O �G�R�X�E�O�H
�G�R�R�U�V �R�Q �R�Q�H �H�Q�G �D�U�H �V�W�D�Q�G�D�U�G�� �7�Z�H�Q�W�\���I�R�R�W �D�Q�G �I�R�U�W�\��
�I�R�R�W �D�U�H �V�W�D�Q�G�D�U�G �O�H�Q�J�W�K�� �E�X�W �D �F�X�V�W�R�P �O�H�Q�J�W�K �F�D�Q �E�H
�R�E�W�D�L�Q�H�G �E�\ �F�X�W�W�L�Q�J �R�Q�H �R�I �W�K�H �V�W�D�Q�G�D�U�G �O�H�Q�J�W�K �X�Q�L�W�V��

�6�W�D�Q�G�D�U�G �)�H�D�W�X�U�H�V��
�x � 3� D� L� Q� W� H� G � H� [� W� H� U� L� R� U� � � S� O� \� Z� R� R� G � L� Q� W� H� U� L� R� U
�x �:�D�W�H�U�S�U�R�R�I �V�H�D�O�H�G �I�O�R�R�U
�x �'�R�X�E�O�H �F�D�U�J�R �G�R�R�U�V �R�Q �H�Q�G ���R�S�H�Q�L�Q�J �����´ �+ �[ �����´ �:���� �V�L�G�H �G�R�R�U �������´��
�x �/�L�I�W�L�Q�J �O�X�J�V �D�W �U�R�R�I �I�R�U �F�U�D�Q�H �O�L�I�W�L�Q�J�� �O�L�I�W�L�Q�J �O�X�J�V �D�W �E�D�V�H �I�R�U �E�R�R�P���F�U�D�Q�H�O�L�I�W�L�Q�J �I�R�U�N �K�R�O�H�V �L�Q �E�D�V�H �������I�W �R�Q�O�\��
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�'�L�P�H�Q�V�L�R�Q �D�Q�G �6�S�H�F�L�I�L�F�D�W�L�R�Q �F�K�D�U�W��
�3�D�U�W

�1�X�P�E�H�U
�/�H�Q�J�W�K�:�L�G�W�K�+�H�L�J�K�W�:�H�L�J�K�W �(�P�S�W�\

���O�E�V��
�6�W�G �&�D�S��

���O�E�V��
�,�Q�W�H�U�L�R�U �'�L�P�H�Q�V�L�R�Q�V

�/�H�Q�J�W�K�:�L�G�W�K �+�H�L�J�K�W
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ���������� ���¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´
�&�1�7�5���� �����¶ ���¶ ���¶ ���´ ���������� ������������ �����¶ ���´ ���¶ ���´ ���¶ �����´

�2�S�W�L�R�Q�V �7�D�E�O�H��
�2�S�W�L�R�Q �'�H�V�F�U�L�S�W�L�R�Q
�3�( �D�S�S�U�R�Y�D�O �R�I �V�W�U�X�F�W�X�U�D�O
�G�U�D�Z�L�Q�J�V

�3�U�R�I�H�V�V�L�R�Q�D�O �(�Q�J�L�Q�H�H�U���V�W�D�P�S�H�G�� �Z�L�Q�G���O�R�D�G �K�R�O�G���G�R�Z�Q �G�R�F�X�P�H�Q�W�D�W�L�R�Q �L�Q
�F�R�P�S�O�L�D�Q�F�H �Z�L�W�K �O�R�F�D�O �E�X�L�O�G�L�Q�J �F�R�G�H

�(�[�W�H�U�L�R�U �6�W�H�H�O �6�L�G�L�Q�J �,�Q�G�X�V�W�U�L�D�O �V�W�H�H�O �V�L�G�L�Q�J �H�[�W�H�U�L�R�U
�(�3�'�0 �5�R�R�I �+�L�J�K���T�X�D�O�L�W�\ �(�3�'�0 �P�H�P�E�U�D�Q�H �U�R�R�I
�3�U�R�F�H�V�V �K�H�D�W �H�[�F�K�D�Q�J�H�U
�H�[�K�D�X�V�W

�(�[�K�D�X�V�W �K�D�W�F�K�H�V �F�D�Q �E�H �L�Q�V�H�U�W�H�G �L�Q �Z�D�O�O �W�R �G�L�I�I�X�V�H �K�H�D�W �R�X�W�V�L�G�H �R�I �E�X�L�O�G�L�Q�J

�(�[�W�U�D �O�R�X�Y�H�U �I�R�U �D�G�G�H�G
�Y�H�Q�W�L�O�D�W�L�R�Q

�)�R�U �D�G�G�H�G �Y�H�Q�W�L�O�D�W�L�R�Q �D�Q�G �D�L�U �F�L�U�F�X�O�D�W�L�R�Q �D �O�R�X�Y�H�U �F�D�Q �E�H �L�Q�V�W�D�O�O�H�G �L�Q�W�R �E�X�L�O�G�L�Q�J
�Z�D�O�O

�6�R�X�Q�G �,�Q�V�X�O�D�W�L�R�Q �/�D�\�H�U �R�I �V�R�X�Q�G���L�Q�V�X�O�D�W�L�R�Q �P�D�W�H�U�L�D�O �E�X�L�O�W �L�Q�W�R �Z�D�O�O�V �E�O�R�F�N�V �R�X�W �R�S�H�U�D�W�L�R�Q�D�O �Q�R�L�V�H
�5�X�E�E�H�U �I�O�R�R�U�L�Q�J �ô�´ �W�K�L�F�N �U�X�E�E�H�U �I�O�R�R�U �P�D�W�V
�6�X�P�S ���´ �V�X�P�S �L�Q �I�O�R�R�U �W�R �G�H�W�H�F�W �I�O�R�R�G�L�Q�J
�)�O�R�R�U �F�X�W�R�X�W �)�O�R�R�U �K�D�W�F�K �F�D�Q �E�H �F�X�W�R�X�W �W�R �D�O�O�R�Z �S�L�S�H �H�Q�W�U�D�Q�F�H �I�U�R�P �X�Q�G�H�U�J�U�R�X�Q�G
�5�R�R�I �H�[�W�H�Q�V�L�R�Q �R�U �K�D�W�F�K �)�R�U �W�D�O�O �H�T�X�L�S�P�H�Q�W�� �U�R�R�I �H�[�W�H�Q�V�L�R�Q�V �R�U �K�D�W�F�K�H�V �F�D�Q�E�H �E�X�L�O�W �L�Q�W�R �U�R�R�I
�3�L�S�H �V�W�X�E �R�X�W�V �3�L�S�H �V�W�X�E �R�X�W�V �F�D�Q �E�H �P�R�X�Q�W�H�G �R�Q �V�L�G�H �R�I �E�X�L�O�G�L�Q�J
�3�L�S�H �F�R�Q�Q�H�F�W�L�R�Q �V�O�R�W �3�L�S�H���F�R�Q�Q�H�F�W�L�R�Q �V�O�R�W �F�D�Q �E�H �P�R�X�Q�W�H�G �R�Q �V�L�G�H �R�I �E�X�L�O�G�L�Q�J
�9�H�Q�W�L�O�D�W�L�R�Q �)�D�Q �3�U�R�S�H�U�O�\ �V�L�]�H�G �Y�H�Q�W�L�O�D�W�L�R�Q �I�D�Q �Z�L�W�K �W�K�H�U�P�R�V�W�D�W
�+�H�D�W�H�U �3�U�R�S�H�U�O�\ �V�L�]�H�G �K�H�D�W�H�U �Z�L�W�K �W�K�H�U�P�R�V�W�D�W
�/�L�J�K�W�L�Q�J �3�U�R�S�H�U �O�L�J�K�W�L�Q�J �W�R �D�O�O�R�Z �I�R�U �D�F�F�H�S�W�D�E�O�H �D�P�R�X�Q�W �R�I �O�L�J�K�W �I�R�U �Z�R�U�N �L�Q�V�L�G�H �R�I �W�K�H
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�7�K�H�U�P�D�O �L�Q�V�X�O�D�W�L�R�Q �5������ �L�Q�V�X�O�D�W�L�R�Q �L�Q �Z�D�O�O�V �D�Q�G �F�H�L�O�L�Q�J
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���}�u�‰�o���š���o�Ç���Á���o���������.�o�š���Œ�������•�•���©�����(�}�Œ��
�š�Z�����.�o�š�Œ���Ÿ�}�v���}�(���Á���š���Œ�X���d�Ç�‰�]�����o�����‰�‰�o�]����-
�Ÿ�}�v�•�W
�t���•�š�����t���š���Œ���]�v���u���u���Œ���v�������]�}�Œ�������š�}�Œ�•�U��
�•�µ�Œ�(���������Á���š���Œ�X���d�Z���������•�•���©�������}�v�•�]�•�š�•���}�(�W

�>�� �Z�}�µ�•�]�v�P�����v�����Z���������Œ���u���������}�(���‰�}�o�Ç�r 
�� �‰�Œ�}�‰�Ç�o���v�����~�&���������‰�‰�Œ�}�À�����•

�>�� �î�ï�������Ÿ�À�����.�o�š���Œ���‰�o���š���•���u���������}�(���‰�}�o�Ç�r 
�� �‰�Œ�}�‰�Ç�o���v�����~�&���������‰�‰�Œ�}�À�����•

�>�� �î���‰�Œ�}�š�����Ÿ�À�����‰�o���š���•���u���������}�(���‰�}�o�Ç�‰�Œ�}�r 
�� �‰�Ç�o���v�����~�&���������‰�‰�Œ�}�À�����•

�>�� �o���•���Œ���Á���o���������u���u���Œ���v�����u���������}�(�� 
�� �W�}�o�Ç���š�Z���Œ�•�µ�o�(�}�v�����~�<�d�t�����‰�‰�Œ�}�À�����•

Parameter Unit Value

���]�u���v�•�]�}�v���}�(���.�o�š���Œ���Z�}�µ�•�]�v�P�� 
�~�]�v���o�X���G���v�P�����(�}�Œ�������Œ���Ÿ�}�v�•

�>���Æ���t���Æ���,�����u �î�ì�õ���Æ���ð�í�ô���Æ���ð�õ�ì

�}�µ�š�o���š�����]���u���š���Œ mm �î�ñ

�‰�Œ�}�š�����Ÿ�À�����‰�o���š���• �î

�v�µ�u�����Œ���}�(�������Ÿ�À�����‰�o���š���• �î�ï

�š�}�š���o���u���u���Œ���v�����•�µ�Œ�(�����������Œ����m² �ô

�‰�}�•�•�]���o�����G�}�Á�÷
�î�����Z���u�]�����o�����o�����v�]�v�P�• �l �Ç�����Œ
�í�����Z���u�]�����o�����o�����v�]�v�P �l �Ç�����Œ

�o�l�u�ø�Z  
�ï�ì 
�í�ñ

�u���Æ�X���G�}�Á �o�l�u�ø�Z �ñ�ì

�u���u���Œ���v�����u���š���Œ�]���o �ø �W���^ �l �W�s���&

�‰�}�Œ�����•�]�Ì�����v�}�u�X�ø �…�u �ì�X�ì�ð�r �ì�X�ï

�.�o�š�Œ���Ÿ�}�v���‰�Œ���•�•�µ�Œ�� �����Œ �ì�X�í �r �ì�X�î�ñ

�������l�G�µ�•�Z���‰�Œ���•�•�µ�Œ�� �����Œ �ì�X�ì�ó�r�ì�X�í

�.�o�š���Œ���Z�}�µ�•�]�v�P���u���š���Œ�]���o PP

�Á���]�P�Z�š �l�P ���‰�‰�Œ�}�Æ�X���í�í�X�ñ

�÷�������‰���v���]�v�P���}�v���Á���•�š���Á���š���Œ�����Z���Œ�����š���Œ�]�•�Ÿ���•
² ���u���u���Œ���v�����u���š���Œ�]���o���•���o�����š�����o�����(�}�Œ���•�‰�����]�.���������‰�‰�o�]�����Ÿ�}�v�•���}�Œ�����µ�•�š�}�u���Œ�•
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�6�E�R�T�I�C�A�L���3�T�O�R�A�G�E���4�A�N�K�S ���������������������������������������������������������������������������������������������������������������� ��
�(�O�R�I�Z�O�N�T�A�L���,�E�G���4�A�N�K�S �������������������������������������������������������������������������������������������������������������������� ��
�$�R�A�I�N�A�B�L�E���,�E�G���4�A�N�K�S������������������������������������������������������������������������������������������������������������������������ ��
�%�L�L�I�P�T�I�C�A�L���,�E�G���4�A�N�K�S ������������������������������������������������������������������������������������������������������������������������ ��
�3�T�E�E�L���3�U�P�P�O�R�T�S�������!�C�C�E�S�S�O�R�I�E�S���F�O�R���,�E�G���4�A�N�K�S������������������������������������������� � � �
�-�I�N�I���"�U�L�K���4�A�N�K�S ������������������������������������������������������������������������������������������������������������������������������������ ��
�0�I�C�K�U�P���4�R�U�C�K���4�A�N�K�S ������������������������������������������������������������������������������������������������������������������������ ��
�0�#�/���4�A�N�K�S ���������������������������������������������������������������������������������������������������������������������������������������������������� ��
�%�L�L�I�P�T�I�C�A�L���4�A�N�K�S ���������������������������������������������������������������������������������������������������������������������������������������� ��
�%�L�L�I�P�T�I�C�A�L���4�A�N�K���3�K�I�D�S ������������������������������������������������������������������������������������������������������������������������ ��
�!�P�P�L�I�C�A�T�O�R���4�A�N�K�S �������������������������������������������������������������������������������������������������������������������������������� ��
�)�N�D�U�C�T�O�R���4�A�N�K�S ���������������������������������������������������������������������������������������������������������������������������������������� ��
�3�P�O�T���3�P�R�A�Y�E�R�S ���������������������������������������������������������������������������������������������������������������������������������������� ��
�!�P�P�L�I�C�A�T�O�R���3�A�D�D�L�E���!�S�S�E�M�B�L�I�E�S ���������������������������������������������������������������������������������������� ��

�)�N�D�U�C�T�O�R���3�T�A�N�D�S ������������������������������������������������������������������������������������������������������������������������������������ ��
�#�O�N�E���"�O�T�T�O�M���4�A�N�K�S ������������������������������������������������������������������������������������������������������������������������ ��
�0�O�L�Y�E�T�H�Y�L�E�N�E���#�O�N�E���"�O�T�T�O�M���3�T�A�N�D�S������������������������������������������������������������������������ ����
�(�E�A�V�Y���$�U�T�Y���#�O�N�E���"�O�T�T�O�M���3�T�A�N�D�S���������������������������������������������������������������������������� ����
�(�O�R�I�Z�O�N�T�A�L���"�O�X���4�A�N�K �������������������������������������������������������������������������������������������������������������������� ����
�3�P�H�E�R�E ������������������������������������������������������������������������������������������������������������������������������������������������������������ ����
�3�P�E�C�I�A�L�T�Y���7�A�T�E�R���4�A�N�K�S ������������������������������������������������������������������������������������������������������������ ����
�(�I�G�H���$�E�N�S�I�T�Y���0�O�L�Y�E�T�H�Y�L�E�N�E���,�I�D�S �������������������������������������������������������������������������������� ����
�(�I�N�G�E�D���,�I�D ������������������������������������������������������������������������������������������������������������������������������������������������ ����
�0�O�L�Y�E�T�H�Y�L�E�N�E���4�A�N�K���2�E�P�A�I�R���+�I�T�S ������������������������������������������������������������������������������������ ����
�0�O�L�Y�P�R�O�P�Y�L�E�N�E���"�U�L�K�H�E�A�D���&�I�T�T�I�N�G�S ���������������������������������������������������������������������������� ����
�0�O�L�Y�P�R�O�P�Y�L�E�N�E���"�O�L�T�E�D���&�I�T�T�I�N�G�S ������������������������������������������������������������������������������������ ����
�3�T�A�I�N�L�E�S�S���3�T�E�E�L���"�O�L�T�E�D���&�I�T�T�I�N�G�S ������������������������������������������������������������������������������������ ����
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ELMRIDGE ® Liqui-Jet® Mixing Eductors ME Series
KEEPING SOLIDS IN SUSPENSION / D ISPERSING CHEMICALS / MAINTAINING

TANK CONCENTRATIONS / ELIMINATING THERMAL GRADIENTS

ELMRIDGE ‘ME Series’ Liqui-Jet Mixing Eductors vigor-
ously and efficiently circulate the liquid contents of tanks
without powered impellers or other insertion-type rotating
mechanical devices. ELMRIDGE ‘ME Series’ Liqui-Jet Mix-
ing Eductors operate on the same principle as our stan-
dard line of liquid-powered Jet-Apparatus. Liquid is pumped
through the Eductor nozzle, emerging at a relatively high
velocity, creating a localized zone of lower pressure. Tank
contents are drawn to this lower pressure zone, where the
momentum of the motive liquid is transferred to the tank
liquid, causing the tank liquid to be ‘pumped’ and circu-
lated. For every gallon of liquid pumped through the Educ-
tor nozzle, up to five gallons of liquid is circulated. Note
that Eductors can actually be ‘aimed’ at specific areas in
the vessel. Operating characteristics (Water Motive / Wa-
ter Suction), for standard models are shown below, and
special units are also available to meet your specifications.
Standard materials of construction are Glass Reinforced
Polypropylene, PVDF, PVC, CPVC, Teflon®, Cast Iron, 316
Stainless Steel, Alloy 20, and Hastelloy C®. Other materi-
als are available upon request. Threaded, flanged, or socket
weld connections (except Cast Iron).
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Table 1 Nozzle and Circulated Flow (usgpm) for ME Series
Liqui-Jet Tank Mixing Eductors using 70 deg. F Water

Model Flow Operating Water Pressure (psi)

Number Type 10 15 20 25 30 35 40 50 60

ME05P Nozzle Flow 3.2 3.9 4.5 5.0 5.5 5.9 6.3 7.1 7.8

Circ. Flow 16 20 23 25 28 30 32 36 39

ME10P Nozzle Flow 7.5 9.2 10.6 11.9 13.0 14.0 15 17 18

Circ. Flow 38 46 53 59 65 70 75 84 92

ME20P Nozzle Flow 13.5 17 19 21 23 25 27 30 33

Circ. Flow 68 83 95 107 117 126 135 151 165

ME30P Nozzle Flow 20 24 28 32 35 37 40 45 49

Circ. Flow 100 122 141 158 173 187 200 224 245

ME40P Nozzle Flow 33 40 47 52 57 62 66 74 81
Circ. Flow 165 202 233 261 286 309 330 369 404

ME10 Nozzle Flow 8.2 10 12 13 14 15 16 18 20
Circ. Flow 33 40 46 52 57 61 66 73 80

ME20 Nozzle Flow 12 15 17 19 21 22 24 27 29

Circ. Flow 48 59 68 76 83 90 96 107 118

ME30 Nozzle Flow 21 26 30 33 36 39 42 47 51
Circ. Flow 84 103 119 133 145 157 168 188 206

ME40 Nozzle Flow 35 43 49 55 61 65 70 78 86

Circ. Flow 140 171 198 221 242 262 280 313 343

ME50 Nozzle Flow 55 67 78 87 95 103 110 123 135

Circ. Flow 275 337 389 435 476 514 550 615 674

ME60 Nozzle Flow 126 154 178 199 218 236 252 282 309

Circ. Flow 630 772 891 996 1091 1179 1260 1409 1543

ME70 Nozzle Flow 285 349 403 451 494 533 570 637 698

Circ. Flow 1425 1745 2015 2253 2468 2666 2850 3186 3491

ME80 Nozzle Flow 590 723 834 933 1022 1104 1180 1319 1445

Circ. Flow 2950 3613 4172 4664 5110 5519 5900 6596 7226

ME90 Nozzle Flow 1062 1301 1502 1679 1839 1987 2124 2375 2601

Circ. Flow 5310 6503 7509 8396 9197 9934 10620 11874 13007

Dimensions
Model Pressure D L

Number Connection (inches) (inches)
ME05P 1/4" Male* 1-1/2" 3-1/8"

ME10P 3/8" Male* 2-1/8" 4-1/2"

ME20P 3/4" Male* 3" 6-3/8"

ME30P 1" Male* 3-13/16" 8-1/16"
ME40P 1-1/2" Male* 4-5/8" 9-7/8"

ME10M 3/8" Male* 1-3/4" 4-1/2"

ME20M 3/4" Male* 2-3/8" 6-3/4"

ME30M 1" Male* 2-7/8" 7-5/8"

ME40M 1-1/2" Male* 4-5/8" 9-7/8"

ME40 1-1/2" Female* 3-3/4" 9-1/2"

ME50 2" ** 5-5/8" 12-1/4"

ME60 3" ** 8-1/2" 17-5/8"

ME70 4" ** 12-1/2" 26-1/4"

ME80 6" *** 17-1/4" 36-1/2"

ME90 8" *** 22" 48-5/8"

* NPT or BSPT

** NPT or BSPT Female or 150# ANSI FF Flange
*** 150# ANSI FF Flange only
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APPLICATION EXAMPLES

EXAMPLE 1:

The volume of a rectangular process tank is 5,000 US gallons (approximately 10’W x 15’L x 4.5’H). In order that the
contents of the tank remain in homogenous solution, it is necessary that the tank volume be completely turned over (ie.
completely recirculated), in a period of approx. 8 minutes. It has further been determined that eductor spacing not exceed 3’
in order to utilize the eductor outlet plume to further agitate the bottom corners of the tank. There is an existing single header
of sufficient capacity centered longitudinally along the bottom of the tank, and a pump that will supply sufficient volume at 30
psig.

1. Four eductors spaced on 3’ centers on each side of the header pipe will meet the necessary spacing requirements.

2. The number of eductors required is:

4 x 2 sides = 8 eductors

3. Total required recirculation flowrate is:

5000 / 8 min. = 625 usgpm

4. Required recirculation flowrate per eductor is:

625 / 8 eductors = 78.1 usgpm

5. An ME20 eductor has a circulated flowrate of 83 usgpm at 30 psig., therefore a quantity of (8) ME20 eductors could
be used.

6. The nozzle flow of an ME20 eductor at 30 psig is 21 usgpm, therefore, the pump must be able to supply:

8 x 21 = 168 usgpm at 30 psig

EXAMPLE 2:

A steam-jacketed hot oil (S.G. = 1.21), preheat tank is 20’ high and 10’ in diameter (approx. 11750 usgal).
It is desired that a single eductor using a portion of the total oil inflow turn over the contents of the tank in
approx. 12 minutes in order to reduce temperature gradients within the tank. Pump pressure must also be
approximated; assume inflow rate is sufficient.

1. The static discharge pressure that the pump must overcome is:

20 x 1.21 = 24.2 feet of water
= 10.5 psig

2. Total required recirculation flowrate is:

11750 / 12 = 979 usgpm

4 An ME60 eductor has a circulated flowrate of 1091 usgpm at 30 psig, however, the pump must be sized to supply the
ME60 nozzle flowrate of 218 x SQRT(1/1.21) = 198 usgpm at:

30 + 10.5 = 40.5 psig
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EXECUTIVE SUMMARY 

Agnico Eagle has prepared the following document which summarizes the operational and 
maintenance procedures to be followed at the Construction Water Treatment Plant (CWTP). 

This report documents the stand alone Operation & Maintenance Manual – Construction Water 
Treatment Plant, includes the following requirements: 

�x The manual was prepared in accordance with the “Guidelines for the Preparation of an 
Operation and Maintenance Manual for Sewage and Solid Waste Disposal Facilities in the 
Northwest Territories, 1996”, and adapted for the use of a mechanical contact water treatment 
facility; 

�x The manual includes contingency measures in the event of a plant malfunction; and 

�x The manual includes sludge management procedures. 
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IMPLEMENTATION SCHEDULE  
 
This Plan will be implemented upon Board approval and subject to any modifications proposed by the 
NWB as a result of the review and approval process. 
 
 
 
DISTRIBUTION LIST 
 
Agnico Eagle Internal: 

�x Process Plant Superintendent 
�x Process Plant General Foreman 
�x Energy&Infrastructures Services Superintendent 
�x Energy&Infrastructures Services General Foreman 
�x Environmental Superintendent 
�x Senior Environmental Coordinator 
�x Environmental Compliance Counselor 
�x Water Treatment Plant Operator 
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1 INTRODUCTION 

1.1 PURPOSE 

This Construction Water Treatment Plant (CWTP) Operation and Maintenance Manual (OMM) for the 
Whale Tail Gold Project (the Project) has been prepared based on the “Guidelines for the Preparation 
of an Operation and Maintenance Manual for Sewage and Solid Waste Disposal Facilities in the 
Northwest Territories, 1996, prepared by the Department of Municipal and Community Affairs, NWT”.  
The OMM has been adapted for the use of a mechanical contact water treatment facility. 
 
This manual is a component of the Whale Tail Environmental Management System.  The objectives of 
this plan are summarized as follows: 
 

1. To define the location, design and operating procedures to be used in the treatment of contact 
water generated at the Project; and 

2. To provide monitoring requirements for the CWTP. 
 
The CWTP purpose is to treat water during the dike construction of the Whale Tail Lake in summer 
2018. 

1.2 BRIEF DESCRIPTION OF THE PROJECT 

Agnico Eagle Mines Limited – Meadowbank Division (Agnico Eagle) is developing Whale Tail Pit and 
Haul Road Project, a satellite deposit located on the Amaruq property, to extend mine operations and 
milling at Meadowbank Mine. The proposed open pit mine, mined by truck-and-shovel operation and 
will produce an ore grading at approximately 3.68 g/t from 2019 to 2025. 
 
The Amaruq Mineral Deposit is considered to be an extension of the currently operating Meadowbank 
mine and most positions will be filled by Meadowbank employees. A conventional open pit mining 
operation is forecasted on the Whale Tail deposit. Access to the site is via a 64-kilometre road from 
Meadowbank mine. On-site facilities will include a power plant, maintenance facilities, tank farm for fuel 
storage, Construction water treatment plant (CWTP), sewage treatment plant, drinking water treatment 
plant, as well as accommodation and kitchen facilities for approximately 400 people.  
 
In order to start the open pit development, a dike is required to be built in the Whale Tail Lake and water 
pumped from the north section of the lake to the south section of the lake.  
 
During dike construction, lake sediment will likely be re-suspended. In order to contain the re-
suspended sediments within the work area, before initiating construction, two rows of turbidity barriers 
will be installed on each side of the dewatering dike. Turbidity barriers are floating devices used in lakes 
or rivers. They are made of geotextile preventing sediment migration in water.  
 
According to the Water Quality Monitoring and Management Plan for Dike Construction Dewatering, 
(Version 1 January 2017 Prepared by Agnico-Eagle Mines Limited – Meadowbank Division), during 
dike construction on Whale Tail Lake, contact water originating from affected areas in the lake will be 
pumped and treated by the Construction water treatment plant (CWTP) prior to discharge to the 
receiving environment. Figures 1 and 2 illustrate the location and general arrangement of the CWTP. 
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Figure 1 – Location of C WTP 
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Figure 2 – General Arrangement  of CWTP 
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1.3 CONTACT INFORMATION 

The individuals responsible for the operation of the construction water treatment plant for the Project 
are the following: 
 
Mill Superintendent   819-759-3555  
Site Services Superintendent  819-759-3555  
Site Services General Foreman  819-759-3555  
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2 DESCRIPTION 
 

2.1 CONSTRUCTION WATER TREATMENT PLANT  (CWTP) 

2.1.1 Process summary  

The purpose of the CWTP (ACP-700R) is to remove Total Suspended Solids (TSS) from the influent 
water pumped from Whale Tail Lake, close to the dike construction. The equipment has an operational 
range of 6,250 to 28,000 m3/d. It is expected that the CWTP will be in use only during the dike 
construction, approximately two (2) months in 2018 (July and August). 
 
The equipment chosen for the CWTP was the current Actiflo® used in the past at Meadowbank mine. 
The plant was disassembled and would be reassembled at Amaruq site. The Actiflo® ACP 700 R as an 
operational range in the same order of magnitude than what is required for this project (max capacity 
of approximately 800 m3/h).  
 
The main treatment component consists of one Actiflo® clarifier with two (2) recirculation lines and two 
(2) hydrocyclones. The Actiflo® can be operated with one (1) or two (2) lines, depending on the influent 
flow rate and TSS content. The hydrocyclone overflow is sent into the rock fill structure located in the 
energy dispenser at a minimum 31 m of the Whale Tail Lake shore. The TSS is passively removed from 
the water by percolating onto the rock fill structure located in the energy dispenser and water will flow 
by gravity back into Whale Tail Lake. The Actiflo® overflow is designed to meet the Type A License final 
effluent discharge criteria for TSS concentrations. The final effluent will be monitored on a continuous 
basis for pH and turbidity. Flow rate is measured continuously in the feed pipe of the Actiflo®. 
 
The CWTP general flow diagram is illustrated in Figure 3. The following sections describe the CWTP 
components. Note that the flowsheet represents the water treatment plant that had been installed in 
the past at Vault open pit, close to Meadowbank mine. This plant will be transported to Amaruq project 
and will be built according to the plan from Meadowbank. 
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Figure 3 – Flowsheet of CWTP (adapted from Meadowbank water treatment plant)   
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2.1.2 Actiflo ® 

The Actiflo® clarifier uses sand ballasted settling, a high rate coagulation-flocculation-sedimentation 
process. In the coagulation basin, TSS are destabilized under the action of the coagulant and start to 
form small aggregates (also called flocs). The coagulant is a trivalent soluble metal compound, usually 
iron or aluminum, which will cause coagulation when it reaches a certain concentration. Once the 
coagulant has performed the destabilizing effect, it will precipitate as a metal hydroxide and will 
participate in the formation of the aggregates. Water then flows into a second tank called the injection 
tank. There, micro-sand and polymer are added. The polymer acts as a flocculant aid, binding the 
destabilized solids together with the micro-sand particles by forming polymer bridges. The micro-sand 
provides a large contact area for floc attachment and acts as a ballast, thereby accelerating the settling 
of the flocs. From the injection tank, water flows into the maturation tank where flocs formed in the 
previous stage agglomerate and grow into high density flocs known as micro-sand ballasted flocs. 
Water then overflows to the settling section of the tank, and with the help of the lamella system, a solid-
liquid separation is achieved resulting in clarified water exiting from the system via a collection trough 
or weirs. The clarified water is monitored for pH and turbidity prior to final discharge. The flow rate 
signal is also connected to a flow totalizer. 
 
The flocs settle in a portion of the system where they are collected by a rake mechanism. A proportion 
of the unit’s design raw water flow is continuously withdrawn from the clarifier and pumped to a 
hydrocyclone system which separates the micro-sand from the sludge. The recovered micro-sand is 
reused in the process. A small quantity of the micro-sand is not recovered by the hydrocyclones and 
remains within the sludge. The lost micro-sand needs to be replaced periodically by adding more to the 
process. After micro-sand separation, the sludge is sent to the rock fill structure located in the energy 
dispenser (expected solid at 0.5% solid depending on TSS feed water quality at a rate of approximately 
54m3/h).  
 

2.1.3 Service Water System  

The service water system consists of two (2) multimedia filters, two (2) heaters, one (1) filtered water 
tank and two (2) service water pumps. Service water is used in the preparation of dry chemicals and 
for polymer makeup systems. Coagulant and polymer require filtered heated water. Treated water from 
the Actiflo® is used to produce service water. 
 

2.1.4 Reagents  

One (1) polymers as well as a coagulant are used to treat the water that flows through the Actiflo®, each 
is supplied by a dosing system that is adjusted according to the influent flow rate. Treated water from 
the Actiflo® is used for the mixing of the reagents. The MSDS sheets are provided at Appendix A. 
 

2.1.5 Controls  

The Actiflo® Feed Pump a diesel pump working on an ON/OFF mode that allows the flow to be constant 
during ON mode at 444 m3/h. The flow is monitored on the feed pipe of Actiflo® 
 
The raw water TSS analyzer (turbidity sensor) is used to monitor the water quality. An alarm is triggered 
when a high-high turbidity is reached. The high-high turbidity alarm value is a setting that will be 
determined during the commissioning phase and will depend on the quality of the water to be treated. 
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The effluent water TSS concentration (turbidity) and pH values are monitored continuously with in-line 
instrumentation. If effluent concentrations reach a set point indicating that final effluent discharge 
criteria may be exceeded, an alarm is sent to the Operator, who will manage the system to meet effluent 
criteria. A second alarm is sent to the Operator if effluent concentrations reach a second set point that 
is just below the final effluent discharge criteria. 
 
Addition of the two (2) required reagents is proportional to the influent water flow. Since this flow is 
constantly maintained, no manual adjustment is required. If the operator has to modify the influent water 
flow, adjustment of the reagent dosing system will be required to maintain the target dosage rate.  The 
reagent dosing systems are equipped with pumps that maintain a constant flow rate when running at a 
constant frequency. The flow can be modified by changing the electric motor frequency.  
 
The reagent dosing system is equipped with valves and graduated cylinders allowing the Operator to 
measure the addition rate of the reagent using a stop watch. The Operator will determine the required 
flow of a specific reagent by a formula based on influent flow rate. Based on this calculation, a manual 
adjustment to the reagent pump will be done in order to obtain the required dosage. Initially, the formula 
will be based on laboratory testing and will be adjusted accordingly to the treatment plant performance. 
With time and experience, operation performance may be improved based on the results obtained and 
sharing practices with other sites such as at Meliadine. 
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3 OPERATION AND MAINTE NANCE  

3.1 PUMPING 

The system includes mainly pumps for the operation of the CWTP. Some of these pumps are equipped 
with a VFD that could be adjusted by the Operator or by an automatic system. In all cases the pumps 
can only be started by the Operator. 

All pumps are regularly inspected by the Operator who will ensure the pumps continue to operate 
efficiently and will address any deficiencies. If the pumps require maintenance, the Operator will report 
the situation and take appropriate action. Some of the pumps are installed with a standby unit that 
allows the Operator to switch from one pump to the other if necessary. In some situations, it may be 
necessary to temporarily shutdown the CWTP for servicing of the equipment. 

A preventative maintenance program, as recommended by the pump supplier, will be followed by the 
Maintenance Crew to ensure the pumps are always kept in good working order.   

3.2 REAGENT MIXING 

The reagent mixing system is fully automated system. The only requirement is to change the reagent 
bag when it is empty. Since one bag will last for many days, daily verification of the dry reagent level is 
sufficient to ensure stable operation of the process. 

During the daily inspection, the Operator will monitor the different reagent systems and prepare 
additional reagent, as required, according to the reagent preparation procedures in place. The water 
levels in the mixing and distribution tanks are connected to the control system, which will ensure 
sufficient water is supplied to the reagent preparation systems. In the event of a lack of water supply, a 
low level alarm will occur to notify the Operator. 

Preventive maintenance of the mechanical equipment will be performed according to the supplier 
operating manual specifications. With time and experience, the maintenance program may be improved 
based on results obtained and sharing practices with Meliadine. 

 

3.3 EFFLUENT QUALITY CONT ROL 

The Operator will conduct regular inspections of the entire operating system to ensure it operates as 
intended. Any upset condition will be reported and corrective actions will be applied accordingly. The 
operator will also record process key values that will allow the process to be optimized and any 
discrepancies between the process and expected performances to be detected. 

The quality of the final effluent is monitored on a continuous basis by pH and turbidity (Nephelometric 
Turbidity Unit (NTU)) probes. The turbidity measurement is an indirect indication of the TSS in the 
water, and will be used to infer the effluent TSS. The output of these instruments will send an alarm 
indicating that the levels are higher than the set point, but lower than the maximum discharge criteria. 
This allows the operator to act on the process before the limit is exceeded. In the event that the 
discharge limit is about to be reached, a second alarm will send a signal to the operator. The system 
will be equipped with an uninterruptable power supply for instrumentation and controls. 

The final effluent will be sampled for water quality following the frequency and parameters stipulated in 
the MDMER and sent to a certified laboratory for analysis. The results generated by the laboratory will 
be compared with those obtained with the plant instrumentation to detect any deviations. All the probes 
and instrumentation within the plant will be calibrated and serviced as per the preventative maintenance 
program.  
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As stipulated in the Type A License and the Metal Mining Effluent Regulations (MMER), the final effluent 
discharged shall not exceed a pH range between 6.0 and 9.5 or a maximum average concentration for 
TSS of 15 mg/L, and a maximum of 30 mg/L for a grab sample. 

 

3.4 TROUBLESHOOTING AND MAINTENANCE PROCEDURES  

The sections below outline the general operational and maintenance procedures at the plant; further 
details are available in the manufacturer’ operating manuals in Appendix B. 
 
The operation of the Actiflo® process is relatively simple and a visual inspection will determine whether 
the process is performing as expected. A critical component of the process for monitoring is the 
maturation tank. The agitator of this tank is equipped with a VFD and the speed is adjusted to obtain a 
gentle mixing in this tank. When the process is operated correctly, big flocs of about 5 mm are visible 
in the tank and moving slowly. The agitation must be adjusted in a way that the flocs are maintained in 
suspension and not broken down. The water between the flocs should look clear. If flocs are visible but 
the water is cloudy, it is an indication that the coagulant dosage is insufficient. If the water is clear but 
the flocs are small, it is an indication that the flocculant addition is insufficient.  
 
The system must also contain enough micro-sand to obtain flocs that are heavy enough to sink in the 
clarifier section. If large flocs are visible but are present at the top of the clarifier, this is an indication of 
insufficient micro-sand. Usually, the micro-sand load is maintained by adding one bag at a time. The 
frequency of the addition of micro-sand is determined by trial and error. There is no environmental issue 
with an excessive addition since it would be compensated by an increased loss within the sludge.  
 
The hydrocyclone is also an important part of the system since it allows the micro-sand to be recycled 
in the system. The underflow of the cyclone should never be blocked and the flow should have an 
umbrella shape. 
 

3.5 RECORD KEEPING 

Records of the operational and maintenance and sampling procedures will be accessible to assist in 
the evaluation of the CWTP performance. Details of any maintenance undertaken at the CWTP will 
also be recorded. 
 
The volume, pH, turbidity and temperature of effluent discharged to environment will be recorded on a 
continuous basis. The data will be saved on a network data base. 
 

3.6 SAFETY PROCEDURES FOR OPERATORS 

Operators working in the CWTP facility must be trained prior to work so that they are aware of the 
health and safety risks as well as the operational procedures associated with the CWTP. The following 
are important safety considerations: 
 

�x Working within the plant, especially with chemicals, requires adequate personal protective 
equipment (PPE) for Operators. This includes wearing steel toed boots, hard hat, rubber 
aprons, safety glasses with side shields and gloves. 

�x Operators are required to conduct good housekeeping of the working area to minimize the risk 
of incidents. 
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�x Lock-out/tag-out procedures must applied when servicing equipment. 
�x The MSDS for reagents used in the CWTP will be readily available for the Operator at all times. 
�x Eyewash stations are located within proximity of reagent systems in the CWTP. 

 

3.7 CONTROLLING ACCESS T O THE CWTP 

Access to the CWTP will be restricted to authorized personnel only. Signs will be posted at the CWTP 
entrance. 
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4 EMERGENCY RESPONSE 

4.1 FIRE 

In case of fire at the CWTP, the on-site emergency response team (ERT) will be notified as per Agnico 
Eagle’s protocol. Instructions from the on-site emergency response team will be followed by all 
personnel at the CWTP. Further details of fire response are provided in the “Risk Management & 
Emergency Response Plan”. The CWTP will include the necessary fire safety protection measures in 
accordance with the Nunavut and North West Territories Mine Act. 
 

4.2 SPILL 

Spill kits and the necessary secondary containment will be provided within the building of the CWTP. 
In the event of a spill at the CWTP, the Environment Department will be notified immediately and provide 
support, as required. In the event of a large spill, the on-site ERT will be notified as per Agnico Eagle’s 
protocol. Instructions from the ERT will be followed by all personnel at the CWTP. A spill kit will be 
available at the CWTP. In accordance with the “Spill Contingency Plan”, all spills into a waterbody or 
onto ice are reported immediately to the Nunavut Spill Line among others. For spills occurring away 
from a waterbody, a report is provided to the Nunavut Spill Line if quantities are above the threshold as 
specified in the “Nunavut Environmental Protection Act. Consolidation of Spill Contingency Planning 
and Reporting Regulations R-068-93”. Further details regarding the site spill response procedure are 
provided in the “Spill Contingency Plan”. 
 

4.3 PLANT MALFUNCTION  

If there is a major problem or failure in the CWTP, it will be likely due to a problem with the reagent 
addition systems caused by the malfunction of the pump or due to a cyclone blockage on the sludge 
reclaim system. 
 
In the case of an operational upset, the most likely consequence will be an increase of TSS in the 
effluent. This would be managed by adjusting the feed flow rate, dosage of chemical. Once the problem 
is resolved and the water quality returns to concentrations within discharge criteria, the valves will be 
re-opened to allow discharge to environment. 
 
In the case of a cyclone underflow blockage, the micro-sand will be completely lost to the rejected 
sludge. New sand will then need to be added. 
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�H�Y�D�R�E�X� �3�2�6�7
�P�r�o�d�u�c�t� �i�n�f�o�r�m�a�t�i�o�n

�C�o�a�g�u�l�a�n�t
�W�a�t�e�r� �C�l�a�r�i�f�i�c�a�t�i�o�n� �-� �P�o�O�\�D�O�X�P�L�Q�X�P���&�K�O�R�U�L�G�H

�D�e�s�c�r�i�p�t�i�o�n� �a�n�d� �U�s�e
�H�y�d�r�e�x� �3�2�6�7� �i�s� �a� �h�i�g�h�l�y� �e�f�f�e�c�t�i�v�e� �p�o�l�y�a�l�u�m�i�n�u�m� �c�h�l�o�r�i�d�e� �b�a�s�e�d� �c�o�a�g�u�l�a�n�t�,� �s�u�p�p�l�i�e�d� �i�n� �s�o�l�i�d� �f�o�r�m�.� �T�h�i�s� �p�r�o�d�u�c�t
�p�r�o�v�i�d�e�s� �a� �m�o�s�t� �c�o�n�c�e�n�t�r�a�t�e�d� �f�o�r�m� �o�f� �a�c�t�i�v�e� �a�l�u�m�i�n�u�m� �a�n�d� �i�s� �a� �c�o�s�t�-�e�f�f�i�c�i�e�n�t� �a�p�p�r�o�a�c�h� �w�h�e�r�e� �b�u�l�k� �d�e�l�i�v�e�r�y� �o�f
�l�i�q�u�i�d� �p�r�o�d�u�c�t� �i�s� �n�o�t� �a�n� �o�p�t�i�o�n�.

�A�d�v�a�n�t�a�g�e�s
�H�y�d�r�e�x� �3�2�6�7� �p�r�o�v�i�d�e�s� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �w�e�l�l� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�o�l�y�a�l�u�m�i�n�u�m� �c�h�l�o�r�i�d�e� �c�o�a�g�u�l�a�n�t� �c�h�e�m�i�s�t�r�y� �i�n� �a
�m�o�s�t� �c�o�n�c�e�n�t�r�a�t�e�d� �f�o�r�m�.� �R�e�d�u�c�e�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t�s�,� �t�h�e� �e�l�i�m�i�n�a�t�i�o�n� �o�f� �b�u�l�k� �s�t�o�r�a�g�e� �f�o�o�t�p�r�i�n�t� �o�r� �t�h�e� �e�l�i�m�i�n�a�t�i�o�n
�o�f� �t�o�t�e� �I�B�C� �m�a�n�a�g�e�m�e�n�t� �i�s�s�u�e�s� �a�r�e� �b�e�n�e�f�i�t�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�i�s� �f�o�r�m� �o�f� �p�o�l�y�a�l�u�m�i�n�u�m� �c�h�l�o�r�i�d�e�.

�A�p�p�l�i�c�a�t�i�o�n� �I�n�f�o�r�m�a�t�i�o�n
�H�y�d�r�e�x� �3�2�6�7� �i�s� �r�e�h�y�d�r�a�t�e�d� �t�o� �a� �3�3� �p�e�r�c�e�n�t� �(�b�y� �w�e�i�g�h�t�)� �s�o�l�u�t�i�o�n�,� �p�r�i�o�r� �t�o� �d�o�s�i�n�g� �t�o� �t�h�e� �s�y�s�t�e�m�.� �C�o�n�t�a�c�t� �y�o�u�r
�H�y�d�r�e�x� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �t�o� �p�r�o�v�i�d�e� �v�e�r�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �a�c�t�i�v�e� �a�l�u�m�i�n�u�m� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�i�s� �s�o�l�u�t�i�o�n�.
� 
�R�e�h�y�d�r�a�t�i�o�n� �o�f� �H�y�d�r�e�x� �3�2�6�7� �t�o� �a� �3�3�%� �s�o�l�u�t�i�o�n� �s�h�o�u�l�d� �b�e� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �t�h� �h�i�g�h�e�s�t� �q�u�a�l�i�t�y� �w�a�t�e�r� �a�v�a�i�l�a�b�l�e�.
�D�i�s�s�o�l�u�t�i�o�n� �i�s� �b�e�s�t� �a�c�h�e�i�v�e�d� �t�h�r�o�u�g�h� �u�s�e� �o�f� �w�a�r�m� �w�a�t�e�r� �t�o� �a� �t�e�m�p�e�r�a�t�u�r�e� �l�i�m�i�t� �o�f� �7�0� �d�e�g�r�e�e�s� �c�e�l�s�i�u�s�.� �W�h�i�l�e
�c�o�m�p�l�e�t�e� �d�i�s�s�o�l�u�t�i�o�n� �i�s� �a�t�t�a�i�n�a�b�l�e� �a�t� �l�o�w�e�r� �t�e�m�p�e�r�a�t�u�r�e�,� �a�d�d�i�t�i�o�n�a�l� �m�i�x�i�n�g� �t�i�m�e� �m�a�y� �b�e� �r�e�q�u�i�r�e�d�.� �T�a�k�e� �c�a�r�e� �t�o
�a�d�d� �t�h�e� �d�r�y� �H�y�d�r�e�x� �3�2�6�7� �i�n� �a� �c�o�n�t�r�o�l�l�e�d� �f�l�o�w� �o�f� �t�h�e� �p�o�w�d�e�r�.� �A�v�o�i�d� �"�d�u�m�p�i�n�g�"� �l�a�r�g�e� �m�a�s�s� �o�f� �H�y�d�r�e�x� �3�2�6�7� �t�h�a�t� �i�s
�d�i�s�p�o�r�t�i�o�n�a�t�e�l�y� �g�r�e�a�t�e�r� �t�o� �t�h�e� �m�a�s�s� �o�f� �d�i�l�u�t�i�o�n� �w�a�t�e�r�.
� 
�H�y�d�r�e�x� �3�2�6�7� �i�s� �t�o� �b�e� �s�t�o�r�e�d� �i�n� �a� �c�o�o�l�,� �d�r�y� �l�o�c�a�t�i�o�n�.� �K�e�e�p� �s�h�i�p�p�i�n�g� �c�o�n�t�a�i�n�e�r�s� �u�n�o�p�e�n�e�d� �u�n�t�i�l� �r�e�q�u�i�r�e�d� �f�o�r� �u�s�e�.
�F�o�r� �b�e�s�t� �r�e�s�u�l�t�s�,� �H�y�d�r�e�x� �3�2�6�7� �s�h�o�u�l�d� �b�e� �s�t�o�r�e�d� �i�n� �c�o�n�d�i�t�o�n�s� �i�n� �w�h�i�c�h� �r�e�l�a�t�i�v�e� �h�u�m�i�d�i�t�y� �d�o�e�s� �n�o�t� �e�x�c�e�e�d� �3�0�%�.
�S�t�o�r�a�g�e� �t�e�m�p�e�r�a�t�u�r�e� �s�h�o�u�l�d� �n�o�t� �e�x�c�e�e�d� �3�0� �d�e�g�r�e�e�s� �c�e�l�s�i�u�s�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�t�r�o�l� �s�y�s�t�e�m�s� �a�r�e� �r�e�c�o�m�m�e�n�d�e�d
�f�o�r� �o�p�t�i�m�a�l� �p�r�o�d�u�c�t� �p�e�r�f�o�r�m�a�n�c�e�.
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�H�Y�D�R�E�X� �3�2�6�7
�P�r�o�d�u�c�t� �i�n�f�o�r�m�a�t�i�o�n

�C�o�a�g�u�l�a�n�t
�W�a�t�e�r� �C�l�a�r�i�f�i�c�a�t�i�o�n� �-� �P�R�O�\�D�O�X�P�L�Q�X�P���&�K�O�R�U�L�G�H

�S�p�e�c�i�f�i�c�a�t�i�o�n�s
�P�h�y�s�i�c�a�l� �F�o�r�m� �:� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �S�o�l�i�d� �(�p�o�w�d�e�r�)� � � � � � � � � 
�B�u�l�k� �D�e�n�s�i�t�y� �:� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �8�0�0� �t�o� �9�0�0� �k�g�/�m�3
�S�p�e�c�i�f�i�c� �G�r�a�v�i�t�y� �(�g�/�c�m�3�)� �@� �2�5�°�C� �:� � � �1�.�1� �t�o� �1�.�3� �(�a�s� �3�3�%� �s�o�l�u�t�i�o�n�)
�P�r�o�d�u�c�t� �p�H� �:� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �3�.�0� �t�o� �5�.�0� �(�a�s� �3�3�%� �s�o�l�u�t�i�o�n�)
�C�o�l�o�r� �:� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �P�a�l�e� �Y�e�l�l�o�w� � � � � � � � � � � � � � � � � 
�F�r�e�e�z�i�n�g� �P�o�i�n�t� �(�°�C�/�°�F�)� �:� � � � � � � � � � � � � � � � � � � �N�o�t� �A�p�p�l�i�c�a�b�l�e� � 
�S�o�l�u�b�i�l�i�t�y� �:� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �C�o�m�p�l�e�t�e� �(�3�0� �m�i�n�u�t�e�s� �i�n� �m�o�s�t� �c�a�s�e�s�)

�M�a�t�e�r�i�a�l�s� �C�o�m�p�a�t�i�b�i�l�i�t�y
�S�o�l�u�t�i�o�n� �t�a�n�k�s�,� �p�i�p�i�n�g� �a�n�d� �a�l�l� �w�e�t�t�e�d� �c�o�m�p�o�n�e�n�t�s� �s�h�o�u�l�d� �b�e� �c�o�n�s�t�r�u�c�t�e�d� �f�r�o�m� �a� �s�e�l�e�c�t�i�o�n� �i�n�c�l�u�d�i�n�g� �t�e�f�l�o�n� �o�r
�c�r�o�s�s�-�l�i�n�k�e�d� �p�o�l�y�e�t�h�y�l�e�n�e�.� �H�y�d�r�e�x� �3�2�6�7� �i�s� �m�i�l�d�l�y� �c�o�r�r�o�s�i�v�e�.� �A�v�o�i�d� �u�s�e� �o�f� �m�i�l�d� �s�t�e�e�l�,� �c�o�p�p�e�r�,� �a�l�u�m�i�n�u�m� �a�n�d
�s�t�a�i�n�l�e�s�s� �s�t�e�e�l� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� �t�h�e� �s�o�l�u�t�i�o�n�.
� 
�S�t�o�r�a�g�e� �o�f� �t�h�e� �t�h�e� �d�r�y� �H�y�d�r�e�x� �3�2�6�7� �i�n� �s�t�a�i�n�l�e�s�s� �s�t�e�e�l� �i�s� �a�c�c�e�p�t�a�b�l�e�.

�P�a�c�k�a�g�i�n�g
�H�y�d�r�e�x� �3�2�6�7� �i�s� �a�v�a�i�l�a�b�l�e� �i�n� �2�5� �k�a�g�s� �o�r� �8�0�0� �k�i�l�o�g�r�a�m� �s�u�p�e�r�s�a�c�s�.

�S�a�f�e�t�y� �I�n�f�o�r�m�a�t�i�o�n
�R�e�f�e�r� �t�o� �t�h�e� �p�r�o�d�u�c�t� �M�a�t�e�r�i�a�l� �S�a�f�e�t�y� �D�a�t�a� �S�h�e�e�t� �b�e�f�o�r�e� �u�s�e�.
� 
�  N

o 
bi

nd
in

g 
do

cu
m

en
t, 

ju
st

 fo
r 

in
fo

rm
at

io
n 

pu
rp

os
es

 -
 1

1/
13

�V�e�o�l�i�a� �W�a�t�e�r� �S�o�l�u�t�i�o�n�s� �&� �T�e�c�h�n�o�l�o�g�i�e�s
�H�e�a�d�q�u�a�r�t�e�r�s
�"�L�'�a�q�u�a�r�è�n�e�"�-� �1�,� �P�l�a�c�e� �M�o�n�t�g�o�l�f�i�e�r� �-� �9�4�4�1�7
�S�a�i�n�t�-�M�a�u�r�i�c�e� �C�e�d�e�x� �-� �F�r�a�n�c�e
�T�é�l�.� �+�3�3� �1� �4�5� �1�1� �5�5� �5�5
�W�e�b�s�i�t�e� �:� �w�w�w�.�v�e�o�l�i�a�w�a�t�e�r�s�t�.�c�o�m



HYDREX 3267
Fiche Produit

Polychlorure d’aluminium en poudre

Applications
L’HYDREX 3267 est un polychlorure d’aluminium parmi les plus performant.

Ce coagulant de haute pureté, partiellement neutralisé et polymérisé, permet d’obtenir d’excellentes
performances dans le traitement des eaux potables, usées et industrielles.

Avantages
L’HYDREX 3267 amène une réduction du volume de boues, une diminution des produits correcteurs de pH,
une meilleure qualité d’eau finie et des performances accrues en eaux froides.

L’HYDREX 3267 réagit particulièrement bien dans les procédés ou applications de filtration directe, de
maturation des filtres, de décantation lestée, ou sur des eaux à très faibles ou très fortes turbidités.

L’utilisation du L’HYDREX 3267 en poudre permet de réduire les coûts de transport et de faciliter
l’entreposage dans des conditions froides.

Mise en œuvre
DOSAGE

L’HYDREX 3267 peut être remis en solution. Afin d’obtenir une concentration de 5,3% Al (solution originale),
ajouter en rapport massique 1 partie de HYDREX 3267 à 2 parties d’eau. Ajouter graduellement la poudre à
l’eau tout en mélangeant.
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HYDREX 3267
Fiche Produit

Polychlorure d’aluminium en poudre

Spécifications
SPÉCIFICATIONS – CANADA 
Apparence : Poudre jaune pâle,hygroscopique
Aluminium  (Al) : >15,9%
Al2O3 (%) : >30%
Basicité : 51  ± 4%
Sulfates (SO4) : 9,0 ± 0,5%
Densité de vrac : 0, 85 ± 0,05
Humidité (%) : 4,50 ± 2,0%

 

TYPIQUEMENT pour une solution de 33% 
pH (0,3% massique) 4,3 ± 0,7
Basicité (%) 50%
Densité relative 1,23 kg/L
Point de congélation -120 C / 100 F

  

Compatibilité Matériels
Le Kemira STERNPAC DRY devrait être entreposé dans un endroit sec.

Protéger de l’humidité

Conditionnement
Sur demande

Sécurité
La manipulation de tous produits chimiques demande de la précaution.

Quiconque est responsable de l’utilisation et de la manipulation de L’HYDREX 3267 devrait se familiariser
avec les consignes de sécurité détaillées dans notre fiche signalétique.
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ACP, ACTIFLO ¨  Package Plant  
Note on Field Installation 
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FIELD INSTALLATION / PAINT PROTECTION 

IMPORTANT NOTE TO MECHANICAL CONTRACTORS 

You are about to install ACTIFLO¨  or DUSENFLO¨ Package Plant units and their related skids 
and equipment.  John Meunier Inc.  wants to warn you about potential problems related to 
installation of large steel units protected against corrosion by paint. 

John Meunier Inc.  maintains a comprehensive quality program to prevent equipment from being 
affected by corrosion.  Our fabrication methods are specially adapted to manufacturing of painted 
equipment.  Every step of our fabrication and assembly process is checked to reduce corrosion 
issues.  Each unit is also delivered under strict measures, meant to reduce potential corrosion 
problems and long product life. 

However, we have identified that handling unit at job site is a key element of corrosion 
protection process. This operation completely escapes our control and is your responsibility. 
Consequently, we invite you to perform a thorough review of your installation procedures before 
handling John Meunier products.  Protecting units during and after installation is paramount to 
maintain corrosion risks to a bare minimum. 

Likewise, after installation of units, you must insure complete equipment protection from working 
environment before unit is put into service. This will prevent damages caused by work not 
related to John Meunier products taking place on site.  Contractor is responsible for installation 
of any additional protection necessary at job site. 

In order to maintain quality products free of defects, John Meunier Inc.  requests from 
Contractor, that he takes all necessary measures to reduce risks of paint or equipment damage 
leading to steel corrosion.  Among most important protection measures of paint protection, here 
are the principal ones: 

o Making all men, working close to units, conscious of paint fragility and potential corrosion
problems.  Please encourage them to act with extreme care while working around 
installation. 

o Protecting units from weld projection or falling debris, by covering unit with adequate 
plastic or cardboard hoods and padding. 

o Protecting unitÕs tank bottom when installing mixers or other equipment inside unit. 
o Keeping area and unit clean at all times. 

All measures taken by contractor to insure paint protection will assure transfer to client of a
quality product and will benefit to all. 

Thanks for your help and understanding 

John Meunier Inc.



 



 

 

 
 

 
 
 
 
 
 
 
 
 
 

IMPORTANT NOTICE CONCERNING 
MODIFICATIONS DONE BY THE CLIENT 

 
Please note that it is mandatory to contact John Meunier Inc. before undertaking 

any modification work to the equipment supplied in this project. In fact, any 

alteration made to any equipment (mechanical, control, computers, etc.) without 

prior notification and consent by John Meunier Inc. voids the warranty of the 

mentioned equipment. Furthermore, the client is responsible for any additional cost 

necessary to restore the equipment to its original state. 
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WARRANTY  

 
All equipment manufactured by JOHN MEUNIER INC.  is guaranteed to be free from 
defects in material and workmanship for a period of twelve (12) months from the date at 
which unit is placed in service, eighteen (18) months from the date of shipment, 
whichever occurs first.  All equipment found with defects during this period will be 
replaced at no extra charge when shipped prepaid FOB to the manufacturerÕs shop.  All 
parts sold by JOHN MEUNIER INC . are warranted the same way for a period of three 
(3) months from date of shipment. 
 
If the customer promptly notifies JOHN MEUNIER INC.  in writing of a claimed defect 
in the equipment and said equipment is found not to be in conformity with this warranty, 
JOHN MEUNIER INC.  will, at its option and expenses, repair or replace such defective 
part, prepaid  FOB to the manufacturerÕs shop. 
 
JOHN MEUNIER INC.  must be given notice of such defect, and, where requested, 
such material must be returned to the manufacturerÕs shop, transportation charges 
prepaid, with written approval for the shipment by JOHN MEUNIER INC.    
 
This warranty shall be void if start-up of equipment is not authorized by JOHN 
MEUNIER INC , or if repairs and/or alterations are made without a written authorization 
by JOHN MEUNIER INC .  If the equipment or parts supplied by JOHN MEUNIER 
INC. are altered in any way without JOHN MEUNIER INC.  consent, the present 
warranty will not be valid and have no effect. 
 
The customer will use only JOHN MEUNIER INC . parts for all labour covered by this 
warranty. 
 
The foregoing warranty excludes responsibility or liability for : 
 
 (a) Failures not reported promptly within the warranty period , 

above specified. 
 
 (b) Damage due to accident, abuse, shipment, improper 

installation or operation, or abnormal operation condition. 
 
 (c) Damage caused by clientÕs replacement, repair or 

inspection of parts. 
 
 (d) Lesion or personal accidents, material damage or any 

direct or indirect expenses or loss of profit related to this 
warranty. 

 
 (e) Damage, loss, expenses, lesion or personal accidents 

directly or indirectly related to the installation, the 
operation or the failure of the equipment supplied by 
JOHN MEUNIER INC . 
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The foregoing warranty is exclusive and replaces all other warranties, expressed or 
implied, including but not limited to any warranty of bargaining or modification for a 
particular purpose. 
 
This warranty does not cover the following : 
 
 (a) Costs of repair, modification or other work done or requested by the 

customer or the management and all indirect costs. 
 
 (b) All expenses related to regular maintenance of parts as prescribed in the 

operation and maintenance manuals supplied by JOHN MEUNIER INC.  
 
 (c) Costs of dismantling, installation, transportation and insurance. 
 
 (d) Travelling and living expenses for the personnel carrying out the repair 

under such warranty. 
  
 (e) This warranty is not a performance or production warranty. 
 

 JOHN MEUNIER INC.  has the right to examine or to ask for details about defects before 
empowering the present warranty. 

 
 
 
 
 
 
 
 
!
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1 RECEIVING 
 

Preliminary field-testing, inspection, and checkout of the unit, following installation, 
shall be performed by a qualified representative of both the Supplier and the General 
Contractor.  Tests shall be conducted to demonstrate to the Engineer that all system 
components furnished by the equipment supplier are fully operational, that all connecting 
piping is leak proof and properly anchored, and that the entire system furnished by the 
Supplier is ready for continuous and safe operation.  The purpose of the checkout shall be 
to ensure that each individual system component has been correctly installed, shall 
operate fully in the manner intended, and is ready to perform its function as part of an 
integrated system when placed in continuous operation. 
 

2 GENERAL INSTALLATION 
 
The ACTIFLO!  Package Plant is pre-mounted. However, for freight purpose and 
practical reasons, the installation of some items needs to be completed on site by the 
contractor. Please find below the list of tasks that need to be performed by the contractor 
at job site: 
 
¥ Installation should be performed by qualified contractors. 
 
¥ The contractor must ensure that the necessary lifting and handling equipment is 

available on site to carry out the installation. 
 
¥ All nuts & bolts need to be verified and accounted for. 
 

 
WARNING: Settling tubes are shipped pre-installed in the settling tank zone of each 

Actiflo¨  package unit.  These settling tubes are very flammable.  Do not 
use any open flames near them and do not allow any welding work in the 
nearby area unless safety precautions have been taken.  Once the settling 
tubes are in water (normal use), this warning is no longer applicable. 

 

 
¥ Refer to all field installation drawings for the installation of each Actiflo¨  unit. 
 
¥ If any paint touch-ups are required, refer to Steel Tanks Technical Sheet ST-103 for 

Recommended Paint Preparation and Application Instructions. 
 
¥ After installation is completed, clean and rid the tanks section of all debris & objects 
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that could damage the rotating mechanisms or clog the recirculation line. 
 
¥ Microsand is supplied in 50-lbs bags in quantities required for first fill.  Sand will be 

added to the injection tank during process start up. 
 
2.1 ACTIFLO ¨  UNITS LOCATION 
 
¥ Install each unit at the designated location at site. Lifting lugs (4) are provided on top 

of each unit to facilitate handling and shall be removed after proper installation of the 
Actiflo unit in order to install the handrails. 

 

 
WARNING : Do not use the side welded lugs on the Actiflo¨  package plant to lift the 

unit.  These are for transportation purpose only. 
 

 
2.1.1 Leveling 
¥ Unit base frame must be perfectly leveled within proper tolerance. 
 
2.1.2 Anchoring to concrete floor 
¥ Refer to field installation drawing for tank anchors location. 
 
¥ Drill appropriate holes in concrete support piers and align with the anchoring holes of 

the Actiflo¨  base and fasten the tank structure with anchors (supplied by others). 
 
2.1.3 Unwrapping 
¥ Unwrap the equipment and remove any temporary supports and plywood protections 

from the unit.  Be cautious when unwrapping instrumentation protection. 
 
¥ Add leveling/finishing grout under the base frame where required. 
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3 ACTIFLO¨ UNITS MECHANICAL INSTALLATION 
 
3.1  Grating 
¥ Grating is already installed on each unit. 
 
3.2 Handrail 
¥ Install hand railing on each unit at the site. Please refer to the field installation 

drawings. 
 
3.3 Settling section 
¥ Lamella packs are already installed in settling section. 
¥ If required, be very cautious when manipulating the lamella packs in cold 

temperatures.  They become very brittle and may brake easily. 
 

 
WARNING :  Lamella pack is highly flammable.  Submerge with water as soon as 

possible. 

 
3.4 Trough 
¥ The troughs already installed in the settling section should be leveled using the 

adjustment nuts.  All troughs must be at the same elevation. 
 
3.5 Scraper drive installation 

¥ Remove the transportation plate from the rake assembly; 

¥ Lower the shaft of the rake using the eyebolt; 

¥ Replace the transportation plate by the rake drive; 

¥ Connect the rake drive to the shaft: 
¥ Remove the eyebolt from the rake shaft: 
¥ Add the lubricant in the planetary gear housing.  Use Chevron lubricating oils FM 

Grade ISO 460 or equivalent FDA approved. Please be careful about the amount of 
oil that is put in the scraper drive assembly as too much oil may overflow into the 
tank.  The oil level should correspond to about ! of the height of the gear; 

¥ Rectify alignment if necessary; 

¥ All electrical connections must be completed; 

¥ Rotation of the rake must be C.W.; 

¥ Ensure that there is no contact in between the rake arm and the bottom of the hopper; 

¥ Clean the tanks section of all debris & objects that could damage the rotating 
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mechanisms. 
¥ Inspect the recirculation inlet pipe.  It should be free of any debris. 
 
3.6 Hydrocyclone Support 
¥ Refer to the field installation drawings for proper hydrocyclone installation. 
¥ Install the hydrocyclone assembly support on the injection tank with supplied bolts, 

nuts and washers at the site. 

¥ Install the piping connections. 
 
3.7 Injection / Coagulation / Maturation Tank Mixer 
¥ Refer to field installation drawings for proper mixers installation. 
¥ The mixers are delivered separately. The shafts are already assembled to the gear box. 

The contractor must assemble the impellers on the shafts at job site. 
¥ Install the motor on the appropriate tank mixer following instructions given in the 

supplierÕs Equipment Manual. 
¥ Verify the mixer blade installation and orientation. 
¥ Verify that set screws are well tightened to secure the hub onto the shaft. 
¥ Follow manufacturer recommendations for oil check and fill up procedure (manual). 
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WARNING : 

!  Ensure the use of a right hub ( \ ) in the three tanks. 
!  The leading edge of the blade shall be at 15¡ and not at 75¡. 
!  The bolts and nuts must be installed on the wing but on the opposite side of the 

blade.&& 

 

 

Two possible choices   

                      

             Wrong installation        !

                     

                
                     
              

 

 

 
!!!!!!!!!!!!!!!!!!!!!!!

"#$#%&!
!

      CW-UP : Clockwise Ð Up 
 
       CW-DWN : Clockwise Ð Down 
 
       CCW-UP : Counterclockwise Ð Up 
 
       CCW-DWN : Counterclockwise - Down!
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Possible mixer installation: 

 
¥ Refer to the drawing FI102 for your particular application. 

 

 

 

For coagulation and maturation: 

 

 

  
 

 
 

 

 

For injection: 

 

& 
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4 PERIPHERAL EQUIPMENT INSTALLATION 
 

4.1 Microsand recirculation pump system 
¥ Refer to field installation drawings for proper microsand recirculation pump 

system location and installation. 
¥ Pump base frame must be leveled within proper tolerance. 
¥ Drill appropriate holes in concrete floor and fasten the pump and flexible pipe 

supports with anchors. 
 

4.2 Raw water turbidimeter 
¥ Refer to field installation drawings for proper location. 
¥ Pre-wired, pre-connected and pre-mounted on a support. 
¥ The connection to the sample port is by others. 

 

4.3 Coagulation pH meter 
 

¥ Refer to field installation drawings for proper coagulation pH meter installation. 
¥ Pre-wired, pre-connected and pre-mounted on a support. 
¥ Install the coagulation pH meter with probe on handrail on the settling tank side 

with supplied bolts, nuts and washers. 
 
4.4 Clarified water turbidimeter  
 

¥ Pre-wired, pre-connected and pre-mounted on a support on the effluent side of the 
tanks.  

¥ Refer to field installation drawings for proper clarified water turbidimeter 
installation. 
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5 PIPING CONNECTION 
 
¥ Grease, protecting the flanges, must be removed prior to the installation of the valves 

& pipes. 
 
Water collector: Pipe from the Actiflo¨  unit effluent flange to the clarified water 
collector. 
 
Tanks drain:  
¥ Pipe from the tank drain valves to the trench drain. 
 
Settled water tank partial drain: Pipe from the pre-installed partial drain valve, located 
on Actiflo¨  effluent side, to the trench drain.  
 
Clarified water  turbidimeter : 
¥ Pipe the clarified water turbidimeter located on Actiflo¨  unit effluent side, to an 

appropriate drain. 
¥ Complete piping, if necessary, from the coupling located on the Actiflo¨  effluent side 

to the turbidimeter sampling inlet. 
 

Important : Provide sufficient slope to ensure correct draining. 
 If connected to another drain line, ensure to prevent any backflow to the 

instrument. 
 

 

 
Important : To avoid turbidimeter clogging, sample water piping must be connected 

prior to any coagulant or other viscous chemical product addition. 
 

 
Hydrocyclone sludge outlet: Pipe from the hydrocyclone sludge outlet flange to the 
trench drain.  

 
Important :  Provide sufficient pipe slope and size to prevent any backflow to the 

hydrocyclone. 
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Recirculation pipe:  
¥ Refer to field installation drawings for proper recirculation pipe installation. 
¥ Verify the recirculation inlet pipe.  It should be free of any debris. 
¥ Connect the flexible pipe section using the quick coupling connections provided. 
¥ Pipe-straps are supplied on the unit to secure the pipe along the tank wall.  
 
Polymer feeding: 
¥ Connect the supplied polymer injection tubing from the Actiflo¨  maturation and 

injection reservoirs to the appropriate hydrocyclone assembly support polymer 
distributor outlet.  

¥ Supply polymer feeding pipe from the polymer metering pump skid outlet to the 
hydrocyclone assembly support polymer distributor inlet for the Actiflo¨  unit. 
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6 ELECTRICAL INSTALLATION 
 
¥ Electrical work should be performed by a qualified contractor. 
¥ Refer to Actiflo¨  Control Panel & Electrical diagram for proper wiring installation. 
 
Control panel: 
¥ Supply wiring between the Actiflo¨  unit junction box and the control panel. 
¥ Supply power (460V/ 3 ph/ 60 Hz) to the Actiflo¨  control panel. 
¥ Before permanently wiring the control panel, verify the rotation of each motor 

(Clockwise or Counter Clockwise).  
 
Tank mixers: 
¥ Rewire each mixer motor to junction box near each mixer. 
 

 
WARNING:  Never run a mixer without the tank being completely filled with water. 
 

 

Scraper: 
¥ Rewire scraper motor to junction box near scraper. 
 
Raw water turbidimeter 
¥ One (1) raw water turbidimeter is supplied pre-wired on influent side of  Actiflo¨  #1. 
¥ Recommended supplierÕs wiring instructions are given in the supplierÕs manual. 
 
 Clarified Water Turbidimeter : 
¥ One (1) clarified water turbidimeter is supplied pre-wired on effluent side of each 

Actiflo ¨ . 
¥ Recommended supplierÕs wiring instructions are given in the supplierÕs manual. 
 

 
WARNING: Never cut the original cable between turbidimeter unit and its power 
supply unit.  This cable must remain at full length. 
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Coagulation pH meter: 
¥ One (1) pH meters with probe is supplied pre-wired on top of each Actiflo¨  settling 

tank. 
¥ Complete connection if any. 
¥ Recommended supplierÕs wiring instructions are given in the supplierÕs manual. 
 
Water level switch: 
¥ One (1) water level switch is supplied pre-wired inside each Actiflo¨  settling tank. 
¥ Complete connection if any. 
¥ Recommended supplierÕs wiring instructions are given in the supplierÕs manual. 
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1.0 LIST OF EQUIPMENT 
 
 

  NC01 -Meadowbank minning corp                                  
  List of appendices     
      EQUIPMENT TAG 
                
                
  A   ST-001   PROJECT SUMMARY   
                
                
  B   ST-002   CONTROL AND AUTOMATION   
    001   Functional description   
    002   Input/Output list   
    003   Electrical drawings   
    004   P&ID     
                
                
  C   ST-003   VALVES   
    005   Bray, 31-119, Butterfly valve V2-011/021, V6-013/023 
    a     Bray, Series 92, Pneumatic actuator    
    b     Bray, Series 01, Manual operator   

    006   Milliken, 601E, Eccentric manual plug valve 
V6-011/012/021/022, V2-
012/013/022/023 

    007   CFF, SS-1, Ball valve   
    008   Watts, 25-AUB-Z3-CG, Presure reducing valve V7-010/011/012 
    009   Asco, 8210G54, Solenoid valve V9-521/522 
    010   Chemline, VGA-010T, Globe valve V9-523/524 
                
                
  D   ST-004   PROCESS INSTRUMENTATION   
    011   Dwyer, F7-SS, Level switch LSHH 2-011/2-021 
    012   Basco, Model 761, Pressure gauge PI 2-011/PI 2-012/2-021/PI 2-022 
    013   Hach, SS7, Turbidimeter AIT1-011 
    a     Hach, 46680-00, Bubble trap   
    014   Khrone, Enviromag, Electromagnetic flowmeter FIT-2-011, FIT-2-021 
    a     Khrone, IFC100CD, Converter   
    015   Hach/GLI, PRO-P3A1N, pH-meter pHIT 2-011/021 
    a     Hach/GLI, PD1R1, pH sensor pHE 2-011/021 
    016   Hach, 1720E, Turbidimeter AIT 2-011 
    a     Hach, 60101-01, Sensor (for 1720E turbidimeter) AE-2-011/2-021 
    017   Chemline, FSA01500, Rotameter FI9-521/522 
                
                
  E   ST-010   SCRAPER   
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    018   SEW Eurodrive, RF97/FA47, Scraper Gearbox S2-011 / S2-021 
    a     SEW Eurodrive, DT71D4/C, Motor   
    b     SEW Eurodrive, BLH, Load cell arrangement   
                
                
  F   ST-011   MICROSAND   
    019   Microsand, 135 microns   
                
                
  G   ST-051   COAGULANT DOSING   
    020   Hapman, Coagulant automatic preparation system DF9-511 
          c/w bulk bag unloader, hoist and trolley   
          c/w automatic bag agitator assembly   
          c/w Hapman U-Trough feeder   
          c/w mix tank and use tank   
          c/w tank level transmitter   
          c/w mix tank mixer   
    021   Seepex, BW 10 / A4-A7-A7-F0-GA-X, Progessive cavity pump P9-515 
    022   Seepex, MD 012-12 / A6-A7-A7-F0-GA-X, Progressive cavity pump P9-511/512/513 
    023   Primary Fluid, TVPR50-PVC-G, Safety relief valve V9-515/516/517 
    024   Primary Fluid, PV#2-100ml, Calibration tube   
    025   Primary Fluid, CCS-56-PVC, Corporation stops   
                
                
  H   ST-052   POLYMER DOSING   
    026   Tomal, Polyrex 2.0, Automatic polymer preparation system DF9-521 
    027   Seepex, MD 025-6L / A6-A7-A7-F0-GA-X, Progressive cavity pump P9-521/522/523 
    028   Primary Fluid, TVPR50-PVC-G, Safety relief valve V9-525/526/527 
    029   Primary Fluid, PV#2-4000ml, Calibration tube   
                
                
  I   ST-054   CAUSTIC SODA DOSING   
    030   Aco, OT-15 & OT-75, Tank and accessories T9-541/542 
    031   Lightnin, EV5Q-50, Mixer M9-541 
    032   Seepex, MD 006-12 / A6-A7-A7-R0-GA-X, Progressive cavity pump P9-541/542/543 
    033   Primary Fluid, TVPR50-PVC-G, Safety relief valve V9-545/546/547 
    034   Primary Fluid, PV#2-500ml, Calibration tube   
    035   Primary Fluid, CCS-56-PVC, Corporation stops   
                
                
  J   ST-099   SERVICE WATER PUMP   
    036   Aurora, PVMI8-60, Vertical multi-stage pump P7-011/021 
                
                
  K   ST-100   MIXERS   
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    037   Envirequip, Mix-Tech EVG Series, Mixers   
          Envirequip, Mix-Tech EVG 4-3.0, Coagulation tank M2-011/021 
          Envirequip, Mix-Tech EVG 4-3.0, Injection tank M2-012/022 
          Envirequip, Mix-Tech EVG 6-5.0, Maturation tank M2-013/023 
    a     Nord, SK4282 AHZ/VL - SK6282 AHZ/VL , Gear reducer   
    b     Nord, 100LH/4-112MH/4, Motor   
                
                
  L   ST-101   MICROSAND RECIRCULATION PUMP   
    038   Linatex, Linapump Series IIIr 50x50, Microsand recirculation pump P2-011/P2-012/P2-021/P2-022 
                
                
  M   ST-103   STEEL TANKS   
    039   John Meunier Inc., ACP-700R, Actiflo tank   
                
                
  N   ST-150   HYDROCYCLONE   
    040   Krebs, U6-10-1758, Hydrocyclone C2-011/012/C2-021/022 
                
                
  O   ST-151   LAMELLA   
    041   Nova Chemicals, Type Impact PS 6200 , Settling lamella   
                
                
  P   ST-999   SLUDGE TANK   
    042   Aco, OT-750, Tank T4-011 
                
                
  Q   DRAWINGS   
    043   General arrangement drawings   
    044   Field installation drawings   
    045   Electrical field wiring drawings   
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2.0 INTRODUCTION 
 
2.1 GENERAL INFORMATION 
 
The components of the Actiflo¨  dynamic clarifier are supplied by John Meunier Inc Products. This 
equipment of superior quality and proven design will insure years of operation without problems.  
However, in order to maintain peak efficiency and performance of the system, it is imperative to 
take into consideration the preventive measures and procedures described in this manual.  These 
measures include the operation and maintenance of its components. 
 
To obtain any additional information regarding characteristics, operation or maintenance of this 
equipment, or if a problem persists, please do not hesitate to contact us. 
 
 
The Actiflö  system was manufactured in Canada by: 

 
John Meunier Inc 
4105, Sartelon 
Saint-Laurent, Qc. 
Canada H4S 2B3 
Phone: (514) 334-7230 
Fax: (514) 334-5070 

 
 
2.2 OBJECTIVES OF THIS MANUAL 
 
�x Describe and explain the functions of the various components of the Actiflo¨  clarifier. 
�x Describe the procedures for the start-up and standard operation of the system. 
�x Plan preventive maintenance measures and describe procedures for the regular maintenance 

of the equipments.  
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2.3 SAFETY 
 
Operation of the Actiflö  system should be done by qualified personnel only. 
 
It is imperious to insure the security of all operators during the operation and maintenance of all 
mechanical equipment.  In order to avoid accidents, it is important to determine the correct way to 
proceed and conveniently select appropriate clothing for the job.  All workers having access to the 
equipment must scrupulously respect all the standard rules of safety as well as the precautions 
described in this manual. 
     
Workers, which are directly responsible for the operation and maintenance of the equipment, must 
be aware of standard rules of safety. 
 
The following safety rules should be followed: 
 
�x Safety devices such as handrail and belt guards should be installed and inspected regularly. 
�x Access to the building should be limited to authorize personnel only. 
�x Non-authorized personnel must never in any case approach rotating shafts, connections, roller 

bearings, etc., in order to avoid accidents. 
�x The owner should implement a safety program and provide training for operation staff. 
�x Material Safety Data Sheets (MSDS) should be available for each chemical product. 
�x Appropriate protective gear including safety glasses, helmet, boots, garment, gloves, and ear 

protection should be worn at all times. 
 
Protection systems, or any other type of safety device supplied by the manufacturer, must be 
carefully installed.  If these are not supplied by the manufacturer, the user must himself supply and 
install the safety devices necessary for the protection of employees responsible for the operation of 
the equipment. 
 
WARNING:  The lamella pack is pre-installed in the settling tank section of the Actiflo¨  clarifier.  It is 

made of a very flammable material. Do not expose it to open flames or sparks. Do 
not allow any welding works nearby unless special precautions have been taken. 

 
 
WARNING: The operation staff should be aware that coagulant is highly corrosive and polymer 

solution can be very slippery. Spills should be cleaned immediately according to the 
MSDS instructions. 
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2.4 STANDARDS 
 
Unless specified otherwise, the equipments described in this manual are consistent with the most 
recent construction standards that are applicable, including:   
 
American Society of Mechanical Engineers (ASME) 
Canadian Standards Association (CSA) 
Canadian Electrical Manufacturers Association (CEMA) 
National Electrical Manufacturers Association (NEMA) 
American Society for Testing and Materials (ASTM) 
American National Standard Institute (ANSI) 

 
 
2.5 WARRANTY & PROCESS GUARANTEE 
 
See Purchase Order terms. 
 
 
2.6 ACTIFLÖ CLARIFICATION PROCESS 
 
2.6.1 General information 
 
The Actiflo¨  process is a compact system that will provide quality water by a flocculation and a high 
rate settling process. 
 
Suspended particles and dissolved solids, previously destabilized with the injection of a coagulant 
in the raw water, are fixed to the microsand with the help of a flocculant (polyelectrolyte) added to 
water.  The floc being formed is subsequently separated from the water by counter-current lamellar 
settling with an ascending hydraulic flux.    
Excellent efficiency of the Actiflo¨  process is reached using two proven techniques:   
 
�x injection of microsand serves as support to the ballasted flocs and works as weight in order to 

create a very dense floc, thus providing a very high rate of sedimentation. 
 
�x lamellar settling allows increased settling surface in a reduced tank volume by using a set of 

inclined parallel plates.  
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2.6.2 Operation principles 
 
Raw water goes through four successive steps that are part of the ActifloÕs¨  treatment process. 
 
1) Coagulation: 
 
Raw water is mixed with a coagulant using a rotating mixer in a rectangular-shaped tank. This 
insures a homogeneous diffusion of the coagulant in the water. The standard hydraulic retention 
time for this step is approximately two (2) minute at nominal flow rate. 
 
2) Injection: 
 
A precise amount of microsand and flocculant (polyelectrolyte) are added and mixed in the water 
using a rotating mixer in a rectangular-shaped tank. The energy induced by the mixer accelerates 
the contact between the flocs, the polyelectrolyte and microsand, thereby insuring the formation of 
ballasted flocs.  The standard hydraulic retention time for this step is approximately two (2) minutes 
at nominal flow rate. 
 
3) Maturation: 
 
The flocs previously formed are then maintained in suspension for a certain time in a large 
rectangular tank with the help of a rotating mechanical mixer. The smooth agitation of the water 
insures a gradual increase in floc size, reaching floc maturation. The standard hydraulic retention 
time for this step is approximately six (6) minutes at nominal flow rate. 
 
4) Counter-current lamellar settling: 
 
Ballasted flocs precipitate to the bottom of a hopper and the clarified water is collected at the 
surface using troughs.  The sludge is drawn out of the hopper by a pump and is directed toward a 
series of hydrocyclones.  The hydrocyclones located above the injection tank separates the 
microsand from the sludge.  The microsand gets recirculated into the system via the underflow of 
the hydrocyclones while the sludge is evacuated through the overflow.  The hydraulic retention time 
for the settling step is about three (3) minutes at nominal flow rate.    
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2.6.3 Characteristics and performances 
 
By combining ballasted flocculation with lamellar settling, the Actiflo¨  process allows the water to 
reach rise rates in the clarifier. Therefore this technique provides excellent control and stability in 
spite of variations in flow rate, temperature, pH or turbidity of the raw water.  
 
The Actiflo¨  process also accepts activated carbon dosages aimed at reducing taste and odours. 
 
When the flow rate is set at its maximum value, the needed time to complete all three (3) stages of 
treatment, i.e. coagulation/flocculation/maturation, is only 10 minutes. This very short hydraulic 
retention time enables the process to respond quickly to adjustments in chemicals dosage.  
Ballasted flocculation produces high quality clarified water, even when operating under difficult 
conditions, such as very cold and/or very coloured waters or waters with a high turbidity.    
 
Actiflö pilot plant tests have demonstrated the efficiency of this process as well as its ability to 
rapidly respond to important changes in raw water flow rate and/or characteristics.    
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3.0 DESCRIPTION OF COMPONENTS   
 
 
3.1 ACTIFLÖ CLARIFIERS 
 
3.1.1 General description 
 
An Actiflo¨  clarifier is composed of coagulation, injection and maturation tanks, a lamellar settling 
tank with a hopper, a series of lamellar plates, troughs for the collection of clarified water, a 
microsand recirculation circuit, piping and a control panel.   
 
3.1.2 Coagulation tank  
 
Raw water enters the Actiflö  at the bottom of the coagulation tank through a pipe with a 
coagulant previously injected upstream to improve contact time.  
 
The coagulation tank is usually equipped with a mechanical mixer composed of a shaft and a 
three-bladed propeller made of stainless steel.  The mixer is vertically mounted and the induced 
water flow direction is downward. 
 
The mixer is driven by a motor and a helical gear speed reducer.  It is a Totally Enclosed Fan 
Cooled motor (TEFC) and operates at a constant speed.  In case of thermo-mechanical overload, 
the motor stops automatically and an alarm warns the operator. 
 
A manual drainage valve located in the coagulation tank allows draining this tank through the 
existing draining network. 
 
3.1.3 Injection tank 
 
Coagulated water enters the top portion of the injection tank by going over a flooded overflow, which 
communicates directly with the coagulation tank. An accurate amount of microsand and polymer is 
added at the tank water surface. The polymer may also be directly added in the bottom injection or 
maturation tanks. 
 
The injection tank is equipped with a mechanical mixer composed of a shaft and a three-bladed 
propeller made of stainless steel.  The mixer is vertically mounted and the induced water flow 
direction is upward. 
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The mixer is driven by a motor and a helical gear speed reducer.  It is a Totally Enclosed Fan 
Cooled motor (TEFC) and operates at a constant speed.  In case of thermo-mechanical overload, 
the motor stops automatically and an alarm warns the operator. 
 
A manual drainage valve located in the injection tank allows draining this tank and the maturation 
tank through the existing draining network. 
 
3.1.4 Maturation tank 
 
Water and flocculated solids originating from the injection tank enter at the bottom of the maturation 
tank through a common opening. 
 
The maturation tank is equipped with a mechanical mixer composed of a shaft and a three-bladed 
propeller made of stainless steel.  The mixer is vertically mounted and the induced water flow 
direction is downward.  The maturation tank is equipped with baffles to insure better mixing. 
 
The mixer is driven by a motor and a helical gear speed reducer.  It is a Totally Enclosed Fan 
Cooled motor (TEFC) and may operate at a constant or variable speed. An adjustment to the 
rotating speed can be proven necessary when the incoming water flow rate is greatly reduced.  In 
this case, it might be advantageous to compensate for losses in hydraulic energy by increasing the 
speed of rotation of the maturation mixer.  In case of thermo-mechanical overload, the motor stops 
automatically and an alarm warns the operator.  The unit automatic shutdown sequence is also 
initiated. 
 
A manual drainage allows draining the maturation tank through the existing draining network. 
 
3.1.5 Settling tank 
 
The settling tank is composed of a set of lamellas, a sludge collection system and a clarified water 
collector.   
 
The water coming from the maturation tank contains a suspension of microsand-ballasted flocs and 
enters the settling tank bottom by going through a vertical baffle. Most of the solids settle in the 
hopper while clarified water flows through the lamella pack to the clarified water troughs. 
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3.1.5.1 Lamella pack 

 
The lamella pack consists of several polystyrene plates positioned at an angle of 60¡ with respect 
to the horizontal axis.  They are disposed in such a way that they form hexagonal-shaped cells 
(honeycomb).  
 
Smaller solids that did not settle directly in the hopper will deposit on the lamella pack surface 
during the water ascension into it and go down to the sludge collection hopper by its own weight. 
Clarified water flows upwards to the collection troughs and out of the clarifier. 
 

WARNING:  The lamella pack is installed in the settling tank section of the Actiflo¨  
clarifier.  It is made of a very flammable material. Do not expose it to 
open flames or sparks. Do not allow any welding works nearby unless 
special precautions have been taken. 

 
3.1.5.2 Sludge collection hopper 

 
The collection of sludge takes place within a pyramidal hopper located in the settling tank under the 
lamella pack where the settling solids are pumped to the hydrocyclones. 
 
3.1.5.3 Circular scraper 
 
The settling tank has a circular scraper equipped with a galvanized steel drive shaft and steel 
scrapers.  Rubber scrapers are fitted on to the metal support.  The scraper is mounted vertically. 
 
The scraper moves the microsand that has settled at the bottom of the hopper to its center where a 
basin captures the accumulated sludge. 
The scraper is powered by a speed/ratio reducer motor.  This motor is Totally Enclosed Fan 
Cooled (TEFC).   
 
3.1.5.4 Clarified water troughs 

Clarified water is collected above the lamellas modules by stainless steel troughs. The dimension and 
position of the square-edged notches are calibrated in order to obtain an optimal hydraulic distribution 
of the flow rate inside the settling tank. 
 
3.1.5.5 Partial drainage 

A manual valve, installed below the settling lamellas, allows for partial draining of the settling tank 
to facilitate the preventive maintenance of the lamellar plates. 
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3.1.5.6 Complete drainage 

There is two ways to achieve a complete drainage of the clarifier: 
1) By opening the coagulation, injection and hopper drain manual valves. 
2) By opening the coagulation and injection manual drainage valves and let the recirculation 

pump on. 
 
3.1.6 Microsand recirculation piping 
 
3.1.6.1 Collection of sludge and microsand 

Sludge containing microsand is collected in the hopper and pumped to the hydrocyclones through 
galvanized steel pipes and flexible non-abrasive pipes that can withstand highly abrasive 
conditions. 
 
In case of clogging, a clean-out assembly is provided to backwash and flush the suction line by 
connecting a pressurized service water hose. 
  
3.1.6.2 Microsand recirculation pumps 

The clarifier is provided with a centrifugal pump equipped with a pulley and drive belt arrangement.  A 
backup pump is also supplied.  The backup pump will be used in supplement of the first pump when 
high turbidity Spring runoff is reached. The impeller and the inside of the volute are coated with a 
material (usually natural rubber) resistant to microsand abrasion.  The motor is Totally Enclosed Fan 
Cooled (TEFC).  In case of a thermo-mechanical overload, the motor will automatically shut down 
and an alarm will warn the operator. 
 
The recirculation pump operates at a constant pressure.  An increase in pressure may be caused 
by an obstruction of the discharge pipe, and a decrease in pressure may be caused by unpriming 
of the pump or an obstruction of the inlet pipe.   
 
3.1.6.3 Hydrocyclones 

The sludge and microsand are pumped by the recirculation pump to a hydrocyclone in which the 
microsand gets separated from the sludge particles. This process allows the recycling of clean 
microsand back into the system. Sludge-microsand separation is accomplished by a vortex effect 
exerting a centrifugal force on the mixture of particles. The microsand grains, more dense than 
sludge particles, descend along the internal surface of the hydrocyclone, while the sludge particles 
ascend. The microsand is returned to the injection tank whereas the sludge is evacuated out of the 
system. 
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3.1.7 Microsand 
 
The dosage of microsand into the injection tank along with the polyelectrolyte (polymer) solution, 
serves as support for the flocs growing.  The floc, ballasted with the microsand grain, becomes 
considerably heavier and therefore can settle more rapidly.  The microsand has the following 
characteristics: 
 
�ƒ Effective size: 85 �Pm  
�ƒ Uniformity coefficient: < 1.6 
�ƒ It is available in bags of 22.7 kg (50 lb) 
 
A small portion of the microsand is lost in the process; therefore periodic addition of microsand in 
the system is required. Microsand is available from JMI. 
 
3.1.8 Coagulant 
 
The coagulant to be used can either be alum (Al2SO4)3�z14H20, PASS (Poly Aluminum Silicate 
Sulphate) or PAC (Poly Aluminum Chloride).  It is injected at the head of the process directly into 
the pipe leading to the tank. 
 
By reacting with the alkaline components of the water, the coagulant forms a precipitate, which 
sticks to the colloidal particles in suspension and organic components in the raw water, thereby 
producing a floc.  In some cases, an alkali (ex. caustic soda) must be added to the water upstream 
of the clarifier, prior to the addition of coagulant.    
 
The coagulant gets rapidly dispersed in the water when it is introduced into the coagulation tank. 
 
WARNING:  The operation staff should be aware that coagulant is highly corrosive. Spills should 

be cleaned immediately according to the MSDS instructions. 
 
3.1.9 Flocculant (polyelectrolyte) 
 
The polyelectrolyte is a white powder generally sold in big bags.  The powder is naturally 
hygroscopic so it must be stored in a dry environment. 
 
Polyelectrolyte is pumped into the injection and maturation tank along with the microsand.  It forms 
a coating on the microsand particles in order to activate them and facilitate fixing of the floc onto 
the sand particle surface.  Other injection points of polymer can also be used, that is, at the inlet of 
the maturation tank and at various locations inside the maturation tank. 
WARNING:  The operation staff should be aware that polymer solution could be very slippery. 

Spills should be cleaned immediately according to the MSDS instructions. 
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3.1.10 Control panel 
 
The Actiflö  clarifier operation is fully automated but manual control is possible from the control panel 
interface.  The control panel normally includes but is not limited to components such as fuses, starters, 
selectors, warning lights, PLC (Programmable Logic Controller) and operator interface. 
 
The electrical circuit of the control panel performs the necessary functions for a fully automatic 
operation and equipment protection of the Actiflö  unit. The control panel gives the operator 
access to every mechanical component of the system.  In addition, all the alarms are channelled 
through the control panel, which in turn warns the operator in the event of equipment malfunction. 
 
Refer to document ST-002 ÇFunctional description of control systemÈ of Appendix ÇControl & 
AutomationÈ for a control panel detailed description. 
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4.0 START-UP & OPERATION 
 
4.1 START-UP 
 
4.1.1 Preliminary verification 
 
Before starting the Actiflö , the following points must be checked: 
 
�x Remove any debris from the settling tank to prevent hydrocyclone clogging; 
�x Every section of the Actiflö  must be filled with water; 
�x Valves configuration on the microsand recirculation lines is adequate; 
�x Chemical metering systems must be ready to operate; 
�x Chemical storage tanks must be full; 
�x Chemical metering pumps must be calibrated and set for the desired dosage.  These can 

however be adjusted once that the system is operational; 
�x All the field instruments must be calibrated (flowmeter, pressure transmitter); 
�x Verify the oil level in the mixers reducers and the recirculation pumps; 
�x Verify the rotation of each mixer; 
�x Verify the rotation of each recirculation pump; remove the belt to prevent impeller unscrewing if 

the rotation is the wrong way; 
�x Verify the proper installation of the mixer's impellers, specially the height above tank floor (see 

Technical Sheet); 
�x Adjust motor overload protection to the proper value as indicated on each motor's nameplate; 
�x Record the pressure at the hydrocyclone inlet; the gauge should indicate 15 PSI (103.4 kPa). 
 
Once all these conditions have been checked, the system can be put into operation. 
 
4.1.2 Initial microsand loading 
 
The standard microsand load in an Actiflo¨  clarifier usually ranges from 2 to 3 kg per m3/h of 
clarified water produced. 
 
The addition of microsand is done by pouring it directly in the injection tank until the required 
concentration is reached. It is preferable to begin by adding a small quantity of microsand and 
measure the resulting microsand concentration in the hydrocyclone underflow after a whole 
recirculation cycle has been completed (15-20 minutes).  The quantity of microsand should be 
increased until the optimal concentration in the underflow is reached (typically 80 to 200 ml/litre). 
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4.1.3 Automatic start-up 
 
Refer to document ST-002 ÇFunctional description of control systemÈ of Appendix ÇControl & 
AutomationÈ to start the Actiflö  system in automatic mode. 
 
 
4.2 NORMAL OPERATION 
 
Note: In the case of a discrepancy between this section of the Manual and the Functional 
description of control system, the later shall prevail. 
 
4.2.1 Actiflö  clarifiers 
 
4.2.1.1 Microsand monitoring 

 Although a minor amount of microsand is constantly discharged out of the process and a sand 
concentration as low as 2 g/l is sufficient for satisfactory operation of the ACTIFLO process, the 
microsand concentration should always be maintained at recommended levels (3-6 g/l).  This 
insures that the system is always prepared to treat the worst possible raw water conditions.  
Therefore, the operators should monitor the microsand concentration 2-3 times per day.  The 
concentration can easily be estimated using the following method. 
 
Sampling (system concentration from hydrocyclone underflow) 
 

a. Verify that each operating hydrocyclone has an uninterrupted conical discharge.  If you have 
a splashguard covering the apex tip, place it in the up position to verify this. After verification 
the splashguard should be returned to the down position prior to sampling. 

 
b. Obtain a 1000-2000 ml graduated cylinder to take the hydrocyclone underflow sample. 

Samples can be taken from a portion of the underflow discharge.  However, it is important to 
be consistent and obtain the sample from the identical section of the underflow discharge 
every time a grab is taken.  If the underflow discharge is constantly or periodically roping, the 
underflow discharge should be sampled with a swirling motion that catches the outer and 
center portions of the underflow in each sample.    

 
c. Fill the cylinder as close to the 1000 ml or 2000 ml mark as possible without over spilling.  

Caution: The 1000 ml cylinder may fill quickly and with force.   
 

d. Allow the sample to settle for 3 minutes.   
e. Record the volume of the settled sand (Vs) in ml along with the total sample volume (V) in 

ml. See figure below.  
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f. Repeat steps c through e on the same hydrocyclone two more times.  
 

g. Use the same sampling procedure as you did on the first hydrocyclone and repeat steps c 
through f for all hydrocyclones in operation on the system.  For example if you have two 
hydrocyclones operating on a given system you should have six values for Vs and six values 
for V. 

 
h. To determine the concentration of sand in the entire system you must next average all 

collected values of Vs.  Also, average all collected values of V.  Now you can use the 
following two equations provided in section 3 and 4 below to first determine Cs (the 
microsand concentration in the hydrocyclone underflow) and lastly Cm (the microsand 
concentration in the ACTIFLO system). 

 
Note:  For the most accurate determination of microsand in any given system the 
sampling procedure above should be performed three times throughout a 24-hour 
period.  Three separate values of Cm should be averaged to determine one final 
microsand concentration for the day.  It is also important to record and trend the final 
daily value of Cm to give indication of microsand loss over an extended period of time.  

SSlluuddggee  oouuttlleett  
FFeeeedd  

UUnnddeerrff llooww

MMeeaassuurriinngg  ccyyll iinnddeerr  

HHyyddrrooccyycclloonnee  

 
 

 
Sand Concentration of Hydrocyclone Underflow  
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The microsand concentration of the hydrocyclone underflow is calculated with the following 
formula: 

 

7.1
1000

�u�u� Vs
V

Cs

Where: 
 Cs:  Microsand concentration in the hydrocyclone underflow  (g/l) 
 V:  Sample volume taken in a graduated cylinder (mL) 
 Vs:  Volume of the settled microsand after settling for 3 minutes  
 1.7:  Density of the settled microsand 
        
System Sand Concentration 
 
Knowing the flow rate of the hydrocyclone underflow (gpm) and the microsand concentration (g/l) of 
the hydrocyclone underflow, the microsand concentration  (g/l) in the ACTIFLO system is 
determined using the following formula: 

 
 

S 

Q 

C�u N 

influent

UF
�  

�u  
mC 

 
 

Where: 
Cm:  Microsand concentration in the ACTIFLO system, g/l 
Cs:   Microsand concentration in the hydrocyclone underflow, g/l 
UF:  Hydrocyclone underflow flowrate, 3.5 gpm 
N:    No. of hydrocyclones in operation 

              Q influent:   Influent flow rate, gpm 
 
 
Microsand addition 
 
Some microsand is lost at the hydrocyclones overflow and at the Actiflö  effluent.  Periodical 
microsand addition is required to compensate for these losses.  The addition of microsand is done 
directly in the injection tank. Since microsand contains a small proportion of very fine particles, the 
turbidity of the clarified water could increase slightly for a short period following the addition of 
microsand.  
 
In standard operation mode, if a sustained increase of the raw water turbidity happens, it may be 
necessary to increase the concentration of microsand in the system to maintain the removal 
efficiency. 
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4.2.1.2 Microsand recirculation pumps 
 
Each Actiflö  has two recirculation pumps and associated piping. The pumps are each protected 
by a pressure transmitter. Alarms will be issued in any of the following situations: 
  
�x Thermo-mechanical overload of the pump: this is normally a sign of overheating of the pump 

motor and can be caused by a mechanical breakdown or a pressure surge.  The operator must 
correct this problem by verifying the pump and motor as well as the outlet piping, and then 
reactivate the overload relay located inside the control panel.  

 
When an alarms is activated, the pump stops automatically and the alarm light blinks on the control 
panel.  The operator must acknowledge the alarm by pressing the ALARM ACKNOWLEDGE button 
located on the control panel, fix the problem and then reset the system by pressing the ALARM 
RESET button.  The pump will restart automatically.  
It is essential that the recirculation pump be in operation continuously.  When the pump stops, sludge 
and microsand accumulate in the hopper; this may clog the recirculation line. When the recirculation 
pump need to be stopped, the mixer in the maturation tank must be stopped first, followed by a 30 
minute delay before stopping the pump.  This allows the hopper to be emptied before stopping the 
pump. The 30-minute delay is pre-programmed and can be adjusted by the operator on the control 
panel. 
 
4.2.1.3 Hydrocyclones 

The operator must make sure that the hydrocyclone outlets are free of obstruction at all times. 
Debris as small as 13 mm (1/2") can clog the underflow. 
 
Waste sludge is evacuated from the Actiflö  at the hydrocyclone overflow (70% to 90% of the 
hydrocyclone flow rate). A small amount of microsand is lost at the overflow.  It is important to 
check on a daily basis if the loss is higher than normal.  This can be verified by collecting a 1-liter 
sample of the overflow into an Imhoff cone and measuring the volume of settled microsand after 2 
or 3 minutes. Record the value and compare it with past measurements. See troubleshooting 
section. 
 
The same procedure is used to measure the concentration of sand at the hydrocyclone underflow 
(10% to 30% of the hydrocyclone flow rate): 
 
�x Collect a 1-liter sample from the underflow (mixture of microsand and water). 
�x Allow the sample to settle for 2 or 3 minutes and then measure the volume of settled microsand. 
�x The volume of microsand should range between 80 and 200 ml per litre of water (typical). 
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4.2.1.4 Mixers 

The mixers all have specific rotation direction and speed.  In the event of a mixer motor overload, 
the mixer automatically stops and an alarm warns the operator.  The operator must press the 
ALARM ACKNOWLEDGE button, correct the problem, and then reset the system by pressing 
ALARM RESET button.  If the operator cannot correct the problem, the Actiflö  should be shut 
down, as it is impossible to produce clarified water with a mixer out of service. 
 
4.2.1.5 Circular Scraper 

When an overload occurs to the scraperÕs motor or when a very high torque is detected, the motor 
shuts down automatically and an alarm warns the operator and the Actiflo will stop as per the stop 
sequence. 
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4.2.2 Dosage of chemicals 
 
4.2.2.1 Coagulant 

The coagulant is injected into the raw water feed line. 
 
The concentration of coagulant at the inlet of the system depends on the type of coagulant used. 
    
In either case, the dosage to be used varies according to the characteristics of the raw water.  An 
increase in turbidity of the raw water must signify an increase in product dosage. The proper 
dosage is determined by a jar test.  
 
The concentration of coagulant at the inlet of the system is calculated from the flow rate of the raw 
water and metering pumps: 
 
Coagulant concentration (mg/L) =  metering pump rate (mg/h) 
    raw water flow rate (L/h) 
 
4.2.2.2 Flocculant (polyelectrolyte) 

The polyelectrolyte is used in solution with a concentration ranging from 0,5 to 2.5 grams per litre; 
the produced solution is viscous.  In order to obtain a high-quality polymer, it is recommended to 
use non-chlorinated filtered water for its preparation and transport. The concentration of 
polyelectrolyte in the clarifier should be between 0.40 to 0.90 mg/L. Depending on the quality of the 
raw water, this concentration can be increased or decreased.  The polyelectrolyte concentration in 
the system is calculated from the flow rate of the raw water and metering pumps: 
 
Polyelectrolyte concentration (mg/L) =  metering pump rate (mg/h) 
    raw water flow rate (L/h) 
  
The ideal dosage of polyelectrolyte can be determined with a jar test (See jar test procedure in this 
manual). 
 
Insufficient polymer dosage will cause free flocs to appear that are not ballasted by the microsand 
and which will not be correctly eliminated in the settling tank.  The clarified water might have a 
higher turbidity and/or color, and an important aluminum concentration.  
 
However, excess in polyelectrolyte dosage can produce very sticky sludge, which is difficult to 
recycle. 
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4.2.2.3 Alkali, pH adjustment 

The waterÕs pH is the most important factor to consider in a coagulation process. When using alum, 
maximum coagulation efficiency is reached when pH readings are between 5,5 and 7,0.  If the raw 
water has a low pH, it is important to increase it by adding an alkaline product (ex. caustic soda, 
etc.) to the water upstream of the coagulation step. 
 
Upstream of the coagulation step, the hydraulic residence time of the alkali must be long enough, 
allowing time for it to completely dissolve in the water, increasing the precision in the adjustment of 
the waterÕs pH. 
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5.0 SURVEY OF OPERATIONS 
 
In order to insure a reliable survey of the Actiflo¨  system operation, and to provide the operators 
with a useful data bank, we suggest to the operators to record the following parameters:   
  
on a hourly basis: 
 
�x turbidity, raw water; 
�x color, raw water; 
�x pH, raw water; 
�x turbidity, clarified water; 
�x color, clarified water; 
�x pH, clarified water; 
 
every eight hours: 
 
�x flow rate, raw water; 
�x flow rate, coagulant metering pump, and calculated concentration; 
�x flow rate, polyelectrolyte metering pump, and calculated concentration; 
�x flow rate, alkali metering pump, and calculated concentration; 
�x alkalinity, clarified water; 
�x pressure at the recirculation pump outlet; 
�x pressure at the hydrocyclones inlet; 
�x microsand concentration at the hydrocyclone underflow. 
 
on a daily basis: 
 
�x total quantity of clarified water; 
�x mixers speed; 
�x electric current drawn by the mixers; 
�x other parameters of interest: dissolved iron and manganese, total organic carbon... 
�x alkalinity, raw water 
�x average raw water flow 
 
on a weekly basis: 
 
�x flow rate of the hydrocyclone underflow; 
�x flow rate of the hydrocyclone overflow. 
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5.1 AUTOMATION 
 
Refer to document ST-002 ÇFunctional description of control systemÈ of Appendix ÇControl & 
AutomationÈ. 
 
 
5.2 SHUT DOWN 
 
In manual mode, when the microsand recirculation pump needs to be stopped, the following 
procedure must be followed in order to prevent possible clogging problems.  
 
�x Stop the mixer in the maturation tank.  This allows the microsand to settle in the maturation 

tank instead of in the hopper. 
�x After approximately 30 minutes, verify that the underflow of the hydrocyclone does not contain 

any microsand. 
�x The microsand recirculation pump can then be stopped without any risk of clogging the 

recirculation line. 
 
 
5.3 TROUBLESHOOTING 
 
5.3.1 Increase in clarified water turbidity 
 
The turbidity of the clarified water should normally be between 0.4 and 1.0 NTU.  If the turbidity 
exceeds 1,0 NTU, verify:  
 
�x the flow rate of raw water: if it is greatly increased or diminished, dosage flow rate of coagulant 
and polyelectrolyte should be adjusted in consequence; 
 
�x the flow rate of coagulant and polyelectrolyte: the metering pumps must inject an accurate 
dosage of these chemicals, such that the desired concentrations in the system can be obtained; 
 
�x the quality of raw water: if the turbidity, colour and/or the alkalinity of the raw water are 
increased or decreased, it is normally necessary to adjust the concentration of coagulant in the 
system.  This dosage can be predetermined with the help of a jar test.  However, a change in the 
quality of the raw water does not usually require an adjustment in polyelectrolyte concentration.  
 
�x the concentration of microsand in the underflow of the hydrocyclone: this must approach a 
value between 80 and 200 ml/L.  Deterioration in the raw water quality can necessitate an increase 
in the quantity of microsand in the system. 
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�x sludge-sand recirculation rates: these flow rate generated by the recirculation pump must be 
kept constant.  
 
�x rotation speeds of the injection and maturation mixers: these speeds can be read directly on 
the display of the corresponding variable frequency drive. 
 
5.3.2 Increase in clarified water colour 
 
See section 5.3.1. 
 
5.3.3 Stopping of microsand recirculation pump 
 
In manual mode, when the microsand recirculation pump needs to be stopped, one must, in order 
to prevent possible clogging problems, proceed as follow:  
 
�x stop the mixer in the maturation tank.  This allows the microsand to settle in this tank instead of 
in the hopper; 
 
�x after approximately 30 minutes, verify that the underflow of the hydrocyclone does not contain 
anymore sand; 
 
�x afterwards, one can stop the pumping of sand without any risks of clogging the microsand 
recirculation circuit. 
 
5.3.4 Power failure 
 
Refer to the section Ç Power Failure È of the ST-002 ÇFunctional description of control systemÈ of 
Appendix ÇControl & AutomationÈ. 
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6.0 JAR TEST PROCEDURE 
 

6.1 INTRODUCTION 
 
In order to simulate the ACTIFLO¨  process, a modified Jar test procedure was developed. The 
procedure can be used to find the adequate coagulant and polymer dosages and the optimum pH 
of coagulation to obtain settled water low in turbidity and with a high filterability index. Furthermore, 
the modified Jar test procedure has the capability to evaluate or predict process performances of 
an existing ACTIFLO�“  unit and bring accurate diagnosis on operating troubleshooting. 

6.2 MATERIAL REQUIRED 
 
�x Phipps & Bird Jar Test apparatus or equivalent lab stirrer allowing up to 300 RPM rotational 

speed.  

�x Circular beakers (1litre) 

�x Microsand  

�x Polymer (Allied Colloids, serial LT or equivalence) 

�x Coagulant (Alum, ferric chloride, PAC, PASS 100 or equivalence) 

�x Acid or base for pH and alkalinity adjustment (NaOH, aluminates, HCl, H2SO4, lime, carbonate, 
bicarbonate, CO2, or equivalence) 

�x Turbidimeter (Hach 2100AN or equivalence) 

�x pH-meter (serial Hach EC or equivalence) and calibration solutions (pH=4, pH=7 and pH=10) 

�x Chronometer or stopwatch 
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6.3 LABORATORY PROCEDURES 
 
1. Note settled and raw water parameters values at the plant (turbidity, colour, dissolved 

aluminum, etc.) if the purpose of this test is to simulate the full-scale unit. 

2. Fill up the 1-liter beakers with raw water.  

3. Set the beakers on the bench.  

4. Make sure raw water temperature corresponds to the desired temperature. 

5. Start mixing  

6. Add acid, base or equivalence and adjust at the optimum coagulation pH.  

7. Add coagulant simultaneously in all beakers with micro-syringes from 0, 0.5, 1.0, 2.0 or 5 
minutes after reaching the right pH in accordance with contact times simulated.  

8. Two minutes after adding coagulant, add micro-sand and the polymer (half the dosage) using 
a pipit.  

9. Two minutes after adding micro-sand and polymer.  

10. After a maturation contact time of 6 minutes, stop stirring and allow the water to settle for the 
next 3 minutes.  

11. Sample settled water from 5 to 10 cm below the supernatant surface using a 100-ml syringe. 
Proceed slowly. Make required analysis. 

6.4 ANALYSIS 
 
Turbidity, colour and other parameters 
 
1. Measure turbidity (NTU) using a turbidimeter. 

2. Measure apparent colour (ACU) using a spectrometer. 

3. Measure pH using pH-meter. 

4. Measure any other required parameters. 
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7.0 MAINTENANCE 
 
7.1 ACTIFLÖ CLARIFIER 
 
7.1.1 Lamella pack 
 
At least once a month or as required, clean the lamella pack. To do so, stop the mixers; partially 
drain the clarifier such that the lamellas are exposed (use the partial drainage valve located on the 
Actiflö  hopper).  The lamella can then be cleaned using a pressurized water jet.  Remove any 
substance that is stuck to the settling module and which could interfere with the process efficiency.  
 
7.1.2 Mixers 
 
For each mixer: 
�x Make sure that the gearbox remains clean. 
�x Check on a regular basis the oil level in the gearbox. 
�x Change the oil in the gearbox. 
�x Refer to the mixer supplier manual for more information. 
 
7.1.3 Microsand recirculation pumps 
 
�x Check on a regular basis the oil level in the bearing housing chamber. 
�x Proceed daily to a visual inspection of the packing adjustment. 
�x Every 1000 hours of service (6 weeks at 24 hr/day), lubricate the bearing housing chamber. 
�x Once a year, proceed to an inspection of the pump: dry-seal, impeller, rubber coating, 

bearings, etc. 
�x Refer to the pump supplier manual for complete inspection and maintenance requirements. 
 
7.1.4 Hydrocyclones 
 
�x After the first year, inspect the inside surface.  Replace worn down sections, if needed. The 

first inspections will determine the frequency of replacement. 
�x Refer to the hydrocyclone supplier manual for complete inspection and maintenance 

requirements. 
 
7.1.5 Scraper 
 
�x Every 8700 hours of continuous operation, change the oil on the reduction motor. 
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7.2 CONTROL PANEL 
 
For each panel, including junction boxes: 
�x Replace fuses when needed. 
�x In case of an electrical problem other than a fuse, contact a certified electrician and verify the 

circuits. 
�x Refer to the appropriate drawings. 
 
 
7.3 INSTRUMENTATION 
 
For each meters equipment: 
�x Calibrate on a regular basis. 
�x Refer to the supplier manual for calibration instructions and maintenance requirements. 
 
 
7.4 VALVES 
 
7.4.1 Manual valves 
 
�x No preventive maintenance required. 
�x Refer to the supplier manual. 
 
7.4.2 Automatic valves 
 
�x Refer to the supplier manual. 
 
 
7.5 PERIPHERAL EQUIPMENT 
 
�x Any other peripheral equipment needing maintenance should be inspected on a regular basis.   
�x Refer to the supplier manual. 
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1 General description 
 
The Meadowbank Mining Corp. designated John Meunier Inc. as the supplier of two Actiflo¨  units. The 
designed rated flow is 50 000 m3/day. 
 
The following document describes the typical operation of the system. John Meunier Inc may be unable to 
supply some of the described components. 
 

1.1 Control layout 
An Allen Bradley SLC 5/05 16k PLC is installed; it is located within a steel NEMA 12 control panel. 
 
The maturation mixer motor is powered by a VFD. All other motors are powered by DOL starters. All motors 
are started by a Motor Control Center (MCC) provided by another supplier. 
 
The control panel is equipped with an Allen Bradley PanelView Plus 600 touch-screen communicating with the 
PLC through an Ethernet network. An Ethernet HUB is installed in the panel, interconnecting the PanelView 
and PLC. 
 

1.2 Hardware connection 
All motors and instruments are controlled and powered by the systemÕs panel. The Actiflo¨  unit pre-cabling to 
junction boxes is done at the plant by John Meunier Inc. The cabling between junction boxes and the control 
panel will be provided by John Meunier. Panel connections will be done by others. 
 

1.3 List of controlled equipments 
Refer to panel drawings and build of material for a complete list of devices controlled from the PLC. 
 

1.4 Control panel components 
View panel drawings for a complete list of components.  
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1.5 Local control 
On the control panelÕs door, we find an HMI-type operator interface allowing process and alarm monitoring 
operations such as acknowledgement and reset of alarms. 
 
We can also find a mushroom-head, Òpush & pullÓ pushbutton for emergency stop. 
 
Buttons and pilot lights are installed on the panelÕs door. 
Pilot lights show current operational conditions. 
 

"POWER ON" Panel is powered 
"ALARM" blinking Activated but unacknowledged alarm 

signal 
"ALARM" steady Alarm signal is acknowledged 
"ALARM" off No current alarm. 

 
Pushbuttons: 
 

1. Alarm acknowledgement 
2. Response to fault (resetting of VFD and scraper torque alarm) 
3. Emergency stop (mushroom-head button) 

1.5.1 Pushbutton and pilot light colors 
Pilot lights: 

1. Power on = white   
2. Alarm = red    

Pushbuttons and selectors: 
1. Alarm acknowledgement = black  
2. Fault response = black   
3. Emergency stop = red   

1.5.2 Override module 
An override module is a component installed within the control panel that allows the operation of a motor or 
valve in non automated mode. It is a mode used only when a control system component failure occurs. Only 
cabling types of protection are active. See the specific description of each component for further details. 

1.5.3 Local station 
When needed, a local station, which comprises a Hand-Off-Auto selector, is installed in the area of 
equipments to be controlled. 

1.5.4 Transmission of signals (outward from panel) 
Here are wired-logic transmitted signals available at systemÕs panel: 
 

�x Dry contact, general alarm 
�x See specific sections for other signals 

 
These signals are planned in a standard way and might be used during start-up and/or troubleshooting; they 
might also be used to start/stop other related equipments such as a raw water pump, a sampling pump, etc. 
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1.6 Analyser and detector 

1.6.1 Analyser 

1.6.1.1 Display on operator interface 
Each analog input is displayed in engineering units.  
 

1.6.1.2 Scaling 
Each analog input is scaled in engineering units. The full-scale value must be set up on the operator interface 
to match the range of the instrument.  
 

1.6.1.3 Out of range 
The minimum and maximum range of an instrument is defined as the engineering value respectively 
associated to 4 mA and 20 mA signals. They stand for the limits of the operational scale of the instrument. 
All instruments mentioned in this document have a programmed Òout of rangeÓ alarm. If signals exceed 20.5 
mA or drop below 3.5 mA for over 60 seconds, an Òout of rangeÓ alarm is detected and the instrumentÕs 
reading is forced to 0. When an out of range alarm happens, all process alarms for the instrument are 
deactivated.  
 

1.6.1.4 Analog alarm delay 
The analog alarm delay is common to all process alarms and for all instruments. If for one instrument the 
delay is different from the common delay, it is specified in the instrumentÕs section. 
 

1.6.1.5 Process alarm 
A process alarm is activated when the instrumentÕs reading is over or under setpoint (determined by operator) 
and when the common analog alarm delay ran out. 
Some instruments are programmed with HH, H and/or L, as well as LL alarms. The most common are HH 
(very high), H (high), L (low) and LL (very low).  Process alarms are deactivated when corresponding 
transmitter is out of range. When an alarm has a different delay than the common analog alarm, it is specified 
with the description of the instrumentÕs alarm. 
 

1.6.1.6 Deviation alarm 
A deviation alarm is activated when the instrumentÕs reading deviates from the loopÕs setpoint (±10%) and the 
common analog alarm delay has elapsed. It is a useful alarm for an instrument whose reading is an automatic 
control value for a control loop in automated mode. Alarm activation condition: the control loop must be in auto 
mode. 
 

1.6.1.7 Activation conditions for alarms 
The activation conditions for process and deviation from setpoint alarms are particular to each instrument and 
depend on the process phase in which it is required, and its use. Normally, these conditions are common to all 
instrument process and deviation alarms. When an alarm requires activation conditions that are specified, 
these are noted along with the instrumentÕs description. 
 

1.6.1.8 Totalizer 
For the specific case of a flowmeter, two totalizers are programmed to compute the water volume: 

�x one is dedicated to interface display; 
�x the other one is dedicated to reports.  

They are reset to 0 at Ò99999999Ó, whatever the unit value is. The one dedicated to display may be edited by 
the operator. 
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1.6.1.9 Calibration mode 
The calibration mode allows the operator to establish the engineering value of the instrument at its last value, 
so the calibration of the instrument may be done without activating useless alarms.  
When the instrument is in calibration mode the operator is able to modify the engineering value at the 
interface. 

1.6.2 Detectors 

1.6.2.1 General 
Detectors emit a digital signal. A signal change of state produces an alarm and/or an action. A common alarm 
delay, adjustable or not, is always programmed to avoid false alarms. Detectors may be high level switches, 
low level switches, for chlorine leaks, intrusions, etc. 
 

1.6.2.2 Digital alarm delay 
The digital alarm delay is common to all detectors. If a detectorÕs delay is different from common delay, it is 
specified in the instrumentÕs section. 
 

1.6.2.3 Security logic 
When a detectorÕs dry contact is used to trigger an alarm, it must be connected in a way that triggers the 
alarm when there is a circuit opening (power loss). 
 

1.6.2.4 Activation conditions for alarms 
Activation conditions for detector alarms are specific to each detector and depend on the process phases in 
which detectors are required, and their use. Normally, these conditions are common to all detector alarms. 
When an alarm requires activation conditions that are specified, these are noted with the instrumentÕs 
description. 
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1.7 Valves 

1.7.1 Operational Mode 
Interface manual mode: 
A valve may operate in manual mode if the following conditions are met: 

1. If manual mode is selected on interface 
2. If the local selector or the override module is in ÒautoÓ position   
3. If there is no detected fault (ALARM) 
4. If the emergency stop is not activated 

 
Auto mode: 
A valve may operate in auto mode if the following conditions are met: 

1. If automatic mode is selected on interface 
2. If the local selector or the override module is in ÒautoÓ position   
3. If there is no detected fault (ALARM) 
4. If the emergency stop is not activated 
5. If the automatic open/close conditions are met  

1.7.2 Hand Ð Off Ð Auto Selectors 
In some instances, valves may be operated manually with the help of a Hand-Off-Auto selector installed in 
one of the following way: 

�x At a local station installed near the equipment; 
�x On front of control panel; 
�x An override module installed in the control panel; 

Only the emergency stop stays active on manual mode. In the case of pneumatic valves, this function is 
possible if valve air pressure is adequate. 
 
SelectorÕs position: 
�x Hand: the valve opens if there is no prevailing closing condition through wired logic.  
�x Off: valve closes. 
�x Auto: valve opens if the open control is activated from automation system, and if there is no closing 

condition by wired logic. 

1.7.3 4 to 20 mA Modulator 
Valves with pneumatic actuators or modulator type electric valves are equipped with a Hand-Off-Auto Selector 
and a 4 to 20 mA simulator (installed in panel) activating them and modulating the opening during control 
system failures. In the case of pneumatic valves, this function is possible if valve air pressure is adequate. 

1.7.4 Valve alarm delay 
For each valve alarm, a delay is always programmed as one of the alarm conditions. This delay is common to 
all valves unless otherwise indicated in valveÕs description.  

1.7.5 Limit switch 
In the case of a valve equipped with a limit switch connected to the automation system, the switch will be 
mentioned in the valveÕs description. 
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1.7.6 Open Fault Alarm 
�x For on/off actuator valves equipped with a limit switch in ÒOnÓ position, if the opening control of the valve 

is active, but the open state confirmation isnÕt and the alarm delay has elapsed, the open fault alarm is 
activated.  

�x For on/off actuator valves equipped with a limit switch in ÒOffÓ position, if the control of the valve is active 
but the close state confirmation isnÕt and the alarm delay has elapsed, the open fault alarm is activated. 

�x For modulating actuator valves equipped with a limit switch in ÒOffÓ position, if the valve control is active at 
a degree above 20% but the close state confirmation isnÕt and the alarm delay has elapsed, the open fault 
alarm is activated. 

�x For modulating actuator valves associated with a flowmeter, if flowmeter is not Out of range, if the 
opening control of the valve is active at a degree above 20% and the flow rate is below 5% of flowmeterÕs 
range, the open fault alarm is activated. 

1.7.7 Close Fault Alarm 
�x For on/off actuator valves equipped with a limit switch in ÒOffÓ position, if neither the valveÕs opening 

control nor the close state confirmation is active, the close fault alarm is activated. 
�x For on/off actuator valves equipped with a limit switch in ÒOnÓ position, if the valveÕs opening control is not 

active, the open state confirmation is still active and the alarm delay has elapsed, the close state alarm is 
activated. 

�x For valves with modulating actuators equipped with a limit switch in ÒOnÓ position, if the opening control of 
the valve is not active, the open state confirmation is still active and the alarm delay has elapsed, the 
close fault alarm is activated.  

�x For valves with modulating actuators equipped with a limit switch in ÒOffÓ position associated with a 
flowmeter, if flowmeter is not out of range, and if the opening control of the valve is not active and the flow 
rate is above 5% of flowmeterÕs range, the close fault alarm is activated.  
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1.8 Typical Motor  

1.8.1 Operational Mode 
Interface manual mode: 
A motor may operate in manual mode if the following conditions are met: 

1. If manual mode is selected on interface 
2. If local selector or override module is in Auto position 
3. If no fault is detected (ALARM) 
4. If the emergency stop is not activated 

 
Auto mode: 
A motor may operate in auto mode if the following conditions are met: 

1. If auto mode is selected on interface 
2. If local selector or override module is in Auto position 
3. If no fault is detected (ALARM) 
4. If the emergency stop is not activated 
5. If auto start conditions are met  

 

1.8.2 Hand-Off-Auto Selectors 
In some cases, pumps and mixers may be manually operated with the help of a Manual-Off-Auto selector 
installed in one of three possible ways: 

�x A local station located near the equipment; 
�x A selector installed on front of control panel; 
�x An override module installed in control panel; 

Only the emergency stop remains active on manual mode.. 
 
Selector position: 
�x Manual: motor is running if there are no stopping conditions through wired logic. For a VFD starter, speed 

is manually set on device 
�x Off: motor is stopped 
�x Auto: motor starts if start signal from automation system is activated and if there are no stop conditions 

through wired logic. For a VFD starter, speed is set either manually on device or by an analog signal 
output from the automation system. 

1.8.3 Local disconnect switch 
In some cases a local disconnect switch is a lockable device allowing the isolation of the motor to protect staff 
during maintenance. It is installed near the motor. It contains an auxiliary contact allowing the starterÕs control 
circuit opening. 
Note: the disconnect switch must never be activated when motor is running. One has to stop motor before 

activating disconnect and deactivate disconnect before starting motor. 

1.8.4 Wired logic stop 
Regardless of selectorÕs position and selected mode, wired logic stop conditions protect motor and force its 
stopping. These conditions, if relevant, are described in sections pertaining to the motor. 

1.8.5 Motor alarm delay 
For each motor alarm, a delay is always programmed. This delay is common to all motors unless otherwise 
indicated in motorÕs description. 
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1.8.6 Start fault alarm 
If the motor starting control is activated but the running state confirmation isnÕt and the alarm delay ran out, 
the start fault alarm is activated. Operator must address the situation and reset fault to restart.   
 
This alarm occurs with the presence of one of the following conditions: 

�x Activated overload relay ; 
�x Local selector or override module in Off position ; 
�x Local disconnect open ; 

 
 

1.8.7 Running time 
For each motor, two running time totalizers are programmed: 

�x The first one in hours and minutes (HHHHHHHH:MM) is dedicated to interface display 
�x The second, in minutes, is used for reports.   

These totalizers are reset to zero at 99999999 and the one dedicated to display may be edited by operator on 
interface. 
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1.9 Metering Pump 

1.9.1 Operational mode 
Interface manual mode: 
A metering pump may operate in manual mode if the following conditions are met: 

1. If manual mode is selected on interface 
2. If selector is in Auto position 
3. If no fault is detected (ALARM) 
4. If the emergency stop is not activated 

 
Auto mode: 
A metering pump may operate in auto mode if the following conditions are met: 

1. If auto mode is selected on interface 
2. If selector is in Auto position 
3. If no fault is detected (ALARM) 
4. If the emergency stop is not activated 
5. If auto start conditions are met  
 

1.9.2 Hand Ð OffÐ Auto Selectors 
Metering pumps may be operated manually with the help of a Hand-Off-Auto selector installed as a local 
station or directly on the pump.  
 
Selector position: 
�x Hand: pump is running; dosage concentration is manually selected on pump or on VFD if it is equipped 

with one. 
�x Off: pump is stopped 
�x Auto: pump starts if start control at automation unit is activated. Dosage concentration is controlled by an 

analog output signal from the automation unit. 
 

1.9.3 Start Control 
There are two types of start controls: 

�x Integrated to signal for dosage concentration, which is the most frequent case. The metering system 
starts if analog signal is above 4 mA, but stops if signal is below or equal to 4 mA. If there are no 
constraints from the automation system, the signal will be forced to 3,5 mA to ensure pump stopping. 

�x Start control separated by a digital signal: the closing of the normally open dry contact of a relay 
activated by a digital output of automation provides the start control of the metering pump. This digital 
signal is provided when the metering pump is equipped with a VFD requiring a local station. 

1.9.4 Alarm 
No alarm is programmed for metering pumps. A reaction on treatment may indicate a metering pump problem 
(pH, turbidity .) 

1.9.5 Running Time 
For each metering pump two running time totalizers are programmed: 

�x The first in hours and minutes (HHHHHHHH:MM) is dedicated to interface display 
�x The second in hours for reports.   

These totalizers are reset to zero at Ò99999999Ó; the display totalizer may be edited at the interface. 
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1.10 Security Level 
A different security level is configured in the control system. The various levels allow an access management 
of different data and setpoint change according to the various needs of the project. 
 
Unless otherwise indicated, the following security levels are applied: 
 

Security Level Description 
0 User may view all the projectÕs pages, but no action is possible. (Default level) 
1 User may start and stop equipments 
2 User may change operational setpoints 
3 User has access to password management (Administration level) 

 
The second security level includes the 0 and 1 level. The third level includes the second, first and 0 levels, 
etc. 
 
If the operator interface doesnÕt allow multiple security levels, a password is mandatory for all levels. 
 

1.11 Emergency Stop 
Emergency stop actions 
When an emergency stop button is activated, an alarm is triggered.  The fault associated with this alarm will 
latch. 
During emergency stop, many stopping actions are initiated on equipments or process blocks. These actions 
are presented in sections describing the relevant equipments or process blocks. 
 
Recovery after emergency stop 
When all emergency stop buttons are back into normal position, the fault associated with an alarm is 
maintained until the operator proceeds to deactivate it.  
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1.12 Power Outage 

1.12.1 Power outage 
Upon power failure at the control panel, the Òpower failure modeÓ is activated. All automation unit outputs are 
deactivated by the single fact that automation has lost electrical power. Consequently, all equipments having 
selectors in Auto position become idle. 

1.12.2 Power recovery 
Upon power recovery and the detection of the automation unit first cycle, a start sequence is initialized before 
the restarting of various equipments.  
 

1.12.2.1 Actiflo ¨   
 If Actiflo¨  units were running before the power outage, the following delays are applied before their restarting. 
 
Delay #1: Starting of Priority Actiflo¨   
Delay #2: Starting of Non Priority Actiflo¨  
 
Note: If some selectors were in manual position before failure, the starting sequence will go on anyway but 
equipments in manual mode will restart simultaneously.  
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1.13 PID Loop 
All PID loops are configured with an operator interface page to change the setpoint and parameters.  The 
page includes the following values with their engineering units: 
 

1.13.1 Accessible signals from the operator interface 
 
Description Format Transfer direction Pushbutton Security 

Level 
Auto/Manual Selection Bool Script X 2 
Manual Mode Loop Bool Reading   
Local/Distance Selection Bool Script X 2 
Distance Mode Loop Bool Reading   
Local Mode Setpoint Real Script  2 
Distance Mode Setpoint Real Reading   
Processed Setpoint Real Reading   
Output Value Real Reading / Script   
Proportional Real Script  4 
Integral Real Script  4 
Derived Real Script  4 
 

1.13.2 Operational Mode 
Three operational modes are available: 

�x Manual Mode: Loop is not active; the output value is given manually by operator (Output Value).  
�x Local Auto Mode: Setpoint is given by operator (Setpoint in Local Mode) 
�x Distance Auto Mode: Setpoint is given by external source or a calculation, according to process 

 

1.13.3 Volume compensated integral 
Mainly used for pH and chlorine control loops, the VCI takes into account water flow and water volume 
between the dosing point and analyser. This calculation gives the necessary time for water to travel between 
the dosing point and analyser; it is constantly redone to reflect flow changes. The VCI may always be 
stopped, in which case the loop is only proportional to the flow. 
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1.14 Management of Alarms 

1.14.1 Alarm Priorities 
Alarms are grouped according to 2 priority levels for various attention requirements: 
Alarms priority 1: 

1. Needs immediate operator attention. 
2. An equipment component may be stopped. 

 
Alarms priority 2: 

1. Does not need immediate operator attention. 
2. May precede an alarm priority 1 (warning) 

 
Alarm priorities are presented in the description of each alarm. 
 

1.14.2 Distinguishing between  alarm and fault 
Alarm: 
The alarm is a warning intended for the operator, who may acknowledge it at any moment with the use of the 
ÒAcknowledgement of alarmsÓ button. When an alarm occurs, a message describing the alarm is displayed on 
the operator interface.  
 
Fault: 
The fault corresponds to the action generated by the alarm. So, for every fault, there is an associated alarm.   
The fault is maintained as long as the conditions that generated it remain active. Once the fault conditions are 
gone, the operator must reset the fault with the Òfault reset buttonÓ. 
 
A "Reset to 0" button for fault timers allows the re-initialization of all faults, including the ones whose 
conditions remain active. When the condition creating the fault is always active, the alarm is triggered again 
once the fault delay has run out. 
 
Note: if a fault associated with an equipment component is programmed so it corrects itself automatically, it 
will be specified in the section describing this equipment. 
 
The common fault of an equipment component groups all faults pertaining to this equipment. 
 

1.14.3 After an Alarm 
When an alarm occurs: 

1. A message appears on the HMI operator interface 
2. The alarm pilot light blinks until there is acknowledgement by the operator   
3. The operator must correct the situation and reset fault before restarting the system. 
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2 Operator Interface 

2.1 Local Operator Interface 
The operator interface provided with this system is an Allen-Bradley, PanelView Plus 600. 
 
Interface allows the starting-up of the unit, stopping it, alarm acknowledgement, fault reset, initiation of an 
Actiflo¨  sequence, display and viewing of trends.   
The setting of all adjustable delays inserted in the auto sequence is accessible at the operatorÕs interface, but 
the access is limited. All data entries are limited in minimum and maximum to avoid faulty entries. 
 
Local operator interface allows: 

1. Access to different screens by a main menu. 
2. Automatic/Manual mode selection for all valves and motors. 
3. Open/Close or Start/Stop selection for manual operation of valves and motors. 
4. Visualization of motor and valve status 
5. Visualization and acknowledgement/reset of alarms (past and present) 
6. Initialization of automatic start/stop Actiflo¨  sequence. 
7. Visualization of analog measurements with engineering values or graphics. 
8. Modification of ranges, setpoints and delays. 

Pages are accessible with a valid password. 
 

3  Raw Water 

3.1 Analysers 

3.1.1 Raw water turbidimeter 
Tag: AIT1-011 
 
Out of range raw water turbidimeter 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " RAW WATER TURBIDIMETER EQUIPMENT FAULT ALARM" is displayed on 
interface; 

 
High raw water turbidity 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " RAW WATER TURBIDIMETER HIGH ALARM" is displayed on interface; 
 
High High raw water turbidity 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " RAW WATER TURBIDIMETER HIGH HIGH ALARM" is displayed on interface; 
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4 Actiflo ¨   

4.1 Description 
The coagulation/filtration process is based on two Actiflo¨  units. 
 
All Actiflo¨  units may operate simultaneously without a backup unit. 
Each Actiflo¨  unit has two recirculation pumps, one of which is backup (with permutation) 
 
Unless otherwise indicated, the present chapter describes the operation of only one Actiflo¨  unit. Any 
description of an equipment or logic common to all units will be clearly identified. 
 

4.2 Local control 

4.2.1 Pushbuttons and pilot lights 
Buttons and lights are installed on panel door. 
The pilot lights identify prevailing operating conditions. 
 

" Actiflo¨  #1 IN OPERATION" steady The train is operating normally. 
" Actiflo¨  #1 IN OPERATION" fast blinking The train is in automatic start mode. 
" Actiflo¨  #1 I N OPERATIONÓ slow blinking The train is in automatic stop mode. 
" Actiflo¨  #1 IN OPERATION" off The train is stopped. 
" Actiflo¨  #2 IN OPERATION" steady The train is operating normally. 
" Actiflo¨  #2 IN OPERATION" fast blinking The train is in automatic start mode. 
" Actiflo¨  #2 I N OPERATIONÓ slow blinking The train is in automatic stop mode. 
" Actiflo¨  #2 IN OPERATION" off The train is stopped. 

 
The push buttons are the following: 
 

�x Start/Stop Actiflo¨  #1 
�x Start/Stop Actiflo¨  #2 

 
The "Start/Stop Actiflo¨  Òinstalled on panel door or on operator interface allows the following actions: 

�x Activate/deactivate Auto mode 
�x Stop Actiflo  

4.2.2 Pushbutton and pilot light colors 
Pilot light: 

�x Running = Green 
�x Alarm = Red 

 
Pushbutton and selector: 

�x Start/Stop = Green  
�x Other function = Black 
�x Selector = Black 
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4.2.3 Transmitted signals (to others) 
A local station (Manual/Off/Auto) is installed near each recirculation pump. All mixers are equipped with an 
override module installed in the PLC panel. 

4.2.4 Transmitted signals (to others) 
The following "hardwire" signals are available from the Actiflo¨  system panel: 
 

�x Dry contact status of Actiflo¨  #1 
�x Dry contact status of Actiflo¨  #2 
�x Common general alarm 

 
These standard signals may be used during commissioning and/or troubleshooting.  They can also be used to 
start other related equipments such as raw water pumps, sampling pumps, etc. 

4.2.5 Signals to be received (from others) 
Here are the "hardwire" signals received at the control panel: 
 

�x Remote control command Ç START/STOP AUTOMATIC SEQUENCE È of Actiflo¨   #1 
�x Remote control command Ç START/STOP AUTOMATIC SEQUENCE È of Actiflo¨   #2 

 
These standard signals may be used during commissioning and/or troubleshooting. Once stopped, the Actiflo¨  
start sequence is initialized if Actiflo¨  is in Auto mode; if this contact is not used, a ÒjumperÓ must be installed. 
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4.3 Automatism / Auto Mode 

4.3.1 Auto Mode 
The Auto mode being originally deactivated, the Actiflo¨  unit runs in Auto mode by pushing the Start/Stop on 
panel door or at operator interface, if the following conditions are met: 

1. Conditions for auto start sequence 
2. No conditions for auto stop sequence 
 

Upon the activation of the Actiflo¨  automatic start sequence an alarm will be displayed if equipment is not in 
Auto mode. This alarm indirectly lets you know that some equipment is in manual running or stop mode 
("EQUIPMENT ON MANUAL MODE" message). 
 
When the Actiflo¨  unit is in Auto mode, it can be deactivated by one of the following conditions: 

1. Pushing the Start/Stop button on panel door or at operator interface for a second time 
2. Actiflo¨  unit has major fault 
3. Activation conditions for the auto stop sequence are present. 

If Auto mode is deactivated by a major fault or by stop conditions, the Actiflo¨  unit canÕt be put back in Auto 
mode unless operator addresses the situation, corrects the faults and hits the Stop/Auto button again.  

4.3.2 Activation conditions for auto start sequence 
When operator pushes Start/Stop button (on panel or at operator interface) the start sequence is activated if 
following conditions are met:   
If delay, when power is back after outage, has expired. 
Other conditions: 

1. Injection mixer in auto 
2. Maturation mixer in auto 
3. Scraper in auto 
4. At least one recirculation pump in auto 
5. Raw water valve in auto 
6. No major fault is present 

4.3.3 Activation conditions for auto stop sequence 
The stop sequence is activated when one of the following conditions is the case: 

1. Operator pushes Start/Stop button (on panel or at interface) 
2. The remote startÕs dry contact is deactivated 
3. When a major fault is activated 

If Actiflo¨  is stopped by a major fault, it wonÕt restart unless the operator addresses the situation, corrects the 
faults and hits start button again. 

4.3.4 Major faults 
List of faults causing Actiflo¨  stop:   
1. Faulty injection mixer 
2. Faulty maturation mixer 
3. Faulty scraper 
4. Both recirculation pump in fault 
5. Faulty raw water valve 
6. High high clarified water turbidity 
7. Low raw water flow 
8. High high level Actiflo¨  switch is activated 
9. Emergency stop is activated 
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4.3.5 Alarm deactivation delay after start of Actiflo ¨ unit  
In order to avoid false process alarms following the start of an Actiflo¨  unit, the operator can set a process 
alarm deactivation delay at the interface (0 to 60 min.) after the start of an Actiflo¨ . During this time, all 
corresponding Actiflo¨  process alarms, such as turbidity, pH, etc., are deactivated. However, level and flow 
alarms do remain active. 
 

4.3.6 No alarm mode 
The mode without alarm allows the operator to deactivate the process alarms of the corresponding Actiflo¨ for 
a non-adjustable, 60-minute period. It is mostly used after treatment loss. Rather than modifying each and 
every process alarm setpoint, the operator activates this mode so he may focus on treatment recovery. 
Oversights and mistaken handling of alarm setpoints are thus less likely. As a security feature, this mode is 
automatically deactivated after 60 minutes. It may be activated or deactivated at any time from the operator 
interface. Level and flow alarms remain unaffected by this mode.  
 
 
 
 
 

4.3.7 Actiflo¨  priority 
 
Both Actiflo¨  will be following the service water pump priority.  The Actiflo¨   need to be in operation for the 
associated service water pump to run. 
If Actiflo¨  with the pump priority 1 goes in major fault and is stopped, the priority is swapped to the other pump 
and the other Actiflo¨  .  Also, the pH meter used for the caustic loop is associated with the pump and Actiflo¨  
that are priority 1. 
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4.3.8 Actiflo ¨  start sequence 
Once the auto start sequence is initiated, the Actiflo¨  unit starts according to the following sequence: 
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0 Full Stop Equipments not running 
Operational status: deactivated 

S S S S S D C 

 Initiation of auto start sequence  
1 Start Sequence Recirculation pump start R S S S S D RB
 Elapsed time (sequence delay specific to 

motor) 
 

2 Start Sequence Scraper start R S S S R D RB
 Elapsed time (sequence delay specific to 

motor) 
 

3 Start Sequence Coagulation mixer start R R S S R D RB
 Elapsed time (sequence delay specific to 

motor) 
 

4 Start Sequence Injection mixer start R R R S R D RB
 Elapsed time (sequence delay specific to 

motor) 
 

5 Start Sequence Maturation mixer start  
Activation of running status 

R R R R R AC O 

 Elapsed time (sequence delay specific to 
motor) 

 

6 Actiflo¨  operating Actiflo¨  operating R R R R R AC O 
 
Legend  
Motor Valve Status Light 
S : Stop C : Closed AC : Active C : Closed 
R : Running O : Open D : Deactivated O : Open 
   RB : Rapid blink 
   SB : Slow blink 
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4.3.9 Actiflo ¨  stop sequence 
Once the automatic stop sequence has been initiated, the Actiflo¨  unit stops according to the following 
sequence: 
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 Initiation of auto stop sequence  
7 Stop Sequence Coagulation mixer stop; 

Injection mixer stop; 
Maturation mixer stop; 
Deactivation of running status  

R S S S R D SB

 Elapsed time (stop sequence delay 
specific to scraper) 

 

8 Stop Sequence Scraper stop  / No action R S S S S D SB
 Elapsed time (stop sequence delay 

specific to recirculation pump) 
 

9 Stop Sequence Recirculation pump stop 
 

S S S S S D SB

 Elapsed time (1 sec.) 
 

 

 
Legend  
Motor Valve Status Light 
S : Stop C : Closed AC : Active C : Closed 
R : Running O : Open D : Deactivated O : Open 
   RB : Rapid blink 
   SB : Slow blink 
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4.3.10 Recirculation pump logic 
The recirculation pump must be running for Actiflo¨  operation. 
 
Two pumps are installed for each Actiflo¨  unit. 
When both pumps are faulty, the Actiflo¨  unit stops due to a major fault. 
 
If one pump is faulty and the Actiflo¨  unit is running, the second pump will start. The Actiflo¨  unit wonÕt stop, 
an alarm will be displayed and a priority 2 fault will be activated. If the second pump should also become 
faulty or if itÕs in manual mode, the Actiflo¨  unit will stop. 
 
Operator may select one of the two pumps as priority or run both at the same time, with the help of a 
pushbutton on interface. 

4.4 Pumps and Mixers  

4.4.1 Coagulation mixer 
One mixer per Actiflo¨   
Tag: M2-011, M2-021 
 
Automatic mode 

Mixer operates: 
1. If sequencer is on step 3, 4, 5 or 6. 
2. If E-stop is not activated. 

 
Coagulation mixer fault alarm 
Priority 2 alarm 
Sequence of events when alarm is triggered: 

1. Mixer stops 
2. The ACTIFLO #x COAGULATION MIXER EQUIPMENT FAULT ALARM" message is displayed on 

operator interface  

4.4.2 Injection mixer 
One mixer per Actiflo¨ 

Tag: M2-012, M2-022 
 
Automatic mode 
Mixer operates: 

1. If sequencer is on step 4, 5 or 6. 
2. If E-stop is not activated. 
 

Injection mixer fault 
Priority 1 alarm 
Sequence of events when alarm is triggered: 

1. Mixer stops 
2. The "ACTIFLO #x INJECTION MIXER EQUIPMENT FAULT ALARM" message is displayed on the 

operator interface  
3. The corresponding Actiflo¨  unit stops according to the automatic stop sequence. 
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4.4.3 Maturation mixer 
One mixer per Actiflo¨ 

Tag: M2-013, M2-023 
 
The maturation mixer speed is directly adjusted on the VFD during system start-up in order to obtain an 
optimal blend. Once the speed is adjusted, it is stable. 
 
Auto mode 

Mixer operates: 
1. If sequencer is on step 5 or 6. 
2. If E-stop is not activated. 

 
Interlock: 
The associated recirculation pump must be running to allow mixer operation. 
Interlock is active in auto mode and manual mode. 
 
Maturation mixer fault 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. Mixer stops 
2. The "ACTIFLO #x MATURATION MIXER EQUIPMENT FAULT ALARM" message is displayed on the 

operator interface  
3. The corresponding Actiflo¨  unit stops according to the automatic stop sequence.  

4.4.4 Recirculation pump 
Tag: P2-011, P2-012, P2-021, P2-022 
 
Automatic mode 
Pump is operational: 

1. If sequencer is on step 2 to 8. 
2. If E-stop is not activated. 
 

Recirculation pump fault 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. Pump stops 
2. The "ACTIFLO #x RECIRCULATION PUMP #x EQUIPMENT FAULT ALARM" message is displayed 

on the operator interface  
3. Refer to section "Automatism / Recirculation pump logic" 
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4.4.5 Scraper 
Tag: S2-011, S2-021 
 
Automatic mode 
Scraper is operational: 

1. If sequencer is on step 2 to 6 
2. If E-stop is not activated 

 
Interlock: 
The associated recirculation pump must be running to allow scraper action. 
Interlock active in automatic or interface manual mode. 
 
Scraper fault 
Priority 1 alarm 
Sequence of events when alarm occurs: 

1. Scraper stops 
2. The "ACTIFLO #x SCRAPER  EQUIPMENT FAULT ALARM " message is displayed on the operator 

interface  
3. The corresponding Actiflo¨  unit stops according to the automatic stop sequence. 
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4.5 Valves  

4.5.1 Raw water valve 
One raw water valve per Actiflo¨  unit   
Tag: V2-011, V2-021 
 
The raw water valve is a modulating valve. It is controlled by a PID loop whose setpoint is determined by the 
operator. 
 
Automatic mode 

1. If sequencer is on step 5 or 6 
2. If E-stop is not activated. 

 
The valve doesnÕt have status contact. The fault is programmed with a disparity of the flowmeter reading. 
 
Raw water valve open fault 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. Valve opening adjusted to 0%  
2. The "OPEN FAULT RAW WATER VALVE ACTIFLO¨  #x " message is displayed on the operator 

interface; 
3. The corresponding Actiflo¨  unit stops according to the automatic stop sequence  

 
Raw water valve close fault 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. Valve opening adjusted to 0% 
2. The " ACTIFLO #x RAW WATER VALVE FAIL TO CLOSE ALARM" message is displayed on the 

operator interface 
3. The corresponding Actiflo¨  unit stops according to the automatic stop sequence  

 
Raw water valve open fault 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. Valve opening adjusted to 100% 
2. The " ACTIFLO #x RAW WATER VALVE FAIL TO OPEN ALARM" message is displayed on the 

operator interface 
3. The corresponding Actiflo¨  unit stops according to the automatic stop sequence  
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4.6 Analysers  

4.6.1 Raw water flowmeter 
One raw water flowmeter per Actiflo¨  unit 
Tag: FIT2-011, FIT2-021 
Unit: m3/h  
 
Out of range raw water flowmeter alarm  
Priority 1 alarm 
Sequence of events when alarm occurs: 

1. The message " ACTIFLO #x RAW WATER FLOWMETER  EQUIPMENT FAULT ALARM" is 
displayed on the operator interface 

2. The corresponding Actiflo¨  unit stops according to the automatic stop sequence  
Actiflo¨  unit may be operated manually if raw water flow rate is known and stable and if chemical dosage is 
manually adjusted.  
 
Low low raw water flow alarm 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x RAW WATER FLOWMETER LOW LOW ALARM" is displayed on the 
operator interface 

2. The corresponding Actiflo¨  unit stops according to the automatic stop sequence  
Activation condition for this alarm: raw water valve V2-011 for Actiflo¨  1 or V2-012 for Actiflo¨  2 valve more 
than 10% open. 
 
Low raw water flow alarm 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x RAW WATER FLOWMETER LOW ALARM" is displayed on the operator 
interface 

Activation condition for this alarm: raw water valve V2-011 for Actiflo¨  1 or V2-012 for Actiflo¨  2 valve more 
than 10% open. 
 
High raw water flow alarm 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x RAW WATER FLOWMETER HIGH HIGH ALARM" is displayed on the 
operator interface 

 
High high raw water flow alarm 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message "HIGH ACTIFLO #x RAW WATER FLOWMETER HIGH ALARM " is displayed on the 
operator interface 

 
Generally, the high high and low low flow thresholds respectively correspond to the hydraulic capacity, and 
10% of the Actiflo¨  unit hydraulic capacity. 

 
Raw water flow deviation alarm 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x RAW WATER FLOWMETER FLOW DEVIATION ALARM" is displayed 
on the operator interface 
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4.6.2 Coagulation pH  
One pH-meter per Actiflo¨  unit 
Tag: pHIT2-011, pHIT2-021 
Unit: pH 
 
Process alarms can only be triggered when all the following activation conditions are met: 

1. Actiflo¨  unit is running 
2. Deactivation time of process alarms after Actiflo¨  start has elapsed 
3. The no alarm mode is deactivated for the Actiflo¨ unit. 

 
Out of range coagulation pH-meter alarm  
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x CLARIFIED WATER PH METER EQUIPMENT FAULT ALARM" is 
displayed on operator interface 

2. The operation mode changes from VCI to proportional to the flow. 
 
Low low coagulation pH alarm 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x CLARIFIED WATER PH METER LOW LOW ALARM" is displayed on 
operator interface 

 
Low coagulation pH alarm 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x CLARIFIED WATER PH METER LOW ALARM" is displayed on operator 
interface 

 
High coagulation pH alarm 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x CLARIFIED WATER PH METER HIGH ALARM " is displayed on 
operator interface 

 
High high coagulation pH alarm 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x CLARIFIED WATER PH METER HIGH HIGH ALARM" is displayed on 
operator interface 
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4.6.3 Clarified water turbidimeter 
One clarified water turbidimeter per Actiflo¨  units 
Tag: AIT2-011, AIT2-022 
Unit: NTU 
 
Process alarms can be triggered only when all the following activation conditions are met: 

1. Actiflo¨  unit is running 
2. Deactivation time of process alarms after Actiflo¨  start has elapsed 
3. The no alarm mode is deactivated for the Actiflo¨ unit 

 
Out of range clarified water turbidimeter 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x CLARIFIED WATER TURBIDIMETER EQUIPMENT FAULT ALARM" is 
displayed on operator interface 

 
High clarified water turbidity alarm 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x CLARIFIED WATER TURBIDIMETER HIGH ALARM" is displayed on 
operator interface 

 
High high clarified water turbidity alarm 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x CLARIFIED WATER TURBIDIMETER HIGH HIGH ALARM" is displayed 
on operator interface 

2. A separate timer is started before the corresponding Actiflo¨  is stopped.  This timer is set on the HMI 
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4.6.4  Actiflo ¨ high high level switch  
One switch per Actiflo¨ unit 
Tag : LSHH2-011, LSHH2-021 
 
High high level alarm 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #x HIGH HIGH WATER LEVEL ALARM" is displayed on operator interface 
2. The corresponding Actiflo¨  unit stops according to the automatic stop sequence 

 

4.6.5 Scraper torque detector 
Tag: WT2-011, WT2-021 
 
The torque detector/alarm is independent from the PLC. It is available when scraper is started from a local 
station or an override module.  
 
High scraper torque 
Priority 2 alarm 
A high torque alarm is activated when the torque is higher than the adjustable setpoint for more than the 
adjustable delay.  Those adjustable variables are set in the programmable relay (HPL220) installed in the 
panel. 
 
Sequence of events when an alarm occurs: 

1. The message " ACTIFLO #X SCRAPER  HIGH TORQUE ALARMÓ is displayed on operator interface 
 
High high scraper torque 
Priority 1 alarm 
A high high torque alarm is activated when torque is higher than the adjustable setpoint for more than the 
adjustable delay. Those adjustable variables are set in the programmable relay (HPL220) installed in the 
panel. 
 
Sequence of events when an alarm occurs: 

1. Scraper stops 
2. The message " ACTIFLO #X SCRAPER  HIGH HIGH TORQUE ALARM" is displayed on operator 

interface 
3. The corresponding Actiflo¨  unit stops according to the automatic stop sequence 

 
For cases when the PLC is faulty or when scraper is operated manually, the high high scraper torque alarm 
will stop scraper. No message will be displayed if PLC is defective. The reset of the programmable relay 
(HPL220) is done through the PLC or with the fault reset button on panel door. 
If programmable relay is faulty, scraper will stop. 
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5 CHEMICAL DOSING  

5.1 Coagulant  

5.1.1 Coagulant dosing 
Tag: P9-511, P9-512, P9-513 
 
Coagulant is proportionally dosed to the total raw water flow. The dosing point is before each of the Actiflo¨  
unit. Three pumps are installed for coagulant dosing. The pump P9-511 is designed to operate for the Actiflo¨  
1 and P9-513 for the Actiflo¨  2. The pump P9-512 is the backup. Operator must change the positions of some 
manual valves and locally put the pump in auto to use backup.  
 
Coagulant dosing is calculated with the aid of this formula:  
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Qcoag. : Chosen coagulant dosage (L/h) 
Q: Raw water flow Actiflo (m3/h) 
SP: Dosage setpoint (mg/L) 
SG: Density (Kg/L) 
C: Concentration (%)  (Example: 48%) 

 
Formula below gives reference speed for metering pumps, in percentage. A pump calibration must be done in 
order to get a linear speed curve, depending on pump capacity. 
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 Vpump:  Pump reference speed; 
Qcoag:   Dosage (calculated in previous equation) (L/h); 
Q20:   Dosage flow measured at 20% of pump speed (L/h); 
Q8:   Dosage flow measured at 80% of pump speed (L/h); 

Auto mode 
Pump operates if: 

1. Maturation mixer works; 
2. Coagulant dosing tank is not empty 
3. E-stop is not activated. 

 
High temperature 
Priority 2 alarm 
Sequence of events: 

1. The message " COAGULANT DOSING PUMP #X TEMPERATURE ALARM, RESET FAUT AT THE 
PANEL" is displayed on operator interface; 

2. The pump is deactivated 
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Maximum coagulant flow alarm 
Priority 2 alarm 
Sequence of events: 

1. The message "COAGULANT DOSING PUMP #X HIGH DOSING CAPACITY ALARM, STROKE 
MUST BE ADJUSTED, REQUIRED DOSAGE CANÕT BE REACHED " is displayed on operator 
interface; 

 
Minimum coagulant flow alarm 
Priority 2 alarm 
Sequence of events: 

1. The message "COAGULANT DOSING PUMP #X LOW DOSING CAPACITY ALARM, STROKE 
MUST BE ADJUSTED, REQUIRED DOSAGE CANÕT BE REACHED " is displayed on operator 
interface; 
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Coagulant preparation system 
 
The coagulant preparation system consists of two tanks of 1000L. The first one prepares the batch and when 
done, transfers to the second tank for dosing.  

5.1.1.1 Preparation system sequence 

S
te

p 
# 

Step Name 
Actions 
 
Transition conditions 

P
re

pa
ra

tio
n 

W
at

er
 

V
al

ve
 

C
oa

gu
la

nt
 d

ry
 fe

ed
er

 

P
re

pa
ra

tio
n 

m
ix

er
 

P
re

pa
ra

tio
n 

tr
an

sf
er

 
P

um
p 

0 Waiting Time Preparation system ready 
Waiting for preparation request  C S S S 

 Low level maturation tank AND 
No low solid level, dry feeder alarm, 
mixer alarm, transfer pump alarm or 
level-meter alarm. 

 

1 Water filling Open preparation water valve O S S S 
 Initial preparation water level reach  
2 Coagulant feeding start Start coagulant dry feeder O R S S 
 Minimum mixer level reach 

OR elapsed feeding time  

3 Feeding and preparation Start preparation mixer O R R S 
 Elapsed feeding time OR full level 

preparation tank  

4 Coagulant feeding stop Stop coagulant dry feeder O S R S 
 Full level preparation tank  
5 Maturation Close preparation water valve 

Start of maturation period C S R S 

 Elapsed time (Maturation time)  
6 Coagulant transfer 

waiting time 
Stop preparation mixer 
Solution ready C S S S 

 Empty level dosing tank  
7 Coagulant transfer Start transfer pump C S S R 
 Empty level maturation tank  
8 Coagulant transfer end Stop transfer pump C S S S 

Legend  
Motor Valve 
S : Stop C : Closed 
R : Running O : Open 
  

 
Parameter Default value 
Low level maturation tank (L) 50 
Initial preparation water level (L) 100 
Minimum mixer level (L) 250 
Full level preparation  (L) 950 
Feeding time (min) 10 
Maturation time (min) 20 
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5.1.1.2 Pumps, mixers and motors 
 
Preparation mixer  
Tag: M9-511 
 
Automatic mode 

Mixer operates: 
1. If sequencer is on step 3, 4 or 5 
2. If E-stop is not activated. 

 
Coagulant mixer fault alarm 
Priority 2 alarm 
Sequence of events when alarm is triggered: 

1. Mixer stops 
2. The "COAGULANT MIXER EQUIPMENT FAULT ALARM " message is displayed on operator 

interface  
3. Stop preparation sequence 

 
Transfer pump  
Tag: P9-515 
 
Automatic mode 

Pump operates: 
1. If sequencer is on step 7; 
2. If E-stop is not activated; 
3. If full level from dosing tank is not activated; 
4. If empty level from maturation tank is not activated; 

 
Transfer pump fault alarm 
Priority 2 alarm 
Sequence of events when alarm is triggered: 

1. Pump stops 
2. The "COAGULANT TRANSFER PUMP EQUIPMENT FAULT ALARM " message is displayed on 

operator interface  
3. Complete present sequence without transfer, next sequence will not start. 

 
Blower  
Tag: B9-513 
 
Automatic mode 

Mixer operates for a configurable time: 
1. If the unload bag button is activated 

 
Coagulant blower fault alarm 
Priority 2 alarm 
Sequence of events when alarm is triggered: 

1. The "COAGULANT BLOWER EQUIPMENT FAULT ALARM " message is displayed on operator 
interface  

 



Meadowbank Mining corp., NWT 
Two Actiflo¨  

Functional description 
 PROJECT: NC01 

TS002-0 - Func Descr NC01 REV01.doc Page 37 of 46 
Ref: NC01 
Printed on 16/09/2009 3:46:00 PM 

Dry feeder  
Tag: DF9-511 
 
Automatic mode 

Dry feeder operates: 
1. If sequencer is on step 2 or 3 
2. If E-stop is not activated. 

 
Dry feeder fault alarm 
Priority 2 alarm 
Sequence of events when alarm is triggered: 

1. Dry feeder stops 
2. The "COAGULANT DRY FEEDER EQUIPMENT FAULT ALARM " message is displayed on operator 

interface  
3. Stop the sequence 

 

5.1.1.3 Valve 
 
Preparation water valve  
Tag: V9-518 
 
Automatic mode 

1. If sequencer is on step 1 to 4 
2. If E-stop is not activated. 

 
The valve doesnÕt have status contact. The open fault is activated after a request to open and without change 
in the water level after a defined time. 
 
Preparation water valve open fault 
Priority 2 alarm 
Sequence of events when an alarm occurs: 

1. The valve is deactivated 
2. The "COAGULANT WATER VALVE FAIL TO OPEN ALARM " message is displayed on the operator 

interface; 
3. Stop the sequence 

 

5.1.1.4 Analysers 
 
Maturation tank level meter  
Tag: LIT9-511 
 
Out of range level-meter 
Priority 2 alarm 
Sequence of events: 

1. The message "COAGULANT MATURATION LEVEL TRAMSMITTER EQUIPMENT FAULT ALARM " 
is displayed on operator interface ; 

2. Stop the sequence 
 
Low low level 
Priority 1 alarm 
Sequence of events: 

1. The message "COAGULANT MATURATION LEVEL TRAMSMITTER LOW LOW ALARM " is 
displayed on operator interface; 

2. Stop the transfer pump 
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Low level 
Priority 2 alarm 
Sequence of events: 

1. The message "COAGULANT MATURATION LEVEL TRAMSMITTER LOW ALARM" is displayed on 
operator interface; 

 
High level alarm 
Priority 2 alarm 

1. The message "COAGULANT MATURATION LEVEL TRAMSMITTER HIGH ALARM " is displayed on 
operator interface. 

 
High high level alarm 
Priority 1 alarm 

1. The message "COAGULANT MATURATION LEVEL TRAMSMITTER HIGH HIGH ALARM " is 
displayed on operator interface. 

2. Close the water valve 
 
Dosing tank level meter  
Tag: LIT9-512 
 
Out of range level-meter 
Priority 1 alarm 
Sequence of events: 

1. The message " COAGULANT DOSING TANK LEVEL TRAMSMITTER EQUIPMENT FAULT ALARM 
" is displayed on operator interface ; 

2. Stop the transfer 
 
Low low level 
Priority 1 alarm 
Sequence of events: 

1. Coagulant pump stops 
2. the message "COAGULANT DOSING TANK LEVEL TRAMSMITTER LOW LOW ALARM " is 

displayed on operator interface; 
3. The "ALARM" pilot light goes on. 
4. The Actiflo¨  units stop according to auto stop sequence. 

 
Low level 
Priority 2 alarm 
Sequence of events: 

1. The message "COAGULANT DOSING TANK LEVEL TRAMSMITTER LOW ALARM " is displayed on 
operator interface; 

 
High level alarm 
Priority 2 alarm 

1. The message "COAGULANT DOSING TANK LEVEL TRAMSMITTER HIGH ALARM " is displayed on 
operator interface. 

 
High high level alarm 
Priority 2 alarm 

1. The message "COAGULANT DOSING TANK LEVEL TRAMSMITTER HIGH HIGH ALARM " is 
displayed on operator interface. 

2. Stop the transfer pump 
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Low solid coagulant level  
Tag: LSL9-513 
 
Low level 
Priority 2 alarm 
Sequence of events: 

1. The message "COAGULANT POWDER LOW LEVEL ALARM " is displayed on operator interface; 
2. Dry feeder stop; 
3. Stop the sequence. 
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5.2 Polymer 

5.2.1 Polymer dosage 
Tag: P9-521, P9-522, P9-523 
 
Polymer is proportionally dosed to the total raw water flow. The dosing point is before each of the Actiflo¨  unit. 
Three pumps are installed for polymer dosing. The pump P9-521 is designed to operate for the Actiflo¨  1 and 
P9-523 for the Actiflo¨  2. The pump P9-522 is the backup. Operator must change the positions of some 
manual valves and locally put the pump in auto to use backup.  
 
Polymer dosing calculations 
 
Polymer dosing is calculated with the use of this formula:  
 

Ref: NC01 
Printed on 16/09/2009 3:46:00 PM 

 
 

              
C

SPQ
Qpoly

�u
� 

   
Qpoly: Chosen polymer dosage (L/h) 
Q: Actiflo raw water flow (m3/h) 

: Concentration (g/L) 

 of pumps 
ust be done in order to get a linear reference speed curve, on the basis of the pumpÕs capacity. 

 

 Vpump:
 

Q80:   Dosage flow measured at 80% of pump speed (L/h); 

he SP, Q20, Q80 and C variables are entered at operator interface. 

SP: Dosage setpoint (mg/L) 
C
 

The formula below determines the reference speed for metering pumps, in percentage. Calibration
m
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  PumpÕs reference speed; 

Qpoly:   Dosage (calculated in previous equation) (L/h) ; 
Q20:   Dosage flow measured at 20% of pump speed (L/h); 

 
T
 
Automatic mode 
Pump will operate if: 

1. The maturation mixer is running. 
2. E-stop is not activated. 

e
 
High temperatur  

x TEMPERATURE ALARM, RESET FAUT AT THE 
perator interface; 

2. The pump is deactivated 

Priority 2 alarm 
Sequence of events: 

1. The message "POLYMER DOSING PUMP #
PANEL " is displayed on o
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Maximum polymer flow alarm 

 
BE ADJUSTED, REQUIRED DOSAGE CANÕT BE REACHED" is displayed on operator interface ; 

r flow alarm

Priority 2 alarm 
Sequence of events: 

1. The message "POLYMER DOSING PUMP #x HIGH DOSING CAPACITY ALARM, STROKE MUST

 
Minimum polyme  

 
BE ADJUSTED, REQUIRED DOSAGE CANÕT BE REACHED" is displayed on operator interface. 

Priority 2 alarm 
Sequence of events: 

1. The message "POLYMER DOSING PUMP #x LOW DOSING CAPACITY ALARM, STROKE MUST
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5.2.2 Water transport valve, polymer 
Tag: V9-521, V9-522 
 
One valve per Actiflo¨  
The solenoid transport valve helps the polymer to reach the Actiflo¨  unit. The V9-521 is dosing the Actiflo¨  1 
and the V9-522 is dosing the Actiflo¨  2. 
 
Automatic mode 
Valve will open if: 

1. The maturation mixer is running. 
2. E-stop is not activated. 

 

5.2.3 TOMAL Automatic polymer preparation system 
Tag: JB9-521 
 
The automatic preparation system is independent from the Actiflo¨  PLC. It is controlled by a relay panel of 
which a few signals are transferred to the PLC. 
 
General alarm 
Priority 2 alarm 
Sequence of events: 

1. The message "POLYMER PREPARATION SYSTEM MIXER FEEDER OVERLOAD ALARM " is 
displayed on operator interface; 

 
Low level dosage tank alarm 
Priority 1 alarm 
Sequence of events: 

1. Pumps stop 
2. The message "POLYMER PREPARATION SYSTEM LOW POLYMER LEVEL ALARM " is displayed 

on operator interface; 
3. Both Actiflo¨  units stop according to the automatic stop sequence. 

 
Low water pressure alarm 
Priority 2 alarm 
Sequence of events: 

1. The message "POLYMER PREPARATION SYSTEM LOW WATER PRESSURE ALARM " is 
displayed on operator interface; 

 
Low powder level alarm 
Priority 2 alarm 
Sequence of events: 

1. The message "POLYMER PREPARATION SYSTEM LOW POWDER LEVEL ALARM " is displayed 
on operator interface ; 
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5.3 Caustic soda (NaOH) 

5.3.1 Caustic Soda dosage 
Tag: P9-541, P9-542, P9-543 
 
Caustic soda is proportionally dosed to the total raw water flow with a volume compensated integral control 
loop. The dosing point is before each of the Actiflo¨  unit. Three pumps are installed for caustic soda dosing. 
The pump P9-541 is designed to operate for the Actiflo¨  1 and P9-543 for the Actiflo¨  2. The pump P9-542 is 
the backup. Operator must change the positions of some manual valves and locally put the pump in auto to 
use backup.  
 
Automatic mode 
Pump operates if: 

1. Maturation mixer works; 
2. E-stop is not activated. 

 
High temperature 
Priority 2 alarm 
Sequence of events: 

1. The message "NAOH DOSING PUMP #x TEMPERATURE ALARM, RESET FAUT AT THE PANEL  " 
is displayed on operator interface; 

2. The pump is deactivated 
 
Maximum Caustic soda flow alarm 
Priority 2 alarm 
Sequence of events: 

1. The message "NAOH DOSING PUMP #x HIGH DOSING CAPACITY ALARM, STROKE MUST BE 
ADJUSTED, REQUIRED DOSAGE CANÕT BE REACHED " is displayed on operator interface ; 

 
Minimum Caustic soda flow alarm 
Priority 2 alarm 
Sequence of events: 

1. The message "NAOH DOSING PUMP #x LOW DOSING CAPACITY ALARM, STROKE MUST BE 
ADJUSTED, REQUIRED DOSAGE CANÕT BE REACHED " is displayed on operator interface; 
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Caustic Soda dosing calculations 
 
Caustic Soda flow in L/h:  
 

10�u�u
�u

� 
SGC

SPQ
Qsd

 
 

 
Qsd: Chosen caustic soda dosage (L/h) 
Q: Actiflo raw water flow (m3/h) 
SP: Dosage setpoint (mg/L) 
SG: Density (Kg/L) = 1kg/L for water 
C: Concentration (%)  (Example: 48%) 

 
The formula below gives the reference speed for metering pumps, in percentage. Calibration of pumps must 
be done in order to get a linear reference speed curve, on the basis of the pumpÕs capacity. 
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 Vpump:   PumpÕs reference speed; 

Qsd:   Dosage (calculated in previous equation) (L/h); 
Q20:   Dosage flow measured at 20% of pumpÕs speed (L/h); 
Q80:   Dosage flow measured at 80% of pumpÕs speed (L/h); 

Note: if pumpÕs stroke is changed, flow values at 20% and 80% are changed on operator interface. 
 

5.3.2 Mixer 
 
Preparation mixer  
Tag: M9-541 
 
Automatic mode 

Mixer operates for a configurable time: 
1. If  the HMI button change to auto. 

 
Caustic soda mixer fault alarm 
Priority 2 alarm 
Sequence of events when alarm is triggered: 

1. Mixer stops 
2. The "NAOH MIXER EQUIPMENT FAULT ALARM " message is displayed on operator interface  
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6 SERVICE WATER  

6.1 Pumps 
Tag: P7-011, P7-012 
 
The service water pump supply is at each corresponding Actiflo¨ . One pump will run at a time.  The pump 
priority is set at the HMI.  The pump priority will set the Actiflo¨  priority as well.   
 
The pump priority will be automatically change if: 

1. The associated Actiflo¨  is in major fault 
2. The priority pump is in fault 
3. The Actiflo¨  is stoped by the operator with the HMI or the button. 

  
 
Automatic mode 
Pump is operational: 

1. If the corresponding Actiflo¨  is in operation; 
2. If, for the backup pump, the primary pump is not running; 
3. If E-stop is not activated. 
 

Service water pump fault 
Priority 1 alarm 
Sequence of events when an alarm occurs: 

1. Pump stops 
2. The "SERVICE WATER PUMP #x FAULT ALARM " message is displayed on the operator interface 
3. Swap the pump priority  
4. Start the backup pump  
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Description of Operation 

The Bray Series 92 and 93 Pneumatic Actuators feature a double piston, rack and pinion mechanism 
designed to automate quarter-turn valves.  In the Series 92 Double-Acting Actuator, pressure introduced 
through Port A (the left port when facing the ports) forces the pistons away from each other and causes 
the pinion to rotate in a counterclockwise direction.  Pressure introduced through Port B (the right port 
when facing the ports) is directed through an internal passage to the opposite side of the pistons, which 
forces the pistons together and rotates the pinion in a clockwise direction.  Normally, the clockwise 
rotation (pistons moving together) closes the attached valve, and the counterclockwise rotation (pistons 
moving apart) opens the attached valve. 

In the Series 93 Spring-Return Actuators, spring cartridges have been added to push the pistons together 
by spring force in the event the compressed air pressure is lost.  This spring force normally closes the 
attached valve.  However, in the event that the valve is required to open under spring force, refer to the 
fail open  portion of the installation  section below.  
 
Operating Fluid 

The recommended operating medium is clean dry air at 40 - 140 psig (3 - 10 bar).  An air line lubricator is 
suggested for fast cycling applications, i.e. more than 10 cycles per minute.   Other media such as 
hydraulic oil, water, or certain other gases may also be used in some instances, but the factory should be 
consulted for specific applications. 

 
Operating Temperature 

The recommended operating temperature range is -15 ¡F to 200 ¡F (-25 ¡C to 95 ¡C).  Below 32 ¡F (0 ¡C) care 
must be taken to prevent condensed moisture from freezing in the air supply lines.  Consider the use of an 
air dryer if the actuator is installed in cold climates.  The air dryer must be capable of lowering the dew 
point of the air to a temperature lower than that of the surrounding environment. 

 
Installation 

Bray Series 92/93 Actuators are designed to mount directly on the top plate of Bray Valves.  Before the 
actuator is mounted on a valve, it is a good practice to lubricate the output bore of the actuator with a 
thick grease.  The grease will make it easier to remove the actuator from the valve stem, even after years 
of service. 

Normally, the actuator is mounted with its long side parallel to the pipe line.  A double acting actuator will 
normally rotate the valve stem clockwise to close, and counterclockwise to open.  Spring return actuators 
will normally rotate the valve stem clockwise to close with the spring stroke, and counterclockwise to open 
with the air stroke.  The normal operation of the spring cartridges is therefore fail closed.  

Direction of operation may be changed to fail open  by any one of several different methods.  Refer to the 
Assembly Instructions and Exploded View in Figure 4 on page 7 for more details.  

Method 1  - Note:  This method works only with concentric disc valves such as the Bray Series 20/21, 
22/23 and 30/31 or other valves that allow the disc to be swung through the seat.  Turn the actuator 
so the long side is perpendicular to the pipeline.  This will allow the spring cartridges to rotate the 
valve stem clockwise to open, and the air stroke to rotate the valve stem counterclockwise to close.  
This is the easiest method if there is sufficient room to mount the actuator. 

Method 2 -  Note:  This method works only with concentric disc valves such as the Bray Series 
20/21, 22/23 and 30/31 or other valves that allow the disc to be swung through the seat.  See 
Assembly  below for detailed instructions on reinstalling the travel stop cam on the pinion.  
Remove the end caps, spring cartridges and pistons from the actuator.  Remove the pinion, 
rotate it 90 ¡, and reinstall the pinion in the actuator.  This will also allow the spring cartridges 
to rotate the valve stem clockwise to open, and the air stroke to rotate the valve stem counter-
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clockwise to close.  This is the second easiest method, and allows the actuator to be mounted 
with its long side parallel to the pipeline. 

Method 3  - Note:  This method works for all valves but must be used for offset disc valves such as the 
Bray Series 40/41, 42/43 and 44/45 or other offset disc valves where the disc may only turn clockwise 
to close.  See Assembly  below for detailed instructions on reinstalling the travel stop cam on the 
pinion.  Remove the end caps, spring cartridges and pistons from the actuator.  Rotate the pistons so 
that the racks turn the pinion counterclockwise as the pistons move toward each other.  (With the air 
input ports of the actuator body facing you, the left hand piston rack should be on the side with the air 
ports.)  This is the third easiest method, and allows the actuator to be mounted with its long side 
parallel to the pipeline, and clockwise to close rotation to be maintained. 

The actuator is attached to the valve by means of the studs and nuts furnished in the mounting kit.  
Thread the studs into the proper holes before installing the actuator on the valve.  The studs should be 
snug in the bottom of the tapped holes; there is no need to torque them.  Install the actuator on the valve 
making sure that the base of the actuator fits flat against the valve mounting flange.  Use the nuts and 
washers from the kit to complete the installation.  Torque the nuts in a diagonal pattern to assure equal 
loading of the studs. 

The final step in the installation process is to check the travel stop settings.  The travel stops are set for 
90 o of travel at the factory, however, each installation is different so they should be checked before 
putting the valve in service.  The actuators are designed with a minimum of 5 o over or under travel at 
each end of rotation.  A screwdriver, an open end or box end wrench and a hex wrench, all of the 
appropriate size, are the only tools required to make the necessary adjustments.  Refer to Figure 1 below. 

Remove the black position pointer to expose the wrench flats on the top of the pinion. 

Rotate the valve to the desired position.  If the air supply is available, it may be used to stroke the 
actuator.  If no air is available and the actuator has no springs, a wrench may be used. 
CAUTION:  Remove the air pressure before making the adjustments. 

Loosen the lock nut on the travel stop screw.  It is not necessary to remove the nut completely.  Using 
the hex wrench, turn the screw in or out until the desired travel stop position is reached.  While 
holding the screw with the hex wrench, tighten the lock nut with the wrench. 

Replace the position indicator making certain the pointer is aligned with the position of the valve, open 
or closed.  

        

 

± 5¡

± 5¡  

Figure 1 
Some valves or operating conditions dictate that the actuator have more that 5 o of travel adjustment.  For 
these conditions, the Series 92/93 actuator can be fitted with extended travel stops in the end caps.  (See 
Drawing ES11A-0460 in Figure 3 on page 6)  Consult the Bray distributor in your area for this option. 

Spring return actuators may be operated with only one air supply connected to Port A, since the spring 
cartridges will move the pistons when the air pressure in removed.  This operation, however, will draw the 
surrounding atmosphere into the spring chambers through Port B.  To prevent contamination from 
entering the spring chamber, a filter with a 40 micron (or finer) element should be installed in Port B. 

Even better service may be obtained on spring return actuators by installing a four-way solenoid, covering 
both Port A and Port B.  A four-way solenoid will fill the spring chambers with compressed air from the 
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plant air supply with each stroke.  The plant air supply is often cleaner than the surrounding atmosphere, 
especially in heavy industrial or chemical areas. 

 
Maintenance 

The rugged components and factory lubrication combine to ensure a long and trouble-free service life for 
Series 92/93 actuators.  Dirt and rust are the most common cause for shortened service life, and they 
typically enter the actuator through the air supply line.  Therefore, it is strongly recommended that an 
adequately sized filter with a 40 micron (or finer) element be installed adjacent to the inlet of the 
directional control valve.  Air line lubricators are recommended for rapid cycling applications (10 cycles or 
more per hour.) 

Routine maintenance of Series 92/93 actuators consists primarily of maintaining the air supply system by 
changing filter elements before they start by-passing and adding oil to lubricators before they run dry. 

The second most common cause of shortened service life is misalignment between the valve and the 
actuator.  This can cause premature failure due to excessive side loads on the bearings and gear teeth.  
Troubleshooting 
Table 1 shows several common symptoms and their remedies. 
 

Symptom Probable Cause Check Remedy 
Loss of Power Low air supply 

pressure, or 
damaged O-rings 

Air supply pressure at 
actuator, leakage 
across O-rings 

Boost air supply pressure, repair 
air supply line leaks, replace O-
rings 

Binding between 
valve and 
actuator 

Misalignment of 
coupling 

Alignment Realign coupling 

Valve "pops" out 
of seat and 
slams open 

Valve torque too 
high, actuator sized 
too small, or 
insufficient air 
supply flow 

Valve torque, actuator 
sizing calculations, 
size of air supply lines 
and/or solenoid valve 

Repair valve, use proper size 
actuator, use larger air supply 
lines and/or solenoid valve with 
higher flow 

 
Assembly 

To identify component names and shapes, refer to the Exploded View of the actuator shown in Figure 4.  
The numbers in parentheses ( ) refer to the numbered bubbles in Fig. 4 on page 7.  Easiest assembly will 
result from lubricating all bearings and seals as they are installed.  The lubricant should be a high pressure 
or extreme pressure petroleum grease with a lithium based thickener which meets the NLGI 1 grade 2.  
Grease which meets this specification should be available from any automotive supply store. 

Pinion (3)  - Install bearing rings (6 &7) and o-rings (18&19) in their appropriate grooves.  Insert the 
pinion through the large hole in the center of the body (1).  With the pinion part of the way into the 
body, slide the cam (23) over the pinion being careful to align the punch mark on the cam with the 
punch mark(s) on the pinion.  For normal installation and rotation, align the single marks.  For fail 
open  operation described in Method 2  above, align the single mark on the cam with the two marks on 
the pinion.  For fail open  operation described in Method 3  above, align the single marks.  Next, install 
the spacer (24) above the cam.  Then insert the pinion through the hole at the top of the body and 
secure it with the washer (9) and retaining ring (8). 

Travel Stop Screws (13)  - Slip the o-ring (14) over the flat end of the screw until it is 5-7 threads from 
the end.  Thread the screw into the hole, flat end first.  Repeat these steps for the second screw.  
Thread the lock nuts (12) onto the screws and tighten the nuts against the body.  This will seal the 

                                                 
1 National Lubricating Grease Institute 
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threads for testing.  It is not necessary to set the travel stops at this time as they may have to be re-
set when the actuator is installed on the valve. 

Pistons (2)  - Install the bearing pad (10) on the back of the rack and the o-ring (16) and guide ring 
(11) in their appropriate piston grooves.  The o-ring goes in the groove nearest the rack.  With the 
ports on the actuator body toward you, turn the pinion so that the slot is approximately 45 o to the 
right of perpendicular with the long side of the body.  Grasp the pistons in the spring pockets so that 
the piston in the right hand has the bearing pad toward you and the piston in the left hand has the 
bearing pad away from you.  Slide the pistons into the body so that they both engage the teeth on the 
pinion at the same time.  Apply enough steady force to compress the o-ring into the body bore.  At 
this point, you may continue pushing or use a wrench on the top of the pinion to pull the pistons into 
the body.  Check three things now.  Did the pinion turn clockwise as the pistons moved toward the 
center of the body?  Is the slot in the top of the pinion within a few degrees of perpendicular to the 
long side of the body?  Are the pistons the same distance in from the end of the body?  (Check this 
carefully because it is very critical.)  If the answer to all three questions is yes, proceed to install the 
end caps.  If the answer to any one question is no, use a wrench on the pinion to drive the pistons out 
of the body and repeat the insertion process.  It is not necessary to remove the pistons from the body 
unless the answer to the first question is no.  It is only necessary to disengage the piston rack from 
the pinion. 
NOTE:   The procedure described here is the ÒstandardÓ method.  For fail open actuators, refer to the 
Method 2  or Method 3  above. 

End Caps(4)  - Install the o-ring (17) in the groove.  Attach the end cap to the body with the 4 bolts 
(15) and washers (20) making certain that the straight part of the o-ring groove is toward the bottom 
of the body.  The air pressure will not flow to the outboard side of the pistons if the straight part of the 
o-ring groove is at the top. 

Position Indicator (21)  - Install the position indicator pointer on the top of the pinion and secure it with 
the flat head screw (22).  Normally, the long axis of the pointer will be parallel to the groove in the 
pinion.  If the actuator is installed across the pipe line, as described in Method 1 above, the indicator 
should be turned so that it is in line with the butterfly valve disc or port in the ball or plug valve. 

 
Final Assembly and Testing 

Connect the compressed air supply to the actuator input ports.  Cycle the actuator fully open and fully 
closed to check for proper travel and absence of air leaks.  If compressed air is applied to Port A and the 
actuator reaches the end of travel, there should be no air flow out of Port B, and vice versa.  There should 
be no air flow between the end caps and the body, through the travel stops, or out the top or the bottom 
of the pinion.  A solution of soap and water applied to the sealing points can indicate leaks that are too 
small to be audible. 
 

Disassembly 

Disconnect the compressed air from the actuator.  If the actuator is installed on a valve, remove it and 
take it to a clean work area, if possible.  Remove the indicator pointer.  Remove both end caps by 
loosening the hex head end cap bolts.  Remove both pistons by rotating the pinion counterclockwise until 
the piston heads are protruding from the body.  Pull the pistons out.  Take off the pinion retaining ring and 
acetal washer, then remove the pinion from the body.  The pinion bearings, o-rings, cam and spacer may 
then be removed. 

 
Adding Spring Cartridges 
Move the pinion to the fully closed (0 ¡) position.  Remove the end caps and insert the desired number of 
spring cartridges into the end cap pockets, up to a maximum of six cartridges per end cap.  See preferred 
placement of the spring cartridges below. 
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Figure 2 

Align the end cap with the body so the spring cartridges fit into the piston pockets.  Attach the end caps to 
the body with the hex head end cap bolts.  Tighten the bolts gradually in a diagonal sequence. 

Proceed to Final Assembly and Testing.  
 
Removing Spring Cartridges 

Disconnect the compressed air from the actuator.  An actuator with spring cartridges installed and no 
compressed air connected will move to the spring fail position.  This may be either fully closed (0 ¡) or fully 
open (90 ¡).  In either case, when the spring fail position is reached, remove the end caps by gradually 
loosening the hex head end cap bolts in a diagonal sequence.  Remove the spring cartridges.  Replace the 
end caps and tighten the bolts gradually in a diagonal sequence.  CAUTION:  Do Not Allow a Single Bolt to 
Hold the Fully Compressed Springs. 

Proceed to Final Assembly and Testing.  
 
General Pneumatic System Recommendations 

To maintain maximum efficiency with the Series 92/93 actuator, as well as many other pneumatic devices, 
the following suggestions are offered: 

! Air supply lines should be run in accordance with a Standard Piping Practice, and should not have 
exaggerated loops which may trap condensate. 

! All pipe ends should be thoroughly cleaned and deburred after cutting to ensure that the pipeline is 
clear of cuttings. 

!  Where air pipelines are subjected to extremes of temperature, the system should be fitted with air 
drying equipment. 

! If pipelines are hydraulically tested, the lines should be "blown down" with high pressure air to clear 
all water prior to connecting the lines to the actuator. 

!  Where a system is dependent on air filter equipment, the air filters should be in positions that allow 
easy access for maintenance and/or draining. 

!  Where pneumatic valve positioners or pneumatic controllers are installed in a valve actuator 
assembly, oil mist lubricated air should not be used unless the manufacturer states specifically that 
the positioner or controller is compatible with lubricated air.  In general, lubricated air is not 
recommended for a positioner. 

!  Where pipe fitting sealants or tapes are used, they should be applied to the male threads only.  
When applied to female threads, excess compound or tape can be transmitted into the actuator 
control lines and cause malfunctions in downstream equipment.  
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Figure 3 
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Figure 4  

Series 92/93 Exploded-view  

 

Item No Qty. 
Description  Item 

No 
Qty. 

Description 

1 1 Body  13 2 Travel Stop Screw 

2 2 Piston  14 2 O-ring, Travel Stop 

3 1 Pinion  15 8 Hex Head Cap Screw 

4 2 End Cap  16 2 O-ring, Piston 

5 12 max. Spring Cartridge  17 2 O-ring, End Cap 

6 1 Upper Pinion Bearing  18 1 O-ring, Upper Pinion 

7 1 Lower Pinion Bearing  19 1 O-ring, Lower Pinion 

8 1 Retaining Ring  20 8 Washer, Stainless Steel 

9 1 Washer, Acetal  21 1 Position Indicator Pointer 

10 2 Bearing Pad, Acetal  22 1 Flat Head Screw 

11 2 Guide Ring, Acetal  23 1 Cam, Internal Travel Stop 

12 2 Lock Nut  24 1 Spacer, Int. Travel Stop 
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Styling, strength, compactness,
and simplicity of design have
been combined to produce the
best rotary actuator on the market
today. Bray Controls introduces
this newest line of high perfor-
mance, highest quality pneumatic
actuators, the Series 92/93.

Engineering excellence and
precision manufacturing has pro-
duced a modular product line with
reduced overall size requirements
and economic savings. In addition
all Brayline Accessories are fully
modular and directly mount to the
actuator  Ð providing flexibility
and efficiency at reduced cost.

Bray Series 92/93 actuators are
rack and pinion, opposed-piston actuators
available in two versions: double acting for
rotation of 90¡, 135¡ and 180¡, and spring
return for 90¡ rotation. Their ideal use is
actuating butterfly, ball or plug valves, but
they can be applied anywhere a rotation of
90¡, 135¡ or 180¡ is needed. Rotated on low
friction acetal bearings, Bray units are well
suited to handle offset loads to the gear and
output shaft assembly.

The Series 92/93 actuators were designed
primarily for pneumatic operation up to a
maximum pressure of 140 psig (10 Bar) and
for temperature ranges of -40¡F  (-40¡C) to
+200¡F (+95¡C). For higher and lower tem-
perature applications, consult factory.
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All double acting and spring return units are
suitable for both on-off and throttling appli-
cations. Actuators which can be actuated
with other media such as hydraulic oil or
water are also available as an option.

The Series 92/93 is completely enclosed
and self contained. The many features
minimize maintenance and provide safe,
simple disassembly and assembly.

The INTEGRAL PORTING (A) reduces
the cost of external tubing that is also easily
damaged. The unique, lubricated ACETAL
PISTON GUIDES (B) and RINGS (C).
Both have a very low coefficient of friction
and absorb the side thrusts of the pistons.
The piston cylinder walls in the body are
honed to a very fine finish thus reducing the
overall coefficient of friction. These
features extend the life of the actuator and
make the Series 92/93 one of the most
efficient actuators on the market.

The OUTPUT SHAFT BEARINGS (D)
on the top and bottom of the pinion are
made of low-friction acetal.

The OUTPUT SHAFT and PINION
GEAR (E) are one-piece, manufactured
from hardened alloy steel and zinc-plated
for corrosion protection.

The SHAFT POSITION INDICATOR
(F) clearly shows open or closed position
and is easily removable for MANUAL
OVERRIDE FUNCTION of the actuator.

The BODY (G) is extruded aluminum
with anodized corrosion protective coating.
The END CAPS (H) are polyester coated
for chemical resistance. This coating is
resistant to dilute aqueous acids, salts,
aliphatic hydrocarbons, detergents, petro-
leum solvents, alcohols, greases and oils.

The TRAVEL STOP (I) adjusting screws
limit the travel of the actuator to specific
degrees of rotation in both open and closed
directions. The PISTONS (J)  are die-cast
aluminum.

The two PNEUMATIC SUPPLY PORTS
(K) are 1/8" NPT on size 48 actuators. The
other sizes have 1/4" NPT ports. NAMUR
interface is standard on all actuator sizes.

All Bray Series 92/93 actuators have
permanently lubricated factory packed
bearings and guides. No further lubrication
is necessary under normal operating
conditions. All seals, including PISTON
SEALS (L), are permanently lubricated
Buna-N O-rings.
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L
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DIRECT M OUNTING Bray actuators
comply with ISO 5211 dimensions and
mount directly to Bray valves without
using external linkages. Field installation
is simple, misalignment is minimized and
contamination buildup between valve and
actuator is reduced. Bray can provide
linkage for mounting actuators to other
devices requiring 90¡ to 180¡ rotation.

Brayline Accessories and Bray
Actuators both comply with VDI/ VDE
3845 (NAMUR recommendations).

SERIES 63  3-WAY AND
4-WAY SOLENOID VALVE
For electrical operation of
pneumatic actuator on-off func-
tions, Bray Series 63 solenoids
are direct-mounted to the actuator
by NAMUR interface. The pilot
operated spool control valve is
convertible from 3-Way (3/2) to
4-Way (5/2). Both watertight
(NEMA 4, 4X) and explosion
proof (NEMA 4,4X,7,9) hous-
ings are standard. NPT and IP65

DIN connections are offered with both
single and dual coils. The air supply
connection is 1/4" NPT and the electrical
connection is 1/2" NPT. A manual override
screw is located on the top of the valve
body. Stainless Steel housings, digital Bus
solenoids and a Series 55 speed control that
allows independent control in both direc-
tions of travel are also available.

SERIES 52
VALVE STATUS M ONITOR
The Bray 2N1 ProxSensor provides
2 inductive proximity sensors in 1 self-
contained, fully sealed, compact enclo-
sure. The 2 sensors are completely
encapsulated with epoxy resin in a nylon
enclosure for superior moisture, chemical
and corrosion protection. Features include
LED indicators, high visibility pointer for
local position indication, non-magnetic
target and multi-pin electrical cable con-
nector. The Series 52 mounts directly to
Bray actuators or can be mounted to signal
valve position of manually operated
valves. AC, DC and NAMUR intrinsically
safe versions are available. AC Sensor
units operate on 20-250 VAC with a
maximum load current of 500mA. DC
Sensor units operate on 10-65VDC with
a maximum load current of 200mA.
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SERIES 67 ELECTRO-PNEUM ATIC
& PNEUM ATIC POSITIONERS
The Bray Series 67 positioners feature a
modular design that allows the units and
accessories to be freely combined. For
use with either double or single acting
actuators, they provide direct or reverse
operating modes and zero and range
adjustments can be set separately. The
electro-pneumatic analog positioner
accepts either a 0-20 mADC or 4-20
mADC  input signal. Advanced micro-
processor controlled Digital Analog and
BusSmart Intelligent electro-pneumatic
positioners are offered for digital control.

VALVE STATUS M ONITOR
SERIES 50  The Series 50 signals
actuator and valve position to local and
remote stations. The compact valve
status monitor mounts directly to the
top of the actuator. Features include
finger-touch control cams, captive
cover bolts, local position indicator and
two conduit entries for easy wiring.
Rated for 15 amps at 125 or 250 volts
AC, the Series 50 is provided with
internal travel switches that are
prewired to a terminal block. Standard
switches are two single pole double
throw (SPDT) micro switches. Avail-
able switch options are 4 micro
switches, 2 proximity switches, 2
pneumatic switches or potentiometer
for continuous read out. The housing is
available in waterproof (NEMA 4,4X)
or explosion proof (NEMA 4,4X,7,9).

TRAVEL STOP  Two independent
adjusting screws are located on the center
of the output shaft to precisely limit the
travel of the actuator  to specific degrees
of rotation.The travel stops permit bidirec-
tional adjustment of actuator movement in
both the open and closed positions.

SPRING RETURN  BrayÕs Series 93
spring return models employ a unique
cartridge system. The actuator was designed
to save both space and cost. The housing
length of the spring return unit is the same
as the double acting unit. Converting from
double acting to spring return actuation is
just a matter of removing the end caps and
adding the unique spring cartridges. The
actuator can be disassembled and as-
sembled without cumbersome equipment or
danger to the installer due to springs
releasing. 40, 60, 80, and 100 psi services
are standard, optional ratings are available.
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G Double Acting/
Spring Return

Actuator Weights
48 63 83 92 118 127 160 210 255SIZE

Weights are in lbs. Spring Return unit weights are with full set of springs per piston.

1.8 3.4 6.1 8.4 16.4 20.9 38.1 65.0 144.0

2.4 4.1 7.9 10.8 21.7 27.3 52.6 95.3 192.6

Double Acting

Spring Return

Actuator Speeds
48 63 83 92 118 127 160 210 255

Open Stroke/
Close Stroke

1/4 1/4 1/4 1/4 1/2 1/2 1 2 2 3/4

SIZE

Times are in seconds, at 80 PSIG with 6ft. tubing, internal diameter approximately 1/4".

48 63 83 92 118 127 160 210 255SIZE
Actuator Volumes (ins 3)

(UNC)

(UNC)

48 63 83 92 118 127 160* 210 255à

1/8 1/4 1/4 1/4 1/4 1/4 1/4 1/4 1/4

1.42 1.97 1.97 1.97 2.76 2.76 Ñ 4.92 6.50
F 03 F 05 F 05 F 05 F 07 F 07 F 12 F 16

1.97 2.76 2.76 2.76 4.92 4.92 4.92 6.50 7.87x4.72
F 05 F 07 F 07 F 07 F 12 F 12 F 12 F 16 Rect.

.55 .55 .75 .75 1.18 1.18 1.18 1.97 2.50

.40 .40 .51 .51 .87 .87 .87 .47 .62

3.88 4.53 5.43 5.78 7.28 8.09 9.36 11.45 13.35

4.00 5.58 7.40 8.59 11.90 12.31 15.54 17.80 26.70

10-32 1/4-20 1/4-20  1/4-20 5/16-18 5/16-18 Ñ 1/2-13 M16x2
x .23 x .32 x .32 x .32 x .46 x .46 x .78 x 28mm

1/4-20 5/16-18 5/16-18 5/16-18 1/2-13 1/2-13 1/2-13 5/8-11 M16x2
x .25 x .40 x .40 x .40 x .69 x .69 x .75 x 1.11 x 28mm

.38 .38 .50 .50 1.12 1.12 1.12 1.12 1.12

1.30 1.38 1.46 1.46 2.20 2.20 2.20 2.76 4.25

2.50 3.46 4.27 4.61 5.52 6.32 7.80 10.04 11.89

1.60 1.72 2.02 2.18 2.53 2.72 3.07 4.25 4.75

2.19 3.11 3.83 4.17 4.91 5.44 6.82 8.83 10.75

1.58 1.58 1.58 1.58 1.58 1.58 2.56 2.56 2.56

1.25 .89 .89 .94 1.36 1.36 1.39 1.44 1.50

1.10** .79 .79 .79 .79 .79 1.18 1.18 1.18

.47 .47 .47 .47 .47 .47 .75 .75 .75

SIZE

A

B

ISO "F" 

ISO "F" 

C
D
E
F
G

H

J
L
M
N
P
Q
S
T
U

AIR
NPT

SERIES 92/93 DIM ENSIONS

Note: Double Acting and Spring Return actuators have the same overall dimensions.
  ISO ÒFÓ means mounting flange-drilling pattern.
* Dimensions for Size 160A in table. Size 160B (keyed stem version) has C dimension of 1.38 and D dimension of .39.
à Dimensions for Size 255A in table. Size 255B actuator has a C dimension of 3.00 and D dimension of .75.
** Size 48 has a T dimension of .79 with use of NAMUR top plate.

5.7 9.6 24.8 34.8 73.8 96.7 187.5 360.0 750.0

4.8 13.4 32.6 45.9 95.5 130.8 259.6 450.0 900.0

Counter-
clockwise
Clockwise

Counter-clockwise: Air volume in cubic inches required to push pistons apart, full travel.
Clockwise: Air volume in cubic inches required to push pistons together, full travel.

STEM BORE DETAIL
SIZES 210 & 255



The Series 92 Actuator
has a constant output
torque throughout travel
from start to end, clock-
wise or counterclockwise
rotation.

DOUBLE ACTING
TORQUE CURVE
Series 92 Ð (Air to Air)

Start End

SERIES 93 ACTUATOR TORQUE DATA  Air Operated, With Spring Return, Torque Output (Lb.-Ins.)

SERIES 92 ACTUATOR TORQUE DATA
Double Acting Pneumatic Operated
Torque Output (Lb.-Ins.)

75 113 150 188 225

145 221 297 373 449

351 536 721 906 1091

493 753 1013 1272 1532

1058 1615 2171 2728 3285

1410 2152 2894 3636 4378

2797 4270 5742 7214 8687

5783 8826 11870 14914 17957

14211 21691 29171 36650 44130

48
63
83
92
118
127
160
210
255

Actuator
Size

Air Supply Pressure (PSIG)
40 60 80 100 120

SINGLE ACTING
TORQUE CURVES
Series 93 Ð (Spring Return)

Start

End

Start

End

TO
R

Q
U

E

Counterclockwise (Air Stroke)

Clockwise (Spring Stroke)

Start End Start End Start End Start End Start End Start End
Spring Stroke40 60 80 100 120

Air Supply Pressure (PSIG)
Actuator

Size

No.
Springs

per
Piston

63

83

92

118

127

160

210

255

1 51 32 89 70 126 107 164 145 201 182 43 24
2/1 39 10 77 48 114 85 152 123 189 160 65 36
2 64 27 101 64 139 102 176 139 86 49

3/2 52 5 89 42 127 80 164 117 108 61
3 77 21 115 59 152 96 129 73
2 91 65 167 141 243 217 319 293 395 369 80 54
3 64 27 140 103 216 179 292 255 368 331 118 81
4 113 65 189 141 265 217 341 293 156 108
5 86 27 162 103 238 179 314 255 194 135
6 135 65 211 141 287 217 232 162
2 210 167 395 352 580 537 765 722 950 907 184 141
3 156 76 341 261 526 446 711 631 896 816 275 195
4 281 176 466 361 651 546 836 731 360 255
5 220 97 405 282 590 467 775 652 439 316
6 369 185 554 370 739 555 536 352
2 310 232 570 492 830 752 1089 1011 1349 1271 261 183
3 218 101 478 361 738 621 997 880 1257 1140 392 275
4 386 231 646 491 905 750 1165 1010 522 367
5 294  94 554 354 813 613 1073 873 659 459
6 462 229 721 488 981 748 784 551
2 692 469 1249 1026 1805 1582 2362 2139 2919 2696 589 366
3 509 174 1066 731 1622 1287 2179 1844 2736 2401 884 549
4 883 437 1439 993 1996 1550 2553 2107 1178 732
5 700 142 1256 698 1813 1255 2370 1812 1473 915
6 1073 404 1630 961 2187 1518 1767 1098
2 880 465 1622 1207 2364 1949 3106 2691 3848 3433 945 530
3 1357 733 2099 1475 2841 2217 3583 2959 1419 795
4 1094 261 1836 1003 2578 1745 3320 2487 1891 1058
5 1568 529 2310 1271 3052 2013 2365 1326
6 1302 57 2044 799 2786 1541 2837 1592
2 1819 1118 3292 2591 4764 4063 6236 5535 7709 7008 1679 978
3 1399 349 2872 1822 4344 3294 5816 4766 7289 6239 2448 1398
4 2452 1123 3924 2595 5396 4067 6869 5540 3147 1818
5 2030 353 3502 1825 4974 3297 6447 4770 3917 2240
6 3154 1196 4626 2668 6099 4141 4546 2588
2 3833 2508 6876 5551 9920 8595 12964 11639 16007 14682 3275 1950
3 2859 868 5902 3911 8946 6955 11990 9999 15033 13042 4915 2924
4 4930 2275 7974 5319 11018 8363 14061 11406 6551 3896
5 3949 638 6993 3682 10037 6726 13080 9769 8188 4877
6 6022 2031 9066 5075 12109 8118 9839 5848
2 9487 6747 16967 14227 24447 21707 31926 29186 39406 36666 7464 4724
3 7125 3015 14605 10495 22085 17975 29564 25454 37044 32934 11196 7086
4 12243 6762 19723 14242 27202 21721 34682 29201 14929 9448
5 9880 3030 17360 10510 24839 17989 32319 25469 18661 11811
6 14998 6778 22477 14257 29957 21737 22393 14173

48
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CONTROLS
All statements, technical information, and recom-
mendations in this bulletin are for general use only.
Consult Bray representatives or factory for the
specific requirements and material selection for
your intended application. The right to change or
modify product design or product without prior
notice is reserved.
Patented and patents applied for all over the world.

DISTRIBUTOR

1 1 Body

2 2 Piston
3 1 Pinion
4 2 End Cap
5 12 max. Spring Cartridge Assembly
6 1 Upper Bearing
7 1 Lower Bearing
8 1 Retaining Ring
9 1 Nylon Washer
10 2 Acetal-Bearing Pad
11 2 Acetal-Guide Ring
12 2 Stop Nut
13 2 Travel Adjusting Screw Stop
14 2 O-RingÐTravel Stop
15 1 Acetal Spacer
16 1 Travel Stop
17 8 Hex Head Cap Screw
18 8 Washer
19 2 O-RingÐPiston
20 2 O-RingÐEnd Cap
21 1 O-RingÐShaft-Top
22 1 O-RingÐShaft-Bottom
23 1 Indicator Pointer
24 1 Indicator Pointer Screw

SPACE SAVING M ODULAR
PRODUCT LINE
The actuator shall be pneumatically
operated and must travel a minimum
of 90¡ in each direction and must be
able to overtravel at 3% in each direc-
tion past 90¡. The actuator shall be
totally enclosed and contained in a
single enclosure, with no external
moving parts. All pneumatic passage
ways must be integral to the actuator
housing so as to eliminate the need for
external tubing. Actuator shall be rack
and pinion design, and the output
torque shall be linear throughout travel.
Actuator shall be provided with pistons
that have acetal piston guides and rings
thus greatly extending the life of the
actuator and reducing friction to the
minimum. Actuator must be supplied
with two independent travel stop
adjustments, the 0¡ and 90¡ travel
positions have travel adjustments of +5¡
to Ð5¡ (see Diagram A below). The
actuator shall be provided with
mechanical visual position indicator,
and the indicator must be able to be
removed easily thus exposing the output
shaft for use of manually overriding the

actuator when needed. The output shaft and pinion
must be of one piece and must be manufactured out
of hardened alloy steel and zinc plated for corrosion
protection. Actuator shall be able to mount in any
position without loss of performance. The actuator
shall bolt directly to Bray valve mounting flange
without need for any brackets.

Actuator housing shall be anodized aluminum and
all external fasteners shall be carbon steel, zinc
plated. Springs shall be spring steel, coated for
corrosion protection. All seals shall be Buna-N and
bearings made of lubricated acetal resin.

The actuator shall be factory lubricated. Actuator
design must have smooth housing lines so it will
self-drain. The actuator shall be factory tested to
ensure proper operation.

SPRING RETURN Ð
M ODULAR DESIGN
The Spring Return System for fail-safe services
must be installed in the same housing as the double
acting actuator, with no additional housing
extensions required, therefore saving weight and
space. The spring system must be supplied as a
self-contained spring cartridge system. This is a
safety feature that ensures disassembly of the
actuator without danger of spring release when end
caps are removed. Actuator shall be Bray Series 92
or 93 or approved equal.

SERVICE DATA:
Actuators shall be designed for pneumatic oper-
ation up to a maximum pressure of 140 PSIG (10
Bar) and for temperature ranges of -40¡F (-40¡C) to
+200¡F (+95¡C). Filtered air is recommended but
not required. All double acting and spring return
units shall be suitable for both on-off and throttling
applications. Optional units shall be able to operate
with other media such as hydraulic oil or water,
consult factory for further information.

OPTIONAL EQUIPM ENT
See Bray brochure #1030 for Solenoid, brochures
#1011 and #1029 for Pneumatic and Electro-
Pneumatic Positioners and brochures #1012 and
#1015 for Valve Status Monitors.

ACTUATOR COM PONENTS
Item Qty. Description
No.

STANDARD M ATERIALS
Body: Extruded aluminum alloy, anodized

End Caps: Die cast aluminum alloy with
corrosion resistant polyester coating

Pistons: Die cast aluminum alloy
Output Shaft/Pinion: Carbon Steel, zinc plated

Travel Stop: Alloy Steel
Shaft Bearings: Acetal
Piston Guides: Acetal

Fasteners: Stainless Steel
Springs: Spring Steel, protective coating

O-Ring Seals: Buna-N
Options: Polyester coated body exterior

Electroless Nickel plated body exterior
Hard Anodized body exterior
Stainless Steel pinion

*Spring Cartridges not included
  in Series 92 Double Acting.

*

SP
EC

IF
IC

AT
IO

N
S

Braÿ  is a registered trademark of BRAY INTERNATIONAL, Inc.

Certificate Number: 31938

Series 93 Spring Return
Unit shown above.

Diagram A  Travel Stop Adjustments
The 0¡ and 90¡ travel positions have travel
adjustments of +5¡ max.
to Ð5¡ min.

Ð5¡
+5¡

Ð5¡ +5¡
Caution:  Care should be taken
not to over adjust the travel stops
in too far or out too far.
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OPERATING INSTRUCTIONS 
 
 

WRENCH OPERATED MILLCENTRIC 
 

 
Wrench operated Millcentric valves close by turning the valve 90 degrees 
clockwise. 
 
Torque Collar 
 
All wrench operated Millcentric valves are equipped with a multifunction device 
referred to here as a torque collar.  This device serves as: 
 

1. Wrench Adapter-2Ó square 
2. Position Indicator 
3. Open Memory Stop 
4. Closed Memory Stop 
5. Running Torque Adjustment 

 
Position Indicator 

 
The top of the plug has an indicator plate to show the approximate plug position.  
Cast onto the torque collar is an indicator mark which corresponds to a 
graduated scale cast on the bonnet of the valve.  This scale is divided into 15 
degree lines and indicates the exact valve opening from full open to full closed. 
 
Open Memory Stop 

 
The torque collar also incorporates an open memory stop feature.  The plug can 
be set by tightening the open memory stop adjustment bolt after the correct flow 
is achieved.  The valve can then be closed for maintenance and reopened to the 
proper position without resetting the flow. 
 
Closed Memory Stop 
 
The closed memory stop is provided to allow for adjustment to compensate for 
wear of either the plug coating or the seat.  The closed stop is pre-set at the 
factory and should not require readjustment unless wear occurs. 
 
To adjust the plug for excess plug or seat wear simply rotate the closed stop two 
turns counter-clockwise then rotate the plug (clockwise) further into the seat and 
check the flow.  Should this movement fail to shut off the flow repeat the above 
step. Afterward re-set the lock nut to prevent the position from being altered. 
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OPERATING INSTRUCTIONS 
 
Running Torque Adjustment 
 
The nature off eccentric plug valves ÒcammingÓ action eliminates the majority of 
the torque prior to seating.  To prevent the plug from creeping open or slamming 
closed, the torque collar maintains a constant drag on the shoulder of the valve 
bonnet.  This component is factory adjusted.  However, once the valve has been 
installed, it is recommended that the torque adjustment nut be further tightened 
to assure proper friction exists to prevent unwanted closure. 
 
To prevent the plug from unnecessary movement rotate the hex head bolt 
clockwise until there is a substantial drag on the plug but not so much as to 
prevent the movement of the plug with the supplied wrench. 
 
Wrench Operated Valve with Torque Collar  
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OPERATING INSTRUCTIONS 
 
GEAR OPERATED MILLCENTRIC 
 
Gear operated Millcentric valves close by turning the gear input shaft clockwise 
until closed.  Please see specific valve drawing for the exact number of turns to 
close. 
 
Position Indicator 
(Above ground units only) 
 
The top of the gear operator has an indicator plate to show the plug position.  
This scale, cast on to the gear housing, is divided into 15 degree lines and 
indicates the exact valve opening from full open to full closed. Buried service 
units are totally enclosed and sealed for use below grade. 
 
Open and Closed Memory Stops 
 
The closed memory stop is provided to allow for adjustment to compensate for 
wear of either the plug coating or the seat.  The closed stop is pre-set at the 
factory and should not require readjustment unless wear occurs. 
 
To adjust the plug for excess plug or seat wear simply rotate the closed stop two 
turns counterclockwise the rotate the handwheel or nut (clockwise) to move the 
plug further into the seat and check the flow.  Should this movement fail to shut 
off the flow repeat the above step.  Afterward re-set the lock nut to prevent the 
position from being altered. 
 
Gear Operated Valve 
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MAINTENANCE INSTRUCTIONS 
 
GEAR OPERATED VALVE     
 
The Millcentric is designed and manufactured to be a long life valve under normal 
circumstances.  It does not require any routine maintenance.  Cycling the valve 
from full open to full closed on an annual basis will increase the life of the valve 
and operator components. 
 
However if maintenance is required, due to unusual wear or service conditions 
the following procedure should be followed: 
 
DISASSEMBLY PROCEDURE 
 
BODY 
The Millcentric is a top entry valve; therefore the body can remain in line during 
this operation.  Remove the bolts holding the gear operator cap in place.  
Remove cap and remove the internal bolts fastening the gear operator to the 
valve body.  Remove the gear operator and set aside.  With the valve de-
pressurized, remove the hexagonal head cap screws the hold the bonnet to the 
valve body.  Remove the bonnet, leaving the plug in the body.  At this point the 
plug, PTFE thrust washers, journal bearings and bonnet ÒOÓ ring are accessible 
and can be removed and replaced. 
 
Care should be taken not to damage the plug elastomer or bonnet ÒOÓ rings upon 
reassembly. 
 
Reverse the above process for reassembling the Millcentric. 
 
STEM SEALS 
Remove the bolts holding the gear operator cap in place. Remove the cap and 
remove the internal bolts fastening the gear operator to the valve body.  Remove 
the gear operator and set aside.  
 
With the valve de-pressurized, using internal snap ring pliers, remove the snap 
ring and thrust washer.  The ÒUÓ cup seals can now be pried out of the seal 
cavity.  To replace reverse the above process. 
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MAINTENANCE INSTRUCTIONS 
 
WRENCH OPERATED VALVE 
 
The Millcentric is designed and manufactured to be a long life valve under normal 
circumstances.  It does not require any routine maintenance. 
 
However if maintenance is required, due to unusual wear or service conditions 
the following procedure should be followed: 
 
DISASSEMBLY PROCEDURE  
 
BODY 
The Millcentric is a top entry valve; therefore the body can remain in line during 
this operation.  Remove the star washer fastening the torque collar to the plug 
stem.  Remove the torque collar and set aside.  With the valve depressurized, 
remove the hexagonal head cap screws that hold the bonnet to the valve body. 
Remove the bonnet, leaving the plug in the body.  At this point the plug, PTFE 
thrust washers, journal bearings and bonnet ÒOÓ ring are accessible and can be 
removed and replaced. 
 
Care should be taken not to damage the plug elastomer or bonnet ÒOÓ rings upon 
reassembly. 
 
Reverse the above process for reassembling the Millcentric. 
 
 
STEM SEALS 
Remove the star washer fastening the torque collar to the plug stem.  Remove 
the torque collar and set aside. 
 
With the valve depressurized, using internal snap ring pliers, remove the snap 
ring and thrust washer.  The ÒUÓ cup seals can now be pried out of the seal 
cavity.  To replace reverse the above process. 
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MAINTENANCE INSTRUCTIONS 
 
THREADED WRENCH OPERATED VALVE 
!Ó-2Ó 
 
The Millcentric is designed and manufactured to be a long life valve under normal 
circumstances.  It does not require any routine maintenance... 
 
However if maintenance is required, due to unusual wear or service conditions 
the following procedure should be followed: 
 
DISASSEMBLY PROCEDURE  
 
BODY 
The Millcentric is a top entry valve; therefore the body can remain in line during 
this operation.  Remove the spring pin fastening the torque collar to the plug 
stem.  Remove the torque collar and set aside.  With the valve de-pressurized, 
rotate the bonnet counterclockwise to loosen the bonnet from the valve body.  
Remove bonnet leaving the plug in the body.  At this point the plug, journal 
bearings and bonnet ÒOÓ ring are accessible and can be removed and replaced. 
 
Care should be taken not to damage the plug elastomer or bonnet ÒOÓ rings upon 
reassembly. 
 
Reverse the above process for reassembling the Millcentric. 
 
 
STEM SEALS 
Remove the spring pin fastening the torque collar to plug stem.  Remove the 
torque collar and set aside.  With the valve depressurized, rotate the bonnet 
counterclockwise to loosen the bonnet from the valve body.  Remove the bonnet, 
leaving the plug in the body.  At this point the stem ÒOÓ rings are accessible and 
can be removed and replaced. 
 
Reverse the above process for reassembling the Millcentric 
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OPERATION & MAINTENANCE 
 
ACTUATED VALVES 
 
The Millcentric is designed and manufactured to be a long life valve under normal 
circumstances.  It does not require any routine maintenance.  Cycling the valve 
from full open to full closed on and annual basis will increase the life of the valve 
and operator components. 
 
However, if maintenance is required, due to unusual wear or service conditions, 
the following procedure should be followed: 
 
DISASSEMBLY PROCEDURE  
 
BODY 
The Millcentric is a top entry valve; therefore, the body can remain in line during 
this operation.  Remove the bolts holding the actuator bracket to the valve cap.  
You can then remove the actuator from the valve.  With the valve de-pressurized, 
remove the hexagonal head cap screws that hold the bonnet to the valve body.  
Remove the bonnet, leaving the plug in the body.  At this point the plug, PTFE 
thrust washers, journal bearings, and bonnet ÒOÓ ring are accessible and can be 
removed and replaced. 
 
Care should be taken not to damage the plug elastomer or bonnet ÒOÓ rings upon 
reassembly. 
 
Reverse the above process for reassembling the Millcentric 
 
STEM SEALS 
With the valve de-pressurized, using internal snap pliers, remove the snap ring 
and thrust washer.  The ÒUÓ cup seals can now be pried out of the seal cavity.  To 
replace, reverse the above process. 
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OPERATION & MAINTENANCE 
 
FUNCTION 
The Millcentric valve is a non-lubicated eccentric plug valve designed for use in 
water  and waste water applications, and HVAC systems. 
 
 
TEMPERATURE LIMITS 
The operating temperature is controlled by the elastomer specified and are as 
follows: 
 
 

Elastomer High Temp Low Temp  
 
Buna N 225 F -20 F 
EPDM 250 F -35 F 
Neoprene 225 F -20 F 
Viton 400 F -10 F 
 
 

Pressure Limits 
The operating pressure differs with the valve size range and configuration, and 
are as follows: 
 
 

FIGURE 600/601-ANSI Class 125 

Size Range Rated Pressure* Shell Hydro Seat Test  
!Ó-12Ó 175 psi 350 psi 210 psi 
14Ó-36Ó 150 psi 300 psi 180 psi 
42Ó-54Ó 125 psi 250 psi 150 psi 
 
*Pressure Ratings are given at ambient temperatures. 
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OPERATION & MAINTENANCE 
 
 
 
 
LUBRICATION SCHEDULE 
The Millcentric is a low maintenance non-lubricated eccentric plug valve.  As 
such there is no required lubrication of the valve itself. 
 
The manual gear operators, where applicable are also sealed greased lubricated 
units and should not require any type of periodic lubrication.  Should the unit 
need to have lubricant replaced use  Shell ÒAlvaniaÓ  #2 
 
 

SAFETY 
When the gear actuators have the cover removed, extra caution should be taken 
to make sure hands or fingers are away from moving parts.  Close fitting clothing 
should be worn so as to avoid getting caught in the moving gears. 
 
 
 
STORAGE PROCEDURE 
Milliken valves are shipped with the plugs in the open position.  Care should be 
taken to maintain this position while the valves are in storage prior to installation 
in the pipeline. 
 
Flanged valve end protectors (if supplied) should be kept on the valves until they 
are ready for installation.  Special care should be given to mechanical joint valves 
to prevent damage to the internal pipe seating area. 
 
Valves should be stored where internal contamination due to sand and mud can 
be kept to a minimum.  Care should be taken to avoid direct sunlight on the plug 
elastomer during storage. 
 
Electric, hydraulic and pneumatic valve actuators should be cared for in 
accordance with the storage instructions of the actuator manufacturer. 
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OPERATION & MAINTENANCE 
 
TROUBLE SHOOTING 
 
WRENCH OPERATED VALVES 
 
SYMPTOM   POSSIBLE CAUSE    ACTION  
 
Valve Will Not Open  Broken or Misadjusted  Adjust or Replace 
 Torque Collar Torque Collar 
    Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage   Replace Plug 
 
Valve Will Not Close Broken or Misadjusted  Adjust or Replace 
 Torque Collar Torque Collar 
    Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage   Replace Plug 
 
Valve Will Not   Improper Stop Adjustment  Adjust Closed Stop 
 Shutoff  Flow.  Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure  
    Elastomer Damage   Replace Plug  
        
 
Valve Leaks at   Damaged ÒUÓ Cup Seal  Replace ÒUÓ Cups 
 Plug Stem     
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OPERATION & MAINTENANCE 
 
SPARE PARTS LIST 
 

COMPONENT      NUMBER PER VALVE  
Journal Bearings 2 
 
PTFE Thrust Washers 2 
 
ÒUÓ Cup Seals 2 
 
Elastomer Coated Plug 1 
 
Bonnet ÒOÓ Ring Seal 1 
 
 
 
If required these parts can be ordered from: 
 
Milliken Valve Company, Inc. 
Tele:  (610) 861-8803 
Fax:  (610) 861-8094 
 
 
When ordering please furnish the size, figure number and component name: 
For example:  6Ó Figure 601N1AG-Journal Bearing 
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OPERATION & MAINTENANCE 

 
TROUBLE SHOOTING 
  
GEAR OPERATED VALVES 
 
 

SYMPTOM   POSSIBLE CAUSE   ACTION  
 
Valve Will Not Open  Bent input Shaft   Replace Worm Shaft 
    Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage   Replace Plug 
 
Valve Will Not Close Bent Input Shaft   Replace Worm Shaft 
    Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage   Replace Plug  
 
Valve Will Not   Improper Stop Adjustment  Adjust Closed Stop 
Shutoff  Flow   Obstruction in Line   Remove Obstruction 
    Excessive Line Pressure  Reduce Pressure 
    Elastomer Damage    Replace Plug 
 
Valve Leaks at  Damaged ÒUÓ Cup Seal  Replace ÒUÓ Cups 
Plug Stem      
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OPERATION & MAINTENANCE 
INSTALLATION 
 
When installing the valves, the seat end should be noted.  The seat end of the 
valve is cast in raised letters on the appropriate flange of the valve.  Generally, 
straightway valves should be installed with the highest pressure applied from the 
opposite end from the seat.  This will tend to push the plug into the seat.  On 
pump discharge installation the seat end should be towards the pump. 
 
In case where shut-off is required in both directions, the valve should be installed 
so that the highest differential pressure at shut-off is opposite the seat end. 
 
When the service of a clogging type, with suspended solids likely to build up in 
the valve body, it is recommended that the valve be installed with the media 
entering the seat end first.  In extreme cases, the valve should be installed with 
the plug horizontal and rotating upward into to the top portion of the valve body 
cavity to open. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Class 125 flanged end valves have ANSI B16.1 flat faced 125/150 flanges.  
Standard ANSI B16.21 flanges and gaskets should be used to install the valves 
in the pipeline.  Certain size valves utilize tapped holes on the top and bottom for 
the flange where a backing nut is not possible.  Please check specific drawings 
for detailed information on sizes and quantities of hexagon head screws required 
on these valves. 
 
Prior to installing valve, especially ones that are buried, they should be cycled 
open and closed several times to ensure they are in good working order and 
have not been damaged during shipment or storage. 
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MAINTENANCE INSTRUCTIONS 
 
ACTUATED VALVES TO REPLACE ÒUÓ CUP SEALS 
 
The Millcentric is designed and manufactured to be a long life valve under normal 
operating conditions.  It does not require any routine maintenance.  Cycling the 
valve from full open to full closed on an annual basis will increase the life of the 
valve and actuator components. 
 
However, if maintenance is required, due to unusual wear or service conditions, 
the following procedure should be followed: 
 
To replace ÒUÓ cup seals on actuated Millcentric valves, remove actuator, remove 
the internal bolts fastening the actuator to the valve body.  Remove the actuator 
and set aside.  Remove the external snap ring and support collar. 
 
Remove the internal snap ring using snap ring pliers.  Remove thrust washer.  
The ÓUÓ cup seals are now visible.  Using a screwdriver, pry out the old seals. 
 
Apply a small amount of silicone or grease to the new ÒUÓ cup seals.  This will 
help them slide in the packing cavity.  Put a piece of shim stock into the cavity 
and put the ÒUÓ cup over it.  Slide the ÒUÓ cup over the stem with shim stock 
against the stem.  This will let any trapped air out of the packing cavity.  Now, 
using two screwdrivers, coax the outer lip of the ÒUÓ cup into the cavity while 
pressing down on the top of the ÒUÓ cup with the other screwdriver (see 
attachment).  Continue to do this all the way around until the ÒUÓ cup is at the 
bottom of the packing cavity. 
 
Repeat the procedure with the second ÒUÓ cup, and replace the thrust washer 
and snap ring.  Now you can remount the actuator on the valve. 
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MAINTENANCE INSTRUCTIONS 
 
 
 
To Replace ÒUÓ Cup Seals 
  
 
 
 
 
 





The Milliken criteria of quality, Computer Aided Design
reliability, safety and value are High integrity casting
embodied in the MILLCENTRIC CNC manufacturing delivers
Eccentric valve, setting higher consistent sizes on all components
standards for dependable 
performance with excellent features All complemented by rigorous 
achieved by the utilization of the very Quality Control System
latest design and manufacturing 
techniques. PLUG

BODY Supported on integral trunnions, the plug face is 
covered with a elastomer that is molded 2 1/2" - 12" and 

Conforming to AWWA C504 wall thickness, the vulcanized on 14" and larger to the casting providing 
Millcentric valve body casting is in ASTM A126 CL B tight shut off even under vacuum conditions. High
cast iron using high pressure molding techniques. integrity corrosion-free sealing is achieved by a
Alternative flanged, grooved or mechanical joint ends variety of abrasion resistant elastomers which protect
are available. the plug right up to the trunnions. When assembled, 
Flange diameter, thickness and drilling conform to the light compression of the elastomers onto PTFE
ANSI B16.1 Class 125 or 250. thrust washers, prevents entry of abrasive materials
Grooved ends meet AWWA C-606 for ductile or steel into the bearings.
pipe. Mechanical joints to AWWA C111 (ANSI A21.11).

BONNET SEAL
SEAT

Superior "O" ring sealing with metal/metal contact
The Millcentric valve incorporates as standard, on 3" means lower bolting stresses compared with 
and larger, a welded nickel seat for corrosion and compression gaskets.
erosion resistance specially profiled for low torque
and extended seat life. FLOW
An alternative corrosion resistant epoxy seat is 
available for general service duties. The port design (round on 2 1/2" - 12" and rectangular on

14" and larger) with streamlined internal contours 
STEM SEAL gives high capacity straight through flow in the full

open position, reducing turbulence and pressure drop
High integrity sealing by combining the advantages of and the effect of erosive media. Handling of sludges 
a resilient and abrasion resistant U-Cup seal. From and slurries is therefore enhanced.
vacuum to high pressure, the self-adjusting sealing 
system (per AWWA C504) gives positive, trouble-free INTERCHANGEABLE
service and is retained independently of the plug 
stem or external torque device. Because of common face to face dimensions with

wedge gate valves ( 3" - 12" ), fitting the tight shut-off
BEARINGS rotary MILLCENTRIC valve into existing systems is 

accomplished without pipeline modifications.
The plug rotates in permanently lubricated 316 grade
stainless steel bearings located in  the body and TRAVEL STOPS
bonnet, along with upper and lower PTFE thrust 
washers, which ensure consistently low operating Adjustable open and closed travel stops are fitted as
torque. standard on both wrench and gear operated 

Millcentric valves.



The Millcentric valve is suitable for flow and Design of the bonnet and stem allows for on-site
shut -off in either direction. Seat end downstream is adaptation of gear operators, power actuators, or
the preferred orientation and any reverse flow extension devices on to standard valves.
requirement should be stated at time of order. Conversion can be easily undertaken without
For use on fluids with suspended solids, installation removing the valve bonnet, thereby minimizing
with the seat upstream and the valve stem downtime.
horizontal may be preferable; plug rotation to the
top of the valve will ensure smooth operation.

Pneumatic, electric or hydraulic operation is
available, complete with accessories such as limit

In the unlikely event of gland leakage, the stem switches, solenoid valves and positioners when 
seals can be easily replaced without removing the required.
bonnet. Access to the body for cleaning or 
inspection does not require removal from the line.

    Valve in closed position for 
bubble tight shut-off. 

    Normal flow direction 
gives pressure assisted 
sealing. 
    Torques are low even in 
reverse flow.

   Plug rotates away from the 
seat for instant opening. 

    Seat wear and operating 
torque reduced. 

    No further seat contact 
until valve is closed again. 

    Design of MILLCENTRIC 
valve allows modulating 
control over the full 90¡ 
travel. 
    Ideally suited for balancing 
service. 

    Standard MILLCENTRIC 
rotary valve provides control 
and tight shut-off in one valve.

    Plug is out of the flow path 
when fully open.

    Straight through, 
uninterrupted smooth flow.

    Round port reduces 
turbulence and erosion, 
lowers pumping costs and 
can be "pigged" to clean the 
pipeline.

POWER OPERATION

INSTALLATION

IN-LINE MAINTENANCE

MODULAR CONSTRUCTION



MATERIALS OF CONSTRUCTION
Item Component Material Specification Item Component Material Specification

1 Indicator Cap Plastic 12 Snap Ring Spring Steel
2 Star Nut Steel 13 Washer Brass ASTM B-138-675
3 Open Stop Steel 14 U-Cup Seal Elastomer Same as Plug
4 Washer Steel 15 Capscrew Steel
5 Nut Steel 16 Bonnet Cast Iron ASTM A-126

 Class B
6 Torque Collar Ductile Iron ASTM A-536 17 ÒOÓ Ring Elastomer Same as Plug
7 Lock Nut Steel 18 Journal Bearing Stainless

Steel
ANSI 316

8 Torque Bolt Steel 19 Thrust Washer PTFE
9 Lock Nut Steel 20 Plug Ductile Iron ASTM A-536

Grade 65-45-12
10 Closed Stop Steel 21 Plug Coating Elastomer As Specified
11 Travel Stop Steel 22 Body Cast Iron ASTM A-126

Class B



ELASTOMERS AVAILABLE FOR PRESSURE RATING
MILLCENTRIC VALVE 12" and smaller ANSI 125   175 psi
Natural rubber is also available. 14"-36" ANSI 125   150 psi

42" and larger ANSI 125   125 psi
  Nitrile 12" and smaller ANSI 250   400 psi

14"-36" ANSI 250   300 psi
A general purpose material sometimes referred to Body Hydrotest = 200% of rated pressure
as BUNA-N or HYCAR with a -20oF to 225oF Seat Test = 120% of rated pressure
temperature range. Used on sewage, water, MILLCENTRIC VALVE - SERIES 600
hydrocarbon and mineral oils. ORDERING INFORMATION

Valve Types Designation
  EPDM Mechanical Joint 600

ANSI 125 Flanged 601
An excellent polymer for use on chilled water ANSI 250 Flanged 602
through to LP steam applications having a ANSI 125 Grooved End for Steel Pipe 606S
temperature range of -35oF to 250oF. Resistance to ANSI 125 Grooved End for Ductile Iron Pipe 606D
many acids, alkalies, detergents, phosphate esters, Seat
alcohols and glychols is an added benefit. Nickel N

Epoxy E
  Neoprene ElastomerTrim

EPDM 0
This versatile material shows outstanding resistance Nitrile (Buna) 1
to abrasion and ozone. Chemical resistance to a Viton 2
wide range of petroleum based products and dilute Neoprene 3
acids and alkalies. Temperature range -20oF to Natural 4
225oF. Gear Operators

Buried Gear with 2" nut BG
  Viton Above Ground Gear with Indicator AG

and Handwheel
Retention of mechanical properties at high Memory Stop Gearbox with MG
temperature is an important feature of this Handwheel
elastomer- temperature range is -10oF to 400oF. It Example:  4" 601 N3AG
also has excellent resistance to oils, fuels, 4" ANSI 125 Flanged with Nickel Seat, Neoprene
lubricants and most mineral acids and aromatic Elastomer and Above Ground Gear with Indicator and 
hydrocarbons. Handwheel

VALVES ARE ONLY SUPPLIED FOR BI-DIRECTIONAL SHUT-OFF IF SPECIFIED AT TIME OF ORDER.

The chart below is to assist in the selection of doubt regarding compatibility, specific conditions 
elastomers for some common fluids.  It doesn't should be referred to engineering for 
mean other elastomers are not suitable within recommendations.  The chart below is to serve as a 
varying limits.  Temperature, concentration, and guide only.
mixture all affect chemical attack.  If there is any

Service Elastomer Average Service Elastomer Average Service Elastomer Average
Uselul Temp. Uselul Temp. Uselul Temp.
Range Range Range

Acetone EPDM  -35oF to 250oF Caustic Soda EPDM  -35oF to 250oF Oil, Animal Nitrile   0oF to 212oF
Air EPDM  -35oF to 250oF Cement Sluriy EPDM  -35oF to 250oF Oil, Mobil Therm Light Viton  10oF to 250oF
Air w/oil Nitrile   0oF to 212oF Copper Sulphate EPDM  -35oF to 250oF Oil, Mobil Therm 600 Viton  10oF to 250oF
Alcohol, Amyl EPDM  -35oF to 250oF Creasote (Coal) Nitrile   0oF to 212oF Oil, Mobil Therm 603 Nitrile   0oF to 212oF
Alcohol, Aromatic Viton  10oF to 250oF Coal Slurry Nitrile   0oF to 212oF Oil, Lubricating Nitrile   0oF to 212oF
Alcohol, Butyl Neoprene  -20oF to 225oF Diesel Fuel No 1 Nitrile   0oF to 212oF Oil, Vegetable Nitrile   0oF to 212oF
Alcohol, Denatured Nitrile   0oF to 212oF Diethylene Glycol EPDM  -35oF to 250oF Paint, Latex Nitrile   0oF to 212oF
Alcohol, Ethyl EPDM  -35oF to 250oF Ethylene Glycol EPDM  -35oF to 250oF Phosphate Ester EPDM  -35oF to 250oF
Alcohol, Grain Nitrile   0oF to 212oF Fatty Acid Nitrile   0oF to 212oF Propane Nitrile   0oF to 212oF
Alcohol, Isosproply Neoprene  -20oF to 225oF Fuel Oil No 2 Nitrile   0oF to 212oF Rape Seed Oil EPDM  -35oF to 250oF
Alcohol, Methyl EPDM  -35oF to 250oF Fertilizer Liquid (H4N2,O2) EPDM  -35oF to 250oF Sewage (w/oils) Nitrile   0oF to 212oF
Ammonia, Anhydrous Neoprene  -20oF to 225oF Gasoline, Keg Nitrile   0oF to 212oF Sodium Hydroxide 20% EPDM  -35oF to 250oF
Arnmonium Nitrate EPDM  -35oF to 250oF Gas, Natural Nitrile   0oF to 212oF Starch EPDM  -35oF to 250oF
Ammonia, Water EPDM  -35oF to 250oF Glue, Animal Nitrile   0oF to 212oF Steam to 300oF EPDM  -35oF to 250oF
Animal Fats Nitrile   0oF to 212oF Green Liquor EPDM  -35oF to 250oF Sloddard Solvent Nitrile   0oF to 212oF
Black Liquor EPDM  -35oF to 250oF Hydraulic Oil (Petro) Nitrile   0oF to 212oF Sulphuric Acid 10%-50%Neoprene  -20oF to 225oF
Blast Furnace Gas Neoprene  -20oF to 225oF Hydrogen Nitrile   0oF to 212oF Sulphuric Acid 100% Viton  10oF to 250oF
Butane Nitrile   0oF to 212oF JP4, JP5 Viton  10oF' to 250oF Trichloroethylene Dry Viton  10oF to 250oF
Bunker Oil "C" Nitrile   0oF to 212oF Kerosene Nitrile   0oF to 212oF Triethanol Amine EPDM  -35oF to 250oF
Calcium Chloride EPDM  -35oF to 250oF Ketone EPDM  -35oF to 250oF Varnish Viton  10oF to 250oF
Carbon Dioxide. EPDM  -35oF to 250oF Lime Slurry EPDM  -35oF to 250oF Water, Fresh EPDM  -35oF to 250oF
Carbon Monoxide (Cold) Neoprene  -20oF to 225oF Methane Nitrile   0oF to 212oF Water, Salt EPDM  -35oF to 250oF
Carbon Monoxide (Hot) Viton  10oF to 250oF Methyl Ethy Ketone EPDM  -35oF to 250oF Xylene Viton  10oF to 250oF
Carbon Tetrachloride Viton  10oF to 250oF Naptha (Berzin) Nitrile   0oF to 212oF

ELASTOMER SELECTION CHART



FLANGED END FIG.601 175 PSI

Size 2.5 3 4 5 6 8 10 12 14
A 7 7.5 9 10 11 13.5 16 19 21
B 0.68 0.75 0.93 0.93 1 1.12 1.18 1.25 1.38
C 7.5 8 9 10 10.5 11.5 13 14 17
D 6.18 6.18 7.25 8.38 8.38 10.68 - - - - - -
E 3..5 3.75 4.5 5.75 5.75 7.62 8.88 10 13
F 5.38 5.59 6.31 7.56 7.56 9.63 11.63 13.31 13.31
G 6 6 6 6 6 12 12 12 12

Weight (approx.) ** ** **
30 40 70 105 115 190 345 440 510

*10Ó & above have gear operators as standard
** Weight includes gear operator

NOTE: Drawings are for information purposes only; please request 
           certified drawings before preparing piping diagrams

FLANGED END - ANSI 125



MECHANICAL JOINT END FIG.600 175 PSI

MECHANICAL JOINT END
Size 3 4 6 8 10* 12* 14*

A 7.68 9.0 11.12 13.38 15.62 17.93 20.31
B 0.93 1.0 1.06 1.12 1.18 1.38 1.31
C 11.5 14.25 15.75 17.38 19.38 20.75 24.50
D 6.5 9.25 10.75 12.38 14.38 15.75 17.50
E 2.5 2.5 2.5 2.5 2.5 2.5 3.5
F 6.18 7.25 8.38 10.68 - - - - - -
G 3.84 4.5 5.75 7.62 8.88 10.0 13.00
H 5.62 6.31 7.56 10.12 11.62 13.31 13.31

WT
(approx.) 50 80 125 200

**
360

**
480

**
575

*10Ó & above have gear operators as standard
** Weight includes gear operator

NOTE: Drawings are for information purposes only; please request certified drawings before
preparing piping diagrams



Size 14 16 18 20 24 30 36 42 48 54 Size 14 16 18 20 24 30 36 42 48
A 21.0 23.25 25.0 27.5 32.0 38.75 46.0 53.0 59.5 66.25 A 20.31 22.56 24.84 27.0 31.5 39.12 46.0 53.0 60.0
B 1.38 1.43 1.56 1.68 1.88 2.12 2.38 2.62 2.75 3.0 B 1.31 1.38 1.43 1.50 1.62 1.68 2.0 2.0 2.0
C 17.0 17.75 21.5 23.5 42.0 51.0 60.0 72.0 84.0 96.0 C 24.5 27.25 29.25 31.0 42.0 51.0 60.0 72.0 84.0
D 15.06 15.81 17.0 20.43 22.88 27.59 33.0 37.62 37.62 37.62 F 15.06 15.81 17.0 20.43 22.88 26.93 33.0 37.62 37.62
E 13.0 14.0 15.0 16.0 21.62 24.75 29.0 29.0 36.0 36.0 G 13.0 14.0 15.0 16.0 21.62 24.75 29.0 29.0 36.0
H 18.0 18.0 18.0 18.0 24.0 24.0 24.0 30.0 30.0 30.0 Weight (approx.)

Weight (approx.) 905 1030 1355 1880 3800 5200 6950 10160 13350
905 1030 1355 1880 3800 5200 6950 10160 13350 15100

Flanged valves meet ANSI B16.1 M.J. valves meet ANSI 21.11 & AWWA C-111

Weight includes gear operator
NOTE: Drawings are for information purposes only; please request 

certified drawings before preparing piping diagrams

NOTE: Dimensions on 60" and larger available upon request.

FLANGED END  -  ANSI  125 / 150 MECHANICAL JOINT END



FLANGED END FIG.602 2 1/2" -12"   400 PSI
14" -16"   300 PSI

Size 2.5 3 4 5 6 8 10 12 14 16 18 20 24 30 36
A 7.50 8.25 10.00 11.00 12.50 15.00 17.50 20.50 23.00 25.50 28.00 30.50 36.00 43.00 50.00
B 1.06 1.12 1.25 1.38 1.43 1.62 1.88 2.00 2.12 2.25 2.38 2.50 2.75 3.00 3.38
C 9.50 11.12 12.00 15.00 15.88 16.50 18.00 19.75 18.50 19.38 23.12 25.00 42.88 51.88 61.00
E 3.50 3.75 4.50 5.75 5.75 8.25 8.88 10.00 13.00 14.00 15.00 16.00 21.62 24.75 29.00
F 6.00 6.09 7.06 8.31 8.31 10.13 13.88 14.75 15.60 15.81 17.00 20.43 22.88 27.59 33.00
H 6.00 6.00 6.00 6.00 6.00 12.00 12.00 12.00 18.00 18.00 18.00 18.00 24.00 24.00 24.00

Weight (approx.)
40 80 120 162 170 275 398 590 980 1125 1830 2060 4160 5700 7670

NOTE: Drawings are for information purposes only; please request 
certified drawings before preparing piping diagrams

FLANGED END  -  CLASS 250

Weight includes gear operator
All above have gear operators as standard



FLANGED END FIG.601RL 2 1/2" -12"   175 PSI
14" -16"   150 PSI

42" and larger  125 PSI

Size 2.5 3 4 5 6 8 10 12 14 16 18 20 24 30 36 42
A 7.00 7.50 9.00 10.00 11.00 13.50 16.00 19.00 21.00 23.25 25.00 27.50 32.00 38.75 46.00 53.00
B 0.80 0.88 1.05 1.05 1.12 1.25 1.30 1.38 1.50 1.55 1.68 1.80 2.00 2.25 2.50 2.93
C 7.75 8.25 9.25 10.25 10.75 11.75 13.25 14.25 17.25 18.00 21.75 23.75 42.25 51.25 60.25 72.25
E 3.50 3.75 4.50 5.75 5.75 7.62 8.88 10.00 13.00 14.00 15.00 16.00 21.62 24.75 29.00 31.25
F 6.00 6.09 7.06 8.31 8.31 10.13 15.50 17.19 15.06 15.81 17.00 20.43 22.88 27.59 33.00 37.62
H 6.00 6.00 6.00 6.00 6.00 12.00 12.00 12.00 18.00 18.00 18.00 18.00 24.00 24.00 30.00 30.00

Weight (approx.)
30 70 100 135 145 240 345 440 905 1030 1355 1880 3800 5200 6950 10160

NOTE: Drawings are for information purposes only; please request 
certified drawings before preparing piping diagrams

All above have gear operators as standard

FLANGED END    -    ANSI    125    RUBBER    LINED

Weight includes gear operator



GROOVED END FIG.606  175 PSI

Size 2.5 3 4 5 6 8 10* 12* 14*
A 2.50 3.00 4.00 5.00 6.00 8.00 10.00 12.00 14.00

C - DUCT. N/A N/A 10.25 N/A 12.50 14.00 16.56 18.00 21.63
C - STEEL 8.50 8.50 10.13 12.38 12.38 13.88 16.44 18.00 21.50

D 6.18 6.18 7.25 8.38 8.38 10.68  - -  - -  - - 
E 3.50 3.75 4.50 5.75 5.75 7.62 8.88 10.00 10.00
F 5.38 5.59 6.31 7.56 7.56 9.63 11.63 13.31 13.31
G 6.00 6.00 6.00 6.00 6.00 12.00 12.00 12.00 18.00

Weight (approx.) ** ** **
20 30 50 70 80 145 325 420 460

* 10" & above have gear operators as standard
** Weight includes gear operator

NOTE: Drawings are for information purposes only; please request 
certified drawings before preparing piping diagrams

GROOVED END   -   AWWA  606



                 MILLCENTRIC valve.

                ly in buried service, are available.
                     Chainwheel operation & locking devices are redily incorporated onto the

ADAPTATION
           A range of extended stems & floor mounted stands for remote operation, particular-



PROPOSED
TECHNICAL SPECIFICATION
Eccentric Plug Valves 3"- 72"

Valves shall be of the non-lubricated, eccentric type. Flanged valves shall be manufactured in accordance with
ANSI B16.1, Class 125/150 , including flange thickness as required by AWWA C504-00, Table 2  and comply
with MSS-SP-108 (Eccentric Plug Valves) in all respects. Mechanical joint ends shall be in compliance with
AWWA/ANSI C-111-92.

Valves shall be designed and manufactured to have a minimum wall thickness compliant to AWWA C504-00.
Plug shall be round thru 12Ó and rectangular for sizes 14" and larger. Lay lengths shall be compliant to MSS-SP-
108 for all valve sizes.

Valve bodies shall be of ASTM A-126, Class B  cast iron in accordance with AWWA C-504-00, Sec. 4.4.2.1. or
ASTM A-536 ductile iron . Valves 3Ó and larger shall he furnished with a welded-in overlay seat of not less than
90% nickel in accordance with AWWA C-507-85, Sec. 3.2.3.5.  Nickel thickness shall be not less than .125".
Sprayed, plated screwed-in seats are not acceptable.

Plugs shall be of ASTM A-536, Grade 65-45-12  high strength ductile iron in conformance with
AWWA C-504-00, Sec. 4.4.2.2.  or solid one piece cast iron. Two piece plugs or plugs with internal cavities are
not acceptable. The plug shall be of one piece solid construction with PTFE thrust bearings on the upper and
lower bearing journals to reduce torque and prevent dirt and grit from entering the bearing and seal area. Valves
that do not isolate the bearing area from debris are not acceptable. Valves shall be furnished with replaceable
sleeve type bearings conforming to AWWA C-504-00, Sec. 4.5.6.4 and AWWA C507-85, Sec. 3.2.4.  Bearings
shall be of sintered, oil impregnated type 316 stainless steel ASTM A-743, Grade CF8M .

Part areas shall provide for the following minimum flow coefficients or be a minimum of 100% port.

    Valve Size Cv (GPM)    Valve Size Cv(GPM)

  3" 500 14Ó   6,000
  4" 1,000 16Ó   9,000
  5Ó 2,000 18Ó 11,000
  6Ó 2,000 20Ó 13,000
  8Ó 3,000 24Ó 21,000
10Ó 6,000 30Ó 36,000
12" 7,000 36Ó 47,000

All plug valves, for whatever service, shall he capable of passing "pigging" cleaning equipment in either direction
and manufacturer shall so certify that this may he done without the use of special equipment.
Valve Shaft seals shall be of the dual ÒUÓ cup type in accordance with AWWA C-504-00, Sec. 4.5.7.1.   Seals
shall be self adjusting and repackable without removing the bonnet from the valve. Packing adjustment shall not
result in an increase in plug friction or resulting torque. Packing replacement shall be achieved without need to
cut packing during reinstallation and not require cap removal. Single piece packing arrangements are not
acceptable.

Wrench operated valves 2 !Ó- 8" shall be capable of being converted to worm gear or automated operation
without removal of the bonnet or plug from the valve. All wrench operated valves shall be equipped with a 2"
square nut for use with removable levers or extended ÒTÓ handles. Worm gear operators, where required, shall
be of heavy-duty ductile iron construction with ductile iron quadrant supported on top and bottom by oil
impregnated bronze bearings. The worm gear and shaft shall be manufactured of hardened steel and run on
high efficiency roller bearings. Gear shall have both open and closed stops, shall he flush-mounted to the valve
exposing no portion of the plug stem and shall be rated for the valves design pressure rating for bi-directional
shut off.  Buried service gears shall be designed and certified to withstand input loads of up to 300 ft. lbs.
minimum without damage.

Valves shall be designed and manufactured to shut off bubble tight at 175 psi for valves 2 !Ó through 12" and at
150 psi for valves 14" through 36Ó. Valves 42Ó and larger shall be certified bubble tight at 125 psi. Each valve
shall be given a bi-directional hydrostatic seat test with the test results being certified by the manufacturer when
required. All actuation shall he supplied and full warranted by the plug valve manufacturer.

Certified copies of Proof-of-Design test reports shall be furnished as outlined in AWWA C-504-00, Section 5,2.4.

Plug valves shall be Millcentric Series 601 / 600  as manufactured by Milliken Valve Company of
Bethlehem, PA .

1995 Highland Ave. Suite 500,  Bethlehem, PA 18020-9081
Phone: 610-861-8803                  FAX: 610-861-8094



 



 
 
 Meadowbank mining Corp.  
                                                                                                                                       ACP-700R 
  Technical Data Sheet  
  Reference : NC01    
 

      
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PRESSURE GAUGE ISOLATION VALVE 



 





 



 
 
 Meadowbank mining Corp.  
                                                                                                                                       ACP-700R 
  Technical Data Sheet  
  Reference : NC01    
 

      
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PRESSURE REDUCING VALVE 



 



For Residential and Commercial Applications
ES-25AUB

Job Name  ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐContractor  ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐ

Job Location  ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐApproval  ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐ

Engineer  ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐContractorÕs P.O. No.  ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐ

Approval  ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐRepresentative  ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐ

25AUB-Z3

EPDM
diaphragm

Integral
stainless
steel strainer

Union inlet
connection

Replaceable
seat module

Bypass valve 
assembly for 11Ú4" Ð 2"
(32 Ð 50mm) sizes

Bypass for
1Ú2" Ð 1" (15 Ð
25mm) sizes

Series 25AUB-Z3
Water Pressure Reducing Valves*
Sizes: 1Ú2" Ð 2" (15 Ð 50mm)
Series 25AUB-Z3 Water Pressure Reducing Valves are designed to reduce
incoming water pressure to a sensible level to protect plumbing system com-
ponents and reduce water consumption. This series is suitable for water sup-
ply pressures up to 300psi (20.7 bar) and may be adjusted from 25 Ð 75psi
(172 Ð 517 kPa). The standard setting is 50psi (345 kPa). All parts are quickly
and easily serviceable without removing the valve from the line. The standard
bypass feature permits the flow of water back through the valve into the main
when pressures, due to thermal expansion on the outlet side of the valve,
exceed the pressure in the main supply.

Features
¥ Standard construction includes Z3 sealed spring cage and corrosion

resistant adjusting & cage screws for accessible outdoor or pit installations
¥ Union inlet connection
¥ Integral stainless steel strainer
¥ Replaceable seat module
¥ Bronze body construction
¥ Serviceable in line
¥ Bypass feature controls thermal expansion pressure**
¥ High temperature resistant reinforced diaphragm for hot water

Models
25AUB-Z3 NPT threaded female union inlet x NPT female outlet
25AUB-S-Z3 Solder union inlet x NPT female outlet
25AUB-DU-Z3 Double Union Ð NPT threaded union female inlet and

outlet
25AUB-S-DU-Z3 Double Union Ð Solder union inlet and outlet
25AUB-DU-THDxPEX-Z3Double Union Ð NPT threaded female inlet 

and PEX union outlet
25AUB-DU-CPVC-Z3 Double Union Ð CPVC union inlet and outlet
25AUB-DU-LF-Z3 Double union body less fittings (3/4", 1", 11/4")
25AUB-QC-Z3 Single Union Ð Quick-Connect union inlet (1/2", 3/4", 1")
25AUB-DU-QC-Z3 Double Union Ð Quick-Connect inlet and outlet 

(1/2", 3/4", 1")

Specifications
Standard Specifications:A Water Pressure Reducing Valve with integral
strainer shall be installed in the water service pipe near its entrance to the
building where supply main pressure exceeds 60psi (413 kPa) to reduce it
to 50psi (345 kPa) or lower. The valve shall feature a bronze body suitable
for water supply pressures up to 300psi (20.7 bar). Provision shall be made to
permit the bypass flow of water back through the valve into the main when
pressures, due to thermal expansion on the outlet side of the valve, exceed
the pressure in the main supply. Water Pressure Reducing Valve with built-in
bypass check valves will be acceptable. Approved valve shall be listed to
ASSE 1003 and IAPMO and certified to CSA B356. Valve shall be a Watts
Regulator Company Series 25AUB-Z3.*
*A water saving test program concluded that reducing the supply pressure
from 80-50psi (551-345 kPa) resulted in a water savings of 30%.

**The bypass feature will not prevent the pressure relief valve from opening on the
hot water supply system with pressure above 150psi (10.3 bar).

Lead Free Specifications:A Water Pressure Reducing Valve with integral
strainer shall be installed in the water service pipe near its entrance to the
building where supply main pressure exceeds 60psi (413 kPa) to reduce it
to 50psi (345 kPa) or lower. The valve shall feature a bronze body where
suitable for water supply pressures up to 300psi (20.7 bar). The combined
metal components of the valve contacted by potable water shall contain
less than one half of one percent (0.5%) lead by weight. Provision shall be
made to permit the bypass flow of water back through the valve into the
main when pressures, due to thermal expansion on the outlet side of the
valve, exceed the pressure in the main supply. Water Pressure Reducing
Valve with built-in bypass check valves will be acceptable. Approved valve
shall be listed to ASSE 1003 and IAPMO and certified to CSA B356. Valve
shall be a Watts Regulator Company Series LF 25AUB-Z3.

Watts product specifications in U.S. customary units and metric are approximate and are provided for reference only. For precise measurements,
please contact Watts Technical Service. Watts reserves the right to change or modify product design, construction, specifications, or materials
without prior notice and without incurring any obligation to make such changes and modifications on Watts products previously or subsequently sold.
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Materials
Body: Bronze 
Seat: 1Ú2"Ð1" (15Ð25mm) Replaceable engineered polymer

(10% glass filled Noryl¨ )
11Ú4"Ð2" (32Ð50mm) Replaceable stainless steel

Integral Strainer: Stainless steel
Diaphragm: Reinforced EPDM
Valve Disc: EPDM
Note: for LP models where application temperatures exceed 160¡F (71¡C),

but not over 180¡F (82¡C), a Teflon¨ protector should be added to
sizes 11Ú4"Ð2" (32-50mm).

Pressure Ð Temperature
Temperature Range: 33¡F Ð 160¡F (0.5¡C Ð 71¡C)
Maximum Working Pressure: 300psi (20.7 bar)
Adjustable Reduced Pressure Range: 25Ð75psi (172 Ð 517 kPa)
Standard Reduced Pressure Setting: 50psi (345 kPa)

Options
Add Suffix
G Gauge tapping,1Ú8" (3mm)
GG Gauge tapping and 160psi (11 bar) gauge
HP High pressure range 75Ð125psi (5.2 Ð 8.6 bar)
LP Low pressure range 10Ð35psi (69 Ð 241 kPa)
Z7 400psi (27.6 bar) initial pressure,1Ú2" (20mm) models only
Add Prefix
LF Lead Free  construction
 The combined metal components of this product contacted by potable water
contain less than one half of one percent (0.5%) of lead by weight.
Noryl¨ is a registered trademark of General Electric Company.
Teflon̈ is a registered trademark of E.I. Dupont de Nemours & Company.

Dimensions Ñ Weights

DIMENSIONS WEIGHT

D F * G ET ES EP EQC FQC

in. mm in. mm in. mm in. mm in. mm in. mm in. mm in. mm lbs. kgs.

11Ú2 38 97Ú16 240 31Ú8 79 1Ú2 13 1Ú2 13 Ð Ð 17Ú8 36 11Ú2 38 3.5 1.6
11Ú2 38 97Ú16 240 31Ú8 79 1Ú2 13 3Ú4 19 5Ú8 16 19Ú16 40 111Ú16 42 3.5 1.6
13Ú4 44 107Ú16 266 35Ú8 92 5Ú8 16 15Ú16 23 13Ú16 21 111Ú16 43 13Ú4 45 6.5 3.0
21Ú8 54 117Ú16 291 35Ú8 92 5Ú8 16 1 25 Ð Ð Ð Ð Ð Ð 10 4.5
23Ú8 60 1115Ú16 304 41Ú16 103 5Ú8 16 11Ú16 28 Ð Ð Ð Ð Ð Ð 10 4.5
31Ú4 83 1311Ú16 348 43Ú4 121 5Ú8 16 15Ú16 34 Ð Ð Ð Ð Ð Ð 15 6.8

* Dimension includes optional gauge

SIZE (DN) DIMENSIONS

A A1 A2 B B1 B2 C
in. mm in. mm in. mm in. mm in. mm in. mm in. mm in. mm
1Ú2 15 53Ú8 137 55Ú16 135 53Ú16 132 67Ú16 164 63Ú8 162 Ð Ð 7 178
3Ú4 20 55Ú16 135 51Ú2 140 51Ú4 133 61Ú2 165 67Ú8 175 63Ú4 171 7 178
1 25 6 152 61Ú4 159 57Ú8 149 73Ú8 187 713Ú16 198 711Ú16 195 8 203

11Ú4 32 83Ú4 222 815Ú16 227 81Ú4 210 103Ú4 273 11 279 Ð Ð 9 229
11Ú2 40 83Ú4 222 9 229 81Ú4 210 103Ú4 273 113Ú16 284 Ð Ð 91Ú2 241
2 50 93Ú4 235 10 254 83Ú4 222 115Ú16 287 1211Ú16 322 Ð Ð 111Ú4 286

Standards
Meets requirements of ASSE Standard 1003: (ANSI A112.26.2: CSA Standard
B356; Southern Standard Plumbing Code and listed by IAPMO.
Military Standard MIL-V-18146B Type I.

Capacity 

C (Max)

F* (Max)

D

B, B1, B2

A, A1

EPES

ET

A2

A - 25AUB-Z3
A1 - 25AUB-S-Z3
A2 - 25AUB-DU-LF-Z3
B - 25AUB-DU-Z3
B1 - 25AUB-S-DU-Z3
B2 - 25AUB-DU-THDxPEX-Z3
B3 - 25AUB-DU-QC-Z3
ET - NPT Engagement for tight joint
ES - Female sweat socket depth
EP - PEX end connection
EQC - Quick-Connect union

EQC

FQC

Sizes: 1Ú2", 3Ú4", 1", 1 1Ú4", 11Ú2", 2"
(15, 20, 25, 32, 40, 50mm)

kPa psi

0 0

34 5

69 10

103 15

138 20

172 25

0 10 20 30 40 50 60 70 80 90 100 gpm
0 38 76 114 152 190 228 266 304 342 380 lpm

R
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ed
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Flow

1Ú2" 3Ú4" 1" 2"11Ú4" 11Ú2"

ES-25AUB  0850 © Watts, 2008

USA: 815 Chestnut St., No. Andover, MA 01845-6098; www.watts.com
Canada: 5435 North Service Rd., Burlington, ONT. L7L 5H7; www.wattscanada.ca

Wa t e r  S a f e t y  &  F l o w  C o n t ro l  P ro d u c t s
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¥   Wide range of pressure ratings, sizes, and resilient 

materials provide long service life and low internal leakage.
¥   High Flow Valves for liquid, corrosive, and air/inert 

gas service.
¥   Industrial applications include:
- Car wash               - Laundry equipment
- Air compressors - Industrial water control
- Pumps

!"#$%&!

'()*+%,-./0+.1

(")"&#*+,"&-./"+,0*")0.1+2#*-"'
2/033%*/%4+0(5).33%4+..)%2*1(.3

6789%+*%!%:7!9%;'<

34

35
676
4=&>=4

869:

,0*")0.1+;)/*0'%&"'

;*"/$&./#*

30<.)#*+=<>.")$+?"<@"&#$%&"+A#)B"'C
Red-Hat II/
Red-Hat     AC: 32ûF to 125ûF (0ûC to 52ûC) 
Red-Hat II  DC: 32ûF to 104ûF (0ûC to 40ûC)
Red-Hat     DC: 32ûF to 77ûF (0ûC to 25ûC)

(104ûF/40ûC occasionally)
Refer to Engineering Section for details.

=@@&0-#*'C
CSA certified. Red-Hat II meets applicable CE directives.
Refer to Engineering Section for details.

Standard: Red-Hat II - Watertight, Types 1, 2, 3, 3S, 4, and 4X; Red-Hat - Type I.
Optional: Red-Hat II - Explosionproof and Watertight, Types 3, 3S, 4, 4X, 6, 

6P, 7, and 9; Red-Hat - Explosionproof and Watertight, Types 3, 4, 
4X, 7, and 9.
(To order, add prefix ÒEFÓ to catalog number, except Catalog 
Numbers 8210B57, 8210B58, and 8210B59. Valves not available with  
Explosionproof enclosures.) 
See Optional Features Section for other available options. 

Standard
Coil and
Class of

Insulation

Watt Rating and 
Power Consumption Spare Coil Part Number

DC
Watts

AC General Purpose Explosionproof

Watts
VA

Holding
VA

Inrush AC DC AC DC
F - 6.1 16 40 238210 - 238214 -

F 11.6 10.1 25 70 238610 238710 238614 238714

F 16.8 16.1 35 180 272610 97617 272614 97617

F - 17.1 40 93 238610 - 238614 -

F - 20 43 240 99257 - 99257 -

F - 20.1 48 240 272610 - 272614 -

H 30.6 - - - - 74073 - 74073

F 40.6 - - - - 238910 238914

Standard Voltages: 24, 120, 240, 480 volts AC, 60 Hz (or 110, 220 volts AC, 50 Hz). 
6, 12, 24, 120, 240 volts DC. Must be specified when ordering. Other voltages available
when required.

40)'$&%/$.0)
Valve Parts in Contact with Fluids

 Body                              Brass  304 Stainless Steel

 Seals and Discs              NBR or PTFE

 Disc-Holder                   PA

 Core Tube                 305 Stainless Steel

 Core and Plugnut           430F Stainless Steel

 Springs                          302 Stainless Steel

 Shading Coil           Copper       Silver

4
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Pipe
 Size

 (ins.)

Orifice
Size
(ins.)

Cv Flow
Factor

Operating Pressure Differential (psi) Max. Fluid
Temp. ûF Brass Body Stainless Steel Body

Watt Rating/
Class of Coil
Insulation !

Min.

Max. AC Max. DC
Air-

Inert
Gas Water

Light Oil
@ 300
SSU

Air-
Inert
Gas Water

Light Oil
@ 300
SSU AC DC

Catalog 
Number

Constr.
Ref.
No. "

UL #  
Listing

Catalog
Number

Constr.
Ref.
No. "

UL #  
Listing AC DC

 NORMALLY CLOSED (Closed when de-energized), NBR or PTFE  $  Seating

  3/8   3/8 1.5 % 150 125 - 40 40 - 180 150 8210G73 & 1P ' 8210G36 & 1P ' 6.1/F 11.6/F

  3/8   5/8 3 0 150 150 - 40 40 - 180 150 8210G93 5D ( - - - 10.1/F 11.6/F

  3/8   5/8 3 5 200 150 135 125 100 100 180 150 8210G1 6D ( - - - 6.1/F 11.6/F

  3/8   5/8 3 5 300 300 300 - - - 175 - 8210G6 5D ( - - - 17.1/F -

  1/2   7/16 2.2 % 150 125 - 40 40 - 180 150 8210G15 & 2P ' 8210G37 & 2P ' 6.1/F 11.6/F

  1/2   5/8 4 0 150 150 - 40 40 - 180 150 8210G94 5D ( - - - 10.1/F 11.6/F

  1/2   5/8 4 0 150 150 125 40 40 - 175 150 - - - 8210G87 7D ' 17.1/F 11.6/F

  1/2   5/8 4 5 200 150 135 125 100 100 180 150 8210G2 6D ( - - - 6.1/F 11.6/F

  1/2   5/8 4 5 300 300 300 - - - 175 - 8210G7 5D ( - - - 17.1/F -

1/2 5/8 4 5 300 300 - 300 300 - 180 125 8210G227 5D ( - - - 17.1/F 40.6/H

  3/4   5/8 4.5 0 150 150 125 40 40 - 175 150 - - - 8210G88 7D ' 17.1/F 11.6/F

  3/4   3/4 5 5 125 125 125 100 90 75 180 150 8210G9 9D ( - - - 6.1/F 11.6/F

  3/4   3/4 5 0 150 150 - 40 40 - 180 150 8210G95 8D ( - - - 10.1/F 11.6/F

  3/4   3/4 6.5 5 250 150 100 125 125 125 180 150 8210G3 11D ( - - - 6.1/F 11.6/F

  3/4   3/4 6 0 - - - 200 180 180 - 77 8210B26  $  à 10P - - - - - 30.6/H

  3/4   3/4 6 0 350 300 200 - - - 200 - 8210G26  $ à 40P ' - - - 16.1F -

1 1 13 0 - - - 100 100 80 - 77 8210B54 à 31D - 8210D89 15D - - 30.6/H

1 1 13 0 150 125 125 - - - 180 - 8210G54 41D ' 8210G89 45D ' 16.1/F -

1 1 13 5 150 150 100 125 125 125 180 150 8210G4 12D ( - - - 6.1/F 11.6/F

1 1 13.5 0 300 225 115 - - - 200 - 8210G27 à 42P ' - - - 20.1/F -

1 1 13.5 10 300 300 300 - - - 175 - 8210G78 $ 13P - - - - 17.1/F -

1 1/4 1 1/8 15 0 - - - 100 100 80 - 77 8210B55  à 32D - - - - - 30.6/H

1 1/4 1 1/8 15 0 150 125 125 - - - 180 - 8210G55 43D ' - - - 16.1/F -

1 1/4 1 1/8 15 5 150 150 100 125 125 125 180 150 8210G8 16D ( - - - 6.1/F 11.6/F

1 1/2 1 1/4 22.5 0 - - - 100 100 80 - 77 8210B56 à 33D - - - - - 30.6/H

1 1/2 1 1/4 22.5 0 150 125 125 - - - 180 - 8210G56 à 44D ' - - - 16.1/F -

1 1/2 1 1/4 22.5 5 150 150 100 125 125 125 180 150 8210G22 18D ' - - - 6.1/F 11.6/F

2 1 3/4 43 5 150 125 90 50 50 50 180 150 8210G100 20P ' - - - 6.1/F 11.6/F

2 1/2 1 3/4 45 5 150 125 90 50 50 50 180 150 8210G101 21P ' - - - 6.1/F 11.6/F

 NORMALLY OPEN (Open when de-energized), NBR Seating (PA Disc-Holder, except as noted)

  3/8   5/8 3 0 150 150 125 125 125 80 180 150 8210G33 23D ' - - - 10.1/F 11.6/F

  3/8   5/8 3 5 250 200 200 250 200 200 180 180 8210G11 )   *  39D ' - - - 10.1/F 11.6/F

  1/2   5/8 4 0 150 150 125 125 125 80 180 150 8210G34 23D ' - - - 10.1/F 11.6/F

  1/2   5/8 3 0 150 150 100 125 125 80 180 150 - - - 8210G30 37D ' 10.1/F 11.6/F

  1/2   5/8 4 5 250 200 200 250 200 200 180 180 8210G12 )   *  39D ' - - - 10.1/F 11.6/F

  3/4   3/4 5.5 0 150 150 125 125 125 80 180 150 8210G35 25D ' - - - 10.1/F 11.6/F

  3/4   5/8 3 0 150 150 100 125 125 80 180 150 - - - 8210G38 38D ' 10.1/F 11.6/F

  3/4   3/4 6.5 5 - - - 250 200 200 - 180 8210C13 24D ' - - - - 16.8/F

  3/4   3/4 6.5 5 250 200 200 - - - 180 - 8210G13 46D ' - - - 16.1/F -

1 1 13 0 125 125 125 - - - 180 - 8210B57 +  , 34D ' - - - 20/F -

1 1 13 5 - - - 125 125 125 - 180 8210D14 26D ' - - - - 16.8/F

1 1 13 5 150 150 125 - - - 180 - 8210G14 47D ' - - - 16.1/F -

1 1/4 1 1/8 15 0 125 125 125 - - - 180 - 8210B58 +  , 35D ' - - - 20/F -

1 1/4 1 1/8 15 5 - - - 125 125 125 - 180 8210D18 28D ' - - - - 16.8/F

1 1/4 1 1/8 15 5 150 150 125 - - - 180 - 8210G18 48D ' - - - 16.1/F -

1 1/2 1 1/4 22.5 0 125 125 125 - - - 180 - 8210B59  +  , 36D ' - - - 20/F -

1 1/2 1 1/4 22.5 5 - - - 125 125 125 - 180 8210D32 29D ' - - - - 16.8/F

1 1/2 1 1/4 22.5 5 150 150 125 - - - 180 - 8210G32 49D ' - - - 16.1/F -

2 1 3/4 43 5 - - - 125 125 125 - 150 8210103 30P ' - - - - 16.8/F

2 1 3/4 43 5 125 125 125 - - - 180 - 8210G103 50P ' - - - 16.1/F -

2 1/2 1 3/4 45 5 - - - 125 125 125 - 150 8210104 27P ' - - - - 16.8/F

2 1/2 1 3/4 45 5 125 125 125 - - - 180 - 8210G104 51P ' - 16.1/F -
 Notes:  %  5 psi on Air; 1 psi on Water.   
              $  Valve provided with PTFE main disc. 
              &  Valve includes UItem (G.E. trademark) piston. 
              "   Letter "D" denotes diaphragm construction; "P" denotes piston construction.  
              #   (  Safety Shutoff Valve; ' General Purpose Valve. 
                    Refer to Engineering Section (Approvals) for details.  

 +   Valves not available with Explosionproof enclosures. 
 !   On 50 hertz service, the watt rating for the 6.1/F solenoid is 8.1 watts.
 )    AC construction also has PA seating. 
 *    No disc-holder.  
 ,   Stainless Steel disc-holder.
  à   Must have solenoid mounted vertical and upright.
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Constr. Refs. 10, 15, 24, 26-36
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Constr.
Ref. No. H K L P W

30 ins. 8.22 X 5.06 5.47 4.87
mm 209 X 129 139 124

31 ins. 5.25 X 3.75 4.44 3.25
mm 133 X 95 113 83

32 ins. 5.69 X 3.66 4.69 3.25
mm 145 X 93 119 83

33 ins. 6.06 X 4.38 4.94 3.91
mm 154 X 111 125 99

34 ins. 6.91 X 3.75 6.09 3.25
mm 176 X 95 155 83

35 ins. 7.34 X 3.66 6.34 3.25
mm 186 X 93 161 83

36 ins. 7.66 X 4.38 6.56 3.91
mm 1.95 X 111 167 99

37 ins. 4.61 2.75 2.81 3.89 2.39
mm 117 70 71 99 61

38 ins. 4.61 2.75 2.81 3.89 2.39
mm 117 70 71 99 61

39 ins. 5.42 2.31 2.75 4.86 3.80
mm 138 59 70 123 97

40 ins. 5.20 3.29 2.81 4.50 2.28
mm 132 83 71 114 58

41 ins. 5.13 3.10 3.75 4.32 3.25
mm 130 79 95 110 83

42 ins. 6.43 4.40 3.93 5.62 3.25
mm 163 112 100 143 83

43 ins. 5.57 3.35 3.66 4.57 3.25
mm 142 85 93 116 83

44 ins. 5.90 3.57 4.38 4.79 3.91
mm 150 91 111 122 99

45 ins. 5.26 3.17 3.75 4.38 3.84
mm 134 81 95 111 98

46 ins. 4.95 3.10 3.84 4.31 2.75
mm 126 79 98 110 70

47 ins. 6.43 3.59 3.75 4.81 3.52
mm 163 91 95 122 90

48 ins. 6.43 3.59 3.66 4.81 3.73
mm 163 91 93 122 95

49 ins. 6.91 3.75 4.38 4.96 4.40
mm 176 95 111 126 112

50 ins. 8.13 4.15 5.06 5.37 4.87
mm 207 105 129 136 124

51 ins. 8.13 4.15 5.50 5.37 5.18
mm 207 105 140 136 132

 IMPORTANT: Valves may be mounted in any
                       position, except as noted in 
                       specifications table.

Note:  Valve must be mounted with solenoid vertical and upright.

L

P

H

K

W

Constr. Refs. 12, 16, 18

!":6%&!



4=&>=4

869: 4
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Constr. Refs. 39

Constr. Refs. 40-51
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Your Pipeline To Quality

PVC, PP
SERIES:GV

ENDS: Threaded*, Flanged

SEALS: EPDM 

Globe Valves
The Chemline Globe Valve is an economical throttling
valve. Its heavy duty design provides for long service life.
The in-line globe design causes relatively high pressure
drops, however this is a desirable valve due to its
economy and reliability.

Features

! Slow closing Ð Prevents water hammer
in PVC piping

! Heavy Duty Construction
Long service life

Union Bonnet Design 1/2" Ð  2"

Slow Closing

An Economical Throttling Valve

* Socket ends are available custom basis.
  Other seal materials are available special order.

2-1/2" Ð  4" Outside Spindle and Yolk Type



PARTS " Recommended Spare Parts

No. Part Pcs. Materials

1 Body 1 PVC, PP

2 Bonnet 1 PVC, PP

3 Handwheel 1 PP

4 Stem 1 PVC, PP

5 Disc 1 PP

6 Gland 1 PVC, PP

7" Bonnet Seal 1 EPDM

8" Stem Packing 2 EPDM

10 Nut 1 PVC

11 Washer 1 PVC

12 Gland Nut 1 PVC, PP

13 Disc Retainer 1 PP

14 Stem Top 1 Brass

15 Yolk 1 PP

16 Yolk Sleeve 1 Bronze

17 Bolt & Nut 8 sets 304 SS

18 Stud & Nut 2 sets 304 SS

Globe Valves

WORKING PRESSURESPSI

Temperature Ranges: PVC 0 to 60¡C (32 to 140¡F), PP  Ð20 to 90¡C (Ð4 to 194¡F).

ORDERING EXAMPLE

Size

PVC Polypropylene

0 - 20¡C
32 - 68¡F

40¡C
104¡F

50¡C
122¡F

Ð20 - 20¡C
Ð4 - 68¡F

60¡C
140¡F

80¡C
176¡F

150

150

150

150

105

105

105

80

105

90

90

65

105

105

105

105

90

70

60

60

65

40

35

35

1/2"-1-1/2"

2"

2-1/2"-3"

4"

Example: Chemline Globe Valve, PVC, 1-1/2", threaded ends.

GV A 015 TChemline Globe Valves

Body Material A - PVC B - Polypropylene

Size 005 - 1/2" 007 - 3/4" 010 - 1" 012 - 1-1/4" 015 - 1-1/2"
020 - 2" 025 - 2-1/2" 030 - 3" 040 - 4"

Ends T - Threaded S- Socket F- Flanged

VACUUM RATING
! 29.9 inches mercury 

ACCESSORY
! Handwheel lockout

DIMENSIONS INCHES WEIGHTS LB.Cv VALUESVS % OPEN

Size

1/2"

3/4"

1"

1-1/4"

1-1/2"

2"

2-1/2"

3"

4"

A
L 

Threaded
2.6

2.6

3.6

3.6

5.3

5.3

7.3

7.3

7.3

3.35

3.74

4.33

5.32

5.51

7.09

Ð

Ð

Ð

L*
Flanged

5.3

6.0

6.8

8.2

8.4

11.0

8.7

9.5

11.4

H
Open

5.3

5.5

6.4

6.6

9.1

9.9

13.6

14.1

16.5

20
2.6

4.0

6.1

11.3

13.8

18.2

35.7

48.9

72.1

40
3.5

5.5

8.4

15.5

19.0

25.0

49.2

67.3

99.2

Valve Opening (%)
60
3.9

6.1

9.2

17.1

20.9

27.5

54.1

74.1

109. 

80
4.0

6.3

9.5

17.7

21.6

28.5

56.1

76.7

113. 

100
4.1

6.4

9.7

18.

22.

29.

57.

78.

115.

PP
Flanged

.66

.84

1.3

Ð

2.9

3.5

11.

11.

18.

PP
Threaded

.37

.55

.77

Ð

Ð

Ð

Ð

Ð

Ð

PVC
Flanged

1.0

1.3

2.2

2.9

4.6

5.7

13.

15.

22.

PVC
Threaded

.64

1.1

1.1

1.3

2.6

3.5

Ð

Ð

Ð

No. Turns
to Open

2.75

3.25

3.25

2.5

3.75

3.25

7.5

7.5

8.5

1/2" Ð  2" 2-1/2" Ð  4"

Note: 1-1/4" size is not available in PP.

  Threaded ends are available in
PVC 1/2" to 2" and PP 1/2" to 1".

* L Flanged is for fabricated flanged valves
normally supplied 1/2" to 2". Solid flanged
(special order) 1/2" to 2" valves have shorter
dimensions. Consult Chemline.

55 Guardsman Road, Thornhill, Ontario, Canada,  L3T 6L2
Tel: 905-889-7890 info@chemline.com
Fax: 905-889-8553 www.chemline.com

Your Pipeline To Quality Valves,Piping, Flow Meters and Controls Established in 1968
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Series F7 Level Switches provide simple, inexpensive control of
liquid level within tanks or similar vessels. Switch ratings are suit-
able for many solid state control systems and monitors or alarms.
Simple relay interfaces can be used for higher current applications.
Two basic styles offer a choice of vertical or horizontal mounting.
Hermetically sealed reed switches are actuated by magnets per-
manently bonded inside the float and can be easily adapted to
open or close a circuit on rising or falling levels.

SWITCH ACTION (Normally open/Normally closed)
Vertical Models
Vertical mount models are shipped with normally open switch con-
tacts which close as the float rises toward the mounting threads.
Reverse switch action by removing the float, rotating it end-for-end
and replacing it on the stem.
Horizontal Models
Contacts in horizontal models F7-HPS-1 (internal mount) and F7-
HPS-2 (external mount), are normally open when the float is down
and normally closed when the float is up. Models F7-HPS-1 and -
2 also have indicating arrows on the stem end to confirm float
alignment. See installation notes on reverse. Horizontal model F7-
HSS is in the normally open position when the indicating arrow
points up, and normally closed when the arrow points down.

INSTALLATION
Choose a location away from fill pipes, drains, or other areas where
turbulence or wave motion might occur. Turbulence will cause false
actuations and shorten contact life. Excess contaminants in fluid
may inhibit float operation and occasional wipe-down may be nec-
essary. Care should be taken that switches are always operated
within electrical ratings. Read and understand all safety precau-
tions on back of this sheet before installing.

MOUNTING
Install vertical mount models in an appropriate 1/8! NPT fitting.
Vertical models mount internally, oriented within 30¡ of vertical, or
select optional fittings for external mounting. Model F7-HPS-1
must be mounted internally, which means the switch must be
secured to the wall of the tank or vessel from the inside. Install hor-
izontal model F7-HPS-1 in a 5/8! (16 mm) hole and secure with nut
provided. Tank wall should not exceed 1/8! (3 mm). Model F7-
HPS-2 requires a horizontal 1/2! NPT(F) fitting and can be fitted to
the tank or vessel from the outside. Model F7-HSS requires a hor-
izontal 1/2! NPT(F) fitting and can be mounting from the inside or
outside (internally or externally) of the tank or vessel.

Series F7 Liquid Level Switches 

Bulletin E-75

PIPE

COUPLING

ELBOW

PIPE

DWYER INSTRUMENTS, INC.   Phone: 219/879-8000 www.dwyer-inst.com
P.O. BOX 373 ¥ MICHIGAN CITY, INDIANA 46361, U.S.A.     Fax: 219/872-9057 e-mail: info@dwyer-inst.com

Lit-By Fax: 888/891-4963 

PHYSICAL DATA
Electrical Rating (Maximum):
F7-SB, -SS2         AC: 25VA, 1.0A, 200V  DC: 10W, 1.0A, 200V.
F7-PP, -BT, -HSS  AC: 30W, 0.14A, 220V  DC: 0.28A, 24V; 0.07A,

120V.
F7-HPS-1, -2        AC/DC: 15VA, 220V, 1.0A max.
(F7-HSS is rated explosion-proof for Class I, Groups A, B, C, D; Class
II, Groups E, F, G; Class III).
Mounting Connections: 1/8! NPT(M) (all vertical mount), 1/2!
NPT(M) (F7-HPS-2, F7-HSS), M16 x 2 (F7-HPS-1).
Wire Leads: 22 AWG x 18! (46 cm), vertical mount models,  22 AWG
x 39! (1 m), models F-7-HPS-1, -2, 22 AWG x 24! (61 cm) model F7-
HSS.
Magnet: Alnico¨ (F7-SB, -PP, -BT, -HPS), ceramic (F7-SS2, -HSS).
Weight: F7-SB, 2 oz. (58 g); F7-SS2, 1.2 oz. (34 g); F7-PP, 0.8 oz. 
(23 g); F7-BT, 0.7 oz. (20 g); F7-HPS-1, 1.5 oz. (43 g); F7-HPS-2, 
2 oz. (57 g); F7-HSS, 3 oz. (94 g).

(Model F7-SB Shown)

Model
Number

F7-SB
F7-SS2
F7-PP
F7-BT

(A) Stem
Length

2.75 (70)
2.06 (52)
2.18 (55)
2.18 (55)

(B) Float
Diameter

1.38 (35)
1.0 (25) 
1.18 (30)
1.18 (30)

(C) Float
Height

1.13 (29)
1.0 (25)
1.0 (25)
1.0 (25)

(D) Actuation
from HEX

1.2 (31)
0.73 (19)
0.69 (18)
0.69 (18)

Model
No.

F7-SB

F7-SS2

F7-PP

F7-BT

Material 
Float/Stem

Buna-N & Epoxy/316SS

316SS (CYC)/316SS

Polypropylene &
Epoxy/Polypropylene
Buna-N & Epoxy/PBT*

Max 
Temp.

220¡F
105¡C
300¡F
149¡C

220¡F
105¡C

220¡F
105¡C

Max 
Press.

150 PSIG
10 Bar
450 PSIG
31 Bar

100 PSIG
6.89 Bar

150 PSIG
10 Bar

Min
S.G.

0.60

0.75

0.60

0.45

Approx.
Deadband

1/16!
2 mm
1/16!
2 mm

1/8!
4 mm

1/8!
4 mm

DIMENSIONS,INCHES (mm)

PHYSICAL DATA

F7-HPS
-1, -2

F7-HSS

Polysulfone/
Polysulfone
316SS/316SS

185¡F
85¡C
392¡F
200¡C

150 PSIG
10 Bar
300 PSIG
20.7 Bar

0.85

0.60

3/16!
5 mm
1/8!
4 mm

Vertical Mount

Horizontal Mount

*PBT - Polybutylene Terephthalate
Optional Fittings (for Exterior Mounting of Vertical Models)
A-347, 1/8! x 11/4! NPT C.S. Adapter.
A-347-SS, 1/8! x 11/4! NPT 316SS Adapter.
A-348, 1/8! x 11/2! NPT C.S. Adapter.
A-348-SS, 1/8! x 11/2! NPT 316SS Adapter.

13/16 [20.62]
DIA. MAX.

1-33/64
[38.48]

40¡ MAX

3-15/32 [88/09]
M16X2

SWITCH CLOSED
POSITION

2-15/64 [56.74]

SWITCH OPEN 
POSITION

13/16 [20.62]
MAX

1-19/32
[40.46]

40¡ MAX

SWITCH CLOSED POSITION
3-7/16 [87.29]

2-23/64 [59.92]
2 [50.80]

1/2 NPT

SWITCH OPEN 
POSITION

3/4
[19.05]

ACTUATION POINT

20¡
1.380 MAX

.880 MAX

¯.625
[15.86]

4.500 MAX
[114.3]

1/2" NPT

.724 TYP
[18.39]

C

B

D A

EXTERNALLY
WELDED FLANGE

F7-HPS-2, INTERNAL HORIZONTAL MOUNT

F7-HPS-2, EXTERNAL HORIZONTAL MOUNT

Specifications - Installation and Operating Instructions



Inductive Loads
Possible causes-
An electromagnetic relay, electro-
magnetic solenoid, electromag-
netic counter with inductive com-
ponent as circuit load.

Capacitive Loads
Possible causes -
A capacitor connected in series
or parallel with Reed Switch con-
trol. In a closed circuit, a cable
length (usually greater than 50m
[162.5 ft.]) used to connect reed
switch may also introduce static
capacitance.

Lamp Loads
Possible causes- 
A tungsten filament lamp load.

Bulletin E-75

DWYER INSTRUMENTS, INC.   Phone: 219/879-8000 www.dwyer-inst.com
P.O. BOX 373 ¥ MICHIGAN CITY, INDIANA 46361, U.S.A.     Fax: 219/872-9057 e-mail: info@dwyer-inst.com

Lit-By Fax: 888/891-4963 

©Copyright 2002 Dwyer Instruments, Inc. Printed in U.S.A.  6/02 FR# 82-440677-00 Rev. 2

Installation Notes - Do
not subject reed switch
controls to excessive shock
or vibration or any of the
following:
¥ Bending or placing force
loads on reed switch hous-
ing.
¥ Over-torquing fittings on
reed switch housing.
¥ Placing pull-out force on
lead wires.

CIRCUIT INFORMATION FOR REED SWITCH PROTECTION
Read information below before installing your new reed switch control!
Exceeding the current capacity of this Reed Switch control may cause FAULTY OPERATION! Be aware of the inductive and capacitive or
lamp loads you may be placing on you Reed Switch Control. The circuits below outline possible solutions to preventing overloads due to
inrush or surge currents exceeding maximum or when the switch current and product of the inductive back EMF exceed the switchÕs power
rating. Also the circuit for prevention of overload when switching filament lamps (low ÒcoldÓ resistance) is outlined below. Failure to follow
these measures to protect Reed Switch Contacts may cause the contacts to weld together or result in premature wear.

Indicating arrows are 
provided on the stem
ends to confirm float 
alignment.

Do not exceed 1.5 pounds/
foot (2 n/m) tightening
torque. Excessive torque
may cause premature switch
element or housing failure.

Avoid installations where
wiring entering the device is 
submerged or exposed to
excessive amounts of liquid 
or humidity condensate.

Gasket seal for internal
mounting units should be pre-
assembled before insertion 
through tank wall. Wall thick-
ness should not exceed 1/8"
(3 mm).

When preparing wires for
termination, avoid pulling
against the resin seal or 
end plug of the float switch.

Units with tapered pipe 
threads should be treated 
with Teflon based thread 
compound or tape before
insertion in fitting. Sufficient 
torque is achieved at hand-
tight plus one half turn.

Possible Circuit Solutions Indicated by Dashed Lines

DIODE SUPPRESSION

DIODE

INDUCTIVE
LOAD

PIV DIODE > V REED
SWITCH

REED
SWITCH

USED IN
AC CIRCUITS

VARISTER

VARISTER PROTECTION

INDUCTIVE
LOAD

RC SUPPRESSION

R

C

INDUCTIVE PROTECTION FOR
CABLE LENGTH CAPACITANCE

LOAD

REED
SWITCH

Cable Length
over 50 meters

[162.5 ft.]

REED
SWITCH

RESISTOR PROTECTION
FOR CAPACITIVE LOAD

SURGE LIMITER FOR
CAPACITANCE IN SERIES

REED
SWITCH

CURRENT LIMITING RESISTOR
IN SERIES

CURRENT LIMITING RESISTOR
IN PARALLEL

REED
SWITCH

REED
SWITCH

INDUCTIVE
LOAD

REED
SWITCH

SWITCH [uf]
10C

R 10*I(1+50/E)

SWITCH

2

CLOAD

SWITCH

SWITCH

LOADC

R

L  =0.5! 5 mHP

+V

RA

PL

RA

+V

R = 50~500 Ohms

RB

PL

L  = 0.5~5 mHP

+V RL R

R V-0.12 RL
2

+V RL

5R  >  RL R
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BASCO ¨ Gauges

Other models, styles and fittings available on request

For general use - 63mm (2 ! ")
760 Series, 2% Full scale accuracy, Grade B (3-2-3)

Glycerine filled, acrylic lens
¥ Case: IP50,stainlesssteel
¥ Ring: stainlesssteel
¥ Dial : aluminum, whitebackground,black(psi)andblue(kPa)graduations
¥ Dial : double, lb/in2 (psi)andkPa
¥ Resolution: division
¥ BourdonTube: brass(lessthan600psi), bronze(over800psi)
¥ Fitting:brass, "NPT
¥ Workingandprocesstemperature: -10to50¡C, lessthan80%RH

Model Dia mm Dia inches Fitting

761 63mm 2! " lower mount (lm)

764 63mm 2! " center back mount (cbm)

766 model 764withfront flange(cbm)

767 model 764withclampring(cbm)

How to orde r
M o d e l  Ñ R a n g e  C o d e

E x a m p l e  : 7 6 1 4 2 3 = 6 3 m m , 1 / 4 " N P T , 0 / 1 0 0  p s i 0 / 7 0 0 k P a

Range
Code

"Hg and psi
Range

kPa
Range

"Hg
Divisions

psi
Divisions

kPa
Divisions

401 -30/0"Hg -100/0 0,5 2

417 0/15 0/100 0,25 2

420 0/30 0/200 0,5 5

422 0/60 0/400 1 10

423 0/100 0/700 2 20

425 0/160 0/1100 2 20

426 0/200 0/1400 5 50

427 0/300 0/2100 5 50

429 0/500 0/3400 10 100

430 0/600 0/4200 10 100

432 0/1000 0/7000 20 200

436 0/3000 0/21000 50 500

438 0/5000 0/34000 100 1000

439 0/6000 0/40000 100 1000

441 0/10000 0/70000 200 2000
4

Options
¥ ABScase
¥ U-Clamp(fromfactoryonly)
¥ Your logoonthedial (minimumquantityrequired)

P
r
e
s
s
u
r
e

OPTIONS

019039 front flange

019091 clamp-ring

J

b

D

Bride

Mur

SW

h

D b

G

Front flange Clamp-ring

761

764 +019039
= 766

D D1 b h G SW J

761 63 38 1/4"NPT 14

764 63 66,8 55 1/4"NPT 14

766 63 66,8 55 1/4"NPT 14 88,9

767 63 66,8 55 1/4"NPT 14 68,8

D1 J

b

D

Bague
Mur

764 + 019091
= 767

2 Fax : (514) 327-0604



 



 
 
 Meadowbank mining Corp.  
                                                                                                                                       ACP-700R 
  Technical Data Sheet  
  Reference : NC01    
 

      
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

 
RAW WATER TURBIDIMETER 

 
 
 



 



DW = drinking water  WW = wastewater municipal PW = pure water / power 

IW = industrial water E = environmental  C = collections FB = food and beverage

Turbidity and S
uspended S

olids
DATA SHEET

Surface Scatter ¨ 7 sc 
Turbidimeter

Features and Benefits

Less Fouling for Easy Maintenance
The Hach Surface Scatter 7 sc Turbidimeter (SS7)  is
uniquely designed so that the light source and photocell
never come in contact with the sample. In fluids with high
loads of suspended solids this makes sample cell cleaning
and replacement unnecessary.

Built to Last
All wetted parts of the Hach SS7 turbidimeter are made with
corrosion-resistant materials for extended life. The photo-
detector and light source assemblies are protected from the
effects of corrosive vapors. The SS7 turbidimeter is
warranted against defects in materials or workmanship for
two years from the date of shipment.

Two Models for Different Applications
Surface Scatter 7 sc TurbidimeterÑ Use the SS7 to
establish and maintain optimum process control and for
reliable monitoring.

¥ Drinking water influent

¥ Wastewater effluent

¥ Flocculation and sedimentation

¥ Industrial process water

¥ Food processing waste containing starch, fat, or oil

Surface Scatter 7 sc High Sample Temperature (HST)
TurbidimeterÑ This is an SS7 turbidimeter designed to
monitor samples with temperatures of up to 70¡C. An
innovative moist air removal system is useful where a
difference between the sample temperature and the ambient
temperature causes condensation and fogging. For use in
applications such as: 

¥ Fluids ranging from raw water influent to corrosive 
white liquor

¥ High temperature samplesÑup to 70¡C

¥ Corrosive white, black, and green liquor in paper mills

¥ Produced water in oil fields containing oil and 
hydrogen sulfide

¥ Wherever temperature differences cause condensation 
and fogging

Wide Measurement Range
The SS7 turbidimeter can reliably measure turbidity from 0
to 9999 NTU in samples that vary from clear water to
corrosive and high temperature paper mill and oil field
samples.

Backed by a 2-year Warranty
Consistent with its long-standing reputation for quality and
customer service, Hach Company warrants all SS7
turbidimeters against defects in materials or workmanship
for two years from the date of shipment.

DW

WW

IW

Use the Hach Surface Scatter 7 sc Turbidimeter to monitor 
high range turbidity with greater accuracy and reliability than 

ever before. The optics never touch the sample in the 
Hach Surface Scatter 7 Turbidimeter so itÕs virtually 

maintenance free.



Specifications*

2

*Specifications subject to change without notice.

Range
0 to 9999 Nephelometric Turbidity Units
(NTU)

Accuracy
±5% of reading or ±0.1 NTU 
(whichever is greater) from 
0 to 2000 NTU; ± 10% of reading 
from 2000 to 9999 NTU

Resolution
0.01 NTU below 100 NTU

0.1 NTU between 100 to 9999.9 NTU

Repeatability
1.0% or ±0.04 NTU, whichever is greater

Response Time
Initial response in 45 seconds

Sample Flow Required
1.0 to 2.0 L/min (15 to 30 gal/hr)

Sample Temperature
SS7: 0 to 50¡C (32 to 122¡F)

SS7/HST: 0 to 70¡C (32 to 158¡F),
intermittent 70 to 80¡C (158 to 176¡F)
(an optional heat exchanger is available
to reduce sample temperature)

Ambient Temperature 
0 to 50¡C

Humidity
5 to 95% non-condensing

Power Requirements
100/230 VAC, 50/60 Hz, auto selecting;
40 VA

Installation Category
Category II

Sample Inlet Fitting
3/4-inch NPT female

Overflow Drain Fitting
1-inch NPT female

Body Drain Fitting
3/4-inch NPT female

Air Purge Fitting
3/4-inch compression fitting; 
0-50 SCFH airflow clean instrument air

Enclosure
Sample unit: NEMA-12 plastic
instrument enclosure suitable for 
indoor installation

Mounting
Wall mount

Dimensions
64.2 x 67.5 x 19.0 cm 
(25.3 x 26.6 x 7.5 in.)

Weight
SS7: 15.8 kg (35 lbs.)

SS7/HST: 18 kg (40 lbs.)

Engineering Specifications

1. The turbidimeter shall be a
continuous-reading, on-line instrument
using the nephelometric method of
measurement.

2. The turbidimeter shall consist of two
main components: a sample unit and a
control unit.

3. The turbidimeter shall utilize a single
silicon photodiode to detect 90 degree
scattered light.

4. The turbidimeter shall be equipped
with a digital display with automatic
decimal point placement reading from
0-9999 NTU.

5. The accuracy of the turbidimeter shall
be better than ±0.1 NTU or ±5% from
0 to 2000 NTU which ever is greater;
±10% from 2000 to 9999 NTU.

6. The resolution of the turbidimeter shall
be 0.01 NTU.

7. Calibration of the turbidimeter shall be
based on formazin.

8. The turbidimeter shall be sold with a
warranty against defects in materials
and workmanship for two years from
date of shipment.

9. All optical and hydraulic components
shall be housed in the sample unit.

10. The optics of the turbidimeter shall
never touch the sample.

11. The light source shall be directed to
the surface of the water source,
eliminating the use of a glass window
or flow cell.

12. The sampling unit shall be constructed
of corrosion-resistant structural plastic.

13. The sampling unit shall be powered
from the control unit and require no
separate power source.

14. The sampling unit shall be housed in a
NEMA-12 industrial plastic enclosure
suitable for indoor installation.

Principle of Operation
The sample is introduced into the center
sample tube of an inclined turbidimeter
body at a flow rate of 1 to 2 liters per
minute (1/4 to 1/2 gallon per minute). As
the fluid spills over the top of the
turbidimeter body, a stable, flat surface
of liquid forms and becomes the
measuring surface.

A high-intensity light source is directed
at the surface of the liquid at an acute
angle. Light is scattered by particles in
the sample and is detected by a
photocell positioned directly over the
point where the light enters the liquid.
The light is scattered at or near the

surface and very little is absorbed by the
liquid. The amount of light scattered
changes in direct proportion to turbidity. 

Most of the light directed at the surface
of the sample is reflected up into the
instrument cabinet and absorbed, or
refracted down into the turbidimeter
body. A small amount of the light is
scattered by the particles suspended in
the fluid. The photocell assembly
detects light scattered at 90¡ from the
incident beam. The electronic signal
generated by the photocell is directly
related to the concentration of particles
suspended in the sample.
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Engineering Specifications continued

15. The control unit shall be equipped with
linear output signal that can be
programmed to span all or any portion
of the 0-9999 NTU range.

16. The control unit shall be equipped with
two turbidity alarm set points
adjustable over the entire range of the
instrument with a SPDT relay with
unpowered contacts rated for 6 A.

17. A bubble rejection algorithm shall be
provided to eliminate spikes in
measurement due to transient sample
conditions.

18. The control unit shall be housed in a
NEMA-4X industrial enclosure suitable
for indoor installation

19. The turbidimeter shall be the Model
Surface Scatter 7 sc Turbidimeter
manufactured by Hach Company.

Dimensions

The Hach Surface Scatter 7 sc Turbidimeter should be located as close to the sampling point as possible. The control unit and s ample
unit can be bench- or wall-mounted indoors and away from direct sunlight. Best performance will result if the ambient temperatu re
does not change rapidly. Equipped with an 4-conductor 6-foot (2 m) sensor cable expandable up to 30 feet (10m).

Installation
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Ordering Information

All Surface Scatter 7 Turbidimeters are shipped with calibration cup, 4000 NTU
Formazin calibration standard, installation accessories, and instruction manual
(power cords must be ordered separately).

71210-00 Surface Scatter 7 sc Turbidimeter; with Hach sc100 Controller*

71215-00 Surface Scatter 7 sc High Sample Temperature (HST) 
Turbidimeter; with Hach sc100 Controller*

*Refer to Hach lit #2463 for more information about the sc100 Controller.

Sensor Only

LPV431.52.00002 Surface Scatter 7 sc Turbidimeter

LPV432.52.00002 Surface Scatter 7 sc High Sample Temperature (HST) 
Turbidimeter

Sample Conditioning Options

466912-12 Auto Flush Kit; 120 Vac

466912-22 Auto Flush Kit; 240 Vac

46680-00 Bubble Trap, Head Regulator

40284-00 Flow Meter; 100 to 1600 mL/minute

Calibration Standards

71216-49 400 NTU StablCal; 500 mL

2461-49 4000 NTU Formazin; 500 mL

Cables

57960-00 Sensor Cable Extension; 7.6 m (25 ft.) 

46306-00 Power Cord; 125 Vac, 10 A, 1.83 m (6 ft.)

46308-00 Power Cord; 250 Vac, 10 A, 1.83 m (6 ft.)

Optional Accessories

687-00 Cylinder Brush; size 2

45021-00 Calibration Cup

23513-00 Verification Plates

58690-00 Sun Shield, sc100 controller

23513-00 Standardization Plate Kit, uncalibrated
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Features and Benefits 

One Controller for One or Two Sensors
The Hach sc100 Controller receives data from up to two
sensors. Use any of HachÕs line of digital sensors for
pH/ORP, conductivity, dissolved oxygen, or turbidity. 

One Controller for One or Two Parameters
Not only can the sc100 controller be used for up to two
sensors, but the sensors need not be the same. Mix and
match any combination of parameters. 

One Controller for Many Options
Communications using RS485/MODBUS ¨ or
RS232/MODBUS¨ protocols or the wireless infrared 
port are available. (Contact your Hach representative 
for other communication protocols.) Multiple control
functions include built-in PID, control contacts, and 
alarm functions.

ÒPlug and PlayÓ Operation
ThereÕs no complicated wiring or set up procedures with the
sc100 controller. Just plug the sensor in and itÕs ready for
use without special ordering or software configuration.

Simple, Reliable Data Collection
A built-in data logger collects measurement at user
selectable intervals (1 to 15 minutes), together with
calibration and verification points, alarm history, and
instrument setup changes for up to 6 months. With 
a two-year warranty, the Hach sc100 Controller is 
built to last. 

The Model sc100 Controller receives data from 
one or two sensors. Its plug-and-play, mix-and-match 

operation lets it fit into any facility or workflow. 
Digital communication with any Hach digital 

sensor or probe is simple and reliable.

DW

WW

PW

IW



Ambient Conditions 
Operation 
With less than 7 W sensor load: 
-20 to 60¡ C (-4 to 140¡ F); 0 to 95% relative humidity, 
non-condensing

With less than 25 W sensor load: 
-20 to 40¡ C (-4 to 104¡ F); 0 to 95% relative humidity, 
non-condensing

Storage
-20 to 70¡ C (-4 to 158¡ F); 0 to 95% relative humidity, 
non-condensing

Power Requirements 
100 to 230 Vac, 50/60 Hz; Power: 11W with 7W sensor load;
35W with 25W sensor load 

Display 
Graphic dot matrix LCD, 128 x 64 pixels with LED backlighting 

Relays
Three SPDT, user-configurable contacts rated 100 to 230 Vac,
5 Amp resistive maximum

Outputs
Two analog 4-20 mA, maximum impedance 500 Ohms,
optional digital network connection

Control 
PID, High/low phasing, setpoint, deadband, overfeed timer, 
off delay, and on delay

Alarms
Low alarm point, low alarm point deadband, high alarm point,
high alarm point deadband, off delay, and on delay

Communication (Optional)
RS-232 (MODBUS¨ ): Configure and retrieve measured data for
one analyzer using IBM-compatible PC

RS-485 (MODBUS¨ ): Advanced communications/networking
with PLC or SCADA system directly from analyzer.

Memory Backup 
All user settings are retained indefinitely in memory 
(non-volatile) (EEPROM)

Mounting Configurations 
Surface, panel, and pipe (horizontal and vertical)

Enclosure
NEMA 4X/IP66; metal enclosure with corrosion-resistant finish

Dimensions
1/2 DIN; 144 x 144 x 150 mm (5.7 x 5.7 x 5.9 in.)

Weight 
1.6 kg (3.5 lbs.)

Certifications
ETL to UL 61010A-1 and CSA C22.2 No. 1010.1

Specifications*

*Specifications subject to change without notice.
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1. The controller shall be a
microprocessor-based instrument.

2. Connections between the sensors
and the controller shall be Òplug 
and play.Ó

3. The controller shall have the 
option for RS232/MODBUS ¨

or RS485/MODBUS¨ serial
input/output capability for two-way
communication to a computer and
have wireless downloading capability
through an IR Port located on the
interface unit to download and print
realtime data, calibration history, and
current set points in a CSV format.

4. The Interface unit shall allow
operators to control sensor and
interface functions with menu-driven
software. 

5. The interface unit shall have a built-
in data logger with the capacity to
store data on 15-minute intervals for
up to 6 months with two sensors per
controller. 

5. The interface unit shall include two
analog 4-20 mA outputs and 3
unpowered SPDT form ÔCÕ alarm
contacts. 

7. The interface unit shall include two
independent PID control functions.

8. The interface unit shall be housed 
in a NEMA-4X/IP66 metal enclosure
with corrosion-resistant finish.

9. The controller shall be mounted
horizontal or vertical on surface,
panel, or pipe. 

10. The AC power supply shall be
housed in the interface unit and
automatically accept input in the
range of 100 to 230 Vac, 50/60 Hz.

11. All system components shall be 
certified by ETL to UL 61010A-1,
CSA C22.2 No. 1010.1. 

12. The controller shall be warranted for
two full years against defects in
material and workmanship.

13. The controller shall be Hach
Company Model sc100 Controller.

Engineering Specifications
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133 mm 5.25 inches

144 mm 5.67 inches
(ref only)

135 mm
5.31 inches

144 mm
5.67 inches

(ref only)

69 mm
2.7 inches

72 mm
2.955 inches

(ref only)

65 mm 2.575 inches

72 mm 2.955 inches
(ref only)

Dimensions

The sc100 controller unit can be installed on a surface, panel, or pipe (horizontally or vertically). No tools are needed to co nnect
the controller unit to any Hach digital sensor. 

Front and Side Views

Back View
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M6X1.0

Panel Mount Cut-Out Dimensions

6.35 mm 0.25 inch

15.24 mm 0.60 inch

28.57 mm 1.125 inches

75.07 mm 2.955 inches

127 mm
5.00 inches

150 mm
5.91 inches

(ref only)99.31 mm
3.91 inches

50.8 mm
2.00 inches

28.57 mm 1.125 inches

68.96 mm 2.715 inches

25.4 mm 1.00 inches25.4 mm 1.00 inches

144 mm 5.67 inches

Conduit Hole Dimensions
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LXV401.52.00002 sc100 Controller Standard

LXV401.52.01002 sc100 Controller with RS-232 (MODBUS¨ )

LXV401.52.02002 sc100 Controller with RS-485 (MODBUS¨ )

Note: Power cords must be ordered separately.

Note: Other communication options are available. Please contact Hach Technical
Support or your Hach representative.

Power Cords

54488-00 Power Cord with strain relief, 125 Vac

54489-00 Power Cord with strain relief, 230 Vac, European-style plug

Accessories

58690-00 Sun Shield, for controller

To complete your measurement
system, choose from HachÕs family
of digital sensorsÉ

Ordering Information
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Section 1 Specifications

Specifications are subject to change without notice

Range 0.01Ð9999.9 nephelometric turbidity units (NTU)

Accuracy
± 5% of reading or ± 0.1 NTU (whichever is greater) from 0.01 to 2000 NTU;
± 10% of reading from 2000 to 9999 NTU

Resolution (displayed) 0.01 NTU up to 999.99 NTU; 0.1 NTU from 1000.0 to 9999.9 NTU 

Repeatability Better than ± 1.0% of reading or ± 0.04 NTU, whichever is greater for each range. 

Response time Initial response in 45 seconds

Sample flow required 1.0 to 2.0 L/min (0.3 to 0.5 gal/min) (15 to 30 gal/hr)

Sensor storage 
temperature

Ð20 to 80 ¡C (Ð4 to 140 ¡F); 95% relative humidity, non-condensing.

Operating temperature
0 to 50 ¡C (32 to 122 ¡F) for one SS7 sc on an sc100; 0 to 40 ¡C (32 to 104 ¡ F) for one SS7 sc 
and another smart sensor that consumes less than 5 watts on a single sc100. See Figure 1 on 
page 6.

Sample temperature range 
0 to 50 ¡C (32Ð122 ¡F);
HST modelÑ0 to 70 ¡C, intermittent 70 to 80 ¡C. (An approved heat exchanger is available to 
reduce sample temperature.)

Operating humidity 5 to 95% non-condensing

Power requirements 12 VDC ±5%, 20 watts maximum (provides by sc100)

Sample inlet fitting !-in. NPT female

Overflow drain fitting 1-in. NPT female

Body drain fitting !-in. NPT female

AIr purge fitting "-in. quick-connect compression fitting; 0Ð50SCFH airflow of clean instrument air

Signal average (filter) time  No averaging, 6, 30, 60 and 90 seconds, user selectable. Default is 30 seconds.

Sensor dimensions 64.2 x 67.5 x 19.0 cm (25.3 x 26.6 x 7.5 in.)

Sensor cable length 2 m (6.6 ft); Optional 7.62 m (25 ft) extension cable. Maximum cable length is 9.62 m (31.6 ft).

Sensor cable rating
Cable: 105 ¡C, 300 V, PVC jacket
Wires: 22 AWG, PVC jacket

Mounting options Wall

Shipping weight
SS7 scÑ15.8 kg (34.8 lb); 
SS7 sc-HSTÑ18 kg (39.6 lb)

Calibration method Formazin Ð user-prepared primary or wet calibration of the instrument

Verification (dry) method
Standardization plates with approximate values of 100 or 1000 NTU. Unique value is assigned 
when dry verification is done immediately after calibration and is used with pass/fail criteria for 
subsequent verifications. 

Recommended cleaning 
intervals 

Mandatory before calibration

Optional before verification
Mandatory upon verification failure

Languages
English (default), German, French, Spanish, Italian, Swedish, Polish, Korean, 
Chinese, Japanese

Installation environment Indoor

Primary compliance 
method 

USEPA 180.1; Hach Method 8195; ASTM D 6698; Standard Methods 2130B
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Specifications

Figure 1 Maximum ambient temperature vs. probe load
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Section 2 General information

2.1 Safety information
Please read this entire manual before unpacking, setting up or 
operating this equipment. Pay attention to all danger and caution 
statements. Failure to do so could result in serious injury to the 
operator or damage to the equipment. 

To ensure that the protection provided by this equipment is not 
impaired, do not use or install this equipment in any manner other 
than that specified in this manual. 

2.1.1 Use of haza rd information

DANGER
Indicates a potentially or imminently hazardous situation 
which, if not avoided, could result in death or serious injury.

CAUTION
Indicates a potentially hazardous situation that may result in 
minor or moderate injury.

Important Note: Information that requires special emphasis.

Note: Information that supplements points in the main text.

2.1.2 Precautionary labels

Read all labels and tags attached to the instrument. Personal injury 
or damage to the instrument could occur if not observed. A symbol, 
if noted on the instrument, will be included with a danger or caution 
statement in the manual. 

This symbol, if noted on the instrument, references the instruction manual for operation and/or safety information.

Electrical equipment marked with this symbol may not be disposed of in European public disposal systems after 12 
August of 2005. In conformity with European local and national regulations (EU Directive 2002/96/EC), European 
electrical equipment users must now return old or end-of life equipment to the Producer for disposal at no charge to 
the user. 

Note: For return for recycling, please contact the equipment producer or supplier for instructions on how to return 
end-of-life equipment, producer-supplied electrical accessories and all auxiliary items for proper disposal.

This symbol, when noted on a product enclosure or barrier, indicates that a risk of electrical shock and/or 
electrocution exists.

This symbol, if noted on the product, indicates the need for protective eye wear.

This symbol, when noted on the product, identifies the location of the connection for Protective Earth (ground).

This symbol, when noted on the product, identifies the location of a fuse or current limiting device. 

This symbol, when noted on the product, identifies a risk of chemical harm and indicates that only individuals 
qualified and trained to work with chemicals should handle chemicals or perform maintenance on chemical delivery 
systems associated with the equipment.

This symbol, when noted on the product, indicated the presence of devices sensitive to Electro-static Discharge 
(ESD) and indicated that care must be taken to prevent damage with the equipment. 
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General information

2.2 General product information

2.2.1 Instrument description 

The Surface Scatter¨  7 sc (SS7 sc) Turbidimeter is a sensitive, 
continuous-monitoring instrument designed for measuring turbidity 
in fluids. The instrument design is based on the nephelometric 
principle, where light scattered by particles suspended in the fluid is 
measured to determine the relative amount of particulate matter in 
the fluid. It meets all U.S. Environmental Protection Agency 
(USEPA) design criteria, features an automatic-ranging digital 
display and is capable of measuring turbidities from 0Ð9999 NTU. 
Calibration is based on formazin, the primary turbidity reference 
standard adopted by the APHA Standard Methods for the 
Examination of Water and Wastewater and the USEPA. The 
instrument consists of a control unit and a sample unit (Figure 2).

DANGER
The SS7 sc and SS7 sc-HST Turbidimeters are not designed 
for use with samples that are flammable or explosive in nature. 
If any sample solution other than water is used in this product, 
test the sample/product compatibility to assure user safety 
and proper product performance.

DANGER
The SS7 sc/sc100 product configuration is not intended for 
installation in hazardous locations. See the sc100 installation 
control drawing 58600-78 for approved hazardous 
location sensors.

Figure 2 SS7 sc Turbidimeter

1 Sample unit 2 Control unit
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General information

2.2.1.1 Controller

The SS7 sc and SS7 sc-HST operate in conjunction with an sc100 
controller. The controller enclosure houses the keypad, display, 
microprocessor board and power supply components.

Operating controls and indicators are on the controller. The 
controller is used to program the instrument for turbidity level alarm 
set points and to perform diagnostic self-tests and 
programming operations.

Sample turbidity is displayed continually by the digital display 
during normal operation. Because of the automatic decimal point 
positioning, no range selection is needed. Indicators of turbidity 
level alarm conditions, certain critical system malfunctions or other 
possible malfunctions are also on the controller.

Programmable alarm circuits provide three relay closures, both 
normally open and normally closed, for selectable turbidity alarm 
level set points. Set points can be programmed by the operator 
anywhere within the overall range. The alarm circuits can be 
programmed for Alarm, Feeder Control, Event Control, PWM 
Control, Frequency Control and Warning. Refer to the sc100 
manual for setup and use of these different settings. An alarm relay 
can be programmed in the sc100 to control the optional Auto 
Flush Kit.

The sc100 controller is designed to meet NEMA 4X water-tight 
requirements. It is constructed of corrosion-proof materials. It is 
suitable for indoor installation. Mounting hardware is included with 
the sc100 to provide the capability to wall mount, pipe mount and 
panel mount the controller without affecting the environmental 
integrity of the case. Electrical access holes are sized for 
#-in. conduit.

2.2.1.2 Sample unit

Sample flows through the sample unit (Figure 3) where sample 
turbidity is measured. The sample unit enclosure contains all the 
electronics for measuring the turbidity. A NEMA 12, corrosion-proof 
case protects the optical components and hydraulics from industrial 
environments and supplies the measurement signal to the control 
unit. The case is designed for wall mounting with external 
mounting blocks. 

Hydraulic connections to the sample unit are at the bottom of the 
enclosure. An air purge fitting is installed in the enclosure bottom. 
Air purge is suggested to control condensation inside 
the enclosure. 
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Figure 3 SS7 sc components

1 Detector assembly (Cat. No. 71221-00) 5 Bulkhead fitting, 1-in. NPT (Cat. No. 40355-00)

2 Light source assembly (Cat. No. 45004-00) 6 Bulkhead fittings, !-in. NPT (Cat. No. 40311-00)

3 To sc100 7 Turbidimeter body (Cat. No. 45002-00)

4 Cord grip (Cat. No. 61287-01)
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2.2.2 Surface Scatter 7 sc Hi gh Sample Temperature

The Surface Scatter 7 sc High Sample Temperature Turbidimeter 
(SS7 sc-HST) has been designed for high sample temperature. The 
basic design and principle of operation are the same as the 
standard SS7 sc model. Differences between the standard and 
HST models will be noted in this manual where appropriate.

Figure 4 Optical diagram

1 Detector assembly 5 Light beam 9 Instrument drain

2 Scattered light 6 Over-flowing sample 10 Refracted light

3 Lens 7 Overflow drain 11 Turbidimeter body

4 Lamp 8 Sample in 12 Reflected light
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Figure 5 SS7 sc-HST components

1 Flow multiplier 8 Cord grip (Cat. No. 61287-01)

2 !-in. hose 9 Bulkhead fitting, 1-in. NPT (Cat. No. 40355-00)

3 Threaded disk (Cat. No. 40299-00) with "-in. screw 
(Cat. No. 7858-11)

10 Drain trap

4 Detector assembly (Cat. No. 71221-00) 11 1-in. NPT gravity drain

5 Vent cover (Cat. No. 40294-00) 12 Bulkhead fittings, !-in. NPT (Cat. No. 40311-00)

6 Light source assembly (Cat. No. 45004-00) 13 Turbidimeter body (Cat. No. 45002-00)

7 To sc100
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Section 3 Installation

DANGER
Only qualified personnel should conduct the tasks described 
in this section of the manual. The SS7 sc/sc controller product 
configuration is not intended for installation in 
hazardous locations.

The tasks described in this section requires individuals to be 
technically knowledgeable of the associated dangers. Burns, 
shock, eye damage, fire and chemical exposure may occur if this 
work is not done by qualified personnel. Always review appropriate 
Material Safety Data Sheets (MSDS) before working with 
chemicals.

3.1 Basic install ation overview
1. Unpack the SS7 sc or SS7 sc-HST Turbidimeter (section 3.2).

2. Review the environmental requirements and select the 
mounting location (section 3.3.2 on page 15).

3. Mount the sample unit (section 3.3.3 on page 15).

4. Install the optional heat exchanger, if required (section 3.3.4 on 
page 17).

5. Install the 3-way ball valve, if required (section 3.3.5 on 
page 18).

6. Connect the sample in, body drain and overflow drain 
(section 3.5 on page 19).

7. Connect the air purge valve (section 3.6 on page 22).

8. Connect the sample unit to the controller to supply power to the 
system (section 3.7.2 on page 22).

3.2 Unpacking the instrument
1. Remove the instrument from the shipping carton.

2. Verify that no visible damage has occurred during shipment. Be 
sure the following items are included in the carton:

¥ Sample unit

¥ Instruction manual

¥ Installation kit items (Figure 6)

Contact the manufacturer immediately to report missing or 
damaged items.
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Figure 6  Installation kit items1

1 Formazin stock solution, 4000 NTU, 500 mL 6 Washer, " ID x 1.00 OD (4x)

2 Brush, cylinder, size 2 7 Adapter, barb fitting, !Ó NPT to !Ó ID hose barb (2x)

3 Calibration cup, SS7 sc 8 Adapter, barb fitting, 1Ó NPT to 1Ó ID hose

4 Light source alignment plate 9 Nipple, !Ó NPT

5 Wall mounting kit 10 Drain valve

1 See Section 8 Replacement parts and accessories on page 49.
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3.3 Mechanical installation

3.3.1 Environmental requirements

The SS7 sc and SS7 sc-HST enclosures are designed for 
general-duty, indoor installation. Ambient temperatures within 
specifications are allowed, but best performance will result if 
temperature does not change rapidly. Do not mount in direct 
sunlight. Shield from dripping water. 

The controller enclosure is designed to protect the electronics from 
typical conditions in water treatment and industrial facilities.

3.3.2 Selecting the installation location

Turbidimeters should always be located as close to the sampling 
point as possible. The shorter the distance traveled by the sample 
to the turbidimeter, the faster the turbidimeter can respond and 
indicate changes in sample turbidity. 

Dimensions and other installation information are shown in Figure 7 
on page 16, Figure 8 on page 17 and Figure 9 on page 18. The 
control and sample unit are designed for wall mounting. The 
turbidimeter sensor must be mounted within six feet of the 
controller unless an extension cable is used. Maximum cable length 
is 9.6 m (31.5 ft).

3.3.3 Mounting the SS 7 sc or SS7 sc-HST

1. To ensure proper performance, the sample unit must be level 
(Figure 8 on page 17). Use a small level across the top opening 
of the turbidimeter body to verify that the instrument does not 
slope left-to-right or front-to-back. 

2. Use one rubber washer (supplied) at each wall mounting block 
between the block and the wall. Mounting blocks are secured to 
the four corners of the sample unit to facilitate wall mounting 
without affecting the integrity of the enclosure protection. 

3. Attach the sample unit to the wall with four customer-supplied 
mounting bolts.
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Figure 7  SS7 sc and SS7 sc-HST installation drawing

1 Door hinges (4x) 7 Ball valve

2 Flow multiplier (SS7 sc-HST only) 8 !-in. NPT nipple

3 Ventilator (2x) 9 1-in. NPTF bulkhead fitting

4 Cable assembly 10 !-in. NPTF bulkhead fitting

5 Enclosure door latch (4x) 11 Air purge fitting

6 Drain trap (SS7 sc-HST only)
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3.3.4 Installing the opt ional heat exchanger

An optional heat exchanger (Cat. No. 48551-00) is available for the 
SS7 sc-HST (Figure 9 on page 18). The heat exchanger reduces 
sample temperatures that exceed the temperature requirements of 
the instrument. It can reduce sample temperatures of up to 100 ¡C 
but is not suitable for steam or super-heated water. A source of 
cooling water is required. The heat exchanger is made of 316 
stainless steel and has !Ó MNPT pipe connections. The large 
plumbing connections help eliminate clogging. 

¥ Allow adequate space below and to the right (latch) side of the 
sample unit to make hydraulic connections. 

¥ See Figure 9 on page 18 for installation dimensions.

¥ See Figure 11 on page 20 for heat exchanger connections.

Figure 8  Instrument leveling

1 Level
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3.3.5 Installing the 3-way ball valves

CAUTION 
Installation should be performed by qualified technical 
personnel to ensure adherence to all applicable electrical and 
plumbing codes.

Refer to the Auto Flush Kit Instruction Sheet (Cat. No. 46692-88) 
for complete installation instructions.

3.4 Installing a sample line
Sample lines diameter must be appropriate for the sample type. 
Choose a line size that minimizes lag time, but also minimizes 
plugging with solids. 

¥ Route the sample line as directly as possible. 

¥ Using long or large diameter sample lines will result in a 
significant lag time between actual process conditions and 
instrument measurements. 

¥ When larger diameter sample lines or long distances are 
unavoidable, increase flow to the instrument and bypass 
excess flow to the drain or back to process.

¥ Install sample line taps into larger process pipes to minimize 
the chances of ingesting sediment from the pipe-line bottom or 
air bubbles from the top. A tap projecting into the center of the 
pipe is ideal. Figure 10 shows both good and poor methods of 
installing a sample tap.

Figure 9  Heat exchanger dimensions
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3.5 Connecting hydraulics
Note: When connecting the hydraulics to the bottom of the unit, hold the 
!-in. bulkhead adapters on the inside of the enclosure with the door open.

The sample in, body drain and overflow drain are connected to the 
instrument as shown in Figure 4 on page 11. The sample inlet port 
is fitted with a !Ó NPT female fitting with !Ó ID hose barb adapter 
fitting. A ball valve is supplied with the instrument to drain the 
turbidimeter body. Hose barb adapter fittings for sample in and both 
drain fittings are also supplied.

A Bubble Trap/Head Regulator (Cat. No. 46680-00) is 
recommended if the sample cannot be delivered bubble-free to the 
analyzer. The device may also be used as to dampen fluctuations in 
flow due to pulses from a pump and/or sample pressure.

Using the Bubble Trap/Head Regulator will increase response time 
to changes in sample concentration. The increase in response time 
may vary from 1Ð2 minutes at 2 L/min. For fastest response time, 
use the highest flow practical for sample conditions. Higher flows 
decrease the effectiveness of bubble removal. The need for fast 
response time and bubble removal must be balanced for 
optimum performance. 

Install the Bubble Trap/Head Regulator so the overflow is at least 
five inches above the top of the sample unit enclosure (Figure 11 
on page 20). However, installation height can vary based on local 
sample conditions and flow requirements. See the installation 
instructions supplied with the Bubble Trap/Head Regulator for 
more information.

Figure 10  Sampling techniques

1 Poor 5 Sediment (typical)

2 Sampling line to sample unit 6 Good

3 Sample flow 7 Best

4 Air (typical)
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Figure 11  SS7 sc-HST plumbing diagram

1 Optional items 14 Sample unit

2 Bubble trap 15 sc100

3 3-way ball valve (Auto Flush Kit) 16 Customer supplied power on/off switch box (NEMA 4X) 
required for agency compliance

4 Cooling water to drain 17 Power in for sc100

5 Cooling water out 18 !-in. NPT adapter (supplied)

6 Flow control valve 19 Drain Trap (Customer-supplied)

7 Sample in 20 1-in. NPT adapter (supplied)

8 Sample bypass during flush cycle 21 To drain

9 Cooling water in 22 "-in. air purge fitting (50 SCFH instrument air max)

10 Heat exchanger 23 Ball valve (supplied)

11 Electrical box connection 24 !-in. NPT nipple (supplied)

12 127 mm (5 in.) minimum 25 Customer supplied hose to drain

13 Customer supplied air for flow multiplier

A Sample during normal operation D Cooling water during auto flush

B Sample bypass during auto flush E Electrical

C Cooling water in normal operation F Drain
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Figure 12  SS7 sc plumbing diagram

1 Sample in 9 Power in for sc100

2 Flow control valve (recommended) 10 !-in. NPT nipple (supplied)

3 !-in.NPT x !-in. ID Hose Adapter 
(supplied with bubble trap)

11 Ball valve (supplied)

4 Bubble trap (optional) 12 "-in. air purge fitting (50 SCFH instrument air max)

5 127 mm (5 in.) minimum 13 1-in. NPT nipple (supplied)

6 Sample unit 14  !-in. NPT nipple (supplied)

7 sc100 15 To drain

8 Customer supplied power on/off switch box (NEMA 4X) 
required for agency compliance

16 !-in. ID hose (customer supplied)
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3.6 Connecting the air purge fitting
Air purge helps control condensation and corrosive vapors within 
the sample unit and is recommended. Use dry instrument air only. 
See Figure 11 and Figure 12 for installation details.

3.7 Electrical installation

3.7.1 Wiring safety information

When making any wiring connections to the instrument, the 
following warnings and notes must be adhered to, as well as, any 
warnings and notes found throughout the individual installation 
sections. For more safety information refer to section 2.1 on 
page 7. 

DANGER
Always disconnect power to the sc controller when making 
electrical connections.

3.7.1.1 Electrostatic discharge (ESD) considerations 

Important Note: To minimize hazards and ESD risks, maintenance 
procedures not requiring power to the analyzer should be 
performed with power removed. 

Delicate internal electronic components can be damaged by static 
electricity, resulting in degraded instrument performance or 
eventual failure. 

The manufacturer recommends taking the following steps to 
prevent ESD damage to your instrument:

¥ Before touching any instrument electronic components (such 
as printed circuit cards and the components on them) 
discharge static electricity by touching an earth-grounded metal 
surface such as the chassis of an instrument or a metal conduit 
or pipe. 

¥ To avoid static electricity buildup and to keep it discharged, 
wear a wrist strap connected by a wire to earth ground.

¥ To reduce static build-up, avoid excessive movement. 
Transport static-sensitive components in anti-static containers 
or packaging.

¥ Handle all static-sensitive components in a static-safe area. 
If possible, use anti-static floor pads and work bench pads. 

3.7.2 Connecting/wiring the SS7 sc or  SS7 sc-HST to th e sc100 controller

3.7.2.1 Attaching the SS7 sc with a quick-connect fitting

The SS7 sc/SS7 sc-HST cable is supplied with a keyed 
quick-connect fitting for easy attachment to the controller 
(Figure 13). Retain the connector cap to seal the connector opening 
in case the cable must be removed. The original six-foot cable may 
be extended by a maximum of 9.6 m (31.2 ft), see Replacement 
parts and accessories on page 49.
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Figure 13  Attaching the SS7 sc/SS7 sc-HST using the quick-connect fitting

3.7.2.2 Hard-wiring the SS7 sc to the sc100 controller

1. Disconnect power to the controller if powered. 

2. Open the controller cover. 

3. Disconnect and remove the existing wires between the 
quick-connect and terminal strip J5 (Figure 14). 

4. Remove the quick-connect fitting and wires and install the 
threaded plug on the opening to maintain the 
environmental rating.

5. Cut the connector from the SS7 sc cable. 

6. Strip the insulation on the cable back 1-inch. Strip "-in. of each 
individual wire end.

7. Pass the cable through conduit and a conduit hub or a strain 
relief fitting (Cat. No. 16664-00) and an available access hole in 
the controller enclosure. Tighten the fitting. 

8. Use of strain relief fitting other than Cat. No. 16664-00 may 
result in a hazard. Use only the recommended strain 
relief fitting to assure the continued NEMA 4X enclosure rating. 

9. Reinstall the plug on the sensor access opening to maintain the 
environmental rating. 

10. Wire as shown in Table 1 and Figure 14.

11. Close and secure the cover.
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Table 1  Wiring the SS7 sc at terminal block J5

Terminal number Terminal designation Wire color

1 Data (+) Blue

2 Data (Ð) White

3 Service request No connection

4 +12 V dc Brown

5 Circuit common Black

6 Shield Shield (gray wire in existing quick disconnect fitting)

Figure 14  Hard-wiring the SS7 sc

1 From SS7 sc 2 Disconnect power
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4.1 General operation
1. Plug the SS7 sc/SS7 sc-HST into the unpowered controller by 

aligning the orientation tab on the cable connector with the 
channel in the controller connector. 

2. Push in and turn the threaded collar to secure the connection. 
Tug gently to check the connection.

3. After all plumbing and electrical connections have been 
completed and checked, supply power to the system.

4. Ensure the sample unit door is securely latched when power is 
applied, since dark readings are measured at this time. If power 
is applied while the door is open, cycle the power with the door 
closed. The dark readings are measured again one hour after 
the power-up.

5. The first time a controller is powered up, a language selection 
menu will appear. Select the correct language from the 
displayed options. 

6. Following language selection and upon power-up, the controller 
will search for connected sensors. The display will show the 
main measurement screen. 

4.2 Starting sample flow
1. Start sample flow through the instrument by opening the 

sample supply valve. 

2. Allow the turbidimeter to run long enough for the tubing and 
body to become completely wetted and the reading on the 
display to stabilize. One to two hours or longer may be required 
initially for complete stabilization. 

3. Allow measurements to become stable through adequate 
conditioning before completing instrument settings or 
performing calibrations. 
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5.1 Sensor setup
When a sensor is initially installed, the sensor name will be 
displayed. To change the sensor name refer to the 
following instructions:

1. From the Main Menu, select SENSOR SETUP and confirm. 

2. If multiple sensors are attached to the controller, choose 
SELECT SENSOR>SS7 SETUP and confirm. 

3. Select CONFIGURE and confirm. 

4. Select EDIT NAME and edit the name. Confirm or cancel to 
return to the Sensor Setup menu

5.1.1 Configuring the bubble reject

Bubble Reject eliminates high measurements that are likely due to 
air trapped in the sample.

1. From the Main Menu, select SENSOR SETUP and confirm.

2. Highlight the appropriate sensor if more than one sensor is 
attached and confirm.

3. Select CONFIGURE and confirm.

4. Select BUBBLE REJECT and confirm.

5. Select YES or NO and confirm. 

¥ When NO is selected, all measurements within the Signal 
Average window will be averaged to determine the 
measured value. 

¥ Choosing YES eliminates a percentage of the high values 
and averages the remaining values to determine the 
measured value.

5.1.2 Configuring the signal average

The Signal Average function creates a running average of the 
previous 6, 30, 60 or 90 seconds or no averaging, depending on the 
selected signal average.

1. From the Main Menu, select SENSOR SETUP and confirm.

2. Highlight the appropriate sensor if more than one sensor is 
attached and confirm.

3. Select CONFIGURE and confirm.

4. Select SIGNAL AVG and confirm.

5. Select the signal average time interval and confirm.
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5.2 Sensor data logging
The controller provides two data logs (one for each sensor) and two 
event logs (one for each sensor). The data logs store the 
measurement data at selected intervals. The event log stores a 
variety of events that occur on the devices such as configuration 
changes, alarms and warning conditions. The data logs are stored 
in a packed binary format and the event logs are stored in a CSV 
format. The logs can be downloaded through the digital network 
port, service port or the IrDA port. DataCom (Cat. No. 59256-00 or 
download from www.hach.com) is needed for downloading logs to a 
computer. If the datalogging frequency is set to 15 minute intervals, 
the instrument can continue to store data for approximately 
six months. 

1. From the Main Menu, select SENSOR SETUP and confirm.

2. Highlight the appropriate sensor if more than one sensor is 
attached and confirm. 

3. Select CONFIGURE and confirm.

4. Select the datalog interval (5 seconds, 30 seconds, 1 minute, 
2 minutes, 5 minutes, 10 minutes, 15 minutes, 30 minutes, 60 minutes 
or 4 hours). Confirm.

5.3 Sensor diagnostics menu

SELECT SENSOR

ERROR LIST See section 7.1 on page 45.

WARNING LIST See section 7.2 on page 45.

5.4 Sensor setup menu

SELECT SENSOR (if more than one sensor is attached)

CALIBRATE

PERFORM CAL Calibration using 4000 NTU stock solution 

VERIFICATION Perform a verification, set the pass/fail criteria and view the verification history.

0 ELECTRONICS Zero electronics

CAL HISTORY
View the last 12 entered calibrations. Confirm to move to the next history entry. See section 5.6 
on page 34 for more information.

CONFIGURE

BUBBLE REJECT Choose Yes or No to enable/disable bubble reject. Default: Yes

SIGNAL AVG
Choose no averaging or specify the amount of time for signal averaging. Available options are: 
no averaging, 6 sec., 30 sec., 60 sec. or 90 sec. Default is 30 seconds.

MEAS UNITS
Select the appropriate measurement units to display. Choose from mg/L, NTU, FTU and NO 
UNITS. Default: NTU

EDIT NAME
Enter up to a 12-digit name in any combination of symbols and alpha or numeric characters. 
Confirm when the entry is complete. The name will be displayed on the status line above the 
measurement value on the main display. Default is SS7.

SET RESOLUTION Set the number of significant digits to display. Default is one significant digit.

DATALOG INTRVL
Choose the amount of time between saving data points to the data log. Default: 15 min.; 
Options: 5 seconds, 30 seconds, 1 minute, 2 minutes, 5 minutes, 10 minutes, 15 minutes, 
30 minutes, 60 minutes or 4 hours.
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5.5 Sensor calibration  and verification

5.5.1 Standardization and calibration

DANGER
To become familiar with handling precautions, dangers and 
emergency procedures, always review the Material Safety Data 
Sheets prior to handling containers, reservoirs and delivery 
systems that contain chemical reagents and standards. 
Protective eye wear is always recommended when contact 
with chemicals is possible.

Note: Due to the ease with which the calibration cylinder method 
calibration can be performed, better accuracy can be maintained by 
performing a calibration at monthly intervals instead of the standardization 
check. Periodic calibration with a formazin primary standard is 
recommended for best absolute accuracy.

5.5.2 Calibration

The manufacturer recommends calibrating the Surface Scatter 7 sc 
instrument at least every three months or any time the light source 
is replaced or adjusted. If calibration is performed with a formazin 
standard, refer to section 5.5.2.1 on page 30.

1. From the Main Menu, select SENSOR SETUP and confirm.

2. If multiple sensors are attached to the controller, choose 
SELECT SENSOR>SS7 SETUP and confirm. 

3. Select CALIBRATE and confirm.

4. Select PERFORM CAL and confirm. Select the available 
Output Mode (Active, Hold or Transfer) and confirm.

5. Enter the STD VALUE and confirm. Confirm to continue.

6. Follow the display prompt and place standard into the 
calibration cup. Close the sensor door and confirm to continue.

7. The TURB value displayed is the standard value determined 
using the gain from the previous calibration. Confirm to accept 
and continue with the calibration.

DIAG/TEST

INST STATUS Displays the software and hardware versions.

SERIAL NUMBER Displays the serial number of the sensor.

INT TEMP Displays the internal temperature of the sensor electronics in ¡C.

DEFAULT SETUP Restores the sensor factory default settings. Calibration is not affected.

POWER CHECK Displays the electrical statistics for the sensor.

SERVICE MODE
Allows SS7 sc to be run in normal or service mode. Analog outputs can be in ACTIVE, HOLD or 
TRANSFER mode. Data logging is disabled. Protected by MAINTENANCE password.

SERVICE DIAG Accessible with service password only.

5.4 Sensor setup menu (continued)
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8. If no selection is made for a set period of time, the screen will 
prompt to remix the standard to avoid a change in the value of 
the standard. 

a. Open the SS7 sc and remix the standard. 

b. Close the door and confirm to continue.

9. Confirm to calibrate. When the calibration is completed 
successfully, confirm to accept the calibration. 

10. Enter the initials of the user performing the calibration 
and confirm.

Note: After confirmation of return to measurement mode, the instrument 
will equilibrate for 2 minutes before the output mode changes. Instrument 
measurements will show on the display, but the value will flash and a ÒOUT 
MODE WARNÓ warning will display until the 2-minute equilibration period 
is complete.

5.5.2.1 Calibration cylinder method

A calibration cylinder and a 500-mL bottle of 4000 NTU formazin 
primary standard solution are included for convenient calibration of 
the SS7 sc. After the formazin standard is added to the cylinder, the 
instrument is set to the value of the standard. 

1. Prepare the formazin standard solution at the desired NTU 
value. The 4000-NTU standard supplied with the instrument 
can be used at full strength and only requires mixing (by 
inverting the bottle repeatedly). If a dilution of the 4000-NTU 
standard is desired, the manufacturer recommends it be no 
lower than 300 NTU. Dilutions must be made just prior to use. 
Dilute formazin solutions are unstable and should be discarded 
when calibration is complete. Use filtered sample or 
demineralized water for dilution.

2. Turn off sample flow to the instrument and drain the 
turbidimeter body. Insert the calibration cylinder into the top of 
the body (Figure 15 on page 31).

a. Select the PERFORM CAL menu entry and confirm.

b. Select the Active, Hold or Transfer output mode 
and confirm.

c. Edit the standard value and confirm.

3. Follow the display prompts and pour the formazin standard 
solution into the cylinder, allowing it to overflow. Only allow the 
solution to stand long enough to allow bubbles on or near the 
surface to dissipate.

4. Close the sample unit door tightly. Confirm to continue.

5. The TURB value displayed is the standard value determined 
using the gain from the previous calibration. Confirm to accept 
and continue with the calibration.

6. If no selection is made for a set period of time, the screen will 
prompt to remix the standard to avoid a change in the value of 
the standard. 

a. Open the SS7 sc and remix the standard. 

b. Close the door and confirm to continue.
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7. Confirm to calibrate. When the calibration is completed 
successfully, the display will show GOOD CAL! and the new 
calibration gain value. Confirm to accept the calibration. 

8. Follow the prompt and enter the initials of the user performing 
the calibration. Confirm.

9. The controller will prompt for NEW BASELINE. Confirm to 
establish a new baseline or press BACK  to exit. 

10. Remove the calibration cylinder from the body. The instrument 
is now calibrated.

11. Close the drain valve and restore the sample flow. If no 
verification is done, the display will prompt to return to 
measurement mode. Confirm to continue measurements.

5.5.2.2 Comparison method

The comparison method transfers the calibration of a laboratory 
instrument to the on-line instrument and the practice is approved by 
the EPA and Standard Methods for the Examination of Water and 
Wastewater. Calibration by comparison should not be used if 
sample turbidity is less than 2 NTU. 

Before performing this method, make sure the laboratory 
turbidimeter used is calibrated properly with primary turbidity 
standards according to manufacturer directions. Sample cells for 
the laboratory instrument must be free from dirt, fingerprints and 
scratches. For greater convenience, the laboratory instrument 
should be moved to a location close to the on-line unit(s) to be 

Figure 15 Installing the calibration cylinder

1 Detector assembly 3 Light source assembly

2 Calibration cylinder 4 Turbidimeter body
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calibrated. Take a grab sample from the on-line instrument drain or 
sample inlet line and immediately measure its turbidity in the 
laboratory instrument. If the on-line instrument reading is off by 
more than 5%, use the calibration procedure detailed in 
section 5.5.2 on page 29 to input the new standard value. If this 
calibration method is used, it is not necessary to use the 
calibration cylinder.

5.5.2.3 Calibration failure

If gain criteria for the calibration are not met, the screen will display 
BAD CAL! Confirm to repeat the calibration. 

5.5.3 Setting the verification baseline

When the SS7 sc has been successfully calibrated, a baseline can 
be determined using standardization plates. The standardization 
plates are composed of opaque backing, a plate glass covering and 
a center filling of Gelex, a stable secondary turbidity standard. The 
standardization plates are not calibrated when shipped from the 
factory. The value of the plate is determined after calibration and 
stored internally in the SS7 sc. The calibration can be verified later 
by reading the plate value and comparing it to the value 
following calibration.

Important Note: Always verify calibration with the same 
standardization plate that was used to establish the baseline. The 
manufacturer recommends assigning a serial number (up to 4 
characters) to each plate. The serial number can be marked on the 
back of the plate.

1. Perform a calibration (section 5.5.2).

2. Confirm to perform a baseline using a standardization plate.

3. The serial number for the last standardization plate used will 
appear on the display. Confirm to accept or enter the serial 
number of the plate to be used and confirm.

4. Follow the controller prompts:

a. Remove the calibration cylinder and wipe off the top of the 
sample cylinder.

b. Place the standardization plate on top of the sample 
cylinder so that the light beam strikes the center of the 
plate. Note the orientation of the plate and always place it 
in the same position when using it to check standardization.

c. Close the door to eliminate stray light. Confirm to continue.

5. When the measured value becomes stable, confirm to establish 
an expected value for the plate. 

Note: Future measured values will be compared to the stored 
expected value. If the established PASS criteria are not met, a new 
calibration should be performed.



33

Operation

6. Open the SS7 sc to remove the plate. Restart the sample flow 
and close the door. Confirm to return the instrument to 
measurement mode.

Note: After confirmation of return to measurement mode, the instrument 
will equilibrate for 2 minutes before the output mode changes. Instrument 
measurements will show on the display, but the value will flash and a ÒOUT 
MODE WARNÓ warning will display until the 2-minute equilibration period 
is complete.

5.5.4 Instrument verification

Instrument verification is intended as a simple check to ensure 
SS7 sc functionality between calibrations. Verifications should be 
performed on a monthly basis using a manufacturer-provided 
standardization plate.

A verification directly after calibration is used to establish the 
baseline. Any verification afterwards, until the next calibration, that 
uses the same verification standard will reference the recorded 
value from the baseline verification as the ÒexpectedÓ value. In 
order for the verification to pass, the measured value should be 
within the limits set by the Pass/Fail Criteria of the baseline value.

Before starting the verification, read section 5.5.3. 

1. From the Main Menu, select SENSOR SETUP and confirm. 

2. If multiple sensors are attached to the controller, choose 
SELECT SENSOR>SS7 SETUP and confirm. 

3. Select CALIBRATE and confirm. 

4. Select VERIFICATION and confirm. 

5. Select PERFORM VER and confirm. 

6. The serial number on the standardization plate to be used for 
verification should match the serial number listed on the VALID 
SN screen. Confirm to accept the displayed serial number.

Important Note: If the serial numbers do not match, a verification 
baseline (section 5.5.3) must be established before verification can 
be performed. 

7. Select the available Output Mode (Active, Hold or Transfer) 
from the list box and confirm. 

8. Position the plate on top of the sample cylinder:

a. Shut down the sample flow and wipe off the top of the 
sample cylinder.

b. Place the standardization plate on top of the sample 
cylinder so that the light beam strikes the center of the 
plate. Note the orientation of the plate and always place it 
in the same position when using it to check standardization.

c. Close the door to eliminate stray light. Confirm to continue.
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9. When the displayed turbidity value is stable, confirm to select 
the measured reading. After confirming the reading:

¥ GOOD VER! will be displayed if the verification is good, 
with an option to continue or to abort. Confirm to continue. 
Enter the operator initials and confirm.

¥ BAD VER! will be displayed if the verification is bad, with an 
option to repeat or exit. To repeat the verification, confirm to 
return to the VALID SN screen (step 6).

10. Open the SS7 sc to remove the plate. Restart the sample flow 
and close the door. Confirm to return the instrument to 
measurement mode.

Note: After confirmation of return to measurement mode, the instrument 
will equilibrate for 2 minutes before the output mode changes. Instrument 
measurements will show on the display, but the value will flash and a ÒOUT 
MODE WARNÓ warning will display until the 2-minute equilibration period 
is complete.

5.5.4.1 Care of standardization plates

Clean standardization plates to remove fingerprints, dust and dirt. 

¥ Clean plates using water and dry with a clean, 
lint-free cloth. 

¥ Do not use abrasive cleaners or cleaning solvents.

Store the plates in a clean, dry place to prevent scratching or 
damage. Replace the plates if they become scratched or broken.

5.6 Calibration and verification history
The calibration and verification history logs contain information on 
the last 12 calibrations and the last 12 verifications. The calibration 
history log shows the gain value, the time and date of the 
calibration and the initials of the operator performing verification.

Note: Restoring default settings from the DIAG/TEST menu will return the 
turbidimeter to its non calibration state (gain = 1.0) but it will not remove the 
previous calibration history from memory. 

The calibration history log is accessed from the Calibrate menu. 
The verification history log is accessed from the Verification menu 
(a submenu of the Calibrate menu).

Each verification history entry shows the serial number of the 
verification device, the value of the verification standard, the time 
and date of the verification and the initials of the operator 
performing the verification. 

To view calibration history:

1. From the Main Menu, select SENSOR SETUP and confirm. 

2. If multiple sensors are attached to the controller, choose 
SELECT SENSOR>SS7 SETUP and confirm. 

3. Select CALIBRATE and confirm. 

4. Select CAL HISTORY and confirm. The most recent calibration 
will be displayed on the screen. 



35

Operation

5. Confirm to view the previous calibrations. After scrolling 
through all 12 histories, the display will return to the calibration 
menu level. 

To view verification history:

1. From the Main Menu, select SENSOR SETUP and confirm.

2. If multiple sensors are attached to the controller, choose 
SELECT SENSOR>SS7 SETUP and confirm. 

3. Select CALIBRATE and confirm. 

4. Select VERIFICATION and confirm.

5. Select VER HISTORY and confirm. The most recent 
verification will be displayed on the screen. 

6. Confirm to view previous verifications. After scrolling through all 
12 histories, the display will return to the calibration menu level. 

To view baseline history:

1. From the Main Menu, select SENSOR SETUP and confirm. 

2. If multiple sensors are attached to the controller, choose 
SELECT SENSOR>SS7 SETUP and confirm. 

3. Select CALIBRATE and confirm. 

4. Select VERIFICATION and confirm.

5. Select BASELINE HIST and confirm. The most recent baseline, 
including the Gelex plate serial number and expected value, 
will be displayed on the screen. 

6. Confirm to view previous verifications. After scrolling through all 
12 histories, the display will return to the calibration menu level. 

When the instrument is received from the factory, there will be one 
entry for the calibration and verification history information. As 
calibrations and verifications are performed, the history information 
will grow until there are 12 entries.

When the log is full, the newest entry is stored and the oldest entry 
in the log is deleted. 
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5.7 Operating the SS7 sc-HST 
¥ If condensation forms in the enclosure, increase the air 

pressure (and flow) by increasing the air pressure setting of the 
pressure regulator for the flow multiplier.

¥ Make sure the bubble trap is working. Bubbles on the surface 
of the liquid will cause incorrect readings. 

¥ If deposits accumulate inside the unit, wash the inside with 
warm water spray. 

¥ The vent cover at the top of the turbidimeter body (Figure 5 on 
page 12, item 5) can be removed for cleaning if necessary. 
Loosen the light source before removing the cover. Check the 
alignment of the light after reinstalling the cover using the new 
alignment plate included in the kit (section 6.4.1 on page 38). 
Make sure the cover sits flat on top of the slant tube 
when installed. 

¥ Calibrate the instrument using the calibration cup and formazin 
as described in section 5.5.2 on page 29.

Note: Do not operate the instrument without the cover. Do not operate the 
instrument if the flow multiplier is not working.
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DANGER
Only qualified personnel should conduct the tasks described 
in this section of the manual. 

The nature of tasks described in this section of the manual requires 
individuals to be technically knowledgeable of the associated 
dangers. Burns, shock, eye damage, fire and chemical exposure 
may occur if this work is not done by qualified personnel. Always 
review appropriate Material Safety Data Sheets (MSDS) before 
working with chemicals.

6.1 Scheduled maintenance
Scheduled periodic maintenance requirements of the SS7 sc 
Turbidimeter are minimal. Standardization checks and calibration 
are the primary requirements. Several other activities should be 
performed on a regular basis, but the schedule for these may 
depend on the installation and sample.

6.2 Removing a sensor from the system
Prior to physically removing a sensor from the system, record all 
user defined settings such as relays, signal averaging, etc. Turn off 
power to the sc100 and SS7 sc, then disconnect the sensor at 
the controller. 

6.3 Installing a sensor on the system
To return the system to normal operation following a software 
upgrade or sensor repair, perform the following procedure:

1. Detach all sensors from the sc100 controller. 

2. From the Main Menu, press the DOWN key to highlight 
TEST/MAINT and confirm. 

3. Use the DOWN key to scroll to SCAN SENSORS and confirm.

4. Remove attached sensors by selecting the corresponding serial 
number or select ÒAllÓ.

5. Power down the sc100 controller, then attach the sensor(s) 
to be used.

Note: Clean sensors before installing on the system.

6. Supply power to the sc100 controller. The system will 
initialize automatically.
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6.3.1 Cleaning

Sediment may collect in the turbidimeter body and on the overflow 
weir. Algae may also form. The turbidimeter body should be drained 
and flushedÑon a schedule determin ed by visual inspectionÑto 
remove accumulated sediment. Algae can be removed with a large 
bottle brush and a sterilizing solution such as dilute chlorine bleach.

Samples containing large amounts of settleable solids may cause 
frequent accumulation of solids in the turbidimeter body. To 
minimize cleaning frequency, the analyzer can be operated with the 
drain ball valve partially or completely open and the sample flow 
increased accordingly to provide continuous flushing of solids from 
the turbidimeter body. If the drain is left partially open, the ball valve 
supplied should be replaced with a valve designed for flow control. 
Operating the ball valve in a partially open position may damage 
the valve or cause plugging of the drain line.

When used in conjunction with the Auto-flush Kit (section 8.2 on 
page 49), the flush cycle feature may be used to operate a solenoid 
valve to divert sample and provide a periodic clear water flush. 

The inside enclosure of the SS7 sc can be washed down with warm 
water spray if deposits accumulate inside the unit. The vent cover 
at the top of the SS7 sc-HST turbidimeter body can also be 
removed for cleaning as necessary.

Note: Loosen the light source to remove or install the vent cover on the 
SS7 sc-HST. Use the alignment plate included in the unit to check the 
alignment of the light after installing the cover. Make sure the cover sits flat 
on top of the slant tube when installed.

6.4 Unscheduled maintenance
Important Note: Disconnect power to the instrument before 
removing any cover. To reduce the possibility of ESD damage to 
the equipment, avoid contact with electrical components. All 
replacement components must meet or exceed original equipment 
specifications to maintain applicable safety standards and 
certifications and ensure proper instrument performance.

6.4.1 Lamp replacement

The lamp is located in the light source assembly block in the 
sample unit. It comes with attached leads terminated in a two-pin 
connector. The lamp is replaced as follows:

1. Set the power switch in the control unit to off. Disconnect power 
to the sc100 controller.

2. Open the sample unit door. Disconnect the lamp cable at 
the connector.

3. Remove the two screws that secure the lamp source assembly 
to the back plate. Remove the lamp source assembly 
(Figure 16).

4. Remove the four screws securing the end plate to the light 
source assembly housing. Remove the end plate with gasket, 
the notched spacer and the lamp.
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5. Wipe the replacement lamp clean to remove any dust and 
fingerprints. Fingerprints left on the glass bulb can permanently 
damage the lamp. Install the lamp in the light source block.

6. Slide the notched spacer over the lamp cable with the notch 
away from the lamp base. Route the lamp cable through the 
notches. Install the lamp and spacer into the end of the housing 
with the spacer notch aligned with the notch in the housing.

7. Install the end plate using the two screws removed in step 3. 

8. Install the assembled light source assembly in the sample unit 
using the two screws removed in step 2. Connect the lamp 
cable connector.

9. Using the alignment template supplied with the turbidimeter, 
verify that the light source assembly is positioned properly 
as follows:

a. Be sure the lamp door is closed tightly. Apply power to the 
sc100 controller. Wait for the display to show the current 
turbidity reading before continuing.

b. Install the calibration cylinder in the top of the turbidimeter 
body (Figure 15 on page 31).

c. Place the alignment template on top of the calibration 
cylinder with the guide pin down and against the flat notch 
on the inside of the cylinder (Figure 17). The back edge of 
the template should be against the sample unit back plate.

d. Check the position of the lamp image on the alignment 
template surface. It should fall on the target area so the 
center of the beam is centered between the lines 
(Figure 17).

e. If the light source assembly needs adjustment, loosen the 
two mounting screws enough to adjust the position of the 
lamp image. Tighten when aligned properly.

10. Calibrate the instrument as described in section 5.5 on 
page 29.
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Figure 16 Lamp replacement

1 Lamp cable 6 Spacer

2 End plate 7 Housing

3 Notched spacer 8 Light source assembly

4 Back plate 9 Lamp

5 Base
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6.4.2 Light source assembly maintenance

No maintenance of the light source assembly is normally necessary 
beyond changing the lamp. The lamp, several lenses, apertures 
and other components are located in the light source housing. If 
these components are removed for any reason, they must be 
installed exactly as they were removed. Placing any of the 
components in the wrong position or orientation can cause 
measurement errors and lack of alignment. Figure 18 illustrates the 
correct installation and orientation of the components. If difficulty is 
experienced in reassembly, contact Technical Support for 
assistance. Refer to Section 9 on page 51.

Figure 17 Alignment details

1 Flat notch 6 Light source assembly

2 Alignment template 7 Mounting screws

3 Calibration cylinder 8 Target area

4 Turbidimeter body 9 Adjust light source to align light beam in target area

5 Install calibration cylinder and alignment template
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6.4.3 Detector assembly replacement

The detector assembly, listed as a replacement item in section 8.1 
on page 49, is a sealed unit that is replaced entirely (Figure 19).

1. Write down the controller setup for all analog outputs and/or 
relays used with the SS7 sc.

2. Turn off the controller and disconnect it from power.

3. Disconnect the detector cable from the controller. Unscrew the 
nut (Figure 19, item 8) and remove it from the disconnected 
detector cable.

4. Open the SS7 sc enclosure door. Using a blunt object ("-inch 
diameter or less, e. g. the blunt end of a pen) push on the 
bushing from the inside of the enclosure until it is free of the 
strain relief and clamping fingers. Remove the grommet from 
the detector cable. 

5. Pull the detector cable through the strain relief. Open the cable 
clamps (Figure 19, item 3) and remove the cable.

Figure 18 Light source assembly

1 Shield assembly (Cat. No. 45299-00) 10 Spacer, light source (Cat. No. 45039-00)

2 Wavy washer (2x) (Cat. No. 45042-00) 11 Gasket (Cat. No. 45033-00)

3 Medium aperture (Cat. No. 45044-00) 12 End plate (Cat. No. 45032-00)

4 Large aperture (Cat. No. 45045-00) 13 Body (Cat. No. 45027-00)

5 Retaining ring (Cat. No. 45041-00) 14 Large spacer (Cat. No. 45037-00)

6 Lens holder (Cat. No. 45040-00) 15 Small lens (Cat. No. 31465-00)

7 Small aperture (Cat. No. 45043-00) 16 Small spacer (4x) (Cat. No. 45038-00)

8 Large lens (2x) (Cat. No. 44114-00) 17 Screws (8x) (Cat. No. 5584-11)

9 Medium spacer (Cat. No. 45036-00)



43

Maintenance

6. Remove the two screws securing the detector assembly to the 
wall of the SS7 sc enclosure. Remove the complete 
detector assembly (Figure 19, item 1).

7. Use the two screws removed in step 6 to secure the new 
detector to the wall of the SS7 sc enclosure. Secure the cable 
with the cable clamps. 

8. Thread the detector cable through the strain relief. Replace the 
split grommet (note the orientation in Figure 19) onto the 
detector cable. At the clamping fingers, rotate the grommet 
counter-clockwise while pushing the grommet back into place 
in the strain relief. 

9. Thread the nut onto the detector cable and secure onto the 
strain relief. 

10. Close the SS7 sc enclosure door. Attach the detector cable to 
the controller.

11. Apply power to the controller and turn it on. The controller will 
prompt the user that the SS7 cannot be found. The old detector 
serial number will be displayed.

12. Use the arrow keys to select the old detector serial number and 
remove it. The controller will then install the new 
detector assembly.

13. Establish the setup for all analog outputs and/or relays to be 
used with the SS7 sc. Use the settings recorded in step 1.

14. Calibrate the instrument (section 5.5 on page 29).
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Figure 19 Detector assembly replacement

1 Detector assembly (Cat. No. 71221-00) 6 Clamping fingers

2 Light source assembly power connector 7 Bushing

3 Cable clamp 8 Nut

4 Blunt object 9 Detector assembly cable

5 Strain relief
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7.1 Error Codes
Errors are indicated by a flashing measurement value and a 
flashing warning icon. Errors are defined in Table 2.

1. From the Main Menu, select SENSOR DIAG and confirm. 

2. If multiple sensors are attached to the controller, choose 
SELECT SENSOR>SS7 SETUP and confirm. 

3. Select ERROR LIST and confirm. All active errors will display. 

7.2 Warnings
Warnings are indicated by a flashing measurement value and a 
flashing warning icon. Warnings are defined in Table 3.

1. From the Main Menu, select SENSOR DIAG and confirm.

2. If multiple sensors are attached to the controller, choose 
SELECT SENSOR>SS7 SETUP and confirm. 

3. Select WARNING LIST and confirm. All active warnings 
will display. 

Table 2 Error codes

DIsplayed error Definition

ADC FAIL
The ADC has failed. Try cycling power. If cycling power does not work, replace the detector 
assembly (Cat. No. 71221-00).

LAMP FAIL The light source has failed. See section 6.4.1 on page 38 for lamp replacement instructions.

FLASH FAIL Datalog and event log will not work.

Table 3 Warning Codes

Warning 
Number

Displayed Warning Definition/Resolution

1 DARK WARNING
Dark reading detects too much light. Close the SS7 sc enclosure and perform 
ZERO ELECTRONICS (under the CALIBRATION menu).

2 TEMP WARNING
Sensor head internal temperature is higher than specified. Contact the 
Technical Support Department. (> 70 ¡C)

3 DATA LOG FULL
Sensor data log is full. No additional data will be logged until sensor log is 
downloaded into controller memory.

4 EVENT LOG FULL
Sensor data log is full. No additional data will be logged until sensor log is 
downloaded into controller memory.

5 5 VOLT WARN Monitored voltage is outside the range of 4.5Ð5.5 V.

6 VIN WARN
Monitored instrument input voltage from sc100 is outside the range of 
9.08Ð14.3 V. Check cables. Make sure only one SS7 sc is connected to sc100 
and if any other probe is connected it can only draw 4 watts maximum.

7 LAMP VOLT WARN Monitored voltage is outside the range of 3.96Ð4.48 V.

8 LAMP CURR WARN Monitored current is outside the range of 1.67Ð2.75 Amps.

9 OUTPUT MODE WARN
Activated when the sensor is not in normal measurement mode (such as when 
in calibration or verification mode). 

10 AC UPDATE FAIL The application code update failed.

11 EXT FLASH FAIL External copy of the application code has failed. Self recovery should occur.
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Table 4 presents sensor warnings displayed in the Event Log, 
possible causes and corrective actions.

12 INT FLASH FAIL Internal copy of the application code has failed. Self-recovery should occur.

13 ENGLISH ONLY English only device driver file. Update the device driver with the latest version.

14 VREF WARN ADC voltage reference is out of specification.

15 SERVICE WARN SS7 sc is currently in service mode

Table 3 Warning Codes (continued)

Warning 
Number

Displayed Warning Definition/Resolution

Table 4 General Troubleshooting

Sensor Error 
or Warning

Possible Cause Corrective Action

LAMP FAIL

Lamp burned out Replace the lamp. See section 6.4.1 on page 38.

Lamp unplugged Restore connection

+12 V connection loose at controller Restore connection

Dislodged lamp Reinstall lamp

Bad circuit board in turbidimeter head Contact the Technical Support Department.

Low Readings

Detector coated/dirty
See section 6.3.1 on page 38.

Contact the Technical Support Department.

Lens coated/dirty Clean the lens using isopropyl alcohol and a cotton swab.

Obstructed light path Remove obstruction

See LAMP FAIL causes above See LAMP FAIL corrective actions above

VIN FAIL

Loose connection at sc100 Tighten connection of cable at sc100

SS7 sc to sc100 cable too long
Make sure that if an extension cable is used, only one is 
present and is no longer than 7 meters (approximately 
30 feet).

Fluctuation in voltage Turn instrument power off and back on.

Bad detector assembly Replace detector assembly (Cat. No. 71221-00).

ADC FAIL
Fluctuation in voltage Turn instrument power off and back on.

Bad detector assembly Replace detector assembly (Cat. No. 71221-00).

DARK WARNING

Light LeakÑSS7 sc enclosure door is 
open during Power Up or Zero 
Electronics

Make sure the door is closed, then perform ZERO 
ELECTRONICS in the CALIBRATION MENU.

Bad detector Assembly Replace detector assembly (Cat. No. 71221-00).
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Table 5 presents additional malfunctions which may not be 
recorded in the Event Log.

7.3 Event codes
Events are automatically invoked to document major actions during 
normal instrument operation. Event codes are not displayed on 
controller and must be downloaded from the event log using Data 
Com software. Troubleshooting actions are provided in Table 4 on 
page 46.

Table 5 Additional malfunctions not recorded in the event log

Symptom Possible cause Corrective action

Continuous underrange
The calibration standard was either 
improperly prepared or was unstable at 
the time the calibration was accepted. 

Verify the accuracy of calibration standards and calibrate 
the instrument. See Low Readings in Table 4.

Continuous overrange 
The calibration standard was either 
improperly prepared or was unstable at 
the time the calibration was accepted.

Verify the accuracy of calibration standards and 
recalibrate the instrument.

Erratic readings
Inadequate bubble removal from 
sample

Verify the accuracy of calibration standards and 
recalibrate the instrument.

Increase the signal averaging time to a longer interval.

Make sure the Bubble Reject feature is turned on.
Slow the flow of sample into the instrument. 

High readings

Dirty instrument

Calibration standard was low

Flow rate is too high causing bubbles

Clean the instrument.

Check the value and expiration date on the 
calibration standard

Verify the flow is within specifications

Recalibrate the instrument.

Table 6 Event log list

Event Event # Data1 Data2 Data3

Bubble reject change 0
0 = OFF
1= ON

Ñ Ñ

Signal avg 1
0 = 1, 1 = 6, 2 = 30,
3 = 60, 4 = 90

Ñ Ñ

Data log interval change 2

0 = 5 sec, 1 = 30 sec,
2 = 1 min, 3 = 2 min,
4 = 5 min, 6 = 15 min,
7 = 30 min, 8 = 1 hr,
9 = 4 hr

Ñ Ñ

Power on 3 Ñ Ñ Ñ

Calibration 4 Std Gain Operator

Verification 5 Expected Value Meas Value Operator

Dark event 6 A/D counts Ñ Ñ

Temperature 7 Present Min Max

Volt warn 8 Vin 5V Vref

Lamp warn event 9 Lamp V Lamp I Ñ

A2D fail event 10 Ñ Ñ Ñ

Lamp fail 11 Lamp V Lamp I Ñ

Output mode change 12
0 = Normal, 1 = Active
2 = Hold, 3 = Transfer

Ñ Ñ
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Example of event log download using DataCom

7.4 Data log
Measured data is automatically logged based on the setting of the 
data log interval. If, however, there is a calibration or verification 
being performed, the data log will be interrupted since the values of 
the measurements do not represent the normal process. The data 
log interval in the following example is set at 15 minutes.

Example of data log download using DataCom

Baseline 13 Serial Number Expected Operator

AC update start 14 Ñ Ñ Ñ

AC update done 15 Ñ Ñ Ñ

AC update fail 16 Ñ Ñ Ñ

AC internal fail 17 Ñ Ñ Ñ

AC external fail 18 Ñ Ñ Ñ

Flash erase 19 Ñ Ñ Ñ

DD update 20 Ñ Ñ Ñ

Service mode 21 0 = Off, 1 = On Ñ Ñ

15:00 01/09/06 BUBBLE REJECT 0 1

1/9/2006 15:00 BUBBLE REJECT 0 0

1/9/2006 15:00 SIGNAL AVG 1 2

1/9/2006 15:00 SIGNAL AVG 1 1

1/9/2006 15:00 DATALOG INTRVL 2 9

1/9/2006 15:01 OUT MODE EVENT 12 1

1/9/2006 15:01 CALIBRATION 4 2100 1.51          G7

1/9/2006 15:01 BASELINE EVENT 13 7 2090.4          G7

1/9/2006 15:02 OUT MODE EVENT 12 2

1/9/2006 15:02 VERIFICATION 5 7 2090.4 2091.1         GS7

Table 6 Event log list (continued)

Event Event # Data1 Data2 Data3

Serial Number: FFFFFFFFFFFF

Device ID: 26

Manufacture ID: 0

Time Channel 1

1/18/2006 12:15 2009.04

1/18/2006 12:30 2009.71

1/18/2006 12:45 2010.316

1/18/2006 13:00 2009.096
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Section 8 Replacement parts and accessories

8.1 Replacement parts

Description Cat. No.

Surface Scatter ¨  7 sc Installation Kit:

Adapter, barb fitting, !Ó NPT to !Ó ID hose barb (2x) 40439-00

Adapter, barb fitting, 1Ó NPT to 1Ó ID hose 40372-00

Brush, cylinder, size 2 687-00

Calibration cup, SS7 sc 45021-00

Drain Valve 45073-00

Formazin Stock Solution, 4000 NTU, 500 mL 2461-49

Light Source Template 45076-00

Nipple, !Ó NPT 31551-00

Washer, " ID x 1.00 OD (4x) 44173-00

Wall Mounting kit 44247-00

Light Source Shield Assemblies (2x) 45299-00

Detector Assembly 71221-00

Lamp Assembly, Surface Scatter 7 sc 45034-00

Manual DOC026.53.00769

Quick Reference Document DOC016.53.00769

Tubing Replacement Kit 46691-00

8.2 Accessories

Description Cat. No.

Auto Flush Kit (120V) 46692-12

Auto Flush Kit (220V) 46692-22

Bubble Trap/Head Regulator 46680-00

Cable Extension for Sensor, 7.6 m (25 ft) 57960-00

DataCom (CD-rom) 59256-00

Formazin Stock Solution, 4000 NTU, 500 mL 2461-49

Heat Exchanger Unit (Sample cooler) 48551-00

Latch, replacement, SS6 44993-00

Manual, SS7 sc, English DOC026.53.00769

Manual, SS7 sc, Chinese DOC026.80.00769

Manual, SS7 sc, Japanese DOC026.81.00769

Manual, SS7 sc, Korean DOC026.84.00769

Power Cord, 125 VAC, 10A, 1.83 m (6 ft) 46306-00

Power Cord, 250 VAC, 10A, 1.83 m (6 ft) 46308-00

StablCal, 400 NTU, 500 mL 71216-49

Standardization Plate Kit, uncalibrated 23513-00

Sun Shield, sc100 Controller LZ961.54

Upgrade Kit, Converting Standard SS7 sc to a SS7 sc-HST (High Sample Temperature) 45000-43
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Section 9 How to order

U.S.A. customers
By telephone:
6:30 a.m. to 5:00 p.m. MST
Monday through Friday
(800) 227-HACH (800-227-4224)

By fax:
(970) 669-2932

By mail:
Hach Company
P.O. Box 389
Loveland, Colorado 80539-0389 U.S.A.
Ordering information by e-mail: orders@hach.com

Information required

International customers
Hach maintains a worldwide network of dealers and distributors. To 
locate the representative nearest you, send an e-mail to: 
intl@hach.com or contact:

Hach Company World Headquarters;  Loveland, Colorado, U.S.A.
Telephone: (970) 669-3050; Fax: (970) 669-2932

Technical and customer service (U.S.A. only)
Hach Technical and Customer Service Department personnel are 
eager to answer questions about our products and their use. 
Specialists in analytical methods, they are happy to put their talents 
to work for you.

Call 1-800-227-4224 or e-mail techhelp@hach.com

¥ Hach account number (if available) ¥ Billing address

¥ Your name and phone number ¥ Shipping address

¥ Purchase order number ¥ Catalog number

¥ Brief description or model number ¥ Quantity
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Authorization must be obtained from Hach Company before sending any items for 
repair. Please contact the Hach Service Center serving your location.

In the United States:
Hach Company
Ames Service
100 Dayton Avenue
Ames, Iowa 50010
(800) 227-4224 (U.S.A. only)
FAX: (515) 232-3835

In Canada:
Hach Sales & Service Canada Ltd.
1313 Border Street, Unit 34
Winnipeg, Manitoba
R3H 0X4
(800) 665-7635 (Canada only)
Telephone: (204) 632-5598
FAX: (204) 694-5134
E-mail: canada@hach.com

In Latin America, the Caribbean, the Far East,
Indian Subcontinent, Africa, Europe or the Middle East:
Hach Company World Headquarters,
P.O. Box 389
Loveland, Colorado, 80539-0389 U.S.A.
Telephone: (970) 669-3050
FAX: (970) 669-2932
E-mail: intl@hach.com
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Section 11 Limited warranty

Hach Company warrants its products to the original purchaser against any defects that are due to faulty 
material or workmanship for a period of two years from date of shipment unless otherwise noted in the 
product manual. 

In the event that a defect is discovered during the warranty period, Hach Company agrees that, at its 
option, it will repair or replace the defective product or refund the purchase price excluding original 
shipping and handling charges. Any product repaired or replaced under this warranty will be warranted 
only for the remainder of the original product warranty period. 

This warranty does not apply to consumable products such as chemical reagents; or consumable 
components of a product, such as, but not limited to, lamps and tubing. 

Contact Hach Company or your distributor to initiate warranty support. Products may not be returned 
without authorization from Hach Company.

Limitations
This warranty does not cover:

¥ Damage caused by acts of God, natural disaster, labor unrest, acts of war (declared or undeclared), 
terrorism, civil strife or acts of any governmental jurisdiction

¥ Damage caused by misuse, neglect, accident or improper application or installation

¥ Damage caused by any repair or attempted repair not authorized by Hach Company

¥ Any product not used in accordance with the instructions furnished by Hach Company

¥ Freight charges to return merchandise to Hach Company

¥ Freight charges on expedited or express shipment of warranted parts or product

¥ Travel fees associated with on-site warranty repair

This warranty contains the sole express warranty made by Hach Company in connection with its 
products. All implied warranties, including without limitation, the warranties of merchantability and fitness 
for a particular purpose, are expressly disclaimed.

Some states within the United States do not allow the disclaimer of implied warranties and if this is true in 
your state the above limitation may not apply to you. This warranty gives you specific rights, and you 
may also have other rights that vary from state to state.

This warranty constitutes the final, complete, and exclusive statement of warranty terms and no person 
is authorized to make any other warranties or representations on behalf of Hach Company.

Limitation of remedies
The remedies of repair, replacement or refund of purchase price as stated above are the exclusive 
remedies for the breach of this warranty. On the basis of strict liability or under any other legal theory, in 
no event shall Hach Company be liable for any incidental or consequential damages of any kind for 
breach of warranty or negligence.
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Section 12 Certification

Hach Company certifies this instrument was tested thoroughly, 
inspected and found to meet its published specifications when it 
was shipped from the factory.

The Model sc100 with SS7 sc or SS7 sc-HST Sensor  has been 
tested and is certified as indicated to the following 
instrumentation standards:

Product Safety
UL 61010A-1 Listed by ETL (cETLus safety mark)
CSA C22.2 No. 61010.1 Certified by ETL (cETLus safety mark)
Certified by Hach Co. to EN 61010-1 Amds. 1 & 2 (IEC1010-1) per 
73/23/EEC, supporting test records by Intertek Testing Services. 

Immunity 
This equipment was tested for Industrial level EMC per:

EN 61326 (EMC Requirements for Electrical Equipment for 
Measurement, Control and Laboratory Use) per 2004/108/EC 
EMC: Supporting test records and compliance certification by 
Hach Company.

Standards include:

IEC 1000-4-2:1995 (EN 61000-4-2:1995) Electro-Static 
Discharge Immunity (Criteria B)
IEC 1000-4-3:1995 (EN 61000-4-3:1996) Radiated RF 
Electro-Magnetic Field Immunity (Criteria A)
IEC 1000-4-4:1995 (EN 61000-4-4:1995) Electrical Fast 
Transients/Burst (Criteria B)
IEC 1000-4-5:1995 (EN 61000-4-5:1995) Surge (Criteria B)
IEC 1000-4-6:1996 (EN 61000-4-6:1996) Conducted 
Disturbances Induced by RF Fields (Criteria A)
IEC 1000-4-11:1994 (EN 61000-4-11:1994) Voltage Dip/Short 
Interruptions (Criteria B)

Additional immunity Standard/s include:

ENV 50204:1996 Radiated Electro-Magnetic Field from Digital 
Telephones (Criteria A)

Emissions
This equipment was tested for Radio Frequency Emissions 
as follows:

Per 2004/108/EC EMC: EN 61326:1998 (Electrical Equipment for 
measurement, control and laboratory useÑEMC requirements) 
Class ÒAÓ emission limits. Supporting test records by Hewlett 
Packard, Fort Collins, Colorado Hardware Test Center (A2LA # 
0905-01) and certified compliance by Hach Company.

Standards include:

EN 61000-3-2 Harmonic Disturbances Caused by Electrical 
Equipment
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Certification

EN 61000-3-3 Voltage Fluctuation (Flicker) Disturbances 
Caused by Electrical Equipment

Additional Emissions Standard/s include:

EN 55011 (CISPR 11) Class ÒAÓ emission limits

Canadian Interferen ce-causing Equipment Regul ation, IECS-003, Class A
Supporting test records and compliance certification by 
Hach Company.

This Class A digital apparatus meets all requirements of the 
Canadian Interference- Causing Equipment Regulations.

Cet appareil numérique de la classe A respecte toutes les 
exigences du Règlement sur le matériel brouilleur du Canada.

FCC PART 15, Class ÒAÓ Limits
Supporting test records and compliance certification by 
Hach Company.

This device complies with Part 15 of the FCC Rules. Operation is 
subject to the following two conditions: 

(1) this device may not cause harmful interference, and (2) this 
device must accept any interference received, including 
interference that may cause undesired operation.

Changes or modifications to this unit not expressly approved by the 
party responsible for compliance could void the user's authority to 
operate the equipment.

This equipment has been tested and found to comply with the limits 
for a Class A digital device, pursuant to Part 15 of the FCC Rules. 
These limits are designed to provide reasonable protection against 
harmful interference when the equipment is operated in a 
commercial environment. This equipment generates, uses, and can 
radiate radio frequency energy and, if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference to radio communications. Operation of this equipment 
in a residential area is likely to cause harmful interference, in which 
case the user will be required to correct the interference at his own 
expense. The following techniques of reducing the interference 
problems are applied easily.

1. Disconnect the Controller from its power source to verify that it 
is or is not the source of the interference.

2. If the Controller is connected into the same outlet as the device 
with which it is interfering, try another outlet.

3. Move the Controller and SS7 sc sensor away from the device 
receiving the interference.

4. Reposition the device receiving the interference.

5. Try combinations of the above.
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Appendix A Modbus register

Tag Name Register # Data Type Length R/W Description

TURB 40001 Float 2 R Measured turbidity value

TURB INT 40003 Unsigned Integer 1 R Integer turbidity value

TURB INT X 100 40004 Unsigned Integer 1 R Integer turbidity * 100

SENSOR NAME 40005 String 6 R/W Sensor name or location

BUBBLE REJECT 400111

1  In order to write to these tags, write 46478 to register 49938

Unsigned Integer 1 R/W Bubble reject status (0=OFF; 1=ON)

SIGNAL AVG 400121 Unsigned Integer 1 R/W
Signal average (0=1; 1=6sec; 
2=30sec;3=60sec;4=90sec)

DATALOG INTRVL 400131 Unsigned Integer 1 R/W
Datalog interval 
(0=5sec;1=30sec;2=1min;3=2min;4=5min;6=10
min;7=15min;8=30min;9=60min, 10=4hr)

RESOLUTION 40014 Unsigned Integer 1 R/W
Maximum number of decimal places (0=xxxxx, 
1=xxxx.x, 2=xxx.xx)

P/F CRITERIA 400151 Unsigned Integer 1 R/W
Pass / Fail criteria for verification. (1 to 10 
percent)

TURB UNIT 40016 Unsigned Integer 1 R/W Turb units (0=mg/L:7=NTU;42=FTU)

SERVICE MODE 400181 Unsigned Integer 1 R/W
Used to determine if the instrument is in the 
service mode (0 = disabled; 1= enabled)

SERIAL NUMBER 40021 String 6 R Instrument serial number

CODE VERSION 40027 Float 2 R Software version

DD Firmware 40029 Unsigned Integer 1 R Device driver firmware version

DD CONTENT 40030 Unsigned Integer 1 R Device driver content version

HW VERSION 40031 Unsigned Integer 1 R Hardware version of pc board

TEMP 40032 Float 2 R Temperature measurement in Celsius

DARK 40034 Unsigned Integer 2 R Dark turbidity A/D counts.

RAW TURB 40036 Float 2 R
Turbidity value with dark offset and 
gain applied.

TURB COUNTS 40038 Unsigned Integer 2 R Turbidity A/D counts

TEMP MAX 40040 Float 2 R Maximum temperature

TEMP MIN 40042 Float 2 R Minimum temperature

LAMP V 40044 Float 2 R Lamp voltage

LAMP CURR 40046 Float 2 R Lamp current (amps)

Plus 5V 40048 Float 2 R Plus five volt measurement

INPUT V 40050 Float 2 R Input voltage (~12V)

VREF 40052 Float 2 R Voltage reference measurement (2.5V)

CAL GAIN 40067 Float 2 R
Calibration gain factor - used to convert A/D 
counts to turbidity

INITIALS 40083 String 2 R Initials used for the latest calibration

LAST CAL DATE 40085 Time2 2 R Time of the latest calibration

CAL VALUE 40087 Float 2 R
The standard value used for the latest 
calibration
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Appendix B Theory of operation

B.1 SS7 sc principle of operation
The Surface Scatter 7 sc Turbidimeter is a sensitive and precise 
instrument designed to measure the light scattered by particles 
suspended in the sample fluid. The sample flows up through the 
turbidimeter body at a rate between 1 and 2 liters per minute (" to 
# gallon per minute). As the fluid spills over the top of the 
turbidimeter body, a stable, flat surface of fluid forms and becomes 
the measuring surface.

Because there is no contact between the fluid being analyzed and 
any of the optical surfaces, the instrument can monitor even highly 
turbid samples without frequent cleaning. Electrically and 
mechanically, the Surface Scatter 7 sc Turbidimeter has been 
constructed to ensure reliable operation in adverse environments.

The lamp, powered by a regulated voltage source, provides a high 
intensity beam of light that is adjusted to strike the fluid surface at 
an angle. Most of the light striking the surface of the fluid is either 
reflected into the upper left hand corner of the cabinet and 
absorbed, or refracted down into the turbidimeter tube (Figure 3 on 
page 10). A small amount of the light is scattered by the particles 
suspended in the fluid. Light scattered at 90 degrees from the 
incident beam is detected by the detector assembly. The electronic 
signal generated by the detector assembly is directly related to the 
concentration of particles suspended in the fluid.

Directing the light beam at the fluid surface at an angle and placing 
the detector assembly directly over the point where the light enters 
the fluid is a very important design feature. Because the light is 
scattered at or near the surface, only a minimum amount of 
scattered light is absorbed by the fluid before it reaches the 
detector assembly. Therefore, the amount of light scattered will 
increase with increasing turbidity, regardless of how high the 
turbidity becomes. This allows the instrument to measure very high, 
as well as very low, levels of turbidity.

B.2 SS7 sc-HST principle of operation
The SS7 sc-HST instrument is designed for high temperature 
samples, or in applications where a significant difference between 
the sample temperature and the ambient temperature causes 
condensation and fogging in the unit. The SS7 sc-HST functions in 
the same manner as the SS7 sc, but accommodates samples of 
higher temperature and a moist air removal system has 
been added. 

The moist air removal system contains an air flow multiplier that 
creates a vacuum to draw moisture away from the sample tube and 
remove the moisture from the enclosure. The moisture removal 
system requires the customer to provide a source of air pressure, 
such as compressed air, shop air, or an on-site air compressor. The 
air line is connected to the top of the flow multiplier 
(Figure 4, item 1).
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Compact systems

Primary head Signal converters

Separate systems

IFC 110 F

090 K

010 K / 020 K

IFC 010 F / IFC 020 F+ E

!5097,4:+;207<91=54>:070,?
@801:4-.5+,1?6?70:1><7817801!"#$%&'()1*+,-,.//0,1+2-13456.,078+201A,<:+,6180+-

The modular system will have the right electromagnetic flowmeter for your specific application Ð right from both the
flowmetering and the economic viewpoint.

The ENVIROMAG primary head is compatible with all KROHNE signal
converters:

IFC 010 F IFC 010 K

IFC 020 F+ E IFC 020 K

IFC 090 F IFC 090 K

IFC 110 F

Full signal converter data are specified in the relevant Data Sheets.

Type code

IFM Electromagnetic flowmeter

IFS Primary head

IFC Signal converter

E Separate system (19Ó plug-in)

F Separate system (field housing)

K Compact system

ENVIROMAG IFC 090 F

090 F

110 F

010 F

020 F

020 E
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3,<:+,6180+-

!9424:<91B1?7+2-+,-C?077<2;

D.+5<76
Flowmeters are manufactured by KC to ISO 9000 - certified quality assurance standards.

!9424:<91E020=<7?
! Low investment and operating costs

! Meter size 1Ó - 60Ó flange connections to DIN and ANSI

! Measuring tube liner:
Hardrubber: 1Ó - 60Ó

Polyurethane: 1Ó - 40Ó

! Easy, quick, low-cost installation

! Short  delivery times, allowing just-in-time purchasing

! Absolutely maintenance-free, reliable, no mechanically moving parts

F<-01?94A014=1+AA5<9+7<42
! Suitable for water and wastewater

! For process temperatures up to 176¡F

! For pressures up to 580 psig

! IP 67 protection equivalent to NEMA 6, suitable for short-time submersion

! Its favorable price/performance payoff and low operating costs  means that the flowmeter will quickly pay
for itself even in applications where it was previously not possible to carry out measurements at all or only by means
of other methods.
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!"#$%&'()
Hardrubber

Meter sizes   1Ó Ð 60Ó

Pipe flanges
to ANSI B 16.5   1Ó Ð 24Ó / Class 150 lb / RF
to AWWA 28Ó Ð 60Ó / Class B / RF

Electrical conductivity !  20 µS/cm

Temperatures Ambient temperature Process temperature
Compact systems - 13 to +  140¡F - 13 to +  140¡F

ENVIROMAG (separate)
Hardrubber  (DN 100 - 1500...4Ó - 60Ó) - 13 to +  140¡F - 13 to +  176¡F
In storage - 13 to +  140¡F

Limits for pressure and temperature
Liner Flange Pressure rating S               Max. Operating pressure in psi

Standard Nominal diameter Class O                   at a process temperature of...
< 68¡F < 104¡F < 140¡F < 176¡F < 194¡F

Hardrubber ANSI B 16.5 1Ó - 6Ó 150 lb S 285.7 284.2 275.5 271.2 Ñ
300 lb O on request

8Ó 150 lb S 285.7 284.2 275.5 271.2 Ñ
300 lb O 342.6 342.6 339.3 326.3 Ñ

10Ó 150 lb S 285.7 284.2 275.5 271.2 Ñ
300 lb O 465.5 465.5 465.5 465.5 Ñ

12Ó 150 / 300 lb S / O 285.7 284.2 275.5 265.4 Ñ
14Ó 150 / 300 lb S / O 258.1 258.1 255.2 245.1 Ñ
16Ó 150 / 300 lb S / O 226.2 226.2 223.3 214.6 Ñ
18Ó 150 / 300 lb S / O 200.1 200.1 198.7 190.0 Ñ
20Ó 150 / 300 lb S / O 179.8 179.8 178.3 171.1 Ñ
24Ó 150 / 300 lb S / O 205.9 205.9 204.5 197.2 Ñ

AWWA 28Ó Ð 60Ó D O 145.0 145.0 145.0 145.0 Ñ

S =  Standard
O =  Option

Vacuum load
Liner Meter size Max. Allowed vacuum load in psig  at product temperature of ...

<  68¡F <  104¡F <  140¡F <  176¡ F
Hardrubber 1Ó - 60Ó 3.6 3.6 5.8 5.8

Insulation class of field coils E

Electrodes design
1Ó - 60Ó flat elliptical electrodes, solidly fitted, surface-polished

Protection category IP 67 and IP 68

Materials
Measuring tube stainless steel 1.4301 ( AISI 304 )
Electrodes AISI 316 L ( option HC and Titanium )
Housing steel SAE 1008, paint finish
Grounding rings stainless steel 1.4435 ( AISI 316 ) / 1.4301 ( AISI 304 )
Terminal box die-cast aluminium
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Polyurethane@0982<9+51-+7+

Meter sizes   1Ó Ð 40Ó

Pipe flanges
to ANSI B 16.5   1Ó Ð 24Ó / Class 150 lb / RF
to AWWA 28Ó Ð 40Ó / Class D / RF

Electrical conductivity !  5 µS/cm

Temperatures Ambient temperature Process temperature
Compact systems - 13 to +  140¡F - 13 to +  140¡F

ENVIROMAG (separate)
Polyurethane       1Ó Ð 40Ó - 13 to +  140¡F - 13 to + 140¡F
In storage - 13 to +  140¡F

Limits for pressure and temperature
Liner Flange Pressure rating S  Max. Operating pressure in psi

Standard Nominal diameter Class O                  at  a process temperature of ...
< 68¡F < 104¡F < 140¡F < 176¡F < 194¡F

Polyurethane ANSI B 16.5 1Ó Ð 3Ó 150 lb S 285.7 284.2 275.5 Ñ Ñ
300 lb O on request

ANSI B 16.5 4Ó Ð 6Ó 150 lb S 285.7 284.2 275.5 Ñ Ñ
300 lb O on request

8" 150 lb S 285.7 284.2 275.5 Ñ Ñ
300 lb O 342.6 342.6 339.3 Ñ Ñ

10" 150 lb S 285.7 284.2 275.5 Ñ Ñ
300 lb O 465.5 465.5 465.5 Ñ Ñ

12" 150 / 300 lb S / O 285.7 284.2 275.5 Ñ Ñ
14" 150 / 300 lb S / O 258.1 258.1 255.2 Ñ Ñ
16" 150 / 300 lb S / O 226.2 226.2 223.3 Ñ Ñ
18" 150 / 300 lb S / O 200.1 200.1 198.7 Ñ Ñ
20" 150 / 300 lb S / O 179.8 179.8 178.3 Ñ Ñ
24" 150 / 300 lb S / O 205.9 205.9 204.5 Ñ Ñ

AWWA 28" Ð 40" D O 145.0 145.0 145.0 Ñ Ñ
S =  Standard
O =  Option

Vacuum load max. allowed vacuum load 7,2 psig (< 104¡F)

Insulation class of field coils E

Electrodes design exchangeable electrodes

Protection category IP 67 and IP 68

Materials
Measuring tube stainless steel 1.4301 ( AISI 304 )
Electrodes AISI 316 L ( option HC, Tantalum, Titanium )
Housing steel SAE 1008, paint finish
Grounding rings stainless steel 1.4435 ( AISI 316 ) / 1.4301 ( AISI 304 )
Terminal box die-cast aluminium
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¥ Straight inlet run minimum of 5 x DN and outlet run
minimum of 2 x DN, (DN =  meter size), measured from
the electrode axis.

¥ Vortex and corkscrew flow:  increase length of inlet and
outlet runs or install flow conditioners.

¥ Mixing different process liquids:  install flowmeter
upstream of mixing point or at an adequate distance
downstream (minimum of 30 x DN), otherwise display may
be unsteady.

¥ Plastic pipes and internally coated metal pipelines:
grounding rings required.

¥ Insulated pipeline: do not insulate  flowmeter.

¥ Zero setting not necessary:  To check, it should be
possible to set ÒzeroÓ flow velocity in the completely filled
measuring tube. Shutoff valves should therefore, be
provided either downstream of the flowmeter or upstream
and downstream of the flowmeter.

Grounding rings
For process flow measurement reasons the product must be
grounded. Such as grounding system is lacking in pipes
upstream and downstream of the primary head which feature
a corrosion-resistant internal coating or liner, or are made
entirely of plastic material. In such cases, grounding rings
must be fitted on both sides of the primary head.

¥ Measuring tube must be completely filled at all
times.

¥ Direction of flow is arbitrary.

¥ Stud bolts and nuts:  to fit, make sure there is
sufficient room next to the pipe flanges.

¥ Vibration : support the pipeline on both sides of the
compact flowmeter.

¥ Do not expose to direct sunlight,  fit a sunshade if
necessary, not included with flowmeter, to be provided
by customer.

¥Large meter sizes ( ! 8Ó): use adapter pipes to allow
axial shifting of the counterflanges and to facilitate
installation.

¥ Strong electromagnetic fields, avoid in vicinity of
flowmeter.

Recommendations for installation
¥ Location and position as

required, but electrode axis
xÐ ¥  Ð ¥  Ð ¥  Ðx must be
approximately horizontal in a
horizontal pipe run.

Y  terminal box or converter housing

@0982<9+51$2=4,:+7<42
G05097<4214=1:070,1?<H0

The optimum flow velocity should be
6 Ð 9 ft/s. For products with solids contents
between 9 and 15 ft/s. The exact flow velocity can
be determined from the columns in the tables.

v =  40 ft/s as shown in the following example:

1 2 .334 93 .34
1 1/2 5 .979 239 .0

2 9 .339 373 .5
3 23 .90 955 .6
4 37 .35 1,493
5 58 .38 2,334
6 84 .05 3,361
8 149 .43 5,975

10  233 .4 9,334
12 336 .2 13,442
14 464 .8 18,593
16 597 .9 23,899
20 933 .9 37,345
24 1,345 53,781
28 1,919 76,760
30 2,203 88,133
32 2,507 100,272
36 3,173 126,904
40 3,917 156,672
42 4,121 164,693
48 5,464 218,560
54 6,807 272,255
60 8,405 336,114

Meter size Q100% in US Gal/min

v =  1 ft/s v =  40 ft/s

inch (minimum) (maximum)

! Meter size: 3Ó
! Desired measuring range:
    200 US Gal/min

From the table obtain for
v = 40 ft/s the flow rate of 955.9

US Gal/min at 3Ó meter size

v =                                     x 40 ft/s

v =  8.37 ft/s

200 US Gal/min

955.9 US Gal/min
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!"#$%&'()      Hardrubber and Polyurethane

The total dimension for the height is obtained from dimension B (see table) plus the height of the terminal box or the signal
converter, see drawings.
The total weight is made up of the weight of the primary head (see table) plus the weight of the terminal box or signal converter,
see below.

$JK1LML1N1+2-1$JK1LOL1N
Signal converters
Weight approx. 3.6 lb

$JK1LPL1N
Signal converter
Weight approx. 5.1 lb

@0,:<2+51E4Q
Weight approx. 1.1 lb

Dimension ÒAÓ: Gaskets not included with flowmeter
With Grounding Rings: Dimension A +  2 x thickness of the gasket +  2 x 0.12Ó (thickness of grounding rings)

Flange connections to                                                  Dimensions in inch
ANSI B 16.5  1Ó Ð 24Ó 150 lb / RF see table

!  300 lb / RF information supplied on request
AWWA !  28Ó Class B, D / RF information supplied on request

3.90Ó

5.04Ó

3.15Ó

2
.8

0
Ó

6.30Ó

4
,1

7
Ó

7.48Ó

5.51Ó

6.54Ó

4.80Ó 8.27Ó

6
.6

1
Ó

Nominal Diameter Dimensions in inch Weight

ANSI                      A                        B                        C                       D approx.

Inch DIN ISO ANSI DIN. ISO ANSI DIN. ISO ANSI DIN. ISO ANSI lb

1Ó 5.91 5.91 9.21 9.21 5.12 5.12 4.53 4.25 6.90

1 1/2Ó 5.91 5.91 9.21 9.21 5.12 5.12 5.91 5.00 13.20

2Ó 7.87 7.87 7.52 7.28 6.50 6.00 6.50 6.00 17.60

3Ó 7.87 7.87 8.23 8.03 7.87 7.50 7.87 7.50 37.50

4Ó 9.84 9.84 10.04 10.24 8.66 8.98 8.66 8.98 41.90

5Ó 9.84 9.84 11.03 11.10 9.84 10.00 9.84 10.00 48.50

6Ó 11.81 11.81 11.81 11.69 11.22 10.98 11.22 10.98 57.30

8Ó 13.78 13.78 14.06 14.17 13.39 13.50 13.39 13.50 110.20

10Ó 15.75 15.75 16.97 17.20 15.55 16.00 15.55 16.00 161.00

12Ó 19.69 19.69 19.02 19.76 17.52 19.02 17.52 19.02 218.30

14Ó 19.69 19.69 21.30 21.85 19.88  21.00 19.88 21.00 251.30

16Ó 23.62 23.62 24.92 24.92 22.24 23.50 22.24 23.50 337.30

18Ó 23.62 23.62 26.22 26.54 24.21 25.00 24.21 25.00 374.80

20Ó 23.62 23.62 28.11 28.62 26.38 26.38 26.38 27.50 418.90

24Ó 23.62 23.62 33.07 33.66 30.71 32.00 30.71 32.00  551.10

28Ó 27.56 27.56 36.61 37.68 35.24 36.50 35.24 36.50 661.40

30Ó 31.50 31.50 Ð 42.91 Ð 38.75 Ð 38.75 793.70

32Ó 31.50 31.50 41.34 42.24 39.96 41.75 39.96 41.75 1,003.00

36Ó 35.43 35.43 45.91 47.09 43.90 46.00 43.90 46.00 1,212.50

40Ó 39.37 39.37 50.16 50.91 48.43 50.75 48.43 50.75 1,385.00

42Ó 51.18 51.18 Ð 55.40 Ð 53.00 Ð 53.00 1,541.00

48Ó 51.18 51.18 59.91 62.13 57.28 59.50 57.28 59.50 1,995.00

54Ó 62.99 62.99 Ð 68.11 Ð 66.25 Ð 66.25 2,275.00

60Ó 66.93 66.93 Ð 73.82 Ð 73.00 Ð 73.00 3,858.00

Obs: 1Ó to 24Ó Ð weight with ANSI flanges
28Ó to 40Ó Ð weight with AWWA Class D flanges
42Ó to 60Ó Ð weight with AWWA Class B flanges
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2Ó Ð 12Ó

14Ó Ð 60Ó

I<:02?<42?

!"#$%&'()      Hardrubber and Polyurethane

Tolerance details for fitting length
dimensions ÒAÓ
ANSI B 16.5

!  12Ó : ±  0.5%, min. ±  0.04Ó

"  14Ó : ±  0.5%

1Ó Ð 1 1/2Ó
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Data Sheet PRO-P3/1001
Supersedes PRO-P3/501

PRO-series pH/ORP Transmitter
(Model PRO-P3 measures pH or ORP)

 Multiple Measurements.
The PRO-P3 transmitter can be
selected to measure pH or ORP
(oxidation reduction potential).
Measured pH and temperature
values can be displayed
separately or together. The
corresponding 4-20 mA analog
output can also be shown.

 Versatile Hookup Capability.
PRO-series transmitters can be
wired in a two, three or four-wire
hookup arrangement to meet your
application requirement.

 Compact Size and NEMA 4X
Universal Mounting.
The compact PRO-series
transmitter can be panel, wall,
pipe or integral sensor mounted.

 Electromagnetic
Conformance.
All PRO-series transmitters
exceed U.S. and meet European
standards for EMI and RFI
emissions and immunity.

 Multiple Language Capability.
All screens can be selected for
display in English or Spanish.
(Different languages such as
French or German may also be
substituted.)

 ÒMenu-guidedÓ Operation.
The simple keypad and logical
menu structure make this
transmitter easy to use. Menu
screens guide you through setup,
operation, calibration, and
test/maintenance functions.

 Passcode-protected Access.
For security, use the passcode
feature to restrict configuration
and calibration settings to only
authorized personnel.

 Isolated 4-20 mA Output.
The isolated 4-20 mA analog
output can represent the
measured pH or temperature (or
ORP). During calibration, the
analog output is automatically
held at the last measured value
and, upon completion, returned to
its active state.

 Versatile Sensor Capability.
The PRO-P3 transmitter can be
used with any GLI Differential
Technique pH or ORP sensor, or
any conventional combination pH
or ORP electrode.

 Auto/Manual Temperature
Compensation.
Automatic temperature
compensation is provided when
using NTC 300 ohm thermistor,
Pt 1000 RTD or Pt 100 RTD
temperature elements. For
applications requiring fixed
temperature compensation, the
PRO-P3 can be manually set to a
desired temperature.

 Simple Interactive Diagnostics.
Built-in diagnostics continuously
test transmitter and sensor
operation.

 OEM Versions Available.
PRO-series transmitters can be
packaged or configured to
accommodate OEM-specific
needs.

Technology For Solutions

pH
/O
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P

Certified Compliant to
European Community Standards



Specifications
Operational:

Display.................................................... Two-line by 16 character LCD

NOTE: The measured pH (or ORP) and temperature can be separately displayed or shown together on one screen. The corresponding
4-20 mA analog output value can also be shown.

Measurement Selectable Ranges

pH ........................................... -2.0 to 14.0 pH or -2.00 to 14.00 pH
ORP ........................................ -2100 to +2100 mV
Temperature............................ -4.0 to +392.0¡F or -20.0 to +200.0¡C
Analog Outputs ....................... 4.00-20.00 mA

Ambient Conditions................................. Operation: -4 to +140¡F (-20 to +60¡C); 0 to 95% relative humidity, non-condensing
Storage: -22 to +158¡F (-30 to +70¡C); 0 to 95% relative humidity, non-condensing

Temperature Compensation ................... Automatic from 14.0 to 230.0¡F (-10.0 to +110.0¡C) with selection for NTC 300 ohm thermistor, Pt 1000
ohm RTD or Pt 100 ohm RTD temperature element, or manually fixed at a user-entered temperature;
additional selectable temperature correction factors (ammonia, morpholine or user-defined pH/¡C linear
slope) available for pure water automatic compensation from 0.0-50.0¡C

Sensor-to-Analyzer Distance:
GLI Differential

Technique Sensor ...................... 3000 ft. (914 m) maximum
Conventional Combination

Electrode with Preamp ............... 985 ft. (300 m) maximum
Conventional Combination

Electrode without Preamp .......... 100 ft. (30 m) maximum with electrode cable capacitance of less than 30 pF/foot

Power Requirements .............................. Two-wire Hookup: 16-30 VDC; Three-wire Hookup: 14-30 VDC*; Four-wire Hookup: 12-30 VDC*
(Class 2 Power Supply) *16 VDC minimum with RS-485 serial communication.

Calibration Methods:
2-point Buffer (pH only) .................... Automatic calibration and buffer recognition using two buffers from a selected buffer set*.
1-point Buffer (pH only) .................... Automatic calibration and buffer recognition using one buffer from a selected buffer set*.

*Buffer Sets: 4.00, 7.00, and 10.00 or DIN standard (1.09, 4.65, 6.79, 9.23, and 12.75)

NOTE: When using buffers that are not included in either buffer set, calibrate using only the Sample method (1 or 2).

2-point Sample (pH only) .................. Enter two known sample values (determined by laboratory analysis or comparison reading) or two known
pH buffer values.

1-point Sample (pH and ORP) ......... Enter one known sample value (determined by laboratory analysis or comparison reading), or one known
pH buffer value (or, for ORP measurement, one known reference solution value)

Analog Output......................................... Isolated 4-20 mA output with 0.004 mA (12-bit) resolution

NOTE: Output can represent the measured pH or temperature (or ORP). Parameter values can be entered to define the endpoints at which
the 4 mA and 20 mA output values are desired (range expand). During calibration, the analog output is automatically held at the last
measured value and, upon completion, returned to its active state.

Maximum Loop Load............................... Dependent on power supply voltage, transmitter hookup arrangement, and wire resistance:

Maximum Permissible Loads

Power Supply Voltage
Transmitter Hookup Arrangement

12 VDC 14 VDC 16 VDC 20 VDC 24 VDC 28 VDC 30 VDC

Two-wire Hookup - - - - - - - - 100 ohms 300 ohms 500 ohms 700 ohms 800 ohms

Three-wire Hookup - - - - 500 ohms 600 ohms 800 ohms 1000 ohms 1200 ohms 1300 ohms

Four-wire Hookup 400 ohms 500 ohms 600 ohms 800 ohms 1000 ohms 1200 ohms 1300 ohms

Memory (non-volatile).............................. All user settings are retained indefinitely in memory without battery backup

EMI/RFI Conformance............................ Exceeds U.S. and meets European standards for conducted and radiated emissions and immunity; certified
CE compliant for applications as specified by EN 50081-2 for emissions and EN 50082-2 for immunity

Electrical Certifications:
General Purpose (pending) ................ UL, C-UL, FM, and CENELEC
Division 2 (pending) ............................ UL, C-UL, and FM: Groups A, B, C, D, F, and G

Analyzer Performance(Electrical, Analog Outputs):
Accuracy**.............................................. ± 0.1% of span
Sensitivity**............................................. ± 0.05% of span
Repeatability**......................................... ± 0.05% of span
Temperature Drift**................................. Zero and Span:  ±  0.02% of span per ¡C
Response Time ...................................... 1-60 seconds to 90% of value upon step change (with output filter setting of zero)

**These performance specifications are typical at 25¡C.

Mechanical:
Enclosure................................................ Polycarbonate; NEMA 4X general purpose; choice of included mounting hardware
Mounting Configurations......................... Panel, wall, pipe or integral sensor mounting
Dimensions............................................. With Back Cover: 3.75 in. W x 3.75 in. H x 2.32 in. D (95 mm W x 95 mm H x 60 mm D)

Without Back Cover for Panel Mount: 3.75 in. W x 3.75 in. H x 0.75 in. D (95 mm W x 95 mm H x 19 mm D)
Net Weight.............................................. 10 oz. (280 g) approximately



Ordering Information

MODEL NUMBER (see Notes 1 and 3)
PRO-P3A pH/ORP transmitter with wall/pipe/integral sensor

mount kit (see Note 2)
PRO-P3B pH/ORP transmitter with panel mount kit (includes

gasket, retainer plate, and four screws)
PRO-P3C Basic pH/ORP transmitter (without mounting

hardware -- electronics only)
RESERVED CATEGORY

EQUIPMENT TAGGING (specify tag data)
N None
P Paper
S Stainless steel

1 Product Number

Choose item from each category.

Ordering Notes:

1. The standard on-screen languages for PRO-series transmitter
operation are English and Spanish. A different language
(French, German, etc.) may be substituted for Spanish. Please
specify the desired language.

2. This mounting kit includes all hardware needed to wall, pipe or
integral sensor mount the transmitter. When integrally mounting
the transmitter onto a GLI sensor, please specify the sensor
part number with a ÒPRO1Ó suffix to ensure a correct sensor
cable length and coupling. When the coupling is not required
(replacement sensor), please specify the sensor part number
with a ÒPRO2Ó suffix.

3. Each transmitter is supplied with a CD-ROM containing
operating manuals (in PDF-file format) for all of the PRO-series
transmitters. Paper manuals are also available (see Accessories
at right).

Accessories (order separately):

¥ Retrofit Wall/Pipe/Integral Sensor M ount Kit
1000A3457-001

This hardware kit enables an existing panel-mounted
PRO-series transmitter to be wall, pipe or integral
sensor mounted.

¥ Retrofit Panel Mount Kit 1000A3455-001

This hardware kit enables an existing wall, pipe or
integral sensor-mounted PRO-series transmitter to be
panel mounted.

¥ Couplings to Retrofit Transmitter onto Sensor

Required Coupling
Installed Sensor

Part Number Size

pHD! -series:
Convertible (tee mount)
Convertible (union mount)
Sanitary
Insertion

3P2120-125
None required
3P2120-125
Not available

1 x 1/2-inch
- - - -

1 x 1/2-inch
- - - -

LCP-series:
Convertible
Union mount

3P2120-130
3P2120-130

1-1/2 x 1/2-inch
1-1/2 x 1/2-inch

PC-series 3/4-inch Combination 3P2120-122 3/4 x 1/2-inch

¥ Operating Manual No. PRO-P3

A paper booklet operating manual for the PRO-P3
pH/ORP transmitter.

pH and ORP Sensors

For various styles of GLI pH and ORP sensors, refer to
these data sheets for complete details: PD, LRE,
6000P0, FTA, HPW, PC or PR6300M.

Engineering Specification
1. The microprocessor-based transmitter

shall accept any GLI 5-wire Differential
Technique pH or ORP sensor, or any
conventional combination pH or ORP
electrode.

2. The transmitter shall measure pH and
process temperature or ORP.

3. The transmitter shall be operable in
multiple languages.

4. The transmitter shall have a two-line by 16
character LCD. It shall display measured
pH and temperature separately or together
on a single screen. The corresponding
4-20 mA analog output value shall also be
shown.

5. The transmitter shall have these calibration
methods:

a) 2-point Buffer Method (pH only):
Automatic calibration and buffer
recognition using two buffers from a
selected buffer set.

b) 1-point Buffer Method (pH only):
Automatic calibration and buffer

recognition using one buffer from a
selected buffer set.

c) 2-point Sample Method (pH only):
Enter two known sample values
(determined by laboratory analysis or
comparison reading) or two known pH
buffer values.

d) 1-point Sample Method (pH and ORP):
Enter one known sample value
(determined by laboratory analysis or
comparison reading) or one known pH
buffer value (or, for ORP
measurement, one known reference
solution value).

6. The transmitter shall have a passcode to
restrict configuration and calibration
settings only to authorized personnel.

7. The transmitter shall have two temperature
compensation methods:

a) Automatic: When the pH sensor has
an NTC 300 ohm thermistor, Pt 1000
RTD or Pt 100 RTD temperature
element, the pH measurement is

automatically compensated for process
temperature.

b) Manual: The transmitter can be set to
compensate the pH measurement to a
fixed, user-entered temperature.

8. The transmitter shall have user-test
diagnostics for transmitter and sensor
operation without requiring special test
equipment.

9. The transmitter shall have an RS-485 data
communication port.

10. The transmitter shall have an isolated 4-20
mA analog output that can be assigned to
represent the measured pH or temperature
(or ORP). Parameter values can be entered
to define the endpoints at which the 4 mA
and 20 mA analog output values are
desired (range expand). During calibration,
the analog output is automatically held at
the last measured value and, upon
completion, returned to its active state.

11. The transmitter shall be GLI International,
Inc. Model PRO-P3.



Mounting Configurations

PANEL MOUNT

WALL MOUNT

VERTICAL PIPE MOUNT

HORIZONTAL PIPE MOUNT

            INTEGRAL SENSOR MOUNT
(COUPLING AND SENSOR APPEAR

DIFFERENTLY FOR EACH MEASUREMENT TYPE)

GLI pHDª  Differential pH and ORP Sensors
(for use with PRO-P3 Transmitter

For complete details and specifications, refer to Data Sheet PD.

Data Sheet PRO-P3

Worldwide Headquarters and Sales:

GLI International, Inc.
9020 West Dean Road
Milwaukee, Wisconsin 53224
U.S.A.

Represented By:

In the interest of improving and updating its equipment, GLI reserves the right to alter specifications to equipment at any time.
A  companyViridor Instrumentation

Phone:
Fax:
E-mail:
Web:

[414] 355-3601
[414] 355-8346
info@gliint.com
www.gliint.com



DW = drinking water  WW = wastewater municipal PW = pure water / power 

IW = industrial water E = environmental  C = collections FB = food and beverage
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Differential pH and ORP Sensors

Differential Electrode Measurement Technique
This field-proven technique uses three electrodes instead 
of the two normally used in conventional pH sensors.
Process and reference electrodes measure the pH
differentially with respect to a third ground electrode. 
The end result is unsurpassed measurement accuracy,
reduced reference junction potential, and elimination of
sensor ground loops. These sensors provide greater
reliability, resulting in less downtime and maintenance. 

Patented Technology
The former GLI, now a Hach Company brand, invented the
Differential Electrode Technique for pH measurement in
1970. The pHDª sensor series (U.S. Patent Number
6395158B1, dated May 28, 2002) takes this field-proven
technology to a new level.

Replaceable Salt Bridge/Protector
The unique, replaceable salt bridge holds an extraordinary
volume of buffer to extend the working life of the sensor by
protecting the reference electrode from harsh process
conditions. The salt bridge simply threads onto the end of
the sensor if replacement is needed.

Built-in Encapsulated Preamp
Encapsulated construction protects the sensorÕs built-in
preamp from moisture and humidity, ensuring reliable 
sensor operation. The preamp in the pHD analog sensor
produces a strong signal, enabling the sensor to be located
up to 1000 m (3280 ft.) from the analyzer.

Durable Body Materials
Both the digital and analog pH and ORP differential sensors
feature a durable PEEK̈ body for chemical compatibility

with most process solutions. For less aggressive solutions,
Hach offers a Ryton¨ sensor in a convertible style for pH
and ORP measurement. A sensor with a stainless steel 
body is available for immersion applications.

Digital Electronics Modules
Sensors are available with integral digital electronics 
or with a gateway module for high temperature 
(above 70¼C) applications.

Versatile Mounting Styles
Sensors are available in four mounting stylesÑconvertible,
insertion, immersion, and sanitary. Please turn to page 5 
for more information.

Full Featured ÒPlug and PlayÓ sc100 Digital Controller
ThereÕs no complicated wiring or set up procedures with the
Hach sc100 controller. Just plug in any Hach digital sensor
and itÕs ready to useÑitÕs Òplug and play.Ó

One or two sensorsÑ Use the sc100 Digital Controller to
receive data from up to two Hach digital sensors in any
combination. 

CommunicationsÑ Multiple alarm/control schemes are
available using three relays and two PID control outputs.
Communications use analog 4-20 mA and digital
MODBUS¨ /RS485, MODBUS¨ /RS232 protocols. 
(Other digital protocols are available. Contact your 
Hach representative for details.) Every sc100 controller 
is equipped with wireless communication through an
infrared port.

Data loggerÑ A built-in data logger collects measurement
data, calibration, verification points, and alarm history for 
up to 6 months.

Features and Benefits
DW

WW

PW

IW

Hach Digital pHD sc sensors are available in convertible (PEEK ¨ or Ryton ¨ ),
insertion, and sanitary body styles. Three electrodes are used in these sensors

to increase measurement accuracy and eliminate sensor ground loops.



pH Sensors

Most pH applications fall in the 2.5 to12.5 pH range. A Hach
pHD sc Differential pH sensor with the wide-range glass
process electrode performs exceptionally well in this range.
Some industrial applications require accurate measurement
and control below 2 or above 12 pH. In these special cases,
please contact Hach Technical Support for further details.

Measuring Range
-2 to 14 pH

Sensitivity
± 0.01 pH

Stability
0.03 pH per 24 hours, non-cumulative

Operating Temperature
Digital Sensor: -5 to 70¼C (23 to 158¼F)
Analog Sensor with Digital Gateway: -5 to 105¼C (23 to 221¼F)
Immersion Sensor: 0 to 50¼C (32 to 122¼F)

Flow Rate
3 m (10 ft.) per second, maximum

Sensor Pressure/Temperature Limits 
Digital: 6.9 bar at 70¼C (100 psi at 158¼F) 
Analog: 6.9 bar at 105¼C (100 psi at 221¼F)

Built-in Temperature Element
NTC 300 ohm thermistor for automatic temperature
compensation and analyzer temperature readout

Transmission Distance
100 m (328 ft.), maximum
1000 m (3280 ft.), maximum when used with a termination box

Sensor Cable (integral)
4 conductor cable with one shield and polyurethane jacket;
rated to 105¼C (221¼F); 10 m (33 ft.) standard length

Wetted Materials
PEEK̈ or Ryton¨ (PVDF), salt bridge of matching material 
with Kynar¨ junction, glass process electrode, titanium 
ground electrode, and Viton ¨ O-ring seals

(pH sensor with optional HF-resistant glass process 
electrode has 316 stainless steel ground electrode, 
and perfluoroelastomer wetted O-rings; consult factory 
for other available wetted O-ring materials)

ORP (Redox) Sensors

For best ORP measuring results in solutions containing zinc,
cyanide, cadmium or nickel, Hach recommends using the 
pHD sc ORP sensor equipped with an optional gold electrode.

Measuring Range
-1500 to +1500 mV

Sensitivity
± 0.5 mV

Stability
2 mV per 24 hours, non-cumulative

Operating Temperature
Digital Sensor: -5 to 70¼C (23 to 158¼F)
Analog Sensor with Digital Gateway: -5 to 105¼C (23 to 221¼F)
Immersion Sensor: 0 to 50¼C (32 to 122¼F)

Flow Rate
3 m (10 ft.) per second, maximum

Sensor Pressure/Temperature Limits 
Digital: 6.9 bar at 70¼C (100 psi at 158¼F) 
Analog: 6.9 bar at 105¼C (100 psi at 221¼F)

Built-in Temperature Element
NTC 300 ohm thermistor for analyzer temperature readout 
onlyÑno automatic temperature compensation necessary 
for ORP measurement

Transmission Distance
100 m (328 ft.), maximum
1000 m (3280 ft.), maximum when used with a termination box

Sensor Cable (integral)
4 conductor cable with one shield and polyurethane jacket;
rated to 105¼C (221¼F); 10 m (33 ft.) standard length

Wetted Materials
PEEK̈ or Ryton¨ (PVDF), salt bridge of matching material 
with Kynar¨ junction, glass and platinum (or plastic and gold)
process electrode, titanium ground electrode, and Viton ¨

O-ring seals

Specifications*

PEEK̈ is a registered trademark of ICI Americas, Inc.; Ryton¨ is a registered trademark of Phillips 66 Co.; 
Kynar̈ is a registered trademark of Pennwalt Corp.; Viton¨ is a registered trademark of E.I. DuPont de Nemours + Co.

2

*Specifications subject to change without notice.
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Engineering Specifications

PEEK¨ Sensor

1. The pH or ORP sensor shall be of Differential Electrode
Technique design using two measuring electrodes to
compare the process value to a stable internal reference
standard buffer solution. The standard electrode shall have
non-flowing and fouling-resistant characteristics.

2. The sensor shall have a hex-shaped body to facilitate
mounting, and shall be constructed of PEEK ¨ material for
exceptional chemical resistance and mechanical strength.
This material shall enable the sensor to be installed in
metal fittings without leakage usually caused by heating
and cooling cycles when dissimilar materials are threaded
together. 

3. The sensor shall have a:

a) Convertible body style featuring 1-inch NPT threads 
on both ends to mount into a standard 1-inch pipe tee, 
into a Hach adapter pipe for union mounting with a 
standard 1-1/2 inch tee, or onto the end of a pipe for 
immersion into a vessel.

b) Insertion body style featuring 1-inch NPT threads only 
on the cable end to mount into a Hach ball valve 
hardware assembly, enabling the sensor to be inserted 
into or retracted from the process without stopping the 
process flow.

c) Sanitary body style featuring an integral 2-inch flange 
to mount into a Hach 2-inch sanitary tee. The sanitary 
body style sensor shall include a special cap and 
EDPM compound gasket for use with the Hach 
sanitary hardware.

4. The built-in electronics of the sensor shall be completely
encapsulated for protection from moisture and humidity.

5. The sensor shall have a built-in preamplifier to enable 
the signal to be transmitted up to 100 m (328 ft.) with
standard cabling and up to 1000 m (3280 ft.) with a
termination box.

6. The sensor signal shall have an integral temperature
sensor. The pH sensor shall automatically compensate
measured values for changes in process temperature.

7. The ORP sensor shall include a titanium ground electrode
(standard) to eliminate ground loop currents in the
measuring electrodes.

8. The sensor shall be Hach Company Model pHD sc or pHD
for pH or ORP measurement.

Ryton ¨ Sensor

1. The pH or ORP sensor shall be of Differential Electrode
Technique design using two measuring electrodes to
compare the process value to a stable internal reference
standard buffer solution. The standard electrode shall have
non-flowing and fouling-resistant characteristics.

2. The sensor shall have a hex-shaped body to facilitate
mounting, and shall be constructed of Ryton ¨ material for
exceptional chemical resistance and mechanical strength.
This material shall enable the sensor to be installed in
metal fittings without leakage usually caused by heating
and cooling cycles when dissimilar materials are threaded
together. 

3. The sensor shall have a convertible body style featuring 
1-inch NPT threads on both ends to mount into a standard
1-inch pipe tee, into a Hach adapter pipe for union
mounting with a standard 1-1/2 inch tee, or onto the end
of a pipe for immersion into a vessel.

4. The built-in electronics of the sensor shall be completely
encapsulated for protection from moisture and humidity.

5. The sensor shall have a built-in preamplifier to enable 
the signal to be transmitted up to 100 m (328 ft.) with
standard cabling and up to 1000 m (3280 ft.) with a
termination box.

6. The sensor signal shall have an integral temperature
sensor. The pH sensor shall automatically compensate
measured values for changes in process temperature.

7. The ORP sensor shall include a titanium ground electrode
(standard) to eliminate ground loop currents in the
measuring electrodes.

8. The sensor shall be Hach Company Model pHD sc or pHD 
for pH or ORP measurement.

Stainless Steel Sensor

1. The pH or ORP sensor shall be of differential electrode
technique design using two measuring electrodes to
compare the process value to a stable internal reference
standard buffer solution. The standard electrode shall 
have non-flowing and fouling-resistant characteristics.

2. The sensor shall be capable of chain mounting for
immersion applications, and shall be constructed of 
316 stainless steel. 

3. The built-in electronics of the sensor shall be completely
encapsulated for protection from moisture and humidity.

4. The sensor shall have a built-in preamplifier to enable the
signal to be transmitted up to 100 m (328 ft.) with standard
cabling and up to 1000 m (3280 ft.) with a termination box.

5. The sensor signal shall have an integral temperature
sensor to automatically compensate measured values for
changes in process temperature.

6. The sensor shall include a titanium ground electrode
(standard) to eliminate ground loop currents in the
measuring electrodes.

7. The sensor shall be Hach Company Model pHD sc or pHD
for pH or ORP measurement.



54.6 mm (2.15 inches)1-inch NPT

232.15 mm (9.14 inches)

49.8 mm (1.96 inches)

29.5 mm (1.16 inches)

26.7 mm (1.05 inches)

34.8 mm (1.37 inches)

39.11 mm (1.54 inches)

271.3 mm (10.68 inches)

59.44 mm (2.34 inches)

4

Dimensions

Convertible Style

39.11 mm (1.54 inches)

271.3 mm (10.68 inches)

26.7 mm
(1.05 inches)

35.4 mm (1.36 inches)1-inch NPT 1-inch NPT

232.15 mm (9.14 inches)

29.5 mm (1.16 inches)

49.8 mm (1.96 inches)

59.44 mm (2.34 inches)

Insertion Style

Sanitary Style

26.7 mm (1.05 inches)

35.4 mm (1.36 inches)

1-inch NPT

59.44 mm (2.34 inches)

39.11 mm (1.54 inches)

232.15 mm (9.14 inches)

271.3  mm (10.68 inches)

29.5 mm
(1.16 inches)

Immersion Style
54.6 mm (2.15 inches)

32.8 mm
(1.29 inches)

43.9 mm (1.73 inches)

1-inch NPT

1-inch NPT

57.2 mm (2.25 inches)

29.5 mm (1.16 inches)

35.8 mm (1.41 inches)

4.5 mm (0.179 inches)

264.67 mm (10.42 inches)59.4 mm
(2.34 inches)

324.0 mm (12.755 inches)

Digital Gateway

184.15 mm (7.25 inches)34.29 mm
(1.35 inches)

Analog Convertible Style Analog Insertion Style Analog Sanitary Style
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Ordering Information

pHD sc Digital Differential pH/ORP Sensors

All digital sensors include built-in digital electronics and integral 10 m (33 ft.) cable terminated with connector for the 
sc100 digital controller. Body styles: 

¥  Convertible Ð 1-inch NPT threads at both ends, designed for tee-mounting or other flow through mountings, 
and pipe mounting for immersion

¥  Insertion Ð no threads on the electrode end, designed for use with insertion valve assembly

¥  Sanitary Ð 2-inch flange for a tri-clover style fitting

¥  Immersion Ð used with chain mounting or pipe mounting

pH Sensors

Product Number Body Material Body Style Electrode Material Max Temp

DPD1P1 PEEK1 Convertible Glass, General Purpose 70¼C (158¼F)
DPD1P3 PEEK1 Convertible Glass, HF-resistant 70¼C (158¼F)
DPD2P1 PEEK1 Insertion Glass, General Purpose 70¼C (158¼F)
DPD3P1 PEEK1 Sanitary Glass, General Purpose 70¼C (158¼F)
DPD1R1 Ryton2 Convertible Glass, General Purpose 70¼C (158¼F)
DPD1R3 Ryton2 Convertible Glass, HF-resistant 70¼C (158¼F)
DPS1 Stainless Steel Immersion Glass, General Purpose 50¼C (122¼F)
1Polyetheretherketone 2Polyphenelene Sulfide

ORP Sensors

Product Number Body Material Body Style Electrode Material Max Temp

DRD1P5 PEEK1 Convertible Platinum 70¼C (158¼F)
DRD1P6 PEEK1 Convertible Gold 70¼C (158¼F)
DRD2P5 PEEK1 Insertion Platinum 70¼C (158¼F)
DRD1R5 Ryton2 Convertible Platinum 70¼C (158¼F)
DRD1R6 Ryton2 Convertible Gold 70¼C (158¼F)
DRS5 Stainless Steel Immersion Platinum 50¼C (122¼F)
1Polyetheretherketone 2Polyphenelene Sulfide

Digital Gateway

6120500 Digital Gateway, convert pHD analog sensors to digital output for connecting to sc100 digital controller

pHD Analog Sensors

All analog sensors include built-in preamplifier and integral 4.5 m (15 ft.) cable terminated with stripped and tinned wires.

Definitions of body styles: 

¥  Convertible Ð 1-inch NPT threads at both ends, designed for tee-mounting or other flow through mountings, 
and pipe mounting for immersion 

¥  Insertion Ð has no threads on the electrode end, designed for use with insertion valve assembly

¥  Sanitary Ð has a 2-inch flange for a Tri-Clover style fitting

pH Sensors

Product Number Body Material Body Style Electrode Material Max Temp

PD1P1 PEEK1 Convertible Glass, General Purpose 95¼C (203¼F)
PD1P3 PEEK1 Convertible Glass, HF-resistant 95¼C (203¼F)
PD2P1 PEEK1 Insertion Glass, General Purpose 95¼C (203¼F)
PD3P1 PEEK1 Sanitary Glass, General Purpose 95¼C (203¼F)
PD1R1 Ryton2 Convertible Glass, General Purpose 95¼C (203¼F)
PD1R3 Ryton2 Convertible Glass, HF-resistant 95¼C (203¼F)
1Polyetheretherketone 2Polyphenelene Sulfide

ORP Sensors

Product Number Body Material Body Style Electrode Material Max Temp

RD1P5 PEEK1 Convertible Platinum 95¼C (203¼F)
RD1P6 PEEK1 Convertible Gold 95¼C (203¼F)
RD2P5 PEEK1 Insertion Platinum 95¼C (203¼F)
RD1R5 Ryton2 Convertible Platinum 95¼C (203¼F)
RD1R6 Ryton2 Convertible Gold 95¼C (203¼F)
1Polyetheretherketone 2Polyphenelene Sulfide
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Ordering Information continued

pHD sc Digital and pHD Analog Sensor Accessories

Cables
Extension cables are used only with digital sensors or digital
gateways when connecting to the sc100 Digital Controller.

61224-00 Digital Extension Cable, 1 m (3.2 ft.)

57960-00 Digital Extension Cable, 7.7 m (25 ft.)

57961-00 Digital Extension Cable, 15 m (50 ft.)

57962-00 Digital Extension Cable, 31 m (100 ft.)

Interconnect cables are used only with analog sensors,
junction box, and controller.

1W11-00 Analog Interconnect Cable, order per foot

Digital Termination Box
Required when the length of cable between the digital
sensor/digital gateway and sc100 Digital Controller is between
100 m (328 ft.) and 1000 m (3280 ft.)

58670-00 Digital Termination Box

Analog Junction Box
Required when the length of cable between the analog sensor
and analog controller is greater than standard length of sensor
cable. Each junction box includes terminal strip and gasket.

60A2053 Junction Box, Surface-mount, aluminum 
(includes mounting hardware)

60A9944 Junction Box, Pipe-mount, PVC (for 1/2-inch 
diameter pipe, includes mounting hardware)

60G2052 Junction Box, Pipe-mount, PVC (for 1-inch 
diameter pipe, includes mounting hardware)

76A4010-001 Junction Box, NEMA 4X (no mounting 
hardware included)

Protector for Convertible style sensor
1000F3374-002 PEEK protector

1000F3374-003 Ryton protector

Salt Bridges
The double junction salt bridge on the standard cell of all Hach
pHD sensors is field-replaceable. Each salt bridge has a
ceramic inner junction, Viton ¨ O-ring, and contains binary,
equi-transferrant fill solution. Salt bridges are shipped in a salt
solution. 

Product pHD sc and pHD 
Number Sensor Body Material Salt Bridge Materials

Body Outer Junction

SB-P1SV PEEK PEEK Kynar (PVDF)

SB-P2SV PEEK PEEK Ceramic

SB-P1SP1 PEEK PEEK Kynar (PVDF)

SB-R1SV Ryton Ryton Kynar (PVDF)

1Special perfluoroelastomer O-ring in place of the Viton ¨ O-ring

Cleaning Systems for pHD sc and pHD Sensors

Self-Contained Air Blast Cleaning System
Includes Kynar¨ (PVDF) washer head with 7.6 m (25 ft.) tubing
for air delivery, a quick-disconnect tube fitting, and a
compressor housed in a NEMA 4X enclosure.

1000A3335-005 For 115 VAC operation
1000A3335-006 For 230 VAC operation

Air/Water Blast Cleaning Washer Head
Intended only for immersion applications with a user-supplied
air or water wash system.

1000A3335-004 Kynar (PVDF) washer head includes 
1/4-inch barb fitting

pHD sc Digital and pHD Analog Sensor Reagents 
and Standards
25M1A1025-115 Standard Cell Solution, to replenish standard 

cell chamber in Hach pHD sensors while 
replacing salt bridge, 500 mL

25M8A1002-101 Gel Powder, for high temperature 
applications, 2 g

pH Buffers 
Product Number Description Volume

22835-49 pH 7 500 mL (1 pint)
22834-49 pH 4 500 mL (1 pint)
22836-49 pH 10 500 mL (1 pint)

ORP Reference Solutions (in resealable plastic bottles)
Product Number Description Volume

25M2A1001-115 200 mV 500 mL (1 pint)
25M2A1002-115 600 mV 500 mL (1 pint)
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Ordering Information continued

Sanitary Mount
MH018S8SZ 316 SS
Includes 2-inch sanitary tee and heavy-duty clamp. Special
cap and EPDM compound gasket are supplied with sensor but
can be separately ordered.

Union Mount
61313-00 CPVC
61314-00 316 SS
Includes standard 1-1/2 inch tee, special union pipe with
adapter, sealing hub, and lock ring in respective material, 
and Viton¨ O-ring.

Flow-through Mount
MH334N4NZ CPVC
MH314N4MZ 316 SS
Includes a standard 1-inch tee in respective material.

Insertion Mount
Digital Analog
61367-00 CPVC MH736M4MZ CPVC
61368-00 316 SS MH716M4MZ 316 SS
Includes a 1-1/2 inch ball valve in respective material, 
1-1/2 inch NPT close nipple, sensor adapter with two Viton ¨

O-rings and wiper, extension pipe, pipe adapter, back tube,
and lock ring.

Immersion Mount
Standard Hardware
Digital Analog
61364-00 CPVC MH434A00B CPVC
61365-00 316 SS MH414A00B 316 SS
Includes 1-inch diameter by 4 ft. long pipe and 1-inch x 1-inch
NPT coupling in respective material. (Pipe-mount junction box
with terminal strip included in analog hardware.)

Handrail Hardware
MH236B00Z CPVC
Includes 1-1/2 inch diameter by 7.5 ft. long CPVC pipe, and a
unique swivel/pivot/ pipe clamp assembly.

Chain Mount Hardware
2881900 316 ss
Includes stainless steel bail, nuts, and washers. Does not
include chain. To be used with stainless steel immersion
sensor only.

NOTE
Contact Hach Technical Support or your Hach representative for information about retro fit hardware for existing installations.

Mounting Hardware for pHD sc Differential Sensors

1. Sanitary mount
2. Union mount

3. Flow-through mount
4. Hanging stainless steel

sensor with the bail

5. PVC Insertion mount
6. Stainless steel insertion

mount

7. Immersion mount
8. Immersion mount, 

ball float
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At Hach, itÕs about learning
from our customers and
providing the right answers.
ItÕs more than ensuring the
quality of waterÑitÕs about
ensuring the quality of life.
When it comes to the things
that touch our lives...

Keep it pure.

Make it simple.

Be right.
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To complete your pH and ORP
measurement system, choose 
the sc100 Controller...
Model sc100 Controller

(see Lit. #2463)

ThereÕs no complicated wiring or set up
procedures with the Hach sc100 controller. 
Just plug in any Hach digital sensor and itÕs
ready to useÑitÕs Òplug and playÓ with one or
two sensors. A built-in data logger collects
measurements at user selectable intervals of 
one to 15 minutes. Local display, recall, graphing
and trending in CSV format make chart recorders
redundant. No analog/digital conversion is
requiredÑit communicates via MODBUS ¨ or IR
port. Two PID controllers and three form ÔCÕ relay
contacts for alarm or control are available.

LXV401.52.00002 sc100 Controller Standard

LXV401.52.01002 sc100 Controller with RS-232 MODBUS ¨

LXV401.52.02002 sc100 Controller with RS-485 MODBUS ¨
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OPERATING MANUAL

PRO-series Model P3
pH/ORP Transmitter

(for pH and ORP measurement)
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This operating manual and other GLI operating manuals
are available on GLIÕs web site at gliint.com when viewed
using AdobeÕs free Acrobat reader. To get this reader, link
to Adobe through GLIÕs web site or visit AdobeÕs web site
at adobe.com.

WARRANTY

GLI International, Inc. warrants the PRO-series Model P3 to be free from defects
in material or workmanship for a period of 2 years (24 months) from the date of
shipment of this product from our facility. A warranty claim will not be honored if
defects are not reported within the warranty period, or if GLI International deter-
mines that defects or damages are due to normal wear, misapplication, lack of
maintenance, abuse, improper installation, alteration, or abnormal conditions.
GLI InternationalÕs obligation under this warranty shall be limited to, at its option,
replacement or repair of this product. The product must be returned to GLI Inter-
national, freight prepaid, for examination. The product must be thoroughly
cleaned and any process chemicals removed before it will be accepted for re-
placement or repair. GLI InternationalÕs liability shall not exceed the cost of the
product. Under no circumstances will GLI International be liable for any inciden-
tal or consequential damages, whether to person or property. GLI International
will not be liable for any other loss, damage or expense of any kind, including
loss of profits, resulting from the installation, use, or inability to use this product.
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Declaration of Conformity
according to ISO/IEC Guide 22 and EN 45014

ManufacturerÕs Name: GLI International, Inc.

ManufacturerÕs Address: 9020 West Dean Road
P.O. Box 245022
Milwaukee, Wisconsin 53224, USA

declares that the products:

Product Names: PRO-series pH/ORP Transmitter
PRO-series Dissolved Oxygen Transmitter
PRO-series Electrodeless Conductivity Transmitter
PRO-series Contacting Conductivity Transmitter
PRO-series Flow Transmitter

Model Numbers: PRO-P3xxx, PRO-D3xxx, PRO-E3xxx, PRO-C3xxx, PRO-F3xxx

conforms to the following Product Specifications:

EMC: EN 50081-2 : 1993
Generic Emission Standard (Industrial Environment)

EN 55011 : 1998 / CISPR 11 : 1999 Group 1, Class A

EN 61000-6-2 : 1999
Generic Immunity Standard (Industrial Environment)

EN 61000-4-2 : 1995 - ESD Immunity 4 kV CD, 8kV AD

EN 61000-4-3 : 1997 - Radiated Immunity 10 V/m, 80% AM (1 kHz)

EN 61000-4-4 : 1995 - EFT/B Immunity 1.0 kV Signal & Power Lines

EN 61000-4-6 : 1996 - Conducted Immunity 10 V, 80% AM (1 kHz)

Supplementary Information:

The products herewith comply with the requirements of the following directives and carry the CE marking
accordingly:

EMC Directive 89/336/EEC

Products were tested in typical configurations.  Specific test configurations and results are published in
L.S. ComplianceÕs Test Report Numbers: 301140, 301222, 301256 and EMC Testing WisconsinÕs Test
Report Number 00340.

These devices comply with Part 15 of the FCC Rules.  Operation is subject to the following two conditions:
(1) this device may not cause harmful interference, and (2) this device must accept any interference re-
ceived, including interference that may cause undesired operation.

These devices comply with U.S. UL Standard 1604 (USL) and Canadian National Standard C22.2 No. 213-
M1987 (CNL).  All devices are UL Listed (Control Number 9NX6) and hold a Class I, Division 2, Groups A,
B, C, and D Hazardous Locations rating.

For Compliance Information ONLY, contact:

Product Regulations Manager
GLI International
9020 West Dean Road
Milwaukee, Wisconsin 53224, USA
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IMPORTANT SAFETY INFORMATION

Please read and observe the following:

¥ The transmitter can be located in a Class 1, Division 2, Group A, B, C or D hazardous area.

¥ Since the transmitter is powered by only low DC voltage, it is completely safe to handle.

¥ Install the transmitter in accordance with relevant local codes and instructions contained in this
operating manual. Also, note and comply with the transmitterÕs technical specifications and ratings.

¥ Whenever it appears that transmitter safety is questionable, disable the transmitter to ensure against
any unintended operation. For example, an unsafe condition is likely when:

1) The transmitter appears visibly damaged.
2) The transmitter fails to operate properly or provide the intended measurements.
3) The transmitter has been stored for long periods at temperatures above 158¡F (70¡C).

¥ Only qualified personnel should perform wiring or repairs, and only when the transmitter is not powered.

HELPFUL IDENTIFIERS

In addition to information on installation and operation, this instruction manual may contain
WARNINGS pertaining to user safety, CAUTIONS regarding possible instrument malfunction,
and NOTES on important, useful operating guidelines.

WARNING:

A WARNING LOOKS LIKE THIS. IT WARNS YOU OF THE
POTENTIAL FOR PERSONAL INJURY.

CAUTION:

A CAUTION LOOKS LIKE THIS. IT ALERTS YOU TO POSSIBLE
INSTRUMENT MALFUNCTION OR DAMAGE.

!   NOTE: A note looks like this. It alerts you to important
operating information.
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CONDENSED OPERATING INSTRUCTIONS

This manual contains details for all operating aspects of the instrument. The following con-
densed instructions are provided to assist you in getting the instrument started up and
operating as quickly as possible. These condensed instructions only pertain to basic pH
measurement operation using a GLI  Differential  pH sensor . To measure ORP, or use a
conventional combination electrode or specific features of the instrument, refer to the appro-
priate sections in this manual for instructions.

A. CONNECTING SENSOR/CONFIGURING SENSOR TYPE AND TEMPERATURE ELEMENT

1. After properly mounting the transmitter (PART TWO, Section 2), connect the GLI
Differential Technique pH sensor, matching wire colors to terminals as indicated:

Sensor Wire Colors Connect to TB2

White Terminal 1
- - - - Terminal 2 (unused)

Inner Shield and Black Terminal 3
Yellow Terminal 4
Green Terminal 5
- - - - Terminal 6 (unused)
Red Terminal 7

Outer Shield (see Note) Earth Ground

2. The transmitter is factory-set for use with a GLI Differential Technique pH sensor. To
use another type of pH sensor or an ORP sensor, change the sensor type. For details,
see PART THREE, Section 3.2, subheading ÒSELECT SENSOR Type.Ó

3. The transmitter is factory-set for automatic temperature compensation using the 300
ohm (NTC300) temperature element built into all GLI Differential sensors (except GLI
6006P4-2000 pure water pH sensor system which uses a PT 1000 RTD). To use a
sensor with a different temperature element, or if you want fixed MANUAL temperature
compensation, change the temperature element type. For details, see PART THREE,
Section 3.2, subheading ÒSelect TEMP ELEMENT Type.Ó

B. CONNECTING DC POWER

Refer to PART TWO, Section 3.2, 3.3, 3.4, or 3.5 to connect DC power to the transmitter.

C. CONFIGURING BUFFER TYPE/CALIBRATING THE TRANSMITTER

The transmitter must be calibrated so that measured values will correspond to actual proc-
ess values. Before calibrating for the first time, select the buffer set you intend to use.
Then, calibrate using the recommended Ò2 POINT BUFFERÓ method which provides the
most accurate pH measurements.

1. The transmitter is factory-set for the common 4.00, 7.00, and 10.00 pH buffer set. To
use DIN 19267 standard value buffers, change the buffer set. For details, see PART
THREE, Section 3.2, subheading ÒSELECT BUFFER Set for pH Calibration.Ó

(continued on next page)

NOTE: For GLI Differential sensors with
only one shield wire, always
connect it to Terminal 3 on TB2.

For systems not requiring CE
compliance and lacking an earth
ground, connect the outer shield
to Terminal 3 on TB2.
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CONDENSED OPERATING INSTRUCTIONS

C. CALIBRATING THE TRANSMITTER -- (continued)

NOTE: When using buffers that are not included in either of these buffer sets, use
only the Ò2 POINT SAMPLEÓ method for calibration. Refer to that subheading
in PART THREE, Section 4.2 for instructions.

2. Immerse the sensor in the first buffer (preferably pH 7). Important: Allow the sensor
and buffer temperatures to equalize.  Depending on their temperature differences,
this may take 30 minutes or more.

NOTE: An in-progress calibration can always be aborted by pressing the ESC key .
After the ÒABORT: YES?Ó screen appears, do one of the following:

¥ Press ENTER key  to abort. After the ÒCONFIRM ACTIVE?Ó screen ap-
pears, press ENTER key  again to return the analog output to its active
state (MEASURE screen appears).

¥ Use  or  key  to choose ÒABORT: NO?Ó screen, and press ENTER key
to continue calibration.

Calibration Tip! If, at any time during calibration, the Ò2 POINT BUFFER: CONFIRM
FAILURE?Ó screen appears, press ENTER key  to confirm. Then, use the  or 
key  to select between ÒCAL: EXITÓ or ÒCAL: REPEATÓ and do one of the following:

¥ With the Ò2 POINT BUFFER? (CAL: EXIT)Ó screen selected, press ENTER key .
Then, after the Ò2 POINT BUFFER: CONFIRM ACTIVE?Ó screen appears, press
ENTER key  to return the analog output to its active state (MEASURE screen ap-
pears).

¥ With the Ò2 POINT BUFFER? (CAL: REPEAT)Ó screen selected, press ENTER
key to repeat calibration of this point.

3. Press MENU key to display a ÒMAIN MENUÓ screen. If the  screen is
not showing, use  or  key to display it.

4. Press ENTER key to display  .

5. Press ENTER key again to display  .

6. Press ENTER key again to display  . With the sensor in the first
buffer, press ENTER key again to confirm this.

NOTE: During calibration, the analog output is automatically ÒheldÓ at the last meas-
ured value.

(continued on next page)
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CONDENSED OPERATING INSTRUCTIONS

C. CALIBRATING THE ANALYZER -- (continued)

7. While the  screen is displayed, the transmitter waits for the pH and
temperature signals to stabilize, measures the buffer value, and automatically cali-

brates this point. Thereafter, a screen like this  appears for 5
seconds to confirm calibration of this point.

NOTE: Any time the ÒPLEASE WAITÓ screen appears during calibration you can
manually complete calibration of the point by pressing the ENTER key . How-
ever, this is not recommended because the pH and temperature signals may
not be fully stabilized, resulting in a less accurate calibration.

8. After the  screen appears, remove the sensor from the first buffer,
rinse it with clean water, and immerse it in the second buffer (typically pH 4). Then
press ENTER key to confirm this.

9. While the  screen is displayed, the transmitter waits for the pH and
temperature signals to stabilize, measures the buffer value, and automatically cali-

brates this point. Thereafter, a screen like this  appears for 5
seconds to confirm calibration of this point.

10. A ÒpH SLOPE XX.X mV/pHÓ screen appears, indicating a slope value to gauge sensor
performance. The slope should be between 54 and 62 mV/pH for optimal sensor per-
formance.

11. Press ENTER key to end calibration (Ò2 POINT BUFFER: CONFIRM CAL OK?Ó screen
appears).

12. Install the sensor into the process.

13. Press ENTER key to display the active measurement reading on the Ò2 POINT
BUFFER: CONFIRM ACTIVE?Ó output status screen. When the reading corresponds
to the actual typical process value, press ENTER key again to return the analog out-
put to its active state (MEASURE screen appears).

This completes Ò2 POINT BUFFERÓ calibration. The transmitter is now ready to measure
pH.

D. COMPLETING TRANSMITTER CONFIGURATION

To further configure the transmitter to your application requirements, use the appropriate
CONFIGURE screens to make selections and Òkey inÓ values. Refer to PART THREE, Sec-
tion 3 for complete configuration details.
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P A R T  O N E  -  I N T R O D U C T I O N

SECTION 1

1.1 Capability Highlights
Sensor Input

MEASURE Screen

Passcode-protected
Access

Calibration Methods

Analog Output

!

The transmitter can be used with any GLI Differential Tech-
nique pH or ORP sensor, or any conventional combination
electrode. The transmitter accepts the common temperature
compensator elements used in these sensors (NTC 300
ohm thermistor, Pt 1000 RTD or Pt 100 RTD).

The MEASURE screen (normal display mode) can provide
different readouts of measured data. With the MEASURE
screen displayed, press  and  key to show:

When Used as pH Transmitter When Used as ORP Transmitter

¥ Measured pH ¥ Measured ORP
¥ Measured temperature (¡C or ¡F) ¥ Measured analog output value (mA)
¥ Measured pH and temperature
¥ Measured analog output value (mA)

For security, you can enable a passcode feature to restrict ac-
cess to configuration and calibration settings to authorized
personnel only. See PART THREE, Section 3.5 for details.

Four methods are available to calibrate the transmitter for
pH. See PART THREE, Section 4.2 for details. For ORP
calibration, refer to Section 4.3. The analog output loop can
also be calibrated (Section 4.4).

The transmitterÕs isolated 4-20 mA analog output can be
assigned to represent the measured pH or temperature.
(When measuring ORP, the output only represents ORP.)

Parameter values can be entered to define the endpoints at
which the 4 mA and 20 mA analog output values are de-
sired (range expand). For analog output setup details, see
PART THREE, Section 3.4.

NOTE: During calibration, the analog output is automati-
cally held at the last measured value and, upon
completion, returned to its active state.

GENERAL INFORMATION
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1.2 Transmitter Safety

!

1.3 Retained
Configuration Values

1.4 Transmitter
Serial Number

1.5 EMC Conformance

The transmitter is completely safe to handle. Only low DC
voltage is present.

NOTE: The transmitter can be located in a Class 1, Div. 2
hazardous area.

All user-entered configuration values are retained indefi-
nitely, even if power is lost or turned off. The non-volatile
transmitter memory does not require battery backup.

A label with the transmitter model number, serial number,
and build date is located between the terminal blocks.

The transmitter is designed to provide protection from most
normally encountered electromagnetic interference. This
protection exceeds U.S. standards and meets European
IEC 1000 (EN 61000) series testing for electromagnetic and
radio frequency emissions and immunity. Refer to Figure 1-
1 and the specifications in Section 2.1 for more information.

EMISSIONS IMMUNITY

FIGURE 1-1   EMC Diagram
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SECTION 2

2.1 Operational Display....................................... Two-line by 16 character LCD

NOTE: The measured pH and temperature can be displayed separately or shown
together on a single screen. The corresponding 4-20 mA analog output
value can also be shown.

Measurement Ranges
pH......................................... -2.0 to 14.0 pH or -2.00 to 14.00 pH
ORP...................................... -2100 to +2100 mV
Temperature ......................... -4.0 to +392.0¡F or -20.0 to +200.0¡C
Analog Output....................... 4.00-20.00 mA

Ambient Conditions:
Operation.............................. -4 to +140¡F (-20 to +60¡C); 0-95% relative

humidity, non-condensing

Storage................................. -22 to +158¡F (-30 to +70¡C); 0-95% relative
humidity, non-condensing

Temperature Compensation ....... Automatic from 14.0 to 230.0¡F (-10.0 to
+110.0¡C) with selection for NTC 300 ohm
thermistor, Pt 1000 ohm RTD or Pt 100 ohm
RTD temperature element; or manually fixed at
a user-set temperature; additional selectable
temperature correction factors (ammonia, mor-
pholine or user-defined pH/¡C linear slope)
available for pure water automatic compensa-
tion from 0.0-50.0¡C

Sensor-to-Transmitter Distance:
GLI Differential

Technique Sensor ............ 3000 ft. (914 m) maximum
Conventional Combination

Electrode with preamp ..... 985 ft. (300 m) maximum
Conventional Combination

Electrode w/o preamp ...... 100 ft. (30 m) maximum with electrode cable
capacitance of less than 30 pF per foot

Power Requirements (Class 2 Power Supply):
Two-wire Hookup .................. 16-30 VDC
Three-wire Hookup................ 14-30 VDC (16 VDC min. with RS-485 comm.)
Four-wire Hookup.................. 12-30 VDC (16 VDC min. with RS-485 comm.)

Calibration Methods:
2 POINT BUFFER................. Automatic calibration and buffer recognition

(for pH only) using two buffers from a selected buffer set*.

NOTE: When using buffers that are not included in either transmitter buffer
set, use only the Ò2 POINT SAMPLEÓ method for calibration.

*Buffer Sets: 4.00, 7.00, and 10.00 or
DIN 19267 standard (1.09, 4.65, 6.79, 9.23, and 12.75)

1 POINT BUFFER................. Automatic calibration and buffer recognition
(for pH only) using one buffer from a selected buffer set*.

NOTE: When using a buffer that is not included in either transmitter buffer
set, use only the Ò1 POINT SAMPLEÓ method for calibration.

2 POINT SAMPLE................. Enter two known sample values (determined
(for pH only) by laboratory analysis or comparison reading)

or two known pH buffer values

SPECIFICATIONS
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2.2 Transmitter Performance
(Electrical, Analog Outputs)

2.3 Mechanical

1 POINT SAMPLE................. Enter one known sample value (determined
(for pH or ORP) by laboratory analysis or comparison reading)

or one known pH buffer value (or, for ORP
measurement, one known reference solution
value)

Analog Output ............................ Isolated 4-20 mA output with 0.004 mA
(12-bit) resolution

NOTE: The output can be assigned to represent the measured pH or tem-
perature (or ORP). Parameter values can be entered to define the
endpoints at which the 4 mA and 20 mA output values are desired
(range expand). During calibration, the output is automatically held at
the last measured value and, upon completion, returned to its active
state.

Maximum Loop Load.................. Dependent on power supply voltage,
transmitter hookup arrangement, and wire
resistance (see load resistance charts for
respective hookup diagrams in PART TWO,
Section 3.2, 3.3 or 3.4)

Memory (non-volatile)................. All user settings are retained indefinitely with-
out battery backup

Certifications:
European Community EMC..... Certified CE compliant for conducted and

radiated emissions (EN 50081-2) and
immunity (EN 61000-6-2)

General Purpose..................... UL, C-UL, and FM
Class I, Div. 2 ......................... UL, C-UL, and FM

Accuracy*................................... ± 0.1% of span
Sensitivity* ................................. ± 0.05% of span
Repeatability*............................. ± 0.05% of span
Temperature Drift ....................... Zero and Span: ± 0.02% of span per ¡C
Response Time .......................... 1-60 seconds to 90% of value upon step

change (with sensor filter setting of zero)

*These performance specifications are typical at 25¡C.

Enclosure................................... Polycarbonate, NEMA 4X general purpose;
choice of included mounting hardware

Mounting Configurations............. Panel, wall, pipe or integral sensor mounting

Dimensions ................................ With Back Cover:
3.75 in. W x 3.75 in. H x 2.32 in. D
(95 mm W x 95 mm H x 60 mm D)

Without Back Cover for Panel Mount:
3.75 in. W x 3.75 in. H x 0.75 in. D
(95 mm W x 95 mm H x 19 mm D)

Net Weight ................................. 10 oz. (280 g) approximately
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P A R T  T W O  -  I N S T A L L A T I O N

SECTION 1

Unpack and examine the equipment even if you do not use
it immediately. If there is evidence of damage, notify the
transit carrier immediately. Recommendation: Save the
shipping carton and packing materials in case the in-
strument must be stored or re-shipped.

SECTION 2

2.1 Location

!

1. It is recommended to locate the transmitter as close as
possible to the installed sensor. Depending on the sen-
sor type, the maximum allowable distance between the
sensor and transmitter is:

 

GLI Differential
Technique Sensor

Conventional
Combination Electrode

with  Preamp

Conventional
Combination Electrode

without  Preamp

3000 feet (914 m) 985 feet (300 m) *100 feet (30 m)

*An external GLI Model 714 preamp can be used to extend this distance
to 3000 feet (914 m), but the preamp must be located within 100 feet
(30 m) of the electrode.

NOTE: The transmitter is suitable for use in a Class 1,
Div. 2 hazardous area.

2. Mount the transmitter in a location that is:
 

"  Clean and dry where there is little or no vibration.

"  Protected from corrosive fluids.

"  Within ambient temperature limits (-4 to +140¡F or
-20 to +60¡C).

CAUTION:

EXPOSING THE TRANSMITTER TO DIRECT
SUNLIGHT MAY INCREASE THE OPERATING
TEMPERATURE ABOVE ITS SPECIFIED LIMIT,
AND DECREASE DISPLAY VISIBILITY.

UNPACKING

MECHANICAL REQUIREMENTS
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2.2 Wall and Pipe
Mounting

Figure 2-1 illustrates how to wall or pipe mount the trans-
mitter using the supplied GLI hardware kit. Determine the
mounting method, and attach the hardware as shown.

1. Fasten the wall/pipe adapter to the wall or pipe.

2. Using a blunt tool, open both cable entry knockout
holes in the back cover.

3. Insert-and-twist the back cover onto the installed
wall/pipe adapter, and tighten its two screws to lock
back cover onto the adapter.

4. Attach transmitter to back cover using its four captive
screws.

HORIZONTAL
PIPE MOUNT

PRO-SERIES BACK COVER

SCREWS
(CUSTOMER SUPPLIED)

PRO-SERIES
WALL/PIPE ADAPTER

WALL MOUNT

PRO-SERIES
TRANSMITTER

STRAPS OR HOSE CLAMPS
(CUSTOMER SUPPLIED)

VERTICAL
PIPE MOUNT

TWO SCREWS LOCK BACK COVER TO
WALL/PIPE ADAPTER AFTER
COVER IS TWISTED ONTO ADAPTER.

FIGURE 2-1   Wall and Pipe Mounting Details
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2.3 Panel Mounting

!

Figure 2-2 illustrates how to panel mount the transmitter
using the supplied GLI panel mount hardware kit.

1. Cut a 3.30-inch (84 mm) square cutout hole in panel.

2. Position panel-mount gasket over cutout in front of
panel, and place retainer plate behind panel with its
four threaded inserts facing away from back of panel.

3. Attach transmitter to retainer plate using its four captive
screws.

NOTE: If panel is too thick, remove captive screws
from transmitter, and use longer screws pro-
vided in hardware kit.

FIGURE 2-2   Panel Mounting Details
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2.4 Integral Sensor
Mounting

!

Figure 2-3 illustrates how to integrally mount the transmitter
onto a sensor using the supplied GLI mounting hardware kit.

1. Using a blunt tool, open knockout hole in bottom of
swivel ball for routing the sensor cable.

2. Attach swivel-mount assembly onto back end of sensor
using coupling provided with GLI sensor (only sensors
with ÒPRO1Ó suffix in their part number) or an appropri-
ately-sized coupling that you provide.

3. Insert-and-twist the back cover onto the installed
swivel-mount assembly. Tighten its two screws to lock
the back cover onto the swivel-mount assembly.

NOTE: To change mounting angle, loosen swivel-mount
assembly by lifting tab on bottom of swivel nut. Posi-
tion to desired angle and re-tighten swivel nut.

4. Attach transmitter to back cover using its four captive screws.

GLI SENSOR
(COUPLING AND SENSOR 

APPEAR DIFFERENTLY FOR 
EACH MEASUREMENT TYPE)

COUPLING (SUPPLIED 
WITH GLI SENSOR THAT 
HAS "PRO1" SUFFIX IN 
SENSOR PART NUMBER)

BOTTOM OF SWIVEL NUT

SWIVEL-MOUNT ASSEMBLY (TO 
LOOSEN ASSEMBLY TO CHANGE 
MOUNTING ANGLE, LIFT TAB 
SLIGHTLY ON BOTTOM OF SWIVEL 
NUT)

TWO SCREWS LOCK BACK COVER 
TO SWIVEL-MOUNT ASSEMBLY 
AFTER COVER IS TWISTED ONTO 
ADAPTER.

PRO-SERIES TRANSMITTER

PRO-SERIES BACK COVER

TAB

SENSOR
CABLE

FIGURE 2-3   Integral Sensor Mounting Details
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SECTION 3

!

!

Figure 2-4 shows the terminal block arrangement and
terminal designations for the transmitter.

NOTE: All terminals are suitable for single wires up to 14
AWG (2.5 mm2).

Wiring Tip!  To comply with European Community (CE) electromag-
netic compatibility requirements, follow these general wiring guidelines:

1. Locate transmitter as far as possible from motors and other non-
CE certified devices with excessive electromagnetic emissions.

2. Use GLI-specified ferrites and cables. Failure to do so may elimi-
nate compliance. Locate all ferrites as close as possible to
the transmitter.

# DC Power Supply Cable (GLI 1W0980 two-conductor plus
shield): Connect cable shield to earth ground at the supply
end. Loop cable 2-1/2 times through ferrite (Steward
#28B0686-200, Fair-Rite Corp. #2643665702, or equivalent).

# Sensor Cable: Keep cable shields as short as possible. At the
transmitter end, connect the outer shield to earth ground, and
the inner shield to the SHIELD terminal. If sensor cable has
one shield, connect it to the SHIELD terminal. In either case,
clamp ferrite (Steward #28A2025-OAO, Fair-Rite Corp.
#0431164281, or equivalent) on sensor cable.

# Analog mA Output Cable (four-wire hookup only -- GLI
1W0980 two-conductor plus shield): Connect cable shield to
earth ground at the supply end. Loop cable 2-1/2 times
through ferrite (Steward #28B0686-200, Fair-Rite Corp.
#2643665702, or equivalent).

TB1 TB2

(Signal)
Red

NC

(Reference)
Green
(Temp)
Yellow
/Black
Shield

NC

(-5VDC)
White

PRO-P-ESP: pH and ORP
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FIGURE 2-4   Transmitter Terminal Designations

ELECTRICAL CONNECTIONS
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3.1 pH or ORP Sensor

GLI Differential
Technique Sensor

!

!

!

Depending on how transmitter is mounted, route the sensor
(or interconnect) cable into the transmitter as follows:

¥ Wall/Pipe-mounted Transmitter:  Route cable through
left side cable entry knockout hole in the back cover.

¥ Panel-mounted Transmitter:  Route cable behind panel
to the exposed TB2 terminal strip.

¥ Integral Sensor-mounted Transmitter: Route cable
through swivel ball knockout hole and center hole in
back cover. (Do not open left side cable entry knockout
hole in back cover.)

All GLI Differential Technique sensors have a built-in tem-
perature element for automatic temperature compensation
and for measuring process temperature.

Wiring Tip!  Route the sensor cable in 1/2-inch,
grounded metal conduit to protect it from moisture,
electrical noise, and mechanical damage.

For installations where the distance between sensor and
transmitter exceeds the sensor cable length, indirectly
connect the sensor to the transmitter using a junction box
and interconnect cable.

NOTE: Do not route the sensor cable in any conduit con-
taining AC or DC power wiring (Òelectrical noiseÓ
may interfere with the sensor signal).

Refer to Figure 2-5 and connect the sensor (or intercon-
nect) cable wires as shown, matching colors as indicated.

NOTE: For GLI Differential sensors with only one shield
wire, always connect it to Terminal 3 on TB2.

For systems not requiring CE compliance and
lacking an earth ground, connect the outer shield to
Terminal 3 on TB2.
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Conventional
Combination Electrode

White 1  White (-5 VDC)

2  

3  Shield/Black 

4  Yellow (Temp)

5  Green (Ref.)

6

7  Red (Signal)

Shield and Black

Yellow

Green

Red

Inner

Outer Shield TO EARTH GROUND

FIGURE 2-5
Connecting GLI Differential Technique Sensor

The electrode must be within 100 ft. (30 m) of the transmit-
ter (985 ft./300 m for electrode with preamp). Refer to
Figure 2-6 and directly connect the electrodeÕs coaxial ca-
ble to the transmitter.

1. Connect the electrodeÕs reference signal -- braided
shield wire of coaxial cable (black insulated wire for GLI
electrode) -- to Terminal 5 on TB2.

2. Connect the electrodeÕs active signal -- center wire of
coaxial cable (clear insulated wire for GLI electrode) --
to Terminal 7 on TB2.

3. Connect a jumper between Terminals 3 and 5 on TB2.

4. Connect the electrodeÕs temperature element (typically
white and red insulated wires for GLI electrode) to Ter-
minals 3 and 4 on TB2, attaching either wire to either
terminal.

1  

2  

3  Shield/Black 

4  Yellow (Temp)

5  Green (Ref.)

6  

7  Red (Active)

COMBINATION
ELECTRODE

COAXIAL
CABLE

TEMP COMP WIRES

BRAIDED
SHIELD

JUMPER
REQUIRED

FIGURE 2-6
Connecting Conventional Combination Electrode
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Conventional
Combination Electrode

with Ground Rod

3.2 Two-wire Hookup

!

Some applications require that an external ground rod be
used with the combination electrode. The electrode must be
within 100 ft. (30 m) of the transmitter (985 ft./300 m for
electrode with preamp). Refer to Figure 2-7 and directly
connect the electrodeÕs coaxial cable to the transmitter.

Connect the electrode and temperature element wires in the
same way as described in the previous ÒConventional Com-
bination ElectrodeÓ subheading -- and also connect the
ground rod wire to Terminal 3 on TB2.

1  

2  

3  Shield/Black 

4  Yellow (Temp)

5  Green (Ref.)

6 

7  Red (Active)

COMBINATION
ELECTRODE

COAXIAL
CABLE

TEMP COMP WIRES

BRAIDED
SHIELD

JUMPER
REQUIRED

ROD
GROUND

FIGURE 2-7
Connecting Conventional Combination Electrode with Ground Rod

In a two-wire hookup, at least 16 VDC is required for opera-
tion. A load device can be connected in the current loop
(see Figure 2-8 for details).

Depending on how the transmitter is mounted, route the DC
power/analog output wiring into the transmitter as follows:

¥ Wall/Pipe-mounted Transmitter:  Route cable through
right side cable entry knockout hole in the back cover.

¥ Panel-mounted Transmitter:  Route cable behind panel
to the exposed TB1 terminal strip.

¥ Integral Sensor-mounted Transmitter:  Route cable
through right side cable entry knockout hole in the back
cover. (Do not open left side cable entry knockout hole
in cover.)

Wiring Tip!   Use high quality, shielded instrumentation cable.
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5
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2
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Loop Power
 16-30VDC
  Class 2

Loop Resistance
(See nomograph)

+
Jumper 
Required
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DC VOLTAGE
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50 Ohms/Volt
LOOP LOAD

FIGURE 2-8
Two-wire Hookup

3.3 Three-wire Hookups

!

In a three-wire hookup, the transmitter can be wired four
ways depending on load ÒsinkingÓ or ÒsourcingÓ and whether
or not RS-485 serial communication is used. At least 14
VDC is required for operation (16 VDC with serial communi-
cation). When using RS-485, consult GLI for Command Set.

Depending on how the transmitter is mounted, route the DC
power, analog output, and RS-485 serial communication
wiring into the transmitter as follows:

¥ Wall/Pipe-mounted Transmitter:  Route cable through
right side cable entry knockout hole in the back cover.

¥ Panel-mounted Transmitter:  Route cable behind panel
to the exposed TB1 terminal strip.

¥ Integral Sensor-mounted Transmitter:  Route cable
through right side cable entry knockout hole in the back
cover. (Do not open left side cable entry knockout hole
in cover.)

Wiring Tip!   Use high quality, shielded instrumentation cable.
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Refer to the three-wire hookup that meets your application
requirements, and connect the transmitter accordingly.

+1
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Loop Resistance
(See nomograph)

Jumper 
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Loop Power
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FIGURE 2-9
Three-wire Hookup -- Load Sinking

RS-485 Serial
communications

"A"  +

"B"  -
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-
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(See nomograph)

Jumper
Required

DC VOLTAGE

1000

R
E

S
IS

T
A

N
C

E
 

   
 I

N
 O

H
M

S

400

0

200

600

800

1200

1400

16 18 20 22

LOOP LOAD
50 Ohms/Volt

2624 28 30

Loop Power
 16-30VDC
  Class 2

Shield

FIGURE 2-10
Three-wire Hookup -- Load Sinking with RS-485 Serial Communication
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FIGURE 2-12
Three-wire Hookup -- Load Sourcing with RS-485 Serial Communication

3.4 Four-wire Hookups In a four-wire hookup, the transmitter can be wired two ways
depending on whether or not RS-485 serial communication
is used. At least 12 VDC is required for operation (16 VDC
with serial communication). When using RS-485, consult
GLI for Command Set.

Depending on how the transmitter is mounted, route the DC
power, analog output, and RS-485 serial communication
wiring into the transmitter as follows:

¥ Wall/Pipe-mounted Transmitter:  Route cable through
right side cable entry knockout hole in the back cover.
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!

¥ Panel-mounted Transmitter:  Route cable behind panel
to the exposed TB1 terminal strip.

¥ Integral Sensor-mounted Transmitter:  Route cable
through right side cable entry knockout hole in the back
cover. (Do not open left side cable entry knockout hole
in cover.)

Wiring Tip!   Use high quality, shielded instrumentation cable.

Refer to the four-wire hookup that meets your application
requirements, and connect the transmitter accordingly.
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Four-wire Hookup without RS-485 Serial Communication
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PART TWO - INSTALLATION SECTION 3 - ELECTRICAL CONNECTIONS

Rev. 1-202 PRO-series Model P3 pH/ORP Transmitter29

3.5 Monitor Mode
Hookups (without
current loop)

!

The transmitter can be wired two ways in a monitor mode
hookup (without current loop), depending on whether or not
RS-485 serial communication is used. At least 12 VDC is
required for operation (16 VDC with serial communication).
When using RS-485, consult GLI for Command Set.

Depending on how the transmitter is mounted, route the DC
power and RS-485 serial communication wiring into the
transmitter as follows:

¥ Wall/Pipe-mounted Transmitter:  Route cable through
right side cable entry knockout hole in the back cover.

¥ Panel-mounted Transmitter:  Route cable behind panel
to the exposed TB1 terminal strip.

¥ Integral Sensor-mounted Transmitter:  Route cable
through right side cable entry knockout hole in the back
cover. (Do not open left side cable entry knockout hole
in cover.)

Wiring Tip!   Use high quality, shielded instrumentation cable.

Refer to the monitor mode hookup that meets your applica-
tion requirements, and connect the transmitter accordingly.
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+

1
2
3
4
5
6
7

-RS-485 Serial
communication

"B"  -

"A"  +
External Power
 16-30VDC
  Class 2

Shield

FIGURE 2-16
Monitor Mode Hookup (without Current Loop) -- with RS-485 Serial Communication



PART THREE - OPERATION SECTION 1 - USER INTERFACE

PRO-series Model P3 pH/ORP Transmitter Rev. 1-20230

P A R T  T H R E E  -  O P E R A T I O N

SECTION 1

1.1 Display

1.2 Keypad

The user interface consists of a two-line LCD display and a
keypad with MENU, ENTER, ESC, , , , and  keys .

By using the keypad, you can display three types of
screens:

¥ MEASURE Screens:  The normal display mode shows the
measured pH (or ORP). Pressing the  key sequentially
scrolls through these other measurement readouts:

$  Measured process temperature
$  Measured pH and temperature
$  Measured analog output mA value

¥ MENU Screens:  These top-level and lower-level (sub-
menu) screens within the three main branches of the
menu tree are used to access edit/selection screens for
configuration. (EXIT screens at the end of each menu
branch enable you to move up one level in the menu tree
by pressing the ENTER key. This is functionally the same
as pressing the ESC key.)

¥ Edit/Selection Screens:  These screens enter values/
choices to calibrate, configure, and test the transmitter.

The keypad enables you to move throughout the transmitter
menu tree. The keys and their related functions are:

1. MENU key:  Pressing this key with the MEASURE
screen displayed shows the ÒMAIN MENU  CALIBRATEÓ
screen. To display the CONFIGURE or TEST/MAINT
top-level main branch screen, press the  key. Press-
ing the MENU key with a menu screen displayed
always shows the top-level screen in that branch.
(Pressing the MENU key also ÒabortsÓ the procedure to
change values or selections.)

USER INTERFACE

not provided when using
transmitter to measure ORP}



PART THREE - OPERATION SECTION 1 - USER INTERFACE

Rev. 1-202 PRO-series Model P3 pH/ORP Transmitter31

2. ENTER key:  Pressing this key does two things: it dis-
plays submenu and edit/selection screens, and it enters
(saves) configuration values/selections.

3. ESC key:  Pressing this key always takes the display up
one level in the menu tree. (Example: With the ÒMAIN
MENUÓ screen displayed, pressing the ESC key once
takes the display up one level to the MEASURE
screen.) The ESC key can also ÒabortÓ the procedure to
change a value or selection.

4.  and  keys:  Depending on the type of displayed
screen, these keys do the following:

¥ MEASURE Screen: Changes readout (in continuous
loop sequence) to show different measurements.

¥ Menu Screens: These keys are non-functional.

¥ Edit/Selection Screens: Moves cursor left or right to
select digit for adjustment with  and  keys .

5.  and  keys:  Depending on the type of displayed
screen, these keys do the following:

¥ MEASURE Screen: These keys are non-functional.

¥ Menu Screens: Moves up or down respectively
between other same-level menu screens.

¥ Edit/Selection Screens: Adjusts selected digit value
up or down, or moves up or down between choices.

FIGURE 3-1   Transmitter Keypad
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1.3 MEASURE Screen
(normal display mode)

!

!

The MEASURE screen is normally displayed. Pressing the
MENU key temporarily replaces the MEASURE screen with
the top-level ÒMAIN MENU  CALIBRATEÓ branch selection
screen. Using the keypad, you can then display other
screens to calibrate, configure or test the transmitter. If the
keypad is not used within 30 minutes, except during
calibration or while using specific transmitter test/
maintenance functions, the display will automatically
return to the MEASURE screen. To display the MEASURE
screen at any time, press the MENU key once and then
press the ESC key once.

When using the transmitter to measure pH, the MEASURE
screen can show four different readout versions. To select
between them, in continuous loop sequence, press the

 or  key. These are examples of the different versions:

       

       

NOTE: If pure water temperature compensation was se-
lected (PART THREE, Section 3.2, subheading
ÒSelect PURE H2O COMPÓ) the MEASURE screen
will show an asterisk after the pH reading to indi-
cate it is being applied.

When using the transmitter to measure ORP, only two
readouts are shown: measured mV and the mA output. The
two screens showing temperature are not available.

NOTE: When the transmitter returns to its normal
MEASURE screen mode, the appearing readout is
always the version last selected.

Note that three MEASURE screen readout exam-
ples show the factory-default ÒPHÓ notation on their
top lines, illustrating the transmitter notation feature.
To create your own notation, refer to PART
THREE, Section 3.2, subheading ÒENTER NOTE
(top line of MEASURE screen).Ó

When the measured value is beyond the transmitter meas-
uring range, a series of Ò + Ó or Ò - Ó screen symbols appear,
respectively indicating that the value is above or below
range.
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SECTION 2

!

2.1 Displaying
Main Branch
Selection Screens

The transmitter menu tree is divided into three main
branches: CALIBRATE, CONFIGURE, and TEST/MAINT.
Each main branch is structured similarly in layers with top-
level screens, related lower-level submenu screens and, in
many cases, sub-submenu screens.

Each layer contains an EXIT screen to return the display up
one level to the previous layer of screens.

Menu Structure Tip!  For operating convenience, the
layers within each main branch are organized with the
most frequently used function screens at their beginning,
rather than the function screens used for initial startup.

1. With the MEASURE screen displayed, pressing the

MENU key always shows the 
branch selection screen. (Pressing the MENU key with
any other type of screen displayed always returns the
display to the top of that respective menu branch).

2. Press  and  keys  to select between the three MAIN
MENU branch selection screens (CALIBRATE,
CONFIGURE or TEST/MAINT), or the EXIT screen:

3. With the desired MAIN MENU branch selection screen
displayed, press ENTER key to display the first top-
level menu screen within that branch.

MENU STRUCTURE
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2.2 Displaying
Top-level
Menu Screens

!

With the first top-level menu screen of the desired main
branch displayed, use the  and  keys  to scroll through
other top-level screens to access a desired screen.

The top-level menu screens for each main branch are:

SENSOR SET OUTPUT STATUS

CAL OUTPUT SET PASSCODE HOLD OUTPUT

EXIT SET ¡C or ¡F (pH only) OUTPUT

LANGUAGE EPROM VERSION

SENSOR SELECT SIM

EXIT SIM SENSOR

RESET CONFIGURE

RESET CALIBRATE

EXIT

Menu Structure Tip!  A menu screen with a horizontal
bar symbol (  ) at the start of its first line indicates there
is a related submenu or edit/selection screen.

A menu screen with a Ò Ó symbol at the start and a Ò Ó
symbol at the end of its second line indicates that you
can select other screens within the same layer by
pressing the  key.  A Ò % Ó symbol at the end of the sec-
ond line indicates that you can move up or down
between screens by respectively pressing the  or 
key. When a Ò Ó symbol appears, it indicates you have
reached the end of the screens in that layer. You can
select previous screens using the  key.

___
___
___
___
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2.3 Displaying
Submenu Screens

2.4 Adjusting
Edit/Selection
Screen Values

2.5 Entering (Storing)
Edit/Selection Screen
Values/Choices

!

After selecting a top-level menu screen, press the ENTER
key to display a related submenu or edit/selection screen:

¥ Submenu Screens  are usually linked to other related
same-level screens. Pressing the  key displays these
other related menu screens.

Example: With this submenu screen displayed:

pressing the  key displays this related,
same-level submenu screen:

¥ Edit/Selection Screens  always have a first line ending
with a Ò?Ó. Pressing the  or  key changes the value/
choice enclosed by parenthesis (second line on screen).

Example: With this submenu screen displayed:

pressing the  key displays this related choice:

Use arrow keys  to edit/change the value/choice enclosed
by parenthesis (examples shown above and below).

      

A choice can be changed by simply using the  and 
keys . Numerical values can be adjusted using the  and 
keys  to select a digit, and  and  keys  to adjust its value.

With the desired value/choice displayed, press the ENTER
key to enter (store) it into the non-volatile transmitter mem-
ory. The previous screen will then re-appear.

NOTE: You can always press the ESC key to abort saving
a new setting. The original setting will be retained.
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SECTION 3

!

3.1 Selecting LANGUAGE
to Operate Transmitter

!

3.2 Configuring
Sensor Characteristics

SELECT SENSOR Type

NOTE: When the passcode feature is enabled (Section
3.5), you must successfully enter the passcode
before attempting to enter a configuration setting.

The transmitter is normally equipped to display screens in
English and Spanish (Espa–ol). However, another language
such as French (Fran• ais), German (Deutsche), etc. may be
substituted for Spanish. The transmitter is factory-set for
English. To select the other language:

1. Press MENU key to display a ÒMAIN MENU screen.

If the  screen is not showing, use
 or  key to display it.

2. Press ENTER key to display  .

3. Press  key until  screen appears.

4. Press ENTER key to display  . Use
 or  key to select a language, and press ENTER

key to enter it.

NOTE: After a language is selected and entered, all
screens are displayed in that language.

The transmitter must be configured to define the sensor
used with it, and other related items such as the display
format, desired buffer set for calibration, temperature ele-
ment, input signal filtering, etc.

1. With the  screen displayed, press

 key once to display  .

TRANSMITTER CONFIGURATION
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Select
DISPLAY FORMAT

2. Press ENTER key to display  .

3. Press ENTER key again to display a screen like

 . Use  and  keys  to select the
type of sensor to be used with the transmitter, and
press ENTER key to enter it:

¥ DIFF pH:  Selects GLI Differential pH sensor.

¥ COMBINATION pH:  Selects conventional combi-
nation pH electrode.

¥ ORP: Selects ORP sensor (either a GLI Differential
ORP sensor or a conventional combination ORP
electrode).

WARNING:

CHANGING THE SENSOR TYPE AUTOMATIC-
ALLY REPLACES ALL USER-ENTERED CONFIG-
URATION VALUES WITH FACTORY-DEFAULTS.

When using the transmitter to measure ORP, this func-
tion is not provided.  (The ORP display format is fixed to
show mV values as only whole numbers.) For pH measure-
ment, select the desired display format (XX.XX or XX.X) for
the MEASURE screen. This format setting has no effect on
edit/selection screens, which always show pH values in a
XX.XX format.

1. With the  screen displayed, press

 key once to display  .

2. Press ENTER key to display a screen like

 . Use  and  keys  to select the
desired format (XX.XX or XX.X), and press ENTER key
to enter it.
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SELECT BUFFER Set
for pH Calibration

!

Select
PURE H2O COMP (only
for special applications)

!

When using the transmitter to measure ORP, this func-
tion is not provided.  For pH measurement, configure the
transmitter to use one of these buffer sets for pH calibration:

¥ 4.00, 7.00, and 10.00
¥ DIN 19267 Standard (1.09, 4.65, 6.79, 9.23, and 12.75)

NOTE: When using buffers that are not included in either of
the transmitter buffer sets, disregard selecting the
buffer set. In this case, use only the Ò1 (or) 2 POINT
SAMPLEÓ method for pH calibration.

The transmitter automatically recognizes pH values from the
selected buffer set and uses its associated built-in table of
pH-versus-temperature values to improve measurement ac-
curacy. To select a buffer set:

1. With the  screen displayed, press

 key once to display  .

2. Press ENTER key to display a screen like

 . Use  and  keys  to select a
buffer set (4, 7, 10 or DIN 19267) for use during cali-
bration, and press ENTER key to enter it.

When using the transmitter to measure ORP, this func-
tion is not provided.  When measuring pH in solutions with
the weakly dissociating electrolytes ammonia or morpholine,
built-in tables provide a correction factor for pure water
temperature compensation. This special compensation is
specifically for use in power plant applications. It adds an
associated temperature-dependent offset, from the selected
table, to the measured pH. If custom compensation is re-
quired for pure water applications, a Òuser-definedÓ pH/¡C
linear slope factor can be applied to the measured pH.

NOTE: The selected pure water temperature compensation
is limited to 50¡C. If the process temperature is
higher, the offset corresponding to 50¡C is used.

1. With the  screen displayed, press

 key once to display  .
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!

SET FILTER Time

2. Press ENTER key to display  .

3. Press ENTER key again to display a screen like

 . Use  and  keys  to select the
desired pure water temperature compensation (NONE,
AMMONIA, MORPHOLINE or USER DEFINED), and
press ENTER key to enter it.

4. If ÒUSER DEFINEDÓ was selected, you must set the
specific pH/¡C linear slope:

A. With the  screen displayed,

press  key once to display  .

B. Press ENTER key to display a screen like

 . Use arrow keys  to adjust to
a desired slope, and press ENTER key to enter it.

NOTE: The MEASURE screen will show an asterisk after
the pH reading to indicate pure water temperature
compensation was selected and is being applied.

A time constant (in seconds) can be set to filter or Òsmooth
outÓ the sensor signal. A minimum value of Ò0 secondsÓ has
no smoothing effect. A maximum value of Ò60 secondsÓ pro-
vides maximum smoothing. Deciding what sensor signal
filter time to use is a compromise. The higher the filter time,
the longer the sensor signal response time will be to a
change in the actual process value.

1. With the  screen displayed, press

 key once to display  .

2. Press ENTER key to display a screen like

 . Use arrow keys  to adjust to a
desired filter time, and press ENTER key to enter it.
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ENTER NOTE (top line
of MEASURE screen)

Select
TEMP ELEMENT

Type

!

The top line of the MEASURE screen readouts that sepa-
rately show the measurement, temperature, and analog
output values are factory set to read ÒPH.Ó This notation can
be changed, for example, to ÒBASIN 1Ó to tailor the trans-
mitter MEASURE screen to the application. The top line
would then be ÒMEASURE BASIN 1.Ó The notation is limited
to eight characters which can be a combination of capital
letters A through Z, numbers 0 through 9, spaces, # sym-
bols, hyphens, and periods.

1. With the  screen displayed, press

 key once to display  .

2. Press ENTER key to display  .
Create the desired notation on the second line:

A. Starting with extreme left character position, use
 and  keys  to select the desired first character.

B. Press  key once to select the next character, and
use  and  keys  to select its desired character.

C. Repeat procedure until desired notation is displayed.

3. Press ENTER key to enter the displayed notation.

When using the transmitter to measure ORP, this func-
tion is not provided since ORP measurement does not
require temperature compensation.  When measuring pH,
configure the transmitter for either automatic temperature
compensation (by defining the sensorÕs built-in temperature
element or an external element) or fixed MANUAL tem-
perature compensation. When using MANUAL you must
determine and enter a specific temperature.

NOTE: When a temperature element type has been se-
lected but the element is not connected to the
transmitter, a ÒWARNING: CHECK STATUSÓ mes-
sage will appear. To prevent or clear the message,
connect the element or select ÒMANUAL.Ó

1. With the  screen displayed, press

 key once to display  .
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3.3 SET ¡C OR ¡F
(temperature display
format)

2. Press ENTER key to display  .

3. Press ENTER key again to display a screen like

 . Use  and  keys  to select the
type of temperature element used with the pH sensor to
compensate the measurement, and press ENTER key
to enter it:

¥ NTC300: Selects automatic temperature compensa-
tion using only a NTC 300 ohm thermistor
temperature element (in all GLI Differential pH sen-
sors -- except Model 6006P4-2000 pure water pH
sensor systems which use a Pt 1000 RTD).

¥ PT1000: Selects automatic temperature compensa-
tion using only a Pt 1000 RTD temperature element.

¥ PT100: Selects automatic temperature compensa-
tion using only a Pt 100 RTD temperature element.

¥ MANUAL:  For pH measurement only -- selects fixed
manual temperature compensation (disregards tem-
perature element -- see step 4).

4. If ÒMANUALÓ was selected, you must set the specific
manual temperature compensation value:

A. With the  screen displayed,

press  key once to display  .

B. Press ENTER key to display a screen like

 . Use arrow keys  to adjust to
a desired temperature for fixed MANUAL compen-
sation, and press ENTER key to enter it.

When using the transmitter to measure ORP, this func-
tion is not provided.  When measuring pH, the temperature
can also be displayed. The MEASURE screen can be set to
display temperature values in ¡C or ¡F. In either case, dis-
play resolution for measured temperature is always ÒXX.X.Ó
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3.4 Configuring
Analog Output

SET PARAMETER
(representation)

1. With the  or 
screen displayed, press ESC key twice to display

 .

2. Press  key -- not  key -- twice to display

 .

3. Press ENTER key to display a screen like

 . Use  and  keys  to select the
displayed temperature units (¡C or ¡F), and press
ENTER key to enter it.

The transmitter provides an isolated 4-20 mA analog output.
During normal measurement operation, the output is active
but can be held at the last measured value for up to 30 min-
utes by using the ÒHOLD OUTPUTÓ function in the
TEST/MAINT menu. (See PART THREE, Section 5.2 for
details.) During calibration, the output is automatically held
at the last measured value and, upon completion, returned
to its active state.

When using the transmitter to measure ORP, this func-
tion is not provided.  (The output always represents the
measured ORP.) When measuring pH, the output can be
assigned to represent the SENSOR (measured pH) or
measured TEMPERATURE.

1. With the  screen displayed, press 

key -- not  key -- twice to display  .

2. Press ENTER key to display  .

3. Press ENTER key again to display  .
Use  and  keys  to select the parameter the output
will represent, press ENTER key to enter it.
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SET 4 mA and
20 mA VALUES
(range expand)

!

SET FILTER Time

Parameter values can be set to define the endpoints at
which the 4 mA and 20 mA analog output values are desired.

1. With the  screen displayed, press

 key once to display  .

2. Press ENTER key to display a screen like

 . Use arrow keys  to set the value
at which 4 mA is desired, and press ENTER key to en-
ter it.

3. After the  screen re-appears, press

 key once to display  .

4. Press ENTER key to display a screen like

 . Use arrow keys  to set the value
at which 20 mA is desired, and press ENTER key to
enter it.

NOTE: If the same values are set for 4 mA and 20 mA, the
output automatically goes to, and remains at, 20 mA.

A time constant (in seconds) can be set to filter or Òsmooth
outÓ the analog output signal. A minimum value of Ò0 sec-
ondsÓ has no smoothing effect. A maximum value of Ò60
secondsÓ provides maximum smoothing. Deciding what out-
put filter time to use is a compromise. The higher the filter
time, the longer the analog output signal response time will
be to a change in the measured value.

1. With the  screen displayed, press

 key once to display  .

2. Press ENTER key to display a screen like

 . Use arrow keys  to adjust to a
desired filter time, and press ENTER key to enter it.
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SET FAIL LEVEL Mode
(off, 4 mA or 20 mA)

When a ÒWARNING CHECK STATUSÓ message appears,
indicating that a system problem may exist, the analog out-
put can be set to respond in one of three ways:

¥ OFF: Output remains active.
¥ 4mA:  Output automatically goes to and remains at 4 mA.
¥ 20mA:  Output automatically goes to and remains at 20 mA.

To SET FAIL LEVEL mode to suit your application:

1. With the  screen displayed, press

 key once to display  .

2. Press ENTER key to display  . Use
 and  keys  to select a response mode (OFF, 4mA or

20mA), and press ENTER key to enter it.
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3.5 SET PASSCODE
(feature enabled
or disabled)

The transmitter has a passcode feature to restrict access to
configuration settings and calibration to only authorized
personnel.

¥ DISABLED:  With the passcode feature disabled, all con-
figuration settings can be displayed and changed, and the
transmitter can be calibrated.

 
¥ ENABLED:  With the passcode feature enabled, all con-

figuration settings can be displayed -- but they cannot be
changed -- and the CALIBRATE and TEST/MAINT menus
cannot be accessed without the passcode. When you at-
tempt to change a setting in the CONFIGURE menu by
pressing the ENTER key, a displayed notification re-
quests passcode entry. A valid passcode entry saves the
changed setting and returns the display to the ÒMAIN
MENUÓ branch selection screen. An incorrect passcode
entry causes the display to momentarily show an error
notification before returning to the ÒMAIN MENUÓ branch
selection screen. There is no limit on attempts to enter a
valid passcode.

The passcode is factory-set to Ò3 4 5 6.Ó It cannot be changed.

To enable or disable the passcode feature:

1. Press MENU key to display a ÒMAIN MENUÓ screen.

If the  screen is not showing, use
 or  key to display it.

2. Press ENTER key to display  .

3. Press  key once to display  .

4. Press ENTER key to display  . Use
 and  keys  to select the desired passcode mode

(DISABLED or ENABLED), and press ENTER key to
enter it.
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3.6 Configuration Setting
Summary

TABLE A lists all configuration settings and their entry
ranges/choices and factory defaults, categorized by basic
functions.

TABLE A -- Transmitter Configuration Settings (Ranges/Choices and Defaults)

Displayed Screen Title Entry Range or Choices (where applicable) Factory Default Your Setting

LANGUAGE Setting

LANGUAGE? ENGLISH and SPANISH (French, German,
etc. may be substituted for Spanish)

ENGLISH

SENSOR Settings

SELECT SENSOR? DIFF pH, COMB pH or ORP DIFF pH

DISPLAY FORMAT? pH: XX.XX pH or XX.X pH
ORP: Fixed at XXXX mV

pH: XX.XX pH
ORP: XXXX mV

SELECT BUFFER? pH: 4, 7, 10 or DIN 19267
ORP: Screen not applicable/provided.

pH: 4, 7, 10
ORP: Not applicable

PURE H2O COMP
SELECT TYPE?

pH: NONE, AMMONIA MORPHOLINE or
USER DEFINED

ORP: Screen not applicable/provided.

pH: NONE

ORP: Not applicable

SET FILTER? 0-60 seconds 0 seconds

ENTER NOTE? pH: Replace PH with up to eight characters
ORP: Replace ORP with up to eight characters

pH: PH
ORP: ORP

TEMP ELE:
SELECT TYPE?

pH: NTC300, PT1000, PT100 or MANUAL
ORP: Screen not applicable/provided.

pH: NTC300
ORP: Not applicable

TEMP ELE:
SET MANUAL?

pH: 0.0-100.0¡C
ORP: Screen not applicable/provided.

pH: 25.0¡C
ORP: Not applicable

TEMPERATURE Display Setting

SET ¡C OR ¡F? pH: ¡C or ¡F
ORP: Screen not applicable/provided.

pH: ¡C
ORP: Not applicable

OUTPUT Settings

SET PARAMETER? pH: SENSOR or TEMPERATURE
ORP: Screen not applicable/provided.

pH: SENSOR
ORP: Not applicable

SET 4mA VALUE? pH: -2.00 to +14.00 pH
ORP: -2100 to +2100 mV
TEMP:-20.0 to +200.0¡C or -4.0 to 392.0¡F

pH: 0.00 pH
ORP: 0 mV
TEMP:0.0¡C or 32.0¡F

SET 20mA VALUE? pH: -2.00 to +14.00 pH
ORP: -2100 to +2100 mV
TEMP:-20.0 to +200.0¡C or -4.0 to 392.0¡F

pH: 14.00 pH
ORP: +2100 mV
TEMP:200.0¡C or 392.0¡F

SET FILTER? 0-60 seconds 0 seconds

SET FAIL LEVEL? OFF, 4 mA or 20 mA OFF

PASSCODE Setting

SET PASSCODE? DISABLED or ENABLED DISABLED

TEST/MAINT Simulation Function Settings

SELECT SIM? pH: SENSOR or TEMPERATURE
ORP: Screen not applicable/provided.

pH: SENSOR
ORP: Not applicable

SIM SENSOR? pH: -2.00 to +14.00 pH
ORP: -2100 to +2100 mV
TEMP:-20.0 to +200.0¡C or -4.0 to 392.0¡F

Present measured value of
sensorÕs selected parameter
(pH, ORP or temperature)
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SECTION 4

4.1 Important Information

Calibrate Periodically

!

Temperature-corrected
pH Measurement

!

Four methods are available for pH calibration (Section 4.2).
To calibrate ORP, use only the 1-POINT SAMPLE method
described in Section 4.3. The analog output loop can also be
calibrated (Section 4.4).

To maintain best measurement accuracy, periodically cali-
brate the transmitter. Performance of the pH or ORP sensor
slowly degrades over time, eventually causing inaccurate
readings. The time period between calibrations, and the
rate of system drift, can vary considerably with each appli-
cation and its specific conditions.

Calibration Tip!   Establish a maintenance program to
keep the sensor relatively clean and the transmitter cali-
brated. The daily, weekly or monthly intervals between
performing maintenance will be influenced by the char-
acteristics of the process solution, and can only be
determined by operating experience.

The transmitter is factory-calibrated for accurate temperature
measurement. It will provide pH readings that are automatically
corrected for temperature changes when the transmitter:

¥ Receives a temperature signal from a pH sensor that
has a built-in temperature element (all GLI Differential
sensors) or from an external temperature element.

¥ Has been correctly set for the type of temperature
element being used for automatic compensation.

NOTE: When the passcode feature is enabled (Section
3.5), you must successfully enter the passcode
before attempting to calibrate the transmitter.

An in-progress calibration can always be aborted
by pressing the ESC key.  After the ÒABORT: YES?Ó
screen appears, do one of the following:

¥ Press ENTER key to abort. After the ÒCONFIRM
ACTIVE?Ó screen appears, press ENTER key to
return the analog output to its active state
(MEASURE screen appears).

¥ Press  or  key to choose ÒABORT: NO?Ó screen,
and press ENTER key to continue calibration.

TRANSMITTER CALIBRATION
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!

4.2 pH Calibration

!

2 POINT BUFFER Method

!

Calibration Tip! If a ÒCONFIRM FAILURE?Ó screen ap-
pears during calibration, press ENTER key to confirm.
Then, use  or  key to select between ÒCAL: EXITÓ or
ÒCAL: REPEATÓ and do one of the following:

¥ With Ò(CAL: EXIT)Ó selected, press ENTER key. After
the ÒCONFIRM ACTIVE?Ó screen appears, press
ENTER key to return the analog output to its active
state (MEASURE screen appears).

¥ With Ò(CAL: REPEAT)Ó selected, press ENTER key to
repeat calibration of the point.

Based on convenience and your application requirements,
use one of the four methods provided for pH calibration.

CAUTION:

WHEN USING A NEW SENSOR OR REPLACING THE
STANDARD CELL SOLUTION AND SALT BRIDGE ON
AN EXISTING GLI DIFFERENTIAL SENSOR, ALWAYS
PERFORM A ÒRESET CALIBRATE Ó USING THE
TEST/MAINT MENU (PART THREE, SECTION 5.8)
BEFORE CALIBRATING.

NOTE: When calibrating a sensor for the first time, always
use a two-point method for best accuracy.

This recommended method requires two buffers, typically
pH 7 and pH 4. (pH 10 buffer is also readily available but is
not as stable, particularly at extreme temperatures.) This
method automatically recognizes buffers from the selected
buffer set. Therefore, you must use buffers that match
values in the buffer set  (see PART THREE, Section 3.2,
subheading ÒSELECT BUFFER Set for pH CalibrationÓ for
details.)

NOTE: When using buffers that are not included in either of
the transmitter buffer sets, disregard this calibration
method. Instead, use only the Ò2 POINT SAMPLEÓ
calibration method.
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!

!

1. Immerse the sensor in the first pH buffer (preferably
pH 7). Important: Allow the sensor and buffer tem-
peratures to equalize.  Depending on their temperature
differences, this may take 30 minutes or more.

2. Press MENU key to display a ÒMAIN MENUÓ screen.

If the  screen is not showing, use
 or  key to display it.

3. Press ENTER key to display  .

4. Press ENTER key again to display  .

5. Press ENTER key again to display  .
With the sensor in the first buffer, press ENTER key
again to confirm this.

NOTE: During calibration, the analog output is auto-
matically ÒheldÓ at the last measured value.

6. While the  screen is displayed, the
transmitter waits for the pH and temperature signals
to stabilize, measures the buffer value, and automati-
cally calibrates this point. Thereafter, a screen like

 appears for 5 seconds to confirm
calibration of this point.

NOTE: Any time the ÒPLEASE WAITÓ screen appears
during calibration you can manually complete
calibration of the point by pressing the ENTER
key. However, this is not recommended be-
cause the pH and temperature signals may not
be fully stabilized, resulting in a less accurate
calibration.

7. After the  screen appears, remove
the sensor from the first buffer, rinse it with clean water,
and immerse it in the second buffer (typically 4 pH).
Then press ENTER key to confirm this.

8. While the  screen is displayed, the
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1 POINT BUFFER Method

!

transmitter waits for the pH and temperature signals
to stabilize, measures the buffer value, and automati-
cally calibrates this point. Thereafter, a screen like

 appears for 5 seconds to confirm
calibration of this point.

9. A ÒpH SLOPE XX.X mV/pHÓ screen appears, indicating
a slope value to measure sensor performance. The
slope should be between 54 and 62 mV/pH for optimal
sensor performance. Typically, as the sensor ages
and/or becomes dirty, its slope decreases. When the
slope is less than 54 mV/pH, clean the sensor to im-
prove its performance. If you are using a GLI
Differential sensor and the slope remains low, replace
the salt bridge and standard cell solution (see sensor
operating manual for details). If using a conventional
combination electrode, consider replacing it.

10. Press ENTER key to end calibration (Ò2 POINT
BUFFER: CONFIRM CAL OK?Ó screen appears).

11. Re-install the sensor into the process.

12. Press ENTER key to display the active measurement
reading on the Ò2 POINT BUFFER: CONFIRM ACTIVE?Ó
output status screen. When the reading corresponds to
the actual typical process value, press ENTER key
again to return the analog output to its active state
(MEASURE screen appears).

This completes Ò2 POINT BUFFERÓ calibration.

This method is similar to the 2 POINT BUFFER method ex-
cept that only one buffer is used to calibrate one point. This
method also automatically recognizes buffers from the
buffer set you selected. Therefore, you must use a buffer
that matches a value in the buffer set. (See PART THREE,
Section 3.2, subheading ÒSELECT BUFFER Set for pH
CalibrationÓ for selection details.)

NOTE: When using a buffer that is not included in either of
the transmitter buffer sets, disregard this calibration
method. Instead, use only the Ò1 POINT SAMPLEÓ
calibration method.
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!

!

1. Immerse the sensor in the pH buffer. Important: Allow
the sensor and buffer temperatures to equalize.  De-
pending on their temperature differences, this may take
30 minutes or more.

2. Press MENU key to display a ÒMAIN MENUÓ screen.

If the  screen is not showing, use
 or  key to display it.

3. Press ENTER key to display  .

4. Press ENTER key again to display  .

5. Press  key once to display  .

6. Press ENTER key to display  .
With the sensor in the buffer, press ENTER key to con-
firm this.

NOTE: During calibration, the analog output is auto-
matically ÒheldÓ at the last measured value.

7. While the  screen is displayed, the
transmitter waits for the pH and temperature signals
to stabilize, measures the buffer value, and automati-
cally calibrates the point. Thereafter, a screen like

 appears for 5 seconds to confirm
calibration of the point.

NOTE: Any time the ÒPLEASE WAITÓ screen appears
during calibration, you can manually complete
calibration of the point by pressing the ENTER
key. However, this is not recommended be-
cause the pH and temperature signals may not
be fully stabilized, resulting in a less accurate
calibration.

8. A ÒpH SLOPE XX.X mV/pHÓ screen appears, indicating
a slope value to measure sensor performance. The
slope should be between 54 and 62 mV/pH for optimal
sensor performance. Typically, as the sensor ages
and/or becomes dirty, its slope decreases. When the
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2 POINT SAMPLE Method

slope is less than 54 mV/pH, clean the sensor to im-
prove its performance. If you are using a GLI
Differential sensor and the slope remains low, replace
the salt bridge and standard cell solution (see sensor
operating manual for details). If using a conventional
combination electrode, consider replacing it.

9. Press ENTER key to end calibration (Ò1 POINT
BUFFER: CONFIRM CAL OK?Ó screen appears).

10. Re-install the sensor into the process.

11. Press ENTER key to display the active measurement
reading on the Ò1 POINT BUFFER: CONFIRM ACTIVE?Ó
output status screen. When the reading corresponds to
the actual typical process value, press ENTER key
again to return the analog output to its active state
(MEASURE screen appears).

This completes Ò1 POINT BUFFERÓ calibration.

This method requires you to enter the known pH values of
two process samples (or two pH buffers). Determine sample
values using laboratory analysis or comparison readings.

1. Immerse the sensor in the first solution (sample or
buffer). Important: Allow the sensor and sample
temperatures to equalize.  Depending on their tem-
perature differences, this may take 30 minutes or more.

2. Press MENU key to display a ÒMAIN MENUÓ screen.

If the  screen is not showing, use
 or  key to display it.

3. Press ENTER key to display  .

4. Press ENTER key again to display  .

5. Press  key twice to display  .
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6. Press ENTER key to display  .
With the sensor in the first sample, press ENTER key

again to confirm this. This active 
screen appears showing the measurement reading.

7. Wait for the reading to stabilize which may take up to
30 minutes. Then press ENTER key. The ÒPLEASE
WAITÓ screen may appear if the reading is still too un-
stable. After the reading has stabilized, this static

 screen appears showing the ÒlastÓ
measured value.

8. Determine the pH value of the first solution. For a sam-
ple, use laboratory analysis or a calibrated portable pH
meter. (When using a pH buffer, refer to the table on
the buffer bottle to find the exact pH value correspond-
ing to the temperature of the buffer.)

9. With the static  screen displayed,
use arrow keys  to adjust the displayed value to exactly
match the known pH value of the first solution (sample
or buffer). Then press ENTER key to enter it, complet-
ing calibration of the first point.

10. After the  screen appears, remove
the sensor from the first solution, and rinse it with clean
water.

11. Immerse the sensor in the second solution, and press

ENTER key to confirm. This active 
screen appears showing the measurement reading.

12. Wait for the reading to stabilize which may take up to
30 minutes. Then press ENTER key. The ÒPLEASE
WAITÓ screen may appear if the reading is still too un-
stable. After the reading has stabilized, this static

 screen appears showing the ÒlastÓ
measured value.

13. Determine the pH value of the second solution.
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1 POINT SAMPLE Method

14. With the static  screen displayed,
use arrow keys  to adjust the displayed value to exactly
match the known pH value of the second solution. Then
press ENTER key to enter it, completing calibration of
the second point.

15. A ÒpH SLOPE XX.X mV/pHÓ screen appears, indicating
a slope value to measure sensor performance. The
slope should be between 54 and 62 mV/pH for optimal
sensor performance. Typically, as the sensor ages
and/or becomes dirty, its slope decreases. When the
slope is less than 54 mV/pH, clean the sensor to im-
prove its performance. If you are using a GLI
Differential sensor and the slope remains low, replace
the salt bridge and standard cell solution (see sensor
operating manual for details). If using a conventional
combination electrode, consider replacing it.

16. Press ENTER key to end calibration (Ò2 POINT
SAMPLE: CONFIRM CAL OK?Ó screen appears).

17. Re-install the sensor into the process.

18. Press ENTER key to display the active measurement
reading on the Ò2 POINT SAMPLE: CONFIRM ACTIVE?Ó
output status screen. When the reading corresponds to
the actual typical process value, press ENTER key
again to return the analog output to its active state
(MEASURE screen appears).

This completes Ò2 POINT SAMPLEÓ calibration.

This method is similar to the 2 POINT SAMPLE method ex-
cept that only one sample (or buffer) is used to calibrate
one point. This method requires you to enter the known pH
value of the sample (or pH buffer). Determine the sample
value using laboratory analysis or a comparison reading.

1. Immerse the sensor in the sample (or buffer). Impor-
tant: Allow the sensor and sample temperatures to
equalize.  Depending on their temperature differences,
this may take 30 minutes or more.



PART THREE - OPERATION SECTION 4 - TRANSMITTER CALIBRATION

Rev. 1-202 PRO-series Model P3 pH/ORP Transmitter55

2. Press MENU key to display a ÒMAIN MENUÓ screen. If

the  screen is not showing, use
 or  key to display it.

3. Press ENTER key to display  .

4. Press ENTER key again to display  .

5. Press  key three times to display  .

6. Press ENTER key to display  .
With the sensor in the sample, press ENTER key to

confirm this. This active  screen
appears showing the measurement reading.

7. Wait for the reading to stabilize which may take up to
30 minutes. Then press ENTER key. The ÒPLEASE
WAITÓ screen may appear if the reading is still too un-
stable. After the reading has stabilized, this static

 screen appears showing the ÒlastÓ
measured value.

8. Determine the pH value of the sample using laboratory
analysis or a calibrated portable pH meter. (When using
a pH buffer, refer to the table on the buffer bottle to find
the exact pH value corresponding to the temperature of
the buffer.)

9. With the static  screen displayed,
use arrow keys  to adjust the displayed value to exactly
match the known pH value of the sample (or buffer).
Then press ENTER key to enter it, completing calibra-
tion of the point.

10. A ÒpH SLOPE XX.X mV/pHÓ screen appears, indicating
a slope value to measure sensor performance. The
slope should be between 54 and 62 mV/pH for optimal
sensor performance. Typically, as the sensor ages
and/or becomes dirty, its slope decreases. When the
slope is less than 54 mV/pH, clean the sensor to
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4.3 ORP Calibration

!

improve its performance. If you are using a GLI Differ-
ential sensor and the slope remains low, replace the
salt bridge and standard cell solution (see sensor oper-
ating manual for details). If using a conventional
combination electrode, consider replacing it.

11. Press ENTER key to end calibration (Ò1 POINT
SAMPLE: CONFIRM CAL OK?Ó screen appears).

12. Re-install the sensor into the process.

13. Press ENTER key to display the active measurement
reading on the Ò1 POINT SAMPLE: CONFIRM ACTIVE?Ó
output status screen. When the reading corresponds to
the actual typical process value, press ENTER key
again to return the analog output to its active state
(MEASURE screen appears).

This completes Ò1 POINT SAMPLEÓ calibration.

Calibrate for ORP measurement using only this Ò1 POINT
SAMPLEÓ method.

CAUTION:

WHEN USING A NEW SENSOR OR REPLACING THE
STANDARD CELL SOLUTION AND SALT BRIDGE ON
AN EXISTING GLI DIFFERENTIAL SENSOR, ALWAYS
PERFORM A ÒRESET CALIBRATE Ó USING THE
TEST/MAINT MENU (PART THREE, SECTION 5.8)
BEFORE CALIBRATING.

NOTE: A two-point calibration method is purposely ex-
cluded since it could provide bad results. Immersing
the sensor into one reference solution and then into
the other could contaminate electrochemical com-
ponents of the sensor.

The Ò1 POINT SAMPLEÓ method requires you to enter the
known mV value of a sample (or reference solution).
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Determine the sample mV value using laboratory analysis
or a comparison reading.

1. Immerse the sensor in the sample (or reference solution).

2. Press MENU key to display a ÒMAIN MENUÓ screen.

If the  screen is not showing, use
 or  key to display it.

3. Press ENTER key to display  .

4. Press ENTER key again to display  .

5. Press ENTER key again to display  .
With the sensor in the sample (or reference solution),
press ENTER key to confirm this. This active

 screen appears showing the
measurement reading.

6. Wait for the reading to stabilize. Then press ENTER
key. The ÒPLEASE WAITÓ screen may appear if the
reading is still too unstable. After the reading has stabi-

lized, this static  screen appears
showing the ÒlastÓ measured value.

7. If not using an ORP reference solution, determine the
mV value of the sample using laboratory analysis or a
calibrated portable ORP meter.

8. With the static  screen displayed,
use arrow keys  to adjust the displayed value to exactly
match the known mV value of the sample (or reference
solution). Then press ENTER key to enter it, complet-
ing calibration of the point.

9. Press ENTER key again to end calibration (Ò1 POINT
SAMPLE: CONFIRM CAL OK?Ó screen appears).

10. Re-install the sensor into the process.

11. Press ENTER key to display the active measurement
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4.4 Analog Output
Calibration

!

reading on the Ò1 POINT SAMPLE: CONFIRM
ACTIVE?Ó output status screen. When the reading cor-
responds to the actual typical process value, press
ENTER key to return the analog output to its active
state (MEASURE screen appears).

This completes ORP calibration.

The transmitter analog output is factory-calibrated. How-
ever, it can be re-calibrated if desired.

NOTE: When the passcode feature is enabled (Section
3.5), you must successfully enter the passcode
before attempting to calibrate the analog output.

Also, the transmitter adjustment range for output
values during calibration is ± 2 mA.

1. Press MENU key to display a ÒMAIN MENUÓ screen.

If the  screen is not showing, use
 or  key to display it.

2. Press ENTER key to display  .

3. Press  key once to display  .

4. Press ENTER key to display  .

5. Press ENTER key again to display a screen like

 . The displayed value is ÒcountsÓ --
not mA -- that dynamically change as the output is ad-
justed.

6. Connect a calibrated digital multimeter in series with
the loop load to measure the actual minimum mA output
in the loop.

7. Use arrow keys  to adjust the minimum output value to
read exactly Ò4.00 mAÓ on the digital multimeter -- not
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the transmitter display, and press ENTER key to com-
plete calibration of the minimum endpoint value.

8. After the  screen re-appears, press

 key once to display  .

9. Press ENTER key to display a screen like

 . Once again, the displayed value
is ÒcountsÓ -- not mA -- that dynamically change as the
output is adjusted.

10. Now measure the actual maximum mA output in the
loop with the digital multimeter.

11. Use arrow keys  to adjust the maximum output value to
read exactly Ò20.00 mAÓ on the digital multimeter -- not
the transmitter display, and press ENTER key to com-
plete calibration of the maximum endpoint value.

This completes analog output calibration.
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SECTION 5

!

5.1 STATUS Check
(transmitter and
sensor)

The transmitter has TEST/MAINT menu screens to:

¥ Check operating status of the transmitter and sensor.

¥ Hold analog output at its last measured value.

¥ Provide analog output test signal to confirm operation
of connected device.

¥ Identify transmitter firmware EPROM version.

¥ Simulate a pH (or mV) or temperature signal to exercise
the measurement loop.

¥ Reset configuration -- not calibration -- values to defaults.

¥ Reset calibration -- not configuration -- values to defaults.

NOTE: When the passcode feature is enabled (Section
3.5), you must successfully enter the passcode
before attempting to use the TEST/MAINT menu
screens.

The system diagnostic capabilities of the transmitter enable
you to check the operating status of the transmitter and
sensor. The MEASURE screen will flash the ÒWARNING:
CHECK STATUSÓ message when a system diagnostic ÒfailÓ
condition has been detected. To determine the condition
causing the warning, display the ÒSTATUSÓ screens.

1. Press MENU key to display a ÒMAIN MENUÓ screen.

If the  screen is not showing, use
 or  key to display it.

2. Press ENTER key to display  .

3. Press ENTER key again to display ÒSTATUS: ANALYZER
OKÓ screen. This screen confirms that the transmitter is
operating properly. If ÒFAILÓ appears, it may mean:

¥ Analog-to-digital converter not responding.
¥ Internal serial communications failure.

TEST/MAINTENANCE
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5.2 HOLD OUTPUT

!

4. Press ENTER key once to view ÒSTATUS: SENSOR
OKÓ screen. If ÒFAILÓ appears, it indicates that the sen-
sor is inoperative or its signal is out of range (more than
+ 480 mV or less than -480 mV for pH, or more than
+2100 mV or less than -2100 mV for ORP).

5. Press ENTER key once to view ÒSTATUS: SLOPEÓ
screen, which indicates a slope value to measure sen-
sor performance. The slope should be between 54 and
62 mV/pH for optimal sensor performance. Typically, as
the sensor ages and/or becomes dirty, its slope de-
creases. When the slope is less than 54 mV/pH, clean
the sensor to improve its performance. If you are using
a GLI Differential sensor and the slope remains low, re-
place the salt bridge and standard cell solution (see
sensor operating manual for details). If using a conven-
tional combination electrode, consider replacing it.

6. Press ENTER key once to view the ÒSTATUS: TEMP
OKÓ screen. If ÒFAILÓ appears, it indicates that the
temperature element in the sensor is inoperative, dis-
connected or incorrectly wired.

7. To end status checking, press ESC key or ENTER key
(display returns to previous level of TEST/MAINT menu
branch).

The HOLD OUTPUT function conveniently holds the analog
output at its last measured value for up to 30 minutes to
suspend operation of any connected device.

1. With the  screen displayed, press

 key once to display  .

2. Press ENTER key to immediately hold the analog
output (ÒHOLD OUTPUT: ENTER TO RELEASEÓ
screen appears, acknowledging hold is applied).

NOTE: If the keypad is not used within 30 minutes, the
analog output will automatically change back to
its active state and the display will return to the
MEASURE screen.
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5.3 OUTPUT Test Signal

!

5.4 Firmware (EPROM
VERSION) Check

3. To release the hold at any time and return the analog
output back to its ÒactiveÓ state, press ENTER key (dis-
play returns to previous level of TEST/MAINT menu
branch).

The OUTPUT function provides an analog output test signal
of a desired mA value to confirm operation of a connected
device.

1. With the  screen displayed, press

 key until  screen appears.

2. Press ENTER key to display a screen like

 .

NOTE: The mA output test signal is now active. Its
value is shown on this screen.

3. Use arrow keys  to adjust the displayed value to obtain
the desired mA test signal.

4. To remove the output test signal and return to the pre-
vious level of the TEST/MAINT menu branch, press
ESC key or ENTER key.

The EPROM VERSION function checks the version of firm-
ware used in the transmitter.

1. With the  screen displayed, press

 key until  screen appears.

2. Press ENTER key to view the EPROM version screen.

3. To return to the previous level of the TEST/MAINT
menu branch, press ESC key or ENTER key.
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5.5 SELECT SIM
Measurement

5.6 SIM SENSOR Setting

!

The SELECT SIM function selects a type of simulated
measurement. It is used in conjunction with the SIM
SENSOR function (Section 5.6) to simulate a measured
value, making the analog output respond accordingly.
(When using the transmitter to measure ORP, the
SELECT SIM function is not provided because the
simulated measurement always represents mV.)

1. With the  screen displayed, press

 key until  screen appears.

2. Press ENTER key to display a screen like

 . Use  and  keys  to select the
type of simulated measurement, and press ENTER key
to enter it:

¥ SENSOR: Selects simulated measurement to be pH.

¥ TEMPERATURE:  Selects simulated measurement
to be temperature.

After selecting the type of simulated measurement (Section
5.5), use the SIM SENSOR function to set the desired
simulation value.

1. With the  screen displayed, press

 key once to display  .

2. Press ENTER key to display a screen like

 .

NOTE: The analog output signal is now active. It has a
mA value that corresponds to the measurement
value shown on this screen.

3. Use arrow keys  to adjust the displayed simulation
value to the desired value.

4. To remove the simulated output and return to the previ-
ous level of the TEST/MAINT menu branch, press ESC
key or ENTER key.
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5.7 RESET CONFIGURE
Values to Factory
Defaults

!

5.8 RESET CALIBRATE
Values to Factory
Defaults

The RESET CONFIGURE function resets stored configura-
tion settings (all at the same time) -- but not  calibration
settings  -- to their factory-set defaults shown in TABLE A.

NOTE: Resetting configuration values also excludes the
SELECT SENSOR function (DIFF pH, COMB pH or
ORP) which remains as is until you change it.

1. With the  screen displayed, press

 key until  screen appears.

2. Press ENTER key to display the ÒRESET CONFIGURE:
ARE YOU SURE?Ó screen, asking if you really intend to
perform this extreme action. (To abort this procedure,
press ESC key now.)

3. Press ENTER key to reset stored configuration settings
-- not calibration settings  -- to factory defaults. The
ÒRESET CONFIGURE: DONEÓ screen appears, ac-
knowledging that reset has occurred.

4. To return to the previous level of the TEST/MAINT
menu branch, press ESC key or ENTER key.

The RESET CALIBRATE function resets stored calibration
settings -- but not  configuration  settings  -- to factory-set
defaults.

1. With the  screen displayed, press

 key until  screen appears.

2. Press ENTER key to display the ÒRESET CALIBRATE:
ARE YOU SURE?Ó screen, asking if you really intend to
perform this extreme action. (To abort this procedure,
press ESC key now.)

3. Press ENTER key to reset all stored calibration settings
-- not configuration settings  -- to factory defaults. The
ÒRESET CALIBRATE: DONEÓ screen appears, ac-
knowledging that reset has occurred.

4. To return to the previous level of the TEST/MAINT
menu branch, press ESC key or ENTER key.
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P A R T  F O U R  -  S E R V I C E  A N D  M A I N T E N A N C E

SECTION 1

If a measurement problem exists and you suspect the sen-
sor cable, inspect it for physical damage. If an interconnect
cable is used, check the junction box, then disconnect the
cable at both ends (sensor and transmitter) and, using an
ohmmeter, check its wires for continuity and internal shorts.

SECTION 2

2.1 Keeping Sensor Clean

2.2 Keeping Transmitter
Calibrated

!

To maintain measurement accuracy, periodically clean the
sensor. Operating experience will help you determine when
to clean the sensor (daily, weekly or monthly intervals). Use
the recommended cleaning procedure described in the GLI
sensor operating manual.

Depending on application circumstances, periodically cali-
brate the transmitter to maintain measurement accuracy.

Maintenance Tip!   Upon startup, frequently check the
system until operating experience can determine the
optimum time between calibrations that provides accept-
able measurement results.

¥ pH: Calibrate using one of the methods described in
PART THREE, Section 4.2.

¥ ORP: Calibrate using only the method described in
PART THREE, Section 4.3.

Calibrating with old, contaminated or diluted pH buffers may
cause measurement errors. Do not reuse buffers.  Never
pour the portion of buffer used for calibration back into the
buffer bottle -- always discard it. Note that the pH value of a
buffer changes as its temperature changes. (Always refer to
the pH value-versus-temperature table on the buffer bottle.)
Therefore, always allow the temperatures of the sensor and
buffer to equalize while calibrating.

GENERAL INFORMATION

PRESERVING MEASUREMENT ACCURACY
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2.3 Avoiding Electrical
Interference

!

Recommendation:  Do not run the sensor cable (and inter-
connect cable, if used) in the same conduit with AC or DC
power wiring. Also, connect cable shielding as recom-
mended (PART TWO, Section 3.1).

Maintenance Tip!   Excess cable should not be coiled
near motors or other equipment that may generate elec-
trical or magnetic fields. Cut cables to proper length
during installation to avoid unnecessary inductive pickup
(Òelectrical noiseÓ may interfere with sensor signal).

SECTION 3

3.1 Ground Loops

Determining if
Ground Loop Exists

The transmitter may be affected by a Òground loopÓ problem
(two or more electrically grounded points at different poten-
tials).

Symptoms Indicating a Possible Ground Loop

¥ Transmitter reading is offset from the actual value by a
consistent amount, or ....

¥ Transmitter reading is frozen on one value, or ....

¥ Transmitter reading is Òoff scaleÓ (upscale or downscale).

Although the source of a ground loop is difficult to deter-
mine, there are several common causes.

Common Causes of a Ground Loop

¥ Components, such as recorders or computers, are
connected to non-isolated analog outputs.

¥ Not using shielded cabling or failure to properly connect
all cable shields.

¥ Moisture or corrosion in a junction box.

The following simple test can help to determine if there is a
ground loop:

1. With the pH (or ORP) MEASURE screen displayed,
immerse the sensor in a non-conductive container
(plastic or glass) filled with a pH buffer (or ORP refer-

TROUBLESHOOTING
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Finding Source
of Ground Loop

!

3.2 Isolating Measuring
System Problem

Checking
Electrical Connections

Verifying
Sensor Operation

ence solution) of known value. Note the transmitter
reading for this solution.

2. Connect one end of a wire to a known earth ground
such as a metal water pipe. Place the other end of this
wire into the buffer next to the sensor.

3. Note the transmitter reading now and compare it with
the reading taken in step 1. If the reading changed, a
ground loop exists.

Sometimes the source of a ground loop is easy to find, but it
usually takes an organized approach to isolate the problem.

Troubleshooting Tip!   Use a systematic troubleshooting
method. If possible, start by grounding all shields and
electrical grounds at one stable point. One at a time, turn
off all pumps, motors, and switches that are in contact
with the process. Each time you do this, check if the
ground loop still exists. Since the process media being
measured is electrically conductive, the source of the
ground loop may not be readily apparent.

When experiencing problems, try to determine the primary
measurement system component causing the problem (sen-
sor, transmitter or interconnect cable, if used):

1. Verify that adequate DC voltage exists at the appropri-
ate transmitter TB1 terminals.

2. Check all transmitter wiring to ensure proper connec-
tions.

To verify sensor operation, refer to the procedure in the
troubleshooting section of the sensor operating manual. Or
replace the suspect sensor with a known new or working
sensor and perform calibration
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Verifying
Transmitter Operation

1. After disconnecting DC power from the transmitter, dis-
connect the sensor (and interconnect cable, if used).

2. Depending on the type of sensor, refer to the appropri-
ate category below and follow the steps to simulate a
pH (or ORP) input signal and a temperature signal:

For GLI Differential Technique Sensor

A. Connect a jumper between Terminal 3 (shield/
black) and Terminal 5 (green) on TB2.

B. Connect a millivolt generator (or a jumper, if gen-
erator is not available) between Terminal 5 (green)
and Terminal 7 (red) on TB2, with the (+) lead on
Terminal 7.

C. When using the transmitter to measure pH, connect
a 1% tolerance, 301 ohm resistor between Termi-
nals 4 (yellow) and 5 (green) on TB2. When using
transmitter to measure ORP, disregard this step.

D. Make sure transmitter is configured for a 300 ohm
NTC temperature element (PART THREE, Section
3.2, subheading ÒSelect TEMP ELEMENT TypeÓ).

For Conventional Combination Electrode

A. Connect a jumper between Terminal 3 and Termi-
nal 5 (reference) on TB2.

B. Connect a millivolt generator (or a jumper, if gen-
erator is not available) between Terminal 3 and
Terminal 7 (active) on TB2, with the (+) lead on
Terminal 7.

C. When using the transmitter to measure pH, connect
a 1% tolerance, 1000 ohm resistor between Termi-
nals 3 and 4 on TB2. When using transmitter to
measure ORP, disregard this step.

D. Make sure the transmitter is configured for a Pt
1000 temperature element (PART THREE, Section
3.2, subheading ÒSelect TEMP ELEMENT TypeÓ).

3. Reconnect DC power to the transmitter.
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Verifying Interconnect
Cable Integrity

4. Set millivolt generator to provide each of the following
outputs, checking the transmitter MEASURE screen
each time for these corresponding pH (or mV) readings:

Corresponding Transmitter Reading
Generator Output

For pH For ORP

Zero mV 7 pH (approximately) 0 mV

(-)175 mV 10 pH (approximately) (-)175 mV

(+)175 mV 4 pH (approximately) (+)175 mV

When Using Jumper Only (not generator)

- - - - 7 pH (approximately) 0 mV

5. When using the transmitter to measure pH, change the
transmitter MEASURE screen to show temperature.
When using transmitter to measure ORP, disregard
this step.

For a GLI Differential Technique sensor, the
temperature value should be approximately Ò25¡C.Ó

For a conventional combination electrode, the
temperature value should be approximately Ò0¡C.Ó

If these readings are achieved, the transmitter is operating
properly, but the interconnect cable (if used) may be faulty.

1. Disconnect DC power, the millivolt generator, and tem-
perature simulation resistor from the transmitter.

2. Reconnect the sensor directly to the transmitter (pur-
posely bypassing the interconnect cable and junction
box, if used).

3. Reconnect DC power to the transmitter.

4. Use a two-point method to calibrate the transmitter. (For
ORP measurement, use only the Ò1 POINT SAMPLEÓ
method described in PART THREE, Section 4.3.) If
calibration was:

¥ Successful:  The transmitter and sensor are
operating properly, but the interconnect cable is
probably faulty.

¥ Unsuccessful:  The sensor is probably inoperative.
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SECTION 4

4.1 Customer Assistance

4.2 Repair/Return Policy

!

If you need assistance in troubleshooting or repair service,
please contact your local GLI representative, or GLI Cus-
tomer Service at:

GLI International, Inc. Phone: [800] 543-8907
9020 West Dean Road Fax: [414] 355-8346
Milwaukee, WI  53224 E-mail: info@gliint.com

!  GLI CUSTOMER SERVICE HOURS !

Eastern
Std. Time

Central
Std. Time

Mountain
Std. Time

Pacific
Std. Time

Monday
through

Thursday

8:30 a.m.
to

5:30 p.m.

7:30 a.m.
to

4:30 p.m.

6:30 a.m.
to

3:30 p.m.

5:30 a.m.
to

2:30 p.m.

Friday
8:30 a.m.

to
4:00 p.m.

7:30 a.m.
to

3:00 p.m.

6:30 a.m.
to

2:00 p.m.

5:30 a.m.
to

1:00 p.m.

Call GLI Customer Service before returning a transmitter for
repair. Many problems can be diagnosed and resolved over
the telephone. GLI will issue a Return Material Authoriza-
tion (RMA) number for a transmitter being returned. All re-
turned transmitters must be freight prepaid and include:

1. A clearly written description of the malfunction.

2. Name of person to contact and the phone number
where they can be reached.

3. Proper return address to ship transmitter back. Include
preferred shipping method (UPS, Federal Express, etc.)
if applicable.

4. A purchase order if transmitter(s) is out of warranty to
cover costs of repair.

NOTE: If the transmitter is damaged during return shipment
because of inadequate packaging, the customer is
responsible for any resulting repair costs.
(Recommendation:  Use the original GLI shipping
carton or an equivalent.)

Also, GLI will not accept transmitters returned for
repair or replacement unless they are thoroughly
cleaned and all process material is removed.

TRANSMITTER REPAIR/RETURN
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The 1720E TURBIDIMETER
is the newest in a long line of successful Hach turbidimeters

from the unsurpassed world leader in turbidity measurement.

T H E  N E W

e x p e r i e n c e  +  a c c u r a c y  +  s i m p l i c i t y

What can the unsurpassed

WORLD LEADER 
IN TURBIDITY 
measurement do for you?



T H E  N E W

e x p e r i e n c e  +  a c c u r a c y  +  s i m p l i c i t y

E X P E R I E N C E
The Model 1720E Low Range Turbidimeter reflects an astounding 45
years of Hach leadership in turbidity measurement science. Metropolitan
water treatment systems, rural water utilities, wastewater treatment
plants large and small, and industrial processes of every kind - all have
relied on Hach turbidimeters for nearly five decades. In fact, Hach has
the largest turbidimeter installation base in the world.

Operators and engineers alike know they can count on the per-
formance of Hach turbidimeters and calibration standards as well as
the experienced Hach personnel designing, manufacturing, selling,
installing, and supporting these systems. Additionally, Hach offers a
2-year warranty on the 1720E, compared to the 1-year warranty
offered with many other turbidimeters on the market. Hach is not
only the world's turbidity leader, but also your partner in turbidity
measurement, f i l tration management, and treatment process 
optimization solutions. 

A C C U R A C Y  

Now, the 1720E Turbidimeter combines Hach's proven design, demonstrated
accuracy and reliability, plus innovative elements that add more power
and utility to your low-level turbidity monitoring program:

> Built-in bubble removal system - eliminates falsely high readings 
at low levels 

> Sensitivity -  fast response to fine changes in low-level turbidity

> Repeatability -not effected by sample flow and pressure

S I M P L I C I T Y
> Simplified two-module design - sensor and controller interface

with simple plug & play connection

> Reduced instrumentation - controller accepts two sensors; 
adding a second 1720E sensor unit gives you two complete turbidimeters

> Easy,  calibration and verification - with no interruption in sample flow

THE BEST TOOL FOR EFFLUENT MONITORING REQUIREMENT



TS!

P R I N C I P L E  O F  O P E R AT I O N
N E P H E L O M E T R I C  M E A S U R E M E N T
Incandescent light directed from the sensor head assembly down into the turbidimeter body is
scattered by suspended particles in the sample. The sensor's submerged photocell detects light
scattered at 90¼ from the incident beam.

S A M P L E  F L O W  P A T H
Sample enters the center column of the turbidimeter, rises into the measuring chamber and
spills over the weir into the drain port. This configuration results in an optically flat surface
free of turbulence. 

S I M P L I F I E D  C A L I B R A T I O N
One-point calibration with prepared StablCalª Stabilized Formazin Solution eliminates the
errors of formazin suspension dilution, takes less than two minutes per sensor, and is a
USEPA-accepted method.

B U I L T - I N  B U B B L E  R E M O V A L
Continuously flowing sample flows through the patented* bubble removal system, which vents
entrained air from the sample stream and eliminates the most significant interference in
low-level turbidity measurement. The built-in bubble removal system is immune to changes in
sample flow and pressure. 

C O M P L I A N T  D E S I G N
The 1720E Low Range Turbidimeter applies the instrument design and meets performance criteria
established by the U.S. Environmental Protection Agency (USEPA) in Method 180.1, making it
suitable for regulatory reporting.  

*U.S. patent 5,831,727

STABLCAL¨ STABILIZED 
FORMAZIN PRIMARY STANDARDS

> Disposable and non-toxic

> Avoid preparation and dilution of formazin standards with
StablCal standards

> Can be used to calibrate any turbidimeter

> Guaranteed shelf life of two years

> Low level certified standards available in 1 L or 3.78 L (1 Gallon)

> Low level standards range from 0.06 to 1 NTU

ICE-PIC 
VERIFICATION MODULE
The ICE-PIC Module is a newer, faster way to calibrate and check
the performance of Hach 1720 series turbidimeters.  The benefits
of using the ICE-PIC Module include:

> Saves time - verify performance in less than one minute

> Accurate - factory calibrated, with a certificate of accuracy provided

> Cost effective - a one-time investment, with no consumables

> Small and lightweight - great for spot verification around the facility

> Available in 20 and 1.0 NTU

S I M P L E  R E L I A B L E  C A L I B R A T I O N  T O O L S



T H E  L A R G E S T  S U R F A C E
W A T E R  T R E A T M E N T  P L A N T
in the world has been using Hach process turbidimeters for years.

The city of Chicago has two plants that currently have more than 300
Hach 1720D turbidimeters installed to meet the high volume demand
and NPDWR regulatory rules. Why Hach?  According to John Spatz, the
Bureau of Water Supply Deputy Commissioner, the instruments have
proven to be "very accurate and dependable."  

The facility has found that the 1720D turbidimeters need very little
maintenance and are easy to operate. Spatz says they rarely refer back
to the manual once the instrument is installed. "The instruments are

very user-friendly" according to Spatz. He also likes the idea of having data back-up in the unit, in case
the SCADA system is not operational.

During the purchasing research, the city looked at several turbidimeters, then chose Hach because the
1720D best fit the facilities' needs. The plants also use several Hach bench-top turbidimeters.

POWERFUL DATA MANAGEMENT
AND COMMUNICATIONS  
D A T A  C O L L E C T I O N  A N D  D I S P L A Y
The 1720E Turbidimeter sc100 Controller receives data from one or two sensors. Its built-in
data logger collects turbidity measurements at user selectable intervals (1-15 minutes),
along with calibration and verification points, alarm history, and instrument setup changes
for 6 months. Local display, recall, graphing, and trending in CSV format make chart
recorders redundant. 

D I R E C T  D I G I T A L  C O M M U N I C A T I O N
This revolutionary smart controller is a new standard for Hach instruments. Not only will it
accept a rapidly increasing number of Hach anaylytical tools; but it will reduce your operator
training load as a wide variety of instruments will share the same interface and control method. 

The sc100 Controller also offers optional DigitalDirect solutions for direct 
measurement from sensor to control room - no analog/digital conversion. Choose from
MODBUS¨ /RS485, MODBUS/RS232, LonWorks protocols, or the wireless IR port.

M O R E  O U T P U T  F E A T U R E S
Meet your specific application needs with even more data management and communication features:

> Two analog outputs; three set-point alarms
> Wireless IR port communication
> Compatibility with existing AquaTrend¨ Networks
> Data is downloadable in user-selected time intervals; stores up to 6 months of data
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144.02 mm (5.67 inches)
72.01 mm

(2.84 inches)

Sample Inlet
384.30 mm

(15.13 inches)

1 7 2 0 E  S P E C I F I C A T I O N S *
Range 0.001-100 Nephelometric Turbidity Units (NTU)

Accuracy** ± 2% of reading or ± 0.015 NTU (whichever is greater) from 0 to 10 NTU;
± 5% of reading from 10 to 40 NTU; ± 10% of reading from 40 to 100 NTU

Displayed Resolution  0.0001 NTU from 0 to 9.9999 NTU; 0.001 NTU from 10.000 to 99.999 NTU 

Repeatability** Better than ± 1.0% of reading or ± 0.002 NTU, whichever is greater 

Response Time For a full-scale step change, initial response in 1 minute, 15 seconds 

Signal Average Time User Selectable ranging from 6, 30, 60, 90 seconds; user default
30 seconds

Sample Flow Required 200 to 750 mL/minute (3.1 to 11.9 gal/hour)

Storage Temperature -20 to +60¼C (-4 to 140¼F)

Operating Temperature 0 to 50¼C (32 to 122¼F) for single sensor system, 
0 to 40¼C (32 to 104¼F) for two sensor system

Operating Humidity 5 to 95% non-condensing

Sample Temperature 0 to 50¼C (32 to 122¼F)

Recorder Outputs Two selectable for 0-20 mA or 4-20 mA. Output span programmable
over any portion of the 0-100 NTU range; built into the sc100
Controller

Alarms Three set-point alarms, each equipped with an SPDT relay with
unpowered contacts rated 5A resistive load at 230 VAC; built into the
sc100 Controller

Power Requirements 100-230 VAC, 50/60 Hz, auto selecting; 40 VA

Sample Inlet Fitting 1/4" NPT female, 1/4" compression fitting (provided)

Drain Fitting 1/2" NPT female, 1/2" hose barb (provided)

Enclosures NEMA-4X/IP66 Controller 

Digital Communications Network card compatible; MODBUS/RS485, MODBUS/RS232,
LonWorks¨ protocol (optional)

Wireless Communication IR Port on the sc100 Controller to download into a handheld Personal
Digital Assistant (PDA) or laptop computer via MODBUS

Compliance Standard Methods 2130B, USEPA 180.1, Hach Method 8195

Certification 
Safety: Listed by ETL to UL 61010A-1: Certified by ETL to CSA C22.2 

No. 1010.1: CE certified by Hach Company to EN 61010-1
Immunity: CE certified by Hach Company to EN61326 (industrial levels)

Emissions
Class A: EN 61326, CISPR 11, FCC Part 15, Canadian Interference-Causing

Equipment Regulation ICES-003

Dimensions Turbidimeter Body and Cap: 10 x 12 x 16 inches (25.4 x 30.5 x 40.6 cm)
sc100 Controller: 5.67 x 5.67 x 5.91 inches (14.4 X 14.4 X 15.0 cm)

Mounting Turbidimeter Body and Head Assembly: wall and floor stand 
sc100 Controller: wall, pole, panel, and floor stand

Shipping Weight 1720E Turbidimeter and sc100 Controller: 13.5 lbs. (6.12 kg) 
1720E Turbidimeter: 10 lbs. (4.54 kg)

* Subject to change without notice. 

** Defined according to ISO 15839.       

Typical Proposal Specifications:
1720E Low Range Turbidimeter
GENERAL

The turbidity monitoring system shall include at least one Turbidimeter and one inter-
face unit. The system shall be capable of functioning as a single sensor system and
also be easily expanded up to two turbidimeters per interface unit. The connections
between the turbidimeter and interface unit will include plug & play connections.

TURBIDIMETER

The turbidimeter shall measure turbidity in the range of 0.001-100 NTU and be a
microprocessor-based, continuous-reading, on-line nephelometric instrument
meeting all design and performance criteria specified by USEPA method 180.1.
Light shall be directed through the surface of the sample and the detector shall be
immersed in the sample, eliminating glass windows and flow cells.  Optical com-
ponents shall be mounted in a sealed head assembly that can be removed easily
for calibration/service, without disturbing sample flow.  The turbidimeter body
shall be constructed of corrosion-resistant polystyrene, and shall include an inter-
nal bubble removal system to vent entrained air from the sample stream.  The tur-
bidimeter shall offer the choice of formazin-based (20 or 1 NTU) or instrument
comparison-based calibration methods. Accuracy shall be ± 2% of reading or ±
0.015 NTU (whichever is greater) from 0 to 10 NTU; ± 5% of reading from 10 to
40 NTU; ± 10% of reading from 40 to 100 NTU. Displayed resolution shall be
0.0001 NTU from 0 to 9.9999 NTU; 0.001 NTU from 10.000 to 99.999 NTU and
repeatability shall be better than ± 1.0% of reading or ± 0.002 NTU (whichever is
greater). User selectable signal averaging, bubble removal, alarm and recorder
output hold, and self-test diagnostics shall be provided. All turbidimeters on the
network shall have the option for MODBUS/RS232, MODBUS/RS485, LonWorks
serial input/output capability for two-way communication to a computer or have
wireless downloading capability through the IR Port located on the interface unit
to download and print real-time turbidity data, calibration history, and current set
points in a CSV format.

INTERFACE MODULE

The Interface unit shall allow operators to control sensor and interface functions
with user-friendly, menu-driven software, and shall provide data logging of meas-
urement data from up to two turbidimeters for 15 minutes, 1 hour, 24 hours, 30
days, or 180 days and the capability to transfer data to a computer or printer via
direct MODBUS communications or directly into a Personal Digital Assistant (PDA)
via a wireless IR Port.  The interface unit will also have a built-in data logger with
the storage capacity to store data on 15-minute intervals for up to 6 months with
two sensors per controller.  Each interface will also include two analog outputs
and 3 un-powered SPDT alarm contacts.  The interface unit and the DC power sup-
ply shall be housed in a NEMA-4X (indoor) industrial metal/plastic enclosure, and
the power supply shall automatically accept input in the range of 100 to 230 Vac,
50/60 Hz.

SAFETY AND ELECTRICAL DESIGN STANDARDS 

All system components are ETL listed to UL 61010A-1, certified by ETL to CSA C22.2
No. 1010.1, and CE certified by manufacturer for safety to EN 61010-1.  For EMC
immunity and emissions, system components are CE certified by manufacturer to
EN 61326 (industrial levels), for North America to FCC Part 15, and Canadian
Interference-Causing Equipment Regulation ICES-003, and for rest of world to
CISPR 11  Class A levels.

I N S T A L L A T I O N



At Hach, itÕs about learning from
our customers and providing the
right answers. ItÕs more than
ensuring the quality of water Ð
itÕs about ensuring the quality 
of life. When it comes to the
things that touch our lives...

Keep it pure.

Make it simple.

Be right.

For current price information,
technical support, and ordering
assistance, contact the Hach
office or distributor serving 
your area.

In the United States, contact:
HACH Company 
World Headquarters 
P.O. Box 389
Loveland, Colorado  80539-0389
U.S.A.
Telephone: 800-227-4224
Fax: 970-669-2932
E-mail: orders@hach.com
Website: www.hach.com

U.S. exporters and customers 
in Canada, Latin America, 
sub-Saharan Africa, Asia, and
Australia/New Zealand, contact:
HACH Company 
World Headquarters
P.O. Box 389
Loveland, Colorado 80539-0389
U.S.A.
Telephone: 970-669-3050
Fax: 970-461-3939
E-mail: intl@hach.com
Website: www.hach.com

In Europe, the Middle East, and
Mediterranean Africa, contact:
HACH + LANGE Europe
Dr. Bruno Lange GmbH & Co. KG
WillstŠtterstra§e 11 
D-40549 DŸsseldorf
GERMANY
Telephone: +49 (0) 211-5288-0
Fax: +49 (0) 211-5288-143
E-mail: kundenservice@drlange.de
www.drlange.com

H O W  T O  O R D E R
60101-00 1720E Turbidimeter with sc100 Controller
60101-01 1720E Turbidimeter, Sensor Only

1 7 2 0 E  w i t h  D i g i t a l D i r e c t  c o m m u n i c a t i o n s
60101-02 1720E/sc100 with MODBUS/RS485 output
60101-03 1720E/sc100 with MODBUS/RS232 output
60101-04 1720E/sc100 with LonWorks output

CA B L E S *
57960-00 25 ft. (7.7 M) Extension Cable
46306-00 Power Cord with Strain Relief (125 VAC)
46308-00 Power Cord with Strain Relief (230 VAC), European Style Plug
*Note:  Power cables must be ordered separately.

O P T I O N A L  A C C E S S O R I E S
I C E - P I C  Ve r i f i c a t i o n  M o d u l e / 1 7 2 0 E :
52250-00 20 NTU 
52215-00 1 NTU 

S TA B L CA L  C O M PA R AT I V E  CA L I B R AT I O N  S TA N DA R D S  ( f o r  1 7 2 0 E , 1 7 2 0 D,
a n d  1 7 2 0 C  Tu r b i d i m e t e r s ) * * *
26601-53 20.0 NTU, 1 L each
*** Note:  Calibration Cylinder must be ordered separately.

S TA B L CA L  V E R I F I CAT I O N  S TA N DA R D S
26598-53 1.0 NTU, 1 L each
27463-53 40.0 NTU, 1 L each
26979-53     0.3 NTU, 1 L each
26980-53     0.5 NTU, 1 L each
27233-53     0.1 NTU, 1 L each

F O R M A Z I N  CA L I B R AT I O N  S TA N DA R D S
44156-00 Formazin Calibration Kit for user-prepared calibration includes 4000 NTU Formazin, (500 mL), TenSette¨ Pipet, 

and Calibration Cylinder
2461-49 Formazin Primary Standard, 4000 NTU, 500 mL, replacement for kit #44156-00
44153-000 Calibration Cylinder, 1L
57432-00 Floor Stand

Lit. No. 2446
J35  Printed in U.S.A.
© Hach Company, 2003. All rights reserved.



DW = drinking water  WW = wastewater municipal PW = pure water / power 

IW = industrial water E = environmental  C = collections FB = food and beverage
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sc100 Controller

Features and Benefits 

One Controller for One or Two Sensors
The Hach sc100 Controller receives data from up to two
sensors. Use any of HachÕs line of digital sensors for
pH/ORP, conductivity, dissolved oxygen, or turbidity. 

One Controller for One or Two Parameters
Not only can the sc100 controller be used for up to two
sensors, but the sensors need not be the same. Mix and
match any combination of parameters. 

One Controller for Many Options
Communications using RS485/MODBUS ¨ or
RS232/MODBUS¨ protocols or the wireless infrared 
port are available. (Contact your Hach representative 
for other communication protocols.) Multiple control
functions include built-in PID, control contacts, and 
alarm functions.

ÒPlug and PlayÓ Operation
ThereÕs no complicated wiring or set up procedures with the
sc100 controller. Just plug the sensor in and itÕs ready for
use without special ordering or software configuration.

Simple, Reliable Data Collection
A built-in data logger collects measurement at user
selectable intervals (1 to 15 minutes), together with
calibration and verification points, alarm history, and
instrument setup changes for up to 6 months. With 
a two-year warranty, the Hach sc100 Controller is 
built to last. 

The Model sc100 Controller receives data from 
one or two sensors. Its plug-and-play, mix-and-match 

operation lets it fit into any facility or workflow. 
Digital communication with any Hach digital 

sensor or probe is simple and reliable.

DW

WW

PW

IW



Ambient Conditions 
Operation 
With less than 7 W sensor load: 
-20 to 60¡ C (-4 to 140¡ F); 0 to 95% relative humidity, 
non-condensing

With less than 25 W sensor load: 
-20 to 40¡ C (-4 to 104¡ F); 0 to 95% relative humidity, 
non-condensing

Storage
-20 to 70¡ C (-4 to 158¡ F); 0 to 95% relative humidity, 
non-condensing

Power Requirements 
100 to 230 Vac, 50/60 Hz; Power: 11W with 7W sensor load;
35W with 25W sensor load 

Display 
Graphic dot matrix LCD, 128 x 64 pixels with LED backlighting 

Relays
Three SPDT, user-configurable contacts rated 100 to 230 Vac,
5 Amp resistive maximum

Outputs
Two analog 4-20 mA, maximum impedance 500 Ohms,
optional digital network connection

Control 
PID, High/low phasing, setpoint, deadband, overfeed timer, 
off delay, and on delay

Alarms
Low alarm point, low alarm point deadband, high alarm point,
high alarm point deadband, off delay, and on delay

Communication (Optional)
RS-232 (MODBUS¨ ): Configure and retrieve measured data for
one analyzer using IBM-compatible PC

RS-485 (MODBUS¨ ): Advanced communications/networking
with PLC or SCADA system directly from analyzer.

Memory Backup 
All user settings are retained indefinitely in memory 
(non-volatile) (EEPROM)

Mounting Configurations 
Surface, panel, and pipe (horizontal and vertical)

Enclosure
NEMA 4X/IP66; metal enclosure with corrosion-resistant finish

Dimensions
1/2 DIN; 144 x 144 x 150 mm (5.7 x 5.7 x 5.9 in.)

Weight 
1.6 kg (3.5 lbs.)

Certifications
ETL to UL 61010A-1 and CSA C22.2 No. 1010.1

Specifications*

*Specifications subject to change without notice.
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1. The controller shall be a
microprocessor-based instrument.

2. Connections between the sensors
and the controller shall be Òplug 
and play.Ó

3. The controller shall have the 
option for RS232/MODBUS ¨

or RS485/MODBUS¨ serial
input/output capability for two-way
communication to a computer and
have wireless downloading capability
through an IR Port located on the
interface unit to download and print
realtime data, calibration history, and
current set points in a CSV format.

4. The Interface unit shall allow
operators to control sensor and
interface functions with menu-driven
software. 

5. The interface unit shall have a built-
in data logger with the capacity to
store data on 15-minute intervals for
up to 6 months with two sensors per
controller. 

5. The interface unit shall include two
analog 4-20 mA outputs and 3
unpowered SPDT form ÔCÕ alarm
contacts. 

7. The interface unit shall include two
independent PID control functions.

8. The interface unit shall be housed 
in a NEMA-4X/IP66 metal enclosure
with corrosion-resistant finish.

9. The controller shall be mounted
horizontal or vertical on surface,
panel, or pipe. 

10. The AC power supply shall be
housed in the interface unit and
automatically accept input in the
range of 100 to 230 Vac, 50/60 Hz.

11. All system components shall be 
certified by ETL to UL 61010A-1,
CSA C22.2 No. 1010.1. 

12. The controller shall be warranted for
two full years against defects in
material and workmanship.

13. The controller shall be Hach
Company Model sc100 Controller.

Engineering Specifications
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133 mm 5.25 inches

144 mm 5.67 inches
(ref only)

135 mm
5.31 inches

144 mm
5.67 inches

(ref only)

69 mm
2.7 inches

72 mm
2.955 inches

(ref only)

65 mm 2.575 inches

72 mm 2.955 inches
(ref only)

Dimensions

The sc100 controller unit can be installed on a surface, panel, or pipe (horizontally or vertically). No tools are needed to co nnect
the controller unit to any Hach digital sensor. 

Front and Side Views

Back View
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M6X1.0

Panel Mount Cut-Out Dimensions

6.35 mm 0.25 inch

15.24 mm 0.60 inch

28.57 mm 1.125 inches

75.07 mm 2.955 inches

127 mm
5.00 inches

150 mm
5.91 inches

(ref only)99.31 mm
3.91 inches

50.8 mm
2.00 inches

28.57 mm 1.125 inches

68.96 mm 2.715 inches

25.4 mm 1.00 inches25.4 mm 1.00 inches

144 mm 5.67 inches

Conduit Hole Dimensions



Lit. No. 2463
XXXX Printed in U.S.A.
©Hach Company, 2004. All rights reserved.
In the interest of improving and updating its equipment, Hach Company reserves the right to alter specifications to equipment at any time.

For current price information,
technical support, and ordering
assistance, contact the Hach
office or distributor serving
your area.  

In the United States, contact: 

HACH COMPANY World Headquarters 
P.O. Box 389 
Loveland, Colorado 80539-0389
U.S.A. 
Telephone: 800-227-4224 
Fax: 970-669-2932 
E-mail: orders@hach.com 
www.hach.com 

U.S. exporters and customers in Canada,
Latin America, sub-Saharan Africa, Asia,
and Australia/New Zealand, contact: 

HACH COMPANY World Headquarters 
P.O. Box 389 
Loveland, Colorado 80539-0389 
U.S.A. 
Telephone: 970-669-3050 
Fax: 970-461-3939 
E-mail: intl@hach.com
www.hach.com 

In Europe, the Middle East, and
Mediterranean Africa, contact: 

HACH + LANGE Europe
Dr. Bruno Lange GmbH & Co. KG
WillstŠtterstra§e 11
D-40549 DŸsseldorf 
GERMANY
Tel: +49 (0) 211 5288-0
Fax: +49 (0) 211 5288-143
E-mail: kundenservice@drlange.de
www.drlange.com

At Hach, itÕs about learning
from our customers and
providing the right answers.
ItÕs more than ensuring the
quality of waterÑitÕs about
ensuring the quality of life.
When it comes to the things
that touch our lives...

Keep it pure.

Make it simple.

Be right.
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LXV401.52.00002 sc100 Controller Standard

LXV401.52.01002 sc100 Controller with RS-232 (MODBUS¨ )

LXV401.52.02002 sc100 Controller with RS-485 (MODBUS¨ )

Note: Power cords must be ordered separately.

Note: Other communication options are available. Please contact Hach Technical
Support or your Hach representative.

Power Cords

54488-00 Power Cord with strain relief, 125 Vac

54489-00 Power Cord with strain relief, 230 Vac, European-style plug

Accessories

58690-00 Sun Shield, for controller

To complete your measurement
system, choose from HachÕs family
of digital sensorsÉ

Ordering Information
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Section 1 Specifications

Specifications are subject to change without notice.

Table 1 Turbidimeter Specifications

Method of Detection
Nephelometric light scatter at 90 degrees relative to the incident light beam. The incident light 
beam is composed of a tungsten filament light source with a color temperature between 2200 and 
3000K. 

Range 0.001Ð100 nephelometric turbidity units (NTU)

Accuracy ± 2% of reading or ± 0.015 NTU (whichever is greater) from 0 to 40 NTU;
± 5% of reading from 40 to 100 NTU

Linearity
Better than 1% 0Ð40 NTU on formazin. Allows for accurate calibration at high turbidity values. 
Temperature dependent ±2 ¡C.

Resolution (Displayed) 0.0001 NTU up to 9.9999 NTU; 0.001 NTU from 10.000 to 99.999 NTU 

Repeatability Better than ±1.0% of reading or ±0.002 NTU, whichever is greater for each range. 

Response Time 

For a full-scale step change, initial response in 1 minute, 15 seconds. Varies with flow rate, 
see the table below. The response time is also dependent on the signal averaging time, which is 
user selectable. 

Sample Flow Required 200 to 750 mL/minute (3.2 to 11.9 gal/hour)

Sensor Storage 
Temperature

Ð20 to 60 ¡C (Ð4 to 140 ¡F); 95% relative humidity, non-condensing.

Operating Temperature 0 to 50 ¡C (32Ð122 ¡F) for single sensor system, 0 to 40 ¡C (32Ð104 ¡F) for two sensor system

Sample Temperature Range 0 to 50 ¡C (32Ð122 ¡F)

Operating Humidity 5 to 95% non-condensing

Power Requirements 12 V dc ±5%, 12.5 watts maximum

Sample Inlet Fitting !-inch NPT female. !-inch compression fitting (supplied)

Drain Fitting "-inch NPT female, "-inch hose barb (supplied)

Signal Average (Filter) Time  no averaging, 6, 30, 60, and 90 seconds, user selectable. Default is 30 seconds.

Sensor Dimensions Turbidimeter body and cap: 25.4 x 30.5 x 40.6 cm (10 x 12 x 16 inches)

Sensor Cable Length 2 m (6.6 ft); Optional 7.62 m (25 ft) extension cable. Maximum cable length is 9.62 m (31.6 ft).

Sensor Cable Rating
Cable: 105 ¡C, 300 V, PVC jacket
Wires: 22 AWG, PVC jacket

Mounting Options Wall; floor stand

Shipping Weight 1720E Turbidimeter and Controller: 6.31 kg (13.5 lb); 1720E Turbidimeter only: 4.71 kg (10 lb)

% Step Change
Flow Rate

750 500 250

10 1! minutes 1" minutes 2" minutes

50 2 minutes 2" minutes 6 minutes

90 3" minutes 3" minutes 9 minutes

99 4 minutes 5 minutes 12 minutes
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Calibration Methods

1. StablCal¨  (stabilized formazin) Ð primary or wet calibration of the instrument

2. Formazin Ð user-prepared primary or wet calibration of the instrument

3. Multi-sensor calibration Ð Performed with a specialized calibration procedure for up to eight 
sensors on a single set of fresh StablCal¨  standards. 

Verification (Wet) Method

1. StablCal¨  (stabilized formazin) Ð recommended for verification in the appropriate application 
range of measurement. For regulatory verification, standards of 0.1. 0.3. 0.5 and 1.0 NTU 
are available. 

2. Formazin Ð fresh user-prepared standard

Verification (Dry) Method
1. ICE-PICª Verification Module with factory-set va lues of 20.0 or 1.0 ±25%. Unique value is 

assigned when dry verification is done immediately after calibration and is used as pass/fail 
criteria for subsequent verifications. 

Recommended Cleaning 
Intervals 

1. Mandatory before calibration

2. Optional before verification

3. Mandatory upon verification failure

Languages English (default), German, Spanish, Nederlands

Installation Environment Indoor

Primary Compliance Method USEPA 180.1; Hach Method 8195; ASTM D 6698; Standard Methods 2130B

Limit of Detection 0.0032 NTU (according to criteria specified by ISO 15839)

Table 1 Turbidimeter Specifications (continued)

Table 2 Controller Specifications

Component Description
Microprocessor-controlled measuring unit with measured value display, 
temperature display (for some parameters), and menu-driven system

Controller Operating Temperature
Ð20 to 60 ¡C (Ð4 to 140 ¡F); 95% relative humidity, non-condensing with 
sensor load <7 W; Ð20 to 40 ¡C (Ð4 to 104 ¡F) with sensor load <25 W

Controller Storage Temperature Ð20 to 70 ¡C (Ð4 to 158 ¡F); 95% relative humidity, non-condensing

Enclosure NEMA 4X/IP66 metal enclosure with a corrosion-resistant finish

Power Requirements
100Ð230 V ac ±10%, 50/60 Hz; 
Power: 11 W with 7 W sensor load, 35 W with 25 W sensor load

Pollution Degree/Installation Category II; II

Outputs
Two (Analog outputs, each selectable for 0Ð20mA or 4Ð20 mA), maximum 
impedance 500 ohm. Output span programmable over any portion of the 0Ð100 
NTU range. Optional digital network connection1. Infrared Data Acquisition (IrDA). 

Relays
Three SPDT, user-configurable contacts rated 100Ð230 V ac, 5 Amp 
resistive maximum. 

Controller Dimensions " DINÑ144 x 144 x 150 mm (5.7 x 5.7 x 5.9 inches)

Controller Weight 1.6 kg (3.5 lb)

1. See Replacement Parts and Accessories on page 55.
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Section 2 General Information

2.1 Safety Information
Please read this entire manual before unpacking, setting up, or operating this 
equipment. Pay attention to all danger and caution statements. Failure to do so 
could result in serious injury to the operator or damage to the equipment. 

To ensure that the protection provided by this equipment is not impaired, do not 
use or install this equipment in any manner other than that specified in 
this manual. 

Use of Hazard Information
DANGER: Indicates a potentially or imminently hazardous situation which, if not 
avoided, could result in death or serious injury.

CAUTION: Indicates a potentially hazardous situation that may result in minor or 
moderate injury.

Note : Information that requires special emphasis.

Precautionary Labels
Read all labels and tags attached to the instrument. Personal injury or damage to 
the instrument could occur if not observed.

2.2 General Product Information 
The controller enclosure is NEMA4X/IP66-rated and has a corrosion-resistant 
finish designed to withstand corrosive environmental constituents such as salt 
spray and hydrogen sulfide. The controller display shows the current turbidity 
reading if connected to a single sensor, or two readings when two sensors 
are connected.

The 1720E Turbidimeter is a continuous-reading nephelometric turbidimeter 
designed for low-range turbidity monitoring. This process turbidimeter is capable 
of measuring turbidity from 0.001 to 100.0 NTU. Calibration is based on formazin, 
the primary turbidity reference standard adopted by the APHA Standard Methods 
for the Examination of Water and Wastewater and the U.S. Environmental 
Protection Agency (EPA) and on StablCal¨ which is also recognized as a primary 
standard. 

This symbol, if noted on the instrument, references the instruction manual for operation 
and/or safety information.

This symbol, when noted on a product enclosure or barrier, indicates that a risk of electrical shock and/or 
electrocution exists.

This symbol, if noted on the product, indicates the need for protective eye wear.

This symbol, when noted on the product, identifies the location of the connection for Protective Earth 
(ground).
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2.3 Theory of Operation
The 1720E Turbidimeter measures turbidity by directing a strong beam of 
collimated light from the sensor head assembly down into the sample in the 
turbidimeter body. Light scattered at 90¡ relative to the center line of incident light 
by suspended particles in the sample is detected by the submerged photocell 
(see Figure 1).

Figure 1 90 Degree Detector

The amount of light scattered is proportional to the turbidity of the sample. If the 
turbidity of the sample is negligible, little light will be scattered and detected by the 
photocell and the turbidity reading will be low. High turbidity, on the other hand, will 
cause a high level of light scattering and result in a high reading.

Sample enters the turbidimeter body and flows through the baffle network of the 
bubble trap. The flow allows bubbles to either cling to surfaces of the baffle system 
or rise to the surface and vent to atmosphere. After traveling through the bubble 
trap, sample enters the center column of the turbidimeter body, rises into the 
measuring chamber and spills over the weir into the drain port. A reading is taken 
once per second.



8

Section 3 Installation

DANGER
Only qualified personnel should conduct the installation tasks described in 
this section of the manual. The 1720E/sc100 product configuration is not 
intended for installation in hazardous locations.

Figure 2 Controller Mounting Components

3.1 Mechanical Installation
Install in an environment that is protected from corrosive fluids. The sensor is 
adversely affected by ClO2. Install the sensor in an area well ventilated from any 
corrosive liquids or gasses.

1. Controller 6. Lock washer, !-inch I.D. (4), Cat. No. 8H1336

2. Mounting foot for panel mounting (2), 
Cat. No. 1000B4F3222

7. Flat washer, !-inch I.D. (4), Cat. No. 8H1346

3. Bracket for panel and pipe mounting, 
Cat. No. 1000C4F3217-101

8. Pan head screws (4), M6 x 1.0 x 20 mm, Cat. No. 58674-00

4. Gasket for panel mounting, rubber, 
Cat. No. 1000A4F3249-101

9. Pan head screws (4), M6 x 1.0 x 100 mm, Cat. No. 5867500

5. Hex nut, M6 (4), Cat. No. 5867300 10. Pan head screws (4), M6 x 1.0 x 150 mm, Cat. No. 5867600

Table 3 Customer-supplied Items

Item

14-AWG wire for electrical power connections in conduit or if allowed by local electrical codes, 115 or 230 V ac power cord plus a 
NEMA 4X-rated strain relief

High-quality, shielded instrumentation cable for connecting the analog outputs plus a NEMA 4X-rated strain relief

Mounting hardware for the sensor 

Sun shield for mounting configurations where the sun strikes the front of the display (available from the manufacturer, order 
separately). See Figure 8 on page 11.

Common hand tools

1

3

4

8

5

6

7

9

10

2

sc100
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3.1.1 Controller Dim ension Illustrations

Figure 3 Controller Dimensions

Figure 4 Controller Mounting Dimensions
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Installation

Figure 5 Panel Mount Cut-out Dimensions

Figure 6 Conduit Hole Dimensions
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(ref only)
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6.35 mm 0.25 inch

15.24 mm 0.60 inch
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3.1.2 Using the Optional Sun Shield
The optional sun shield was designed to increase the readability of the display 
by screening it from direct sunlight. See Replacement Parts and Accessories on 
page 55 for ordering information.

Figure 7 Sun Shield Kit Components

Figure 8 Mounting the Controller in the Sun Shield

1. Sun shield 5. Pipe mounting brackets (2), includes items 6 and 7, 
Cat. No. 9H1079

2. Pan head screws, M6 x 1.0 x 12 mm (6),
Cat. No. 200-1025

6. Hex/slotted head screw, 5/16-inch x 1.0-inch (supplied with item 
number 5)

3. Lock washers, !-inch I.D. (2), Cat. No. 8H1336 7. Square nut, 5/16-inch (supplied with item number 5)

4. Hex nuts, M6 x 1.0 (2), Cat. No. 5867300 8. Uni-strut, 27 cm (10.5 inch) length, Cat. No. 276F1227

1. Sun shield 4. Hole pattern for mounting controller 7. Slide mounting brackets into the 
uni-strut as shown. Place the 
mounting brackets around the 
pipe and fasten the hardware. 

2. Uni-strut (rotate 90¡ as required) 5. Pipe (vertical or horizontal as required)

3. Pan head screw, lock washer (2 each) 6. Hex/slotted head screw and square nut
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3.1.3 Mounting the Controller
Attach the controller to a rail or wall or mount it in a panel. Supplied mounting 
hardware is shown in Figure 9, Figure 10, and Figure 11.

Figure 9 Vertical or Horizontal Pipe Mounting the Controller

Figure 10 Wall Mounting the Controller

1. Controller 4. Flat washer, !-inch I.D. (4), Cat. No. 8H1346

2. Pipe (vertical or horizontal) 5. Hex nut, M6 (4), Cat. No. 5867300

3. Bracket, pipe mounting, Cat. No. 1000C4F3217-101 6. Pan head screw, M6 x 1.0 x 100 mm (4), Cat. No. 5867400

1. Controller 4. Pan head screw, M6 x 1.0 x 20 mm (4), Cat. No. 5867400

2. Bracket, Cat. No. 1000C4F3217-101 5. Customer-supplied hardware for wall mounting

3. Lock washer, !-inch I.D., Cat. No. 8H1336

3

1 2

4
5

6

3 4

2

1

5
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Figure 11 Panel Mounting the Controller

To remove the sensor connectors before inserting the controller enclosure into the 
panel cut-out:

1. Disconnect power to the controller.

1. Disconnect the wires at terminal block J5, see Figure 21 on page 21.

2. Loosen and remove the nut securing the sensor connector inside the 
enclosure. Remove the sensor connector and wires. Repeat step 1 and 2 for 
the other sensor connector. 

3. After the controller is in place in the panel, reinstall the sensor connectors and 
reconnect the wiring to terminal J5 as shown in Figure 21 on page 21. 

1. Controller 7. Lock washer, !-inch I.D., (4) Cat. No. 8H1336

2. Gasket, rubber, panel mount, Cat. No. 1000A4F3249-101 8. Hex nut (4), Cat. No. 5867300

3. Panel (maximum thickness is 9.5 mm (3/8 inch)) 9. Flat washer (4), Cat. No. 8H1346

4. Mounting Foot (2), Cat. No. 1000B4F3222 10. Pan head screw, M6 x 1.0 x 150 mm (4), Cat. No. 5867600

5. Mounting bracket, controller, Cat. No. 1000C4F3217-101 11. It may be necessary to remove the sensor connectors. See 
procedure below.6. Pan head screw (4), Cat. No. 5867400

1 2 3

4

5

6 7

8

11

9
8

10
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3.2 Electrical Installation

DANGER
The instrument must be installed 
by qualified technical personnel 
for adherence to all applicable 
electrical codes.  The 1720E/sc100 
product configuration is not 
intended for in stallation in 
hazardous locations.

High-voltage wiring for the controller is conducted behind the high voltage 
barrier in the controller enclosure. The barrier must remain in place unless a 
qualified installation technician is installing wiring for power, alarms, or relays. 
See Figure 12 for barrier removal information. 

3.2.1 Installation in Conduit
In hard-wired electrical applications, the power and safety ground service drops 
for the instrument must be 18 to 12 AWG. See Figure 13 on page 15 for strain 
relief and conduit opening sealing plug information. See section 3.2.3 on page 15 
for wiring information.

3.2.2 Installation Using a Power Cord

DANGER
Use of power cords is not 
permitted in hazardous locations.

Where permitted by local electrical codes, a sealing-type strain relief to 
maintain the NEMA 4X/IP66 environmental rating and a power cord less than 
3 meters (10 feet) in length with three 18-gauge conductors (including a safety 
ground wire) can be used, see Replacement Parts and Accessories on page 55. 
See Figure 13 on page 15 for strain relief and conduit opening sealing plug 
assembly. See section 3.2.3 on page 15 for wiring information.

Figure 12 Removing Voltage Barrier

1. High voltage barrier 2. Unsnap the barrier latch then pull out to remove the barrier.
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Figure 13 Using the Optional Strain Relief and Conduit Plug

Figure 14 Proper Wire Preparation and Insertion 

3.2.3 Wiring for Powe r at the Controller
Wire the instrument for line power by hard-wiring in conduit or by wiring to a power 
cord if local code allows. Regardless of the type of wire used, the connections are 
made at the same terminal. A local disconnect designed to meet local electrical 
code is required and must be identified for all types of installation. See Figure 16 
and Figure 17 on page 17 for suggested local disconnect configurations.

1. Obtain appropriate fittings with NEMA 4X/IP66 environmental rating.

2. Loosen the screws using a phillips-head screwdriver and open the hinged 
controller cover.

3. Remove the high-voltage barrier (see Figure 12 on page 14).

4. Insert the wires through the strain relief fitting or conduit hub located in the 
right-rear access hole in the bottom of the enclosure. Tighten the strain relief if 
used, to secure the cord.

5. Properly prepare each wire (Figure 14) and insert each wire into the terminal 
according to Table 4. Tug gently after each insertion to ensure the connection 
is secure.

6. Seal any unused openings in the controller box with conduit opening sealing 
plugs, see Replacement Parts and Accessories on page 55.

7. Reinstall the high-voltage barrier and latch to secure.

1. Power cord strain relief 2. Conduit strain relief 3. Conduit opening sealing plug

1. Strip !-inch of insulation. 2. Seat insulation against connector with no bare wire exposed.

2 3

1

2
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Figure 15 Wiring Connections 

Table 4 Power Wiring Information

Terminal Number Terminal Description Wire Color Code  for North America Wire Color Code for Europe

1 Hot (L1) Black Brown

2 Neutral (N) White Blue

3 Protective Earth (PE) Green Green w/yellow tracer

1. J1ÑNetwork connector 8. Sensor connector

2. J2ÑHeader for optional network interface card 9. Sensor connector

3. J5ÑRelay A connector 10. J6ÑAnalog output (4Ð20 mA) connector

4. J6ÑRelay B connector 11. J5ÑSensor connector for hard-wiring

5. J7ÑRelay C connector 12. Position for network interface card

6. Fuses (F1, F2) 13. Service port

7. J8Ñac Power connections 14. Sensor terminator selector/service port configuration
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Figure 16 Local Disconnect for Power Cord

Figure 17 Local Disconnect for Hard-wired Line Power

1. Power terminal 2. Power cord strain relief

1. Power terminal 2. Conduit strain relief
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3.3 Alarms and Relays 
The controller is equipped with three unpowered relays rated 100Ð230 V ac, 
50/60 Hz, 5 amp resistive maximum. 

3.3.1 Connecting the Relays
The relay connector accepts 18Ð12 AWG wire (as determined by load 
application). Wire gauge less than 18 AWG is not recommended.

Danger: Relay loads must be 
resistive. User must externally 
limit current to the relays to 
5 Amps by use of a fuse or 
breaker. 

The controller contains three relays designed for use with high voltage 
(greater than 30V-RMS and 42.2V-PEAK or 60 V dc). Refer to Figure 18 for 
connection information. The wiring is not designed for low voltage connections. 
Relay must not be powered from the same wiring used to power the controller. 
See section 4.6 on page 34 for relay setup details.

Danger: ac power terminals are 
designed for single wires. Do not 
use more than one wire in each 
terminal. 

The Normally Open (NO) and Common (COM) relay contacts will be connected 
when an alarm or other condition is active. The Normally Closed (NC) and 
Common relay contacts will be connected when an alarm or other condition 
is inactive or when power is removed from the controller. 

Figure 18 Alarm and Relay Connections

3.3.2 Connecting the Analog Outputs 
Two isolated analog outputs (1 and 2) are provided, see Figure 19. Each output 
can be set to 0Ð20 or 4Ð20 mA, and can be assigned to represent the measured 
parameter or secondary measurement such as temperature. Make connections 
with twisted-pair shielded wire and connect the shield at the controlled component 
end or at the control loop end. Do not connect the shield at both ends of the cable. 
Use of non-shielded cable may result in radio frequency emission or susceptibility 
levels higher than allowed. Maximum loop resistance is 500 ohm. Refer to 
section 4.5 on page 32 for output software setup.
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Make wiring connections at the analyzer end as shown in Figure 19.

Figure 19 Analog Output Connections

3.4 Connecting/Wiring the Sensor Cable
The sensor cable is supplied with a keyed quick-connect fitting for easy 
attachment to the controller, see Figure 20. Retain the connector cap to seal the 
connector opening in case the sensor must be removed. 

The 1720E sensor cable may be extended by a maximum of 7.62 m (25 ft), 
see Replacement Parts and Accessories on page 55. 

Modify the controller for sensor hard-wiring as follows:

1. Remove all power to the controller. 

2. Open the controller cover. 

Table 5 Output Connections at Terminal Block J6

Recorder Wires Circuit Board Position 

Output 2 + 1

Output 2 Ð 2

Shield 3

Output 1 + 4

Output 1 Ð 5
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3. Disconnect and remove the existing wires between the quick connect and 
terminal block J5, see Figure 21 on page 21.

4. Remove the quick connect fitting and wires and install the threaded plug on 
the opening to maintain the environmental rating. 

Figure 20 Attaching the Sensor using the Quick-connect Fitting

5. Cut the connector from the sensor cable. 

6. Reinstall the plug on the sensor access opening to maintain the 
environmental rating. 

7. Strip the insulation on the cable back 1-inch. Strip !-inch of each individual 
wire end.

8. Wire as shown in Table 6.

Table 6 Wiring the Sensor at Terminal Block J5

Terminal Number Terminal Designation Wire Color

1 Data (+) Blue

2 Data (Ð) White

3 Service Request No Connection

4 +12 V dc Brown

5 Circuit Common Black

6 Shield Shield (grey wire in existing quick disconnect fitting)
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9. Pass the cable through conduit and a conduit hub or a strain relief fitting and 
an available access hole in the controller enclosure. Tighten the fitting. 

10. Close and secure the cover. 

Figure 21 Hard-wiring the Sensor

3.5 Connecting the Optional Digital Output 
At this time, the manufacturer supports ModBUS RS485 and ModBUS RS232 
communication protocols. The optional digital output card is installed in the 
location indicated in Figure 22 on page 22. Terminal block J1 provides user 
connection to the optional network card. The terminal connection is based on the 
selected network card. Refer to the instructions supplied with the network card for 
more details.
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Table 7 Network Connections at Terminal Block J1

Terminal Number ModBUS RS485 ModBUS RS232

1 In + Ñ

2 In Ð Ñ

3 Out + Ñ

4 Out Ð Ñ

5 Common Common

6 No connection No connection

7 Shield Shield
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Figure 22 Network Card Position in the Controller 

1. J2ÑNetwork card header 2. Mounting hole (3) 3. Network card placement 4. J1 Terminal
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Figure 23 1720E Dimensions
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3.6 Turbidimeter Installation Information 
The turbidimeter body is designed for wall-mounting (although it may be mounted 
on the optional floor stand). The turbidimeter sensor must be mounted within 
six feet of the controller unless an extension cable is used. Maximum cable length 
is 9.6 m (31 feet).

3.6.1 Mounting the Tu rbidimeter Body
Locate the turbidimeter as close to the sampling point as possible. A shorter 
distance for the sample to travel results in a faster response time. 

Clean the turbidimeter body and bubble trap before installation using the 
instructions supplied in section 6.4.3, Cleaning the Turbidimeter Body and Bubble 
Trap on page 48. Slotted mounting brackets are integral parts of the turbidimeter 
body. Install customer-supplied hardware appropriate for the installation 
environment using the criteria detailed below:

¥ Install in a location that is isolated from vibration. 

¥ Allow at least 22 cm (approximately 10 inches) clearance for removal of the 
head assembly and bubble trap cover from the top of the turbidimeter body. 

¥ Leave enough room below the turbidimeter body to remove the bottom plug 
and to place a container under the drain when calibrating or cleaning.

Note: Make sure the top of the 
turbidimeter body is level. 

¥ Install two !-20 bolts 10- 3/4 inches apart (on center). Leave at least !-inch of 
the bolt head exposed. 

¥ Make sure the bolts are installed level. 

Slide the slotted mounting brackets of the turbidimeter body onto the bolts. 

3.6.2 Installing the Head Assembly 
After the turbidimeter body has been mounted, install the bubble trap cover, then 
place the head assembly on the turbidimeter body with the label facing the front. 
Move the head assembly back and forth slightly to ensure it is properly seated on 
the body of the instrument. Failure to properly seat the head will result in light 
leakage and erroneous readings.

The rear portion of the head assembly has a molded ÒlipÓ which may be used to 
hang the head assembly on the turbidimeter body edge for routine maintenance. 

3.7 Installing a Sample Line

DANGER
This turbidimeter is not designed 
for use in hazardous locations or 
with samples that are flammable 
or explosive in nature. If any 
sample solution other than water 
is used in this product, test the 
sample/product compatibility to 
ensure user safety and proper 
product performance.

One-fourth inch O.D. rigid or semi-rigid tubing is recommended for sample lines. 
Run them as directly as possible between the turbidimeter body and the sampling 
point to minimize sample flow lag time. 

Install sample line taps into larger process pipes to minimize interference from 
air bubbles or pipeline bottom sediment. A tap projecting into the center of the 
pipe is ideal. Figure 24 shows examples of sample tap installations. 

Note: When setting the flow rate, take care to avoid sweeping air Òmicro-bubblesÓ through 
the internal bubble trap. Observe the sample flow inside the turbidimeter body. If small 
air bubbles can be seen flowing up through the center, reduce the flow rate.
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Figure 24 Sampling Techniques

3.8 Sample Connections
Sample inlet and drain connections are made on the turbidimeter body. The 
sample inlet fitting installed in the body is a !-inch NPT  x !-inch compression 
fitting. One additional fitting supplied with the instrument is a "-inch NPT-to-hose 
fitting for use with "-inch ID flexible plastic tubing on the drain. 

Note: For samples with high solids 
content (high turbidity), operate at 
the highest flow rate possible. For 
samples with low solids content (low 
expected turbidity), operate at a low 
flow rate (200Ð300 mL/min). 

The required flow rate is 200 to 750 mL/minute (4.0 to 11.9 gal/hour). Flow rate 
into the turbidimeter may be controlled with a flow restriction device on the inlet 
line. Flow rates below 200 mL/min will reduce response time and cause 
inaccurate readings. Flow rates above 750 mL/min will cause the turbidimeter to 
overflow, indicating the flow rate is too high. 

Figure 25 Sample Connections

Poor

Sediment (Typical)

Air (Typical)

Poor Good Best

1. Sample Inlet, !-28 NPT x !-inch Compression fitting 2. Drain, "-inch NPT fitting 3. Service Drain

POWER STATUS

1

2

3
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Section 4 Operation

4.1 Using the Keypad
The front of the controller is shown in Figure 26. The keypad consists of the eight 
keys described in Table 8. 

Figure 26 Front of the Controller 

1. Instrument Display 4. Right, Left, Up, and Down keys 7. Enter key

2. Back key 5. IrDA (Infrared Data Acquisition) window 

3. Menu key 6. Home key

Table 8 Controller Key Functions/Features

Number Key Function

2 Move back one level in the menu structure.

3
Move to the main menu from other menus. This key is not active in menus where a selection or other 
input must be made. 

4 Navigate through the menus, change settings, and increment and decrement digits.

5
Move to the Main Measurement screen from any other screen. This key is not active in menus where a 
selection or other input must be made. 

6 Accept an input value, updates, or accepts displayed menu options. 

sc100

1

2 6

5

3 7

4
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4.2 Controller Display Features
When the controller is in measurement mode, measurements for each connected 
sensor are displayed. 

The display will flash on startup, when the hold outputs function has been 
activated, and when the filter function (signal average) is changed to a different 
value.

An active system warning will cause the warning icon (a triangle with an 
exclamation point inside) to be displayed on the right side of the display. 

Figure 27 Display

4.2.1 Important Key Presses

¥ Press the HOME key then the RIGHT or LEFT key to display two readings 
when two sensors are connected. Continue to press the RIGHT or LEFT key 
to toggle through the available display options as shown below. 

¥ Press the UP and DOWN keys to toggle the status bar at the bottom of the 
measurement display to display the output information. 

¥ In Menu mode, an arrow may appear on the right side of the display to 
indicate that more items are available. Press the UP or DOWN key 
(corresponding to the arrow direction) to display additional menus.

1. Status bar. Indicates the sensor name and status of relays. The relay 
letter is displayed when the relay is energized. 

4. Energized relay indicator

2. Main measurement 5. Warning icon area

3. Secondary measurement/output information 6. Measurement units

0.023
SENSOR NAME

OUTPUT1: 11.23 mA
NTU

1

2

3

6

5

4

TEMP:
22.9¡C

TEMP:
22.9¡C

SENSOR NAME:
0.023            NTU

SENSOR NAME:
0.031            NTU

MAIN MEASURE
Turbidity:

0.023          NTU

SENSOR NAME
Turbidity:

0.031           NTU

SENSOR NAME

ppm

02

24:00:00
RTC:MM/DD/YY

OUTPUT1: 11.23 mA

0.023
SENSOR NAME:

OUTPUT1: 11.23 mA
NTU 0.031

SENSOR NAME:

OUTPUT1: 11.23 mA
NTU

SENSOR DIAG
SENSOR SETUP

TEST/MAINT

MAIN MENU

SYSTEM SETUP

OUTPUT SETUP
SYSTEM SETUP

NETWORK SETUP
RELAY SETUP

DISPLAY SETUP

DISPLAY SETUP
SYSTEM SETUP

LOG SETUP
SECURITY SETUP

CALCULATION

SECURITY SETUP
SYSTEM SETUP

CALCULATION
LOG SETUP

ERROR HOLD MODE
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4.3 Instrument Setup

4.3.1 Software Text A bbreviation Conventions

4.3.2 Adjusting Display Contrast

Abbreviation Meaning Abbreviation Meaning

Adj Adjust P/F Pass/Fail

Cal Calibration Pass Password

Cont. Continue Preped Prepared

Cyl Cylinder SN Serial Number

Dflt Default Std Standard

Diag Diagnostic Temp Temperature

Int Internal Ver Verification

Meas. Measurement Xfer Transfer

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SYSTEM SETUP

3 DISPLAY SETUP

4 Ñ ADJ CONTRAST

5 (+0Ð50)

6 MAIN MENU or Main Measurement Screen Ñ
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4.3.3 Specifying the Displayed Language

4.3.4 Setting the Time and Date

4.3.4.1 Setting the Time

Note: The time is available only in 24-hour (military) format. 

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SYSTEM SETUP

3 DISPLAY SETUP

4 LANGUAGE

5 select language

6 Main Menu or Main Measurement Screen Ñ

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SYSTEM SETUP

3 DISPLAY SETUP

4 SET DATE/TIME

5 highlight TIME

6

select character to edit

choose appropriate number

7 Main Menu or Main Measurement Screen Ñ
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4.3.4.2 Setting the Date Format and Date

4.4 Changing the Sensor Name

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SYSTEM SETUP

3 DISPLAY SETUP

4 SET DATE/TIME

5 Ñ highlight DATE FORMAT

6 choose appropriate date format

7 Highlight DATE

8

select character to edit Ñ

choose appropriate number

9 Main Menu or Main Measurement Screen Ñ

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SENSOR SETUP

3 highlight sensor of interest if more than one sensor is attached

4 CONFIGURE

5 EDIT NAME

6

select character to edit Ñ

choose appropriate alpha/numeric digit

7 Main Menu or Main Measurement Screen Ñ
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4.4.1 Setting Up System Security 
The sc100 has a passcode feature to restrict unauthorized access to Network 
Setup, Security Setup, Log Setup, and Test/Maint menus. In addition, the 
passcode also regulates function selection for relay options. The passcode is 
factory set to sc100 (the five digits must be followed by a space to remove the 
trailing asterisk). The passcode may be changed, see section 4.4.1.1. 

The following two options are available:

Disabled : All configuration settings and calibrations can be changed. This is the 
default setting. 

Enabled : All configuration settings can be displayed but not changed. Network 
Setup, Security Setup, Log Setup, and Test/Maint menus cannot be accessed 
without the passcode. 

4.4.1.1 Editing the Passcode
If the passcode is enabled, it may be edited. The passcode can consist of up to six 
digits (alpha and/or numeric and available characters). If a passcode is forgotten, 
obtain the Master passcode from the Technical Consulting Services Department, 
see Technical and Customer Service (U.S.A. only) on page 57.

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SYSTEM SETUP

3 SECURITY SETUP

4 Ñ SET PASSCODE

5 highlight ENABLED

6 Main Menu or Main Measurement Screen Ñ

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SYSTEM SETUP

3 highlight SECURITY SETUP

4

ENTER (current or default) PASSCODE Ñ

EDIT PASSCODE
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4.5 Output Options
The controller provides two isolated analog outputs (Output 1 and Output 2). 
Customize the outputs using the table in section 4.5.1 on page 32.

5 Change the existing passcode

6 Main Menu or Main Measurement Screen Ñ

Step Select Menu Level/I nstructions Confirm

4.5.1 Output Setup Menu  (from System Setup)
1. Select OUTPUT 1 or 2

SELECT SOURCE

Press ENTER to access a list of all connected sensors. Choose the sensor to associate with the output. 

SET PARAMETER

Highlight the appropriate displayed parameter and press ENTER.

SET FUNCTION

Select LINEAR CONTROL for current output to track the measurement value. Select PID CONTROL for the sc100 to operate as 
a PID controller.

SET TRANSFER

Each analog output is normally active, responding to the measured value of its assigned parameter. However, during calibration, 
each output can be transferred to this preset transfer value. Default: 4mA; Range: 0Ð20

SET FILTER

Allows the user to average the analog outputs over time Default: 0; Range: 0Ð120 seconds 

SCALE 0 mA/4 mA

Select 0 mA or 4 mA for minimum current (outputs will be set to 0Ð20 mA or 4Ð20 mA). 

ACTIVATION

FUNCTION set to LINEAR CONTROL

If LINEAR CONTROL was selected in SET FUNCTION, set the low and the high values for the current output here. 
Defaults: Low = 0; High = 100; Low Value Range: 0Ð100, High Value Range: 0Ð100. 

FUNCTION set to PID CONTROL

If PID CONTROL was selected in SET FUNCTION, configure the PID Control as follows:

1. Set MODE: AUTO or MANUAL. Manual output default: 100%

2. Set PHASE: DIRECT or REVERSE controller operation.

3. SET SETPOINT: enter the set point the PID control will control the process to. Default: 100; Range: 0Ð100

4. PROP BAND: control the proportional band for the PID control. Default: 5.00; Range: 0Ð1000

5. INTEGRAL: control the integral action time period in minutes. Range: 0Ð999

6. DERIVATIVE: control the settings for the rate control. Range: 0Ð999
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4.5.2 Hold/Transfer Outputs
When cleaning or servicing the instrument, the analog outputs can be held at the 
last measured values. To hold the output until released: 

During calibration, the analog outputs can remain active, be held, or be 
transferred to a preset mA value. When output hold or transfer is enabled during a 
calibration, the hold or transfer is automatically released when calibration is 
completed. See section 5.3, Sensor Calibration and Verification on page 40. 

4.5.3 Release Outputs

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 TEST/MAINT

Enter Passcode if enabled

3 HOLD OUTPUTS

4 Ñ SET OUTMODE

5 Select HOLD OUTPUTS or XFER OUTPUTS

6 SET CHANNELS

7 Select ALL or 1720E

8 ACTIVATION

9 Ñ LAUNCH 

10 Main Menu or Main Measurement Screen
reading will 

flash

Step Select Menu Level Confirm

1 MAIN MENU Ñ

2 TEST/MAINT

3 HOLD OUTPUTS

4 ACTIVATION
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4.6 Relay Options  

5 Ñ RELEASE

6 Main Menu or Main Measurement Screen Ñ

Step Select Menu Level Confirm

1 MAIN MENU Ñ

2 SYSTEM SETUP

3 RELAY SETUP

4 Ñ Customize the options using the information in section 4.6.1 Ñ

4.6.1 Relay Setup Menu (from System Setup)
1. Select Relay A, B, or C

SELECT SOURCE

Choose from the available options (none, installed sensors, real time clock (RTC)).

SET PARAMETER

Choose from the available options.

SET FUNCTION

Source set to sensor

Alarm : Operates relays in response to the measured parameter. Contains separate High and Low Alarm points, deadbands, and 
ON/OFF delay. Defaults: Low = 0.000 NTU, high = 100.00 NTU, low deadband = 5.000 NTU, high deadband = 5.000 NTU, on/off 
delays default to zero seconds; Range: 0Ð999 sec.

Feeder Control : Operates in response to the measured parameter. Can be set for phasing, set point, deadband, overfeed timer, 
and ON/OFF delay.

Event Control : Controls a cleaning system (or equivalent) on a timed basis. 
Warning : Activated when the analyzer detects a sensor warning. 

Source set to RTC

Timer : Sets the timer for a cleaning system (or equivalent). Controls the output hold, interval, duration and off delay.

SET TRANSFER

Normally, each control or alarm relay is active, responding to the measured value of its assigned parameter. During calibration, 
however, the relay can be transferred to a preset on/off state to suit the application requirements. Select Energize or De-energize 
and press ENTER. 

Step Select Menu Level Confirm
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ACTIVATION

Function set to ALARM

LOW ALARM
Sets the value where the relay will turn on in response to decreasing measured value. For example: if the 
low alarm is set for 1.0 and the measured value drops to 0.9, the relay will be activated.
Range: 0.00Ð100 NTU

HIGH ALARM
Sets the value where the relay will turn on in response to increasing measured value. For example: if the 
high alarm is set for 4.0 and the measured value increases to 4.2, the relay will be activated. 
Range: 0.00Ð100 NTU

LOW DEADBAND
Sets the range where the relay remains on after the measured value increases above the low alarm value. 
Default is 20% of the range. For example: if the low alarm is set for 1.0 and the low deadband is set for 0.5, 
then the relay remains on between 1.5 and 1.0. Range: 0.00Ð100 NTU

HIGH DEADBAND
Sets the range where the relay remains on after the measured value decreases below the high alarm value. 
For example: if the high alarm is set for 4.0 and the high deadband is set for 0.5, then the relay remains on 
between 3.5 and 4.0. Range: 0.00Ð100 NTU

OFF DELAY Sets a time to delay the relay from normally turning off. Off Delay Range: 0Ð999 seconds

ON DELAY Sets a time to delay the relay from normally turning on. On Delay Range: 0Ð999 seconds

Function set to FEEDER CONTROL

PHASE 
ÒHighÓ phase assigns the relay setpoint to respond to an increasing measured value; conversely, a ÒLowÓ 
phase assigns the relay setpoint to respond to a decreasing measured value.

SET SETPOINT Sets the value where the relay will turn on. Default: 100 NTU; Range: 0Ð100 

DEADBAND
Sets the range where the relay remains on after the measured value decreases below the setpoint value 
(high phase relay) or increases above the setpoint value (low phase relay). Default: 5 NTU; 
Range: 0Ð100 NTU

OVERFEED 
TIMER

Sets the time to limit how long the relay can remain Òon.Ó Default: 5 minutes; Range: 0Ð999 minutes

OFF DELAY Sets a time to delay the relay from normally turning off. Default: 0 seconds; Range: 0Ð999 seconds

ON DELAY Sets a time to delay the relay from normally turning on. Default: 0 seconds; Range: 0Ð999 seconds

Function set to EVENT CONTROL 

PHASE 
ÒHighÓ phase assigns the relay setpoint to respond to increasing measured value; conversely, a ÒLowÓ phase 
assigns the relay setpoint to respond to decreasing measured value.

SET SETPOINT Sets the value where the relay will turn on. Default: 100; Range: 0Ð100

DEADBAND 
Sets the range where the relay remains on after the measured value decreases below the setpoint value 
(high phase relay) or increases above the setpoint value (low phase relay). Default: 5 NTU; 
Range: 0Ð100 NTU, 

OnMax TIMER Sets the time to limit the time the relay can remain Òon.Ó Default: 0 seconds; Range: 0Ð999 seconds

OffMax TIMER Sets a time to delay the relay from normally turning off. Default: 0 seconds; Range: 0Ð999 seconds

OnMin TIMER Sets the time to limit the time the relay can remain Òon.Ó Default: 0 seconds; Range: 0Ð999 seconds

OffMin TIMER Sets the time to limit the time the relay can remain Òoff.Ó Default: 0 seconds; Range: 0Ð999 seconds

Function set to TIMER CONTROL (RTC selected in SELECT SOURCE) 

HOLD OUTPUTS Set OUTMODE to select output hold operation and select the channels that cause the outputs to be held.

INTERVAL Set the off time for the relay. Default: 5 minutes; Range: 0Ð999 minutes

DURATION Set the on time for the relay. Default: 30 seconds; Range: 0Ð999 seconds

OFF DELAY
Set the time for additional hold/output time after the relay has been turned off. Default: 1 second; 
Range: 0Ð999 seconds

Function set to WARNING CONTROL

WARNING LEVEL

Set the warning level that will trigger a relay. Range: 0Ð32 (warnings assigned to 1-9 for 1720E). For 
example: Set the warning level to 0 to allow all warnings to trigger the relay; set the warning level to 5 to 
allow warnings 6 and above to trigger the relay. Set the warning level to 9 or greater to not trigger the relay 
on any warning. See Table 10 on page 52 for a full list of warnings.

4.6.1 Relay Setup Menu (fro m System Setup) (continued)
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4.7 Data and Event Logging Options
The sc100 provides two data logs (one for each sensor) and two event logs (one 
for each sensor). The data logs store the measurement data at selected intervals. 
The event log stores a variety of events that occur on the devices such as 
configuration changes, alarms, and warning conditions. The data logs are stored 
in a packed binary format and the event logs are stored in a CSV format. The logs 
can be downloaded through either the digital network port or the IrDA port using 
the file transfer program available from the manufacturer.

The default datalogging frequency is 15 minutes. If the datalogging frequency is 
set to 15 minute intervals, the instrument can continue to store data for 
approximately six months. 

4.7.1 Data Logging Options

Sensor Data Log:

4.8 Digital Network Options
The sc100 provides two digital communication methods with the controller 
(the digital network port and the IrDA port). Either of the digital ports can be used 
to access setup data, measurement data, or data/event logs. For the features 
available for each individual digital network port, refer to the instruction sheet 
supplied with the selected network card. 

4.9 Menu Structure

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SENSOR SETUP

3 Highlight sensor of interest if more that one sensor is attached.

4 CONFIGURE

5 DATALOG INTERVAL 
(select from 30 sec., 1 min., 5 min., 10 min., 15 min.)

6 Main Menu or Main Measurement Screen Ñ

4.9.1 Sensor Diagnostics Menu

SELECT SENSOR

ERROR LIST Displays a list of errors that are present. See section 7.1 on page 52.

WARNING LIST Displays a list of warnings that are present. See section 7.2 on page 52.
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4.9.2 Sensor Setup Menu

CALIBRATE

SELECT SENSOR (if more than one sensor is attached)

USER PREPD CAL Calibration using 4000 NTU stock solution diluted to 20.00 NTU formazin. 

STABLCAL CAL Calibration using 20 NTU StablCal Stabilized Formazin Standard

VERIFICATION Perform a verification, set the pass/fail criteria, and view the verification history. 

0 ELECTRONICS Zero electronics

SET DFLT GAIN Return instrument to default calibration. 

CAL HISTORY
View the last 12 entered calibrations. Press the ENTER key to move to the next history entry. 
See section 5.5 on page 46 for more information.

CONFIGURE

BUBBLE REJECT Choose Yes or No to enable/disable bubble reject. Default: Yes

SIGNAL AVG
Choose no averaging or specify the amount of time for signal averaging. Available options are: no 
averaging, 6 sec., 30 sec., 60 sec., or 90 sec. Default is 30 seconds.

MEAS UNITS
Select the appropriate measurement units to display. Choose from mg/L, NTU, TE/F, and FTU. 
Default: NTU

EDIT NAME
Enter up to a 12-digit name in any combination of symbols and alpha or numeric characters. Press 
ENTER when the entry is complete. The name will be displayed on the status line above the 
measurement value on the main display.

SET RESOLUTION Set the number of significant digits to display. Default is three significant digits.

DATALOG INTRVL
Choose the amount of time between saving data points to the data log. Default: 15 min.; Options: 30 
sec., 1 minute, 5 minutes, 10 minutes, or 15 minutes. 

DIAG/TEST

SOFTWARE VERS. Displays the software version number.

DRIVER VERS Displays the software driver version number.

SERIAL NUMBER Displays the serial number of the sensor.

INT TEMP Displays the internal temperature of the sensor electronics in ¡C.

DEFAULT SETUP Restores the sensorÕs factory default settings and invalidates the current calibration.

POWER CHECK Displays the electrical statistics for the sensor.

CAL VALUE Displays the gain and zero electronics values for the current calibration. 

4.9.3 System Setup Menu

OUTPUT SETUP (see section 4.5 on page 32 for expanded menu information)

SELECT OUTPUT 1 or 2

SELECT SOURCE Press ENTER to access a list of all connected sensors and select the sensor that will drive the output.

SET PARAMETER Press ENTER to select from the displayed parameters.

SET FUNCTION
Select LINEAR CONTROL for current output to track the measurement valve. Select PID CONTROL for 
the sc100 to operate as a PID controller. 

SET TRANSFER
Each analog output is normally active, responding to the measured value of its assigned parameter. 
However, during calibration, each output can be transferred to this preset transfer value.

SET FILTER Average measurements over time (0Ð120 seconds). Default: 0 seconds. 

SCALE 0 mA/4 mA Select 0 mA or 4 mA for minimum current (outputs will be set to 0Ð20 mA or 4Ð20 mA). 

ACTIVATION Dependent on Function selected previously. See section 4.5 on page 32 for additional information. 
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RELAY SETUP (See section 4.6 on page 34 for expanded menu information.)

SELECT RELAY A, B, or C

SELECT SOURCE Select from none, any connected sensor, or the real time clock (RTC). 

SET PARAMETER Press ENTER to select from the displayed parameters.

SET FUNCTION
Select from the available options to customize the relay functions. See section 4.6.1 on page 34 for 
additional details.

SET TRANSFER Sets the relay to Energize or De-energize (user-selectable).

ACTIVATION Activate the relays from this menu (dependent on Function selected).

NETWORK SETUP (this menu appears only if a network card is installe d in the controller)

MODBUS 
ADDRESS

Highlight sc100 Analyzer, or either connected sensor then press ENTER to select. Choose a number 
between 1 and 247 as the address (each source must have a different address) then press ENTER. 

BAUD RATE Select a baud rate of 9600, 19200, 38.4K, 57.6K, or 115.2K. Default: 19200

STOP BITS Select 1 or 2 stop bits. Default: 1

MODBUS MODE Select RTU or ASCII. Default: RTU

DATA ORDER Select NORMAL or SWAPPED.

DISPLAY SETUP

ADJ CONTRAST
Use the UP and DOWN keys to increase or decrease the contrast, see section 4.3.2 on page 28. 
Range = 0Ð50

LANGUAGE
The default is English. Choose from the available options to allow all menus to appear in the selected 
language. 

SET DATE/TIME
Use this menu to select the date format and to set the date and time (24-hour (military) format), see 
section 4.3.4 on page 29.

SECURITY SETUP (Enter a 6-digit passcode)

SET PASSCODE

ENABLE Enables system security. See section 4.4.1 on page 31.

DISABLE Disables system security. See section 4.4.1 on page 31.

LOG SETUP (Not used for 1720E system. Enable da talogging from the sensor setup menu for 1720E)

DATALOG SETUP Set up datalogging of data and events. See section 4.7.1 on page 36.

ERROR HOLD MODE

HOLD OUTPUTS Holds outputs when unable to communicate with the sensor. 

XFER OUTPUTS Goes to transfer state when unable to communicate with the sensor. 

4.9.4 Test/Maint Menu

STATUS

Indicates the status of each relay and indicates which sensors are connected to the controller. 

OUTPUT CAL

SELECT OUTPUT 1 or 2

Calibrate Analog Output by specifying values to correspond to 4 mA and 20 mA.

HOLD OUTPUTS

SET OUTMODE Choose Hold Outputs or Xfer Outputs.

SET CHANNELS Choose any individual attached sensor or all attached sensors to be held or transferred. 

 ACTIVATION Select Launch or Release.

4.9.3 System Setup Menu (continued)



Operation

39

OVERFEED RESET

Reset the overfeed time out. 

TEST OUTPUT

SELECT OUTPUT 1 or 2

User selectable mA value. 0Ð20 mA 

TEST RELAY

SELECT RELAY A, B, or C

Energize or de-energize the selected relay.

RESET CONFIG

Reset to default configuration of the controller

SIMULATION

SELECT SOURCE, SET PARAMETER, SET SIM VALUE

Simulate sensor measurement values for testing the outputs and relays.

SCAN SENSORS

Manually scans for sensors to determine if sensors have been added or removed.

MODBUS STATS

Indicates the communication statistics for use with an external network. 

CODE VERSION

Indicates the controller software version. 

4.9.4 Test/Maint Menu (continued)
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Section 5 System Startup

5.1 General Operation
Plug the sensor into the unpowered controller by aligning the orientation tab on 
the cable connector with the channel in the controller connector. Push in and turn 
to secure the connection. Tug gently to check the connection.

After all plumbing and electrical connections have been completed and checked, 
place the head on the body and supply power to the system. Ensure the head is 
seated on the body when power is applied, since dark readings are measured at 
this time. If power is applied while the sensor head is off the turbidimeter body, 
cycle the power with the sensor head on the body. 

The first time a controller is powered up, a language selection menu will appear. 
The user must select the correct language from the displayed options. 
Use the UP and DOWN keys to highlight the appropriate language and press 
ENTER to select. 

Following language selection and upon power-up, the controller will search for 
connected sensors. The display will show the main measurement screen. Press 
the MENU key to access the menus. 

5.2 Starting Sample Flow
Start sample flow through the instrument by opening the sample supply valve. 
Allow the turbidimeter to run long enough for the tubing and body to become 
completely wetted and the reading on the display to stabilize. One to two hours or 
longer may be required initially for complete stabilization. Allow measurements to 
become stable through adequate conditioning before completing instrument 
settings or performing calibrations. 

5.3 Sensor Calibration and Verification
The manufacturer offers two EPA-approved calibration methods one using user-
prepared formazin and the other using StablCal¨ stabilized formazin. Two 
verification methods (wet and dry) are also offered.

The 1720E Turbidimeter is factory-calibrated using StablCal¨  Stabilized Formazin 
before shipment. The instrument must be recalibrated before use to meet 
published accuracy specifications. In addition, recalibration is recommended after 
any significant maintenance or repair and at least once every three months during 
normal operation. The turbidimeter body and bubble trap must be thoroughly 
cleaned and rinsed before initial use and prior to each calibration.

Tips to achieve the most accurate calibrations:

¥ Optimum performance is achieved when calibration is performed in the 
turbidimeter body. Accurately prepare the standard then add it to the 
turbidimeter body at the appropriate step in the procedure. Do not prepare the 
standard in the body.

¥ Stop sample flow, drain, and clean the turbidimeter body before beginning the 
calibration procedure.

¥ Always clean the photocell window per the instructions in section 6.4.2 on 
page 48. Rinse the photocell with deionized water and dry with a soft, lint-free 
cloth before calibrating.



System Startup

41

¥ Always clean the turbidimeter body or calibration cylinder per the instructions 
in section 6.4.3 on page 48. Rinse with deionized water before calibrating.

¥ Store the calibration cylinder upside-down to minimize contamination between 
calibrations.

¥ Pour the calibration standard into the turbidimeter body at the inflow end (left 
side when facing the instrument).

¥ Gently invert StablCal standards for 1 minute before opening. Do not shake. 
This ensures a consistent turbidity of the standard.

¥ If the 20.0 NTU StablCal standard is allowed to sit in the calibration cylinder or 
turbidimeter body for more than 15 minutes, it must be remixed (gently swirled 
in the calibration cylinder) before use to ensure a consistent turbidity.

¥ Discard all standards after use per the instructions on the container. 
Never transfer the standard back into its original container. Contamination 
will result.

¥ Always recalibrate after restoring default settings.

5.3.1 User-prepared Calibration
Before starting the calibration, read and apply the tips in section 5.3. 

Follow the procedure as written (using 1 L of deionized water and 5.0 mL of 
4000 NTU formazin) if using a calibration cylinder  for calibration. 

If using the turbidimeter body for the user-prepared calibration follow the 
procedure below using 20 NTU formazin in step 6c. Prepare the standard as 
follows:

1. Stop the sample flow, then drain and clean the body.

2. Prepare a 20 NTU standard by adding 5.0 mL of 4000 NTU formazin to a 
1-L flask. Dilute to the mark with deionized water and invert gently to mix.

3. Drain the deionized water and pour the prepared 20 NTU standard into the 
turbidimeter body at step 6c. Do not add additional 4000 NTU formazin.  

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SENSOR SETUP

3 SELECT SENSOR (if more than one sensor is connected)

4 CALIBRATE

5 Ñ USER PREPD CAL
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Note: If a dry verification is performed directly after a calibration, the measured value is 
assigned as the expected value for future verifications (when using the dry verification 
device with the same serial number). As long as the verification exists within the verification 
history, the expected value will be retained. Otherwise, the expected value will be the 
nominal labeled value associated with the dry verification device.

5.3.2 Calibration with StablCal ¨

Before starting the calibration, read and apply the tips in section 5.3 on page 40.

6 OUTPUT MODE 
Select ACTIVE, HOLD, or TRANSFER

a Stop sample flow. Drain body and clean the body and bubble trap.
FILL CYL WITH 1 L DI WATER. REPLACE HEAD.

b Measured reading (based on a gain of 1.0) displayed

c (Remove head) 
ADD 5 ML OF 4000 NTU FORMAZIN INTO CAL CYLINDER.

d Measured reading (based on a gain of 1.0) displayed

e
GOOD CAL!
GAIN: X.XX

ENTER TO CONT

 

(to store)

f Verify CAL?
(see Note below) to verify

exit no verify

7 Select VERIFICATION type (begin at step 7 in section 5.4.1 on page 44 or
section 5.4.2 on page 45) or enter initials to complete calibration.

8 Ñ RETURN SENSOR TO MEASURE MODE

9 Main Menu or Main Measurement Screen Ñ

Step Select Menu Level/Instructions Confirm

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SENSOR SETUP
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Note: If a dry verification is performed directly after a calibration, the measured value is 
assigned as the expected value for future verifications (when using the dry verification 
device with the same serial number). As long as the verification exists within the verification 
history, the expected value will be retained. Otherwise, the expected value will be the 
nominal value associated with the dry verification device.

5.4 Instrument Verification
Instrument verification is intended as a simple check to ensure turbidimeter 
functionality between calibrations. A verification is initially performed directly after 
a calibration and subsequent independent verifications are referenced to the initial 
verification. The pass/fail criteria is set and subsequent verifications are deemed 
good or bad, when compared to the initial verification. All verifications are based 
on the current calibration and must be repeated when the instrument is 
recalibrated or when the pass/fail criteria is not met. 

3 Ñ CALIBRATE

4 STABLCAL CAL

5 OUTPUT MODE
Select ACTIVE, HOLD, or TRANSFER

6 a Drain/clean/rinse the turbidimeter body or cal cylinder.
POUR 20 NTU STD INTO CYL/BODY. REPLACE HEAD

b Measured reading and reading based on 1.0 gain displayed

c
GOOD CAL!
GAIN: X.XX

ENTER TO CONT

 

(to store)

d Verify CAL? (see Note below) to verify/

exit no verify

e Select VERIFICATION type (begin at step 7 in section 5.4.1 on page 44 or section 5.4.2 
on page 45) or enter initials to complete calibration.}

7 Ñ RETURN SENSOR TO MEASURE MODE

8 Main Menu or Main Measurement Screen Ñ

Step Select Menu Level/Instructions Confirm
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Two types of verifications are offered. The dry verification is performed using a 
ÒdryÓ calibration device such as the ICEPICª. A wet verification is performed 
using a standard with a predetermined value such as StablCal¨  Stabilized 
Formazin or a user-prepared standard with a value that has been verified on an 
independent device such as a laboratory turbidimeter. 

5.4.1 Dry Verification

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SENSOR SETUP

3 CALIBRATE

4 VERIFICATION

5 Ñ PERFORM VER

6 OUTPUT MODE
Choose ACTIVE, HOLD, or TRANSFER

7 Ñ VER TYPE Select DRY

8 DRY VERIFY
select 1 NTU STD or 20 NTU STD or verify SN of previously used calibration device

Set Head on Standard

Reading Displayed

(to accept)

GOOD VER!

(to store)

9 ENTER INITIALS (user input)

10 Ñ RETURN SENSOR TO MEASURE MODE

11 MAIN MENU or Main Measurement Screen Ñ
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5.4.2 Wet Verification
Before starting the verification, read and apply the appropriate tips in section 5.3 
on page 40. 

Step Select Menu Level/Instructions Confirm

1 MAIN MENU Ñ

2 SENSOR SETUP

3 Ñ CALIBRATE

4 VERIFICATION

5 Ñ PERFORM VER

6 OUTPUT MODE
Choose ACTIVE, HOLD, TRANSFER

7 Select VER TYPE
Select WET 

8

Enter Std Turbidity

a. DRAIN AND CLEAN SENSOR BODY. ENTER TO CONT

b. POUR STANDARD INTO CYL/BODY. PLACE HEAD ON. ENTER TO CONT

c. Reading Displayed

(to accept)

d. GOOD VER!

 

9 ENTER INITIALS 

10 RETURN SENSOR TO MEASURE MODE

11 Main Menu or Main Measurement Screen Ñ
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5.5 Calibration and Verification History
The calibration and verification history logs contain information on the last 
12 calibrations and the last 12 verifications. The calibration history log shows the 
gain value, the time and date of the calibration, and the initials of the operator 
performing verification.

Note: Restoring default settings 
from the DIAG/TEST menu will 
return the turbidimeter to its non 
calibration state (gain = 1.0) but it 
will not remove the previous 
calibration history from memory. 

The calibration history log is accessed from the Calibrate menu. The verification 
history log is accessed from the Verification menu (a submenu of the Calibrate 
menu).

Each verification history entry shows the serial number of the verification device 
(dry verification) or the value of the verification standard (wet verification), the time 
and date of the verification, and the initials of the operator performing the 
verification. 

Scroll through the entries by pressing the ENTER key. After scrolling through all 
12 histories, the display will return to the calibration menu level. 

When the instrument is received from the factory, default values or blank spaces 
will be shown for the calibration and verification history information. Those values 
will be replaced with real data as the history log is filled. 

The data is retained as first in, first out. When the log is full, the newest entry is 
stored and the oldest entry in the log is deleted. 
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Section 6 Maintenance 

DANGER
Only qualified personnel should conduct the maintenance tasks described 
in this section of the manual. 

6.1 Maintenance Schedule

Scheduled periodic maintenance requirements of the 1720E are minimal and 
include calibration and cleaning of the photocell window, bubble trap, and body. 
Check and clean the bubble trap and turbidimeter body (as described in 
section 6.4.3) if visual inspection shows that it is necessary. Perform other 
maintenance on a regular basis; experience will dictate scheduling and may 
depend on the installation, sample type, and season.

It is very important to maintain the cleanliness of the interior and exterior of the 
turbidimeter body, head assembly, the integral bubble trap, and the surrounding 
area. Doing so will ensure accurate, low-level turbidity measurements. 

Clean the body before calibration and verification (especially when measurements 
are being made at 1.0 NTU or lower).

Check and/or perform a calibration periodically (as experience dictates) using one 
of the methods described in section 5.3 on page 40. A calibration history menu 
option is available under Sensor Setup/Calibrate. 

6.2 Removing a Sensor from the System
Prior to physically removing a sensor from the system, record all user defined 
settings such as relays, signal averaging, etc. Disconnect the sensor connector at 
the controller. 

6.3 Reinstalling a Sens or on the System
To return the system to normal operation following a software upgrade or sensor 
repair perform the following procedure:

1. Detach all sensors from the sc100 controller. 

2. From the main menu, press the down arrow key to highlight TEST/MAINT. 
Press ENTER. 

3. Use the down arrow key to scroll to SCAN SENSORS and press ENTER.

4. Remove attached sensors by selecting the corresponding serial number or 
select ÒAllÓ.

5. Power down the sc100 then attach the 1720E. 

Note: Clean sensors before 
reinstallation on the system.

6. Supply power to the sc100. The system will initialize automatically.

Maintenance Task Frequency

Clean the sensor 
Before each calibration and as needed. Depends on sample 
characteristics.

Calibrate Sensor (as required by regulatory agency) Per agency-dictated schedule.
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6.4 Cleaning

6.4.1 Cleaning the Controller
With the enclosure securely closed, wipe the exterior with a damp cloth. 

6.4.2 Cleaning the Photocell Window
Occasional cleaning of the photocell window is required. The frequency will 
depend on the nature and concentration of dissolved and suspended solids in the 
sample. Biological activity is a primary factor in mineral scale deposit on the 
window and the amount differs with sample temperature. In general, more growth 
will occur in warm temperatures and less in cold. 

Note: Take care to not scratch the 
photocell window. 

Inspect the photocell window often to determine cleaning needs. Remove any 
organic growth or film on the photocell window before standardization or 
calibration. Use a cotton swab and isopropyl alcohol or a mild detergent (such as 
Liqui-nox¨ ) to remove most sediment and dirt. Mineral scale buildup may require 
cleaning with a mild acid applied with a cotton swab followed by a detergent wash. 
Do not use abrasive cleaners. 

6.4.3 Cleaning the Turbidimet er Body and Bubble Trap
Sediment may collect in the turbidimeter body after extended use. Noise 
(fluctuation) in the reading could indicate the need to clean the body and/or bubble 
trap. The 1720E bubble trap and bottom plate may be removed to make cleaning 
easier. Drain and clean the turbidimeter body before each calibration. Establish a 
regular schedule or perform cleaning as determined by visual inspection. 

Cleaning the Turbidimeter Body

Note: The turbidimeter body, bubble 
trap, and detector must be cleaned 
before each calibration. 

1. Turn off sample flow to the turbidimeter body.

2. Remove the head assembly and bubble trap cover from the body. Remove the 
bubble trap by lifting it vertically. Set it aside to be cleaned separately.

3. Drain the body by removing the plug from the bottom of the body.

4. Replace the drain plug and fill the body to the weir with cleaning solution. This 
cleaning solution can consist of dilute chlorine solution (25 mL of household 
bleach in 3.78 liters of water) or a laboratory detergent such as Liqui-nox 
(1 mL detergent in 1 liter of water). 

5. Use a soft brush to clean the inside surfaces of the body. 

6. Remove the drain plug again and thoroughly flush the turbidimeter body with 
ultra-filtered deionized water. Clean and replace the plug.

Cleaning the Bubble Trap

1. Prepare a cleaning solution (as in step 4 above) in a container large enough 
to submerge the entire bubble trap. 

2. Using a test tube brush such as Cat. No. 690-00, clean each surface.

3. Rinse the bubble trap thoroughly with ultra-filtered deionized water and 
reinstall it in the turbidimeter body. 

4. Replace the bubble trap cover and head assembly on the top of the body.
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5. Restore sample flow to the instrument.

6. Calibrate the instrument using one of the methods in section 5.3 on page 40.

If the above cleaning procedures have been performed and the turbidimeter 
readings are still noisy, the bottom plate and gasket may need to be removed and 
cleaned. Carefully perform the following procedure to ensure the turbidimeter 
body integrity is maintained. 

1. Turn off sample flow to the turbidimeter body.

2. Remove the head assembly, bubble trap cover, and bubble trap (by lifting it 
vertically) from the body. 

3. Drain the body by removing the plug from the bottom of the body.

4. Lift the body off of its mounting screws.

5. With the body turned upside-down, remove the two Phillips-head screws 
holding the bottom plate. 

6. Lift the bottom plate off the body; set the gasket aside for use in reassembly. 

7. Use a soft brush and a dilute cleaning solution (as prepared above) to clean 
the bottom plate and inside surfaces of the turbidimeter body. Rinse the entire 
body and bottom plate with ultra-filtered deionized water. 

8. Reassemble by inserting the gasket into the molded channel in the 
bottom plate. 

9. Fit the bottom plate onto the turbidimeter body. 

10. Reinstall both screws and carefully tighten to 15 inch-lb maximum.

11. Reinstall the turbidimeter onto the wall mounting screws.

12. Replace the bubble trap, bubble trap cover, and head assembly on the top of 
the body.

13. Restore sample flow to the instrument. 

6.4.4 Replacing the Lamp Assembly
The Lamp Assembly is located on the head assembly. Under normal use, Hach 
recommends replacing the lamp once a year to maintain peak performance. 
Replacement bulbs have been Òburned-inÓ at the factory and are ready for 
installation and use. 

To change the lamp, refer to Figure 28 on page 50 and perform the 
following steps:

1. Disconnect power to the controller to remove all power to the turbidimeter.

2. Disconnect the lamp leads by unplugging the connector. 

3. After the bulb has cooled, remove as follows:
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a. Wear cotton gloves to protect your hands and to avoid fingerprints on 
the bulb.

b. Grasp the bulb. 

c. Twist the bulb in a counterclockwise direction, pulling out slightly, until it is 
released from the housing. 

d. Pull the lamp leads and connector through the hole in the lamp housing. 

Do not touch the new bulb with bare hands. Etched glass and reduced lamp life 
will result. Wear cotton gloves or grasp the lamp assembly with a tissue to avoid 
contamination. If contamination occurs, clean the glass bulb portion with isopropyl 
alcohol.

Replace the bulb by reversing the above instructions. The bulb base only fits one 
way; align the notch in the metal bulb flange with the hole in the lamp holder.

Figure 28 Lamp Replacement

1. Lamp Housing 2. Lamp Assembly 3. Photo Detector

2

31
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6.5 Fuse Replacement
The controller contains two mains fuses. Failed fuses are an indication that an 
equipment problem could exist. Problem resolution and fuse replacement should 
only be performed by qualified service personnel. Refer to Figure 29 and perform 
the following steps to replace the fuses:

1. Disconnect power to the controller (including power to relays if powered).

2. Open the hinged controller cover by completely loosening all four captive 
screws in the cover. 

3. Remove the high voltage barrier; pull out on the lever of the captive fastener 
then pull straight out on the barrier. Set the barrier aside for reinstallation.

4. Remove the fuses and install new fuses of the same type and rating 
(T, 1.6A, 250 V, slow blow).

5. Reinstall the high voltage barrier. 

6. Close the controller cover and hand-tighten the four screws. 

7. Reconnect all power to the instrument.

Figure 29 Fuse Replacement

1. Fuses F1 and F2, 1.6 A
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Section 7 Troubleshooting

7.1 Error Codes
When a sensor is experiencing an error condition, the sensor reading on the 
measurement screen will flash and all relays and analog outputs associated with 
the sensor will be held. 

Highlight the Probe Diag menu and press ENTER. Highlight Errors and press 
ENTER to determine the case of the error. Errors are defined in Table 9.

7.2 Warnings
A sensor warning will leave all menus, relays, and outputs functioning normally, 
but will cause a warning icon to flash on the right side of the display. Highlight the 
Probe Diag menu and press ENTER to determine the cause of the error. 
Warnings are defined in Table 10. 

A warning may be used to trigger a relay and users can set warning levels to 
define the severity of the warning. Errors are defined in Table 10.

Table 9 Error Codes

Displayed Error Definition

A/D Fail Failed A/D converter. Call the Service Department.

Lamp Fail
The light source has failed. See section 6.4.4 on page 49 for 
instructions for replacing it.

Flash Fail Datalog and event log will not work.

Table 10 Warning Codes

Warning 
Number

Displayed Warning Definition/Resolution

1 Dark Reading Warning Dark reading detects too much light. 

2 Temperature Warning
Sensor head internal temperature is higher than specified. Contact the Service 
Department.

3 Data Log Full Warning
Sensor data log is full. No additional data will be logged until sensor log is 
downloaded into controller memory.

4 Event Log Full Warning
Sensor data log is full. No additional data will be logged until sensor log is 
downloaded into controller memory.

5 5 Volt Warning
Monitored voltage is outside the range of 4.5 Ð 5.5 V @ microprocessor input -> 
698 to 854 counts from the microprocessor ADC.

6 Voltage in Warning
Monitored voltage is outside the range of 9.08 Ð 14.3 V @ microprocessor pin -> 
279 to 435 counts from the microprocessor ADC.

7 Lamp V Warning
Monitored voltage is outside the range of 3.96 Ð 4.48 V @ microprocessor pin -> 
614 to 385 counts from the microprocessor ADC.

8 Lamp I Warning
Monitored voltage is outside the range of 1.67 Ð 2.75 V @ microprocessor pin -> 
39 to 64 counts from the microprocessor ADC.

9 Output Mode Not Normal
Activated when the sensor is not in normal measurement mode (such as when in 
calibration or verification mode). 
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Table 11 presents sensor warnings displayed in the Event Log, possible causes, 
and corrective actions.

The following table presents additional malfunctions which may not be recorded in 
the Event Log. 

Table 11 Troubleshooting

Sensor Warning Possible Cause Corrective Action

Bad Lamp

Lamp burned out Replace the lamp. See section 6.4.4 on page 49.

Lamp unplugged Restore connection

+12 V connection loose at controller Restore connection

Dislodged lamp Reinstall lamp

Bad circuit board in turbidimeter head Contact the Customer Service Department.

Low Signal

Photocell coated/dirty
See Cleaning the Photocell Window on page 48.
Contact the Customer Service Department.

Photocell wires disconnected Reconnect wires

Photocell broken/cracked
Replace photocell

Contact the Customer Service Department.

Lens coated/dirty Clean the lens using isopropyl alcohol and a cotton swab.

Obstructed light path Remove obstruction

Sample turbidity >100 NTU Switch to a high range turbidimeter 

See Bad Lamp causes above See Bad Lamp corrective actions above

Bad System Voltage

Improper wiring at controller
See the controller wiring instructions in section 3.2, 
Electrical Installation on page 14.

Turbidimeter head cable shortened to 
improper length

Contact the Customer Service Department.

Fluctuation in voltage Turn instrument power off and back on.

Bad circuit board in turbidimeter head Contact the Service Department

A/D Converter Timeout
Fluctuation in voltage Turn instrument power off and back on.

Bad circuit board in turbidimeter head Contact the Customer Service Department.

High Dark Counts

Light LeakÑTurbidimeter head not on 
turbidimeter body or calibration cylinder 
during Power Up or Zero Electronics

Make sure the turbidimeter head is on the turbidimeter body 
and properly aligned and repower instrument or perform 
ZERO ELECTRONICS in the CALIBRATION MENU.

Light LeakÑTurbidimeter head not 
properly aligned on the turbidimeter 
body or calibration cylinder during 
Power Up or 
Zero Electronics

Make sure the turbidimeter head is properly aligned and 
repower instrument or perform ZERO ELECTRONICS in 
the CALIBRATION MENU.

Photocell broken/cracked Contact the Customer Service Department.

Table 12 Additional Malfunctions Not Recorded in the Event Log

Symptom Possible Cause Corrective Action

Continuous Underrange 
(negative reading)

Calibration standards not in the 
correct order or incorrect dilution

Verify the accuracy of calibration standards and recalibrate the 
instrument. See Low Signal in Table 11.

Continuous Overrange 
(100 NTU)

Calibration standards not in the 
correct order or incorrect dilution

Verify the accuracy of calibration standards and recalibrate the 
instrument.
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7.3 Event Codes
Event codes are not displayed on the screen of the sc100 and must be 
downloaded from the event log to be viewed. See section 4.7 on page 36 for 
additional information. Troubleshooting actions are given in section Table 11 on 
page 53.

Erratic Readings Calibration standards have the 
same value
Inadequate bubble removal from 
sample

Verify the accuracy of calibration standards and recalibrate the 
instrument.
Increase the signal averaging time to a longer interval.
Make sure the Bubble Reject feature is turned on.
Slow the flow of sample into the instrument. 

High Readings Deionized water turbidity is 
greater than 0.5 NTU

Clean the instrument.
Access Calibration History for turbidity value of ultra-filtered water. 
Verify the flow is between 200Ð750 mL/min.
Recalibrate the instrument.

Table 12 Additional Malfunctions Not Recorded in the Event Log (continued)

Symptom Possible Caus e Corrective Action

Table 13 Event Log List

Event Event # Data1 Data2 Data3

Bubble Reject Change 0
0 = OFF
1= ON

Ñ Ñ

Filter Size Change 1

0 = No avg
1 = 6 sec
2 = 30 sec
3 = 60 sec
4 = 90 sec

Ñ Ñ

Data Log Interval Change 2

0 = 30 sec
1 = 1min
2 = 5 min
3 = 10 min
4 = 15 min

Ñ Ñ

Power On 3 1 Ñ Ñ

Calibration 4 Cal Gain Initials Ñ

Verification 5 Expected Value Meas Value Initials

Dark Reading Warning 6 Measured Value Ñ Ñ

Temperature Warning 7 Temperature Value Ñ Ñ

Voltage Warning 8

16 = +5V high
32 = +5V low
64 = V in high
128 = V in low

Ñ Ñ

Lamp Warning 9

1 = lamp V high
2 = lamp V low
4 = lamp I high
8 = lamp I low 

Ñ Ñ

A/D Fail 10 1 Ñ Ñ

Lamp Fail 11 2 Ñ Ñ

Flash Fail 12 3 Ñ Ñ

Output Mode Change 13
1 = Hold
2 = Transfer

Ñ Ñ
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Section 8 Replacement Parts and Accessories

Replacement Items
Item Cat. No.
Fuse, T, 1.6 A, 250 V .......................................................................................................................................... 52083-00
Instruction Manual, sc100 Controller, English .................................................................................................... 58600-18
Instruction Manual, 1720E Turbidimeter System, English .................................................................................. 60100-18
Installation kit, sc100 Controller.......................................................................................................................... 58672-00
Lamp Assembly .................................................................................................................................................. 18950-00
sc100 Controller ................................................................................................................................................. 58600-00

Optional Accessories
Cable, sensor extension, 7.7 m (25 ft)................................................................................................................ 57960-00
Cap, Connector Receptacle ...................................................................................................... each ................ 52100-00
Deionized (demineralized) water .................................................................................................. 1 L .................... 272-56
Digital Output Card for ModBUS RS232 communication ................................................................................... 59200-00
Digital Output Card for ModBUS RS485 communication ................................................................................... 59200-01
Drain plug for the 1720E body................................................................................................... each ................ 44116-00
Filter, 0.45 µm, to produce ultra-filtered water for cleaning and calibration ............................... each ................ 26705-00
Filter, 0.2 µm, to produce ultra-filtered water for calibration standard preparation .................... each ................ 23238-10
Formazin Calibration Kit includes:

Calibration Cylinder, TenSette¨  Pipet, 4000 NTU Formazin Primary Standard (500 mL).... each ................ 44156-00
Floor Stand ............................................................................................................................... each ................ 57432-00
Flow meter, 500Ð700 mL/min .................................................................................................... each ................ 40282-00
ICE-PIC Module for Calibration and Calibration Verification

20 NTU ................................................................................................................................. each ................ 52250-00
1 NTU................................................................................................................................... each ................ 52215-00
0.5 NTU................................................................................................................................ each ................ 52225-00

Lid, Bubble Trap, 1720E ............................................................................................................ each ...............  52012-00
Photocell Replacement Kit for the 1720E.................................................................................. each ................ 52180-00
Pipet tips for 19700-01 TenSette Pipet ................................................................................... 50/pkg ................ 21856-96
Pipet tips for 19700-10 TenSette Pipet ................................................................................... 50/pkg ................ 21997-96
Plug, conduit opening ......................................................................................................................................... 58687-00
Power Cord with strain relief, 115 V.................................................................................................................... 54488-00
Power Cord with strain relief, 230 V ................................................................................................................... 54489-00
Power Cord Kit, 10A-125V, 1.8 m (6 ft), UL/CSA listed ............................................................. each ................ 46306-00
Power Cord Kit, 10A-230V, 1.8 m (6 ft), European-style plug, VDE approved .......................... each ................ 46308-00
StablCal Calibration Set for the 1720 Series Turbidimeter
Includes: StablCal Standards, < 0.1 NTU, 20.0 NTU........................................................... 1 L/each ................ 26596-00
StablCal Standard, 0.1 NTU ......................................................................................................... 1 L ................ 27233-53
StablCal Standard, 0.3 NTU ......................................................................................................... 1 L ................ 26979-53
StablCal Standard, 0.5 NTU ......................................................................................................... 1 L ................ 26980-53
StablCal Standard, 1.0 NTU ......................................................................................................... 1 L ................ 26598-53
Strain relief, Heyco .................................................................................................................................................. 16664
Sun shield........................................................................................................................................................... 58690-00
Swabs, Cotton, presterilized for cleaning the photodetector ................................................ 100/pkg ................ 25543-00
TenSette Pipet, 0.1 to 1.0 mL .................................................................................................... each ................ 19700-01
TenSette Pipet, 1.0 to 10.0 mL .................................................................................................. each ................ 19700-10
Tubing, Inlet, ! inch O.D., Polyethylene ................................................................................per foo t ................ 51322-00
Tubing, Outlet, " inch I.D., # inch O.D., Tygon R3603..........................................................per foot ........ ........ 51263-00
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Calibration and Verificatio n Standards and Accessories
Item Qty Cat. No.
Calibration Cylinder....................................................................................................................each.................44153-00
Formazin Calibration Standards

Formazin, 4000 NTU Stock Solution................................................................................ 500 mL...................2461-49
Calibration/Verification Modules

ICE-PICª Module, 1 NTU.................................................................................................1 each.. ...............52215-00
ICE-PICª Module, 20 NTU...............................................................................................1 each... ..............52250-00

StablCal¨ Calibration Standards
StablCal¨ Stabilized Formazin Standard, 1 NTU.................................................................... 1 L.................26598-53
StablCal¨ Stabilized Formazin Standard, 20 NTU ................................................................. 1 L.................26601-53
StablCal¨ Stabilized Formazin Standard, <0.1 NTU............................................................... 1 L.................26597-53
StablCal¨ Stabilized Formazin Set, four 1-L bottles 20-NTU and four 1-L bottles <0.1 NTU1 L each...........26596-00
StablCal¨ Stabilized Formazin Standard, 40 NTU............................................. 1 gallon (3.78 L).................27463-56
StablCal¨ Stabilized Formazin Standard, 0.1 NTU............................................ 1 gallon (3.78 L).................27233-56



57

Section 9 How to Order

U.S.A. Customers

By Telephone:
6:30 a.m. to 5:00 p.m. MST
Monday through Friday
(800) 227-HACH (800-227-4224)

By Fax:
(970) 669-2932

By Mail:
Hach Company
P.O. Box 389
Loveland, Colorado 80539-0389 U.S.A.

Ordering information by e-mail:  orders@hach.com

9.1 Information Required

9.2 International Customers
Hach maintains a worldwide network of dealers and distributors. To locate the 
representative nearest you, send e-mail to intl@hach.com or contact:

Hach Company World Headquarters;  Loveland, Colorado, U.S.A.
Telephone: (970) 669-3050; Fax: (970) 669-2932

9.3 Technical and Customer Service (U.S.A. only)
Hach Technical and Customer Service Department personnel are eager to 
answer questions about our products and their use. Specialists in analytical 
methods, they are happy to put their talents to work for you.

Call 1-800-227-4224 or e-mail techhelp@hach.com

¥ Hach account number (if available) ¥ billing address

¥ Your name and phone number ¥ Shipping address

¥ Purchase order number ¥ Catalog number

¥ Brief description or model number ¥ Quantity
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Section 10 Repair Service

Authorization must be obtained from Hach Company before sending any items for 
repair. Please contact the Hach Service Center serving your location.

In the United States:
Hach Company
Ames Service
100 Dayton Avenue
Ames, Iowa 50010
(800) 227-4224 (U.S.A. only)
FAX: (515) 232-3835

In Canada:
Hach Sales & Service Canada Ltd.
1313 Border Street, Unit 34
Winnipeg, Manitoba
R3H 0X4
(800) 665-7635 (Canada only)
Telephone: (204) 632-5598
FAX: (204) 694-5134
E-mail: canada@hach.com

In Latin America, the Caribbean, the Far East, the
Indian Subcontinent, Africa, Europe, or the Middle East:
Hach Company World Headquarters,
P.O. Box 389
Loveland, Colorado, 80539-0389 U.S.A.
Telephone: (970) 669-3050
FAX: (970) 669-2932
E-mail: intl@hach.com
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Section 11 Limited Warranty

Hach Company warrants its products to the original purchaser against any defects that are due 
to faulty material or workmanship for a period of one year from date of shipment unless 
otherwise noted. 

In the event that a defect is discovered during the warranty period, Hach Company agrees that, at 
its option, it will repair or replace the defective product or refund the purchase price, subject to 
the pro-rated schedule above, excluding original shipping and handling charges. Any product 
repaired or replaced under this warranty will be warranted only for the remainder of the original 
product warranty period. 

This warranty does not apply to consumable products such as chemical reagents; or 
consumable components of a product, such as, but not limited to, lamps and tubing. 

Contact Hach Company or your distributor to initiate warranty support. Products may not be 
returned without authorization from Hach Company.

Limitations
This warranty does not cover:

¥ Damage caused by acts of God, natural disaster, labor unrest, acts of war (declared or 
undeclared), terrorism, civil strife or acts of any governmental jurisdiction

¥ Damage caused by misuse, neglect, accident or improper application or installation

¥ Damage caused by any repair or attempted repair not authorized by Hach Company

¥ Any product not used in accordance with the instructions furnished by Hach Company

¥ Freight charges to return merchandise to Hach Company

¥ Freight charges on expedited or express shipment of warranted parts or product

¥ Travel fees associated with on-site warranty repair

This warranty contains the sole express warranty made by Hach Company in connection with its 
products. All implied warranties, including without  limitation, the warranties of merchantability 
and fitness for a particular purpose, are expressly disclaimed.

Some states within the United States do not allow the disclaimer of implied warranties and if this 
is true in your state the above limitation may not apply to you. This warranty gives you specific 
rights, and you may also have other rights that vary from state to state.

This warranty constitutes the final, complete, and exclusive statement of warranty terms and no 
person is authorized to make any other warranties or representations on behalf of Hach 
Company.

Limitation of Remedies
The remedies of repair, replacement or refund of purchase price as stated above are the 
exclusive remedies for the breach of this warranty. On the basis of strict liability or under any 
other legal theory, in no event shall Hach Company be liable for any incidental or consequential 
damages of any kind for breach of warranty or negligence.
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Section 10 Compliance Information

Hach Co. certifies this instrument was tested thoroughly, inspected and found to 
meet its published specifications when it was shipped from the factory.

The Model sc100 with 1720E Sensor  has been tested and is certified as 
indicated to the following instrumentation standards:

Product Safety

UL 61010A-1 (ETL Listing # 65454)
CSA C22.2 No. 1010.1 (ETLc Certification # 65454)
Certified by Hach Co. to EN 61010-1 Amds. 1 & 2 (IEC1010-1) per 
73/23/EEC, supporting test records by Intertek Testing Services. 

Immunity 
This equipment was tested for Industrial level EMC per:

EN 61326 (EMC Requirements for Electrical Equipment for Measurement, 
Control and Laboratory Use) per 89/336/EEC EMC:  Supporting test records by 
Hach Company, certified compliance by Hach Company.

Standards include:

IEC 1000-4-2:1995 (EN 61000-4-2:1995) Electro-Static Discharge Immunity 
(Criteria B)
IEC 1000-4-3:1995 (EN 61000-4-3:1996) Radiated RF Electro-Magnetic Field 
Immunity (Criteria A)
IEC 1000-4-4:1995 (EN 61000-4-4:1995) Electrical Fast Transients/Burst 
(Criteria B)
IEC 1000-4-5:1995 (EN 61000-4-5:1995) Surge (Criteria B)
IEC 1000-4-6:1996 (EN 61000-4-6:1996) Conducted Disturbances Induced 
by RF Fields (Criteria A)
IEC 1000-4-11:1994 (EN 61000-4-11:1994) Voltage Dip/Short Interruptions 
(Criteria B)

Additional immunity Standard/s include:

ENV 50204:1996 Radiated Electro-Magnetic Field from Digital Telephones 
(Criteria A)

Emissions
This equipment was tested for Radio Frequency Emissions as follows:

Per 89/336/EEC EMC: EN 61326:1998 (Electrical Equipment for measurement, 
control and laboratory useÑEMC requ irements) Class ÒAÓ emission limits. 
Supporting test records by Hewlett Packard, Fort Collins, Colorado Hardware Test 
Center (A2LA # 0905-01) and certified compliance by Hach Company.

Standards include:

EN 61000-3-2 Harmonic Disturbances Caused by Electrical Equipment
EN 61000-3-3 Voltage Fluctuation (Flicker) Disturbances Caused by Electrical 
Equipment
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Additional Emissions Standard/s include:

EN 55011 (CISPR 11) Class ÒAÓ emission limits

Canadian Interference-causing Equi pment Regulation, IECS-003, Class A
Supporting test records by Hewlett Packard, Fort Collins, Colorado Hardware Test 
Center (A2LA # 0905-01) and certified compliance by Hach Company.

This Class A digital apparatus meets all requirements of the Canadian 
Interference- Causing Equipment Regulations.

Cet appareil numérique de la classe A respecte toutes les exigences du 
Règlement sur le matéri el brouilleur du Canada.

FCC PART 15, Class ÒAÓ Limits
Supporting test records by Hewlett Packard, Fort Collins, Colorado Hardware Test 
Center (A2LA # 0905-01) and certified compliance by Hach Company.

This device complies with Part 15 of the FCC Rules. Operation is subject to the 
following two conditions: 

(1) this device may not cause harmful interference, and (2) this device must 
accept any interference received, including interference that may cause undesired 
operation.

Changes or modifications to this unit not expressly approved by the party 
responsible for compliance could void the user's authority to operate the 
equipment.

This equipment has been tested and found to comply with the limits for a Class A 
digital device, pursuant to Part 15 of the FCC Rules. These limits are designed to 
provide reasonable protection against harmful interference when the equipment is 
operated in a commercial environment. This equipment generates, uses, and can 
radiate radio frequency energy and, if not installed and used in accordance with 
the instruction manual, may cause harmful interference to radio communications. 
Operation of this equipment in a residential area is likely to cause harmful 
interference, in which case the user will be required to correct the interference at 
his own expense. The following techniques of reducing the interference problems 
are applied easily.

1. Disconnect the Model sc100 Controller from its power source to verify that it is 
or is not the source of the interference.

2. If the Model sc100 Controller is connected into the same outlet as the device 
with which it is interfering, try another outlet.

3. Move the Model sc100 Controller and 1720E sensor away from the device 
receiving the interference.

4. Reposition the device receiving the interference.

5. Try combinations of the above.
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Appendix A ModBUS Register Information

Table 14 Controller ModBUS Registers

Group Name Tag Name Register # Data Type Length R/W Description

Measurements
Calculated 
Value

40001 Float 2 R
Value calculated from two sensor 
measurements

Setup Language 40003
Unsigned 
Integer

1 R/W Current System Language

Setup Date Format 40004
Unsigned 
Integer

1 R/W
Current Data Display Format 
(0 = DD/MM/YY; 1 = MM/DD/YY; 
2 = DD-MM-YY; 3 = MM-DD-YY)

Setup
Error Hold 
Mode

40005
Unsigned 
Integer

1 R/W
Error Mode Hold State (0 = Hold outputs; 
1 = Transfer outputs to predefined value)

Setup/Analog Output 1 Source 40006
Unsigned 
Integer

1 R/W
Selects data source for this output 
(0 = None; 2 = sensor; 4 = Calculation)

Setup/Analog Output 1 Sensor Select 40007
Unsigned 
Integer

1 R/W
Selects sensor source when Source = 
Sensor (0 = sensor1; 1 = sensor2)

Setup/Analog Output 1
Measurement 
Select

40008
Unsigned 
Integer

1 R/W
Selects measurement on the sensor 
(0 = Meas1.. 3 = Meas4)

Setup/Analog Output 1 Type 40009
Unsigned 
Integer

1 R/W
Selects output type 
(0 = Linear output; 1 = PID control)

Setup/Analog Output 1 Transfer Value 40010 Float 2 R/W Sets the transfer value

Setup/Analog Output 1 Filter 40012
Unsigned 
Integer

1 R/W
Sets the output filter value in seconds 
(0 to 120 sec.)

Setup/Analog Output 1
0mA - 4mA 
Select

40013
Unsigned 
Integer

1 R/W
Selects 0mA/4mA for min output 
(0 = 0mA; 1 = 4mA)

Setup/Analog Output 
1/Linear

Min Setting 40014 Float 2 R/W Sets the min output value

Setup/Analog Output 
1/Linear

Max Setting 40016 Float 2 R/W Sets the max output value

Setup/Analog Output 
1/PID

PID Mode 40018
Unsigned 
Integer

1 R/W Sets the PID mode (0 = auto; 1 = manual)

Setup/Analog Output 
1/PID

PID Manual 
Set

40019 Float 2 R/W
Sets the PID manual output value 
(0.0 to 100.0%)

Setup/Analog Output 
1/PID

PID Setpoint 40021 Float 2 R/W Sets the PID setpoint

Setup/Analog Output 
1/PID

PID Phase 40023
Unsigned 
Integer

1 R/W
Sets the PID phase (0 = Direct; 
1 = Reverse)

Setup/Analog Output 
1/PID

PID 
Proportional 
Band

40024 Float 2 R/W Sets the PID proportional band

Setup/Analog Output 
1/PID

PID Integral 
Time

40026
Unsigned 
Integer

1 R/W Sets the PID integral time (min)

Setup/Analog Output 
1/PID

PID 
Derivative 
Time

40027
Unsigned 
Integer

1 R/W Sets the PID derivative time (min)

Setup/Analog Output 2 Source 40028
Unsigned 
Integer

1 R/W
Selects data source for this output 
(0 = None; 2 = Sensor; 4 = Calculation)

Setup/Analog Output 2 Sensor Select 40029
Unsigned 
Integer

1 R/W
Selects sensor source when Source = 
Sensor (0 = Sensor1; 1 = Sensor2)

Setup/Analog Output 2
Measurement 
Select

40030
Unsigned 
Integer

1 R/W
Selects measurement on the Sensor 
(0 = Meas1 .. 3 = Meas4)
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Setup/Analog Output 2 Type 40031
Unsigned 
Integer

1 R/W
Selects output type (0 = Linear output; 
1 = PID control)

Setup/Analog Output 2 Transfer Value 40032 Float 2 R/W Sets the transfer value

Setup/Analog Output 2 Filter 40034
Unsigned 
Integer

1 R/W
Sets the output filter value in seconds 
(0 to 120 sec)

Setup/Analog Output 2
0mA - 4mA 
Select

40035
Unsigned 
Integer

1 R/W
Selects 0mA/4mA for min output 
(0 = 0mA; 1 = 4mA)

Setup/Analog Output 
2/Linear

Min Setting 40036 Float 2 R/W Sets the min output value

Setup/Analog Output 
2/Linear

Max Setting 40038 Float 2 R/W Sets the max output value

Setup/Analog Output 
2/PID

Mode 40040
Unsigned 
Integer

1 R/W Sets the PID mode (0 = auto; 1 = manual)

Setup/Analog Output 
2/PID

Manual Set 40041 Float 2 R/W
Sets the PID manual output value 
(0.0 to 100.0%)

Setup/Analog Output 
2/PID

Setpoint 40043 Float 2 R/W Sets the PID setpoint

Setup/Analog Output 
2/PID

Phase 40045
Unsigned 
Integer

1 R/W
Sets the PID phase 
(0 = Direct; 1 = Reverse)

Setup/Analog Output 
2/PID

Proportional 
Band

40046 Float 2 R/W Sets the PID proportional band

Setup/Analog Output 
2/PID

Integral Time 40048
Unsigned 
Integer

1 R/W Sets the PID integral time (min)

Setup/Analog Output 
2/PID

Derivative 
Time

40049
Unsigned 
Integer

1 R/W Sets the PID derivative time (min)

Setup/Relay 1 Source 40050
Unsigned 
Integer

1 R/W
Selects data source for this relay 
(0 = None; 1 = Real Time Clock; 
2 = Sensor; 4 = Calculation)

Setup/Relay 1 Sensor Select 40051
Unsigned 
Integer

1 R/W
Selects Sensor source when 
Source = Sensor 
(0 = Sensor1; 1 = Sensor2)

Setup/Relay 1
Measurement 
Select

40052
Unsigned 
Integer

1 R/W
Selects measurement on the Sensor 
(0 = Meas1 .. 3 = Meas4)

Setup/Relay 1 Type 40053
Unsigned 
Integer

1 R/W
Selects the relay type 
(0 = Alarm; 1 = Control; 
2 = Status; 3 = Timer; 4 = Event)

Setup/Relay 1
Transfer 
Setting

40054
Unsigned 
Integer

1 R/W
Selects the transfer value for the relays 
(0 = De-energized; 1 = Energized)

Setup/Relay 1/Alarm High Alarm 40055 Float 2 R/W Sets the high alarm setpoint

Setup/Relay 1/Alarm Low Alarm 40057 Float 2 R/W Sets the low alarm setpoint

Setup/Relay 1/Alarm
High 
Deadband

40059 Float 2 R/W Sets the high alarm deadband

Setup/Relay 1/Alarm
Low 
Deadband

40061 Float 2 R/W Sets the low alarm deadband

Setup/Relay 1/Alarm On Delay 40063
Unsigned 
Integer

1 R/W Sets the on delay time

Setup/Relay 1/Alarm Off Delay 40064
Unsigned 
Integer

1 R/W Sets the off delay time

Setup/Relay 1/Control Setpoint 40065 Float 2 R/W Sets the controller setpoint

Table 14 Controller ModBUS Registers (continued)

Group Name Tag Name Register # Data Type Length R/W Description
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Setup/Relay 1/Control Phase 40067
Unsigned 
Integer

1 R/W
Sets the controller phase 
(0 = Low; 1 = High)

Setup/Relay 1/Control Deadband 40068 Float 2 R/W Sets the controller deadband

Setup/Relay 1/Control
Overfeed 
Timer

40070
Unsigned 
Integer

1 R/W Sets the overfeed timer value (mins)

Setup/Relay 1/Control On Delay 40071
Unsigned 
Integer

1 R/W Sets the on delay time (sec)

Setup/Relay 1/Control Off Delay 40072
Unsigned 
Integer

1 R/W Sets the off delay time (sec)

Setup/Relay 1/Control
Reset 
Overfeed 
Timer

40073
Unsigned 
Integer

1 R/W Resets the overfeed timer

Setup/Relay 1/Event Setpoint 40074 Float 2 R/W Sets the event setpoint

Setup/Relay 1/Event Phase 40076
Unsigned 
Integer

1 R/W Sets the event phase (0 = Low; 1 = High)

Setup/Relay 1/Event Deadband 40077 Float 2 R/W Sets the event deadband

Setup/Relay 1/Event On Max Time 40079
Unsigned 
Integer

1 R/W Sets the max on time (mins)

Setup/Relay 1/Event On Min Time 40080
Unsigned 
Integer

1 R/W Sets the min on time (mins)

Setup/Relay 1/Event Off Max Time 40081
Unsigned 
Integer

1 R/W Sets the max off time (mins)

Setup/Relay 1/Event Off Min Time 40082
Unsigned 
Integer

1 R/W Sets the min off time (mins)

Setup/Relay 1/Timer Hold Type 40083
Unsigned 
Integer

1 R/W
Sets which Sensor outputs are affected 
during timer on time (0 = None; 
2 = Selected Sensor; 13 = All Sensors)

Setup/Relay 1/Timer Sensor Select 40084
Unsigned 
Integer

1 R/W

Selects which Sensor outputs are being 
held/transferred during the timers on time 
(this is used when Hold type is set for 
single Sensor)

Setup/Relay 1/Timer Hold Mode 40085
Unsigned 
Integer

1 R/W
Selects hold outputs vs. set transfer value 
during timers on time

Setup/Relay 1/Timer Duration Time 40086
Unsigned 
Integer

1 R/W Sets the timer on duration time (sec)

Setup/Relay 1/Timer Period Time 40087
Unsigned 
Integer

1 R/W
Sets the period between timer on events 
(mins)

Setup/Relay 1/Timer Off Delay 40088
Unsigned 
Integer

1 R/W
Sets the time the affected Sensor outputs 
are held/transferred after the timer turns 
off (sec)

Setup/Relay 1/Status Level 40089
Unsigned 
Integer

1 R/W
Sets the status level which will trigger the 
relay

Setup/Relay 2 Source 40090
Unsigned 
Integer

1 R/W
Selects data source for this relay 
(0 = None; 1 = Real Time Clock; 
2 = Sensor; 4 = Calculation)

Setup/Relay 2 Sensor Select 40091
Unsigned 
Integer

1 R/W
Selects Sensor source when Source 
= Sensor (0 = Sensor1; 1 = Sensor2)

Setup/Relay 2
Measurement 
Select

40092
Unsigned 
Integer

1 R/W
Selects measurement on the Sensor 
(0 = Meas1 .. 3 = Meas4)

Table 14 Controller ModBUS Registers (continued)

Group Name Tag Name Register # Data Type Length R/W Description
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Setup/Relay 2 Type 40093
Unsigned 
Integer

1 R/W
Selects the relay type (0 = Alarm; 1 = 
Control; 2 = Status; 3 = Timer; 4 = Event)

Setup/Relay 2
Transfer 
Setting

40094
Unsigned 
Integer

1 R/W
Selects the transfer value for the relays 
(0 = De-energized; 1 = Energized)

Setup/Relay 2/Alarm High Alarm 40095 Float 2 R/W Sets the high alarm setpoint

Setup/Relay 2/Alarm Low Alarm 40097 Float 2 R/W Sets the low alarm setpoint

Setup/Relay 2/Alarm
High 
Deadband

40099 Float 2 R/W Sets the high alarm deadband

Setup/Relay 2/Alarm
Low 
Deadband

40101 Float 2 R/W Sets the low alarm deadband

Setup/Relay 2/Alarm On Delay 40103
Unsigned 
Integer

1 R/W Sets the on delay time

Setup/Relay 2/Alarm Off Delay 40104
Unsigned 
Integer

1 R/W Sets the off delay time

Setup/Relay 2/Control Setpoint 40105 Float 2 R/W Sets the controller setpoint

Setup/Relay 2/Control Phase 40107
Unsigned 
Integer

1 R/W
Sets the controller phase 
(0 = Low; 1 = High)

Setup/Relay 2/Control Deadband 40108 Float 2 R/W Sets the controller deadband

Setup/Relay 2/Control
Overfeed 
Timer

40110
Unsigned 
Integer

1 R/W Sets the overfeed timer value (mins)

Setup/Relay 2/Control On Delay 40111
Unsigned 
Integer

1 R/W Sets the on delay time (sec)

Setup/Relay 2/Control Off Delay 40112
Unsigned 
Integer

1 R/W Sets the off delay time (sec)

Setup/Relay 2/Control
Reset 
Overfeed 
Timer

40113
Unsigned 
Integer

1 R/W Resets the overfeed timer

Setup/Relay 2/Event Setpoint 40114 Float 2 R/W Sets the event setpoint

Setup/Relay 2/Event Phase 40116
Unsigned 
Integer

1 R/W Sets the event phase (0 = Low; 1 = High)

Setup/Relay 2/Event Deadband 40117 Float 2 R/W Sets the event deadband

Setup/Relay 2/Event On Max Time 40119
Unsigned 
Integer

1 R/W Sets the max on time (mins)

Setup/Relay 2/Event On Min Time 40120
Unsigned 
Integer

1 R/W Sets the min on time (mins)

Setup/Relay 2/Event Off Max Time 40121
Unsigned 
Integer

1 R/W Sets the max off time (mins)

Setup/Relay 2/Event Off Min Time 40122
Unsigned 
Integer

1 R/W Sets the min off time (mins)

Setup/Relay 2/Timer Hold Type 40123
Unsigned 
Integer

1 R/W
Sets which Sensor outputs are affected 
during timer on time (0 = None; 
2 = Selected Sensor; 13 = All Sensors)

Setup/Relay 2/Timer Sensor Select 40124
Unsigned 
Integer

1 R/W

Selects which Sensor outputs are being 
held/transferred during the timers on time 
(this is used when Hold type is set for 
single Sensor)

Setup/Relay 2/Timer Hold Mode 40125
Unsigned 
Integer

1 R/W
Selects hold outputs vs. set transfer value 
during timers on time

Table 14 Controller ModBUS Registers (continued)

Group Name Tag Name Register # Data Type Length R/W Description
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Setup/Relay 2/Timer Duration Time 40126
Unsigned 
Integer

1 R/W Sets the timer on duration time (sec)

Setup/Relay 2/Timer Period Time 40127
Unsigned 
Integer

1 R/W
Sets the period between timer on events 
(mins)

Setup/Relay 2/Timer Off Delay 40128
Unsigned 
Integer

1 R/W
Sets the time the affected Sensor outputs 
are held/transferred after the timer turns 
off (sec)

Setup/Relay 2/Status Level 40129
Unsigned 
Integer

1 R/W
Sets the status level which will trigger the 
relay

Setup/Relay 3 Source 40130
Unsigned 
Integer

1 R/W
Selects data source for this relay 
(0 = None; 1 = Real Time Clock; 
2 = Sensor; 4 = Calculation)

Setup/Relay 3 Sensor Select 40131
Unsigned 
Integer

1 R/W
Selects Sensor source when Source = 
Sensor (0 = Sensor1; 1 = Sensor2)

Setup/Relay 3
Measurement 
Select

40132
Unsigned 
Integer

1 R/W
Selects measurement on the Sensor 
(0 = Meas1 .. 3 = Meas4)

Setup/Relay 3 Type 40133
Unsigned 
Integer

1 R/W
Selects the relay type (0 = Alarm; 1 = 
Control; 2 = Status; 3 = Timer; 4 = Event)

Setup/Relay 3
Transfer 
Setting

40134
Unsigned 
Integer

1 R/W
Selects the transfer value for the relays 
(0 = De-energized; 1 = Energized)

Setup/Relay 3/Alarm High Alarm 40135 Float 2 R/W Sets the high alarm setpoint

Setup/Relay 3/Alarm Low Alarm 40137 Float 2 R/W Sets the low alarm setpoint

Setup/Relay 3/Alarm
High 
Deadband

40139 Float 2 R/W Sets the high alarm deadband

Setup/Relay 3/Alarm
Low 
Deadband

40141 Float 2 R/W Sets the low alarm deadband

Setup/Relay 3/Alarm On Delay 40143
Unsigned 
Integer

1 R/W Sets the on delay time

Setup/Relay 3/Alarm Off Delay 40144
Unsigned 
Integer

1 R/W Sets the off delay time

Setup/Relay 3/Control Setpoint 40145 Float 2 R/W Sets the controller setpoint

Setup/Relay 3/Control Phase 40147
Unsigned 
Integer

1 R/W
Sets the controller phase 
(0 = Low; 1 = High)

Setup/Relay 3/Control Deadband 40148 Float 2 R/W Sets the controller deadband

Setup/Relay 3/Control
Overfeed 
Timer

40150
Unsigned 
Integer

1 R/W Sets the overfeed timer value (mins)

Setup/Relay 3/Control On Delay 40151
Unsigned 
Integer

1 R/W Sets the on delay time (sec)

Setup/Relay 3/Control Off Delay 40152
Unsigned 
Integer

1 R/W Sets the off delay time (sec)

Setup/Relay 3/Control
Reset 
Overfeed 
Timer

40153
Unsigned 
Integer

1 R/W Resets the overfeed timer

Setup/Relay 3/Event Setpoint 40154 Float 2 R/W Sets the event setpoint

Setup/Relay 3/Event Phase 40156
Unsigned 
Integer

1 R/W Sets the event phase (0 = Low; 1 = High)

Setup/Relay 3/Event Deadband 40157 Float 2 R/W Sets the event deadband

Setup/Relay 3/Event On Max Time 40159
Unsigned 
Integer

1 R/W Sets the max on time (mins)

Table 14 Controller ModBUS Registers (continued)

Group Name Tag Name Register # Data Type Length R/W Description
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Setup/Relay 3/Event On Min Time 40160
Unsigned 
Integer

1 R/W Sets the min on time (mins)

Setup/Relay 3/Event Off Max Time 40161
Unsigned 
Integer

1 R/W Sets the max off time (mins)

Setup/Relay 3/Event Off Min Time 40162
Unsigned 
Integer

1 R/W Sets the min off time (mins)

Setup/Relay 3/Timer Hold Type 40163
Unsigned 
Integer

1 R/W
Sets which Sensor outputs are affected 
during timer on time (0 = None; 
2 = Selected Sensor; 13 = All Sensors)

Setup/Relay 3/Timer Sensor Select 40164
Unsigned 
Integer

1 R/W

Selects which Sensor outputs are being 
held/transferred during the timers on time 
(this is used when Hold type is set for 
single Sensor)

Setup/Relay 3/Timer Hold Mode 40165
Unsigned 
Integer

1 R/W
Selects hold outputs vs. set transfer value 
during timers on time

Setup/Relay 3/Timer Duration Time 40166
Unsigned 
Integer

1 R/W Sets the timer on duration time (sec)

Setup/Relay 3/Timer Period Time 40167
Unsigned 
Integer

1 R/W
Sets the period between timer on events 
(mins)

Setup/Relay 3/Timer Off Delay 40168
Unsigned 
Integer

1 R/W
Sets the time the affected Sensor outputs 
are held/transferred after the timer turns 
off (sec)

Setup/Relay 3/Status Level 40169
Unsigned 
Integer

1 R/W
Sets the status level which will trigger 
the relay

Comm/Net Card Mode 40170
Unsigned 
Integer

1 R/W
Sets the Modbus mode 
(0 = RTU; 1 = ASCII)

Comm/Net Card Baud 40171
Unsigned 
Integer

1 R/W
Sets the Modbus baud rate (0 = 9600; 
1 = 19200; 2 = 38400; 3 = 57600; 

4 = 115200)

Comm/Net Card Stop Bits 40172
Unsigned 
Integer

1 R/W Sets the number of stop bits (1,2)

Comm/Net Card Data Order 40173
Unsigned 
Integer

1 R/W
Sets the register data order for floats 
(0 = Normal; 1 = Reversed)

Comm/Net Card
Min 
Response 
Time

40174
Unsigned 
Integer

1 R/W
Sets the minimum response time 
(0 to 30 sec)

Comm/Net Card
Max 
Response 
Time

40175
Unsigned 
Integer

1 R/W
Sets the maximum response time 
(100 to 1000 sec)

Comm/Net 
Card/Addresses

sc100 40176
Unsigned 
Integer

1 R/W Sets the sc100 Modbus Address

Comm/Net 
Card/Addresses

Sensor 1 40177
Unsigned 
Integer

1 R/W Sets the Sensor 1 Modbus Address

Comm/Net 
Card/Addresses

Sensor 2 40178
Unsigned 
Integer

1 R/W Sets the Sensor 2 Modbus Address

Comm/Net Card/Stats
Good 
Messages

40179
Unsigned 
Integer

2 R/W Number of good messages

Comm/Net Card/Stats
Bad 
Messages

40181
Unsigned 
Integer

2 R/W Number of failed messages

Comm/Net Card/Stats % Good Mesg 40183 Float 2 R/W % of good messages

Table 14 Controller ModBUS Registers (continued)

Group Name Tag Name Register # Data Type Length R/W Description
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Comm/Service Port Mode 40185
Unsigned 
Integer

1 R/W
Sets the Modbus mode (0 = RTU; 
1 = ASCII)

Comm/Service Port Baud 40186
Unsigned 
Integer

1 R/W
Sets the Modbus baud rate (0 = 9600; 
1 = 19200; 2 = 38400; 3 = 57600; 
4 = 115200)

Comm/Service Port Stop Bits 40187
Unsigned 
Integer

1 R/W Sets the number of stop bits (1,2)

Comm/Service Port Data Order 40188
Unsigned 
Integer

1 R/W
Sets the register data order for floats 
(0 = Normal; 1 = Reversed)

Comm/Service Port
Min 
Response 
Time

40189
Unsigned 
Integer

1 R/W
Sets the minimum response time 
(0 to 30 sec)

Comm/Service Port
Max 
Response 
Time

40190
Unsigned 
Integer

1 R/W
Sets the maximum response time 
(100 to 1000 sec)

Comm/Service 
Port/Addresses

sc100 40191
Unsigned 
Integer

1 R/W Sets the sc100 Modbus Address

Comm/Service 
Port/Addresses

Sensor 1 40192
Unsigned 
Integer

1 R/W Sets the Sensor 1 Modbus Address

Comm/Service 
Port/Addresses

Sensor 2 40193
Unsigned 
Integer

1 R/W Sets the Sensor 2 Modbus Address

Comm/Service 
Port/Stats

Good 
Messages

40194
Unsigned 
Integer

2 R/W Number of good messages

Comm/Service 
Port/Stats

Bad 
Messages

40196
Unsigned 
Integer

2 R/W Number of failed messages

Comm/Service 
Port/Stats

% Good Mesg 40198 Float 2 R/W % of good messages

Comm/Sensor/ Sensor1 
Stats

Good 
Messages

40200
Unsigned 
Integer

2 R/W Number of good messages

Comm/Sensor/ Sensor1 
Stats

Bad 
Messages

40202
Unsigned 
Integer

2 R/W Number of failed messages

Comm/Sensor/ Sensor1 
Stats

% Good Mesg 40204 Float 2 R/W % of good messages

Comm/Sensor/ Sensor2 
Stats

Good 
Messages

40206
Unsigned 
Integer

2 R/W Number of good messages

Comm/Sensor/ Sensor2 
Stats

Bad 
Messages

40208
Unsigned 
Integer

2 R/W Number of failed messages

Comm/Sensor/ Sensor2 
Stats

% Good Mesg 40210 Float 2 R/W % of good messages

Calibration
Output1 4mA 
count

40212
Unsigned 
Integer

1 R/W Calibration counts for the 4mA output 1

Calibration
Output1 
20mA count

40213
Unsigned 
Integer

1 R/W Calibration counts for the 20mA output 1

Calibration
Output2 4mA 
count

40214
Unsigned 
Integer

1 R/W Calibration counts for the 4mA output 2

Calibration
Output2 
20mA count

40215
Unsigned 
Integer

1 R/W Calibration counts for the 20mA output 2

Table 14 Controller ModBUS Registers (continued)

Group Name Tag Name Register # Data Type Length R/W Description
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Table 15 Sensor ModBUS Registers

Group Name Tag Name
Register 

#
Data 
Type

Length R/W Units (U) Range

Measurements Cal Gain 40013 float 2 R none 0.5 to 2.0

Verification PF Criteria 40062 Integer 1 R/W Ñ Ñ

Measurements Turbidity 40001 Float 2 R NTU 0/100

Diagnostics Temperature 40005 Float 2 R Deg C
Ñ

Diagnostics Dark Reading 40009 Float 2 R NTU 0/100

Diagnostics Raw Turbidity 40011 Float 2 R NTU Ñ

Diagnostics Lamp Voltage 40018 Float 2 R Volts Ñ

Diagnostics Lamp Current 40020 Float 2 R Amps Ñ

Diagnostics Plus 5V 40022 Float 2 R Volts Ñ

Diagnostics Voltage In 40024 Float 2 R Volts Ñ

Setup Software Version 40015 Float 2 R Ñ Ñ

Setup Bubble Rej 40017 Integer 1 R/W Ñ On/Off

Setup DataLog Interval 40026 Integer 1 R/W Sec or Min
30 sec, 1 min, 
5 min, 10 min, 
15 min

Setup Sensor Name 40027 String 6 R/W Ñ Ñ

Setup Filter Size 40033 Integer 1 R/W sec
no averaging, 
6, 30, 60, 90

Setup Sensor Ser Num 40036 String 6 R/W Ñ 12 digits

Setup Output Mode 40042 Integer 1 R/W Ñ Ñ

Setup Set Resolution 40061 Integer 1 R/W decimal places 4, 3, or 2 
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Your Pipeline To Quality

Features

! Clear Visual Indication
ÐLarge orange float is visible from a distance
Ð Range indicators slide along dovetail track

! Easy Installation and Maintenance 
Just unscrew union nuts and tube slides out 
of line

! Choice of Four Tube Materials for Many
Applications:

Clear PVCÐFor Water or Chemicals up to
60¼C (140¼F) ÐHigh Chemical resistance at 
low cost.

Polyamide (PA) ÐFor Water or Air up to
75¼C (167¼F) ÐHigh impact strength and 
optical clarity.

Polysulfone (PSU) ÐFor Chemicals and
Gases up to 100¼C (212¼F) ÐHigh impact 
strength and good chemical resistance.

PVDF 2 ÐFor Chemicals and Ultrapure fluids
up to 110¼C (230¼F) ÐHigh impact strength 
and excellent chemical resistance.

! Ideal for All Types of Plastic Piping
All types of end connections in PVC, CPVC, 
PP & PVDF

! Low Pressure Drop

! Good Measuring Accuracy Ð Class IV
± 3% of indicated value, plus ± 1% of full scale.
Ð Read scale at top (largest diameter) of float

! Non Fouling ÐFloat is self supporting in the
flow. No guide rod (which can cause the float
to jam) is necessary.

Low Cost Visual Indication

For Water, Chemicals or Gas

Standard
Full Size 

Compact

SERIES: FC Ð Compact Ð 5" Single Scale
FS Ð Full Size Ð 7" Dual Scale1

MATERIALS:
Tube: Clear PVC, Polyamide (PA),

Polysulfone (PSU), or PVDF2

Float: PVDF
Ends: PVC, CPVC, PP, PVDF Socket, 

Threaded, Flanged, Butt
or ChemFlare TM3

O-Rings: EPDM, FPM (Viton¨ )

CAPACITIES:Up to 220 USGPM
(50,000 litres per hour)

1 USGPM and litres per hour (water) scale is supplied as standard on full size meters.
2 Because PVDF is translucent, a magnetic float and limit switches are usually used.
3 For ChemFlareTM end connectors, consult Chemline.

Variable Area
Flow Meters
Chemline F Series Variable Area Flow Meters are
ideal for plastic piping. They provide a combination
of accurate visual flow rate measurement and clear
flow indication from a distance. Optional limit
switches allow the units to signal a low or high flow
alarm. An optional flow transmitter provides a
4 to 20 mA signal output. These flow meters must
be installed vertically with flow upward.



PVC
Tube

FCA00020

FCA00060

FCA00100

FCA00250

FCA00051

FCA00151

FCA00251

FCA00401

FCA00152

FCA00402

FCA00602

FCA01002

FCA00253

FCA00403

FCA01003

FCA01503

Polyamide
Tube

FCT00020

FCT00060

FCT00100

FCT00250

FCT00051

FCT00151

FCT00251

FCT00401

FCT00152

FCT00402

FCT00602

FCT01002

FCT00253

FCT00403

FCT01003

FCT01503

Polysulfone
Tube

FCP00020

FCP00060

FCP00100

FCP00250

FCP00051

FCP00151

FCP00251

FCP00401

FCP00152

FCP00402

FCP00602

FCP01002

FCP00253

FCP00403

FCP01003

FCP01503

USGPM

0.0132 Ð 0.106

0.022 Ð 0.264

0.04 Ð 0.44

0.11 Ð 1.10

0.02 Ð 0.22

0.07 Ð 0.66

0.11 Ð 1.10

0.18 Ð 1.76

0.07 Ð 0.66

0.22 Ð 1.76

0.26 Ð 2.64

0.44 Ð 4.40

0.11 Ð 1.10

0.18 Ð 1.76

0.44 Ð 4.40

0.66 Ð 6.60

Litres per hour

3 Ð    24

5 Ð    60

10 Ð   100

25 Ð   250

5 Ð    50

15 Ð   150

25 Ð   250

40 Ð   400

15 Ð   150

40 Ð   400

60 Ð   600

100 Ð 1,000

25 Ð   250

40 Ð   400

100 Ð 1,000

150 Ð 1,500

A

6.50

6.50

6.50

6.50

6.69

6.69

6.69

6.69

7.28

7.28

7.28

7.28

7.87

7.87

7.87

7.87

L2

8.2

8.2

8.2

8.2

8.7

8.7

8.7

8.7

9.6

9.6

9.6

9.6

10.5

10.5

10.5

10.5

D

1.38

1.38

1.38

1.38

1.69

1.69

1.69

1.69

2.09

2.09

2.09

2.09

2.36

2.36

2.36

2.36

Water

0.05

0.05

0.05

0.05

0.04

0.04

0.04

0.04

0.09

0.09

0.09

0.09

0.09

0.09

0.09

0.09

Air

0.07

0.07

0.07

0.07

0.06

0.06

0.06

0.06

0.12

0.12

0.12

0.12

0.12

0.12

0.12

0.12

End
Conn.
Size

3/8"

1/2"

3/4"

1"

Item Number Flow Range (water) Dimensions (inches)

FC SERIES Ð COMPACT SIZEÐ 5" SCALE

NOTES:
PVDFflow meters are available in all sizes. Change third letter in item number to K.
1 ! P = Pressure loss through flow meter with water at 20¼C (68¼F). 
2 Dimension L is for PVC Socket ends.

Single USGPM (water) scale is supplied standard.

FS SERIES Ð STANDARD FULL SIZEÐ 7" SCALE

CONVERSION CHARTÐ FLOW UNITS

 Values based on water at 20¼C (68¼F).

PVC
Tube

FSA00150

FSA00300

FSA00600

FSA01000

FSA01500

FSA02500

FSA02000

FSA03000

FSA04000

FSA06000

FSA10000

FSA15000

FSA25000

FSA50000

Polyamide
Tube

FST00150

FST00300

FST00600

FST01000

FST01500

FST02500

FST02000

FST03000

FST04000

FST06000

FST10000

FST15000

FST25000

FST50000

Polysulfone
Tube

FSP00150

FSP00300

FSP00600

FSP01000

FSP01500

FSP02500

FSP02000

FSP03000

FSP04000

FSP06000

FSP10000

FSP15000

FSP25000

FSP50000

USGPM

0.07 Ð   0.66

0.13 Ð   1.32

0.26 Ð   2.64

0.44 Ð   4.40

0.66 Ð   6.60

1.10 Ð  11.00

0.88 Ð   8.80

1.32 Ð  13.20

1.76 Ð  17.60

2.64 Ð  26.40

4.40 Ð  44.00

6.60 Ð  66.00

11.00 Ð 110.00

44.00 Ð 220.00

Litres per hour

15 Ð    150

30 Ð    300

60 Ð    600

100 Ð  1,000

150 Ð  1,500

250 Ð  2,500

200 Ð  2,000

300 Ð  3,000

400 Ð  4,000

600 Ð  6,000

1,000 Ð 10,000

1,500 Ð 15,000

2,500 Ð 25,000

10,000 Ð 50,000

A

13.78

13.78

13.78

13.78

13.78

13.78

13.78

13.78

13.78

13.78

13.78

13.78

13.78

13.78

L2

16.3

16.3

16.3

16.3

16.6

16.6

16.8

16.8

17.2

17.2

17.2

17.7

17.7

17.7

D

2.36

2.36

2.36

2.36

2.83

2.83

3.27

3.27

4.06

4.06

4.06

4.80

4.80

4.80

Water

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.18

0.32

0.32

0.32

0.49

0.49

0.49

Air

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.23

0.39

0.39

0.39

0.58

0.58

0.58

End
Conn.
Size

1"

1-1/4"

1-1/2"

2"

2-1/2"

Pressure
Drop (psi) 1

Item Number Flow Range (water) Dimensions (inches)

Dual USGPM (water) and litres per hour scales are supplied standard.

From To

m3/hr

litres/hr

USGPM

ImpGPM

ft 3/min

m3/hr

1

0.001

0.2271

0.2728

1.6990

litres/hr

1000

1

227.12

272.77

1699

USGPM

4.4029

.004403

1

1.2009

7.4806

ImpGPM

3.6662

.003666

0.8327

1

6.2289

ft 3/min

0.5886

.000589

0.1337

0.1605

1

Pressure
Drop (psi) 1

Variable Area Flow Meters



2 150 psi is not recommended at maximum temperatures. Consult Chemline.

Construction  (à = Optional Materials)

Tube

PVC

Polyamide (PA)

Polyamide (PA)

Polysulfone (PSU)

Polysulfone (PSU)

PVDF

Union Nuts

PVC

PVC

PPGà

PVC

PPGà

PVDF

O-Rings

EPDM

EPDM

EPDM

EPDM

EPDM

FPM(Viton ¨ )

Ends

PVC

PVC

PP or CPVCà

PVC

PP or CPVCà

PVDF

MAXIMUM WORKING PRESSURES AND TEMPERATURE RANGES

PARTS " Recommended Spare Parts

Specific
Gravity

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

.00

1.647

1.462

1.326

1.220

1.134

1.062

1.000

0.947

0.900

0.858

0.820

0.787

0.756

0.728

0.701

0.677

0.654

.01

1.626

1.447

1.316

1.211

1.125

1.055

0.994

0.943

0.895

0.854

0.818

0.784

0.754

0.726

0.699

0.674

0.652

.02

1.605

1.433

1.304

1.202

1.117

1.048

0.988

0.936

0.891

0.850

0.814

0.781

0.751

0.723

0.696

0.672

0.650

.03

1.585

1.418

1.292

1.192

1.111

1.042

0.982

0.932

0.887

0.846

0.810

0.778

0.748

0.720

0.694

0.669

0.648

.04

1.565

1.404

1.282

1.183

1.104

1.035

0.978

0.927

0.883

0.842

0.806

0.776

0.745

0.717

0.691

0.667

0.646

.05

1.548

1.391

1.271

1.175

1.096

1.030

0.972

0.923

0.878

0.838

0.803

0.773

0.742

0.714

0.689

0.665

0.644

.06

1.529

1.377

1.259

1.167

1.089

1.024

0.967

0.917

0.874

0.835

0.800

0.770

0.740

0.712

0.686

0.663

0.641

.07

1.513

1.364

1.250

1.157

1.082

1.017

0.962

0.913

0.870

0.831

0.797

0.767

0.737

0.709

0.684

0.661

0.604

.08

1.495

1.351

1.239

1.149

1.075

1.011

0.956

0.909

0.866

0.827

0.794

0.764

0.734

0.706

0.682

0.658

0.637

.09

1.479

1.339

1.229

1.142

1.068

1.005

0.951

0.904

0.862

0.824

0.791

0.759

0.730

0.704

0.679

0.657

0.636

Scale Correction Factor

SCALE CORRECTION FACTORSÐ FOR LIQUIDS WITH SPECIFIC GRAVITIES OTHER THAN 1.00

ACCESSORIES
! Limit Switches Ð One switch for both

maximum or minimum. A magnetic float is
required. 

! Switch Ratings Ð P (max) = 10 VA, 
E (max) = 470VAC, I (max) = 0.5A

! Throttling Valve for flow control
! 4Ð20 mA Output Signal Unit must be factory

calibrated for specific service
OPTIONS
! Custom Direct Reading Scale for services

other than water
! Alternate O-Rings Ð ie. FPM (Viton ¨ )
! End Size Reduction Ð Accuracy is not

significantly affected by end reduction
! Other Ends Ð Threaded, socket or flanged

end connections in PVC, CPVC, PP or PVDF.
Butt ends in PP or PVDF.

Flow Meter Sizing Ð Liquid Flow
Standard Scale values are for clean water flow at 20¼C (68¼F). For liquids with densities and viscosities similar to water (ie. specific gravity of
1.0 and viscosities between 0.5 cP and 1.3 cP) the standard water scale will be accurate enough.
The table below shows correction factors to be applied for liquids with specific gravities other then 1.0. Multiply the correction factor by the
water scale value to obtain actual flow rate. Example: For a liquid of specific gravity of 1.66, the correction factor is 0.740. For water flow
range of 100 to 1000 litres/hr, corrected range becomes 74 to 740 litres/hr. Viscosity should be between 0.5 cP and 1.3 cP for standard scales
to be accurate.
For " sizing" liquid flows ie. determining actual flow range of a tube, please advise the chemical name, concentration, temperature, specific
gravity and viscosity. Custom direct reading scales in any units are available special order.

6

7

3

2

1

8

4

5

A

L

B

D

No. Part Pcs. Materials

1 Tube 1 Polyamide (PA),
Polysulfone (PSU),
Clear PVC, PVDF

2 Float 1 PVDF (standard
or magnetic)

3 Lower Float Stop 1 PVDF

4 Upper Float Stop 1 PVDF

5 Union Nut 2 PVC, PPG, PVDF

6 End Connector 2 PVC, CPVC, PP or
PVDF

7" O-Rings 2 EPDM, FPM(Viton¨ )

8" Range Indicator 2 ABS

Temperature Range

0 to 60¼C (32 to 140¼F)

0 to 60¼C (32 to 140¼F)

0 to 75¼C (32 to 167¼F)

0 to 60¼C (32 to 140¼F)

0 to 90¼C (32 to 194¼F)

Ð40 to 110¼C (Ð40 to 230¼F)

Maximum
Pressure2

150 psi

150 psi

150 psi

150 psi

150 psi

150 psi

Variable Area Flow Meters
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Your Pipeline To Quality Valves, Piping, Flow Meters and Controls

SCALE CORRECTION FACTORSÐ FOR AIR AT NON-STANDARD TEMPERATURES AND PRESSURES

Flow Meter
Item No.

Normal
m3/hr

Standard
CFM

Method 1

Calculate the Factor with the following formula.

Factor =  1 psia
3.7005 (1+0.00367t)

psia = pressure of the air absolute
= psig + 14.7 (atmospheric pressure = 14.7 psia)

t = temperature of the air ¼C 

Air density is dependent on the actual pressure and temperature.
Calculate the Scale Correction Factor using either Method 1 or 2. Multiply the
standard air flow ranges above by the Factor to obtain actual flow rates.

Method 2

Calculate the density of the air at conditions and find factor
from the chart below.

Air Density
(g/ml) =  psia

11,360 (1+0.00367t)
psia = pressure of the air absolute

= psig + 14.7 (atmospheric pressure = 14.7 psia)
t = temperature of the air ¼C 

FLOW RANGES FOR AIRÐ AT STANDARD CONDITIONS (atmospheric pressure 14.7 psia/20OC).

Flow Meter
Item No.

Normal
m3/hr

Standard
CFM

FCT00020
FCT00060
FCT00100
FCT00250
FCT00051
FCT00151
FCT00251
FCT00401
FCT00152
FCT00402
FCT00602
FCT01002
FCT00253
FCT00403
FCT01003
FCT01503

0.2 Ð 1.0
0.2 Ð 2.5
0.6 Ð 3.6
0.5 Ð 9.0
0.4 Ð 2.8
0.8 Ð 6.2
0.9 Ð 9.5
2.0 Ð 15.0
0.5 Ð 5.5
2.0 Ð 14.0
2.5 Ð 22.0
4.0 Ð 34.0
1.0 Ð 8.0
2.0 Ð 14.0
4.0 Ð 34.0
5.0 Ð 50.0

0.1 Ð 0.6
0.1 Ð 1.5
0.4 Ð 2.1
0.3 Ð 5.3
0.2 Ð 1.6
0.5 Ð 3.6
0.5 Ð 5.6
1.2 Ð 8.8
0.3 Ð 3.2
1.2 Ð 8.2
1.5 Ð 12.9
2.4 Ð 20.0
0.6 Ð 4.7
1.2 Ð 8.2
2.4 Ð 20.0
2.9 Ð 29.4

Air Density vs. Flow Factor

Air Density (g/ml)
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1
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0.
00

4
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6

0.
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8
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0.
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2
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4

0.50

1.00

1.50

2.00

2.50

3.00

3.50

S
ca

le
 C

or
re

ct
io

n 
F
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4 Operating Instructions Ð Gear Unit, R..7, F..7, K..7, S..7 Series, SPIROPLAN¨ W

1 Important Notes

Operating instructions1 Important Notes
Safety and 
warning
instructions

Always follow the safety and warning instructions in this publication!

You must adhere to the operating instructions to ensure:

¥ Trouble-free operation

¥ Fulfillment of any rights to claim under guarantee

Consequently, read the operating instructions before you start working with the gear
unit!

The operating instructions contain important information about servicing. Therefore,
keep the operating instructions close to the gear unit.

Electrical hazard
Possible consequences: Severe or fatal injuries.

Hazard
Possible consequences: Severe or fatal injuries.

Hazardous situation
Possible consequences: Slight or minor injuries.

Harmful situation
Possible consequences: Damage to the drive and the environment.

Tips and useful information.

¥ Adjust the lubricant fill volume and position of the breather valve accordingly in the
event of a change of mounting position (see Sec. "Lubricants" and "Mounting
Positions").

¥ Follow the instructions in Sec. "Mechanical installation" / "Installing the gear unit"!



Operating Instructions Ð Gear Unit, R..7, F..7, K..7, S..7 Series, SPIROPLAN¨ W 5

1Important Notes

Waste disposal Please follow the latest instructions: Dispose of the following materials in accordance
with the regulations in force:

¥ Steel scrap:

Ð Housing parts
Ð Gears
Ð Shafts
Ð Anti-friction bearing
Ð Gray-cast iron (if there is no special collection)

¥ Parts of the worm gears are made of non-ferrous metals. Dispose of the worm gears
as appropriate.

¥ Collect waste oil and dispose of it correctly.
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2 Safety Notes

2 Safety Notes
Preface The following safety notes are primarily concerned with the use of gear units. If using

gearmotors , please also refer to the safety notes for motors in the relevant operating
instructions.

Please also consider the supplementary safety notes in the individual sections of
these operating instructions.

General
information

During and after operation, gearmotors, gear units and motors have:

¥ Live parts

¥ Moving parts

¥ Hot surfaces (may be the case)

Only qualified personnel may carry out the following work:

¥ Transportation

¥ Putting into storage

¥ Installation / assembly

¥ Connection

¥ Startup

¥ Maintenance

¥ Servicing

The following information and documents must be observed during these processes:

¥ Relevant operating instructions and wiring diagrams

¥ Warning and safety signs on the gear unit / gearmotor

¥ System-specific regulations and requirements

¥ National / regional regulations governing safety and the prevention of accidents

Serious injuries and property damage may result from:

¥ Improper use

¥ Incorrect installation or operation

¥ Unauthorized removal of necessary protection covers or the housing

Designated use Gearmotors / gear units from SEW are intended for industrial systems. They correspond
to the applicable standards and regulations. 

Technical data and information about the permitted conditions can be found on the
nameplate and in the documentation.

It is essential that you follow all the instructions!
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2Safety Notes

Transportation Inspect the shipment for any damage that may have occurred in transit as soon
as you receive the delivery. Inform the shipping company immediately. It may be
that you are not permitted to startup the drive due to the damage.

Tighten installed eyebolts. The eyebolts are only designed for the weight of the
gearmotor / gear unit. Do not attach any additional loads. 

The installed lifting eyebolts comply with DIN 580. The loads and regulations specified
in this standard must always be observed. If two eyebolts are available, use both of them
for transport. In this case, the tension force vector of the slings must not exceed a 45¡
angle in accordance with DIN 580. 

Use suitable, sufficiently rated handling equipment if necessary. Remove any
transportation fixtures prior to startup.

Extended stor-
age of gear units

Gear units of the "extended storage" type have:

¥ An oil fill suitable for the mounting position so the unit is ready to run (mineral oil CLP
and synthetic oil CLP HC). You should still check the oil level before startup (see Sec.
"Inspection / Maintenance" / "Inspection and maintenance of the gear unit").

¥ A higher oil level in some cases (synthetic oil CLP PG / food grade oil). Correct the
oil level before startup (see Sec. "Inspection / Maintenance" / "Inspection and
maintenance of the gear unit").

Comply with the storage conditions specified in the following table for extended storage:

Climate zone Packaging 1) Storage location Storage time

Temperate 
(Europe, USA, 
Canada, China 
and Russia, 
excluding tropi-
cal zones)

Packed in containers, with 
desiccant and moisture 

indicator sealed in the plas-
tic wrap.

With roof, protected against rain and snow, no 
shock loads.

Up to three years with regular 
checks on the packaging and 

moisture indicator (relative 
atmospheric humidity 

< 50 %).

Open

With roof, enclosed at constant temperature and 
atmospheric humidity (5 ¡C < ! < 60 ¡C, < 50 % 

relative atmospheric humidity).
No sudden temperature fluctuations and con-
trolled ventilation with filter (free from dirt and 

dust). No aggressive vapors and no shock loads.

Two years or more given reg-
ular inspections. Check for 
cleanliness and mechanical 

damage as part of the inspec-
tion. Check corrosion 

protection.

Tropical (Asia, 
Africa, Central 
and South Amer-
ica, Australia, 
New Zealand 
excluding temper-
ate zones)

Packed in containers, with 
desiccant and moisture 

indicator sealed in the plas-
tic wrap.

Protected against insect 
damage and mildew by 

chemical treatment.

With roof, protected against rain, no shock loads.

Up to three years with regular 
checks on the packaging and 

moisture indicator (relative 
atmospheric humidity 

< 50 %).

Open

With roof, enclosed at constant temperature and 
atmospheric humidity (5 ¡C < ! < 60 ¡C, < 50 % 

relative atmospheric humidity).
No sudden temperature fluctuations and con-
trolled ventilation with filter (free from dirt and 

dust). No aggressive vapors and no shock loads. 
Protection against insect damage.

Two years or more given reg-
ular inspections. Check for 
cleanliness and mechanical 

damage as part of the inspec-
tion. Check corrosion 

protection.

1) Packaging must be performed by an experienced company using the packaging materials that have been expressly specified for the
particular application.
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2 Safety Notes

Installation / 
assembly

Observe the instructions in the sections "Installation" and "Assembly/Removal"!

Startup / 
operation

Check that the direction of rotation is correct in decoupled  status. Listen out for unusual
grinding noises as the shaft rotates. 

Secure the shaft keys for test mode without drive components. Do not render monitoring
and protection equipment inoperative even for test mode.

Switch off the gearmotor if in doubt whenever changes occur in relation to normal
operation (e.g. increased temperature, noise, vibration). Determine the cause; contact
SEW-EURODRIVE if necessary.

Inspection / 
maintenance

Follow the instructions in the section "Inspection and Maintenance"!
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3 Basicstructure of parallel shaft helical gear units
Gear Unit Structure

3.2 Basicstructure of parallel shaft helical gear units

Key

05676AXX
Figure 2: Basic structure of parallel shaft helical gear units
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 1 Pinion  22 Gearcase  91 Circlip  506 Shim ring

 2 Gear  25 Anti-friction bearing  92 Washer  507 Shim ring

 3 Pinion shaft  30 Anti-friction bearing  93 Lock washer  508 Shim ring

 4 Gear  31 Key  94 Hex head bolt  515 Shim ring

 5 Pinion shaft  32 Spacer  100 Gearcase cover  516 Shim ring

 6 Gear  37 Anti-friction bearing  101 Hex head bolt  517 Shim ring

 7 Hollow shaft  39 Circlip  102 Gasket  521 Shim ring

 9 Oil seal  41 Circlip  131 Closing cap  522 Shim ring

 11 Anti-friction bearing  42 Anti-friction bearing  160 Closing plug  523 Shim ring

 14 Hex head bolt  43 Key  161 Closing cap

 16 Output flange  45 Anti-friction bearing  165 Closing plug

 17 Spacer  59 Screw plug  181 Closing cap

 19 Key  81 O-ring  183 Oil seal

 20 Breather valve  88 Circlip
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3Basic structure of helical-bevel gear units
Gear Unit Structure

3.3 Basic structure of helical-bevel gear units

Key

05675AXX
Figure 3: Basic structure of helical-bevel gear units
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 1 Pinion  25 Anti-friction bearing  102 Adhesive and sealing 
compound

 522 Shim ring

 2 Gear  30 Anti-friction bearing  113 Slotted round nut  523 Shim ring

 3 Pinion shaft  31 Key  114 Multi-tang washer  533 Shim ring

 4 Gear  37 Anti-friction bearing  116 Thread lock  534 Shim ring

 5 Pinion shaft  39 Circlip  119 Spacer  535 Shim ring

 6 Gear  42 Anti-friction bearing  131 Closing cap  536 Shim ring

 7 Output shaft  43 Key  132 Circlip  537 Shim ring

 8 Key  45 Anti-friction bearing  133 Spacer  538 Shim ring

 9 Oil seal  59 Screw plug  135 Nilos ring  542 Shim ring

 11 Anti-friction bearing  83 Nilos ring  161 Closing cap  543 Shim ring

 12 Circlip  84 Nilos ring  506 Shim ring  544 Shim ring

 17 Spacer  88 Circlip  507 Shim ring

 19 Key  89 Closing cap  508 Shim ring

 20 Breather valve  100 Gearcase cover  521 Shim ring

 22 Gearcase  101 Hex head bolt  521 Shim ring
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3 Nameplate, unit designation
Gear Unit Structure

3.6 Nameplate, unit designation

Sample nameplate

Unit designation

Example: Helical gear unit, category II2GD

Example: Serial number

06687ADE
Figure 6: Sample nameplate

fb = Service factor
FRa max [N] = Maximum overhung load on the output side
FRe max [N] = Maximum overhung load on the input side (with input shaft assembly AD)
i = Gear unit reduction ratio
IM = Mounting position
IP.. = Enclosure
ne max  [1/min] = Maximum input speed
na [1/min] = Output speed
Me max [Nm] = Maximum input torque
Ma [Nm] = Output torque
MR [Nm] = Overload torque when using an AR adapter
MRS [Nm] = Locking torque of the backstop

RF 47 / A / II2GD

Explosion-proof design to directive 94/9/EC

For direct motor mounting

Gear unit size

Helical gear unit series (flange mounted)

3229561201. 0001. 03

Year number end digits of the year of manufacture (2-digit)

Part number (4-digit)

Order number (10 digits)
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4Required tools / aids
Mechanical Installation

4 Mechanical Installation
4.1 Required tools / aids

¥ Set of spanners

¥ Torque wrench for:

Ð Shrink discs
Ð AQH motor adapter
Ð Input shaft assembly with centering shoulder

¥ Mounting device

¥ Shims and distance rings if necessary

¥ Fixing devices for input and output elements

¥ Lubricant (e.g. NOCÖ  Fluid)

¥ Bolt adhesive (for input shaft assembly with centering shoulder), e.g. Loctitë  243

¥ Standard parts are not part of the delivery

Installation
tolerances

4.2 Prerequisites for assembly

Check that the following conditions have been met:

¥ The data on the nameplate of the gearmotor matches the voltage supply system.

¥ The drive has not been damaged during transportation or storage.

¥ Ensure that the following requirements have been met:

Ð For standard gear units:
Ambient temperature according to the lubricant table in Sec. "Lubricants" (see
standard).
The drive must not be assembled in the following ambient conditions:
Ð Potentially explosive atmosphere
Ð Oil
Ð Acids
Ð Gas
Ð Vapors
Ð Radiation

Ð For special versions:
The drive configured in accordance with the ambient conditions.

Ð For helical-worm / SPIROPLAN ¨  W gear units:
No large external mass moments of inertia which could exert a retrodriving load
on the gear unit.
[At " Õ (retrodriving) = 2 Ð 1/"  < 0.5 self-locking]

Shaft end Flanges

Diameter tolerance in accordance with DIN 748
¥ ISO k6 for solid shafts with # $  50 mm
¥ ISO m6 for solid shafts with #  > 50 mm
¥ ISO H7 for hollow shafts
¥ Center bore in accordance with DIN 332, shape 

DR

Centering shoulder tolerance in accordance with 
DIN 42948
¥ ISO j6 with b1 $ 230 mm
¥ ISO h6 with b1> 230 mm
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4 Installing the gear unit
Mechanical Installation

¥ You must clean the output shafts and flange surfaces thoroughly to ensure they are
free of anti-corrosion agents, contamination or similar. Use a commercially available
solvent. Do not let the solvent come into contact with the sealing lips of the oil seals
Ð danger of damage to the material!

¥ When the drive is installed in abrasive ambient conditions, protect the output end oil
seals against wear.

4.3 Installing the gear unit

The gear unit or gearmotor is only allowed to be installed in the specified mounting
position. SPIROPLAN¨  gear units are not dependent on the mounting position. 

The support structure must have the following characteristics:

¥ Level

¥ Vibration damping

¥ Torsionally rigid

Maximum permitted flatness error for foot and flange mounting (approximate values with
reference to DIN ISO 1101):

¥ Gear unit size $ 67: max. 0.4 mm

¥ Gear unit size 77 ... 107: max. 0.5 mm

¥ Gear unit size 137 ... 147: max. 0.7 mm

¥ Gear unit size 157 ... 187: max. 0.8 mm

Do not tighten the housing legs and mounting flanges against one another and ensure
that you comply with the permitted overhung and axial loads!

Secure the gearmotors with bolts of quality 8.8.

Secure the following gearmotors with bolts of quality 10.9:

¥ RF37, R37F with flange #  120 mm

¥ RF47, R47F with flange #  140 mm

¥ RF57, R57F with flange #  160 mm

At the same time, also check that the oil fill is as specified for the mounting position (see
Sec. "Lubricants" / "Lubricant fill quantities" or refer to the information on the nameplate).
The gear units are filled with the required oil volume at the factory. There may be slight
deviations at the oil level plug as a result of the mounting position, which are permitted
within the manufacturing tolerances. 

The oil checking and drain screws and the breather valves must be freely
accessible!
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4Installing the gear unit
Mechanical Installation

Adjust the lubricant fill volumes and the position of the breather valve accordingly
in the event of a change of mounting position.

Please contact our SEW customer service if you change the mounting position of K gear
units to M5 or M6 or between M5 and M6. 

Please contact our SEW customer service if you change the mounting position of size
S47  S97 S gear units to mounting position M2.

Use plastic inserts (2 ... 3 mm thick) if there is a risk of electrochemical corrosion
between the gear unit and the driven machine. The material used must have an electri-
cal bleeder resistor < 109 %. Electrochemical corrosion can occur between various
metals, for example, cast iron and high-grade steel. Also install the bolts with plastic
washers! Ground the housing additionally Ð use the grounding bolts on the motor.

Installation in 
damp locations or 
in the open

Drives are supplied in corrosion-resistant versions for use in damp areas or in the open
air. Repair any damage to the paint work (e.g. on the breather valve).

When mounting the motors onto AM, AQ, AR, AT adapters, seal the flange areas with a
suitable sealing compound, e.g. Loctite¨  574.
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4 Installing the gear unit
Mechanical Installation

Gear unit venting No breather plug is required for the following gear units:

¥ R07 in mounting positions M1, M2, M3, M5 and M6

¥ R17, R27 and F27 in mounting positions M1, M3, M5 and M6

¥ SPIROPLAN̈  W gear units

SEW-EURODRIVE supplies all other gear units with the breather valve installed and
activated according to the particular mounting position.

Exceptions:

1. SEW supplies the following gear units with a screw plug on the vent hole provided:

¥ Gear units for extended storage
¥ Pivoted mounting positions, if possible
¥ Gear units for mounting on a slant

The breather valve is located in the motor terminal box. Before startup, you must re-
place the highest screw plug with the breather valve supplied.

2. SEW supplies a breather valve in a plastic bag for gear head units  requiring venting
on the input end.

3. Enclosed gear units  are supplied without a breather valve.

Activating the 
breather valve

As a rule, the breather valve is already activated at the factory. If the breather valve has
not been activated, you must remove the transport fixture from the breather valve before
starting up the gear unit!

Painting the gear 
unit

If you paint or respray the drive, ensure that you cover the breather valve and oil seals
carefully. Remove the strips of tape after completing the painting work.

1. Breather valve with  
transport fixture

2. Remove the transport fixture 3. Breather valve activated

02053BXX 02054BXX 02055BXX
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4Gear unit with solid shaft
Mechanical Installation

4.4 Gear unit with solid shaft

Installing input 
and output 
elements

The following figure shows a mounting device for installing couplings or hubs on gear
unit or motor shaft ends. It may be possible to dispense with the thrust bearing on the
mounting device.

Avoid impermissibly high overhung loads: Install the gear or chain sprocket according
to figure B.

¥ Only use a mounting device for installing input and output elements. Use the center
bore and the thread on the shaft end for positioning.

¥ Power transmission elements should be balanced after fitting and must not give rise
to any impermissible radial or axial forces (see the "Gearmotor" or "Explosion-Proof
Drives" catalogs for permitted values).

03371BXX

1) Gear shaft end
2) Thrust bearing
3) Coupling hub

03369BXX

1 = Hub

A = Unfavorable
B = Correct

¥ Never drive belt pulleys, couplings, pinions, etc. onto the shaft end by hitting
them with a hammer This will damage the bearings, housing and the shaft!

¥ In the case of belt pulleys, make sure the belt is tensioned correctly in accor-
dance with the manufacturer's instructions.

Note:

Assembly is easier if you first apply lubricant to the output element or heat it up briefly
(to 80 ... 100 ¡C).
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4 Gear unit with solid shaft
Mechanical Installation

Installing
couplings

Couplings must be mounted and balanced according to the information provided by the
coupling manufacturer:

a) Maximum and minimum clearance

b) Axial misalignment

c) Angular misalignment

03356AXX
Figure 7: Clearance and misalignment for coupling installation

a) b) c)

Input and output elements such as belt pulleys, couplings, etc. must be protected
against contact!
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4Mounted gear unit with keyway or splined hollow shaft
Mechanical Installation

4.6 Mounted gear unit with keyway or splined hollow shaft

Installation notes 1. Apply NOCO¨  fluid.

2.  Distribute the NOCO¨  fluid carefully.

3. Install the shaft and secure it axially

(mounting is facilitated by using a mounting device)

3A: Mounting with standard scope of delivery

For the configuration of customer shafts, please also refer to the design notes in the
Gearmotors catalog!

02042BXX

02043AXX

03361BXX

1 Short retaining bolt
(standard scope of delivery)

2 Lock washer
3 Washer
4 Circlip
6 Customer shaft

N
O

C
O

FLU
I

¨

N
O

C
O

FLU
I

¨

A

1
2

3
4

6
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4 Mounted gear unit with keyway or splined hollow shaft
Mechanical Installation

3B: Assembly with SEW-EURODRIVE assembly/disassembly kit (&  page 26)

Ð Customer's shaft with  contact shoulder

3C: Assembly with SEW-EURODRIVE assembly/disassembly kit (&  page 26)

Ð Customer's shaft without  contact shoulder

4. Tighten the retaining bolt to the appropriate torque (see table).

03362BXX

1 Retaining bolt
2 Lock washer
3 Washer
4 Circlip
6 Customer's shaft with contact 

shoulder

03363AXX

1 Retaining bolt
2 Lock washer
3 Washer
4 Circlip
5 Spacer
6 Customer's shaft without

contact shoulder

03364AXX

Bolt Tightening torque 
[Nm]

M5 5

M6 8

M10/12 20

M16 40

M20 80

M24 200

B

1
2 3

4

6

C

1
2 3

4
5

6

Note:

To avoid contact corrosion, we recommend that the customer's shaft should additionally
be recessed between the two contact surfaces!
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4Mounted gear unit with keyway or splined hollow shaft
Mechanical Installation

Removal notes This description is only applicable when the gear unit was assembled using the installa-
tion/removal kit from SEW-EURODRIVE(&  page 26) (see the previous description,
point 3B or 3C).

1. Loosen the retaining bolt [1].

2. Remove parts 2 to 4 and, if fitted, spacer 5.

3. Insert the forcing washer [8] and the fixed nut [7] from the SEW-EURODRIVE instal-
lation/removal kit between the customer's shaft [6] and the circlip [4].

4. Re-insert the circlip [4].

5. Screw the retaining bolt [1] back in. Now you can force the gear unit off the shaft by
tightening the bolt.

03366AXX

1 Retaining bolt
2 Lock washer
3 Washer
4 Circlip
5 Spacer
6 Customer shaft

03367AXX

1 Retaining bolt
4 Circlip
6 Customer shaft
7 Fixed nut
8 Forcing washer

1
2 3

4
5

6

1

4
7

8

6
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4 Mounted gear unit with keyway or splined hollow shaft
Mechanical Installation

SEW
installation/remo
val kit

The SEW-EURODRIVE installation/removal kit can be ordered under the following part
number.

03394AXX
Figure 12: SEW-EURODRIVE installation/removal kit

1 Retaining bolt
7 Fixed nut for disassembly
8 Forcing washer

1

8 7

7

1

Type DH7

[mm]
M1) C4

[mm]
C5

[mm]
C6

[mm]
U-0.5

[mm]
T -0.5

[mm]
D3-0.5

[mm]
L4

[mm]
Part number of 

installa-
tion/removal kit

WA..10 16 M5 5 5 12 4.5 18 15.7 50 643 712 5

WA..20 18 M6 5 6 13.5 5.5 20.5 17.7 25 643,682 X

WA..20, WA..30, SA..37 20 M6 5 6 15.5 5.5 22.5 19.7 25 643 683 8

FA..27, SA..47 25 M10 5 10 20 7.5 28 24.7 35 643 684 6

FA..37, KA..37, SA..47, SA..57 30 M10 5 10 25 7.5 33 29.7 35 643 685 4

FA..47, KA..47, SA..57 35 M12 5 12 29 9.5 38 34.7 45 643 686 2

FA..57, KA..57, FA..67, KA..67, SA..67 40 M16 5 12 34 11.5 41.9 39.7 50 643 687 0

SA..67 45 M16 5 12 38.5 13.5 48.5 44.7 50 643 688 9

FA..77, KA..77, SA..77 50 M16 5 12 43.5 13.5 53.5 49.7 50 643 689 7

FA..87, KA..87, SA..77, SA..87 60 M20 5 16 56 17.5 64 59.7 60 643 690 0

FA..97, KA..97, SA..87, SA..97 70 M20 5 16 65.5 19.5 74.5 69.7 60 643 691 9

FA..107, KA..107, SA..97 90 M24 5 20 80 24.5 95 89.7 70 643 692 7

FA..127, KA..127 100 M24 5 20 89 27.5 106 99.7 70 643 693 5

FA..157, KA..157 120 M24 5 20 107 31 127 119.7 70 643 694 3

1) Retaining bolt

The SEW assembly kit for mounting the customer shaft is a recommendation from SEW-EURODRIVE. 
You must always check whether this design can compensate the axial loads. In particular applications (e.g. 
mounting mixer shafts), a different design may have to be used to secure the shaft axially. In these cases, 
customers can use their own devices. However, you must ensure that these designs do not cause potential 
sources of combustion according to DIN EN 13463 (for example, impact sparks).
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5 Startup of helical-worm and SPIROPLAN¨ W gear units
Startup

5 Startup

5.1 Startup of helical-worm and SPIROPLAN ¨  W gear units

Run-in period SPIROPLAN¨  and helical-worm gear units require a run-in period of at least 24 hours
before reaching their maximum efficiency. A separate run-in period applies for each
direction of rotation if the gear unit is operated in both directions of rotation. The table
shows the average power reduction during the run-in period.

5.2 Startup of helical, parallel shaft helical and helical-bevel gear units

No special startup instructions are required for helical, parallel shaft helical and helical-
bevel gear units providing the gear units have been installed in accordance with Sec.
"Mechanical Installation".

Prior to startup check that the oil level is as specified for the mounting position.
The oil checking and drain screws and the breather valves must be freely acces-
sible.

Note: The direction of rotation of the output shaft in series S..7 helical-worm gear units
has been changed from CW to CCW; this is different from the S..2 series. Change
direction of rotation: Swap over two motor feeder cables.

No. of 
starts

Worm Spiroplan ¨

Power reduction i range Power reduction i range

1 start ca. 12 % ca. 50...280 ca. 15 % approx. 40 ... 75

2 start ca. 6 % ca. 20...75 ca. 10 % ca. 20...30

3 start ca. 3 % ca. 20...90 ca. 8 % ca. 15

4 start - - ca. 8 % ca. 10

5 start ca. 3 % ca. 6...25 ca. 5 % ca. 8

6 start ca. 2 % ca. 7...25 - -

00

I
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6Inspection and maintenance intervals
Inspection and Maintenance

6 Inspection and Maintenance
6.1 Inspection and maintenance intervals

6.2 Lubricant change intervals

Frequency What to do?

¥ Every 3000 machine hours, at least every 6 
months.

¥ Check oil and oil level.
¥ Check the seals visually for leakage.
¥ For gear units with a torque arm: Check the 

rubber buffer and change it, if necessary

¥ Depending on the operating conditions (see chart 
below), every 3 years at the latest.

¥ According to oil temperature.

¥ Change mineral oil.

¥ Replace anti-friction bearing grease (recom-
mendation).

¥ Replace oil seal (do not install it in the same 
track).

¥ Depending on the operating conditions (see chart 
below), every 5 years at the latest.

¥ According to oil temperature.

¥ Change synthetic oil

¥ Replace anti-friction bearing grease (recom-
mendation).

¥ Replace oil seal (do not install it in the same 
track).

¥ Gear unitsR07, R17, R27, F27 and Spiroplan̈  are have lubrication for life and are therefore mainte-
nance-free

¥ Varying (depending on external factors). ¥ Touch up or renew the surface/anticorrosion 
coating.

53232AXX
Figure 13: Oil change intervals for standard gear units under normal environmental conditions

[1] Operating hours

[2] Sustained oil bath temperature

¥ Average value per oil type at 70 ¡C

[3] CLP PG

[4] CLP HC / HCE  

[5] CLP / HLP / E 
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6 Inspection and maintenance of the gear unit
Inspection and Maintenance

6.3 Inspection and maintenance of the gear unit

Do not intermix synthetic lubricants and do not mix synthetic and mineral lubricants
together!

The standard lubricant is mineral oil (except for Spiroplan¨  gear units).

The position of the oil level and oil drain plug and the breather valve depends on
the mounting position. Refer to the diagrams of the mounting positions.

Checking the oil 
level

1. De-energize the gearmotor and secure it to prevent it from being switched on
inadvertently!

Wait until the gear unit has cooled off Ð Danger of burns!

2. Refer to Sec. "Installing the gear unit" when changing the mounting position!

3. For gear units with an oil level plug: Remove the oil level plug, check the fill level and
correct it if necessary. Screw the oil level plug back in.

Checking the oil 1. De-energize the gearmotor and secure it to prevent it from being switched on
inadvertently!

Wait until the gear unit has cooled off Ð Danger of burns!

2. Remove a little oil from the oil drain plug.

3. Check the oil consistency.

Ð Viscosity
Ð If you can see that the oil is heavily contaminated, we recommend that you

change the oil even if this is outside the service intervals specified in "Inspection
and maintenance periods".

4. For gear units with an oil level plug: Remove the oil level plug, check the fill level and
correct it if necessary. Screw the oil level plug back in.

Changing the oil Only change the oil when the gear unit is at operating temperature.

De-energize the gearmotor and secure it to prevent it from being switched back
on inadvertently!

Wait until the gear unit cools down - Danger of burns! 

Note: The gear unit must still be warm otherwise the high viscosity of excessively
cold oil will make it harder to drain the oil correctly.

With oil drain plug / 
oil level screw

1. Place a container underneath the oil drain plug

2. Remove the oil level plug, breather plug/breather valve and oil drain plug.

3. Drain all the oil.

4. Screw in the oil drain plug.

5. Pour in new oil of the same type through the vent hole (if changing the oil type, please
first contact our customer service). Do not mix synthetic lubricants.

Ð Pour in the volume of oil in accordance with the mounting position (see Sec. "Lu-
bricant fill quantities") or as specified on the nameplate.

Ð Check at the oil level plug.

6. Screw the oil level plug back in

7. Screw in the breather plug/breather valve.
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6Inspection / maintenance of AM / AQA adapters
Inspection and Maintenance

Without oil drain 
plug / oil level plug

1. Remove cover plate.

2. Drain the oil through the cover plate opening.

3. Pour in new oil of the same type through the vent hole (if changing the oil type, please
first contact our customer service). Do not mix synthetic lubricants.

Ð Pour in the volume of oil in accordance with the mounting position (see Sec. "Lu-
bricant fill quantities") or as specified on the nameplate.

4. Check the oil level (&  Sec. "Check oil level for gear units with oil level plug")

5. Attach cover plate (observe the tightening torque and series &  Sec. "Check the oil
level for gear units without an oil level plug")

Changing the oil 
seal

1. De-energize the gearmotor and secure it to prevent it from being switched on
inadvertently!

Wait until the gear unit has cooled off Ð Danger of burns!

2. When changing the oil seal, ensure that there is a sufficient grease reservoir between
the dust lip and protective lip, depending on the type of gear unit.

3. If you use double oil seals, the space has to be filled one-third with grease.

6.4 Inspection / maintenance of AM / AQA adapters

6.5 Inspection / maintenance of AD adapters

Frequency What to do?

¥ Every 3000 machine hours, at least every 6 months ¥ Check torsional play
¥ Visually check the elastic annular gear
¥ Check the adapter visually for leakage

¥ After 25000 - 30000 machine hours ¥ Renew the anti-friction bearing grease
¥ Replace oil seal (do not install it in the 

same track)
¥ Change the elastic annular gear.

Frequency What to do?

¥ Every 3000 machine hours, at least every 6 months ¥ Check running noise for possible bearing 
damage

¥ Check the adapter visually for leakage

¥ After 25000 - 30000 machine hours ¥ Renew the anti-friction bearing grease

¥ Change the oil seal
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7 Gear unit malfunctions
Malfunctions

7 Malfunctions
Customer service

7.1 Gear unit malfunctions

7.2 AM / AQA / AL adapter malfunctions

Please have the following information to hand if you require the assistance of our 
customer service:
¥ Data from the nameplate (complete)
¥ Nature and extent of the fault
¥ Time and peripheral circumstances of the fault
¥ Presumed cause

Problem Possible cause Remedy

Unusual, regular running 
noise

A Meshing/grinding noise: Bearing damage.
B Knocking noise:  Irregularity in the gearing

A Check the oil (see Sec. "Inspection and Mainte-
nance"), change bearings

B Contact customer service

Unusual, irregular running 
noise

Foreign bodies in the oil ¥ Check the oil (see Sec. "Inspection and Mainte-
nance")

¥ Stop the drive, contact customer service

Oil leaking1)

¥ From the gear cover 
plate

¥ From the motor flange
¥ From the motor oil seal
¥ From the gear unit 

flange
¥ From the output end oil 

seal

1) Short-term oil/grease leakage at the oil seal is possible in the run-in phase (24 hours running time).

A Rubber seal on the gear cover plate leak-
ing

B Seal defective
C Gear unit not vented

A Tighten the bolts on the gear cover plate and 
observe the gear unit. Oil still leaking: Contact cus-
tomer service

B Contact customer service
C Vent the gear unit (see Sec. "Mounting Positions")

Oil leaking from breather 
valve

A Too much oil
B Drive operated in incorrect mounting posi-

tion
C Frequent cold starts (oil foams) and/or 

high oil level

A Correct the oil level (see Sec. "Inspection and 
Maintenance")

B Mount the breather valve correctly (see Sec. 
"Mounting Positions") and correct the oil level (see 
"Lubricants")

Output shaft does not turn 
although the motor is run-
ning or the input shaft is 
rotated

Connection between shaft and hub in gear unit 
interrupted

Send in the gear unit/gearmotor for repair

Problem Possible cause Remedy

Unusual, regular running 
noise

Meshing/grinding noise: Bearing damage Contact SEW-EURODRIVE customer service

Oil leaking Seal defective Contact SEW-EURODRIVE customer service

Output shaft does not turn 
although the motor is run-
ning or the input shaft is 
rotated

Connection between shaft and hub in gear 
unit interrupted

Send the gear unit to SEW-EURODRIVE for repair.

Change in running noise 
and / or vibrations occur

A Annular gear wear, short-term torque 
transfer through metal contact

B Bolts to secure hub axially are loose.

A Change the annular gear 
B Tighten the bolts

Premature wear in annular 
gear

A Contact with aggressive fluids / oil; ozone 
influence; too high ambient temperatures 
etc, which can cause a change in the 
physical properties of the annular gear.

B Impermissibly high ambient/contact tem-
perature for the annular gear; maximum 
permitted temperature Ð20 ¡C to +80 ¡C.

C Overload

Contact SEW-EURODRIVE customer service
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8 General information on mounting positions
Mounting Positions

8 Mounting Positions
8.1 General information on mounting positions

Mounting position designation

SEW differentiates between six mounting positions M1 ... M6 for gear units. The following figure shows the 
spatial orientation of the gearmotor in mounting positions M1 ... M6.

03203AXX
Figure 14: Depiction of mounting positions M1 ... M6
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8Key to the mounting position sheets
Mounting Positions

8.2 Key to the mounting position sheets

Important:  SPIROPLAN¨  gearmotors cannot be equipped with breather valves, oil
level plugs or drain plugs.

Symbols used The following table shows the symbols used in the mounting position sheets and what
they mean:

Churning losses Increased churning losses may arise in some mounting positions. Contact
SEW-EURODRIVE in case of the following combinations:

SPIROPLAN¨  gearmotors do not depend on any particular mounting position. However,
mounting positions M1 to M6 are also shown for SPIROPLAN¨  gearmotors to assist you
in working with this documentation.

Symbol Meaning

Breather valve

Oil level plug

Oil drain plug

Mounting position Gear unit type Gear unit size
Input speed

[1/min]

M2, M4 R
97 ... 107 > 2500

> 107 >1500

M2, M3, M4, M5, M6

F
97 ... 107 > 2500

> 107 > 1500

K
77 ... 107 > 2500

> 107 > 1500

S 77 ... 97 > 2500

M1  M6M1  M6
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8Mounting positions for R helical gearmotors
Mounting Positions

RF07-RF167

* &  page 51

M1  M6M1  M6
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8Mounting positions for parallel shaft helical gearmotors
Mounting Positions

FA/FH27-157, FV27-107, FT37-97

* &  page 51

M1  M6M1  M6
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9 Lubricant table
Lubricants

9 Lubricants
General
information

Unless a special arrangement is made, SEW-EURODRIVE supplies the drives with a
lubricant fill adapted for the specific gear unit and mounting position. The decisive factor
is the mounting position (M1 ... M6, &  Sec. "Mounting Positions and Important Order
Information") specified when ordering the drive. You must adapt the lubricant fill to any
subsequent changes made to the mounting position (&  Lubricant fill quantities).

9.1 Lubricant table

The lubricant table on the following page shows the permitted lubricants for
SEW-EURODRIVE gear units. Please note the following key to the lubricant table.

Key to the 
lubricant table

Abbreviations used, meaning of shading and notes:

CLP = Mineral oil

CLP PG = Polyglycol (W gear units, conforms to USDA-H1)

CLP HC = Synthetic hydrocarbons

E = Ester oil (water pollution danger category WGK 1)

HCE = Synthetic hydrocarbons + ester oil (USDA-H1 certification)

HLP = Hydraulic oil

= Synthetic lubricant (= synthetic anti-friction bearing grease)

= Mineral lubricant (= mineral-based anti-friction bearing grease)

1) Helical-worm gear units with PG oil: Please contact SEW

2) Special lubricant for Spiroplan¨  gear units only

3) Recommendation: Select SEW fB '  1.2

4) Pay attention to critical starting behavior at low temperatures!

5) Low-viscosity grease

6) Ambient temperature

Lubricant for the food industry (food grade oil)

Biodegradable oil (lubricant for use in agriculture, forestry and water resources)
OilOil
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Anti-friction
bearing greases

The anti-friction bearings in gear units and motors are given a factory-fill with the
greases listed below. SEW-EURODRIVE recommends regreasing anti-friction bearings
with a grease fill at the same time as changing the oil.

Ambient temperature Manufacturer Type

Anti-friction bearing in 
gear unit

-20 ¡C ... +60 ¡C Mobil Mobilux EP 2

-40 ¡C ... +80 ¡C Mobil Mobiltemp SHC 100

Anti-friction bearing in 
motor

-20 ¡C ... +80 ¡C Esso Unirex EQ3

-20 ¡C ... +60 ¡C Shell Alvania RL3

+80 ¡C ... +100 ¡C KlŸber Barrierta L55/2

-45 ¡C ... -25 ¡C Shell Aero Shell Grease 16

Special greases for anti-friction bearings in gear units:

-30 ¡C ... +40 ¡C Aral Eural Grease EP 2

-20 ¡C ... +40 ¡C Aral Aralube BAB EP2
OilOil

The following grease quantities are required:

¥ For fast-running bearings (motor and gear unit input end): Fill the cavities between
the rolling elements one third full with grease.

¥ For slow-running bearings (in gear units and at gear unit output end): Fill the cavities
between the rolling elements two thirds full with grease.
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9Lubricant fill quantities
Lubricants

9.2 Lubricant fill quantities

The specified fill quantities are recommended values . The precise values vary depend-
ing on the number of stages and gear ratio. When filling, it is essential to check the oil
level plug since it indicates the precise oil capacity .

The following tables show guide values for lubricant fill quantities in relation to the
mounting position M1 ... M6.

Helical (R) gear 
units Gear unit 

type
R.., R..F

Fill quantity in liters

M11) M21) M3 M4 M5 M6

R07/R07F 0.12 0.20 0.20 0.20 0.20 0.20

R17/R17F 0.25 0.55 0.35 0.55 0.35 0.35

R27/R27F 0.25/0.40 0.70 0.50 0.70 0.50 0.50

R37/R37F 0.30/0.95 0.85 0.95 1.05 0.75 0.95

R47/R47F 0.70/1.50 1.60 1.50 1.65 1.50 1.50

R57/R57F 0.80/1.70 1.90 1.70 2.10 1.70 1.70

R67/R67F 1.10/2.30 2.60/3.50 2.80 3.20 1.80 2.00

R77/R77F 1.20/3.00 3.80/4.10 3.60 4.10 2.50 3.40

R87/R87F 2.30/6.0 6.7/8.2 7.2 7.7 6.3 6.5

R97 4.60/9.8 11.7/14.0 11.7 13.4 11.3 11.7

R107 6.0/13.7 16.3 16.9 19.2 13.2 15.9

R137 10.0/25.0 28.0 29.5 31.5 25.0 25.0

R147 15.4/40.0 46.5 48.0 52.0 39.5 41.0

R167 27.0/70.0 82.0 78.0 88.0 66.0 69.0

Gear unit 
type
RF.. / RM..

Fill quantity in liters

M11)

1) The output end gear unit of multi-stage gear units must be filled with the larger oil volume.

M21) M3 M4 M5 M6

RF07 0.12 0.20 0.20 0.20 0.20 0.20

RF17 0.25 0.55 0.35 0.55 0.35 0.35

RF27 0.25/0.40 0.70 0.50 0.70 0.50 0.50

RF37 0.35/0.95 0.90 0.95 1.05 0.75 0.95

RF47 0.65/1.50 1.60 1.50 1.65 1.50 1.50

RF/RM57 0.80/1.70 1.80 1.70 2.00 1.70 1.70

RF/RM67 1.20/2.50 2.70/3.60 2.70 2.60 1.90 2.10

RF/RM77 1.20/2.60 3.80/4.10 3.30 4.10 2.40 3.00

RF/RM87 2.40/6.0 6.8/7.9 7.1 7.7 6.3 6.4

RF/RM97 5.1/10.2 11.9/14.0 11.2 14.0 11.2 11.8

RF/RM107 6.3/14.9 15.9 17.0 19.2 13.1 15.9

RF/RM137 9.5/25.0 27.0 29.0 32.5 25.0 25.0

RF/RM147 16.4/42.0 47.0 48.0 52.0 42.0 42.0

RF/RM167 26.0/70.0 82.0 78.0 88.0 65.0 71.0
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FA.., FH.., FV.., FAF.., FHF.., FVF.., FAZ.., FHZ.., FVZ..:

Helical-bevel (K) 
gear units

K.., KA..B, KH..B, KV..B:

KF..:

Gear unit 
type

Fill quantity in liters

M1 M2 M3 M4 M5 M6

F..27 0.60 0.80 0.65 0.70 0.60 0.60

F..37 0.95 1.25 0.70 1.25 1.00 1.10

F..47 1.50 1.80 1.10 1.90 1.50 1.70

F..57 2.70 3.50 2.10 3.40 2.90 3.00

F..67 2.70 3.80 1.90 3.80 2.90 3.20

F..77 5.9 7.3 4.30 8.0 6.0 6.3

F..87 10.8 13.0 7.7 13.8 10.8 11.0

F..97 18.5 22.5 12.6 25.2 18.5 20.0

F..107 24.5 32.0 19.5 37.5 27.0 27.0

F..127 39.0 54.5 34.0 61.0 45.0 46.5

F..157 68.0 103.0 62.0 104.0 85.0 77.0

Gear unit 
type

Fill quantity in liters

M1 M2 M3 M4 M5 M6

K..37 0.50 1.00 1.00 1.25 0.95 0.95

K..47 0.80 1.30 1.50 2.00 1.60 1.60

K..57 1.20 2.30 2.50 2.80 2.60 2.40

K..67 1.10 2.40 2.60 3.45 2.60 2.60

K..77 2.20 4.10 4.40 5.8 4.20 4.40

K..87 3.70 8.0 8.7 10.9 8.0 8.0

K..97 7.0 14.0 15.7 20.0 15.7 15.5

K..107 10.0 21.0 25.5 33.5 24.0 24.0

K..127 21.0 41.5 44.0 54.0 40.0 41.0

K..157 31.0 62.0 65.0 90.0 58.0 62.0

K..167 33.0 95.0 105.0 123.0 85.0 84.0

K..187 53.0 152.0 167.0 200 143.0 143.0

Gear unit 
type

Fill quantity in liters

M1 M2 M3 M4 M5 M6

KF37 0.50 1.10 1.10 1.50 1.00 1.00

KF47 0.80 1.30 1.70 2.20 1.60 1.60

KF57 1.30 2.30 2.70 3.15 2.90 2.70

KF67 1.10 2.40 2.80 3.70 2.70 2.70

KF77 2.10 4.10 4.40 5.9 4.50 4.50

KF87 3.70 8.2 9.0 11.9 8.4 8.4

KF97 7.0 14.7 17.3 21.5 15.7 16.5

KF107 10.0 21.8 25.8 35.1 25.2 25.2

KF127 21.0 41.5 46.0 55.0 41.0 41.0

KF157 31.0 66.0 69.0 92.0 62.0 62.0
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Appendix

10 Appendix
10.1 Index of changes

The following additions and changes have been made compared to the previous edition
of the "Explosion-Proof Gear Units R..7, F..7, K..7, S..7, SPIROPLAN¨  W" (publication
number: 1055520x, edition 11/2002) operating instructions: 

General additions and corrections.

Mechanical 
installation

¥ Installing the gear unit: Data on flatness error
¥ Installing torque arms for mounted gear units: Data on retaining bolts
¥ Mounted gear units with shrink disks: Information on assembly / removal has been

added
¥ Mounted gear units with TorqLOC̈
¥ AM adapter coupling: Point A

Inspection and 
maintenance

¥ Lubricant change intervals
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11 Index

A
AD inspection / maintenance     47

AD, mounting on the input shaft assembly     40

Adapter coupling     36

Adjusting the mounting position     17

AM with backstop     38

Anti-friction bearing greases     75

AQ, installing the coupling adapter     38

AQA, maintenance / inspection     47

B
Backstop RS     38

Breather valve     18

C
Centering shoulder AD../ZR     41

Change the oil seal     47

Check oil     46

Check oil level     46

Churning losses     51

Couplings, installation     20

Cover with backstop AD../RS     43

Cover with motor mounting platform AD../P     40

Customer service     48

D
Damp locations     17

Designated use     6

E
Extended storage     7

F
F gear units, lubricant fill quantities     78

Flatness error     16

G
Gear unit inspection     46

Gear unit maintenance     46

Gear unit structure     9

Gear unit venting     18

H
Helical gear units, lubricant fill quantities     77,     78

helical gear units, structure     9

Helical-bevel gear units, lubricant fill quantities     79

Helical-bevel gear units, structure     11

Helical-worm gear unit, structure     12

Helical-worm gear units, lubricant fill quantities     80

I
IEC adapter     36

Input and output elements, installation     19

Inspection intervals     45

Inspection of AD adapter     47

Inspection of AM / AQA adapters     47

Installation tolerances     15

Installing couplings     20

Installing input and output elements     19

Installing the AM coupling adapter     36

Installing the AQ coupling adapter     38

Installing the gear unit     16

K
K gear units, lubricant fill quantities     79

Keyway     23

L
Lubricant change intervals     45

Lubricant fill quantities     77

Lubricant fill quantities for helical gear units     77,     78

Lubricant fill quantities for helical-bevel gear units     79

Lubricant fill quantities for helical-worm gear units     80

Lubricant fill quantities for parallel shaft helical gear units
78

Lubricant fill quantities for Spiroplan¨ gear units     80

Lubricant table     74,     76

Lubricants     74

M
Maintenance / inspection     47

Maintenance intervals     45

Maintenance of AD adapter     47

Maintenance of AM / AQA adapters     47

Malfunctions     48
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1 Important Notes

Betriebsanleitung1 Important Notes
Safety and 
warning notes

Always follow the safety and warning instructions in these operating instructions!

You must adhere to the operating instructions to ensure:

¥ Trouble-free operation

¥ Fulfillment of any rights to claim under limited warranty

Consequently, read the operating instructions before you start operating the drive!

The operating instructions contain important information about servicing. Therefore,
keep the operating instructions close to the drive.

Waste disposal Dispose of the following materials in accordance with the regulations in force:

¥ Iron

¥ Aluminum

¥ Copper

¥ Plastic

¥ Electronic components

Electrical hazard
Possible consequences: Severe or fatal injuries.

Hazard
Possible consequences: Severe or fatal injuries.

Hazardous situation
Possible consequences: Slight or minor injuries.

Harmful situation
Possible consequences: Damage to the drive and the environment.

Tips and useful information.
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2Safety Notes

2 Safety Notes
Preface The following safety notes are concerned with the use of motors. If using gearmotors ,

also refer to the safety notes for gear units in the corresponding operating instructions.

Please also consider the supplementary safety notes in the individual sections of
these operating instructions.

General
information

During and after operation, motors and gearmotors have live and moving parts and their
surfaces may be hot.

All work related to transport, putting into storage, setting up/mounting,
connection, startup, maintenance and repair may only be performed by trained
personnel observing

¥ The corresponding detailed operating instructions and wiring diagrams

¥ The warning and safety signs on the motor/gearmotor

¥ The specific regulations and requirements for the system

¥ The national  / regional regulations governing safety and accident prevention

Severe injuries and damage to property may result from

¥ Improper use

¥ Incorrect installation or operation

¥ Unauthorized removal of necessary protection covers or the housing

Designated use These electric motors are intended for industrial systems. They fulfill the applicable
standards and regulations:

¥ Low voltage directive 73/23/EEC

Technical data and information about the permitted conditions can be found on the
nameplate and in the documentation.

It is essential to observe all the specified information!

Transportation Inspect the shipment for damage as soon as you receive the delivery. Inform the
shipping company immediately. It may be necessary to preclude startup.

Tighten installed eyebolts. They are only designed for the weight of the
motor/gearmotor; do not attach any additional loads. 

The installed lifting eyebolts comply with DIN 580. Observe the loads and regula-
tions specified in this standard. If the gearmotor is equipped with two suspension
eye lugs or lifting eyebolts, then both of the suspension eye lugs should be used
for transportation. In this case, the tension force vector of the slings must not
exceed a 45¡ angle in accordance with DIN 580. 

Use suitable, sufficiently rated handling equipment if necessary. Remove any transpor-
tation fixtures prior to startup.

Installation / 
assembly

Follow the instructions in the section "Mechanical Installation"!

Inspection / 
maintenance

Follow the instructions in the section "Inspection and Maintenance"!
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3 Basic structure of AC motors
Motor Design

3 Motor Design

3.1 Basic structure of AC motors

The following illustration is intended to explain the general structure. Its only purpose is
to facilitate the assignment of components to the spare parts lists. Discrepancies are
possible depending on the motor size and version!

02969AXX

10

7

11
12

1

20 44 41

16

42

36

35

37

32

13

22

132
131

112
111

129

130 115
113

119

123

116
118

117

2
107

106

9

100
101

103

3

31

135

134

[1] Rotor, cpl. [31] Key [107] Oil-flinger ring [131] Sealing washer

[2] Circlip [32] Circlip [111] Gasket [132] Terminal box cover

[3] Key [35] Fan guard [112] Terminal box lower part [134] Screw plug

[7] Flanged end shield [36] Fan [113] Machine screw [135] Sealing washer

[9] Screw plug [37] V-ring [115] Terminal board

[10] Circlip [41] Equalizing ring [116] Terminal yoke

[11] Grooved ball bearing [42] Non drive-end 
bearing shield

[117] Hex head bolt

[12] Circlip [44] Grooved ball bearing [118] Lock washer

[13] Hex head screw (tie rod) [100] Hex nut [119] Machine screw

[16] Stator, cpl. [101] Lock washer [123] Hex head bolt

[20] Nilos ring [103] Stud [129] Screw plug

[22] Hex head bolt [106] Oil seal [130] Sealing washer
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3Nameplate, unit designation
Motor Design

3.2 Nameplate, unit designation

Nameplate

Example: DFV 160 M4 /BM brake motor

Unit designation

Example: DR / DT / DV / DTE / DVE AC (brake) motors

Example: Serial number

03214BXX

DFV 132M2 / BM /TF / AMA1 / EV1T

Motor option: 5 V TTL incremental 
encoder

Motor option: AMB1 plug connector

Motor option: TF thermistor sensor

Motor option: Brake

Size 132M and 2-pole

Flange-mounted motor

01. 3009818304. 0002. 99

Year number end digits of the year of manufacture (2-
digit)

Part number (4-digit)

Order number (10 digits)

Sales organization
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3 Nameplate, unit designation
Motor Design

Nameplate

Example: CT90L4 / BMG / TF / ES1S servo brake motor

Unit designation

Examples: Servo (brake) motors CT / CV

Example: Serial number

51358BXX

CT90L4 BMG  TF / ES1S

01.3410069302.0001.00

30.5

300010.5

103 345 7.9

B5 28 54 F

230~ 20 BGE 1.5

CFV 132M4 / BM / TF / EV1S

Motor option: Sine/cosine incremental encoder

Motor option: TF thermistor sensor

Motor option: Brake

Size 132M and 4-pole

Flange-mounted motor

01. 3009818304. 0002. 99

Year number end digits of the year of manufacture (2-
digit)

Part number (4-digit)

Order number (10 digits)

Sales organization
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4Before you begin
Mechanical Installation

4 Mechanical Installation

4.1 Before you begin

The drive may 
only be installed 
if

¥ The entries on the nameplate of the drive and/or the output voltage of the frequency
inverter match the voltage supply system

¥ The drive is undamaged (no damage caused by transportation or storage)

¥ It is certain that the following requirements have been met:

Ð Ambient temperature between Ð20 ¡C and +40 ¡C1)

Ð No oil, acid, gas, vapors, radiation, etc.
Ð Installation altitude max. 1000 m above sea level
Ð Note the restrictions for encoders
Ð Special versions: Drive configured in accordance with the ambient conditions

4.2 Preliminary work

Motor shaft ends must be thoroughly cleaned of anti-corrosion agents, contamination or
similar (use a commercially available solvent). Do not allow the solvent to penetrate the
bearings or shaft seals Ð this could cause material damage!

Extended storage 
of motors

¥ Please note the reduced grease utilization period of the ball bearings after storage
periods exceeding one year.

¥ Check whether the motor has absorbed moisture as a result of being stored for a long
time. Measure the insulation resistance to do this (measuring voltage 500 V).

The insulation resistance ( !  following figure) varies greatly depending on the
temperature! The motor must be dried if the insulation resistance is not adequate.

It is essential to comply with the safety notes in Section 2 during installation!

1) Minimum temperature for motors with backstop: Ð15 ¡C. Note that the temperature range of the gear unit
may also be restricted (!  gear unit operating instructions)

01731AXX

100

10

1

0,1
0 20 40 60 80

[¡C]
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4 Installing the motor
Mechanical Installation

Drying the motor Heat up the motor

¥ with hot air or

¥ using an isolation transformer

Ð Connect the windings in series (!  following figure)
Ð Auxiliary AC voltage supply max. 10 % of the rated voltage with max. 20 % of the

rated current

The drying process is finished when the minimum insulation resistance has been
attained.

Check the terminal box to see whether

¥ The inside is clean and dry

¥ The connections and fixing parts are free from corrosion

¥ The joint seals are OK

¥ The cable glands are sound, otherwise clean or replace them.

4.3 Installing the motor

The motor or gearmotor may only be mounted or installed in the specified mounting
position on a level and torsionally rigid support structure which is not subjected to
shocks.

Carefully align the motor and the driven machine to avoid placing any unacceptable
strain on the output shafts (observe permissible overhung load and axial thrust data!).

Do not butt or hammer the shaft end.

Use an appropriate cover to protect motors in vertical mounting positions from
objects or fluids entering (protection cowl C).

Ensure an unobstructed cooling air supply and that air heated by other apparatus cannot
be drawn in or reused.

Balance components for subsequent mounting on the shaft with a half key (motor shafts
are balanced with a half key).

Any condensation drain holes will be sealed by plastic plugs and should only be
opened when necessary; open condensation drain holes are not permitted, as
this would invalidate higher classes of enclosure.

If using brake motors with manual brake release, screw in either the hand lever (with
self-reengaging manual brake release) or the setscrew (with lockable manual brake
release).

Note the following for encoder mounting:

Foot-mounted motors CT/DT71, CT/DT90, CV/DV132M, CV/DV160L must be mounted
on supports because the radius of the cover is greater than the shaft height.

For foot-mounted (brake) motors sizes DTE90L and DVE132M, the shaft height corre-
sponds to the IEC standard motor of the next higher power level (100 mm or 160 mm).
The foot dimensions of DTE90, DVE180, and DVE225 motors differ from the IEC dimen-
sions; see Sec. "Dimension Sheet Notes" in the Gearmotors catalog.

01730AEN

Transformer
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4Installation tolerances
Mechanical Installation

Installation in 
damp locations 
or in the open

If possible, arrange the terminal box so the cable entries are pointing downwards.

Coat the threads of cable glands and pocket caps with sealant and tighten them well Ð
then coat them again.

Seal the cable entry well.

Thoroughly clean the sealing surfaces of terminal boxes and terminal box covers prior
to reassembly; gaskets must be glued in on one side. Install new gaskets to replace
embrittled ones!

Restore the anticorrosive coating if necessary.

Check the enclosure.

4.4 Installation tolerances

Shaft end Flanges

Diameter tolerance in accordance with DIN 748
¥ ISO k6 at ¯ "  50 mm
¥ ISO m6 at ¯ > 50 mm
¥ Center bore in accordance with DIN 332, shape 

DR..

Centering shoulder tolerance in accordance with 
DIN 42948
¥ ISO j6 at ¯ "  230 mm
¥ ISO h6 at ¯ > 230 mm
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5 Wiring notes
Electrical Installation

5 Electrical Installation
It is essential to comply with the safety notes in section 2 during installation!

Switch contacts in utilization category AC-3 to EN 60947-4-1 must be used for
switching the motor and the brake.

Using the wiring 
diagrams

The motor must only ever be connected as shown in the wiring diagram included with
the motor. Do not connect or start up the motor if this wiring diagram is missing.
You can obtain the valid wiring diagram free of charge from SEW-EURODRIVE.

5.1 Wiring notes

Comply with the safety notes during installation.

Protecting brake 
control systems 
against
interference

Do not route brake cables alongside switched-mode power cables, as otherwise there
is a risk of disrupting brake control systems.

Switched-mode power cables include in particular:

Ð Output cables from frequency and servo controllers, converters, soft start units and
brake units

Ð Feeder cables for brake resistors and similar options

Protecting motor 
protection
devices against 
interference

To protect SEW motor protection devices (temperature sensors TF, winding thermostats
TH) against interference:

Ð Route separately shielded feeder cables together with switched-mode power lines in
one cable

Ð Do not route unshielded feeder cables together with switched-mode power lines in
one cable

5.2 Special aspects for operation with a frequency inverter

When motors are powered from inverters, you must adhere to the wiring instructions
issued by the inverter manufacturer. It is essential to observe the operating instructions
for the frequency inverter.

5.3 Special aspects of single-phase motors

Bear in mind that SEW single-phase motors are supplied without accessory equipment
such as capacitors, starting relays or centrifugal switches (exception: ET56L4 !  Sec.
"Single-phase version ET56"). Any parts you need must be obtained from your dealer
and connected according to the corresponding instructions and wiring diagrams.
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5Improving the grounding (EMC)
Electrical Installation

5.4 Improving the grounding (EMC)

For improved, low-impedance grounding at high frequencies, we recommend using the
following connections with the DR/DV/DT AC motors:

¥ Sizes DT71 ... DV 132S: [1] M5x10 thread rolling screw and 2 serrated lock washers
to DIN 6798 in the stator housing.

¥ Sizes DV112M ... DV280: Screw and 2 serrated lock washers in the bore of the eye
bolt.

Thread size of the eye bolt:

Ð DV112 / 132S: M8
Ð DV132M ... 180L: M12
Ð DV200 ... 280: M16

5.5 Special aspects of torque motors and low-speed motors

Due to the design of torque motors and low-speed motors, very high induction voltages
may be generated when they are switched off. Consequently, SEW-EURODRIVE
recommends using the varistor circuit shown below for protection. The size of the varis-
tors depends, amongst other factors, on the starting frequency Ð note for project plan-
ning!

[1]

01732CXX

U

U1

U U

V1 W1
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5 Special aspects in switching operation
Electrical Installation

5.6 Special aspects in switching operation

When the motors are used in switching operation, possible interference of the switch-
gear must be excluded by ensuring suitable wiring. According to EN 60204 (electrical
equipment of machines), motor windings must have interference suppression to protect
the numerical or programmable logic controllers. As it is primarily switching operations
that cause interference, SEW-EURODRIVE recommends installing protective circuitry
in the switching devices.

5.7 Environmental conditions during operation

Ambient
temperature

The temperature range of -20 ¡C to +40 ¡C must be ensured unless specified otherwise
on the nameplate. Motors intended for use in higher or lower ambient temperatures have
the appropriate designation on the nameplate.

Altitude The maximum installation altitude of 1000 m above sea level must not be exceeded  as
otherwise this causes a derating as specified in the following diagram.

Hazardous
radiation

Motors must not be subjected to hazardous radiation. Contact SEW-EURODRIVE if
necessary.

1000 2000 3000 4000 m

0.7

0.8

0.9

1.0

fH



Operating Instructions Ð AC Motors DR / DV / DT / DTE / DVE / Asynchrounos Servo Motors CT / CV 15

5Connecting the motor
Electrical Installation

5.8 Connecting the motor

Connecting the 
motor via 
terminal boxes

¥ According to the circuit diagram provided

¥ Check the line cross section

¥ Arrange terminal links correctly

¥ Screw connections and protective earth conductors on firmly

¥ In terminal boxes: Check winding connections and tighten them if necessary

Small connection 
accessories

Note:  In the case of motor sizes DR63 - DV132S, the small connection accessories
(connection nuts for feeder cables, terminal links, lock washer and washers) are
supplied in a bag. Depending on the type of terminal board, install the parts in accor-
dance with the figure below. In the connection type shown on the right in the figure
below, the second retaining nut, the lock washer and the washer are not used. The
external connection [6] can be installed directly or as a lug [4] below the connection disk
[5]. The tightening torque of the hex net in the figure on the right is:

¥ 1.6 Nm ± 20 % for M4

¥ 2 Nm ± 20 % for M5

In case of operation with electronic control units, it is essential to adhere to the
corresponding operating instructions / wiring diagrams!

50926AXX

1
2
3
4
5
6
7
8

Terminal stud
Lock washer
Connection disk
Motor terminal lead
Top nut
Washer
External connection
Bottom nut

1
2
3
4
5
6

Terminal stud
Hex nut with flange
Terminal link
Motor connection with Stocko connection 
terminal
Connection disk
External connection

1

1

2

3

4

5

6

2

3

4

5

6

7

8

The asynchronous servomotors of the CT/CV series are supplied with connected
terminal links according to the nameplate.
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5 Preparing motor sizes 56 and 63 Ð knockout
Electrical Installation

5.9 Preparing motor sizes 56 and 63 Ð knockout

Important: Wear safety glasses Ð danger of injury from fragments!

¥ Put on the terminal box cover and screw it into place

¥ Define which cable entries to open

¥ Open the cable entries

Ð with a chisel or similar (hold at an angle)
Ð by a light tap with a hammer

Caution Ð Do not knock through into the inside of the terminal box!

¥ Open the terminal box, remove the knockout cover if it has broken off

¥ Secure the cable screw fittings with the supplied lock nuts

5.10 Connecting DT56 motor...+/BMG

The motor has a star point with three fixed connection points in the winding overhang.
The supply system leads (L1, L2, L3) are connected to a spring cage terminal block [2]
in the terminal box [1]. The BMG02 brake is controlled using the BG1.2 brake rectifier
[3]. As an alternative, the brake can be controlled from the switch cabinet using BM
series rectifiers.

01733AXX

04861AXX

V WUTF TF

1

2

3
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5Single-phase version ET56
Electrical Installation

5.11 Single-phase version ET56

The ET56 single-phase motor is supplied with a running capacitor that is mounted and
connected:

1~230 V, 50 Hz CB = 4 µF

1~230 V, 60 Hz CB = 4 µF

1~110 V, 60 Hz CB = 20 µF

5.12 Connecting the motor using the IS plug connector

The IS plug connector is supplied from the factory with its base fully wired-up, including
additional features such as a brake rectifier. The upper section of the IS connector is
included in the scope of delivery and must be connected as shown in the wiring diagram.

The IS plug connector has CSA approval up to 600 V. Note for application according to
CSA regulations: Tighten the M3 terminal screws to a torque of 0.5 Nm! See the
following table for American Wire Gauge (AWG) line cross sections!

Line cross 
section

Make sure the type of line corresponds to the applicable regulations. The rated currents
are specified on the motor nameplate. The line cross sections that can be used are listed
in the following table.

No full-load startup is possible with the running capacitor alone! The single-
phase motor cannot be combined with a TF.

03075AXX

Without variable termi-
nal link

With variable termi-
nal link

Link cable Double assignment
(Motor and brake/SR)

0.25 - 4.0 mm2 0.25 - 2.5 mm2 max. 1.5 mm2 max. 1 x 2.5 and 1 x 1.5 mm2

23 - 12 # AWG 23 - 14 # AWG max. 16 # AWG max. 1 x 14 # and 1 x 16 # AWG
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5 Connecting the motor using the IS plug connector
Electrical Installation

Wiring the upper 
section of the 
plug connection

¥ Loosen the housing cover screws

Ð Remove the housing cover

¥ Remove the screws from the upper section of the plug connector

Ð Remove the upper section of the plug connector from the cover

¥ Strip the insulation off the connection lead

Ð Strip about 9 mm insulation off the connecting leads

¥ Pass the cable through the cable gland

Wiring up as 
shown in circuit 
diagram DT82, 
DT83

¥ Connect the lines as shown in the circuit diagram

Ð Tighten the clamping screws carefully!

¥ Install the plug connector (!  Sec. "Installing the plug connector")

Wiring up as 
shown in wiring 
diagram DT81

For !  / !  startup:

¥ Connect with 6 lines

Ð Tighten the clamping screws carefully!
Ð Motor contactors in the switch cabinet

¥ Install the plug connector (!  Sec. "Installing the plug connector")

For !  or !  operation:

¥ Connect as shown in the wiring diagram

¥ Install the variable terminal link as shown in the following figures according to the
required motor operation (!  or ! )

¥ Install the plug connector (!  Sec. "Installing the plug connector")

01734AXX 01735AXX
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5Connecting the motor using the IS plug connector
Electrical Installation

Brake control 
system BSR Ð 
preparing the 
variable terminal 
link

For !  operation:

On the !  side of the variable terminal link as shown in the following figure: Remove only
the bare metal pin of the marked prong horizontally Ð touch guard!

For !  operation:

On the !  side of the variable terminal link as shown in the following figure: Completely
remove two prongs horizontally.

Wiring according to 
the DT81 wiring 
diagram for !  or 
!  operation with 
double terminal 
assignment

¥ At terminal point for double assignment:

Ð Connect the link cable

¥ When operation is as required:

Ð Insert the link cable in the variable terminal link

¥ Install the variable terminal link

¥ At terminal point for double assignment:

Ð Connect the motor lead above the variable terminal link

¥ Connect the other lines as shown in the wiring diagram.

¥ Install the plug connector (!  Sec. "Installing the plug connector")

50429AXX

50430AXX

01738AXX
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5 Connecting the motor using the IS plug connector
Electrical Installation

Installing the plug 
connector

The housing cover of the IS plug connector can be screwed onto the lower section of
the plug connector depending on the required position of the cable lead. The upper
section of the plug connector shown in the following figure must first be installed in the
housing cover so it will match the position of the lower section of the plug connector:

¥ Define the required mounting position

¥ Install the upper section of the plug connector into the housing cover in accordance
with the mounting position

¥ Close the plug connector

¥ Tighten the cable gland

Mounting position of the upper section of the plug connection in the housing cover

01739AXX

01740AXX
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5Connect the motor using plug connectors AB.., AD.., AM.., AS
Electrical Installation

5.13 Connect the motor using plug connectors AB.., AD.., AM.., AS

The installed plug connector systems AB.., AD.., AM.., AC.. and AS.. are based on the
plug connector systems made by Harting.

¥ AB.., AD.., AM.. !  Han Modular¨

¥ AC.., AS.. !  Han 10E / 10ES

The plugs are mounted on the side of the terminal box. They are locked either using two
clamps or one clamp on the terminal box.

UL approval has been granted for the plug connectors.

The mating connectors (sleeve housing) with contact tubes are not included in
the scope of delivery.

The enclosure is only applied when the mating connector is mounted and locked.

5.14 Connecting the motor using ASK1 plug connector

Drives with ASK1 plug connectors are certified according to the ECOFAST specification
(version 1.1). Switchgear or control units which also have to be certified can be
connected to SEW-EURODRIVE motors using a pre-fabricated system cable or a carri-
er plate (installation integrated in the motor !  Fig. B). The ASK1 plug connector with
single-clip locking is mounted on the side of the terminal box and is supplied from the

50956AXX

AMA1 ASE1

51081AXX

ASK1

A B

ASK1

2

1
1

ECO
certified
FAST
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5 Connecting the motor using ASK1 plug connector
Electrical Installation

factory fully wired up, including additional features such as a brake rectifier.

Position of the 
plug connector

Possible positions of the ASK1 plug connector are "X" (= normal position), "1", "2" or "3".
Unless specified otherwise, the unit is supplied with the plug connector in position "3".
For installation integrated in the motor (using the carrier plate), units are exclusively
supplied with the plug connector in position "3".

Installing the 
carrier plate

¥ Unscrew and remove four retaining screws [1] below the terminal box (!  Fig. A)

¥ Place the carrier plate [2] against the holes for the retaining screws and install it by
screwing in the four retaining screws [1] (!  Fig. B).

¥ The customer must obtain the system cable pre-fabricated according to the
ECOFAST specification from a specialist retailer.

¥ For installation integrated in the motor according to the ECOFAST specifica-
tion, the customer must obtain the carrier plate from SEW-EURODRIVE by
quoting part number 0187 390 3. Carrier plates from other manufacturers do
not fit on SEW-EURODRIVE motors.

51323AXX

1

X

3

2
ASK1
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5 Accessory equipment
Electrical Installation

5.16 Accessory equipment

Connect supplied accessory equipment according to the wiring diagrams included.

TF temperature sensor

The positive temperature coefficient (PTC) thermistors comply with DIN 44082.

Resistance measurement (measuring instrument with V "  2.5 V or I < 1 mA):

¥ Standard measured values: 20...500 # , thermal resistance > 4000 #

¥ Measured values pole-changing with separate winding: 40...1000 # ,

Thermal resistance > 4000 #

TH winding thermostats
The thermostats are connected in series as standard and open when the permitted
winding temperature is exceeded. They can be connected in the drive monitoring loop.

Forced cooling 
fan

Motor sizes 71 - 132S

Do not apply voltage!

When using the temperature sensor for thermal monitoring, the evaluation function must
be activated to maintain reliable isolation of the temperature sensor circuit. If the
temperature reaches an excessive level, the thermal protection function must be
effective immediately.

VAC VDC

Voltage U [V] 250 400 60 24

Current (cos $ = 1.0) 
[A]

2.5 0.75 1.0 1.6

Current (cos $ = 0.6) 
[A]

1.6 0.5

Contact resistance max. 1 ohm at 5 V = / 1 mA

VS system

¥ 1 x 230 VAC, 50 Hz

¥ Connection in separate terminal box

¥ Max. connection cross section 3 x 1.5 mm2

¥ Cable screw fitting M16x1.5

Refer to the VS wiring diagram for information about connecting the VS forced cooling
fan (order number: 0975 8385).
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5Accessory equipment
Electrical Installation

The VR forced cooling fan  is available for 24 V DC voltage and for 100 ... 240 V AC
voltage.

The AC voltage type includes a VR forced cooling fan and the UWU51A switch-mode
power supply (!  following figure).

¥ Input: 90 ... 265 VAC Ð 6 % / + 10 %, 50/60 Hz

¥ Output: 24 VDC Ð 1 % / + 2 %, 1.3 A

¥ Connection: Terminal screws 0.2 ... 2.5 mm2, separable

¥ Enclosure: IP20; mounted on mounting rail EN 60715TH35 in the switch cabinet

VR system

¥ 24 VDC ± 20 %

¥ Plug connector

¥ Max. connection cross section 3x1 mm2

¥ Pg7 cable gland with 7 mm inside diamater

50990AXX

54411AXX

1

2-
+

24V DC

77

38
86.5

76

Refer to the VR wiring diagram for information about connecting the VR forced cooling
fan (order number: 0880 3198)
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5 Accessory equipment
Electrical Installation

Motor size 132M - 280

A transformer may be present in the VS system to adapt to a voltage other than the
standard. The VS and V systems are also available for 60 Hz.

Overview of 
encoders

V system

¥ 3 x 400 VAC, 50 Hz

¥ Connection in separate terminal box

¥ Max. connection cross section 4 x 1.5 mm2

¥ Cable gland M16x1.5

Refer to the V wiring diagram for information about connecting the V system (order
number: 0975 8385).

Encod
er

For SEW motor Encoder type Shaft
Specifica-

tion
Supply Signal

EH1T1)

DR63... Encoder Hollow shaft -

5 VDC regulated 5 VDC TTL/RS-422

EH1S2)

24 VDC

1 Vss sin/cos

EH1R 5 VDC TTL/RS-422

EH1C 24 VDC HTL

ES1T1)

CT/DT/CV/DV71...100
DTE/DVE90...100

Encoder

Spreadshaft

-

5 VDC regulated 5 VDC TTL/RS-422

ES1S2)

24 VDC

1 Vss sin/cos

ES1R 5 VDC TTL/RS-422

ES1C 24 VDC HTL

ES2T1)

CV/DV(E)112...132S

5 VDC regulated 5 VDC TTL/RS-422

ES2S2)

24 VDC

1 Vss sin/cos

ES2R 5 VDC TTL/RS-422

ES2C 24 VDC HTL

EV1T1)

CT/CV71...200
DT/DV71...280

DTE/DVE90...225
Solid shaft

5 VDC regulated 5 VDC TTL/RS-422

EV1S2)

24 VDC

1 Vss sin/cos

EV1R 5 VDC TTL/RS-422

EV1C 24 VDC HTL

NV11

DT/DV71...132
DTE/DVE90...132S Proximity sensor Solid shaft

A track

24 VDC

1 pulse/revolution, nor-
mally open contactNV21 A+B tracks

NV12 A track 2 pulses/revolution, 
normally open contactNV22 A+B tracks

NV16 A track 6 pulses/revolution, 
normally open contactNV26 A+B tracks

AV1Y CT/CV71...200
DT/DV71...280

DTE/DVE90...225

absolute encoder
Solid shaft -

15/24 VDC
MSSI interface and 1 

Vss sin/cos

AV1H3) HIPERFACE¨

encoder 12 VDC
RS485 interface and 1 

Vss sin/cos

1) Recommended encoder for operation with MOVITRAC¨  31C

2) Recommended encoder for operation with MOVIDRIVE¨

3) recommended encoder for operation with MOVIDRIVE¨  compact
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5Accessory equipment
Electrical Installation

¥ Refer to the following wiring diagrams for information about connecting
ES1./ES2./EV1./EH1. encoders and AV1Y and AV1H absolute encoders:

¥ Wiring diagrams for ES1./ES2./EV1./EH1. encoders: Order number 0918 6832
¥ Wiring diagram AV1Y absolute encoder: Order number 0918 6808
¥ Wiring diagram AV1H absolute encoder: Order number 1052 9705

Encoder
connection

When connecting the encoders to the inverters, always follow the operating instructions
for the relevant inverter!

¥ Maximum line length (inverter - encoder):

Ð 100 m with a capacitance per unit length "  120 nF/km

¥ Core cross section: 0,20 ... 0.5 mm2

¥ Use a shielded cable with twisted pairs of insulated conductors (exception: cable for
HTL sensor) and connect the shield over a large surface area at both ends:

Ð to the encoder in the cable gland or in the encoder plug
Ð to the inverter on the electronics shield clamp or to the housing of the sub D plug

¥ Install the encoder cables separately from the power cables, maintaining a distance
of at least 200 mm.

¥ Maximum oscillation load for encoder "  10 g % 100 m/s2 (10 Hz ... 2 kHz)

¥ Shock resistance "  100 g % 1000 m/s2

00

I
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6 Prerequisites for startup
Startup

6 Startup
6.1 Prerequisites for startup

Before startup, 
make sure that

¥ The drive is undamaged and not blocked

¥ The measures stipulated in the "Preliminary work" section are performed after
extended storage

¥ All connections have been made properly

¥ The direction of rotation of the motor/gearmotor is correct

Ð (motor rotating clockwise: U, V, W to L1, L2, L3)

¥ All protective covers have been fitted correctly

¥ All motor protection equipment is active and set for the rated motor current

¥ The self-reengaging manual brake release is used in case of hoist drives

¥ There are no other sources of danger present

During startup, 
make sure that

¥ The motor is running correctly (no overload, no speed fluctuation, no loud noises,
etc.)

¥ The correct braking torque is set according to the specific application (!  Sec. "Tech-
nical Data")

¥ In case of problems (!  Sec. "Malfunctions")

It is essential to comply with the safety notes in Sec. 2 during startup!

In brake motors with self-reengaging manual brake release, the manual brake
release lever must be removed after startup. A bracket is provided for storing the
lever on the outside of the motor.

00

I
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6Altering the blocking direction on motors with a backstop
Startup

6.2 Altering the blocking direction on motors with a backstop

Dimension "x" 
after installation

50447AXX

[1] Fan guard
[2] Fan
[3] Hexagon socket head cap 
screw
[4] V-ring

[5] Felt ring
[6] Circlip
[7] Threaded hole
[8] Carrier

[9] Wedge element train
[10] Equalizing ring

6107

1243589

X

Motor Dimension "x" after instal-
lation

DT71/80 6.7 mm

DT90/DV100 9.0 mm

DV112/132S 9.0 mm

DV132M-160M 11.0 mm

DV160L - 225 11.0 mm

DV250-280 13.5 mm

00

I
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6 Altering the blocking direction on motors with a backstop
Startup

Do not start up the motor in the blocking direction (note the phase angle when
connecting).  Note the direction of rotation of the output shaft and the number of stages
when mounting the motor on a gear unit. The backstop can be operated once in the
blocking direction at half the motor voltage for checking purposes.

1. Isolate the motor from the supply, safeguarding it against unintentional power-
up.

2. Remove fan guard [1] and fan [2], unscrew hexagon socket head cap screws [3]

3. Remove the V-ring [4] and sealing flange with felt ring [5]. (Collect the grease for
subsequent use.)

4. Remove the circlip [6] (not for DT71/80); for DV132M-160M, also remove the
equalizing rings [10].

5. Pull the carrier [8] and wedge element train [9] completely off the threaded holes [7],
turn them by 180¡ and press them back on.

6. Refill the grease.

7. Important: Do not exert pressure on or hit the wedge element train Ð danger of
damaging the material!

8. During the press-in operation Ð shortly before the wedge element penetrates the
locking collar Ð slowly turn the rotor shaft by hand in the direction of rotation. This
allows the wedge element to slide into the locking collar more easily.

9. Install the remaining parts of the backstop by following steps 4. to 2. in reverse order.
Note the installation dimension "x" for the V-ring [4].

00

I
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7Motor Malfunctions
Malfunctions

7 Malfunctions
7.1 Motor Malfunctions

Problem Possible cause Remedy

Motor does not start up Interruption in connecting harness Check connections, correct if necessary

Brake does not release !  Sec. "Brake Problems"

Fuse blown Replace fuse

Motor protection has tripped Check motor protection for correct setting, correct error if 
necessary.

Motor protection does not switch, error in 
control

Check motor protection control, correct error if necessary.

Motor does not start or only 
with difficulty

Motor designed for delta connection but 
used in star connection

Correct circuit

Voltage and frequency deviate markedly 
from setpoint, at least during switch-on

Provide better power supply system; check cross section 
of connecting harness

Motor does not start in star 
connection, only in delta 
connection

Torque not sufficient in star connection Switch on directly if delta inrush current is not too great; 
otherwise use a larger motor or a special version (contact 
SEW)

Contact fault on star delta switch Rectify fault

Incorrect direction of rotation Motor connected incorrectly Swap over two phases

Motor hums and has high 
current consumption

Brake does not release !  Sec. "Brake Problems"

Winding defective Send motor to specialist workshop for repair

Rotor rubbing

Fuses blow or motor protec-
tion trips immediately

Short circuit in line Rectify short circuit

Short circuit in motor Send motor to specialist workshop for repair

Lines connected incorrectly Correct circuit

Ground fault on motor Send motor to specialist workshop for repair

Severe speed loss under 
load

Overload Perform power measurement, use larger motor or reduce 
load if necessary

Voltage drops Increase cross section of connecting harness

Motor heats up excessively 
(measure temperature)

Overload Perform power measurement, use larger motor or reduce 
load if necessary

Inadequate cooling Correct cooling air supply or clear cooling air passages, 
retrofit forced cooling fan if necessary

Ambient temperature is too high Adhere to permitted temperature range

Use delta connection for motor rather than 
star connection as provided for

Correct circuit

Loose contact in connecting harness (one 
phase missing)

Rectify loose contact

Fuse blown Look for and rectify cause (see above); replace fuse

Supply voltage deviates from rated motor 
voltage by more than 5 %. A higher voltage 
has a particularly unfavorable effect in 
motors with a low-speed winding since in 
these, the no-load current is already close 
to the rated current even when the voltage 
is normal.

Adapt motor to supply voltage

Rated operation type (S1 to S10, DIN 
57530) exceeded, e.g. through excessive 
starting frequency

Adjust rated operation type of motor to required operating 
conditions; if necessary call in a specialist to determine 
correct drive

Excessively loud Ball bearing compressed, contaminated or 
damaged

Re-align motor, inspect ball bearing (!  Sect. "Permitted 
ball bearing types"), grease if necessary (!  Sect. "Lubri-
cant Table for Anti-Friction Bearings of SEW Motors"), 
replace

Vibration of rotating parts Rectify cause, possibly imbalance

Foreign bodies in cooling air passages Clean the cooling air passages
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7 Brake problems
Malfunctions

7.2 Brake problems

7.3 Malfunctions during operation with a frequency inverter

The symptoms described in the "Motor Malfunctions" section may also occur when the
motor is operated with a frequency inverter. Please refer to the frequency inverter
operating instructions for the significance of the problems which occur and to find
information about rectifying the problems.

Customer service

Problem Possible cause Remedy

Brake does not release Incorrect voltage on brake control unit Apply correct voltage

Brake control unit failed Install a new brake control system, check internal resis-
tance and insulation of brake coil, check switchgear

Max. permitted working air gap exceeded 
because brake lining worn down

Measure and set working air gap

Voltage drop along connecting harness > 10 
%

Provide for correct connection voltage; check cable cross 
section

Inadequate cooling, brake overheats Replace type BG brake rectifier with type BGE

Brake coil has interturn fault or short circuit to 
exposed conductive part

Replace complete brake and brake control system (spe-
cialist workshop), check switchgear

Rectifier defective Replace the rectifier and brake coil

Motor does not brake Working air gap not correct Measure and set working air gap

Brake lining worn down Replace entire brake disk

Incorrect braking torque Change the braking torque (!  Sect. "Technical Data")
¥ By the type and number of brake springs
¥ BrakeBMG 05: By installing the same brake coil body 

design as in brakeBMG 1
¥ BrakeBMG 2: By installing the same brake coil body 

design as in brakeBMG 4

BM(G) only: Working air gap so large that set-
ting nuts come into contact

Set the working air gap

Only BR03, BM(G): Manual brake release 
device not set correctly

Set the setting nuts correctly

Brake is applied with time 
lag

Brake is switched on AC voltage side Switch on DC and AC voltage sides (e.g. BSR); please 
refer to wiring diagram

Noise in the brake area Gearing wear caused by jolting startup Check project planning

Pulsating torques due to incorrectly set fre-
quency inverter

Check/correct setting of frequency inverter according to 
operating instructions

Please have the following information to hand if you require the assistance of our 
customer service:
¥ Data from the nameplate (complete)
¥ Nature and extent of the fault
¥ Time and peripheral circumstances of the fault
¥ Presumed cause
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8Inspection and maintenance intervals
Inspection / Maintenance

8 Inspection / Maintenance
¥ Use only genuine spare parts in accordance with the valid parts list!

¥ Always install a new brake control system at the same time as replacing the brake
coil!

¥ Motors can become very hot during operation  danger of burns!

¥ Secure hoist drives or lower them (danger of falling).

¥ Isolate the motor and brake from the supply before starting work, safeguarding them
against unintentional power-up!

8.1 Inspection and maintenance intervals

Unit / unit part Frequency What to do?

Brake BMG02, BR03, 
BMG05-8, BM15-62

¥ If used as a working brake:

At least every 3000 hours of opera-
tion1)

¥ If used as a holding brake:

Every 2 to 4 years, depending on 
operating conditions 1)

1) The periods of wear are affected by many factors and may be short. The machine designer must calculate
the required inspection/maintenance intervals individually in accordance with the project planning docu-
ments (e.g. "Drive Planning").

Inspect the brake
¥ Measure the brake disk thick-

ness
¥ Brake disk, lining
¥ Measure and set working air gap
¥ Pressure plate
¥ Carrier / gearing
¥ Pressure rings

¥ Extract the abraded matter.
¥ Inspect the switch elements and 

change if necessary (e.g. in case 
of burn-out)

Motor

¥ Every 10,000 hours of operation

Inspect the motor:
¥ Check ball bearings and change 

if necessary
¥ Change the oil seal
¥ Clean the cooling air passages

Motor with backstop ¥ Change the low-viscosity grease 
in the backstop

Tacho-generator ¥ Inspection / maintenance as 
described in the enclosed oper-
ating instructions

Drive ¥ Varies

(depending on external factors)

¥ Touch up or renew the sur-
face/anticorrosion coating.
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8 Preliminary work for motor and brake maintenance
Inspection / Maintenance

8.2 Preliminary work for motor and brake maintenance

Removing the EV1. incremental encoder / AV1H absolute encoder

¥ Remove the protective canopy [361]. If a forced cooling fan is fitted, remove it first.

¥ Unscrew the screw [366] from the adapter flange and remove the cover plate [369].

¥ Unscrew the clamping hub connection of the coupling.

¥ Loosen the retaining screws [232] and turn the conical spring washers [251]
outwards.

¥ Remove the encoder [220] together with the coupling [233].

¥ Lever off the intermediate flange [236] after removing the screws [234].

Note:

During re-assembly, make sure the runout of the shaft end is " 0.05 mm.

Brakes for the encoder mounting must be completely replaced.

Isolate the motor and brake from the power supply before starting work,
safeguarding them against unintentional power-up!

51322AXX 51324AXX

Removing EV1. / AV1 encoders from motors up to size 225 Removing EV1. / AV1 encoders from motors from size 
250 upwards

361

220

EV1.

AV1.

369

232251366233236

234 369 251 232 361234703

366236 233550

EV1.

AV1.

220

[220] Encoder
[232] Hexagon socket head cap screw
[233] Coupling
[234] Hex head screw

[236] Adapter flange
[251] Conical spring washer
[361] Protective canopy / fan guard
[366] Hexagon socket head cap screw

[369] Cover plate
[550] Brake
[703] Hex head screw



Operating Instructions Ð AC Motors DR / DV / DT / DTE / DVE / Asynchrounos Servo Motors CT / CV 35

8Preliminary work for motor and brake maintenance
Inspection / Maintenance

Incremental encoder ES1. Removing / ES2. / EH1.

¥ Remove the protective canopy [361].

¥ Unscrew the retaining screws [733] for the torque arm.

¥ Open the screw cover at the rear of the encoder [220].

¥ Unscrew the central retaining screw [367] by about 2-3 turns and loosen the cone by
tapping lightly on the head of the screw. Then unscrew the retaining screw and pull
off the encoder.

54196AXX

[220] Encoder
[367] Retaining screw

[361] Protective canopy
[733] Retaining screw for torque arm

367733 220 3611 220 367

During re-assembly:

Ð Apply Nocö  fluid to the encoder spigot

Ð Tighten the central retaining screw  [367] to 2.9 Nm.
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8 Preliminary work for motor and brake maintenance
Inspection / Maintenance

Removing the proximity sensor NV1. / NV2.

¥ Disconnect plug

¥ Pull off the fan guard including NV1. / NV2. Do not tilt it, in order to avoid damaging
the proximity switch.

¥ If the mounting block has been removed from the fan guard or has come loose, it is
essential to ensure the following during re-assembly:

The switching surface of the proximity switch must be calibrated to a distance of
3.5 mm from the edge of the prismatic block (!  figure above).

01114CXX

Caution! It is essential for the fan wheel to be stationary!

3.5



Operating Instructions Ð AC Motors DR / DV / DT / DTE / DVE / Asynchrounos Servo Motors CT / CV 37

8Inspection / maintenance on the motor
Inspection / Maintenance

8.3 Inspection / maintenance on the motor 

Example: Motor DFT90

Key

54008AXX

1
2

3

4 5

6
7

8

9
11 12

13

14

16

17
18

1

20

9

15

1 Circlip 8 Circlip 16 V-ring

2 Oil-flinger ring 9 Rotor 17 Fan

3 Oil seal 11 Ball bearing 18 Circlip

4 Screw plug 12 Equalizing ring 19 Fan guard

5 Drive end bearing end shield 13 Stator 20 Housing screw

6 Circlip 14 Non drive-end bearing shield

7 Ball bearing 15 Hex head bolt
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8 Inspection / maintenance on the motor
Inspection / Maintenance

Sequence

1. Remove the forced cooling fan and encoder, if installed (!  Sec. "Preliminary work
for motor and brake maintenance")

2. Remove flange or fan guard [19], fan [17].

3. Remove the hex head bolt [15] from the drive end bearing end shield [5] and the non-
drive end bearing end shield [14], release the stator [13] from the drive end bearing
end shield.

4. Motors with BM/BMG brake:

Ð Open the terminal box cover, unfasten the brake cable from the rectifier
Ð Push the non-drive end bearing end shield and the brake off the stator and

carefully lift them off (if necessary, run the brake cable along with trailing wire)
Ð Pull the stator back by approx. 3 to 4 cm

5. Motors with BMG02, BR03 brake:

Ð Remove the complete brake with the releasing lever (on version with manual
brake release)

6. Visual inspection: Are there traces of gear oil or condensation inside the stator?

Ð If not, continue with 9
Ð If there is condensation, continue with 7
Ð If there is gear oil, have the motor repaired by a specialist workshop

7. If there is moisture inside the stator:

Ð With gearmotors: Remove the motor from the gear unit
Ð With motors without a gear unit: Remove the drive end flange
Ð Remove the rotor [9]

8. Clean the winding, dry it and check it electrically (!  Sec. "Preliminary work")

9. Replace the ball bearings [7], [11] (only use authorized ball bearings !  Sec.
"Permitted ball bearing types")

10.Reseal the stator seat ("Hylomar L Spezial") and grease the V-ring or labyrinth seal
(DR63)

11.Install the motor, brake and accessories

12.Check the gear unit (!  gear unit operating instructions)

Lubrication of the 
backstop

The backstop is supplied with Mobil LBZ low-viscosity grease as a lubricant and
anticorrosion protection. If you want to use a different grease, make sure it complies with
NLGI class 00/000, with a base oil viscosity of 42 mm2/s at 40 ¡C on a lithium saponified
and mineral oil base. The temperature range extends from Ð50 ¡C to +90 ¡C. See the
following table for the amount of grease required.

Isolate the motor and brake from the supply, safeguarding them against uninten-
tional power-up!

Motor type 71/80 90/100 112/132 132M/160M 160L/225 250/280

Grease [g] 9 15 15 20 45 80
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9Operating currents
Technical Data

9.5 Operating currents

The current values IH (holding current) specified in the tables are r.m.s. values. Use only
units to measure the r.m.s. values. The inrush current (acceleration current) IB only flows
for a short time (max. 120 ms) when the brake is released or during voltage dips below
70 % of rated voltage. There is no increased inrush current if the BG brake rectifier is
used or if there is a direct DC voltage supply Ð both are only possible with brakes up to
motor size BMG4.

BMG02, BR03 
brake

Key

BMG02 BR03

Motor size 56 63

Max. braking torque [Nm] 1.2 3.2

Braking power [W] 25 25

Inrush current ratio I B/IH - 4

Rated voltage V N BMG02 BR03

IH
[AAC]

IG
[ADC]

IH
[AAC]

IG
[ADC]VAC VDC

24 - 0.72 - 0.72

24 (23-26) 10 - - 1.5 1.80

42 (40-45) 18 - - 0.81 1.01

48 (46-50) 20 - - 0.72 0.90

53 (51-56) 22 - - 0.64 0.80

60 (57-63) 24 - - 0.57 0.72

67 (64-70) 27 - - 0.50 0.64

73 (71-78) 30 - - 0.45 0.57

85 (79-87) 36 - - 0.40 0.51

92 (88-98) 40 - - 0.35 0.45

110 (99-110) 44 - - 0.31 0.40

120 (111-123) 48 - - 0.28 0.36

133 (124-138) 54 - - 0.25 0.32

147 (139-154) 60 - - 0.22 0.29

160 (155-173) 68 - - 0.20 0.25

184 (174-193) 75 - - 0.17 0.23

208 (194-217) 85 - - 0.16 0.20

230 (218-243) 96 0.14 0.18 0.14 0.18

254 (244-273) 110 - - 0.12 0.16

290 (274-306) 125 - - 0.11 0.14

318 (307-343) 140 - - 0.10 0.13

360 (344-379) 150 - - 0.09 0.11

400 (380-431) 170 0.08 0.10 0.08 0.10

460 (432-500) 190 0.07 0.09 0.07 0.09

IB Accelerator current Ð brief inrush current

IH Holding current r.m.s. value in the connecting harness to the SEW brake rectifier

IG Direct current with direct DC voltage supply with rated voltage VN

VN Rated voltage (rated voltage range)

P
i

f
kVA

Hz

n
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9 Operating currents
Technical Data

BMG 05 - BMG 4 
brake

Key

BMG05 BMG1 BMG2 BMG4

Motor size 71/80 80 90/100 100

Max. braking torque [Nm] 5 10 20 40

Braking power [W] 32 36 40 50

Inrush current ratio I B/IH 4 4 4 4

Rated voltage V N BMG05 BMG 1 BMG 2 BMG 4

IH
[AAC]

IG
[ADC]

IH
[AAC]

IG
[ADC]

IH
[AAC]

IG
[ADC]

IH
[AAC]

IG
[ADC]VAC VDC

24 1.38 1.54 1.77 2.20

24 (23-25) 10 2.0 3.3 2.4 3.7 - - - -

42 (40-46) 18 1.14 1.74 1.37 1.94 1.46 2.25 1.80 2.80

48 (47-52) 20 1.02 1.55 1.22 1.73 1.30 2.00 1.60 2.50

56 (53-58) 24 0.90 1.38 1.09 1.54 1.16 1.77 1.43 2.20

60 (59-66) 27 0.81 1.23 0.97 1.37 1.03 1.58 1.27 2.00

73 (67-73) 30 0.72 1.10 0.86 1.23 0.92 1.41 1.14 1.76

77 (74-82) 33 0.64 0.98 0.77 1.09 0.82 1.25 1.00 1.57

88 (83-92) 36 0.57 0.87 0.69 0.97 0.73 1.12 0.90 1.40

97 (93-104) 40 0.51 0.78 0.61 0.87 0.65 1.00 0.80 1.25

110 (105-116) 48 0.45 0.69 0.54 0.77 0.58 0.90 0.72 1.11

125 (117-131) 52 0.40 0.62 0.48 0.69 0.52 0.80 0.64 1.00

139 (132-147) 60 0.36 0.55 0.43 0.61 0.46 0.70 0.57 0.88

153 (148-164) 66 0.32 0.49 0.39 0.55 0.41 0.63 0.51 0.79

175 (165-185) 72 0.29 0.44 0.34 0.49 0.37 0.56 0.45 0.70

200 (186-207) 80 0.26 0.39 0.31 0.43 0.33 0.50 0.40 0.62

230 (208-233) 96 0.23 0.35 0.27 0.39 0.29 0.44 0.36 0.56

240 (234-261) 110 0.20 0.31 0.24 0.35 0.26 0.40 0.32 0.50

290 (262-293) 117 0.18 0.28 0.22 0.31 0.23 0.35 0.29 0.44

318 (294-329) 125 0.16 0.25 0.19 0.27 0.21 0.31 0.25 0.39

346 (330-369) 147 0.14 0.22 0.17 0.24 0.18 0.28 0.23 0.35

400 (370-414) 167 0.13 0.20 0.15 0.22 0.16 0.25 0.20 0.31

440 (415-464) 185 0.11 0.17 0.14 0.19 0.15 0.22 0.18 0.28

500 (465-522) 208 0.10 0.15 0.12 0.17 0.13 0.20 0.16 0.25

IB Accelerator current Ð brief inrush current

IH Holding current r.m.s. value in the connecting harness to the SEW brake rectifier

IG Direct current with direct DC voltage supply

VN Rated voltage (rated voltage range)

P
i

f
kVA

Hz

n
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9Operating currents
Technical Data

BMG 8 - BM 32/62 
brake

Key

BMG8 BM 15 BM30/31; BM32/62

Motor size 112/ 132S 132M-160M 160L-225

Max. braking torque [Nm] 75 150 600

Braking power [W] 65 95 120

Inrush current ratio I B/IH 6.3 7.5 8.5

Rated voltage V N BMG8 BM 15 BM 30/31; BM 32/62

IH
[AAC]

IH
[AAC]

IH
[AAC]VAC VDC

24 2.771)

1) Direct current in BSG operation

4.151) 4.001)

42 (40-46) - 2.31 3.35 -

48 (47-52) - 2.10 2.95 -

56 (53-58) - 1.84 2.65 -

60 (59-66) - 1.64 2.35 -

73 (67-73) - 1.46 2.10 -

77 (74-82) - 1.30 1.87 -

88 (83-92) - 1.16 1.67 -

97 (93-104) - 1.04 1.49 -

110 (105-116) - 0.93 1.32 1.78

125 (117-131) - 0.82 1.18 1.60

139 (132-147) - 0.73 1.05 1.43

153 (148-164) - 0.66 0.94 1.27

175 (165-185) - 0.59 0.84 1.13

200 (186-207) - 0.52 0.74 1.00

230 (208-233) - 0.46 0.66 0.90

240 (234-261) - 0.41 0.59 0.80

290 (262-293) - 0.36 0.53 0.71

318 (294-329) - 0.33 0.47 0.63

346 (330-369) - 0.29 0.42 0.57

400 (370-414) - 0.26 0.37 0.50

440 (415-464) - 0.24 0.33 0.44

500 (465-522) - 0.20 0.30 0.40

IH Holding current r.m.s. value in the connecting harness to the SEW brake rectifier

IB Accelerator current Ð brief inrush current

IG Direct current with direct DC voltage supply

VN Rated voltage (rated voltage range)

P
i

f
kVA

Hz

n
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9 Operating currents
Technical Data

BMG61, BMG122 
brake

Key

BMG61 BMG122

Motor size 250M...280S

Max. braking torque [Nm] 600 1200

Braking power [W] 200

Inrush current ratio I B/IH 6

Rated voltage V N BMG61/122

IH
[AAC]VAC

208 (194-217) 1.50

230 (218-243) 1.35

254 (244-273) 1.20

290 (274-306) 1.10

318 (307-343) 1.00

360 (344-379) 0.85

400 (380-431) 0.75

460 (432-484) 0.65

500 (485-500) 0.60

IB Accelerator current Ð brief inrush current

IH Holding current r.m.s. value in the connecting harness to the SEW brake rectifier

VN Rated voltage (rated voltage range)

P
i

f
kVA

Hz

n



Operating Instructions Ð AC Motors DR / DV / DT / DTE / DVE / Asynchrounos Servo Motors CT / CV 59

9Permitted ball bearing types
Technical Data

9.6 Permitted ball bearing types

9.7 Lubricant table for anti-friction bearings of SEW motors

The bearings are 2Z or 2RS closed bearings and cannot be regreased.

Motor type

Drive-end bearing
(AC motor, brakemotor)

Non drive-end bearing
(foot-mounted, flange-mounted, 

gearmotors)
Flange-

mounted motor
Gearmotor Foot-

mounted
motor

AC motor Brake motor

DT56 - 6302-2Z-J - 6001-2RS-J 6001-2RS-J
DFR63 6203-2Z-J 6303-2Z-J - 6202-2Z-J 6202-2RS-J-C3
DT71 - DT80 6204-2Z-J 6303-2Z-J 6204-2Z-J 6203-2Z-J 6203-2RS-J-C3
DT(E)90 - DV(E)100 6306-2Z-J 6205-2Z-J 6205-2RS-J-C3
DV(E)112 - 132S 6208-2Z-J 6307-2Z-J 6208-2Z-J 6207-2Z-J 6207-2RS-J-C3
DV(E)132M - 160M 6309-2Z-J-C3 6209-2Z-J-C3
DV(E)160L - 180L 6312-2Z-J-C3 6213-2Z-J-C3
DV(E)200 - 225 6314-2Z-J-C3 6314-2Z-J-C3
DV250-280 6316-2Z-J-C3 6315-2Z-J-C3

Ambient temperature Manufacturer Type

Anti-friction bear-
ing in motor

Ð20 ¡C ... +80 ¡C Esso Polyrex EM1)

1) Mineral lubricant (= mineral-based anti-friction bearing grease)

+20 ¡C ... +100 ¡C KlŸber Barrierta L55/22)

2) Synthetic lubricant (= synthetic-based anti-friction bearing grease)

Ð40 ¡C ... +60 ¡C KlŸber Asonic GHY722)
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Appendix

10 Appendix
10.1 Index of changes

The following additions and changes have been made since the last edition of the "DR/
DV/DT/DTE/DVE AC Motors, CT/CV Asynchronous Servomotors" operating instruc-
tions (publication number: 10567917, Edition 02/2003):

General updates and revisions.

Motor design ¥ Nameplate, unit designation: Example has been changed.

Mechanical 
installation

¥ Before you start: Ambient temperature.

Electrical
installation

¥ Using wiring diagrams.
¥ Improving the grounding (EMC).
¥ Ambient conditions during operation.
¥ Connecting the motor: Tightening torques.
¥ Connecting the motor via the plug connectors AB.., AD.., AM.., AS.
¥ Optional equipment: VR forced cooling fan.

Inspection / 
maintenance

¥ Inspection / maintenance of the BMG61/122 brake.
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Index

10.2 Index

A
Absolute encoder, removal ..................................34
Altering the blocking direction ..............................29
AM........................................................................21
Ambient temperature............................................14
Anti-friction bearings for motors ...........................59
AS ........................................................................21
ASK1....................................................................21
AV ........................................................................26
AV1H removal ......................................................34

B
Backstop ........................................................29, 38
Ball bearing types.................................................59
BM02 operating currents......................................55
BM15-62, BMG61/122 .........................................54
BMG02 spare parts ..............................................52
BMG02 work done, braking torque ......................52
BMG05 - BMG4 operating currents......................56
BMG05-8, BC, Bd ................................................53
BMG05-8, BM15-62 brake .............................44, 49
BMG61, BMG122 operating currents...................58
BMG8 - BMG32/62 operating currents.................57
BR03 operating currents ......................................55
Brake connection .................................................23
Brake control system, interference.......................12
Brake maintenance, preliminary work ..................34
Braking torque

BM15-62, BMG61/122...................................54
BMG02 ..........................................................52
BMG05-8, BC, Bd..........................................53

Bremsenanschluss...............................................23

C
Connecting accessory equipment ........................24
Connecting the motor using the IS plug connector ..
17
Connection for encoder........................................27

D
Designated use ......................................................5
DT56 motor connection........................................16
Dust......................................................................14

E
EH ........................................................................26
Electrical installation.............................................12
Encoder................................................................26
Encoder connection .............................................27
Encoder removal ..................................................34
Environmental conditions.....................................14
ES ........................................................................26
ET56 motor connection........................................17
ET56 single-phase motor .....................................17
EV ........................................................................26
EV1 removal.........................................................34

Extended storage of motors .................................. 9

F
Forced cooling fan............................................... 24

V ................................................................... 26
VR................................................................. 25
VS ................................................................. 24

Frequency inverter .............................................. 12

G
Gas...................................................................... 14

I
Incremental encoder, removal............................. 34
Inspection............................................................ 33

BMG02 brake................................................ 39
BMG-05-8, BM15-62 brake..................... 44, 49
BR03 brake................................................... 40
Motor............................................................. 37

Inspection intervals ............................................. 33
Installation altitude .............................................. 14
Installation tolerances ......................................... 11
Interference

Brake control system .................................... 12
Motor protection equipment .......................... 12

IS......................................................................... 17
IS Integrated plug connector ............................... 17

K
Knockout ............................................................. 16

L
Low-speed motors............................................... 13
Lubricant table for anti-friction bearings .............. 59

M
Maintenance............................................ 33, 44, 49

BMG02 brake................................................ 39
BR03 brake................................................... 40
Motor............................................................. 37

Maintenance intervals ......................................... 33
Malfunctions ........................................................ 31

Brake ............................................................ 32
Frequency inverter........................................ 32
Motor............................................................. 31

Mechanical installation .......................................... 9
Motor connection................................................. 15

DT56 ............................................................. 16
ET56 ............................................................. 17

Motor maintenance, preliminary work ................. 34
Motor protection equipment, interference ........... 12

N
Nameplate............................................................. 7
NV ....................................................................... 26
NV1 removal ....................................................... 36
NV2 removal ....................................................... 36
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Index

O
Operating currents ...............................................55

BM02, BR03 ..................................................55
BMG05 - BMG4 .............................................56
BMG61, BMG122 ..........................................58
BMG8 - BMG32/62 ........................................57

Operation with Frequency inverter .......................12
Overivew of encoders ..........................................26

P
Permitted ball bearing types.................................59
Plug connector

AM .................................................................21
AS..................................................................21
ASK1 .............................................................21
IS ...................................................................17

Proximity sensor, removal....................................36

R
Radiation..............................................................14
Removal

AV1H .............................................................34
EV1................................................................34

S
Safety and warning notes.......................................4
Safety notes ...........................................................5
Serial number.........................................................7
Single-phase motors ............................................12
Size 56 / 63, preparation for installation...............16
Spare parts BMG02 .............................................52
Startup .................................................................28
Switching operation..............................................14

T
Technical data......................................................52
Temperature sensor TF .......................................24
TF.........................................................................24
TH ........................................................................24
Torque motors......................................................13
Transportation........................................................5

U
Unit designation .....................................................7

V
V...........................................................................26
Vapors..................................................................14
VR ........................................................................25
VS ........................................................................24

W
Waste disposal.......................................................4
Winding thermostat TH ........................................24
Wiring diagrams ...................................................12
Wiring notes .........................................................12
Work done

BM15-62, BMG61/122...................................54
BMG02 ..........................................................52
BMG05-8, BC, Bd..........................................53

Working air gap
BM15-62, BMG61/122 .................................. 54
BMG05-8, BC, Bd ......................................... 53
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Australia

Assembly
Sales
Service

Melbourne SEW-EURODRIVE PTY. LTD.
27 Beverage Drive
Tullamarine, Victoria 3043

Tel. +61 3 9933-1000
Fax +61 3 9933-1003
http://www.sew-eurodrive.com.au
enquires@sew-eurodrive.com.au

Sydney SEW-EURODRIVE PTY. LTD.
9, Sleigh Place, Wetherill Park 
New South Wales, 2164

Tel. +61 2 9725-9900
Fax +61 2 9725-9905
enquires@sew-eurodrive.com.au

Austria

Assembly
Sales
Service

Wien SEW-EURODRIVE Ges.m.b.H. 
Richard-Strauss-Strasse 24
A-1230 Wien

Tel. +43 1 617 55 00-0
Fax +43 1 617 55 00-30
http://sew-eurodrive.at
sew@sew-eurodrive.at

Belgium

Assembly
Sales
Service

BrŸssel CARON-VECTOR S.A.
Avenue Eiffel 5
B-1300 Wavre

Tel. +32 10 231-311
Fax +32 10 231-336
http://www.caron-vector.be
info@caron-vector.be

Brazil

Production
Sales
Service

Sao Paulo SEW-EURODRIVE Brasil Ltda.
Avenida Am‰ncio Gaiolli, 50
Caixa Postal: 201-07111-970
Guarulhos/SP - Cep.: 07251-250

Tel. +55 11 6489-9133
Fax +55 11 6480-3328
http://www.sew.com.br
sew@sew.com.br

Additional addresses for service in Brazil provided on request!

Bulgaria

Sales Sofia BEVER-DRIVE GMBH
Bogdanovetz Str.1
BG-1606 Sofia

Tel. +359 2 9532565
Fax +359 2 9549345
bever@mbox.infotel.bg

Cameroon

Sales Douala Electro-Services
Rue Drouot Akwa
B.P. 2024
Douala

Tel. +237 4322-99
Fax +237 4277-03 

Canada

Assembly
Sales
Service

Toronto SEW-EURODRIVE CO. OF CANADA LTD. 
210 Walker Drive 
Bramalea, Ontario L6T3W1

Tel. +1 905 791-1553
Fax +1 905 791-2999
http://www.sew-eurodrive.ca
l.reynolds@sew-eurodrive.ca

Vancouver SEW-EURODRIVE CO. OF CANADA LTD.
7188 Honeyman Street 
Delta. B.C. V4G 1 E2

Tel. +1 604 946-5535
Fax +1 604 946-2513
b.wake@sew-eurodrive.ca

Montreal SEW-EURODRIVE CO. OF CANADA LTD.
2555 Rue Leger Street 
LaSalle, Quebec H8N 2V9

Tel. +1 514 367-1124
Fax +1 514 367-3677
a.peluso@sew-eurodrive.ca

Additional addresses for service in Canada provided on request!

Chile

Assembly
Sales
Service

Santiago de 
Chile

SEW-EURODRIVE CHILE LTDA.
Las Encinas 1295
Parque Industrial Valle Grande
LAMPA
RCH-Santiago de Chile
P.O. Box
Casilla 23 Correo Quilicura - Santiago - Chile

Tel. +56 2 75770-00
Fax +56 2 75770-01
sewsales@entelchile.net

China

Production
Assembly
Sales
Service

Tianjin SEW-EURODRIVE (Tianjin) Co., Ltd.
No. 46, 7th Avenue, TEDA 
Tianjin 300457

Tel. +86 22 25322612
Fax +86 22 25322611
victor.zhang@sew-eurodrive.cn
http://www.sew.com.cn
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Switzerland

Assembly
Sales
Service

Basel Alfred lmhof A.G.
Jurastrasse 10 
CH-4142 MŸnchenstein bei Basel

Tel. +41 61 41717-17
Fax +41 61 41717-00
http://www.imhof-sew.ch
info@imhof-sew.ch

Thailand

Assembly
Sales
Service

Chon Buri SEW-EURODRIVE (Thailand) Ltd.
Bangpakong Industrial Park 2
700/456, Moo.7, Tambol Donhuaroh
Muang District
Chon Buri 20000

Tel. +66 38 454281
Fax +66 38 454288
sewthailand@sew-eurodrive.co.th

Tunisia

Sales Tunis T. M.S. Technic Marketing Service
7, rue Ibn EI Heithem 
Z.I. SMMT
2014 MŽgrine Erriadh

Tel. +216 1 4340-64 + 1 4320-29
Fax +216 1 4329-76

Turkey

Assembly
Sales
Service

Istanbul SEW-EURODRIVE 
Hareket Sistemleri Sirketi 
Bagdat Cad. Koruma Cikmazi No. 3 
TR-34846 Maltepe ISTANBUL

Tel. +90 216 4419163 + 216 4419164 + 
216 3838014
Fax +90 216 3055867
sew@sew-eurodrive.com.tr

USA

Production
Assembly
Sales
Service

Greenville SEW-EURODRIVE INC. 
1295 Old Spartanburg Highway 
P.O. Box 518
Lyman, S.C. 29365

Tel. +1 864 439-7537
Fax Sales +1 864 439-7830
Fax Manuf. +1 864 439-9948
Fax Ass. +1 864 439-0566
Telex 805 550 
http://www.seweurodrive.com
cslyman@seweurodrive.com

Assembly
Sales
Service

San Francisco SEW-EURODRIVE INC. 
30599 San Antonio St.
Hayward, California 94544-7101

Tel. +1 510 487-3560
Fax +1 510 487-6381
cshayward@seweurodrive.com

Philadelphia/PA SEW-EURODRIVE INC. 
Pureland Ind. Complex 
2107 High Hill Road, P.O. Box 481
Bridgeport, New Jersey 08014

Tel. +1 856 467-2277
Fax +1 856 845-3179
csbridgeport@seweurodrive.com

Dayton SEW-EURODRIVE INC.
2001 West Main Street 
Troy, Ohio 45373

Tel. +1 937 335-0036
Fax +1 937 440-3799
cstroy@seweurodrive.com

Dallas SEW-EURODRIVE INC.
3950 Platinum Way 
Dallas, Texas 75237

Tel. +1 214 330-4824
Fax +1 214 330-4724
csdallas@seweurodrive.com

Additional addresses for service in the USA provided on request!

Venezuela

Assembly
Sales
Service

Valencia SEW-EURODRIVE Venezuela S.A.
Av. Norte Sur No. 3, Galpon 84-319
Zona Industrial Municipal Norte
Valencia, Estado Carabobo

Tel. +58 241 832-9804
Fax +58 241 838-6275
sewventas@cantv.net
sewfinanzas@cantv.net



How weÕre driving the world

With people who
think fast and
develop the
future with you.

With a worldwide 
service network that is 
always close at hand.

With drives and controls
that automatically
improve your productivity.

With comprehensive 
knowledge in virtually 
every branch of
industry today.

With uncompromising 
quality that reduces the 
cost and complexity of 
daily operations.

With a global presence
that offers responsive 
and reliable solutions. 
Anywhere.

With innovative 
technology that solves 
tomorrowÕs problems 
today.

With online information 
and software updates, via 
the Internet, available 
around the clock.

Gearmotors \ Industrial Gear Units \ Drive Electronics \ Drive Automation \ Services

SEW-EURODRIVE
Driving the world

SEW-EURODRIVE GmbH & Co KG
P.O. Box 3023 ! D-76642 Bruchsal / Germany
Phone +49 7251 75-0 ! Fax +49 7251 75-1970
sew@sew-eurodrive.com

! www.sew-eurodrive.com
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Model Alpha Load Beam
Vishay BLH

Load Beam TransducerTransducers

FEATURES

! Capacity range: 5.5,11, 22, 34, 56, and 112 lb
(25, 50, 100, 150, 250, 500 N)

! Precision accuracy and repeatability

! Environmentally sealed for washdown applications

! Fast, easy 2 bolt installation

! FM, CSA and OIML approved

! OIML certification for 11 to 112 pound capacities

DESCRIPTION

The Alpha Beam is a low capacity differen-
tial bending beam transducer designed for
use in a wide range of medical, industrial,
and testing applications. It's unique fea-
tures are a combination of superb accuracy
and performance in a package that is very
well sealed against moisture and solvents.
Alpha Beams meet both OIML require-
ments for accuracy and IP 67 requirements
for moisture protection.

Rated force capacities range from approxi-
mately 5.5 to 112 pounds (25 to 500 New-
tons). Within capacity range, Alpha Beams
measure force bidirectionally, producing an
output mV/V signal directly proportional to
the force applied.

The heart of the patented Alpha Beam is
the BLH developed SR-4¨ foil strain gage.
Strain Gages are electrically connected to

form a balanced Wheatstone Bridge. Com-
pensation resistors maintain the accuracy
of the bridge over a wide range of temper-
atures. The gaged element within the
beam metal bellows is environmentally
sealed against all adverse conditions, in-
cluding water immersion.

Alpha Load Beams are approved by Facto-
ry Mutual Research (FM) and the Canadi-
an Standards Association (CSA) for use in
Class l, ll, and lil, Division 1 and 2 hazard-
ous locations. They also are OIML tested
and approved in accordance with para-
graph 8.1 of the European Standard on
Metrological aspects of nonautomatic
weighing instrument EN 45501:1992 and
by application of the OIML International
Recommendation R 60 (Edition 1991).

CONFIGURATION

APPLICATIONS

! Bench & portable scales

! Low capacity batching

! Medical weighing 
systems

! Pull/tear strength testing
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Model Alpha Load Beam
Vishay BLH Load Beam Transducer

Transducers

SPECIFICATIONS

Performance
Capacity 5.5,11, 22, 34, 56, 112 lb

(25, 50, 100,150, 250, 500 N)
Rated Output (R.O.) 3mV/V nominal
Nonlinearity 0.02% R.O.
Hysteresis 0.02% R.O.
Repeatability 0.01% R.O.
Creep (20 minutes) 0.05% R.O.

Temperature
Safe Temperature -15 to 175¡F
Compensated Range 0 to + 150¡F
Effect On Zero Balance 0.0008% RO/¡F
Effect On Rated Output 0.0008% Load/¡F

Electrical
Recommended Excitation 10 Vac/dc
Maximum Excitation 20 Vac/dc
Zero Balance 2.0% RO
Input Resistance 350ohms +/-3.5 ohms
Output Resistance 350ohms +/-3.5 ohms
Insulation Resistance 2 G-ohms
Electrical Connection 5-ft, 4 conductor shielded

cable

Adverse Load Ratings
Safe Overload 175% RO
Ultimate Overload 300% RO

Materials
Element Electroless nickel-plated

berylium copper
Bellows Tin-plated brass

Deflection at Rated Output
11 to 56lb 0.01 inch
112lb 0.017 inch

Sealing
IP67 all capacities

Approvals
FM 3611
CSA C22.2 (all applicable sections)
OIML EN 45501: 1992 (11-112lb)

Mechanical
Unit Weight approx. 2 ounces
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Model Alpha Load Beam
Load Beam Transducer Vishay BLHTransducers

VT Americas
System Products

Norwood, MA
PH: +1-781-298-2200

FAX: +1-781-762-3988
vts.us@vishaymg.com

VT Canada
Toronto

PH: +1-416-251-2554
FAX: +1-416-251-2690
vt.can@vishaymg.com

VMG UK
Basingstoke

PH: +44-125-646-2131
FAX: +44-125-647-1441

vt.uk@vishaymg.com

VT Sweden
Karlskoga

PH: +46-586-630-00
FAX: +46-586-630-99
vt.se@vishaymg.com

VMG Germany
Heilbronn

PH:  +49-7131-3901-260
FAX: +49-7131-3901-2666

vt.de@vishaymg.com

VMG France
Chartres

PH: +33-2-37-33-31-20
FAX: +33-2-37-33-31-29

vt.fr@vishaymg.com

VISHAY TRANSDUCERS (VT) SALES OFFICES

VT Norway
System Products

Oslo
PH: +47-22-884090

FAX: +47-22-884099
vt.no@vishaymg.com

VT Finland
System Products

Jorvas
PH: +358-9-8194-220

FAX: +358-9-8194-2211
vt.fi@vishaymg.com

VMG Israel
Netanya

PH: +972-9-863-8888
FAX: +972-9-863-8800

vt.il@vishaymg.com

VT China
Tianjin

PH: +86-22-2835-3503
FAX: +86-22-2835-7261
vt.prc@vishaymg.com

VT Taiwan*
Taipei

PH: +886-2-2696-0168
FAX: +886-2-2696-4965
vt.roc@vishaymg.com

*Asia except China

DIMENSIONS

Vishay BLH is continually seeking to improve product quality and performance. Specifications may change accordingly.
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All owners and operators should read this manual and/or be 
instructed on safe operating and ma intenance procedures before 

attempting to uncrate, install, oper ate, adjust or service this 
equipment 

 
Following are symbols used in this manual along with a description of their meanings 

 

 
 

DANGER indicates an imminently hazardous situation which, if not avoided, will result in death or severe 
injury. 

 
 

WARNING indicates a potentially hazardous situation which, if not avoided, will result in death or severe 
injury 

 

 
CAUTION indicates a potentially hazardous situation which, if not avoided, may result in minor/moderate 

injury and/or damage to equipment. 
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Major Features Index  
Forklift Model 
Figure 4 
 
1. Frame  
2. Lifting Apparatus (Transporter)  
3. Fork Pockets (optional) 
4. Transporter Rest Pads  
5. Height Adjustment Pin 
6. Agitator Assembly (optional) 
6-A. Agitator Cylinder 
7. Agitator Control Panel 
8. Access Chamber 
9. Iris Valve 
 
 
 
Note: The marker numerical designations listed in this 
illustration are for reference purposes only within this manual. 
 
 
 

Hoist & Trolley Model 
Figure 5 
 
1. Frame  
2. I-Beam  
3. Adjustable Stop  
4. Hoist/Trolley (optional)  
5. Lifting Apparatus  
6. Agitator Assembly (optional) 
6-A. Agitator Cylinder 
7. Agitator Control Panel (optional) 
8. Access Chamber 
9. Iris Valve 
 
 
 
 
 
Note: The marker numerical designations listed in this illustration are for reference purposes only within 
this manual. 

Iris Valve and 
Access Chamber 

Iris Valve and 
Access Chamber 
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Hopper Model 
Figure 6 

 
 
 
 
 
 
 
 
 
 
 
 
1. Frame  
 
2. Hopper 
 
3. Access Door  
 
Note: For Forklift Model or Hoist/Trolley 
Model frame options, see page 4. 
 
Note: The marker numerical designations 
listed in this illustrations are for reference 
purposes only within this manual. 
 
 
 

 

Agitator Frame  
Without Hoist/Trolley or Forklift Lifting Apparatus 
Figure 7 
 
Note: Customer is responsible for providing bag 
lifting and suspension equipment. 
 
1. Frame 
 
6. Agitator Assembly 
 
6-A. Agitator Cylinder 
 
7. Agitator Air Control Panel 
 
 
 
 
 
 
 
Note:  The marker numerical designations listed in this illustration are for reference purposes only within 
this manual. 

Forklift Model Frame Option Hoist & Trolley Model Frame Option 
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1.0 - WARRANTY 
 
Equipment manufactured by Hapman is warranted to be free of defective material and workmanship 
under the use and service quoted for a period of one year after date of shipment.  This warranty is 
void if serviced by anyone other than Hapman service personnel. 
 
Hapman agrees to replace or repair any defective parts it has manufactured as covered under this 
warranty.  F.O.B. our plant, subject to inspection of the part in question by HapmanÕs personnel.  No 
article may be returned to Hapman without HapmanÕs written consent. 
 
Parts supplied but not manufactured by Hapman are subject to the warranties extended to Hapman 
by its suppliers.  HapmanÕs liability is limited to such adjustment as the respective manufacturer 
makes to the seller. 
 
In no event shall Hapman be liable for costs incurred due to equipment malfunction such as 
consequential damages, lost production or the expenses or losses incurred due to geographical 
location or fault of the product, difficulty of access to the product as installed, or time urgency on the 
part of the user and/or buyer of the equipment. 
 
NOTICE: 
While all information in this manual has been checked for accuracy, changes in design or 
specifications may occur at any time in HAPMAN's continuing program of product improvement.  
HAPMAN cannot assume responsibility for errors in the production of this manual, or for unsafe 
operating practice of those employing HAPMAN equipment. 
 

 
 

BEFORE INSTALLING, OPERATING OR MAINTA INING ANY EQUIPMENT, THE CONTENTS OF 
THIS MANUAL SHOULD BE THOROUGHLY REVIEWED AND UNDERSTOOD. 

 
Statements and instructions set forth herein are based upon the best information and practices known 
to HAPMAN, but this may not be construed to suggest that every conceivable safety precaution is 
contained herein.  As a matter of practicality, HAPMAN cannot guarantee that actions in accordance 
with such statements and instructions will result in the complete elimination of all hazards and thus 
assumes no liability for accidents which may occur. 

 
For further information regarding installation, operation and maintenance please contact the factory 
service department. 

HAPMAN Customer Service 
6002 E. Kilgore Rd 

Kalamazoo, MI 49048-2321 U.S.A. 
Phone: 269-343-1675 

U.S. Toll Free: 800-427-6260 
Fax: (269) 382 8266 

e-mail: service@HAPMAN.com 
 

2.0 - General Information 
This manual provides complete instructions of how to install, operate and maintain the equipment 
supplied by Hapman.  
 
Assistance on part orders or service calls may be obtained from Hapman.  Address and phone 
numbers are located on the last page of this manual.  When calling or writing for parts or service, 
please reference the equipment serial number. This number is stamped on the Hapman nameplate 
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affixed to each piece of equipment. (space is provided on the last page of this manual for the 
recording of equipment identification.) 

 
 

3.0 Introduction And Principles Of Operations 
 
The Hapman Bulk Bag Frame is intended to receive and support large bulk bags, sometimes called 
supersacks, in a position to allow for the contents of the bag to flow into some other device such as a 
flexible screw conveyor, pneumatic or a tubular conveyor.  Usually, such a device is equipped with an 
access chamber and iris valve.  Both units are typically mounted on a hopper above the inlet of the 
conveyor. 
 
Once the bulk bag is placed in the frame (suspended above Ð but not resting on the agitator 
assembly) the discharge spout of the bag is placed through the iris valve.  This is done by opening 
the door of the access chamber and completely opening the iris valve allowing the discharge spout of 
the bag to be placed through the iris valve body.  Once the spout is placed through the iris valve, the 
iris valve should be tightly closed prior to removing the tie string on the discharge spout.  Now, close 
the access chamber door and gradually open the iris valve to introduce material into the conveyor 
inlet. 
 
Hapman Bulk Bag Frames come in four styles being differentiated by the method of elevating and 
positioning the bag or by hopper design and agitator assembly.  All units are covered in this manual. 
 
 

4.0 Safety Instructions  
 

 
 

1. Once the Bulk Bag Frame has been properly positioned in the plant and in the desired location with 
other equipment such as conveyors, the frame must be securely fastened (anchored) to the floor 
or load cell before attempting to suspend a bulk bag from the frame. 

 
2. The Bag Frame must be anchored to floor using (16) 5/8Ó dia. anchors Ð (4) per foot pad located on 

each corner of the frame.  Floor anchor shall be suitable for this type of equipment and be 
designed to prevent movement and/or tipping over of the frame.  Recommended anchor Ð Hilti 
HVA Adhesive Anchor System (or equivalent).  Each anchor must have minimum pull out rating of 
300 pounds. 

 
3. Never exceed the maximum weight bearing capacity Ð 4000 pounds of the Bulk Bag Frame 

(Forklift Model and Hoist & Trolley Model).  This capacity is clearly marked on the frame of the 
Forklift Model and the I-Beam of the Hoist & Trolley Model. 

 

 
 
4. It is especially critical that the height of the Forklift Model be set properly before placing a full bulk 

bag (mounted on the Transporter) in the frame.  The frame is equipped with adjustable mounting 

 
 

All Hapman furnished equipment must be installed, operated and 
maintained in accordance with service instructions.  Failure to follow these 

instruction may result in serious personal injury or property damage. 
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holes (set a five (5) inch increments) and pins to secure the frame. Position the frame so that the 
bag does not rest on the optional agitator assembly.  The bag should be suspended several inches 
above the agitator. (See Figure 9)  Failure to do this could result in the agitator being severely bent 
and non-operational. 

 

 
5. Before attaching the bag to the lifting apparatus, always inspect the lifting loops on the bulk bag to 

ensure they are secure and do not show excessive wear and weakness.  If the lifting loops are 
frayed, damaged, loose or torn, they may not hold the bag in place when the entire bag is lifted or 
positioned in the frame. 

 
6. Always attach all four (4) of the lifting loops to the lifting apparatus. 
 

 
 

7. The pneumatically operated agitator assembly is often purchased with the Bulk Bag Frame.  When 
the Agitator assembly is installed, never operate the agitator control panel when personnel are 
near the equipment.  

 
8. Use extreme care when lifting and positioning the bulk bag to ensure no one is between the bag 

and any portion of the frame.  
 
9. Never attempt to release or untie the bulk bag discharge spout without placing the spout properly 

into the access chamber and securing it into the iris valve.  If your unit is a Hopper Model, use the 
access door on the hopper to untie the bulk bag spout before quickly closing and securing the 
door. 

 
10.Periodically inspect the bolts and welds of the frame to ensure their continued integrity and 

tightness. 
 
11.When adjusting the height of the supporting frame of the Forklift Model, use care to hold and 

squarely lift (or lower) the frame and reinsert the retaining pins before easing the lifting unit out of 
the way. 

 

Spout secured into Iris Valve

Agitator 
Clearance 

Figure 9 
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5.0 Operation - Forklift Model 
Loading Procedure 
Reference Figure 4 
 

A full bulk bag is usually delivered on a skid to the vicinity of the Bulk Bag Frame.  Inspect the lifting 
loops for signs of wear, fraying or weakness.  
 
Make sure the frame is adjusted to the proper height for the bulk bag being loaded.  Frame will be 
designed for a specific bag size but also accommodate bags one size larger or smaller.  There is a 10 
inch vertical frame adjustment provided on this model.  Adjustment holes (4) are positioned at 2-1/2Ó 
increments. 

 
Make sure the total weight of the bulk bag and contents does not exceed the frames capacity 
(4,000 pounds).  The not-to-exceed capacity is clearly marked on the frame. 
 
With a forklift, position the bulk bag Transporter lifting apparatus (which is designed to fit on the forks 
of the forklift), over the bag.  Lower the Transporter to the bag and hook the lifting loops over the 
hooks on the Transporter.  Note:  if the bag is equipped with a liner, secure it properly to the tensioner 
at this time. 
 
Gently lift the bulk bag to make sure the lifting loops are secure.  Then elevate the Transporter with 
the bag to a height that will allow the Transporter to clear the top of the frame. 
 
Move the forklift forward and position the TransporterÕs four corners over the four Transporter rest 
pads at the top of the frame.  Then lower the Transporter until it firmly rests in the frame on the 
TransporterÕs rest pad.  Make sure the bulk bag does not rest on the agitator assembly. (See 
Figure 12) 

 
With the bulk bag correctly placed on the Bulk Bag Frame (suspended above the agitator assembly 
when furnished), place the discharge spout of the bag through the iris valve using the access 
chamber door.  Close the iris valve, (See Figure 12) securing the discharge spout of the bag in the 
access chamber prior to removing the tie string on the spout.  If this is not done correctly, the 
contents of the bulk bag discharge onto the floor. 

 
 
 

Spout secured into Iris Valve

Agitator 
Clearance 

Figure 12 
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6.0 Operation - Hoist & Trolley Model 
Loading Procedure 
Reference Figure 5  
 

Full bulk bag is usually delivered on a skid to the Bulk Bag Frame and positioned directly under the 
extended portion of the I-Beam.  Inspect the lifting loops for signs of wear, fraying or weakness. 
 
Make sure the total weight of the bulk bag and contents does not exceed the frameÕs capacity 
(4,000 pounds).  The not-to exceed capacity is clearly labeled (or stenciled) on the I-Beam. 
 
With lifting apparatus attached to the hoist cable, lower the apparatus over the bulk bag and attach 
the lifting loops of the bag to the apparatus.  Note:  If the bag is equipped with a liner, secure it 
properly to the tensioner at this time.  With the hoist, gently lift the bulk bag to make sure the lifting 
loops are secure.  Then elevate the apparatus, with the attached bag, to a height that will clear the 
frame.  It is critical to have the bag elevated to the correct height before using the trolley to move it 
into the frame.  The height is determined by the elevation and location of the bag agitator assembly. 
 
The I-Beam is equipped with adjustable stops on both ends to facilitate positioning of the hoist.  Once 
the bulk bag is elevated to the proper height, use the trolley (manual, electric or pneumatic) to move 
the load to its proper position over the receiving equipment. 
 
Lower the bulk bag to a position that will allow for the placement of the discharge spout through the 
iris valve and into the access chamber.  Do not allow the bag to rest on the agitator assembly .  
Place the discharge spout of the bag through the iris valve (See Figure 13) sing the door of the 
access chamber.  Close the iris valve securing the discharge spout of the bag into the access 
chamber prior to removing the tie string on the spout.  If this is not done correctly, the contents of the 
bag may discharge onto the floor. 
 

 
 

7.0 Operation - Hopper Model 
Loading Procedure For Forklift Option 
Reference Figure 5 

 
A full bulk bag is usually delivered on a skid to the vicinity of the Bulk Bag Frame.  Inspect the lifting 
loops for signs of wear, fraying or weakness.  Make sure the frame is adjusted to the proper height for 
the bulk bag being loaded.  Frame will be designed for a specific bag size but also accommodate 

Spout secured into Iris Valve

Agitator 
Clearance 

Figure 13 
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bags one size larger or smaller.  There is a 10 inch vertical frame adjustment provided on this model.  
Adjustment holds (4) are positioned at 2-1/2Ó increments. 
 
Make sure the total weight of the bulk bag and contents does not exceed the frameÕs capacity 
(4,000 pounds).  The not-to-exceed capacity is clearly marked on the frame. 
 
With a forklift, position the bulk bag Transporter lifting apparatus (which is designed to fit on the forks 
of the forklift), over the bag.  Lower the Transporter to the bag and hook the lifting loops over the 
hooks on the Transporter.  Note:  if the bag is equipped with a fitted liner, secure it properly to the 
tensioner at this time. 
 
Gently lift the bulk bag to make sure the lifting loops are secure.  Then elevate the Transporter with 
the bag to a height that will allow the Transporter to clear the top of the frame. 
 
Move the forklift forward and position the Transporters four corners over the four Transporter rest 
pads at the top of the frame.  The lower the Transporter until it firmly rests in the frame on the 
Transporters rest pad. 
 
With the bulk bag correctly placed on the Bulk Bag Frame (suspended slightly) above and not 
supported by the hopper, position the discharge spout of the bag within the hopper by using the 
access chamber door.  Once in position, the tie string securing the spout can be untied and removed.  
Immediately, the material in the bulk bag will begin to discharge into the hopper, so itÕs important to 
quickly close and secure the access door to prevent the material from discharging onto the floor. 
 

Loading Procedure For Hoist & Trolley Option 
Reference Figure 5 & 6 
 

Full bulk bag is usually delivered on a skid to the Bulk Bag Frame and positioned directly under the 
extended portion of the I-Beam.  Inspect the lifting loops for signs of wear, fraying or weakness. 
 
Make sure the total weight of the bulk bag and contents does not exceed the frameÕs capacity 
(4,000 pounds).  The not-to-exceed capacity is clearly labeled (or stenciled) on the I-Beam. 
 
With lifting apparatus attached to the hoist cable, lower the apparatus over the bulk bag and attach 
the lifting loops of the bag to the apparatus.  Note:  if the bag is equipped with a fitted liner, secure it 
properly to the tensioner at this time. 
 
With the hoist, gently lift the bulk bag to make sure the lifting loops are secure.  Then elevate the 
apparatus, with the attached bag, to a height that will clear the frame.  It is critical to have the bag 
elevated to the correct height before using the trolley to move it into the frame.  The height is 
determined by the elevation and location of the hopper. 
 
The I-Beam is equipped with adjustable stops on both ends to facilitate positioning of the hoist.  Once 
the bulk bag is elevated to the proper height, use the trolley (manual electric or pneumatic) to move 
the load to its proper position over the receiving hopper. 
 
Lower the bulk bag to a position that will allow for the placement of the discharge spout into the 
receiving hopper.  With the bulk bag correctly placed on the Bulk Bag Frame (suspended slightly 
above and not supported by the hopper), position the discharge spout of the bag within the hopper by 
using the access chamber door.  Once in position, the tie string securing the spout can be untied and 
removed.  Immediately, the material in the bulk bag will begin to discharge into the hopper, so its 
important to quickly close and secure the access door to prevent the material from discharging onto 
the floor. 
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8.0 Operation - Agitator Frame 
Loading Procedure 
Reference Figure 7 
 

Using customer-supplied lifting equipment, position the bulk bag above the agitator frame.  Lower the 
bulk bag to a position that will allow for the placement of the discharge spout through the iris valve 
and into the access chamber.  Do not allow the bag to rest on the agitator assembly. 
 
Place the discharge spout of the bag through the iris valve (See Figure 16) using the access 
chamber door.  Close the iris valve, securing the discharge spout of the bag into the access chamber 
prior to removing the tie string on the spout.  If this is not done correctly, the contents of the bag may 
discharge onto the floor. 
 

 
 

9.0 Agitator Air Control Panel 
Components 
 

The following is a list of major 
components used on the agitator air 
control panel.  These components are 
the most likely to need servicing should 
an operational problem arise. 
 
Agitator Air Control Panel 
1. Back Panel  
2. Enclosure  
3. Filter/Regulator  
3A. System Pressure Gage  
4. Pneumatic on/off Valve  
5. Start/Stop Switch  
6. Directional Valve 
7. Oscillator Control 
8. Air Filter 
CC. Cylinder Connection 
T1. Extend Time/Delay 
T2. Retract Time/Delay 

Spout secured into Iris Valve

Agitator 
Clearance 

Figure 16 
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10.0 Air Panel Operation 
 
Compressed air (80 PSIG at 225 CFM and not to exceed 150 PSIG) is provided to the unit by the 
customer.  Do not use compressed gases.  When the pneumatic switch (#5) is in the stop position, 
several things happen.  First, the air passes through the filter/regulator (#3).  At this point the air is 
filtered to 40 Micron.  Gage pressure should be adjusted to read 65-75 PSI.  The filtered/regulated air 
passes through the directional valve (#6) from port 1 to port 2.  The valve (#6) is considered to be in 
its normal position at this time.  When the air passes from port 1 to port 2 the cylinders are forced to 
return to the fully retracted position.  The system should be at a stand still. 
 
To put the system into the cycle mode the switch (#5) needs to be put into the start position.  Pilot air 
is now allowed to pass through an additional filter (#8) in which 99.9%+ of the aerosols and 
submicron particles are removed from the air system.  The purpose of this filter is to keep the air 
extremely clean going into the logic portion of the system.  Please make sure to change this filter 
periodically. 
 
With the cylinders still in the retract position, the pilot air makes its way to the oscillator control (#7).  
This unit controls the amount of time that the pilot signal is on and off to the main valve (#6).  Please 
make sure that this is not the amount of time for the cylinder to extend or retract.  It is however, the 
total amount of time that is allowed for the cylinder to both extend and dwell (or retract and dwell).  
The total ÒExtend/DwellÓ time is controlled with the knob labeled ÒT1Ó. The total ÒRetract/DwellÓ time is 
considered with the knob labeled ÒT2Ó. 
 
Also note that the increments on the control are not in seconds or any particular unit.  They are simply 
for reference.  When a pilot signal is received from the oscillator control (#7), the valve (#6) shifts and 
air is allowed to pass from port 1 to port 4.  Thus, the cylinders are forced to extend. 
 
After fully extending, the unit will dwell (depending on the speed of the cylinder) while the oscillator 
(#7) finishes ÒcountingÓ. The amount of the ÒcountÓ is based on the position of the knob ÒT1Ó.  When 
the counting is complete, the pilot signal is turned off for a period of time based on the position of the 
knob ÒT2Ó. 
 
When there is not a pilot signal to the directional valve (#6), the valve shifts back and the air flow is 
from port 1 to port 2.  The cylinders are again forced to retract.  After the retract and dwell, the 
process repeats. 
 
As you increase the number on ÒT1Ó the total ÒExtend/Dwell timeÓ will increase.  Also note that the 
knob may be turned more than one full revolution.  The same is true for the ÒRetract/Dwell TimeÓ.  To 
increase or decrease this time, do so by adjusting the knob labeled ÒT2Ó accordingly. 
 
To change the cylinder speed, you adjust the flow control valve that is located in the quick exhaust 
valve at each of the cylinder ports.  Thus, you can individually control the speeds for each of the 
cylinders; extend and retract.  These quick exhaust valves are used so that the air is exhausted back 
to atmosphere and not back into the enclosure. 
 

 
 
Please note that this system can cause injury if precautions are not taken.  It is an understanding the 
operator assumes full responsibility when operating this equipment. 
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Air Panel Schematic 
Figure 20 
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Bulk Bag Frame Components 

# Description Ð Forklift Model Unit Quantity 

2 Lifting Apparatus (Transporter)  

4 Transporter Rest Pad 1 

5 Adjustable Height Pins 4 

6 Agitator Assembly 1 

6A Agitator Cylinder 1 

9 Iris Valve  

   

   

# Description Ð Hoist & Trolly Model Unit Quantity 

3 Adjustable Stops 2 

5 Lifting Apparatus  

6 Agitator Assembly 1 

6A Agitator Cylinder 1 

9 Iris Valve  

   

   

# Agitator Air Control Panel Components Unit Quantity 

1 Back Panel 1 

2 Enclosure 1 

3 Filter/Regulator 1 

4 Pneumatic On/Off Valve 1 

5 Pneumatic Switch Lever 1 

6 Directional Valve 1 

7 Oscillator 1 

8 Filter 1 

9 Quick Exhaust 4 

10 Flow Control 4 
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Record Of Important Info rmation For This Machine 
 

Serial Number_________________________________________________ 
 

Model Number_________________________________________________ 
 
 

For Operational Information In This Plant Contact 
 

Name________________________________________________________ 
 

Department / Phone Number______________________________________ 
 
 

Notes 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

6002 E Kilgore Road ¥ Kalamazoo, MI 49048 

Ph 269-343-1675 ¥ 800-427-6260 ¥ Fax 269-349-2477 ¥ www.hapman.com 
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All owners and operators should read this manual and/or be 
instructed on safe operating and ma intenance procedures before 

attempting to uncrate, install, oper ate, adjust or service this 
equipment 

 
 

Following are symbols used in this manual along with a description of their meanings 
 

 
DANGER indicates an imminently hazardous situation which, if not avoided, will result in death or severe 

injury. 
 
 

 
WARNING indicates a potentially hazardous situation which, if not avoided, will result in death or severe 

injury 
 
 

 
CAUTION indicates a potentially hazardous situation which, if not avoided, may result in minor/moderate 

injury and/or damage to equipment. 
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1.0 - WARRANTY 
 
Equipment manufactured by Hapman is warranted to be free of defective material and workmanship 
under the use and service quoted for a period of one year after date of shipment.  This warranty is 
void if serviced by anyone other than Hapman service personnel. 
 
Hapman agrees to replace or repair any defective parts it has manufactured as covered under this 
warranty.  F.O.B. our plant, subject to inspection of the part in question by HapmanÕs personnel.  No 
article may be returned to Hapman without HapmanÕs written consent. 
 
Parts supplied but not manufactured by Hapman are subject to the warranties extended to Hapman 
by its suppliers.  HapmanÕs liability is limited to such adjustment as the respective manufacturer 
makes to the seller. 
 
In no event shall Hapman be liable for costs incurred due to equipment malfunction such as 
consequential damages, lost production or the expenses or losses incurred due to geographical 
location or fault of the product, difficulty of access to the product as installed, or time urgency on the 
part of the user and/or buyer of the equipment. 
 
NOTICE: 
While all information in this manual has been checked for accuracy, changes in design or 
specifications may occur at any time in HAPMAN's continuing program of product improvement.  
HAPMAN cannot assume responsibility for errors in the production of this manual, or for unsafe 
operating practice of those employing HAPMAN equipment. 
 

 
 

BEFORE INSTALLING, OPERATING OR MAINTA INING ANY EQUIPMENT, THE CONTENTS OF 
THIS MANUAL SHOULD BE THOROUGHLY REVIEWED AND UNDERSTOOD. 

 
Statements and instructions set forth herein are based upon the best information and practices known 
to HAPMAN, but this may not be construed to suggest that every conceivable safety precaution is 
contained herein.  As a matter of practicality, HAPMAN cannot guarantee that actions in accordance 
with such statements and instructions will result in the complete elimination of all hazards and thus 
assumes no liability for accidents which may occur. 

 
For further information regarding installation, operation and maintenance please contact the factory 
service department. 

HAPMAN Customer Service 
6002 E. Kilgore Rd 

Kalamazoo, MI 49048-2321 U.S.A. 
Phone: 269-343-1675 

U.S. Toll Free: 800-427-6260 
Fax: (269) 382 8266 

e-mail: service@HAPMAN.com 
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2.0 Ð Assembly 
 
UNPACKING 
 

In general the box contains: 
One (1) HAPMAN PosiPortionª Feeder 
One (1) Feed Screw 
One (1) Nozzle 
One (1) Nozzle Clamp 
One (1) Safety Grate 
One (1) Instruction Manual 
 
If ordered, small parts are packed in the flexible hopper. Larger parts are packed separately (e.g. 
extension hoppers). 
 

ASSEMBLING 
 

1. The feed screw must be inserted through the molded hopper discharge and turned clockwise 
onto the threaded hopper shaft. 

 
2. When a nozzle is supplied, it must be inserted into the hopper until it is flush with the end of the 

feed screw.  Tighten the band clamp around the molded hopper discharge to fix the position of 
the nozzle. 

 
3. Verify that the back panel (side opposite discharge) is in place and secure.  This panel covers 

sprocket and roller chain components and must remain covered for safe operation. 
 
4. For your convenience, unit is provided with a length of power cable which may be routed directly 

into control cabinet and terminated.  A junction box on the feeder is located under left side panel 
(when looking in the direction of material flow). 

 
Note: motors are wired to match the output of the drive panel, if so equipped.  Otherwise the motor 
will be wired in accordance with the power requirements specified and documented in the equipment 
proposal.  Alternative power supplies can be accommodated (see motor nameplate for wiring 
configurations). 
 
 

3.0 - Definitions & Safety Recommendations 
 

The HAPMAN PosiPortionª  Feeder is a machine developed for the purpose of dosing dry bulk 
ingredient on a volumetric basis. 
 
When coupled with load cells or a scale platform for the purpose of controlling the feed, the HAPMAN 
PosiPortionª  Feeder is said to be operating in a Gravimetric mode. 
 
Gravimetric feeding can be accomplished by monitoring a loss-in-weight signal from the feeder or a 
gain-in-weight signal at a downstream container or device. 
 
When a HAPMAN PosiPortionª  Feeder is to be applied in a hazardous environment it must include 
such provisions as recommended for the area concerned such as, but not limited to, explosion proof 
motor construction. 
 
When a HAPMAN PosiPortionª Feeder is used to move dusty product, it is considered good practice 
to include sealed construction and appropriate ventilation equipment to remove, filter and exhaust 
airborne particulate. 
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When a HAPMAN PosiPortionª  Feeder is to be filled manually, care should be taken to position the 
product-inlet at a comfortable working height such that employees can safely perform their task. 
 
Everyone working with the HAPMAN PosiPortionª  Feeder is strongly encouraged to make use of all 
appropriate personal protective equipment such as safety glasses and shoes, dust mask, gloves etc. 
 
When using a lift truck to position the HAPMAN PosiPortionª  Feeder care should be taken to place 
forks under the feeder between the leveling pads. Note that leveling pads are intended for primarily 
for vertical support, thus may be damaged if exposed to excessive side loading such as may be 
caused when pushing or dragging unit into position. 

 

Do not start the HAPMAN PosiPortionª  Feeder without the cover or protective screen being in place. 
These items are intended to minimize risk of personal injury as may be caused when coming in 
contact with the rotating feeding screw. 
 

 

The HAPMAN PosiPortionª  Feeder should only be operated when access panels are in place and 
secured to all four sides. 
 

 

Always use appropriate lock-out, tag-out procedures when servicing your HAPMAN PosiPortionª  

Feeder. 
 
 

4.0 - Cautionary Statements 

 

�x READ THE CONTENTS OF THIS MANUAL THOROUGHLY BEFORE USING THE HAPMAN 
POSIPORTIONª FEEDER 
 

�x DO NOT OPERATE THIS MACHINE WITHOUT THE COVER OR SAFETY GRID IN PLACE 
OVER THE FLEXIBLE HOPPER 
 

�x NEVER USE THE MACHINE WITHOUT ALL SIDE PANELS MOUNTED AND SECURED 
 

�x NEVER TOUCH MOVING PARTS 
 

�x DISCONNECT THE POWER SUPPLY BEFORE OPENING THE CONTROL BOX 
 

�x KEEP THIS MANUAL HANDY AT ALL TIMES TO REFER TO IF NECESSARY 
 

�x KEEP FOREIGN OBJECTS OUT OF THE FLEXIBLE HOPPER 
 

�x DISCONNECT AND LOCK OUT THE POWER WHEN SERVICING THE FEEDER 
 

�x ROUTE POWER SUPPLY CABLES SUCH THAT THEY ARE OUT OF THE NORMAL TRAFFIC 
PATTERN AND UNEXPOSED TO ANY CUTTING OR ABRADING POTENTIAL 
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�x PROTECT YOURSELF AGAINST INHALATION OF DUST PARTICLES 

 
�x PROTECT YOUR BODY WITH GLOVES, SAFETY BOOTS, GLASSES AND STRONG WORK 

CLOTHING 
 

�x TAKE CARE TO ESTABLISH A RELIABLE GROUND-WIRE TO THE MACHINE, FOR SAFETY 
AND TO MINIMIZE ANY DETRIMENTAL EFFECTS OF STATIC CHARGE ACCUMULATION. 

 

5.0 - Adjustments For Operation 
 

> PosiPortionª With One  Motor < 
 

The HAPMAN PosiPortionª  Feeder is suitable dosing a variety of dry bulk ingredients.  Due to 
specific material properties, each application requires fine tuning to achieve optimum performance.   
 
When the HAPMAN PosiPortionª  Feeder is assembled and installed, the hopper may be filled with 
material and energized. 
 
Whereas control systems are as varied as the number of customer applications, the following is 
intended as a general guide. Depending on features of the individual control system, the following 
procedure may need to be expanded. 
 
KEEP HANDS AND LOOSE CLOTHING AWAY FROM MOVING PARTS AT ALL TIMES 
 
Control set up for HAPMAN PosiPortionª Feeder - single drive type: 
 
1. Energize the feeder. 

 
2. Verify that the feed screw is turning in the right direction (material should move toward 

discharge). 
 

3. If the screw is turning in wrong direction disconnect power and switch two motor leads or toggle 
reversing switch on VFD, if so equipped. Re-energize. 

 
4. Access the variable frequency drive module adjustment and set to minimum. 

 
5. Using a bucket, test scale and stop watch, gradually increase auger speed until the desired 

discharge rate is achieved. 
 

6. Make a record of the drive speed setting and auger size. If the application requires multiple 
settings to accommodate several material types, rates and/or screw sets, change over time can 
be minimized by recording the various settings and components in chart form, then mounting it on 
or near the control panel for convenient reference. 

 
 

> PosiPortionª With Dual  Motors < 
 

HAPMAN PosiPortionª  Feeders with two drives are better suited for those applications with poorly 
flowing dry bulk products. The independently driven agitator enables up and down adjustment to 
achieve the right degree of agitation necessary to ensure continuous product flow for the specific 
product(s). 
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KEEP HANDS AND LOOSE CLOTHING AWAY FROM MOVING PARTS AT ALL TIMES 
 
Control for HAPMAN PosiPortionª  Feeder 2-motor type: 
 

1. Energize the feeder. 
 

2. Verify that the feed screw is turning in the right direction (material should move toward 
discharge). 

 
3. If the screw is turning in wrong direction disconnect power and switch two motor leads or toggle 

reversing switch on VFD, if so equipped. Re-energize. 
 

4. Access the variable frequency drive module adjustment for both the screw and agitator and set 
both to 10 hertz. 

 
5. Using a bucket, test scale and stop watch, determine optimum agitation setting by increasing the 

frequency of agitation, 10 hertz at a time until the highest discharge rate is observed. Record the 
agitation setting. 

 
6. Repeat step 5 for every 10 hertz Increase in the screw rate. 

 
7. Gradually adjust auger speed until the desired discharge rate is achieved for a given material 

type. Repeat steps 4 through 8 for each material type. 
 

8. Make a record of the drive speed setting and auger size (if that changes to accommodate specific 
materials). If the application requires multiple settings for multiple material types, rates and/or 
screw sets, change over time can be minimized by recording the various settings and 
components in chart form, then mounting it on or near the control panel for convenient reference. 

 
 

6.0 - Maintenance And General Checks 
 

HAPMAN PosiPortionª Feeders are designed and built using only high grade, industrial duty 
components, suitable for application in demanding environments. Nevertheless, it may be necessary 
to replace certain parts after long periods of hard use. To avoid exaggerated damage and more costly 
repairs, HAPMAN recommends several checks and simple maintenance. 
 
Whereas every application is different, the frequency of necessary maintenance checks is hard to 
define. Duty cycle, material type and environmental issues all impact wear, thus influence the need 
for periodic inspection and maintenance. 
 
Recommended maintenance and control checks: 
 
�x Periodically inspect the seal in the hopper bearing.  Replace when cracks, tears, etc. are visible 

and/or when signs of material migration behind seal become evident. 
 
�x Periodically clean & inspect the hopper bearing for obvious signs of wear.  Replace if excessive 

play is observed when dovetail arbor is inserted 
 
�x Periodically inspect guide rails on agitation forks.  Replace guides when cracks, erosion or 

deterioration becomes evident. 
 
�x When the feeder is used in harsh environments (corrosive, elevated temperatures, etc.) inspect 

the insulation on wiring for cracks.  Replace as necessary. 
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�x Check the condition of chain(s) and sprockets regularly. 
 
�x Lubricate chain and sprockets every 3 months (or more if necessary). 
 
�x Inspect roller chain for slack.  Play should not exceed 3/16" (lay a straight edge across sprocket 

teeth as a point of reference).  Adjust tensioner sprocket accordingly. 
 

320 Series Machines To reduce excess chain slack, loosen gear motor mounting bolts slightly and 
slide sideways.  Re-tighten. 
 
Bearings Three types of bearings are found in all HAPMAN PosiPortionª Feeders 

 
1. Self-lubricated bronze journal bearings (bearings on the agitation paddles); 
 
2. Polyethylene bearings (hopper bearing, guide on fork); 
 
3. Maintenance free ball bearings (all others). 

 
It is unusual for these components to require replacement. However, in the event that they do, the 
procedure is fairly straight forward for the Poly and ball type bearings. Note that bronze bearings are 
pressed into collars and require added care. Use appropriate tools for extraction and insertion of 
replacements. 
 
When chain and sprockets need replacement, it is generally considered good practice to replace 
them as a complete set. Take care to assure that all sprockets driven by the same roller chain are 
realigned using a straight edge. 

 
 

7.0 - Removing Parts  
 

 

MAKE CERTAIN THAT POWER IS DISC ONNECTED AND LOCKED OUT BEFORE 
PERFORMING ANY CLEANING, SERVICI NG OR INTERIOR INSPECTION 

 
Because of the Quick-Disconnect-System it is easy to remove the screw and hopper. 
 
Removing the feed screw: 

1. Remove nozzle clamp. 
2. Remove nozzle. 
3. Turn screw counter clockwise until is detaches from arbor. 

 
Removing side panels: 

Panels are held in place by quarter-turn fasteners which are easily released by turning the 
fastener counter clockwise with a standard straight blade screwdriver. 

 
Removing the flexible hopper: 

1. Remove the nozzle clamp. 
2. Remove the front panel. 
3. Pull hopper away from the drive. If the hopper has been installed for a while, hopper may 

stick to frame and require a slight lifting action to loosen it before it can be pulled free. 
 
Removing the hopper bearing: 

1. Remove the flexible hopper as described above. 
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2. Loosen bearing retaining clamp. 
3. Pull out the hopper bearing. 

 
Mounting nozzles 

1. Slide nozzle clamp loosely onto molded hopper. 
2. Insert nozzle until feed screw is flush with discharge face of nozzle. 
3. Position nozzle clamp such that it fully engages metallic hopper saddle under hopper and 

tighten. 
 
 

8.0 - Troubleshooting  
 

 

MAKE CERTAIN THAT POWER IS DISC ONNECTED AND LOCKED OUT BEFORE 
PERFORMING ANY CLEANING, SERVICI NG OR INTERIOR INSPECTION 

 
Feeder will not run: 

�x Make sure that power is supplied to the control cabinet and from the cabinet to the feeder 
and that all wires are terminated appropriately. 

 
�x Verify that the machine's power button or switch is turned to the on or run position. 

 
�x Verify that the disconnect is in the on position. 

 
�x Check to see that the VFD is not set to 0 Hz. 

 
�x Check over load circuits. If fuses or overloads are tripped open, verify that the power supply 

matches the control and motor requirement. 
 

�x Look to see if there is any kind of error message on the display of the VFD. 
 
Feeder runs irregularly: 

�x Verify that no mechanical obstructions exist, either in the feed screw or the driven parts (e.g. 
sprockets, chain, etc.) 

 
�x Check for any deformation of the feed screw- roll it on a flat surface and check its 

concentricity. 
 

�x Check roller chain for sufficient slack (the chain should have some but not more that about 
3/16". 

 
�x Verify that the gear motor runs smoothly by removing the roller chains. 

 
�x Check incoming power for surges, etc. 

 
Control panel does not respond to adjustments or responds inappropriately: 

�x Check the wiring inside the control panel by comparing it to schematic diagrams and look for 
bad or loose contacts. 

 
�x Verify that the power supply does not vary from the rated voltage by more than 10 %. 
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�x Check to see if there is a fault code displayed on the VFD. If there is, look up its meaning in 
the VFD manual and take appropriate steps for clearing the fault. 

 
�x Check all remote devices such as limits switches, level sensors, etc. for proper operation. 

 
�x Check periphery for stray EMC which may be causing interference. 

 
 
 
PARTS EXPLODED DRAWING 
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Parts List 

   Part Number 

No. of Parts 

Required  

Item 

No. Description 

3 Digit Part/ 

Model No. 

(1st segment) 

Part No. 

(2nd 

segment) 

w/ 1 

motor 

w/2 

motors 

Wear 

Item? 

1 Screw SC 160 240 320 -diameter 1 2 Yes 

2 Nozzle NO 160 240 320 

-diameter 

SC 1 2 Yes 

3 Outer clamp 160 240 320 -506-00 1 2  

4 Flexible Hopper 160 240 320 -510-00 1 - Yes 

5 Inner clamp 160 240 320 -507-00 1 -  

6 Seal 160 240 320 -503-00 1 - Yes 

7 Hopper bearing 160 240 320 -005-00 1 - Yes 

8 Hopper shaft 160 240 320 -006-00 1 - Yes 

9 Main drive shaft 160 204 320 -007-00 1 -  

10 Bearing main drive shaft front 160 240 320 -501-00 1 -  

11 Bush 160 240 320 -017-00 1 -  

12 Sprocket main drive shaft 160 240 320 -514-15 1 - Yes 

13 Bearing MDS back & ECC, axis both 160 240  -502-00 3 -  

13 Bearing main drive shaft back   320 -502-00 1 -  

14 Plate bearing support 160 240 320 -023-00 1 -  

15 Bearing support 160 240 320 -009-01 1 -  

15 S Bearing support sus304 160 240 320 -009-02 1 -  

16 Bolt bearing support 160 240 320 -519-00 2 -  

17 Front panel 160 240 320 -013-00 1 -  

17 S Front panel  sus304 160 240 320 -013-01 1 -  

18 Bold/paddle bearing 160 240 320 -529-00 4 -  

19 Paddle Left or Right 160 240 320 

-004-00 

L/R 2 -  

19 S Paddle Left or Right sus304 160 240 320 

-004-01 

L/R 2 -  

20 Hopper support 160 240 320 -014-00 1 -  

20 S Hopper support sus304 160 240 320 -014-01 1 -  

21 Bolt hopper support 160 240 320 -528-00 4 -  

22 Bearing paddle back 160 240 320 -505-00 4 - yes 

23 Front paddle bearing holder 160 240 320 -500-01 2 -  

24 ! Turn lock assembly 160 240 320 -511-00 8 -  

24 S ! Turn lock assembly sus304 160 240 320 -511-05 8 -  

25 Frame 160 240 320 -001-14 1 -  

25 S Frame sus304 160 240 320 -001-15 1 -  

26 Side panel 160 240 320 -011-00 2 -  

26 S Side panel sus304 160 240 320 -011-01 2 -  

27 Back panel lock bush 160 240 320 -511-28 2 -  
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27 A Lock screw sus304 160 240 320 -511-30 2 -  

28 Adjustable foot 160 240 320 -508-01 4 -  

28 S Adjustable foot sus304 160 240 320 -508-02 4 -  

30 Motor 160 240 320 -512-00 1 2  

31 Bolt for motor 160 240 320 -525-00 4 8  

32 Sprocket motors 160   -513-24 1 2  

32 Sprocket motors  240  -513-18 1 2  

32 Sprocket motors   320 -513-21 1 2 Yes 

33 Fork 160 240 320 -010-04 2  Yes 

34 Bearing eccentric 160 240 320 -504-00 2 - Yes 

35 Eccentric sprocket   320 -018-00 2 -  

35 Eccentric set 160 240  -018-00 1 -  

36 Back panel 160 240 320 -011-02 1 -  

36 S Back panel sus304 160 240 320 -011-03 1 -  

37 Guide on fork 160 240 320 -501-02 4 -  

38 Sprocket agitation 160 240 320 -515-18 1 - yes 

39 Eccentric axis   320 -008-00 1 -  

40 Guide nut 160 240  -022-00 1 2  

41 Bearing eccentric axis   320 -502-01 4 -  

42 Sprocket span 160 240  -516-12 1 2 yes 

43 Bold span 160 240  -526-00 1 2  

44 Washer 160 240 320 -527-00 9 10  

45 Set screw 160 240 320 -518-00 5 6  

47 Chain 160 240 320 -517-00 1 2 yes 

48 Chain locker 160 240 320 -518-00 2 4  

49 Lock ring 160 240 320 -500-03 2 -  

50 Bolt bearing support 160 240 320 -531-00 2 -  

51 Lid 160 240 320 -015-00 1 -  

51 S Lid sus304 160 240 320 -015-01 1 -  

52 Grip 160 240  -509-00 1 -  

52 Grip   320 -509-00 2 -  

53 Bolt for grip 160 240  -509-01 2 -  

53 Bold for grip   320 -509-01 4 -  

54 Bush bearing support 160 240 320 -519-01 2 -  

55 Pin 160 240 320 -010-05 2 -  

56 Bearing span 160 240  -532-00 1 2  

57 Connection box 160 240 320 -650-01 1 -  

58 Protection plate 160 240 320 -533-01 1 0  

59 Safety grid 160 240 320 -003-01 1 -  

60 Cable sleeve/plug 160 240 320 -650-05 1 -  
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DRIVE SPECIFICATIONS   �ˆ   Model 160  �ˆ   Model 240  �ˆ   Model 320 
 

Gear Motor Horsepower (std.)  1/6 1/3  3/4 
Power Supply (std.)  VAC all wired for 230-460 v/ 3 ph/ 60 hz 
Operating Current  Amps  0.78  1.4  2.4 
Nominal Input  rpms  1700  1700  1700 
Nominal Output  rpms  100  100  100 
Gear Ratio   17:1  17:1  17:1 
Protection  NEMA/IP  12/IP55  12/IP55  12/IP55 

 
CONTROL SPECIFICATIONS  �ˆ   Model 160 �ˆ   Model 240 �ˆ   Model 320 

Refer to attached schematic diagrams, if controls were supplied by HAPMAN. 
 
MECHANICAL SPECIFICATIONS  �ˆ   Model 160 �ˆ   Model 240 �ˆ   Model 320 

Screws and nuts  all to international stds. (ISO,DIN,NEN,etc.) 
Chain and sprockets  all to international stds. (DIN 8187) 
Dimensions  8 x 3mm  1/2" x 5/16"  3/4" x 7/16" 
Flexible hopper  all models modified polyurethane 
Recommended max static strain   all models 1% 
By agitation caused dynamic strain  all models 1% 
Maximum allowable strain  all models 2.5 % 
Total weight one motor  66 pounds  174 pounds  364 pounds 
Total weight two motors  82 pounds  192 pounds  415 pounds 

 

Electric rotating machinery and high voltage can cause serious or fatal injury if improperly installed, 
operated or maintained. Responsible personnel should be familiarized with NEMA MG2: Safety 
Standards for Construction and Guide for Selection, Installation and Use of Electric Motors and 
Generators: National Electric Code and all local safety requirements. 
 
When servicing, all power sources to the motor and to the accessory devices should be de-energized and 
disconnected and all rotating parts should be at a standstill. 
 

 



REV 8/07 15

Record Of Important Info rmation For This Machine 
 

Serial Number_________________________________________________ 
 

Model Number_________________________________________________ 
 
 

For Operational Information In This Plant Contact 
 

Name________________________________________________________ 
 

Department / Phone Number______________________________________ 
 
 

Notes 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 
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SERIES

8210

Features

¥ Wide range of pressure ratings, sizes, and resilient 
materials provide long service life and low 
internal leakage

¥ High Flow Valves for liquid, corrosive, and air/inert 
gas service

¥ Industrial applications include:
- Car wash - Laundry equipment
- Air compressors - Industrial water control
- Pumps

Pilot Operated

General Service Solenoid Valves
Brass or Stainless Steel Bodies

3/8" to 2 1/2" NPT

NC

NO

Solenoid Enclosures

Electrical

Nominal Ambient Temp. Ranges
RedHat II/
RedHat     AC: 32ûF to 125ûF (0ûC to 52ûC) 

RedHat II  DC: 32ûF to 104ûF (0ûC to 40ûC)
RedHat     DC: 32ûF to 77ûF (0ûC to 25ûC) 

(104ûF/40ûC occasionally)

Refer to Engineering Section for details.

Approvals
CSA certified. RedHat II meets applicable CE directives.
Refer to Engineering Section for details.

Standard:RedHat II - Watertight, Types 1, 2, 3, 3S, 4, and 4X; RedHat - Type I.

Optional:RedHat II - Explosionproof and Watertight, Types 3, 3S, 4, 4X, 6, 6P,
7, and 9; Red-Hat - Explosionproof and Watertight, Types 3, 4, 4X, 7, and 9.

(To order, add prefix ÒEFÓ to catalog number, except Catalog Numbers 8210B057,
8210B058, and 8210B059, which are not available with Explosionproofenclosures.)
See Optional Features Section for other available options. 

Construction

4 2-
W

A
Y

11

%          )

Valve Parts in Contact with Fluids 

Body                              Brass   304 Stainless Steel

Seals and Discs               NBR or PTFE

Disc-Holder                    PA

Core Tube                 305 Stainless Steel

Core and Plugnut          430F Stainless Steel

Springs                          302 Stainless Steel

Shading Coil           Copper        Silver

Standard
Coil and
Class of

Insulation

Watt Rating and Power
Consumption Spare Coil Part Number

DC
Watts

AC General Purpose Explosionproof

Watts
VA

Holding
VA

Inrush AC DC AC DC

F - 6.1 16 40 238210 - 238214 -

F 11.6 10.1 25 70 238610 238710 238614 238714

F 16.8 16.1 35 180 272610 97617 272614 97617

F - 17.1 40 93 238610 - 238614 -

F - 20 43 240 99257 - 99257 -

F - 20.1 48 240 272610 - 272614 -

H 30.6 - - - - 74073 - 74073

H 40.6 - - - - 238910 - 238914

Standard Voltages:24, 120, 240, 480 volts AC, 60 Hz (or 110, 220 volts AC, 50
Hz). 6, 12, 24, 120, 240 volts DC. Must be specified when ordering.
Other voltages available when required. 
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Specifications (English units)

Pipe
Size
(ins.)

Orifice
Size
(ins.)

Cv
Flow

Factor

Operating Pressure Differential (psi)
Max. Fluid
Temp. ûF Brass Body Stainless Steel Body

Watt Rating/
Class of Coil
Insulation !

Min. 

Max. AC Max. DC

Air-Inert
Gas Water

Light Oil @
300 SSU

Air-Inert
Gas Water

Light Oil @
300 SSU AC DC

Catalog
Number

Const.
Ref. "

UL #
Listing

Catalog
Number

Const.
Ref. "

UL #
Listing AC DC

NORMALLY CLOSED (Closed when de-energized), NBR or PTFE $ Seating

3/8 3/8 1.5 % 150 125 - 40 40 - 180 150 8210G073 & 1P ' 8210G036 & 1P ' 6.1/F 11.6/F

3/8 5/8 3 0 150 150 - 40 40 - 180 150 8210G093 5D ( - - - 10.1/F 11.6/F

3/8 5/8 3 5 200 150 135 125 100 100 180 150 8210G001 6D ( - - - 6.1/F 11.6/F

3/8 5/8 3 5 300 300 300 - - - 175 - 8210G006 5D ( - - - 17.1/F -

1/2 7/16 2.2 % 150 125 - 40 40 - 180 150 8210G015 & 2P ' 8210G037 & 2P ' 6.1/F 11.6/F

1/2 5/8 4 0 150 150 - 40 40 - 180 150 8210G094 5D ( - - - 10.1/F 11.6/F

1/2 5/8 4 0 150 150 125 40 40 - 175 150 - - - 8210G087 7D ' 17.1/F 11.6/F

1/2 5/8 4 5 200 150 135 125 100 100 180 150 8210G002 6D ( - - - 6.1/F 11.6/F

1/2 5/8 4 5 300 300 300 - - - 175 - 8210G007 5D ( - - - 17.1/F -

1/2 3/4 4 5 - 300 - - 300 - 180 125 8210G227 5D ( - - - 17.1/F 40.6/H

3/4 5/8 4.5 0 150 150 125 40 40 - 175 150 - - - 8210G088 7D ' 17.1/F 11.6/F

3/4 3/4 5 5 125 125 125 100 90 75 180 150 8210G009 9D ( - - - 6.1/F 11.6/F

3/4 3/4 5 0 150 150 - 40 40 - 180 150 8210G095 8D ( - - - 10.1/F 11.6/F

3/4 3/4 6.5 5 250 150 100 125 125 125 180 150 8210G003 11D ( - - - 6.1/F 11.6/F

3/4 3/4 6 0 - - - 200 180 180 - 77 8210B026 $ à 10P - - - - - 30.6/H

3/4 3/4 6 0 350 300 200 - - - 200 - 8210G026 $ à 40P ' - - - 16.1F -

1 1 13 0 - - - 100 100 80 - 77 8210B054 à 31D - 8210D089 15D - - 30.6/H

1 1 13 0 150 125 125 - - - 180 - 8210G054 41D ' 8210G089 45D ' 16.1/F -

1 1 13 5 150 150 100 125 125 125 180 150 8210G004 12D ( - - - 6.1/F 11.6/F

1 1 13.5 0 300 225 115 - - - 200 - 8210G027 à 42P ' - - - 20.1/F -

1 1 13.5 10 300 300 300 - - - 175 - 8210G078 $ 13P - - - - 17.1/F -

1 1/4 1 1/8 15 0 - - - 100 100 80 - 77 8210B055 à 32D - - - - - 30.6/H

1 1/4 1 1/8 15 0 150 125 125 - - - 180 - 8210G055 43D ' - - - 16.1/F -

1 1/4 1 1/8 15 5 150 150 100 125 125 125 180 150 8210G008 16D ( - - - 6.1/F 11.6/F

1 1/2 1 1/4 22.5 0 - - - 100 100 80 - 77 8210B056 à 33D - - - - - 30.6/H

1 1/2 1 1/4 22.5 0 150 125 125 - - - 180 - 8210G056 44D ' - - - 16.1/F -

1 1/2 1 1/4 22.5 5 150 150 100 125 125 125 180 150 8210G022 18D ' - - - 6.1/F 11.6/F

2 1 3/4 43 5 150 125 90 50 50 50 180 150 8210G100 20P ' - - - 6.1/F 11.6/F

2 1/2 1 3/4 45 5 150 125 90 50 50 50 180 150 8210G101 21P ' - - - 6.1/F 11.6/F

NORMALLY OPEN (Open when de-energized), NBR Seating (PA Disc-Holder, except as noted)

3/8 5/8 3 0 150 150 125 125 125 80 180 150 8210G033 23D ' - - - 10.1/F 11.6/F

3/8 5/8 3 5 250 200 200 250 200 200 180 180 8210G011 ) * 39D ' - - - 10.1/F 11.6/F

1/2 5/8 4 0 150 150 125 125 125 80 180 150 8210G034 23D ' - - - 10.1/F 11.6/F

1/2 5/8 3 0 150 150 100 125 125 80 180 150 - - - 8210G030 37D ' 10.1/F 11.6/F

1/2 5/8 4 5 250 200 200 250 200 200 180 180 8210G012 ) * 39D ' - - - 10.1/F 11.6/F

3/4 3/4 5.5 0 150 150 125 125 125 80 180 150 8210G035 25D ' - - - 10.1/F 11.6/F

3/4 5/8 3 0 150 150 100 125 125 80 180 150 - - - 8210G038 38D ' 10.1/F 11.6/F

3/4 3/4 6.5 5 - - - 250 200 200 - 180 8210C013 24D ' - - - - 16.8/F

3/4 3/4 6.5 5 250 200 200 - - - 180 - 8210G013 46D ' - - - 16.1/F -

1 1 13 0 125 125 125 - - - 180 - 8210B057 + , 34D ' - - - 20/F -

1 1 13 5 - - - 125 125 125 - 180 8210D014 26D ' - - - - 16.8/F

1 1 13 5 150 150 125 - - - 180 - 8210G014 47D ' - - - 16.1/F -

1 1/4 1 1/8 15 0 125 125 125 - - - 180 - 8210B058 + , 35D ' - - - 20/F -

1 1/4 1 1/8 15 5 - - - 125 125 125 - 180 8210D018 28D ' - - - - 16.8/F

1 1/4 1 1/8 15 5 150 150 125 - - - 180 - 8210G018 48D ' - - - 16.1/F -

1 1/2 1 1/4 22.5 0 125 125 125 - - - 180 - 8210B059 + , 36D ' - - - 20/F -

1 1/2 1 1/4 22.5 5 - - - 125 125 125 - 180 8210D032 29D ' - - - - 16.8/F

1 1/2 1 1/4 22.5 5 150 150 125 - - - 180 - 8210G032 49D ' - - - 16.1/F -

2 1 3/4 43 5 - - - 125 125 125 - 150 8210 103 30P ' - - - - 16.8/F

2 1 3/4 43 5 125 125 125 - - - 180 - 8210G103 50P ' - - - 16.1/F -

2 1/2 1 3/4 45 5 - - - 125 125 125 - 150 8210 104 27P ' - - - - 16.8/F

2 1/2 1 3/4 45 5 125 125 125 - - - 180 - 8210G104 51P ' - 16.1/F -

% 5 psi on Air; 1 psi on Water. + Valves not available with Explosionproof enclosures.
$ Valve provided with PTFE main disc. ! On 50 hertz service, the watt rating for the 6.1/F solenoid is 8.1 watts.
& Valve includes UItem (G.E. trademark) piston. ) AC construction also has PA seating. 
" Letter ÒDÓ denotes diaphragm construction; ÒPÓ denotes piston construction.* No disc-holder.
# ( Safety Shutoff Valve; ' General Purpose Valve. , Stainless steel disc-holder.
Refer to Engineering Section (Approvals) for details. à Must have solenoid mounted vertical and upright.
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Pipe
Size
(ins.)

Orifice
Size
(mm)

Kv Flow
Factor
(m3/h)

Operating Pressure Differential (bar) Max.
Fluid

Temp. ûC Brass Body Stainless Steel Body

Watt Rating/
Class of Coil 
Insulation !

Min. 

Max. AC Max. DC

Air-Inert
Gas Water

Light Oil @
300 SSU

Air-Inert
Gas Water

Light Oil @
300 SSU AC DC

Catalog
Number

Const.
Ref. "

UL #
Listing  

Catalog
Number

Const.
Ref. "

UL #
Listing  AC DC

NORMALLY CLOSED (Closed when de-energized), NBR or PTFE $ Seating

3/8 10 1.29 % 10 9 - 3 3 - 82 65 8210G073 & 1P ' 8210G036 & 1P ' 6.1/F 11.6/F

3/8 16 2.57 0 10 10 - 3 3 - 82 65 8210G093 5D ( - - - 10.1/F 11.6/F

3/8 16 2.57 0.3 14 10 9 9 7 7 82 65 8210G001 6D ( - - - 6.1/F 11.6/F

3/8 16 2.57 0.3 21 21 21 - - - 79 - 8210G006 5D ( - - - 17.1/F -

1/2 11 1.89 % 10 9 - 3 3 - 82 65 8210G015 & 2P ' 8210G037 & 2P ' 6.1/F 11.6/F

1/2 16 3.43 0 10 10 - 3 3 - 82 65 8210G094 5D ( - - - 10.1/F 11.6/F

1/2 16 3.43 0 10 10 9 3 3 - 79 65 - - - 8210G087 7D ' 17.1/F 11.6/F

1/2 16 3.43 0.3 14 10 9 9 7 7 82 65 8210G002 6D ( - - - 6.1/F 11.6/F

1/2 16 3.43 0.3 21 21 21 - - - 79 - 8210G007 5D ( - - - 17.1/F -

1/2 19 3.43 0.3 - 21 - - 21 - 82 52 8210G227 5D ( - - - 17.1/F 40.6H

3/4 16 3.86 0 10 10 9 3 3 - 79 65 - - - 8210G088 7D ' 17.1/F 11.6/F

3/4 19 4.29 0.3 9 9 9 7 6 5 82 65 8210G009 9D ( - - - 6.1/F 11.6/F

3/4 19 4.29 0 10 10 - 3 3 - 82 65 8210G095 8D ( - - - 10.1/F 11.6/F

3/4 19 5.57 0.3 17 10 7 9 9 9 82 65 8210G003 11D ( - - - 6.1/F 11.6/F

3/4 19 5.14 0 - - - 14 12 12 - 25 8210B026 $ à 10P - - - - - 30.6/H

3/4 19 5.14 0 24 21 14 - - - 93 - 8210G026 $ à 40P ' - - - 16.1F -

1 25 11.14 0 - - - 7 7 6 - 25 8210B054 à 31D - 8210D089 15D - - 30.6/H

1 25 11.14 0 10 9 9 - - - 82 - 8210G054 41D ' 8210G089 45D ' 16.1/F -

1 25 11.14 0.3 10 10 7 9 9 9 82 65 8210G004 12D ( - - - 6.1/F 11.6/F

1 25 11.57 0 21 16 8 - - - 93 - 8210G027 à 42P ' - - - 20.1/F -

1 25 11.57 0.7 21 21 21 - - - 79 - 8210G078 $ 13P - - - - 17.1/F -

1 1/4 29 12.86 0 - - - 7 7 6 - 25 8210B055 à 32D - - - - - 30.6/H

1 1/4 29 12.86 0 10 9 9 - - - 82 - 8210G055 43D ' - - - 16.1/F -

1 1/4 29 12.86 0.3 10 10 7 9 9 9 82 65 8210G008 16D ( - - - 6.1/F 11.6/F

1 1/2 32 19.29 0 - - - 7 7 6 - 25 8210B056 à 33D - - - - - 30.6/H

1 1/2 32 19.29 0 10 9 9 - - - 82 - 8210G056 44D ' - - - 16.1/F -

1 1/2 32 19.29 0.3 10 10 7 9 9 9 82 65 8210G022 18D ' - - - 6.1/F 11.6/F

2 44 36.86 0.3 10 9 6 3 3 3 82 65 8210G100 20P ' - - - 6.1/F 11.6/F

2 1/2 44 38.57 0.3 10 9 6 3 3 3 82 65 8210G101 21P ' - - - 6.1/F 11.6/F

NORMALLY OPEN (Open when de-energized), NBR Seating (PA Disc-Holder, except as noted)

3/8 16 2.57 0.0 10 10 9 9 9 6 82 65 8210G033 23D ' - - - 10.1/F 11.6/F

3/8 16 2.57 0.3 17 14 14 17 14 14 82 82 8210G011 ) * 39D ' - - - 10.1/F 11.6/F

1/2 16 3.43 0 10 10 9 9 9 6 82 65 8210G034 23D ' - - - 10.1/F 11.6/F

1/2 16 2.57 0 10 10 7 9 9 6 82 65 - - - 8210G030 37D ' 10.1/F 11.6/F

1/2 16 3.43 0.3 17 14 14 17 14 14 82 82 8210G012 ) * 39D ' - - - 10.1/F 11.6/F

3/4 19 4.71 0 10 10 9 9 9 6 82 65 8210G035 25D ' - - - 10.1/F 11.6/F

3/4 16 2.57 0 10 10 7 9 9 6 82 65 - - - 8210G038 38D ' 10.1/F 11.6/F

3/4 19 5.57 0.3 - - - 17 14 14 - 82 8210C013 24D ' - - - - 16.8/F

3/4 19 5.57 0.3 17 14 14 - - - 82 - 8210G013 46D ' - - - 16.1/F -

1 25 11.14 0 9 9 9 - - - 82 - 8210B057 + , 34D ' - - - 20/F -

1 25 11.14 0.3 - - - 9 9 9 - 82 8210D014 26D ' - - - - 16.8/F

1 25 11.14 0.3 10 10 9 - - - 82 - 8210G014 47D ' - - - 16.1/F -

1 1/4 29 12.86 0 9 9 9 - - - 82 - 8210B058 + , 35D ' - - - 20/F -

1 1/4 29 12.86 0.3 - - - 9 9 9 - 82 8210D018 28D ' - - - - 16.8/F

1 1/4 29 12.86 0.3 10 10 9 - - - 82 - 8210G018 48D ' - - - 16.1/F -

1 1/2 32 19.29 0 9 9 9 - - - 82 - 8210B059 + , 36D ' - - - 20/F -

1 1/2 32 19.29 0.3 - - - 9 9 9 - 82 8210D032 29D ' - - - - 16.8/F

1 1/2 32 19.29 0.3 10 10 9 - - - 82 - 8210G032 49D ' - - - 16.1/F -

2 44 36.86 0.3 - - - 9 9 9 - 65 8210 103 30P ' - - - - 16.8/F

2 44 36.86 0.3 9 9 9 - - - 82 - 8210G103 50P ' - - - 16.1/F -

2 1/2 44 38.57 0.3 - - - 9 9 9 - 65 8210 104 27P ' - - - - 16.8/F

2 1/2 44 38.57 0.3 9 9 9 - - - 82 - 8210G104 51P ' - - - 16.1/F -

% 0.3 bar on Air; 0.0 bar on Water. + Valves not available with Explosionproof enclosures.
$ Valve provided with PTFE main disc. ! On 50 hertz service, the watt rating for the 6.1/F solenoid is 8.1 watts.
& Valve includes UItem (G.E. trademark) piston. ) AC construction also has PA seating. 
" Letter ÒDÓ denotes diaphragm construction; ÒPÓ denotes piston construction.* No disc-holder.
# ( Safety Shutoff Valve; ' General Purpose Valve. , Stainless steel disc-holder.
Refer to Engineering Section (Approvals) for details. à Must have solenoid mounted vertical and upright.

Specifications (Metric units)
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SERIES

8210 4

2-W
A

Y

14

Dimensions: inches (mm)

K
P

H

NPT
BOTH ENDS

L

1/2 NPT

W

R .12 [3.2]
4 PLACES

.59 [15]

.69 [18] .86 [22]

.88 [22]¯.266 [6.8]

BOTTOM VIEW SHOWING
MOUNTING BRACKET HOLES

(OPTIONAL)FLOW

Const. Ref. 1, 2

1.656 [42]

.281 [7.1] DIA
2 MOUNTING
HOLES

OPTIONAL MOUNTING BRACKET

FLOW

L

K

P

H

NPT 
BOTH ENDS

W

1/2 NPT

1.625 [41.3]

Const. Ref. 5-9, 11, 20, 21, 23 , 25, 37,38

Const. Ref. 13

L

W

P

K

H

NPT
BOTH ENDS

FLOW

Const.
Ref. H K L P W

1*
ins. 3.85 3.00 1.91 3.41 1.69
mm 98 76 49 87 43

2*
ins. 4.17 3.25 2.28 3.63 1.69
mm 106 83 58 92 43

5
ins. 3.84 2.31 2.75 3.28 2.28
mm 98 59 70 83 58

6*
ins. 3.38 1.94 2.75 2.80 2.28
mm 86 49 70 71 58

7
ins. 4.19 2.50 2.81 3.47 2.39
mm 106 64 71 88 61

8
ins. 4.13 2.47 2.81 3.44 2.29
mm 105 63 71 87 58

9*
ins. 3.66 2.10 2.81 2.96 2.28
mm 93 53 71 75 58

10*
ins. 5.25 X 2.81 4.59 2.31
mm 133 X 71 117 59

11*
ins. 4.16 2.66 3.84 3.52 2.75
mm 106 68 98 89 70

12
ins. 5.64 3.15 3.75 4.01 3.36
mm 143 80 95 102 85

13
ins. 4.44 3.22 3.75 4.19 5.81
mm 113 82 95 106 147

15*
ins. 5.34 X 3.75 4.47 3.84
mm 136 X 95 114 98

16
ins. 5.64 3.15 3.66 4.01 3.56
mm 143 80 93 102 90

18
ins. 6.11 3.30 4.38 4.16 3.92
mm 155 84 111 106 100

20*
ins. 7.33 3.71 5.06 4.57 4.87
mm 186 94 129 116 124

21*
ins. 7.33 3.71 5.50 4.57 4.87
mm 186 94 140 116 124

23
ins. 4.35 2.65 2.75 3.79 2.28
mm 110 67 70 96 58

24
ins. 5.06 X 3.78 4.44 2.75
mm 129 X 96 113 70

25
ins. 4.64 2.81 2.81 3.94 2.28
mm 118 71 71 100 58

26
ins. 6.53 X 3.75 4.91 3.19
mm 166 X 95 125 81

27
ins. 8.22 X 5.50 5.47 4.87
mm 209 X 140 139 124

28
ins. 6.53 X 3.66 4.91 3.19
mm 166 X 93 125 81

29
ins. 7.03 X 4.38 5.06 4.40
mm 179 X 111 129 112

* DC dimensions slightly larger.
IMPORTANT:Valves may be mounted in any 
position, except as noted in specifications table.
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SERIES

82104 2-
W

A
Y

15

Dimensions: inches (mm)

K

P

H

L

FLOW

NPT
BOTH ENDS

7/8 DIA. HOLE FOR
1/2 CONDUIT CONN.

1.625 [41.3]

W

1.656 [42]

.281 [7.1] DIA.
2 MOUNTING HOLES

OPTIONAL MOUNTING BRACKET

Const. Ref. 10, 15, 24, 26-36

L

P

H

K

W

NPT 
BOTH ENDS

1/2 NPT

FLOW

IN

Const. Ref. 12, 16, 18

Const.
Ref. H K L P W

30
ins. 8.22 X 5.06 5.47 4.87

mm 209 X 129 139 124

31
ins. 5.25 X 3.75 4.44 3.25

mm 133 X 95 113 83

32
ins. 5.69 X 3.66 4.69 3.25

mm 145 X 93 119 83

33
ins. 6.06 X 4.38 4.94 3.91

mm 154 X 111 125 99

34
ins. 6.91 X 3.75 6.09 3.25

mm 176 X 95 155 83

35
ins. 7.34 X 3.66 6.34 3.25

mm 186 X 93 161 83

36
ins. 7.66 X 4.38 6.56 3.91

mm 1.95 X 111 167 99

37
ins. 4.61 2.75 2.81 3.89 2.39

mm 117 70 71 99 61

38
ins. 4.61 2.75 2.81 3.89 2.39

mm 117 70 71 99 61

39
ins. 5.42 2.31 2.75 4.86 3.80

mm 138 59 70 123 97

40
ins. 5.20 3.29 2.81 4.50 2.28

mm 132 83 71 114 58

41
ins. 5.13 3.10 3.75 4.32 3.25

mm 130 79 95 110 83

42
ins. 6.43 4.40 3.93 5.62 3.25

mm 163 112 100 143 83

43
ins. 5.57 3.35 3.66 4.57 3.25

mm 142 85 93 116 83

44
ins. 5.90 3.57 4.38 4.79 3.91

mm 150 91 111 122 99

45
ins. 5.26 3.17 3.75 4.38 3.84

mm 134 81 95 111 98

46
ins. 4.95 3.10 3.84 4.31 2.75

mm 126 79 98 110 70

47
ins. 6.43 3.59 3.75 4.81 3.52

mm 163 91 95 122 90

48
ins. 6.43 3.59 3.66 4.81 3.73

mm 163 91 93 122 95

49
ins. 6.91 3.75 4.38 4.96 4.40

mm 176 95 111 126 112

50
ins. 8.13 4.15 5.06 5.37 4.87

mm 207 105 129 136 124

51
ins. 8.13 4.15 5.50 5.37 5.18

mm 207 105 140 136 132

IMPORTANT:Valves may be mounted in any 
position, except as noted in specifications table.
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SERIES

8210 4

2-W
A

Y

16

Dimensions: inches (mm)

NPT
BOTH ENDS

K

P

H

L

FLOW

1/2 NPT

W

.281 [7.1] DIA.
2 MOUNTING HOLES

1.66 [42]

SHOWING MOUNTING 
BRACKET ONLY

Const. Ref. 39

1/2 NPT

1.656 [42]

1.625 [41.32]

.281 [7.1] DIA.
2 MOUNTING HOLES

OPTIONAL MOUNTING BRACKET

W

NPT
BOTH ENDS

L

FLOW

K

P

H

Const. Ref. 40-51
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Flow Rate: SCFM@100 PSIG

Size Code 3 Monitors (1/4Ó to 1/2Ó)

For Style B, H or J
Liquid Applications

PRESSURE DIFFERENTIAL VS.FLOW RATE GRAPHS

For Style G
Air & Gas Applications

Size Code 3 Monitors (1/4Ó to 1/2Ó)

Size Code 4 Monitors (3/4Ó to 1Ó)

Size Code 5 Monitors (1-1/4Ó to 2Ó)

Size Code 4 Monitors (3/4Ó to 1Ó)

Size Code 5 Monitors (1-1/4Ó to 2Ó)

(For Style H or J ONLY)
Temperature/Pressure Derating for Aluminum or Brass Monitors

NOTE: (Example) designates Flow Range code. 
See Ordering Information Form for available Flow Ranges.

-30

GUIDELINES WHEN CONSIDERING STYLE G (Air & Gas Application) MONITORS
There are three factors that affect the density of a gas: specific gravity, pressure and temperature. EFI INFLO Monitors are
calibrated for air (specific gravity of 1.0) at 70ûF and 100 PSIG.

EFI¨ products are designed for pneumatic systems where pressures between 90-110 PSIG are used. In these common 
applications, an EFI¨ monitor with a standard calibration can be read directly without applying corrections.

Correction Factors
If an EFI¨ monitor is installed in a system where conditions differ from the standard listed above, correction factors will 
need to be applied to retain the design accuracy of the monitor. The appropriate correction factor equations are detailed in
the chart indicated below. To assure the best monitoring accuracy, pressure and temperature measurements should be taken
directly at the monitorÕs inlet port (connection).

Selecting the Proper Monitor
To order a pneumatic flow rate monitor the following information is required:

¥ port (connection) size
¥ media (air, nitrogen, argon, etc.) Ð for material compatibility and specific gravity considerations
¥ approximate flow range required
¥ system pressure: nominal, maximum, minimum
¥ system temperature

Installation DoÕs and DonÕts
To obtain satisfactory operation from an EFI¨ pneumatic flow rate monitor, the following points should be considered:

Do...
¥ install a pressure gage near the inlet of the monitor
¥ place throttling valves at the outlet of the monitor
¥ use pipe sealer on the connections
¥ install a union on one side of the monitor for easy removal for maintenance and calibration
¥ install solenoid valves at the monitor outlet (as far downstream as possible)
¥ mount in any orientation: vertical, horizontal or upside down

Do Not...
¥ install restrictions between pressure gages and the monitor inlet
¥ install solenoid valves at the monitor inlet
¥ place restrictions between the monitorÕs pressure gage and the monitor inlet
¥ use in systems where reverse flow is possible
¥ place monitor in non-aligned piping
¥ over-flow the monitor by more than 150% of maximum reading
¥ operate at pressures and temperatures greater than specified

Chart 1 - Density Correction Factors

SCFM (indicated) X (CF) = SCFM (actual)    CF = (f1) X (f2) X (f3)     Note: all correction factors need not be used.

Table 1.   (f1) Pressure correction factors (inlet pressure)

psig 25 50 75 100 125 150 175 200

f1 .56 .75 .88 1.0 1.11 1.2 1.29 1.37

Table 2.   (f2) Temperature correction factors

Table 3.   (f3) Specific Gravity correction factor

ûF 10û 30û 50û 70û 90û 110û 130û 150û

f2 1.08 1.04 1.02 1.0 .98 .96 .95 .93

f1 = correction factor for other than 100 PSI inlet.

f2 = correction factor for other than 70ûF.

f3 = correction factor for other than air at 1.0 Sp. Gr.

f1 = 14.7 + psig
114.7

f2 = 530
460 + ûF

f3 = 1
Sp. Gr.

VISA, MASTERCARD,
DISCOVER AND

AMERICAN EXPRESS
ACCEPTED

available in BASIC(Style B or G) 
or HIGH TEMPERATURE(Style H or J)
Construction: Aluminum, Brass or Stainless Steel

FEATURES:
¥All wetted parts are sealed within a high 

pressure casing. Outer window tube with 
scale does not come in contact with medium.

¥Unrestricted mounting...install the monitor in 
any orientation-horizontal, vertical or inverted

¥Can be used with oil or opaque liquids

¥Uses the variable annular orifice technique 
in tandem with a transfer magnet and 
compression spring. A sharp-edged 
Stainless Steel orifice provides excellent 
measurement stability for viscosities from 
0Ð500 SSU*

¥Has a measuring accuracy of ±2.5% of full 
scale in the center third of the measuring 
range, and a ±4% of full scale accuracy over 
the entire flow measuring range

¥Weather-tight external construction 
(BASIC style only, when used with Buna-N 
window seals) for use outdoors and/or on 
systems where wash downs are required

¥Will provide years of maintenance-free 
performance

¥ Five year limited warranty
* Flow monitors can be specially calibrated for viscosities 

from 500 to 2000 SSU upon request ... contact EFI

Basic
(Brass Construction Shown)

High Temperature
(Brass Construction Shown)

Mailing Address- P.O. Box 925 ¥ Farmingdale, NJ  07727-0925
Shipping Address - 116 Main Street ¥ Farmingdale, NJ  07727-1495
Toll Free: 800-992-2843 ¥ Tel: (732) 938-5641 ¥ Toll Free Fax: 888-992-2843
E-mail: info@ernstflow.com

Mailing Address - P.O. Box 925 ¥ Farmingdale, NJ  07727-0925 ¥ Shipping Address - 116 Main Street ¥ Farmingdale, NJ  07727-1495
Toll Free: 800-992-2843 ¥ Tel: (732) 938-5641 ¥ Toll Free Fax: 888-992-2843 ¥ E-mail: info@ernstflow.com

2M/12/07

© Copyright 2007 Ernst¨ Flow Industries



EFI¨ SAFETY NOTE: ALWAYS WEAR PROPER EYE PROTECTION

EFI INFLO SPECIFICATIONS
BASIC (Style B...for Liquid) or (Style G...for Air & Gas)
HIGH TEMPERATURE (Style H...for 400ûF) or (Style J...for 600ûF)

MATERIALS OF CONSTRUCTION
(Wetted Components)

ALUMINUM BRASS STAINLESS STEEL

High-Pressure Casing, Aluminum Brass Type 304 Stainless Steel
End Ports and
Tapered Shaft

Seals...(Style B or G) Buna-N...(Std.) Buna-N...(Std.) Viton¨ with PTFE backup
EPR, Viton¨ EPR, Viton¨ ...(Std.)
or Kalrez¨ or Kalrez¨ Buna-N, EPR or Kalrez¨

...(Optional) ...(Optional) ...(Optional)

...(Style H) Viton¨ with PTFE backup Viton¨ with PTFE backup Viton¨ with PTFE backup

...(Style J) Kalrez¨ with PTFE backup Kalrez¨ with PTFE backup Kalrez¨ with PTFE backup

Transfer Magnet PTFE coated Alnico PTFE coated Alnico PTFE coated Alnico

Floating Orifice Disk Type 304 Type 304 Type 304  
Stainless Steel Stainless Steel Stainless Steel

Spring Type 316 Type 316 Type 316
Stainless Steel Stainless Steel Stainless Steel

Pilot Disk Type 304 or 316 Type 304 or 316 Type 304 or 316
Stainless Steel Stainless Steel Stainless Steel

Retainer Ring Type 316 Type 316 Type 316
Stainless Steel Stainless Steel Stainless Steel

(Non-Wetted Components)

Window Tube
...(Style B or G) Lexan¨ ...(Std.) Lexan¨ ...(Std.) Lexan¨ ...(Std.)

Pyrex¨ ...(Optional) Pyrex¨ ...(Optional) Pyrex¨ ...(Optional)
...(Style H or J) Pyrex¨ Pyrex¨ Pyrex¨

Window Seals
...(Style B or G) Buna-N...(Std.) Buna-N...(Std.) Buna-N...(Std.)

PTFE...(Optional) PTFE...(Optional) PTFE...(Optional)
...(Style H or J) PTFE PTFE PTFE

PERFORMANCE
Maximum Operating Pressure* : For Liquid...3500 PSIG (240 Bar) Aluminum or Brass

...6000 PSIG (410 Bar) Stainless Steel

For Air & Gas...600 PSIG (40 Bar) Aluminum or Brass
...1000 PSIG (70 Bar) Stainless Steel

*For Style H or J, see Temperature/Pressure Derating Chart for Aluminum or Brass Monitors

Maximum Operating Temperature: 240ûF (116ûC) Style B or *G
400ûF (204ûC) Style H
600ûF (315ûC) Style J

*For Air & Gas applications operating to 400ûF or 600ûF, Style H or J can be substituted

Port (Connection) Sizes: See Ordering Information Form

Flow Ranges: See Ordering Information Form

Reading: Direct Reading...360û Black Reference Line (Non-Electrical)

Installation Orientation: Horizontal, Vertical or Inverted (Scaled Vertically)

Measuring Accuracy: ±2.5% of full scale in the center third of the measuring range;
±4% of full scale over the entire measuring range

Flow Direction

H G D

F B C E

A

A B

Size Code

DIM 3 4 5 5

A 1-7/8" (48 mm) 2-3/8" (60 mm) 3-1/2" (90 mm) 3-1/2" (90 mm)

B 6-9/16" (167 mm) 7-5/32" (182 mm) 10-1/8" (258 mm) 12-5/8" (322 mm)

Port
NPTF: 1/4", 3/8", 1/2" NPTF: 3/4", 1" NPTF: 1-1/4", 1-1/2" NPTF: 2"(Connection)

SAE: #6, #8, #10 SAE: #12, #16 SAE: #20, #24 SAE: #32Sizes

NOTE: SAE connections not available for Brass Monitors

Repeatability: 1% of full scale

Standard Calibration Fluids: Oil Monitors: Mobil DTE 25 @ 110ûF (43ûC), 0.873 sg
Water Monitors: tap water @ 70ûF (21ûC), 1.0 sg
Air Monitors: air @ 70ûF (21ûC), 1.0 sg and 100 PSIG (6.8 Bar)

Pressure Differential: See graphs

OPERATING PRINCIPLE
Enclosed within a high pressure casing (A), a high strength magnet (B) in tandem with the sharp-edged annular
orifice disk (C), is pressed towards the zero flow rate position by a linear rate compression spring (D). A tapered
metering shaft (E) is positioned concentrically within the annular orifice disk and provides a variable-area opening
that increases by the square of linear displacement of the orifice disk. Fluid flow creates a pressure differential
across the orifice disk, pressing the magnet/orifice disk duo against the compression spring. Flow rate is read by
aligning the magnetically coupled follower (F) with the graduated scale (G) located within the environmentally
sealed window (H). The variable-area orifice design provides pressure differentials and orifice displacements that
are linearly proportional to fluid flow rate.

Style

B = Basic For Liquid
G = Basic For Air and Gas
H = Hi-Temp 400ûF
J = Hi-Temp 600ûF

Connections (All Female)

Size
Code

S = 1/4" NPT 3
A = 3/8" NPT 3
B = 1/2" NPT 3
C = 3/4" NPT 4
D = 1" NPT 4
E = #6 SAE 3
F = #8 SAE 3
G = #10 SAE 3
H = #12 SAE 4
J = #16 SAE 4
K = 1-1/4" NPT 5
L = 1-1/2" NPT 5
M = 2" NPT 5
N = #20 SAE 5
P = #24 SAE 5
Q = #32 SAE 5

Note:  SAE connections
not available for 
brass monitors

Liquid
(Oil and Water)

01 = 0.05-1 GPM (Oil Only)
0.1-1 GPM (Water Only)

02 = 0.2-2 GPM
0.2-2.6 GPM

05 = 0.5-5 GPM
0.5-5 GPM

10 = 1-10 GPM
15 = 1-15 GPM
20 = 2-20 GPM
25 = 2-25 GPM
30 = 3-30 GPM
40 = 4-40 GPM
50 = 5-50 GPM

5-50 GPM
75 = 8-75 GPM
88 = 10-100 GPM (Oil Only)

15-90 GPM (Water Only)
99 = 20-150 GPM

Air
(@ 100 PSIG)

1.5-12 SCFM

4-23 SCFM
2-30 SCFM
5-50 SCFM
6-60 SCFM
10-100 SCFM
15-150 SCFM
20-215 SCFM
20-250 SCFM
30-330 SCFM
30-400 SCFM
40-500 SCFM
30-470 SCFM
30-750 SCFM
150-900 SCFM

150-1300 SCFM

Size
Code

3
3
3
4
3
4

3 & 4
3 & 4

4
4 & 5

4
4
4
5
5
5
5
5

Fluid Media

A = Air and Gases
H = Oil and 0.873 Specific Gravity
W= Water and 1.0 Specific Gravity

Size Code

3 = 1/4" to 1/2"
4 = 3/4" to 1"
5 = 1-1/4" to 2"

Material

A = Aluminum
B = Brass
S = Stainless Steel

Pressure Rating

4 = 600 PSIG Max.
Air & Gas (Aluminum/Brass)

5 = 1000 PSIG Max.
Air & Gas (Stainless Steel)

6 = 3500 PSIG Max.
Liquids (Aluminum/Brass)

7 = 6000 PSIG Max.
Liquids (Stainless Steel)

Example:
EFI INFLO Model B4B-6WD-30
Description:
1. Style: Basic For Liquids
2. Size Code: 3/4" to 1" NPT
3. Material: Brass
4. Pressure Rating: 3500 PSIG Max.
5. Fluid Media: Water
6. Connection: 1" NPT
7. Flow Range: 3-30 GPM

Note: Contact EFI ¨  for the following:
A. Optional materials for wetted or non-wetted components (See Specifications)
B. Special scales and custom units.

Flow Ranges

1 2 3 4 5 6 7

EFI INFLO Model

When placing an inquiry or purchase order
for an EFI INFLO monitor, please specify

the following information:

NOTE: Kalrez & Viton are DuPont's registered trademarks
Lexan is a General Electric registered trademark
Pyrex is a Corning Incorporated registered trademark

(continued on next page)

DIMENSIONS

ORDERING INFORMATION FORM

YOUR FUTURE IS IN SIGHT¨



EFI¨ SAFETY NOTE: ALWAYS WEAR PROPER EYE PROTECTION

EFI INFLO SPECIFICATIONS
BASIC (Style B...for Liquid) or (Style G...for Air & Gas)
HIGH TEMPERATURE (Style H...for 400ûF) or (Style J...for 600ûF)

MATERIALS OF CONSTRUCTION
(Wetted Components)

ALUMINUM BRASS STAINLESS STEEL

High-Pressure Casing, Aluminum Brass Type 304 Stainless Steel
End Ports and
Tapered Shaft

Seals...(Style B or G) Buna-N...(Std.) Buna-N...(Std.) Viton¨ with PTFE backup
EPR, Viton¨ EPR, Viton¨ ...(Std.)
or Kalrez¨ or Kalrez¨ Buna-N, EPR or Kalrez¨

...(Optional) ...(Optional) ...(Optional)

...(Style H) Viton¨ with PTFE backup Viton¨ with PTFE backup Viton¨ with PTFE backup

...(Style J) Kalrez¨ with PTFE backup Kalrez¨ with PTFE backup Kalrez¨ with PTFE backup

Transfer Magnet PTFE coated Alnico PTFE coated Alnico PTFE coated Alnico

Floating Orifice Disk Type 304 Type 304 Type 304  
Stainless Steel Stainless Steel Stainless Steel

Spring Type 316 Type 316 Type 316
Stainless Steel Stainless Steel Stainless Steel

Pilot Disk Type 304 or 316 Type 304 or 316 Type 304 or 316
Stainless Steel Stainless Steel Stainless Steel

Retainer Ring Type 316 Type 316 Type 316
Stainless Steel Stainless Steel Stainless Steel

(Non-Wetted Components)

Window Tube
...(Style B or G) Lexan¨ ...(Std.) Lexan¨ ...(Std.) Lexan¨ ...(Std.)

Pyrex¨ ...(Optional) Pyrex¨ ...(Optional) Pyrex¨ ...(Optional)
...(Style H or J) Pyrex¨ Pyrex¨ Pyrex¨

Window Seals
...(Style B or G) Buna-N...(Std.) Buna-N...(Std.) Buna-N...(Std.)

PTFE...(Optional) PTFE...(Optional) PTFE...(Optional)
...(Style H or J) PTFE PTFE PTFE

PERFORMANCE
Maximum Operating Pressure* : For Liquid...3500 PSIG (240 Bar) Aluminum or Brass

...6000 PSIG (410 Bar) Stainless Steel

For Air & Gas...600 PSIG (40 Bar) Aluminum or Brass
...1000 PSIG (70 Bar) Stainless Steel

*For Style H or J, see Temperature/Pressure Derating Chart for Aluminum or Brass Monitors

Maximum Operating Temperature: 240ûF (116ûC) Style B or *G
400ûF (204ûC) Style H
600ûF (315ûC) Style J

*For Air & Gas applications operating to 400ûF or 600ûF, Style H or J can be substituted

Port (Connection) Sizes: See Ordering Information Form

Flow Ranges: See Ordering Information Form

Reading: Direct Reading...360û Black Reference Line (Non-Electrical)

Installation Orientation: Horizontal, Vertical or Inverted (Scaled Vertically)

Measuring Accuracy: ±2.5% of full scale in the center third of the measuring range;
±4% of full scale over the entire measuring range

Flow Direction

H G D

F B C E

A

A B

Size Code

DIM 3 4 5 5

A 1-7/8" (48 mm) 2-3/8" (60 mm) 3-1/2" (90 mm) 3-1/2" (90 mm)

B 6-9/16" (167 mm) 7-5/32" (182 mm) 10-1/8" (258 mm) 12-5/8" (322 mm)

Port
NPTF: 1/4", 3/8", 1/2" NPTF: 3/4", 1" NPTF: 1-1/4", 1-1/2" NPTF: 2"(Connection)

SAE: #6, #8, #10 SAE: #12, #16 SAE: #20, #24 SAE: #32Sizes

NOTE: SAE connections not available for Brass Monitors

Repeatability: 1% of full scale

Standard Calibration Fluids: Oil Monitors: Mobil DTE 25 @ 110ûF (43ûC), 0.873 sg
Water Monitors: tap water @ 70ûF (21ûC), 1.0 sg
Air Monitors: air @ 70ûF (21ûC), 1.0 sg and 100 PSIG (6.8 Bar)

Pressure Differential: See graphs

OPERATING PRINCIPLE
Enclosed within a high pressure casing (A), a high strength magnet (B) in tandem with the sharp-edged annular
orifice disk (C), is pressed towards the zero flow rate position by a linear rate compression spring (D). A tapered
metering shaft (E) is positioned concentrically within the annular orifice disk and provides a variable-area opening
that increases by the square of linear displacement of the orifice disk. Fluid flow creates a pressure differential
across the orifice disk, pressing the magnet/orifice disk duo against the compression spring. Flow rate is read by
aligning the magnetically coupled follower (F) with the graduated scale (G) located within the environmentally
sealed window (H). The variable-area orifice design provides pressure differentials and orifice displacements that
are linearly proportional to fluid flow rate.

Style

B = Basic For Liquid
G = Basic For Air and Gas
H = Hi-Temp 400ûF
J = Hi-Temp 600ûF

Connections (All Female)

Size
Code

S = 1/4" NPT 3
A = 3/8" NPT 3
B = 1/2" NPT 3
C = 3/4" NPT 4
D = 1" NPT 4
E = #6 SAE 3
F = #8 SAE 3
G = #10 SAE 3
H = #12 SAE 4
J = #16 SAE 4
K = 1-1/4" NPT 5
L = 1-1/2" NPT 5
M = 2" NPT 5
N = #20 SAE 5
P = #24 SAE 5
Q = #32 SAE 5

Note:  SAE connections
not available for 
brass monitors

Liquid
(Oil and Water)

01 = 0.05-1 GPM (Oil Only)
0.1-1 GPM (Water Only)

02 = 0.2-2 GPM
0.2-2.6 GPM

05 = 0.5-5 GPM
0.5-5 GPM

10 = 1-10 GPM
15 = 1-15 GPM
20 = 2-20 GPM
25 = 2-25 GPM
30 = 3-30 GPM
40 = 4-40 GPM
50 = 5-50 GPM

5-50 GPM
75 = 8-75 GPM
88 = 10-100 GPM (Oil Only)

15-90 GPM (Water Only)
99 = 20-150 GPM

Air
(@ 100 PSIG)

1.5-12 SCFM

4-23 SCFM
2-30 SCFM
5-50 SCFM
6-60 SCFM
10-100 SCFM
15-150 SCFM
20-215 SCFM
20-250 SCFM
30-330 SCFM
30-400 SCFM
40-500 SCFM
30-470 SCFM
30-750 SCFM
150-900 SCFM

150-1300 SCFM

Size
Code

3
3
3
4
3
4

3 & 4
3 & 4

4
4 & 5

4
4
4
5
5
5
5
5

Fluid Media

A = Air and Gases
H = Oil and 0.873 Specific Gravity
W= Water and 1.0 Specific Gravity

Size Code

3 = 1/4" to 1/2"
4 = 3/4" to 1"
5 = 1-1/4" to 2"

Material

A = Aluminum
B = Brass
S = Stainless Steel

Pressure Rating

4 = 600 PSIG Max.
Air & Gas (Aluminum/Brass)

5 = 1000 PSIG Max.
Air & Gas (Stainless Steel)

6 = 3500 PSIG Max.
Liquids (Aluminum/Brass)

7 = 6000 PSIG Max.
Liquids (Stainless Steel)

Example:
EFI INFLO Model B4B-6WD-30
Description:
1. Style: Basic For Liquids
2. Size Code: 3/4" to 1" NPT
3. Material: Brass
4. Pressure Rating: 3500 PSIG Max.
5. Fluid Media: Water
6. Connection: 1" NPT
7. Flow Range: 3-30 GPM

Note: Contact EFI ¨  for the following:
A. Optional materials for wetted or non-wetted components (See Specifications)
B. Special scales and custom units.

Flow Ranges

1 2 3 4 5 6 7

EFI INFLO Model

When placing an inquiry or purchase order
for an EFI INFLO monitor, please specify

the following information:

NOTE: Kalrez & Viton are DuPont's registered trademarks
Lexan is a General Electric registered trademark
Pyrex is a Corning Incorporated registered trademark

(continued on next page)
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EFI¨ SAFETY NOTE: ALWAYS WEAR PROPER EYE PROTECTION

EFI INFLO SPECIFICATIONS
BASIC (Style B...for Liquid) or (Style G...for Air & Gas)
HIGH TEMPERATURE (Style H...for 400ûF) or (Style J...for 600ûF)

MATERIALS OF CONSTRUCTION
(Wetted Components)

ALUMINUM BRASS STAINLESS STEEL

High-Pressure Casing, Aluminum Brass Type 304 Stainless Steel
End Ports and
Tapered Shaft

Seals...(Style B or G) Buna-N...(Std.) Buna-N...(Std.) Viton¨ with PTFE backup
EPR, Viton¨ EPR, Viton¨ ...(Std.)
or Kalrez¨ or Kalrez¨ Buna-N, EPR or Kalrez¨

...(Optional) ...(Optional) ...(Optional)

...(Style H) Viton¨ with PTFE backup Viton¨ with PTFE backup Viton¨ with PTFE backup

...(Style J) Kalrez¨ with PTFE backup Kalrez¨ with PTFE backup Kalrez¨ with PTFE backup

Transfer Magnet PTFE coated Alnico PTFE coated Alnico PTFE coated Alnico

Floating Orifice Disk Type 304 Type 304 Type 304  
Stainless Steel Stainless Steel Stainless Steel

Spring Type 316 Type 316 Type 316
Stainless Steel Stainless Steel Stainless Steel

Pilot Disk Type 304 or 316 Type 304 or 316 Type 304 or 316
Stainless Steel Stainless Steel Stainless Steel

Retainer Ring Type 316 Type 316 Type 316
Stainless Steel Stainless Steel Stainless Steel

(Non-Wetted Components)

Window Tube
...(Style B or G) Lexan¨ ...(Std.) Lexan¨ ...(Std.) Lexan¨ ...(Std.)

Pyrex¨ ...(Optional) Pyrex¨ ...(Optional) Pyrex¨ ...(Optional)
...(Style H or J) Pyrex¨ Pyrex¨ Pyrex¨

Window Seals
...(Style B or G) Buna-N...(Std.) Buna-N...(Std.) Buna-N...(Std.)

PTFE...(Optional) PTFE...(Optional) PTFE...(Optional)
...(Style H or J) PTFE PTFE PTFE

PERFORMANCE
Maximum Operating Pressure* : For Liquid...3500 PSIG (240 Bar) Aluminum or Brass

...6000 PSIG (410 Bar) Stainless Steel

For Air & Gas...600 PSIG (40 Bar) Aluminum or Brass
...1000 PSIG (70 Bar) Stainless Steel

*For Style H or J, see Temperature/Pressure Derating Chart for Aluminum or Brass Monitors

Maximum Operating Temperature: 240ûF (116ûC) Style B or *G
400ûF (204ûC) Style H
600ûF (315ûC) Style J

*For Air & Gas applications operating to 400ûF or 600ûF, Style H or J can be substituted

Port (Connection) Sizes: See Ordering Information Form

Flow Ranges: See Ordering Information Form

Reading: Direct Reading...360û Black Reference Line (Non-Electrical)

Installation Orientation: Horizontal, Vertical or Inverted (Scaled Vertically)

Measuring Accuracy: ±2.5% of full scale in the center third of the measuring range;
±4% of full scale over the entire measuring range

Flow Direction

H G D

F B C E

A

A B

Size Code

DIM 3 4 5 5

A 1-7/8" (48 mm) 2-3/8" (60 mm) 3-1/2" (90 mm) 3-1/2" (90 mm)

B 6-9/16" (167 mm) 7-5/32" (182 mm) 10-1/8" (258 mm) 12-5/8" (322 mm)

Port
NPTF: 1/4", 3/8", 1/2" NPTF: 3/4", 1" NPTF: 1-1/4", 1-1/2" NPTF: 2"(Connection)

SAE: #6, #8, #10 SAE: #12, #16 SAE: #20, #24 SAE: #32Sizes

NOTE: SAE connections not available for Brass Monitors

Repeatability: 1% of full scale

Standard Calibration Fluids: Oil Monitors: Mobil DTE 25 @ 110ûF (43ûC), 0.873 sg
Water Monitors: tap water @ 70ûF (21ûC), 1.0 sg
Air Monitors: air @ 70ûF (21ûC), 1.0 sg and 100 PSIG (6.8 Bar)

Pressure Differential: See graphs

OPERATING PRINCIPLE
Enclosed within a high pressure casing (A), a high strength magnet (B) in tandem with the sharp-edged annular
orifice disk (C), is pressed towards the zero flow rate position by a linear rate compression spring (D). A tapered
metering shaft (E) is positioned concentrically within the annular orifice disk and provides a variable-area opening
that increases by the square of linear displacement of the orifice disk. Fluid flow creates a pressure differential
across the orifice disk, pressing the magnet/orifice disk duo against the compression spring. Flow rate is read by
aligning the magnetically coupled follower (F) with the graduated scale (G) located within the environmentally
sealed window (H). The variable-area orifice design provides pressure differentials and orifice displacements that
are linearly proportional to fluid flow rate.

Style

B = Basic For Liquid
G = Basic For Air and Gas
H = Hi-Temp 400ûF
J = Hi-Temp 600ûF

Connections (All Female)

Size
Code

S = 1/4" NPT 3
A = 3/8" NPT 3
B = 1/2" NPT 3
C = 3/4" NPT 4
D = 1" NPT 4
E = #6 SAE 3
F = #8 SAE 3
G = #10 SAE 3
H = #12 SAE 4
J = #16 SAE 4
K = 1-1/4" NPT 5
L = 1-1/2" NPT 5
M = 2" NPT 5
N = #20 SAE 5
P = #24 SAE 5
Q = #32 SAE 5

Note:  SAE connections
not available for 
brass monitors

Liquid
(Oil and Water)

01 = 0.05-1 GPM (Oil Only)
0.1-1 GPM (Water Only)

02 = 0.2-2 GPM
0.2-2.6 GPM

05 = 0.5-5 GPM
0.5-5 GPM

10 = 1-10 GPM
15 = 1-15 GPM
20 = 2-20 GPM
25 = 2-25 GPM
30 = 3-30 GPM
40 = 4-40 GPM
50 = 5-50 GPM

5-50 GPM
75 = 8-75 GPM
88 = 10-100 GPM (Oil Only)

15-90 GPM (Water Only)
99 = 20-150 GPM

Air
(@ 100 PSIG)

1.5-12 SCFM

4-23 SCFM
2-30 SCFM
5-50 SCFM
6-60 SCFM
10-100 SCFM
15-150 SCFM
20-215 SCFM
20-250 SCFM
30-330 SCFM
30-400 SCFM
40-500 SCFM
30-470 SCFM
30-750 SCFM
150-900 SCFM

150-1300 SCFM

Size
Code

3
3
3
4
3
4

3 & 4
3 & 4

4
4 & 5

4
4
4
5
5
5
5
5

Fluid Media

A = Air and Gases
H = Oil and 0.873 Specific Gravity
W= Water and 1.0 Specific Gravity

Size Code

3 = 1/4" to 1/2"
4 = 3/4" to 1"
5 = 1-1/4" to 2"

Material

A = Aluminum
B = Brass
S = Stainless Steel

Pressure Rating

4 = 600 PSIG Max.
Air & Gas (Aluminum/Brass)

5 = 1000 PSIG Max.
Air & Gas (Stainless Steel)

6 = 3500 PSIG Max.
Liquids (Aluminum/Brass)

7 = 6000 PSIG Max.
Liquids (Stainless Steel)

Example:
EFI INFLO Model B4B-6WD-30
Description:
1. Style: Basic For Liquids
2. Size Code: 3/4" to 1" NPT
3. Material: Brass
4. Pressure Rating: 3500 PSIG Max.
5. Fluid Media: Water
6. Connection: 1" NPT
7. Flow Range: 3-30 GPM

Note: Contact EFI ¨  for the following:
A. Optional materials for wetted or non-wetted components (See Specifications)
B. Special scales and custom units.

Flow Ranges

1 2 3 4 5 6 7

EFI INFLO Model

When placing an inquiry or purchase order
for an EFI INFLO monitor, please specify

the following information:

NOTE: Kalrez & Viton are DuPont's registered trademarks
Lexan is a General Electric registered trademark
Pyrex is a Corning Incorporated registered trademark

(continued on next page)
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Flow Rate: SCFM@100 PSIG

Size Code 3 Monitors (1/4Ó to 1/2Ó)

For Style B, H or J
Liquid Applications

PRESSURE DIFFERENTIAL VS.FLOW RATE GRAPHS

For Style G
Air & Gas Applications

Size Code 3 Monitors (1/4Ó to 1/2Ó)

Size Code 4 Monitors (3/4Ó to 1Ó)

Size Code 5 Monitors (1-1/4Ó to 2Ó)

Size Code 4 Monitors (3/4Ó to 1Ó)

Size Code 5 Monitors (1-1/4Ó to 2Ó)

(For Style H or J ONLY)
Temperature/Pressure Derating for Aluminum or Brass Monitors

NOTE: (Example) designates Flow Range code. 
See Ordering Information Form for available Flow Ranges.

-30

GUIDELINES WHEN CONSIDERING STYLE G (Air & Gas Application) MONITORS
There are three factors that affect the density of a gas: specific gravity, pressure and temperature. EFI INFLO Monitors are
calibrated for air (specific gravity of 1.0) at 70ûF and 100 PSIG.

EFI¨ products are designed for pneumatic systems where pressures between 90-110 PSIG are used. In these common 
applications, an EFI¨ monitor with a standard calibration can be read directly without applying corrections.

Correction Factors
If an EFI¨ monitor is installed in a system where conditions differ from the standard listed above, correction factors will 
need to be applied to retain the design accuracy of the monitor. The appropriate correction factor equations are detailed in
the chart indicated below. To assure the best monitoring accuracy, pressure and temperature measurements should be taken
directly at the monitorÕs inlet port (connection).

Selecting the Proper Monitor
To order a pneumatic flow rate monitor the following information is required:

¥ port (connection) size
¥ media (air, nitrogen, argon, etc.) Ð for material compatibility and specific gravity considerations
¥ approximate flow range required
¥ system pressure: nominal, maximum, minimum
¥ system temperature

Installation DoÕs and DonÕts
To obtain satisfactory operation from an EFI¨ pneumatic flow rate monitor, the following points should be considered:

Do...
¥ install a pressure gage near the inlet of the monitor
¥ place throttling valves at the outlet of the monitor
¥ use pipe sealer on the connections
¥ install a union on one side of the monitor for easy removal for maintenance and calibration
¥ install solenoid valves at the monitor outlet (as far downstream as possible)
¥ mount in any orientation: vertical, horizontal or upside down

Do Not...
¥ install restrictions between pressure gages and the monitor inlet
¥ install solenoid valves at the monitor inlet
¥ place restrictions between the monitorÕs pressure gage and the monitor inlet
¥ use in systems where reverse flow is possible
¥ place monitor in non-aligned piping
¥ over-flow the monitor by more than 150% of maximum reading
¥ operate at pressures and temperatures greater than specified

Chart 1 - Density Correction Factors

SCFM (indicated) X (CF) = SCFM (actual)    CF = (f1) X (f2) X (f3)     Note: all correction factors need not be used.

Table 1.   (f1) Pressure correction factors (inlet pressure)

psig 25 50 75 100 125 150 175 200

f1 .56 .75 .88 1.0 1.11 1.2 1.29 1.37

Table 2.   (f2) Temperature correction factors

Table 3.   (f3) Specific Gravity correction factor

ûF 10û 30û 50û 70û 90û 110û 130û 150û

f2 1.08 1.04 1.02 1.0 .98 .96 .95 .93

f1 = correction factor for other than 100 PSI inlet.

f2 = correction factor for other than 70ûF.

f3 = correction factor for other than air at 1.0 Sp. Gr.

f1 = 14.7 + psig
114.7

f2 = 530
460 + ûF

f3 = 1
Sp. Gr.

VISA, MASTERCARD,
DISCOVER AND

AMERICAN EXPRESS
ACCEPTED

available in BASIC(Style B or G) 
or HIGH TEMPERATURE(Style H or J)
Construction: Aluminum, Brass or Stainless Steel

FEATURES:
¥All wetted parts are sealed within a high 

pressure casing. Outer window tube with 
scale does not come in contact with medium.

¥Unrestricted mounting...install the monitor in 
any orientation-horizontal, vertical or inverted

¥Can be used with oil or opaque liquids

¥Uses the variable annular orifice technique 
in tandem with a transfer magnet and 
compression spring. A sharp-edged 
Stainless Steel orifice provides excellent 
measurement stability for viscosities from 
0Ð500 SSU*

¥Has a measuring accuracy of ±2.5% of full 
scale in the center third of the measuring 
range, and a ±4% of full scale accuracy over 
the entire flow measuring range

¥Weather-tight external construction 
(BASIC style only, when used with Buna-N 
window seals) for use outdoors and/or on 
systems where wash downs are required

¥Will provide years of maintenance-free 
performance

¥ Five year limited warranty
* Flow monitors can be specially calibrated for viscosities 

from 500 to 2000 SSU upon request ... contact EFI

Basic
(Brass Construction Shown)

High Temperature
(Brass Construction Shown)

Mailing Address- P.O. Box 925 ¥ Farmingdale, NJ  07727-0925
Shipping Address - 116 Main Street ¥ Farmingdale, NJ  07727-1495
Toll Free: 800-992-2843 ¥ Tel: (732) 938-5641 ¥ Toll Free Fax: 888-992-2843
E-mail: info@ernstflow.com

Mailing Address - P.O. Box 925 ¥ Farmingdale, NJ  07727-0925 ¥ Shipping Address - 116 Main Street ¥ Farmingdale, NJ  07727-1495
Toll Free: 800-992-2843 ¥ Tel: (732) 938-5641 ¥ Toll Free Fax: 888-992-2843 ¥ E-mail: info@ernstflow.com

2M/12/07

© Copyright 2007 Ernst¨ Flow Industries
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Flow Rate: SCFM@100 PSIG
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Flow Rate: SCFM@100 PSIG

Size Code 3 Monitors (1/4Ó to 1/2Ó)

For Style B, H or J
Liquid Applications

PRESSURE DIFFERENTIAL VS.FLOW RATE GRAPHS

For Style G
Air & Gas Applications

Size Code 3 Monitors (1/4Ó to 1/2Ó)

Size Code 4 Monitors (3/4Ó to 1Ó)

Size Code 5 Monitors (1-1/4Ó to 2Ó)

Size Code 4 Monitors (3/4Ó to 1Ó)

Size Code 5 Monitors (1-1/4Ó to 2Ó)

(For Style H or J ONLY)
Temperature/Pressure Derating for Aluminum or Brass Monitors

NOTE: (Example) designates Flow Range code. 
See Ordering Information Form for available Flow Ranges.
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GUIDELINES WHEN CONSIDERING STYLE G (Air & Gas Application) MONITORS
There are three factors that affect the density of a gas: specific gravity, pressure and temperature. EFI INFLO Monitors are
calibrated for air (specific gravity of 1.0) at 70ûF and 100 PSIG.

EFI¨ products are designed for pneumatic systems where pressures between 90-110 PSIG are used. In these common 
applications, an EFI¨ monitor with a standard calibration can be read directly without applying corrections.

Correction Factors
If an EFI¨ monitor is installed in a system where conditions differ from the standard listed above, correction factors will 
need to be applied to retain the design accuracy of the monitor. The appropriate correction factor equations are detailed in
the chart indicated below. To assure the best monitoring accuracy, pressure and temperature measurements should be taken
directly at the monitorÕs inlet port (connection).

Selecting the Proper Monitor
To order a pneumatic flow rate monitor the following information is required:

¥ port (connection) size
¥ media (air, nitrogen, argon, etc.) Ð for material compatibility and specific gravity considerations
¥ approximate flow range required
¥ system pressure: nominal, maximum, minimum
¥ system temperature

Installation DoÕs and DonÕts
To obtain satisfactory operation from an EFI¨ pneumatic flow rate monitor, the following points should be considered:

Do...
¥ install a pressure gage near the inlet of the monitor
¥ place throttling valves at the outlet of the monitor
¥ use pipe sealer on the connections
¥ install a union on one side of the monitor for easy removal for maintenance and calibration
¥ install solenoid valves at the monitor outlet (as far downstream as possible)
¥ mount in any orientation: vertical, horizontal or upside down

Do Not...
¥ install restrictions between pressure gages and the monitor inlet
¥ install solenoid valves at the monitor inlet
¥ place restrictions between the monitorÕs pressure gage and the monitor inlet
¥ use in systems where reverse flow is possible
¥ place monitor in non-aligned piping
¥ over-flow the monitor by more than 150% of maximum reading
¥ operate at pressures and temperatures greater than specified

Chart 1 - Density Correction Factors

SCFM (indicated) X (CF) = SCFM (actual)    CF = (f1) X (f2) X (f3)     Note: all correction factors need not be used.

Table 1.   (f1) Pressure correction factors (inlet pressure)

psig 25 50 75 100 125 150 175 200

f1 .56 .75 .88 1.0 1.11 1.2 1.29 1.37

Table 2.   (f2) Temperature correction factors

Table 3.   (f3) Specific Gravity correction factor

ûF 10û 30û 50û 70û 90û 110û 130û 150û

f2 1.08 1.04 1.02 1.0 .98 .96 .95 .93

f1 = correction factor for other than 100 PSI inlet.

f2 = correction factor for other than 70ûF.

f3 = correction factor for other than air at 1.0 Sp. Gr.

f1 = 14.7 + psig
114.7

f2 = 530
460 + ûF

f3 = 1
Sp. Gr.

VISA, MASTERCARD,
DISCOVER AND

AMERICAN EXPRESS
ACCEPTED

available in BASIC(Style B or G) 
or HIGH TEMPERATURE(Style H or J)
Construction: Aluminum, Brass or Stainless Steel

FEATURES:
¥All wetted parts are sealed within a high 

pressure casing. Outer window tube with 
scale does not come in contact with medium.

¥Unrestricted mounting...install the monitor in 
any orientation-horizontal, vertical or inverted

¥Can be used with oil or opaque liquids

¥Uses the variable annular orifice technique 
in tandem with a transfer magnet and 
compression spring. A sharp-edged 
Stainless Steel orifice provides excellent 
measurement stability for viscosities from 
0Ð500 SSU*

¥Has a measuring accuracy of ±2.5% of full 
scale in the center third of the measuring 
range, and a ±4% of full scale accuracy over 
the entire flow measuring range

¥Weather-tight external construction 
(BASIC style only, when used with Buna-N 
window seals) for use outdoors and/or on 
systems where wash downs are required

¥Will provide years of maintenance-free 
performance

¥ Five year limited warranty
* Flow monitors can be specially calibrated for viscosities 

from 500 to 2000 SSU upon request ... contact EFI

Basic
(Brass Construction Shown)

High Temperature
(Brass Construction Shown)

Mailing Address- P.O. Box 925 ¥ Farmingdale, NJ  07727-0925
Shipping Address - 116 Main Street ¥ Farmingdale, NJ  07727-1495
Toll Free: 800-992-2843 ¥ Tel: (732) 938-5641 ¥ Toll Free Fax: 888-992-2843
E-mail: info@ernstflow.com

Mailing Address - P.O. Box 925 ¥ Farmingdale, NJ  07727-0925 ¥ Shipping Address - 116 Main Street ¥ Farmingdale, NJ  07727-1495
Toll Free: 800-992-2843 ¥ Tel: (732) 938-5641 ¥ Toll Free Fax: 888-992-2843 ¥ E-mail: info@ernstflow.com
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© Copyright 2007 Ernst¨ Flow Industries
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��

The patented Vortex��  Iris Valve is designed specifically to handle dry bulk solids in gravity discharge of free-flowing material 
from bins, bulk bags, chutes, and hoppers.  The Vortex��  Iris Valve is constructed with stainless steel control rings, metal handle 
and trigger lock, and nylon shim for durability and smooth actuation.  A form fitted fabric sleeve provides a dust tight seal and
product barrier, which prevents material leakage to atmosphere.  The Iris Valve is designed to eliminate problems, enabling you
to meet your objectives by increasing production, while decreasing labor and equipment costs.   

Vortex��  Iris Valve Features
 No Binding or Galling.  Smooth Actuation 
 Unobstructed Bore for Unrestricted Flow of Material 
 Fabric Sleeve Prevents Material Degradation 
 Easy Installation and Maintenance��

��
��

��
  Application Specific Modifications 
  SC   All steel material contact components are 304 Stainless Steel alloy. 

  S-SC   All steel material contact components are 316L Stainless Steel alloy. 

  UR   Valve Sleeve is a 4 oz. nylon that is urethane coated. 

  TF   Valve Sleeve is an 8 oz. Teflon material. 

  FP   Optional bolt-hole pattern is specified. 

Valve Specifications��
Size/Bore Options 4Ó, 6Ó, 8Ó, 10Ó, 12Ó, 15Ó, and 18Ó, Diameters 
Media Powder, Pellets, Granulars 

Connection Options 
Std. Flange Pattern, Tube Stub, or Ferrule 
Couplings 

Media Temperature 
Up to 120¡F continuous to 250¡F intermittent 
service 

Media Pressure 0 PSIG, Gravity Flow Only 
Metal Construction 
Options 

304 or 316L Stainless Steel, and/or Aluminum  

Sleeve Material 
Options 

Nylon, Teflon, Urethane, or Rubber 

Drive/Actuation 
Options 

Infinite Position Hand Lever , Quick Lock 
Hand Lever, or Tote Handle 

Position Confirmation Visual, Proximity Switch 
Compliance/Approvals CE, FDA 

Industry Use 
Plastics, Petrochemicals, Chemicals, Foods, 
Minerals, Textiles, Agriculture Patent No. 7021604 

VORTEẌ IRIS VALVETM
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Operating and Maintenance               
Instructions                            
Progressive Cavity Pump                 

range        size                                             
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commission-No.

 822812

 

 Job #    2109552

 

This operating and maintenance instruction
includes important safety information and
instructions for installation, commissioning,
operation and maintenance of the seepex machinery.
It is essential therefore, that the responsible
specialist refers to it before starting any
work on the machinery as well as prior to
commissioning. Furthermore, this instruction
must always be available on site.



General

Ausgabe 
issue A / 10.12.1994 Dokument 

document OM.GEN.01e Blatt 
sheet 1 (2) 

1.0 
General 
 
1.1 
Application 
 
These operating instructions contain basic infor-
mation on the installation, commissioning and 
maintenance of seepex machines. Compliance with 
the work steps described in the individual sections is 
essential. 
 
1.2 
Details of the seepex machines 
 
1.2.1 
Operating Instructions 
 
The Commission Number (comm. no) assigns the 
operating instructions to a particular seepex 
machine. The operating instructions are produced in 
relation to a specific job/commission and are valid 
only for the machine whose comm. no. is identical 
with that indicated on the cover sheet and 
possessing the associated data sheet, Point 9. 
 
1.2.2 
Manufacturer 
 
The machines were manufactured by seepex. 
 
1.2.3 
Range, Size, Version 
 
of the machines are stated in the appended data 
sheet, Point 9. 
 
1.2.4 
Machine Comm. No. and Year of Construction 
 
are stated on the type plate at the machine. 
 
1.2.5 
Release Date of the Operating Instructions 
 
is stated on the cover sheet of the operating 
instructions. 
 
1.2.6 
Modifications, Notes of Modification 
 
If modifications to the machines are  
carried out in agreement with seepex, a new set  
of operating instructions will be provided, or the 
existing operating instructions will be supplemented by 
an additional sheet together with a new cover sheet. 
The date of modification and modification index will be 
noted on the new cover sheet. 

1.2.7 
EEC Machine Directive 
 
1.2.7.1 
Manufacturer's Declaration 
 
seepex Manufacturer's Declaration as required by the 
EEC Machine Directive 89/392/EEC, Appendix II B: 
 
The seepex machines delivered in accordance with 
our design are intended to be fitted in one machine or 
assembled together with other machines to form one 
machine/plant. The commissioning of the machine is 
forbidden until such a time as has been established 
that the entire machine/plant satisfies the 
requirements of the EEC Directive for Machines as 
amended 91/368/EEC and 93/44/EEC.  
 
Particular attention must be paid to the safety 
requirements specified in EN809 (s and  Equipment 
for Fluids) as well as the information in these 
operating instructions. 
 
1.2.7.2 
Declaration of Conformity 
 
seepex machines possessing no safety accessories 
do not fulfill the requirements of the EEC Machine 
Directive 89/392/EEC as amended 91/368/EEC and 
93/44/EEC. 
 
For this reason, no Declaration of Conformity as 
required by the EEC Machine Directive 89/392/EEC, 
Appendix IIA can be issued before appropriate safety 
devices have been installed/mounted on the machine 
and/or plant with due regard to the information given 
in these operating instructions. 
 
The following harmonized standards are particularly 
applicable: 
EN 809, EN292T1, EN292T2 
Applicable national standards and specifications must 
be taken into consideration. 
 
Following assessment of the conformity of the 
machine/plant with the EEC Machine Directive, 
customers may on their own initiative place on the 
full machine/plant the EEC symbol 'CE' as defined in 
Identification Directive 93/68/EEC. 

CAUTION 
This documentation must be kept available for at 
least 10 years. 
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Ausgabe 
issue A / 10.12.1994 Dokument 

document OM.GEN.01e Blatt 
sheet 2 (2) 

1.2.8 
Copyright and Industrial Property Rights 
 
These operating instructions are copyrighted. The 
reproduction, in particular by photocopying, of these 
instructions is not permitted (¤¤ 54, 54 UrhG) and 
constitutes a criminal offence (¤ 106 UrhG). 
Proceedings will be instituted if the copyright is 
violated. 
 
1.2.9 
Specifications Required for Inquiries and Orders 
 
The following information must be included when 
inquiring about replacement parts or placing orders: 
- comm. no. 
- / machine type 
This information is given on the type plate mounted 
the machine. 
 
1.2.10 
Technical Data Sheet 
see Point 9. 
 
1.2.11 
Performance Data, Load Index, Power 
Consumption 
 
are indicated in the associated data sheet, Point 9. 
 
1.2.12 
Sound Pressure Level 
 
The sound pressure level and/or noise characteris-tics 
of the seepex machines are ascertained in 
accordance with DIN 45635. The measuring 
guidelines are largely identical with the international 
standards ISO 3740-1980 and ISO 3744-1981. 
 
1.2.13 
Operating Range  
 
Employment of the machine is not permissible for 
purposes other than those stated in the data sheet, 
see Point 9. seepex cannot accept liability for damage 
arising through failure to comply with this operating 
range. 
 
1.3 
Supplementary Information 
 
1.3.1 
Accessories, Optional Extras 
 
Please refer to the data sheet, Point 9. 
 

1.3.2 
Company Address, Service Addresses 
 
see Point 11 
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Safety

Ausgabe 
issue B / 21.04.1999 Dokument 

document OM.SAF.01e Blatt 
sheet 1 (2) 

2.0 
Safety 
 
These operating instructions contain basic require-
ments to be observed during the installation, opera-
tion and maintenance of the machine. Therefore, the 
instructions must be read by the mechanical fitter and 
by the technical personnel/operator responsible for 
the machine prior to assembly and commissioning, 
and kept available at the operating site of the 
machine/plant at all times. 
 
Compliance is required not only with the general 
safety instructions given in this section but also with 
the detailed instructions, e.g. for private usage, given 
under the other main headings in these operating 
instructions. 
 
2.1 
Labeling of Advice in the Operating Instructions 
 
In these operating instructions safety advice whose 
non-observance could lead to danger for life or limb is 
labeled with the following general hazard symbol: 

safety symbol acc. to ISO 3864 - B.3.1 
 
Warnings regarding electric power are labeled with: 

safety symbol acc. to ISO 3864 - B.3.6 
 
Safety instructions whose non-observance could 
jeopardize the machine and its functions are labeled 
by the word 
 

CAUTION 
Always comply with instructions mounted directly on 
the machine, e.g.  
- rotational direction arrow 
- fluid connection indicators 
 
and ensure that the information remains legible. 

2.2 
Personnel Qualifications and Training 
 
Personnel charged with operation, maintenance, 
inspection and assembly must be in possession  
of the appropriate qualifications for the tasks.  
The company operating the machine must define 
exact areas of responsibility, accountabilities and 
personnel supervision schemes. Personnel lacking 
the required skills and knowledge must receive 
training and instruction. If necessary, the opera-ting 
company may commission the manufacturer/ 
supplier to conduct these training courses. Further-
more, the operating company must ensure that the 
personnel fully understand the contents of the 
operating instructions. 
 
2.3 
Dangers Resulting from Failure to Observe 
Safety Instructions 
 
Failure to comply with the safety instructions may 
lead to hazards to life and limb as well as dangers 
for the environment and the machine. Non-obser-
vance of safety instructions can invalidate the right of 
claim to damages. 
 
The following are just some examples  of possible 
dangers resulting from failure to comply with the 
safety instructions: 
 
- Failure of important machine/plant functions 
 
- Failure of prescribed methods of service and 

maintenance 
 
- Danger to life and limb due to electrical, 

mechanical and chemical influences 
 
- Danger to the environment due to the leakage  

of hazardous substances 
 
2.4 
Safety-conscious Working 
 
Always comply with the safety instructions listed in 
this document, the existing national accident 
prevention regulations and any company-internal 
work, operating and safety rules. 
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Ausgabe 
issue B / 21.04.1999 Dokument 
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2.5 
Safety Instructions for the Operating 
Company/Machine Operator 
 
- Any potentially hazardous hot or cold machine 

parts must be provided with protection against 
accidental contact at the customer«s premises. 

 
- Protective guards for moving parts (e.g. coupling) 

must never be removed while the machine is in 
operation. 

 
- Leakages (e.g. in the shaft seal) of hazardous 

conveying liquids (e.g. explosive, toxic, hot) must 
be drained in such a way that no danger arises for 
persons or for the environment. Always observe 
the relevant statutory requirements. 

 
- The risk of exposure to electrical power must be 

eliminated (for details, see the VDE regulations, for 
example, or those of the local power supply 
company). 

 
2.6 
Safety Instructions for Maintenance, Inspection 
and Assembly Work 
 
The operator must ensure that all maintenance, 
inspection and assembly tasks are carried out by 
authorized and qualified personnel who have studied 
the operating instructions closely and become 
sufficiently familiar with the machine. 
 
As a basic rule, the machine must be brought to  
a standstill before work is carried out. Always comply 
with the de-commissioning procedure described in 
this document. 
 
Any machines or assemblies conveying media that 
are detrimental to health must be decontaminated. 
 
Immediately following completion of work, all safety 
and protective devices must be replaced  
in position and, where applicable, re-activated. 
 
Before re-starting the machine, observe the points 
listed under the heading "Initial Startup". 
 

2.7 
Unauthorized Modification and Manufacture of 
Replacement Parts 
 
Conversions or modifications of the machine are 
permissible only in consultation with the manu-
facturers. Original manufacturer replacement parts 
and manufacturer-approved accessories enhance 
the operational safety of the machine. The usage of 
unauthorized parts may lead to the nullification of the 
manufacturer's liability for any resultant damages. 
 
2.8 
Impermissible Modes of Operation 
 
The operational safety of the machines supplied is 
warranted only for employment in accordance with 
the intended use as defined in Section 1 - General - 
of these operating instructions. Never allow the 
threshold values specified in the data sheet to be 
exceeded. 
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issue B / 14.08.1998 Dokument 
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3.0 
Transport and Intermediate Storage 
 
3.1 
Safety Precautions 
 
Employ appropriate transport means, hoists and 
tools when transporting and storing the machine, 
always observing the safety instructions. 
 
3.2 
Transport 
 
Depending on its weight, the seepex machine must 
be transported manually or with appropriate trans-
port means. Comply with the transport instructions 
on the packing. 
 
3.3 
Unpacking 
 
The design of the packing is such that the equip-ment 
can be removed manually or, if demanded by the 
weight, by means of appropriate hoists. 
 
Any screw fittings between the machine and the 
packing must be undone. Comply with the attached 
information notices and symbols. 
 
3.4 
Intermediate Storage/Preservation 
 
Unless otherwise indicated in the data sheet, seepex 
machines are provided with preservation only for the 
duration of transport. If a long period of intermediate 
storage is foreseen before the machine is 
commissioned, it is necessary to pro-vide 
supplementary preservation. If necessary,  
the appropriate measures should be drawn up in 
consultation with seepex. 
 
Intermediate storage in extreme climatic conditions is 
permissible only for machine whose design is 
appropriate to the circumstances. If necessary, 
seepex must be consulted. 

CAUTION 
Pumps of the range MAP 
If the period from supply and subsequent storage until 
the commissioning is more than 4 weeks, the hoses 
should be dismantled, refer to Point 7. 
 
3.5 
Protection against Environmental Influences 
 
To afford protection against environmental 
influences, the intermediate storage location  
must be dry, enclosed and free from frost. 
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Ausgabe 
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4. 
Description of the seepex Progressive Cavity 
Pump and Accessories 
 
4.1 
General Description, Design and Mode of Operation 
 
Like all progressive cavity pumps, seepex pumps 
belong to the rotating positive-displacement pump 
family. The characteristic attribute of these pumps is 
the special formation and arrangement of the two 
conveying elements, namely the rotor and the stator. 
 
The difference in the number of threads possessed 
respectively by the rotor and stator produces a 
chamber that opens and closes alternately in line 
with the constant turning motion of the rotor, 
effecting the continuous transportation of the 
conveying product from the suction side to the 
pressure side. 
 
The geometrical formation of the two conveying 
elements combined with the constant contact that 
exists between them result in sealing lines that effect 
an airtight seal between the suction and pressure 
side in every position of the eccentric screw, even 
when the pump is stationary. The pump owes its 
high suction capacity to this  
sealing between the suction and pressure sides. 

4.2 
Mechanical Design 
 
Please consult the sectional drawing, Point 9,  
for the mechanical design of the pump. The data 
sheet, Point 9, gives information on the design of the 
pump housing, stator, rotor and rotating components. 
 
Refer to document OM. SEA. __, for information on 
the design of the shaft seal. 
 
The data sheet, specifies details of the design of the 
drive engine. Further details are  
given in the appended manufacturer's documents, 
Point 10. 
 
4.3 
Accessories 
 
Consult the data sheet for information. 
 
4.4 
Dimensions, Weight 
 
Consult the appended dimensional drawing,  
 

4.5 
Design Variants 
 
Refer to the data sheet, Point 9, for the design of the 
seepex progressive cavity pump. Other design 
variants are possible, whereby seepex must first 
check whether a particular pump is suitable for the 
intended purpose. 
 
4.6 
Operating Site Specifications 
 
Operating site specifications are listed in the data 
sheet, Point 9. Details of the space required for 
installation, operation and maintenance are given in 
Point 5.2.1. 
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5.0
Assembly/Installation
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Ausgabe 
issue A / 23.01.07 Dokument 

document OM.INS.08e Blatt 
sheet 1 (2) 

5.1 Mounting tools/lifting gear 

CAUTION 

Pump falling over 
Slight injury or damage to property may result. 
 
! Adhere to the lifting toolÕs starting point. 
! Pay attention to the dimensions, weight and centre of gravity of the pump 
! Use suitable mounting tools/lifting gear. 

5.2 Required space 

The required space should be determined by considering the following factors: 
 
¥ Dimensions and weight. 
¥ Requisite transport and lifting equipment. 
¥ Pipe routing Ð dismantling (stator construction dimensions). 

 
5.3 Stator construction dimensions (P) 

¥ Refer to the dimensional drawing. 

5.4 Erection of the complete mounted pump 

! Erect in accordance with technical data (Chapter 3.0). 
! Heed dimensional drawing. 
 

Tension-free mounting of the pump 
! Balance unevenness with suitable supports. 
¥ Applies to mounting on foundations/load-bearing elements. 
¥ Total areas of all pump bearing areas are resting on the surface. 

 
Correct position of the drives 
¥ All drives are set up ready for operation and mounted. 
¥ Correct slipping of the drive during transport/installation of the pump by adjusting/fixing 

the drive motor. 
 

CAUTION 

Safety protection equipment. 
Slight injury or damage to property may result. 
 

! Connect safety protection equipment and activate. 
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Ausgabe 
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5.5 Energy supply to the seepex pump 

DANGER 

Supply voltage and power frequency  
Death or serious injury will result. 

 
! Heed type plate on the pump. 
! Pay attention to manufacturerÕs directions (Chapter 14.0). 
! Pay attention to safety regulations. 

5.6 Pipe work 

5.6.1 Suction and pressure connection 

¥ Refer to the dimension drawing for the position, nominal pipe size and norm. 
¥ Heed rotational direction/direction of flow. 

 
5.6.2 Dimensioning of pipe work 

¥ Adhere to specifications regarding pressure in the pressure or suction connection. 
¥ Heed technical data (Chapter 3.0). 
¥ Nominal pipe size of suction pipe  = nominal pipe size of suction connection of pumps 

 
5.6.3 Residue-free pipe work 

NOTICE 

Damage to property through assembly residue  
No claims under guarantee if violated. 

! Keep all pipe work free of foreign objects. 
! Remove weld spatters, screws, steel chips etc. 

5.6.4 Tension-free mounting 

! Assemble pipe work and other components in a tension-free manner. 
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Commissioning/
De-commissioning

Ausgabe 
issue B / 06.01.1997 Dokument 

document OM.COM.01e Blatt 
sheet 1 (3) 

6.0 
Commissioning/De-commissioning 
 
6.1 
Engineering Data 
 
Details regarding all technical specifications and 
operating conditions are given in these operating 
instructions together with the data sheet, Point 9. 
 
To guarantee the correct assignment of documen-
tation to pump, the commission number on the  
! cover sheet 
! and data sheet of these operating instructions 
 must match the commission number stated on 
! the nameplate of the pump. 
 
6.1.1 
See Point 7.2.2 for Lubricant Chart 
 
6.2 
Preparation for Operation 
 
6.2.1 
Bearing 
 
6.2.1.1 
See Point 7.2.1.4 for pump bearing. 
 
6.2.1.2 
See manufacturer's documents, Point 10, for drive 
bearings. 
 
6.2.2 
Shaft Sealing 
 
See document OM.SEA.__,. 
 
6.2.3 
Filling Up of Suction Side to Avoid Dry Running 
at Startup 

CAUTION 
Before switching on the pump, fill the suction-sided 
pump casing with fluid so that the first rotations will 
lubricate the conveying elements immediately. A 
small quantity of fluid is sufficient for lubrication; the 
subsequent operation of the pump is self-priming, 
even if an air column up to the liquid level remains. 
 
6.2.4 
Electric/Hydraulic Connections 
 
The connections are listed in the 
appended manufacturer's documents, 
Point 10. 
 
The risk of exposure to electrical 
hazards must be ruled out. Always 
observe the safety regulations valid  
at the site of installation. 

6.2.5 
Checking Direction of Rotation 
 
The rotational direction of the pump 
determines the flow direction of the 
conveying medium. 

Flow direction 

counter-clockwise 

Flow direction 

clockwise 

Prior to commissioning the rotational direction of the 
pump must be checked for compliance with the data 
sheet specification and the rotational direction arrow 
on the type plate of the pump. 
 
6.3 
Control and Monitoring Equipment 
 
Where applicable, please refer to the associated 
documents, Point 10, for information on 
commissioning. 
 
6.3.1 
Performance Check 
 
Any optional extras must be subjected to a 
performance check in conformity with the 
specifications by seepex or other manufacturers, see 
manufacturer's documents. 
 
6.3.2 
Setting 
 
Unless already performed in the factory, setting must 
be carried out in accordance with the appended 
manufacturer's specifications, Point 10. Pay attention 
to the operating specifications in the data sheet. 
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6.4 
Equipment for Protection of Persons 
 
Machines must be fitted with mechanical 
protective devices complying with DIN EN 
809. 
 

! Moving or working parts must be 
protected against accidental contact. 

 

! However, safety considerations demand 
it be possible at all times  
to check without hindrance whether the 
shaft seal is fully functional.  
A protective guard is necessary in this 
area only if components are mounted on 
the rotating, smooth shaft. 

 

! If pumps are operated with an open 
suction flange/feed hopper, a suitable 
protective guard complying with DIN EN 
294 must be mounted. 

 

! Country-specific protective regu-lations 
must be observed at the site of 
installation. 
Prior to activation of the pump, check the 
proper function of all protective 
equipment. 

 
6.5 
Commissioning 
 
6.5.1 
Initial Startup/Re-starting 

CAUTION 
Every seepex progressive cavity pump is designed 
for the specific operating conditions documented in 
the data sheet. Commissioning is permissible only if 
the operating conditions conform with those 
indicated in the data sheet. Although the potential 
usages of the seepex pump are not confined to the 
specified operating conditions, any change in the 
original conditions must be checked and approved 
by seepex. 
 

The right to make claims under the warranty 
agreement will be annulled if operating conditions 
are changed without prior approval by seepex. 
 
6.5.2 
Avoid Dry Running of Pump 

CAUTION 
The dry running of a pump increases the friction 
between rotor and stator, quickly causing an 
unacceptably high temperature to develop on the inner 
surface of the stator. This overheating leads  
to burning of the stator material and the total  
failure of the pump. 

For this reason it is necessary to ensure that the 
suction-sided flow never dries up completely.  
If a continuous flow cannot be guaranteed for the 
plant, it is essential to fit the seepex dry running 
protection device TSE, available as an optional 
accessory. 
 
6.5.3 
Check Pressure at Suction and Pressure Flanges 
 
6.5.3.1 
Safeguard Pump Against Excessive 
Pressure at the Suction Flange 
 

The seepex pump is designed to 
operate with the pressure at the suction 
flange (suction head or inlet pressure) 
specified in the data sheet. Deviating 
pressure conditions may lead to the 
failure and/or destruction of the shaft 
seal or entire pump. 
 

For this reason the suction pressure 
specified in the data sheet must be 
guaranteed. Appropriate monitoring 
devices are oil-filled contact mano-
meters that deactivate the pump. 

 

6.5.3.2 
Safeguard Pump Against Excessive Pressure at 
the Pressure Flange 
 

The seepex pump operates according to 
the positive displacement principle. 
Operation of the pump against an 
excessive pressure caused by closed 
valves, by high pressure losses in the 
piping or by product sedimentation will 
lead to the destruction of the pump, 
drive, pipe work and/or downstream 
equipment. Every progressive cavity 
pump must therefore be protected 
against overpressure. Safety valves with 
bypass pipes or oil-filled contact 
manometers that disactivate the pump 
are appropriate protective devices. 

 

6.5.4 
Drive Engine 
 

Consult the attached manufacturer's 
operating instructions, Point 10, for 
information on commissioning the drive 
engine. 
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Commissioning/
De-commissioning

Ausgabe 
issue B / 06.01.1997 Dokument 

document OM.COM.01e Blatt 
sheet 3 (3) 

6.5.5 
Establish Clear Passage Through Pipelines 

CAUTION 
To prevent damage to the pump the unhindered flow 
of liquid must be guaranteed between the points of 
entry to and exit from the pipeline. For this reason, 
open all relevant valves etc. prior to activation of the 
pump. 
 
6.6 
De-commissioning 
 
6.6.1 
De-activation 
 

The electric connections must be 
switched off and protected against 
accidental re-activation. Observe the 
safety regulations applying to the plants.

6.6.2 
Stationary Pump 
 
The pump and all optional equipment must be 
provided with the following protection modes while at 
a standstill: 
 

- Frost protection 
- Protection against solid particle deposits 
- Protection against sedimentation of the medium 
- Corrosion protection for parts in contact with  

the medium 
 

We recommend that the pipeline and pump be 
emptied for the duration of the plant standstill. 
Following evacuation, the pump should be preserved. 
 
6.6.3 
Evacuation of the Pump 
 

The pipeline must be evacuated on the 
suction and pressure side or shut-off 
directly behind the pump connections. 
Drain any residual liquid in the pump 
casing by opening/ removing the 
screwed sealing plugs (705) and (502), 
sealing rings (706) and (503). Casings 
without screwed plug must be 
evacuated by the connection branch 
(SAG and DRS). Refer to the data 
sheet and the sectional drawing of the 
associated operating instruction, Point 
9, for information on the pump design. 
Conveying medium residues always 
remain in the rotor/ stator chambers 
and may run out during transport or 
disassembly of the pump. If conveying 
aggressive or hazardous media, 
therefore, wear appropriate protective 
gear during all installation work. 

 

6.6.4 
Disassembling the Pump 
 
Dismantle the pipe work by removing the flange bolts 
(SCH) and flange seals (DFL) or the threaded 
connections (G). 
 

Disassemble the pump together with the baseplate 
(GPU) or, as applicable, without the baseplate (GPU) 
following removal of the bolts (SCH) at the pump 
feet. 
 

Block-design pumps with direct flange-
mounted drive engine are liable to 
become unstable during disassembly. 
Stability can be restored by propping up 
the drive engine. 
 

6.6.5 
Preservation/Storage 
 
The pump must be preserved prior to storage. 
Appropriate preservation measures must be agreed 
with seepex . Always state the pump commission 
number when making inquiries. 
 

14



9.1
Demontage/

Wiedermontage
Pumpe

 

Ausgabe 
issue A / 23.01.07 Dokument 

document OM.MAI.99e Blatt 
sheet 1 (4) 

Range:  BW 
Size:   5-10 
 
9.1.1 Prepare the pump for dismantling 

DANGER 

Dangerous voltage. 
Death or serious injury will result. 

! Heed safety regulations. 
! Disconnect pump from all sources of energy.  
! Secure electrical connections against restarting. 

! Empty pipes. 
! Allow pipes to cool down. 
! Remove pipe connections (suction 

side/pressure side). 
! Heed decommissioning (Chapter 6._). 

9.1.2 Demontage 

WARNING 

Tilting or falling pump 
Injuries and/or damage to equipment.  Death or 
serious injury can result. 

! Secure the pump. 

9.1.2.1 Druckstutzen (700) Ð  Demontage 

! Dismantle pressure branches (700). 

602 606 604700

9.1.2.2 Stator (601) Ð dismantling 

Remove stator (601) from suction casing (500). 

601 500
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9.1
Demontage/

Wiedermontage
Pumpe

 

Ausgabe 
issue A / 23.01.07 Dokument 

document OM.MAI.99e Blatt 
sheet 2 (4) 

9.1.2.3 Suction Casing (500) Ð dismantling 

! Dismantle suction casing (500). 
! Remove casing gasket (501). 

500 501212210

9.1.2.4 Rotor (600)  Ð dismantling 

! Remove Rotor (600) from plug in shaft (307). 
! Dismantling of joint (G)  

- Rotating unit Ð individual parts (Chapter 9_) 

600 307G

9.1.2.5 Mechanical Seal (SEA) Ð dismantling 

! Detasch set screws (378). 
! Dismantle set collar (372), Mechanical seal 

(SEA) and mechanical seal retainer (333). 
! Dismantle shaft sealing (Chapter 9._) 

SEA378372 333

9.1.2.6 Plug in Shaft (307) Ð dismantling 

 

Tool (W26/assembly 
mandrel) 

! Remove plug in shaft pin (309) from plug in 
shaft (307) with tool (W26). 

! Remove plug in shaft (307). 

309307

W26

16



9.1
Demontage/

Wiedermontage
Pumpe

 

Ausgabe 
issue A / 23.01.07 Dokument 

document OM.MAI.99e Blatt 
sheet 3 (4) 

9.1.3 Reassembly 

WARNING 

Tilting or falling pump/pump parts 
Injuries and/or damage to equipment.  Death or series 
injury may result. 

! Secure the pump. 

CAUTION 

Danger of fingers being crushed 
Slight injury may result. 

! Do not grasp between connections. 

9.1.3.1 Plug in Shaft (307) Ð reassembly 

! Clean the flange mechanism surfaces (FLS) and 
output pivots of the drive (ANT). 

FLS

ANT

! Slide on plug in shaft (307). 
 

Tool (W26/assembly 
mandrel) 

! Insert the  plug in shaft pin (309) into the plug in 
shuft with tool (W26). 

309307 W26

9.1.3.2 Mechanical Seal (SEA) - reassembly 

 

Tool (W27/Mounting sleeve with 
assembly mandrel) 

! Gleitringdichtungs-Aufnahme (333), 
Gleitringdichtung (SEA) und Stellring (372) auf 
Steckwelle (307) schieben. 

! Secure Mechanical Seal (SEA) with tool (W27).. 

SEA372 307W27 333

! Tighten the set collar (372) with set screws (378). 

378 372
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9.1
Demontage/

Wiedermontage
Pumpe

 

Ausgabe 
issue A / 23.01.07 Dokument 

document OM.MAI.99e Blatt 
sheet 4 (4) 

Tool (W27/Mounting sleeve with 
assembly mandrel) 

! Dismantle tool (W27).. W27

9.1.3.3 Rotor (600) Ð reassembly 

! Assmble rotor (600). 
! Joint (G) reassembly  

- Rotating unit Ð individual parts (Chapter 9_). 

600 G

9.1.3.4 SauggehŠuse (500), SauggehŠusedichtung (501) Ð  reassembly 

! Provide rotor (600) with protective cover (SH).  
! Slide on  casing gasket (501). 
! Assemble and adjust the pressure casing (500) 

(water level). 

SH

500 501212210 600

9.1.3.5 Stator (601) Ð reassembly 
 

! Support rotor (600) with base (S) to prevent it falling 
down. 

! Add lubricant (liquid soap) to the opening on the 
pressure branch side between the rotor (600) and 
stator (601).  

! Turn rotor (600) in the ÒrightÓ rotating direction. 
!
!
! Add lubricant (liquid soap) to the opening on the 

pressure branch side between the rotor (600) and 
stator (601).  

! Turn Stator (601) in the ãrightÒ rotating direction and 
slide on the rotor (600). 

! Slide on the Stator (601) up to the collar of the 
pressure casing (500). 

601 500600

9.1.3.6 Suction branch (700) Ð reassembly 

! Assemble suction (700) branch. 

602 606 604700
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9.2
Rotating Unit

Individual Parts

Ausgabe 
issue A / 21.03.07 Dokument 

document OM.PJT.16e Blatt 
sheet 1 (3) 

9.2.1 Dismantling 

9.2.1.1 Dimantling of holding band (406, 407) 

CAUTION 

Danger of injury 
Possible ejection of parts. 
Slight injury or damage to property may result. 

! Wear protective goggles. 

! Detach holding band strap (SCL). 
- Use suitable tool (WM). 

! Push out strap part of holding band 
(SCL). 

! Remove holding band (406, 407). 
 

9.2.1.2 Universal joint sleeve (405) Ð dismantling 

! Pull back universal joint sleeve (405). 

 
9.2.1.3 Retaining sleeve (401) Ð dismantling 

! Knock back retaining sleeve (401). 
- Use suitable tool (WM). 

 
9.2.1.4 Detach joint 

! Eject coupling rod pins (402). 
! Remove Rotor (600). 

 

Tool (W5/ Drift) 

! Knock guide bushing (403) out with 
tool (W5). 

 

407 406 SCL WM

405

WM401

W5403

403 402

600

A
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9.2
Rotating Unit

Individual Parts

Ausgabe 
issue A / 21.03.07 Dokument 

document OM.PJT.16e Blatt 
sheet 2 (3) 

9.2.2 Rotating unit (RTE) Ð prepare individual parts for reassembly 

9.2.2.1 Rotor (600) 

! Remove existing damage. 
! Clean the rotor (600). 
 

Tool (W4/assembly 
mandrel) 

! Press in the guide bushing (403)  
- Use tool (W4). 

 

9.2.2.2 Plug-in shaft (307) 

! Remove existing damage. 
! Clean the plug-in shaft (307). 
 

Tool (W4/assembly 
mandrel) 

! Press in the guide bushing (403)  
- Use tool (W4). 

 

9.2.3 Rotating unit (RTE) Ð individual parts Ð reassembly 

HINWEIS 

Faulty functioning of joints 
Malfunctioning and/or destruction of joints. 
Damage to property may result. 

! Replace the coupling rod pins (402) and guide bushing (403) jointly. 

9.2.3.1 Rotor (600) / Plug in shaft (307) Ð reassembly 

! Slide the universal joint sleeve (405) 
onto the Rotor (600). 

! Fill the joint head with seepex joint 
grease. 

! Side on retaining sleeve (401). 

 
! Insert coupling rod pins (402). 
! Connect the Rotor (600)/plug in 

shaft(307). 
! Slide in coupling rod pins (402). 

 
! Knock the guide bushing (403) in. 

- Use tool (W5). 

Tool (W5/ Drift). 

403W4 600403

403W4 307403

307600 405 401 402

307600 405 402 403W5
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9.2
Rotating Unit

Individual Parts

Ausgabe 
issue A / 21.03.07 Dokument 

document OM.PJT.16e Blatt 
sheet 3 (3) 

9.2.3.2 Retaining sleeve (401) - reassembly 

 

Tool (W4/ assembly 
mandrel) 

! Knock back the retaining sleeve (401). 
¥ Use tool (W4). 

 

! Secure the retaining sleeve (401) in a 
displaced manner (2x180¡).  
¥ Use suitable tool (WK). 
 

Tool (W15/Mounting plate) 

! Remove tool (W15). 
 

9.2.3.3 Universal joint sleeve (405) Ð reassembly 

! Moisten the surface of the coupling rod 
(400)/ interior of the universal joint 
sleeve (405) with joint grease 
(maintenance, Chapter 7.0). 

! Slide on the universal joint sleeve 
(405). 

 

Vent the inside area of the joint. 
Use suitable tool (WS). 

 

Assemble holding band 
Holding band assembly (Chapter 9._). 

 

405600

WS405

405 406407

401 WK307

401W4
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Holding Band
Re-assembly

Ausgabe 
issue A / 23.02.1995 Dokument 

document OM.HBD.01e Blatt 
sheet 1 (2) 

Holding Band (HBD) - Assembly 
 
Tools required for the re-assembly, see document 
OM.SPT.01. 
 
¥ Prepare holding band 

 Only prefabricated double-band holding bands 
should be used. The diameter (! ) and in particular 
the breadth (b) of the holding band is matched to the 
universal joint sleeve. 

 
¥ Test holding band 

 The bent holding band (HBD) must fit against the 
holding band loop (SCL), if necessary apply 
pressure with the tool/pliers (WZ). 

 

¥ Assembly of holding band 

 Insert holding band in tool (W3/ see Point 9). Hold 
free end of holding band with control lever (EX), 
turn crank (KU) until the holding band is strained 
and fitting against the holding band loop (SCL). 
Carefully contract holding band until it fits inside the 
circular groove of the universal joint sleeve. 

 

¥ Correct holding band tension (HBD) 
 

Correct  
Holding band 
(HBD) has 
slightly con-
tracted outer 
form of 
univers-al joint 
sleeve and is 
stuck in 
position. 

Incorrect  
Holding band 
(HBD) is too 
slack and 
liable to slip. 

Incorrect  
Holding band  
(HBD) is too tight. 
Universal joint 
sleeve will be 
damaged/sheared 
off. 

 
¥ Folding back the holding band (HBD) 
 

Slowly swivel mounting tool upward by 60¡, at the 
same time slackening the crank (KU) by 
approximately one half revolution. Swivel cutting 
lever (SH) forward until the pressure plate fits 
against the holding band loop (SCL). 
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Holding Band
Re-assembly

Ausgabe 
issue A / 23.02.1995 Dokument 

document OM.HBD.01e Blatt 
sheet 2 (2) 

¥ Shearing off holding band (HBD) made of material 
AISI 304 and AISI 316 

 
A blow with the palm of the hand against the 
cutting lever (SH) causes the end of the holding 
band behind the loop (SCL) to be folded back and 
sheared off. If the holding band on the sheared off 
side is slightly raised as a result, it must be 
straightened carefully. 

CAUTION 
Never tap or hammer against the loop of the 
holding band (SCL), otherwise damage to the 
universal joint sleeve may occur. 

 

¥ Shearing off holding band (HBD) made of 
 Hastelloy C  
 

The high strength of this material makes it 
 impossible to shear off the holding band (HBD) 
 with the cutting lever (SH). Once the end of the 
 holding band is folded back, cut off the holding 
 band (HBD), file off projecting edges and remove 
 burr. 
 

¥ Check after mounting of holding band 
 
The holding band must run all the way round the 
groove of the universal joint sleeve. 

 
The holding band (HBD) must be bent back and 
sheared off at the holding band loop (SCL) in such a 
way that the holding band (HBD) is unable to slip 
back through the holding band loop (SCL). If this has 
not been accomplished, then the holding band 
(HBD) must be replaced by a new one. 
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Breakdown, 
Reasons, 

Remedies

Ausgabe 
issue A / 05.01.1995 Dokument 

document OM.REC.01e Blatt 
sheet 1 (1) 

Breakdown 
pu

m
p

ha
s

no
su

ct
io

n

pu
m

p
co

nv
ey

s
irr

eg
ul

ar
ly

th
e

co
nv

ey
in

g
ca

pa
ci

ty
is

no
ta

ch
ie

ve
d

pr
es

su
re

is
no

ta
ch

ie
ve

d

pu
m

p
do

es
no

ts
ta

rt

pu
m

p
ha

s
se

iz
ed

or
ha

s
st

op
pe

d
co

nv
ey

in
g

pu
m

p
op

er
at

es
no

is
ily

m
ot

or
be

co
m

es
to

o
w

ar
m

th
e

st
at

or
w

ea
rs

ou
te

ar
ly

sh
af

ts
ea

lin
g

le
ak

s

seepex progressive cavity pumps will operate trouble-free if they are 
used in accordance with our data sheet (see item 9) and our 
operating and maintenance instructions: 

1 2 3 4 5 6 7 8 9 10  Reasons / Remedies 

X X a
Adhesion between rotor and stator  excessive (as delivered). Lubricate 
(soft soap, genuine soap) between stator and rotor.  
Then turn the pump by means of the tool W2 . 

X b Check rotational direction of the pump per data sheet and nameplate. In 
case of wrong direction, change wiring of motor. 

X X X X X c Suction pipe or shaft sealing leak. Eliminate the leakage. 

X X X X d
Suction head too high (item 6.5.3.1). Check suction head with vacuum 
gauge. Increase the suction pipe diameter and fit larger filters. Open the 
suction valve fully. 

X X X e Viscosity of the liquid too high.  
Check and accommodate per data sheet. 

X X X f Wrong pump speed. Correct pump speed per data sheet. 

X X g Avoid inclusions of air in the conveying liquid. 

X X X X X h
Pressure head too high (point 6.5.3.2). Check pressure head with 
manometer. Reduce the pressure head by increasing the pressure pipe 
diameter or by shortening the pressure pipe. 

X X X X X i Pump runs partially or completely dry (point 6.5.2). Check flow in the 
suction chamber. Install dry running protection TSE. 

X X j
Check coupling, possibly pump shaft is misaligned to drive. Check 
whether coupling gear is worn. Realign coupling. The coupling gear has 
perhaps to be replaced. 

X X k Speed too low. Increase the speed when high suction performances are 
required and when the liquid is very thin. 

X X X l Speed too high. Reduce the speed when pumping products with high 
viscosities - danger of cavitation. 

X m Check the axial play in the coupling rod linkage. Check that the bush 
has been installed correctly see document OM.PJT.__. 

X X X X X n Check for foreign substances in the pump. Dismantle the pump, remove 
foreign substances and replace worn parts. 

X X X X o Stator or rotor worn. Dismantle the pump and replace defective parts. 

X X X X p Joint parts worn. Replace worn parts and fill with special pin joint grease 
.

X X X X q Suction pipework partially or completely blocked. Clean suction 
pipework. 

X X X X X r
Temperature of the pumping liquid too high. Excessive expansion of the 
stator. Check temperature and install rotor with diameter smaller than 
specified. 

X X X X X s Gland packing too strongly tightened or worn. Ease or tighten stuffing 
box. Replace defective packing rings. 

X X X X t Solid contents and/or size of solids too large. Reduce pump speed and 
install perhaps a screen with suitable meshes. Increase fluid share. 

X X X X u When the pump is non operational the solids settle out and become 
hard. Clear and flush the pump immediately. 

X X X X X v The liquid becomes hard when temperature falls below a certain limit. 
Heat the pump. 

X X X X w Stator swollen and unsuitable for the pumped liquid. Select a suitable 
stator material. Use perhaps rotor with diameter smaller than specified. 

X X x The bearing in the drive casing of the pump or in the drive engine is 
defective. Replace bearing. 

X y Mechanical seal defective. Check seal faces and O-rings. If necessary 
replace corresponding defective parts. 
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9.0 
Auxiliary seepex documentation 
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seepex 
Inc. 
511 Speedway Drive 
Enon, OH 45323 
Phone (937) 864-7150 
Fax (937) 864-7157 
sales@seepex.net 
www.seepex.com 

 

Data Sheet 822812 
 

seepex 
date   05/12/09  commission no.  822812 
customer   John Meunier. 
seepex job no.  2109552  item/denomination 5357/0506 item 3 
project    PO # 015382 
1 of   seepex progressive cavity pump 
   type BW 10 / A4-A7-A7-F0-GA-X 
    X=02R, 0802   
conveying product          C/289/CH 

denomination   poly aluminum silicate sulfate        
rate of solids   no advice   viscosity   no advice 
size of solids   no advice   pH-value   assumed neutral 
density   no advice   temperature   32 to 113¡F 
composition   no advise 
remarks   
performance data   nom.  min  max 
conveying capacity   5000     -     - L/h 
pump speed     541     -     - rpm 
press in press. branch     2     -     - bar 
press in suct. branch   assumed flooded  
differential pressure    2 bar  operating torque  18 lb. ft. 
required drive power   .96 Hp  starting torque   12 lb. ft.  
remarks     
technical pump data  
range     BW   kind of install.   horizontal 
size    10   direction of rot. clockwise 
pressure stage      0   pos. of branch   1 
 
component    material   design/option
suction casing    1.4308 / AISI 304   
suction connection      2Ó NPT thread 
pressure branch  1.4308 / AISI 304   
pressure connection      2Ó NPT thread 
joint     standard  standard 
joint seal    NBR Perbunan  standard 
joint grease    30321   standard 
rotor    1.4571 / AISI 316Ti standard 
stator    NBR Perbunan  standard 
seal casing   1.4308 / AISI 304 Single Acting Mechanical Seal 
seal       Burgmann MG1-G60-055-Q1Q1-VGG  
plug-in shaft   1.4571 / AISI 316Ti drilled �I28x55 
special designs   
 
 
 
 
 
 
 



 

 
Page  2 
 

Engineering: Ken Patterson  Customer Service:  Megan Gaylor 

Data Sheet 822812 
 
general operating data 
kind of operation   24 hr. /day operation 
site of installation   indoor dry atmosphere 
remarks     
drive     
type     No Gear, Direct connected AC motor 
make       ratio  i=1.0 
model         nom./ min- max 
mounting position   IEC 132 Ð B14  output speed  1160  /    -        rpm  
flange dia    200 mm  motor speed  1160 /    -        rpm 
output shaft    716/0100-007A4 frequency     60 /     -        Hz 
special     
electric motor   
manufacturer    Baldor   voltage    3 X 575 VAC 
nominal power   5 Hp  rated frequency  60 Hz. 
mounting position   B3/B14   protection   TEFC 
starting  Direct on freq. inverter  thermal class   F 
special   IEC face, Super E, model number (6 pole motor) Baldor # 37L860Y762G1 
painting  
execution    standard 
color    RAL 5013 (blue) 
remarks    
packing    
packing type    Skid 
marking    2109552 
documentation  
dimensional drawing no. 86958   operating manual  1 copy English 
sectional drawing no.   106-003_2
shaft sealing sect. View  106-0GB/0100-0-080_4
remarks    
additional accessories / special designs / remarks 
 
 
 
 
 
 
 
 
 
 
 
 









StŸckliste
Parts List

Liste des pi•ces

Ausgabe 
issue B / 04.01.08 Dokument 

document SL.106.003def Blatt 
sheet 1 (1) 

DE EN FR 
Baureihe BW range BW sŽrie BW 
Schnittzeichnung Nr. sectional drawing No. plan no. 
106-003_2 106-003_2 106-003_2 
Benennung denomination dŽsignation 

Stck. Pos. Stck. / Pos. Qty. / item QtŽ. / Poste 
2 202 HalbrundnŠgel round head pins rivet 
1 203 Typenschild type plate plaque signalique 
4 210 6kt-Schraube hexagon bolt vis 
4 212 Federring spring washer rondelle frein 
1 307 Steckwelle plug-in shaft arbre ˆ broche 
1 309 Spannstift spring pin goupille fendue 
1 330 Gleitringdichtung mechanical seal garniture mŽcanique 
1 333 GLRD-Aufnahme mechanical seal retainer logement de la garniture 

mŽcanique 
1 372 Stellring set collar anneau ajustable 
3 378 Gewindestift set screw vis sans t•te 
1 401 GelenkhŸlse retaining sleeve douille d'articulation 
1 402 Kuppelstangenbolzen coupling rod pin axe d«articulation 
2 403 FŸhrungsbuchse guide bushing douille de guidage 
1 404 Kuppelstangenbuchse coupling rod bushing chemise d«axe 
1 405 Manschette universal joint sleeve manchette 
1 406 Halteband holding band collier de serrage 
1 407 Halteband holding band collier de serrage 
1 500 DruckgehŠuse pressure casing carter de refoulement 
1 501 GehŠusedichtung casing gasket ŽtanchŽitŽ du carter de 

refoulement 
1 502 Verschlussschraube casing gasket ŽtanchŽitŽ du carter d'aspiration
1 503 Dichtring screwed plug bouchon de vidange 
1 600 Rotor rotor rotor 
1 601 Stator stator stator 
4 602 6kt-Schraube hexagon bolt vis 
4 604 Federring spring washer rondelle frein 
4 606 6kt-Mutter hexagon nut Žcrou 
1 700 Saugstutzen suction branch bride d«aspiration 

098 seepex Gelenkfett seepex joint grease seepex graisse d' articulations 
Typ und FŸllmenge: type and filling quantity: sommaire pour type et quantitŽ:
Betriebs- und 
Wartungsanleitung entnehmen 

see Operating and Maintenance 
Instruction 

voir Instructions de service et 
d'entretien 

Verschlei§teile und Dichtungen: Wear parts and sealings: pi•ces d'usure et ŽtanchŽitŽs: 
Betriebs- und 
Wartungsanleitung entnehmen 

see Operating and Maintenance 
Instruction 

voir Instructions de service et 
d'entretien 

Werkzeuge: Tools: Outils: 
Betriebs- und 
Wartungsanleitung entnehmen 

see Operating and Maintenance 
Instruction 

voir Instructions de service et 
d'entretien 





Single-Acting 
Mechanical Seal

Ausgabe 
issue A / 10.02.1995 Dokument 

document OM.SEA.02e Blatt 
sheet 2 (2) 

7.0 
Disassembly / Reassembly 
 
7.1 
Disassembly 
 
- Remove flushing connections at shaft seal housing 

(SEA). 
- Lift / displace splash ring (310) and eject plug-in 

shaft pin (309) horizontally. 
- Withdraw rotating unit (RTE) together with shaft seal 

parallel from output shaft of drive and avoid 
chocking. 

- Clean plug-in shaft (307) and remove burrs etc., 
which may damage sealing elements. Moisten plug-
in shaft (307) with slip additive (diluted fluid soap). 

- Loosen axial safety device of mechanical seal (330 
or 372) and withdraw mechanical seal (330) from 
plug-in shaft (307). 

- Remove mechanical seal housing (333) from lantern 
(200). 

- Press counter-ring of mechanical seal with o-ring out 
of mechanical seal housing (333). 

 

7.2 
Reassembly 

ATTENTION 
Mechanical seals are precision parts of high quality. 
Therefore, the installation must be effected with care. 
Gentle handling and extreme neatness are essential. 
 
- Clean mechanical seal housing (333) 
- Evenly press counter-ring with o-ring into mecha-

nical seal housing (333). To facilitate assembly, the 
o-ring should be moistened with a lubricant (diluted 
fluid soap). 

ATTENTION 
- Oil or grease must not be used to facilitate 

assembly. 
- Install mechanical seal housing (333) to lantern 

(200) and onsure correct position of flushing 
connections.  

- Remove plug-in shaft (307), burrs and roughness 
and clean the unit. 

- Check / adjust set dimension of mechanical seal on 
plug-in shaft (307). Moisten plug-in shaft (307) and 
elastomer parts of mechanical seal with lubricant 
(diluted fluid soap). 

- Slip mechanical seal onto plug-in shaft (307) as far 
as set ring. 

- Lubricate drive shaft (ANT) with antiseize graphite 
petroleum. 

- Moisten splash ring (310) and plug-in shaft (307) 
with pin joint grease, (for type, please see index) 
and slip splash ring (310) onto output shaft of drive. 
Note installating position of splash ring and refer to 
description on splash ring. 

- Move rotating unit (RTE) through mechanical seal 
housing (333) and splash ring (310) and slip splash 
ring (310) onto output shaft of drive (ANT). Push in 
plug-in shaft pin (309) in horizontal position. 

- Position of splash ring: 
Collar of splash ring shall be fitted in a distance of 
about 0.5 mm to lantern (200). 
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Wearing parts 

Ausgabe 
issue A / 23.04.2007 Dokument 

document OM.WPS.99e Blatt 
sheet 1 (1) 

Range: BW 
Sizes: 5 to 10 
 
To avoid the expenses incurred by lengthy stop periods of the pump, seepex  
recommend the acquisition of a set of wearing parts and a set of gaskets.  
The table below shows the contents of these sets. 
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Item number acc. to sectional 
drawing of pump and parts list 

Part designation Number  

Rotor  1  600 

Stator 1 1  601 

Universal joint sleeve  1  405 

Coupling rod pin  1  402 

Holding band, small 1) 2)  1  407 

Holding band, big 1)  1  406 

Casing gasket   1 501 

Sealing ring   1 503 

Mechanical seal   1 330 

Flushing ring   1 310 

Plug-in shaft 1)  -  307 

Special joint grease 
 098 1 cart. 300 gr (c. 315cm!) grease quantity 

per pin joint, see tech. specifications 1. 
Kart.  

Tool 
 Essential for assembly, see  

document OM.SPT.01 

1) see tools document OM.SPT.01 
2) only BW 10 
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OPERATING  MANUAL 
 
 

This document was drawn up observing the EC directives 
"Machinery" 98/37/EC, EN ISO 12100-2 and the German Standard VDI 4500 

 
 

 

 In case of this mechanical seal is operated in explosion area  an appropriate 
additional ope rating manual,  following EC directives 94/9/EC (ATEX 95), has 
to be observed by all means ! If required this could be ordered at BURGMANN. 

 
 

BURGMANN  MECHANICAL  SEAL (M.S.) 
 
 
Type MG1/dw-00 and versions 
 

applies to all mechanical seals of the same series 
 

dw = specified shaft diameter 
 
 
These instructions are intended for the assembly, operating and control personnel 
and should be kept at hand on site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PLEASE READ this manual carefully and OBSERVE the information contained as to: 
 

 Safety  Transport / Storage  Information about the product  
 Installation  Operation    Servicing 

 
If there are any unclear points please contact BURGMANN by all means! 
 



Operating  Manual 
MG1/dw-00 page  2 / 20 

 en   MG1/dw-00   /    June 13, 2006   Rev. 10.1  

 
Table of Contents 
 
Keywords and Symbols ...................................................................................... 3 

GENERAL  SAFETY  NOTES............................................................................ 4  

Instructions for worker's protection ..................................................................... 5 

TRANSPORT / STORAGE................................................................................. 6  

Transport ............................................................................................................ 6 
Packing and storage........................................................................................... 6 

INFORMATION  ABOUT  THE  PRODUCT....................................................... 8 

Manufacturer and country of origin ..................................................................... 8 
Declaration by the manufacturer......................................................................... 8 
Type designation ................................................................................................ 8 
Designated use................................................................................................... 8 
Operating limits................................................................................................... 9 
Materials ............................................................................................................. 9 
Drawings, diagrams............................................................................................ 9 
Versions............................................................................................................ 10 
Seat Versions ................................................................................................... 10 
Description and function ................................................................................... 11 
Required space, connecting dimensions .......................................................... 11 
Supply of M.S. .................................................................................................. 11 
Emissions ......................................................................................................... 12 

INSTALLATION ............................................................................................... 13  

Assembly utilities .............................................................................................. 13 
Preparation for assembly.................................................................................. 13 
Assembly / installation ...................................................................................... 14 

OPERATION .................................................................................................... 16 

Instructions for safe operation .......................................................................... 16 
Instructions for start up ..................................................................................... 16 

SERVICING...................................................................................................... 17 

Maintenance..................................................................................................... 17 
Directives in case of failure............................................................................... 17 
After-sales service by BURGMANN ................................................................. 18 
Reconditioning (repair) ..................................................................................... 18 
Disassembly / removal ..................................................................................... 18 
Spare parts ....................................................................................................... 19 
Required details for enquiries and orders......................................................... 19 
Disposal of the BURGMANN mechanical seal ................................................. 20 
Copyright .......................................................................................................... 20 
 
 
 



Operating  Manual 
MG1/dw-00 page  3 / 20 

 en   MG1/dw-00   /    June 13, 2006   Rev. 10.1  

 
Keywords and Symbols 
 

Following symbols for particularly important information are used: 
 
 

 
 

 
 
"Attention, please pay special attention to these sections of text" 
 

 
 DANGER!  
 

Draws attention to a direct hazard that will lead to injury or death 
of persons 
 

 
 WARNING!  
 

Draws attention to the risk that a hazard could lead to serious 
injury or death of persons 
 

 
 CAUTION!  
 

Draws attention to a hazard or unsafe method of working that 
could lead to personal injury or damage to equipment 
 

 
 ATTENTION!  
 

Identifies a potentially dangerous situation. If it is not avoided the 
product or something in its vicinity could be damaged 
 

 
 IMPORTANT!  
 

Identifies tips for use and other particularly useful information. 
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GENERAL  SAFETY  NOTES 
 

 
 

Any person being involved in assembly, disassembly, start up, operation and 
maintenance of the BURGMANN Mechanical Seal must have read and understood 
this Instruction Manual and in particular the safety notes. We recommend the user to 
have this confirmed. 

 
BURGMANN Mechanical Seals  are manufactured on a high quality level  (quality 
management EN ISO 9001: 2000) and they keep a high working reliability . Yet, if 
they are not operated  within their intended purpose  or handled inexpertly  by 
untrained personnel they may cause risks . 

 
The machine has to be set up in such a way that seal leakage can be led off and 
disposed properly and that any personal injury caused by spurting product in the 
event of a seal failure is avoided. 

 
Any operation mode that affects the operational safety  of the mechanical seal is not 
permitted. 

 
Unauthorised modifications or alterations are not permitted  as they affect the 
operational safety  of the mechanical seal. 

 
BURGMANN mechanical seals must be installed, operated, maintained, removed or 
repaired by authorised , trained and instructed personnel only.  

 
The responsibilities  for the respective jobs to be done have to be determined 
clearly and observed  in order to prevent unclear competencies from the point of 
security . 

 
Any work  to be done on the mechanical seal is generally  only permitted  when the 
seal is neither operating nor pressurised . 

 
 WARNING!  Seals that have been used with hazardous substances  must be properly 

cleaned  so that there is no possible danger  to people or to the environment. 
 

Apart from the notes given in this manual the general regulations for worker's 
protection and those for prevention of accidents  have to be observed. 
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Instructions for worker's protection 
 

 
 
 WARNING!  If the medium to be sealed  and/or the supply liquid  is subject to the 

Hazardous Substances Regulation  (GefStoffV), the instructions for handling  
dangerous substances  (safety data sheets to EU Directive 91/155/EEC) and the 
accident prevention regulations  have be observed. 

 
Medium to be sealed and/or supply medium may escape if the seal fails . Injury of 
persons and environment may be prevented by the user  providing for splash 
protection and wearing safety goggles. Care has to be taken by the user for proper 
disposal  of the leakage. The user has to control these measures. 

 
The user has to check  what effects a failure  of the mechanical seal might have and 
what safety measures have to be taken to prevent personal injury or damage to the 
environment. 
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TRANSPORT / STORAGE 
 
Transport 
 

If not specified differently by contract the BURGMANN standard packing is used 
which is suitable for dry transport by truck, train or plane. The warning signs and 
notes on the packing must be observed. 

 
In addition seaworthy packing may become necessary. 

 
Notes for income inspection: 
¥ Check packaging for visible damages. 
¥ Open packaging carefully. Do not damage or lose parts supplied separately. 
¥ Check if consignment is complete (delivery note). Inform the supplier immediately 

in writing if parts are damaged or missing. 
 

The mechanical seal has to be protected from damage during transport and storage. 
The transport case in which the seal is supplied is well suited for this purpose and 
should be kept for a possible return transport. 

 
 ATTENTION!  If the machine as well as the mechanical seal installed into the machine 

are transported together the shaft has to be protected from deflection and shocks. 
 
 
 
Packing and storage 
 

The following recommendations apply to all BURGMANN mechanical seals which 
have been supplied and stored in their undamaged original packaging , as well as 
to seals which have been installed in a machine (e.g. pump, compressor, agitator, 
etc.) but have not yet been put into operation. 

 
BURGMANN mechanical seals and spare parts are super finished and repeatedly 
tested machine elements. For the storage special conditions have to be followed. 

 
Sliding materials and elastomers are subject to material-specific and time-based 
alterations (distortion, ageing) which might reduce the full efficiency of the 
mechanical seals. Yet, this may be avoided by observing the storage instructions. 

 
For the stock keeping of elastomers special conditions are required. For all rubber-
elastic parts the rules of DIN 7716 resp. of ISO 2230-1973 (E) are valid. 

 
Conveniences for storing  of mechanical seals 
¥ dust free 
¥ moderately ventilated  
¥ constantly tempered 

!  relative air humidity below 65 %, 
!  temperature between 15 ¡C and 25 ¡C. 
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Protect  the seal from 
¥ direct exposure to heat (sun, heating) 
¥ ultraviolet light  (halogen or fluorescent lamps, sunlight, arc welding) 
¥ presence or development of ozone  (arc welding, mercury vapour lamps, high-

voltage devices, electric motors) 
"  risk of embrittlement  of elastomeric materials 

 
It has to be differentiated between: 
!  M.S. stored  in the stock room 
!  M.S. installed  in the machine, but not yet in operation. 

 
#  M.S. in the stock 

 

 IMPORTANT!  Store the seal in the original packing  lying on a flat surface . 
 

¥ Check the packaging periodically for damages. 
¥ Plastic sheet packagings with humidity indicators have to be checked every 

8 weeks. The check has to be recorded. 
"  Packings exceeding 50 % rel. humidity  values have to be sent to the manu-

facturer or the nearest BURGMANN service centre  for inspection and new 
packaging. 

 
Duly stored mechanical seal:  
¥ Latest 3 years after delivery of the mechanical seal 
¥ For reasons of safety shipment of the M.S. to BURGMANN resp. nearest 

BURGMANN service centre for 
"  Exchange of all secondary seals and springs 
"  Verification of the flatness of the faces 
"  Perhaps static pressure test. 

 
#  M.S. installed into the machine: 

 

 ATTENTION!  A preservation  of the BURGMANN mechanical seals is not allowed . 
 

Check in case of a preservation of complete machines with mechanical seals 
installed BURGMANN has to be contacted. 
¥ Do not use corrosion protection agents. 
"  Risk of deposition and possibly chemical attack of the secondary seals. 

 
Due to longer erecting times of new designed plants the period between delivery of 
the mechanical seal and on the other hand its installation and start up may exceed 
the period of 2-3 years. 

 
Latest after 3 years and in time  before the planned start-up of the plant the seal 
has to be dismantled and to be sent to the manufacturer or the nearest BURGMANN 
service centre where it can be checked and reconditioned, if necessary. 

 
Damages caused by improper storage may not  be claimed with reference to the 
warranty  on the BURGMANN company. 
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INFORMATION  ABOUT  THE  PRODUCT 
 

All technical information given is based on the results of extensive testing and on 
BURGMANN's long term practical experience. However, in view of the great diversity 
of possible applications the technical data can only be taken as being of approximate 
nature. We can only guarantee the safe and efficient functioning in individual cases if 
we have been comprehensively informed of the operating conditions to which they 
will be subject, and if this has been confirmed in a separate agreement. 

 
 
 
Manufacturer and country of origin 
 

Burgmann Industries GmbH & Co. KG 
€u§ere Sauerlacher Str. 6-10 
D - 82515  Wolfratshausen 

 

Germany 
 
 
 
Declaration by the manufacturer 

within the meaning of the EC-directive "MACHINERY" 98/37/EG 
 

A mechanical seal does not function independently . It is intended to be 
incorporated into or assembled with machinery. 

 
 
 
Type designation 
 

BURGMANN Mechanical Seal MG1/dw-00 
 
 
 
Designated use 
 

This mechanical seal is exclusively  designed for the use in the specified application. 
A different utilisation  or a utilisation going beyond the specification is considered 
contrary to its designated use  and excludes a liability by the manufacturer. 

 
Operation under conditions lying outside  those limits stated in paragraph 
"Operating limits"  is considered contrary to its designated use . 

 
Should the seal be operated  under different conditions  or at a different 
application  BURGMANN has to be asked for recognition as safe in advance . 
"  Changes  to operating conditions have to be documented. 
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Operating limits 
 
 ATTENTION!  Operating limits depend on the materials, the media to be sealed and the 

diameter of the sealing. (If there are any unclear points please contact BURGMANN.) 
 

Shaft diameter (dw) : 10 - 100 mm 
 

Pressure to be sealed (p1) : 12 bar g 
Temperature to be sealed (t1) : -20 ... 120¡ C 
Max. sliding speed  (vg) : 10 m/s 

 
Operation under several limit values simultaneously should be avoided  as higher 
loads (pressure, temperature, speed) can increase wear or lead to damage of sliding 
faces or elastomers. This could result in a shorter service life and in the risk  of a 
sudden seal failure endangering men and environment. 

 
The selection of the mechanical seal (type, suitability, materials) should be done by 
BURGMANN staff or other authorised persons. A wrong selection by unauthorised 
persons is not covered by BURGMANN's warranty . 

 
Further information about the operating conditions can be found in the BURGMANN 
assembly drawing MG1/dw-00 or in the specification sheets of the machine 
manufacturer. 

 
 
 
Materials 
 

The materials of the mechanical seal depend on the application and are fixed in the 
order. 

 
 
 
Drawings, diagrams 
 

Assembly drawing  MG1/dw-00 
 

The original assembly drawing in its latest edition (latest revision) only is decisive for 
both the design of M.S. as well as the utilisation of this manual. 

 
In the following description all figures in parentheses, e.g. (2) define the respective 
part item no. in fig. 1. The part item no. may vary from those stated in the assembly 
drawing. 
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Versions 
 
$  MG12/É 
$  MG13/É 
$  MG1S20/É 
$  RMG12/É 
 

$  MG1  MULTIPLE  M.S. 
 

The mechanical seal type MG1 can also be used as multiple mechanical seal  (also 
in combination with seal types of other series) in tandem arrangement  with quench 
(API, plan 52) or as dual mechanical seal  with barrier fluid (API, plan 53). 
Consultation with the BURGMANN company is recommended. 

 
 
 ATTENTION!  PTFE o-rings or double-PTFE-wrapped o-rings may not be used at seat 

versions without torsion lock . 
 

This operating manual applies also to the mentioned seal versions with slight 
modifications and/or to combinations with seats not stated in this manual. 

 
 
 
Seat Versions 
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Description and function 
 

 single  seal 
 unbalanced 
 bi-directional 
 stationary seat  (2) 
 o-ring (3) 
 rotating seal face  (1.1) 
 elastomeric bellow  (1.2) 
 cylindrical  single spring  (1.5) 
 no glued joints 
 materials of the sliding parts 

replaceable 
 for media containing solids (e.g. 

sewage applications) 
 rotating, torsion-free elastomeric 

bellows serving as 
!  face housing 
!  secondary sealing element 
!  drive collar 

 torque transmission from the seal face by means of "L"-rings and a rotating, 
cylindrical single spring 

 axial movability 
dw: 10 É 12 mm  ±0,5 mm 
dw: 14 É 18 mm  ±1,0 mm 
dw: 20 É 26 mm  ±1,5 mm 
dw: 28 É 100 mm  ±2,0 mm 

 
 
 
Required space, connecting dimensions 
 

The required mounting space for the mechanical seal is decisive for the design of the 
housing parts by the machine manufacturer. The connecting dimensions have to be 
checked by the machine manufacturer by means of the BURGMANN drawing before 
mounting the mechanical seal. 

 
 
 
Supply of M.S. 
 

The mechanical seal has to be constantly wetted by liquid medium. The medium to 
be sealed must not damage the M.S. neither chemically (e.g. corrosion, 
embrittlement) nor physically (e.g. erosion, abrasion). 

 
For a safe operation of the mechanical seal we recommend to apply at inboard  the 
most suitable type of circulation  described in API 610 / 682. This measure protects 
the seal cavity from deposition of solids. 

 
To operate multiple seals special supply systems are required. Please contact 
BURGMANN. 
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Emissions 
 

A mechanical seal is a dynamic seal  that cannot be free of leakage  due to physical 
and technical reasons. Seal design, manufacture tolerances, operating conditions, 
running quality of the machine, etc. mainly define the leakage value. In fact, 
compared to other sealing systems there is few leakage . 

 
 WARNING!  If the medium to be sealed  and/or the supply liquid  is subject to the 

Hazardous Substances Regulation  (GefStoffV), the instructions for handling  
dangerous substances  (safety data sheets to EU Directive 91/155/EEC) and the 
accident prevention regulations  have be observed. 

 
A possibly increased leakage during start-up will decrease to a normal quantity after 
the running-in period of the sliding faces. 

 

If this is not the case or if there are other malfunctions the mechanical seal has to be 
shut down, removed and checked for reasons of safety. 

 
The leakage can be liquid or gaseous. Its aggressiveness corresponds to that of the 
medium to be sealed. 

 
Leakage of mechanical seal at outboard side has to be drained and disposed 
properly. 

 
 IMPORTANT!  Components which may get in contact with the leakage have to be 

corrosion-resistant or have to be adequately protected. 
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INSTALLATION 
 
Assembly utilities 
 

!  ethyl alcohol 
!  cellulose-tissue (no rag, no cloth!) 
!  o-ring lifter 
!  water and washing up liquid 
!  cardboard discs 

 
 
 
Preparation for assembly 
 
 ATTENTION!  The seal should remain packed  until the following working steps have 
been completely terminated . 
 

Check the parts of the machine for: 
 

 
 

¥ chamfered  edges  
(sliding cones i.e. 2 mm / 30¡ or 
in accordance with EN 12756) 

¥ radiused transitions 
¥ mating fits  and o-ring 

surfaces: 
fine finished Rz 10 µm (= N7 = 
CLA 63) 

 

¥ Shaft surface  in the area of the mechanical seal finished according to EN 12756: 
Ra = 0.8 µm (= N6 = CLA 32). 

¥ Shoulder  or stop device for the bellows of the mech. seal to take up axial forces 
 

Check at the machine: 
¥ damage of connecting surfaces to the M.S. 
¥ mating dimensions, rectangularity and concentricity to the shaft axis. 

 
Run-out accuracy of the shaft (acc. to DIN ISO 5199): 
¥ Shaft diameters up to 50 mm:   max. 0.05 mm 
¥ Shaft diameters 50 mm - 100 mm:  max. 0.08 mm 

 
¥ Prepare the place of assembly, take away any not required tool, cuttings, dirty 

cleaning wool etc. 
 

¥ Cover the work bench with a piece of clean, non-fibrous cardboard. 
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Assembly / installation 
 

BURGMANN mechanical seals are super-finished and repeatedly tested machine 
elements whose handling during assembly in particular of sliding materials and 
elastomers requires special care during several procedures. 

 
For installation the assembly drawing of mechanical seal has to be observed. 

 
 IMPORTANT!  The mechanical seal has to be installed under the cleanest conditions and 

very carefully. 
 

¥ Unpack the seal and check seal face, seat and elastomer bellows for possible 
damages. 

"  Never place the seal faces or seats on their sliding faces without having covered 
them adequately. 

 
¥ Check before starting assembly: 

!  complete availability of all components by means of the drawing 
!  all components have to be clean and in perfect condition. 

 
¥ Sprinkle the elastomer bellows and the shaft with low-surface-tension water (add 

washing up liquid) or ethyl alcohol to decrease frictional force during assembly of 
the seal. 

 

Oil or grease  as assembly agent is not permitted in any case. 
 

 ATTENTION!  Do never force  during installation. 
 

 ATTENTION!  Avoid unnecessary rotation of the shaft (damage of the sliding faces is 
possible). 

 

 ATTENTION!  Avoid knocking the seal!  Damage to mechanical seals has an adverse 
effect on their safe operation. 

 
Possible installation order: 

 
¥ Feed the degreased  sealing element (o-ring, rubber cup) onto the seat. 

 
If present: 
¥ At the seat mark the position of the rear slot beside the sliding face. 
¥ Align the seat with the torque transmission pin. 

 

¥ Cover the sliding face of the seat with a cardboard washer  
¥ Press the seat slowly and without interruption into its position. 

"  Use plenty of water or alcohol as lubricant. 
"  Use a distance sleeve, if necessary. 

¥ Remove the cardboard washer from the sliding face. 
¥ Check the rectangular position of the seat to the shaft axis. 
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¥ Mount the seal cover with the seat installed before. 
¥ Clean the sliding faces thoroughly with ethyl alcohol and paper tissues (no fabric, 

no cloths! ). 
"  In case of material "BUKO"  (carbon graphite) wipe it until the paper tissues stay 

clean. 
"  Do not touch the sliding faces any more with bare fingers. 
"  Mount the sliding faces absolutely dry, dust-free and clean. Do not use any 

lubricants! 
 
 

 

¥ Push rotating seal unit (bellows unit) with a slow 
clockwise turn onto the shaft. 

¥ Stick to the dimensions in the assembly drawing! 
"  If necessary use a mounting sleeve. 
"  For long pushing distances add liquid several times. 

 

 
¥ Check "L" rings, spring and seal face for correct fit. 

 
¥ Mount stop device for bellows unit to take up axial forces. 
"  Stick to the dimensions in the assembly drawing by all means!  

 
¥ Further assembly of the machine in accordance with the instructions of the 

machine manufacturer. 
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OPERATION 
 
Instructions for safe operation 
 

For a single mechanical seal the pressure in the seal chamber  (stuffing box 
pressure) has to be higher than the ambient pressure at the machine at any time. 
Otherwise the machine will suck in air via the sliding faces, which will result in dry-
running  and consequent failure  of the mechanical seal. 

 
Damages due to dry-running are excluded from the warranty. 

 
During every state of operation  the mechanical seal has to be constantly wetted by 
the medium to be sealed in its liquid form , in particular when the machine is 
started  or stopped . The machine design has to be such as to take this necessity into 
consideration. 

 
If the medium to be pumped builds deposits or tends to solidify during cooling down 
or standstill of the machine the stuffing box has to be flushed with suitable clean 
liquid. The flow and the liquid should be determined by the user. 

 
If the operation limit values and the instructions given in this manual are followed a 
trouble-free operation of the mechanical seal can be expected. 

 
 
 
Instructions for start up 
 

Safety checks before start up 
¥ Torque transmission between mechanical seal and shaft duly installed 
¥ Supply connections tightened pressure-sealed 
¥ Disposal connections installed environmentally safe 

 
For a safe operation of the mechanical seal we recommend to apply at inboard  the 
most suitable type of circulation  described in API 610 / 682. This measure protects 
the seal cavity from deposition of solids. 

 
¥ Flood machine and seal cavity (stuffing box) with medium and vent thoroughly. 
!  Now the seal is ready for operation. 
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SERVICING 
 
Maintenance 
 

A correctly operated mechanical seal needs low maintenance . Wear parts, however, 
have to be replaced, if necessary. 

 
A duly operation includes a regular check of the following parameters: 
¥ Temperature 
¥ Leakage (drainage) rate of the mechanical seal 

 
An inspection of the mechanical seal should be carried out during a revision of the 
complete plant. We recommend to have this inspection be performed by responsible 
BURGMANN personnel. 

 
If the mechanical seal is removed during a revision of the plant it has to be replaced 
by a new one. 

 
 
 
Directives in case of failure 
 

Try to define the kind of failure and record it. 
 

!  In the event of excessive leakage , note changes in the leakage amount and 
switch the pump off if necessary. 

"  If a constant amount is leaking in a steady flow, the mechanical seal is damaged. 
!  In the event of a inadmissible  temperature rise , the machine has to be stopped 

for safety reasons. 
 

If there is a malfunction  which you cannot correct on your own, or if the cause of 
malfunction is not clearly recognisable please immediately contact the nearest 
BURGMANN agency , a BURGMANN service centre or the BURGMANN 
headquarters. 

 
During the warranty period  the BURGMANN mechanical seal must only be 
disassembled with approval of the manufacturer or when a representative is present. 
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After-sales service by BURGMANN 
 

BURGMANN's customer service department offers a comprehensive service 
package covering consultancy, engineering, standardisation, installation, 
commissioning as well as damage analysis right through to seminars on sealing 
technology. 

 
Addresses are listed in the known BURGMANN Design Manuals as well as in various 
other BURGMANN brochures. 

 
 

Address of headquarters: 
 

Burgmann Industries GmbH & Co. KG 
Postfach 1240 
D - 82515 Wolfratshausen 

 

Germany 
 

%  +49 (0) 81 71-23 0 
Fax  +49 (0) 81 71-23 12 14 
www.burgmann.com 

 
 
 
Reconditioning (repair) 
 

If reconditioning  is necessary, the complete seal  should be sent to the 
manufacturer , as this is the best way to find out which components can be 
reconditioned or which parts must be replaced in order to ensure an optimum 
tightness. 

 
If, for compelling reasons , a reconditioning  has to be carried out on site  (e.g. no. 
spare seal on stock, long transport, problems with customs) the seal may be repaired 
in a clean room by trained  personnel of the user under the direction of BURGMANN 
mechanics . 

 
 
 
Disassembly / removal 
 
 

 

¥ Stop the machine as instructed, allow to cool, depressurise and ensure 
that pressure cannot build up again. 

¥ Work on the M.S. is only permitted when the machine is at a standstill 
and depressurised. 

¥ There must be no product on the M.S. !  if necessary drain the 
machine and rinse it out. 

¥ Isolate the machine to prevent it starting up unexpectedly. 
¥ Comply with the safety notes (safety data sheets). 
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 IMPORTANT!  When removing, please observe by all means : 

¥ current accident prevention regulations  
¥ regulations for handli ng hazardous substances  

 
 WARNING!  Seals that have been used with hazardous substances  must be properly 

cleaned  so that there is no possible danger  to people or to the environment. 
 
 IMPORTANT!  The packaging used to transport the seal must 

¥ be identified  with the relevant hazard symbol  and 
¥ include  the safety data sheet  for the product and/or supply medium 

 
The order of disassembly to remove the mechanical seal out of the machine depends 
on the design of the machine and should be determined by the machine 
manufacturer. 

 
¥ Remove the seal in the reverse sequence as described for assembly (set up). 

 
 
 
Spare parts 
 

¥ Only BURGMANN original spare parts must be used. Otherwise 
"  Risks  of a seal failure, endangering  persons and environment. 
"  The BURGMANN guarantee for the mechanical seal lapses . 
¥ For a quick exchange a complete spare seal  should be on stock. 

 
 
 
Required details for enquiries and orders 
 

For enquiries and orders the following details are required: 
!  BURGMANN commission no. 
!  Drawing no. of M.S. MG1/dw-00  

dw = specified shaft diameter 
!  Part item no., designation, material, number of pieces with reference to the 

drawing. 
 
 

Address of headquarters product field FA 
Standard Mechanical Seals 

 

Burgmann Industries GmbH & Co. KG 
Postfach 1240 
D - 82502 Wolfratshausen 

 

Germany 
 

%  +49 (0) 81 71 - 23 0 
Fax +49 (0) 81 71 - 23 14 44 
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Disposal of the BURGMANN mechanical seal 
 

Usually, the BURGMANN mechanical seals can be easily disposed after a thorough 
cleaning. 
!  Metal parts (steels, stainless steels, non-ferrous heavy metals) divided into the 

different groups belong to scrap metal waste. 
!  Ceramic materials (synthetic carbons, ceramics, carbides) belong to waste 

products. They can be separated from their housing materials, as are 
physiologically recognised as safe. 

!  Synthetic materials/plastics (elastomers, PTFE) belong to special waste. 
 CAUTION!  Material containing fluorine must not be burnt. 
 IMPORTANT!  Some of the synthetic materials, divided into the different groups can be 

recycled. 
 
 
 
Copyright 
 

The Burgmann Industries GmbH & Co. KG (Germany) holds the copyright to this 
document. Customers and operators of mechanical seals are free to use this 
document in the preparation of their own documentation. No claims of any type or 
form can be derived in such instance. 

 
 

We reserve the right to carry out t echnical modifications of the product , even if 
they have not yet been considered in this manual. 

 
 
 
 
June 13, 2006 
Department Technical Documentation 
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Overview This manual contains general procedures that apply to Baldor Motor products.  Be sure to read and
understand the Safety Notice statements in this manual.  For your protection, do not install, operate or
attempt to perform maintenance procedures until you understand the Warning and Caution statements.  A
Warning statement indicates a possible unsafe condition that can cause harm to personnel.  A Caution
statement indicates a condition that can cause damage to equipment.

Important: This instruction manual is not intended to include a comprehensive listing of all details for all
procedures required for installation, operation and maintenance.  This manual describes general
guidelines that apply to most of the motor products shipped by Baldor.  If you have a question
about a procedure or are uncertain about any detail, Do Not Proceed.  Please contact your Baldor
distributor for more information or clarification.

Before you install, operate or perform maintenance, become familiar with the following:
! NEMA Publication MG!2, Safety Standard for Construction and guide 

for Selection, Installation and Use of Electric Motors and Generators.
! The National Electrical Code
! Local codes and Practices

Limited Warranty

1. Most Baldor products are warranted for 18 months from the date of shipment to Baldor's customer from Baldor's
district warehouse or, if applicable, from Baldor's factory. Baldor Standard-E�£ standard efficient motors are
warranted for 24 months. Standard-E is limited to three phase, general purpose, 1-200 HP ratings that fall under
the Energy Policy Act (EPAct). Baldor Super-E�£ premium efficient motors are warranted for 36 months. Baldor
IEEE841 motors are warranted for 60 months. All warranty claims must be submitted to a Baldor Service Center
prior to the expiration of the warranty period.

2. Baldor will, at its option repair or replace a motor which fails due to defects in material or workmanship during the
warranty period if:

a. the purchaser presents the defective motor at or ships it prepaid to, the Baldor plant in Fort Smith, Arkansas
or one of the Baldor Authorized Service Centers and

b. the purchaser gives written notification concerning the motor and the claimed defect including the date
purchased, the task performed by the Baldor motor and the problem encountered.

3. Baldor will not pay the cost of removal of any electric motor from any equipment, the cost of delivery to Fort Smith,
Arkansas or a Baldor Authorized Service Center, or the cost of any incidental or consequential damages resulting
from the claimed defects. (Some states do not allow the exclusion or limitation of incidental or consequential
damages, so the above exclusion may not apply to you.) Any implied warranty given by laws shall be limited to
the duration of the warranty period hereunder.  (Some states do not allow limitations on how long an implied
warranty lasts, so the above limitation may not apply to you.)

4. Baldor Authorized Service Centers, when convinced to their satisfaction that a Baldor motor developed defects in
material or workmanship within the warranty period, are authorized to proceed with the required repairs to fulfill
Baldor's warranty when the cost of such repairs to be paid by Baldor does not exceed Baldor's warranty repair
allowance.  Baldor will not pay overtime premium repair charges without prior written authorization.

5. The cost of warranty repairs made by centers other than Baldor Authorized Service Centers WILL NOT be paid
unless first authorized in writing by Baldor.

6. Claims by a purchaser that a motor is defective even when a failure results within one hour after being placed into
service are not always justified.  Therefore, Baldor Authorized Service Centers must determine from the condition
of the motor as delivered to the center whether or not the motor is defective. If in the opinion of a Baldor
Authorized Service Center, a motor did not fail as a result of defects in material or workmanship, the center is to
proceed with repairs only if the purchaser agrees to pay for such repairs. If the decision is in dispute, the
purchaser should still pay for the repairs and submit the paid invoice and the Authorized Service Center's signed
service report to Baldor for further consideration.

7. This warranty gives you specific legal rights, and you may also have other rights which vary from state to state.
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Safety Notice : This equipment contains high voltage!  Electrical shock can cause serious or fatal injury.
Only qualified personnel should attempt installation, operation and maintenance of
electrical equipment.

Be sure that you are completely familiar with NEMA publication MG!2, safety standards
for construction and guide for selection, installation and use of electric motors and
generators, the National Electrical Code and local codes and practices.  Unsafe
installation or use can cause conditions that lead to  serious or fatal injury.  Only qualified
personnel should attempt the installation, operation and maintenance of this equipment.

WARNING: Do not touch electrical connections before you first ensure that
power has been disconnected.  Electrical shock can cause serious
or fatal injury.  Only qualified personnel should attempt the
installation, operation and maintenance of this equipment.

WARNING: Be sure the system is properly grounded before applying power.
Do not apply AC power before you ensure that all grounding
instructions have been followed.  Electrical shock can cause
serious or fatal injury.  National Electrical Code and Local codes
must be carefully followed.

WARNING: Avoid extended exposure to machinery with high noise levels.  Be
sure to wear ear protective devices to reduce harmful effects to
your hearing.

WARNING: This equipment may be connected to other machinery that has
rotating parts or parts that are driven by this equipment.  Improper
use can cause serious or fatal injury.  Only qualified personnel
should attempt to install operate or maintain this equipment.

WARNING: Do not by!pass or disable protective devices or safety guards.
Safety features are designed to prevent damage to personnel or
equipment.  These devices can only provide protection if they
remain operative.

WARNING: Avoid the use of automatic reset devices if the automatic restarting
of equipment can be hazardous to personnel or equipment.

WARNING: Be sure the load is properly coupled to the motor shaft before
applying power.  The shaft key must be fully captive by the load
device.  Improper coupling can cause harm to personnel or
equipment if the load decouples from the shaft during operation.

WARNING: Use proper care and procedures that are safe during handling,
lifting, installing, operating and maintaining operations.  
Improper methods may cause muscle strain or other harm.

WARNING: Before performing any motor maintenance procedure, be sure that
the equipment connected to the motor shaft cannot cause shaft
rotation.  If the load can cause shaft rotation, disconnect the load
from the motor shaft before maintenance is performed. Unexpected
mechanical rotation of the motor parts can cause injury or motor
damage.

WARNING: Disconnect all electrical power from the motor windings and
accessory devices before disassembly of the motor.  Electrical
shock can cause serious or fatal injury.

WARNING: Do not use non UL/CSA listed explosion proof motors in the
presence of flammable or combustible vapors or dust.  These
motors are not designed for atmospheric conditions that require
explosion proof operation.
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Safety Notice   Continued

WARNING: Motors that are to be used in flammable and/or explosive
atmospheres must display the UL label on the nameplate along with
CSA listed logo.

Specific service conditions for these motors are defined in 
NFPA 70 (NEC) Article 500.

WARNING: UL Listed motors must only be serviced by UL Approved
Authorized Baldor Service Centers if these motors are to be
returned to a hazardous and/or explosive atmosphere.

Caution: To prevent premature equipment failure or damage, only qualified
maintenance personnel should perform maintenance.

Caution: Do not over-lubricate motor as this may cause premature bearing
failure.

Caution: Do not lift the motor and its driven load by the motor lifting
hardware.  The motor lifting hardware is adequate for lifting only the
motor.  Disconnect the load from the motor shaft before moving the
motor.

Caution: If eye bolts are used for lifting a motor, be sure they are securely
tightened.  The lifting direction should not exceed a 20 �q angle from
the shank of the eye bolt or lifting lug.  Excessive lifting angles can
cause damage.

Caution: To prevent equipment damage, be sure that the electrical service is
not capable of delivering more than the maximum motor rated amps
listed on the rating plate.

Caution: If a HI POT test (High Potential Insulation test) must be performed,
follow the precautions and procedure in NEMA MG1 and MG2
standards to avoid equipment damage.

If you have any questions or are uncertain about any statement or procedure, or if you
require additional information please contact your Baldor distributor or an Authorized
Baldor Service Center.
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Receiving Each Baldor Electric Motor is thoroughly tested at the factory and carefully packaged for
shipment.  When you receive your motor, there are several things you should do
immediately.

1. Observe the condition of the shipping container and report any damage
immediately to the commercial carrier that delivered your motor.

2. Verify that the part number of the motor you received is the same as the part
number listed on your purchase order.

Storage If the motor is not put into service immediately, the motor must be stored in a clean, dry
and warm location.  Several precautionary steps must be performed to avoid motor
damage during storage.

1. Use a ÒMeggerÓ periodically to ensure that the integrity of the winding insulation
has been maintained.  Record the Megger readings.  Immediately investigate
any significant drop in insulation resistance.

2. Do not lubricate bearings during storage.  Motor bearings are packed with
grease at the factory.  Excessive grease can damage insulation quality.

3. Rotate motor shaft at least 10 turns every two months during storage (more
frequently if possible). This will prevent bearing damage due to storage.

4. If the storage location is damp or humid, the motor windings must be protected
from moisture.  This can be done by applying power to the motors' space
heater (if available) while the motor is in storage.

Unpacking Each Baldor motor is packaged for ease of handling and to prevent entry of
contaminants.

1. To avoid condensation inside the motor, do not unpack until the motor has
reached room temperature.  (Room temperature is the temperature of the room
in which it will be installed).  The packing provides insulation from temperature
changes during transportation.

2. When the motor has reached room temperature, remove all protective wrapping
material from the motor.

Handling The motor should be lifted using the lifting lugs or eye bolts provided.

1. Use the lugs or eye bolts provided to lift the motor.  Never attempt to lift the
motor and additional equipment connected to the motor by this method.  The
lugs or eye bolts provided are designed to lift only the motor.  Never lift the
motor by the motor shaft or the hood of a WPII motor.

2. When lifting a WPII (Weather Proof Type 2) motor, do not lift the motor by
inserting lifting lugs into holes on top of the cooling hood.  These lugs are to be
used for hood removal only.  A spreader bar should be used to lift the motor by
the cast lifting lugs located on the motor frame.

3. If the motor must be mounted to a plate with the driven equipment such as
pump, compressor etc., it may not be possible to lift the motor alone.  For this
case, the assembly should be lifted by a sling around the mounting base.  The
entire assembly can be lifted as an assembly for installation.  Do not lift using
the motor lugs or eye bolts provided.

If the load is unbalanced (as with couplings or additional attachments)
additional slings or other means must be used to prevent tipping.  In any event,
the load must be secure before lifting.
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Overview Installation should conform to the National Electrical Code as well as local codes and
practices. When other devices are coupled to the motor shaft, be sure to install protective
devices to prevent future accidents. Some protective devices include, coupling, belt
guard, chain guard, shaft covers etc. These protect against accidental contact with
moving parts. Machinery that is accessible to personnel should provide further protection
in the form of guard rails, screening, warning signs etc.

Location It is important that motors be installed in locations that are compatible with motor
enclosure and ambient conditions. Improper selection of the motor enclosure and
ambient conditions can lead to reduced operating life of the motor.

Proper ventilation for the motor must be provided. Obstructed airflow can lead to
reduction of motor life.

1. Open Drip-Proof/WPI  motors are intended for use indoors where atmosphere is
relatively clean, dry, well ventilated and non-corrosive.

2. Totally Enclosed and WPII  motors may be installed where dirt, moisture or dust are
present and in outdoor locations.

Severe Duty, IEEE 841 and Washdown Duty enclosed motors are designed for
installations with high corrosion or excessive moisture conditions. These motors should
not be placed into an environment where there is the presence of flammable or
combustible vapors, dust or any combustible material, unless specifically designed for
this type of service.

Mounting The motor must be securely installed to a rigid foundation or mounting surface to
minimize vibration and maintain alignment between the motor and shaft load. Failure to
provide a proper mounting surface may cause vibration, misalignment and bearing
damage.

Foundation caps and sole plates are designed to act as spacers for the equipment they
support. If these devices are used, be sure that they are evenly supported by the
foundation or mounting surface.

After installation is complete and accurate alignment of the motor and load is
accomplished, the base should be grouted to the foundation to maintain this alignment.

The standard motor base is designed for horizontal or vertical mounting. Adjustable or
sliding rails are designed for horizontal mounting only. Consult your Baldor distributor or
authorized Baldor Service Center for further information.

Alignment Accurate alignment of the motor with the driven equipment is extremely important.

1. Direct Coupling
For direct drive, use flexible couplings if possible. Consult the drive or equipment
manufacturer for more information. Mechanical vibration and roughness during
operation may indicate poor alignment. Use dial indicators to check alignment. The
space between coupling hubs should be maintained as recommended by the
coupling manufacturer.

2. End!Play Adjustment
The axial position of the motor frame with respect to its load is also extremely
important. The motor bearings are not designed for excessive external axial thrust
loads. Improper adjustment will cause failure.

3. Pulley Ratio
The pulley ratio should not exceed 8:1.

4. Belt Drive
Align sheaves carefully to minimize belt wear and axial bearing loads (see End!Play
Adjustment). Belt tension should be sufficient to prevent belt slippage at rated speed
and load. However, belt slippage may occur during starting.

Caution: Do not over tension belts.

5. Sleeve bearing motors are only suitable for coupled loads.
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Doweling & Bolting After proper alignment is verified, dowel pins should be inserted through the motor feet
into the foundation. This will maintain the correct motor position should motor removal be
required. (Baldor motors are designed for doweling.)

1. Drill dowel holes in diagonally opposite motor feet in the locations provided.

2. Drill corresponding holes in the foundation.

3. Ream all holes.

4. Install proper fitting dowels.

5. Mounting bolts must be carefully tightened to prevent changes in alignment. Use a
flat washer and lock washer under each nut or bolt head to hold the motor feet
secure. Flanged nuts or bolts may be used as an alternative to washers.

Power Connection Motor and control wiring, overload protection, disconnects, accessories and grounding
should conform to the National Electrical Code and local codes and practices.

Conduit Box For ease of making connections, an oversize conduit box is provided. The box can be
rotated 360�q in 90�q increments. Auxiliary conduit boxes are provided on some motors for
accessories such as space heaters, RTD's etc.

AC Power Connect the motor leads as shown on the connection diagram located on the name plate
or inside the cover on the conduit box. Be sure the following guidelines are met:

1. AC power is within �r10% of rated voltage with rated frequency. (See motor name
plate for ratings). 
OR

2. AC power is within �r5% of rated frequency with rated voltage. 
OR

3. A combined variation in voltage and frequency of �r10% (sum of absolute values) of
rated values, provided the frequency variation does not exceed �r5% of rated
frequency.

Performance within these voltage and frequency variations are shown in Figure 2!2.

Figure 2!1 Accessory Connections 

One heater is installed in each end of motor. 
Leads for each heater are labeled H1 & H2. 
(Like numbers should be tied together).

Three thermisters are installed in windings and tied in series.
Leads are labeled T1 & T2.

Winding RTDs are installed in windings (2) per phase. 
Each set of leads is labeled W1, W2, W3, W4, W5, & W6.

* One bearing RTD is installed in Drive endplate (PUEP), leads 
are labeled RTDDE. 

* One bearing RTD is installed in Opposite Drive endplate (FREP), leads 
are labeled RTDODE.

* Note RTD may have 2-Red/1-White leads; or 2-White/1-Red Lead.
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Figure 2!2 Typical Motor Performance VS Voltage Variations
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First Time Start Up Be sure that all power to motor and accessories is off. Be sure the motor shaft is
disconnected from the load and will not cause mechanical rotation of the motor shaft.

1. Make sure that the mechanical installation is secure. All bolts and nuts are tightened
etc.

2. If motor has been in storage or idle for some time, check winding insulation integrity
with a Megger.

3. Inspect all electrical connections for proper termination, clearance, mechanical
strength and electrical continuity.

4. Be sure all shipping materials and braces (if used) are removed from motor shaft.

5. Manually rotate the motor shaft to ensure that it rotates freely.

6. Replace all panels and covers that were removed during installation.

7. Momentarily apply power and check the direction of rotation of the motor shaft.

8. If motor rotation is wrong, be sure power is off and change the motor lead
connections. Verify rotation direction before you continue.

9. Start the motor and ensure operation is smooth without excessive vibration or noise.
If so, run the motor for 1 hour with no load connected.

10. After 1 hour of operation, disconnect power and connect the load to the motor shaft.
Verify all coupling guards and protective devices are installed. Ensure motor is
properly ventilated.

Coupled Start Up This procedure assumes a coupled start up. Also, that the first time start up procedure
was successful.

1. Check the coupling and ensure that all guards and protective devices are installed.

2. Check that the coupling is properly aligned and not binding.

3. The first coupled start up should be with no load. Apply power and verify that the
load is not transmitting excessive vibration back to the motor though the coupling or
the foundation. Vibration should be at an acceptable level.

4. Run for approximately 1 hour with the driven equipment in an unloaded condition.

The equipment can now be loaded and operated within specified limits. Do not exceed
the name plate ratings for amperes for steady continuous loads.

Jogging and Repeated Starts  Repeated starts and/or jogs of induction motors generally reduce the life of the motor
winding insulation. A much greater amount of heat is produced by each acceleration or
jog than by the same motor under full load. If it is necessary to repeatedly start or jog the
motor, it is advisable to check the application with your local Baldor distributor or Baldor
Service Center.

Heating ! Duty rating and maximum ambient temperature are stated on the motor name
plate. Do not exceed these values. If there is any question regarding safe operation,
contact your local Baldor distributor or Baldor Service Center.
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WARNING: UL Listed motors must only be serviced by UL Approved
Authorized Baldor Service Centers if these motors are to be
returned to a hazardous and/or explosive atmosphere.

General Inspection Inspect the motor at regular intervals, approximately every 500 hours of operation or
every 3 months, whichever occurs first.  Keep the motor clean and the ventilation
openings clear.  The following steps should be performed at each inspection:

WARNING: Do not touch electrical connections before you first ensure that
power has been disconnected.  Electrical shock can cause serious
or fatal injury.  Only qualified personnel should attempt the
installation, operation and maintenance of this equipment.

1. Check that the motor is clean.  Check that the interior and exterior of the motor
is free of dirt, oil, grease, water, etc.  Oily vapor, paper pulp, textile lint, etc. can
accumulate and block motor ventilation.  If the motor is not properly ventilated,
overheating can occur and cause early motor failure.

2. Use a ÒMeggerÓ periodically to ensure that the integrity of the winding
insulation has been maintained.  Record the Megger readings.  Immediately
investigate any significant drop in insulation resistance.

3. Check all electrical connectors to be sure that they are tight.

Relubrication & Bearings Bearing grease will lose its lubricating ability over time, not suddenly.  The lubricating
ability of a grease (over time) depends primarily on the type of grease, the size of the
bearing, the speed at which the bearing operates and the severity of the operating
conditions.  Good results can be obtained if the following recommendations are used in
your maintenance program.

Type of Grease A high grade ball or roller bearing grease should be used.  Recommended grease for
standard service conditions is Polyrex EM (Exxon Mobil).

Equivalent and compatible greases include:
Texaco Polystar, Rykon Premium #2, Pennzoil Pen 2 Lube and Chevron SRI.

Relubrication Intervals Recommended relubrication intervals are shown in Table 3!1. It is important to realize
that the recommended intervals of Table 3!1 are based on average use.  

Refer to additional information contained in Tables 3!2, 3!3 and 3!4.

Table 3!1  Relubrication Intervals *

NEMA / (IEC) Frame Size
Rated Speed ! RPM

10000 6000 3600 1800 1200 900
Up to 210 incl. (132) ** 2700 Hrs. 5500 Hrs. 12000 Hrs. 18000 Hrs. 22000 Hrs.
Over 210 to 280 incl. (180) ** 3600 Hrs. 9500 Hrs. 15000 Hrs. 18000 Hrs.
Over 280 to 360 incl. (225) ** * 2200 Hrs. 7400 Hrs. 12000 Hrs. 15000 Hrs.
Over 360 to 5800 incl. (300) ** *2200 Hrs. 3500 Hrs. 7400 Hrs. 10500 Hrs.

* Relubrication intervals are for ball bearings.  
For vertically mounted motors and roller bearings, divide the relubrication interval by 2.

** For motors operating at speeds greater than 3600 RPM, contact Baldor for relubrication recommendations.
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Table 3!2  Service Conditions

Severity of Service Hours per day
of Operation

Ambient Temperature
Maximum

Atmospheric
Contamination

Standard 8 40�q C Clean, Little Corrosion
Severe 16 Plus 50�q C Moderate dirt, Corrosion
Extreme 16 Plus >50�q C* or 

Class H Insulation
Severe dirt, Abrasive dust, Corrosion, Heavy

Shock or Vibration
Low Temperature <-29 �q C **

* Special high temperature grease is recommended (Dow Corning DC44).  Note that Dow Corning DC44 grease does
not mix with other grease types. Thoroughly clean bearing & cavity before adding grease.

** Special low temperature grease is recommended (Aeroshell 7).

Table 3!3  Relubrication Interval Multiplier

Severity of Service Multiplier
Standard 1.0
Severe 0.5
Extreme 0.1

Low Temperature 1.0

Some motor designs use different bearings on each motor end.  This is normally indicated on the motor nameplate.  
In this case, the larger bearing is installed on the motor Drive endplate.  For best relubrication results, only use the
appropriate amount of grease for each bearing size (not the same for both).

Table 3!4  Bearings Sizes and Types

Frame Size
NEMA (IEC)

Bearing Description
(These are the ÒLargeÓ bearings (Shaft End) in each frame size)

Bearing
Weight of Grease to

add *
oz (Grams)

Volume of grease
to be added

in3 teaspoon
56 to 140 (90) 6203 0.08 (2.4) 0.15 0.5

140 (90) 6205 0.15 (3.9) 0.2 0.8
180 (100-112) 6206 0.19 (5.0) 0.3 1.0

210 (132) 6307 0.30 (8.4) 0.6 2.0
250 (160) 6309 0.47 (12.5) 0.7 2.5
280 (180) 6311 0.61 (17) 1.2 3.9
320 (200) 6312 0.76 (20.1) 1.2 4.0
360 (225) 6313 0.81 (23) 1.5 5.2
400 (250) 6316 1.25 (33) 2.0 6.6
440 (280) 6319 2.12 (60) 4.1 13.4

5000 to 5800 (315-450) 6328 4.70 (130) 9.2 30.0
5000 to 5800 (315-450) NU328 4.70 (130) 9.2 30.0
360 to 449 (225-280) NU319 2.12 (60) 4.1 13.4

AC Induction Servo
76 Frame 180 (112) 6207 0.22 (6.1) 0.44 1.4
77 Frame 210 (132) 6210 0.32 (9.0) 0.64 2.1
80 Frame  250(160) 6213 0.49 (14.0) 0.99 3.3

* Weight in grams = .005 DB
of grease to 
be added

Note: Not all bearing sizes are listed.  For intermediate bearing sizes, use the
grease volume for the next larger size bearing.
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Caution: To avoid damage to motor bearings, grease must be kept free of dirt.
For an extremely dirty environment, contact your Baldor distributor or
an authorized Baldor Service Center for additional information.

Relubrication Procedure Be sure that the grease you are adding to the motor is compatible with the grease
already in the motor.  Consult your Baldor distributor or an authorized service center if a
grease other than the recommended type is to be used.

Caution: Do not over-lubricate motor as this may cause premature bearing
failure.

With Grease Outlet Plug

1. With the motor stopped, clean all grease fittings with a clean cloth.

2. Remove grease outlet plug.

Caution: Over-lubricating can cause excessive bearing temperatures,
premature lubrication breakdown and bearing failure.

3. Add the recommended amount of grease.

4. Operate the motor for 15 minutes with grease plug removed.  
This allows excess grease to purge.

5. Re!install grease outlet plug.

Without Grease Provisions

Note: Only a Baldor authorized and UL or CSA certified service center can
disassemble a UL/CSA listed explosion proof motor to maintain it's
UL/CSA listing.

1. Disassemble the motor.

2. Add recommended amount of grease to bearing and bearing cavity.  (Bearing
should be about 1/3 full of grease and outboard bearing cavity should be about
1/2 full of grease.)

3. Assemble the motor.

Sample Relubrication Determination

Assume ! NEMA 286T (IEC 180), 1750 RPM motor driving an exhaust fan in an ambient
temperature of 43�q C and the atmosphere is moderately corrosive.

1. Table 3!1 list 9500 hours for standard conditions.

2. Table 3!2 classifies severity of service as ÒSevereÓ.

3. Table 3!4 shows that 1.2 in3 or 3.9 teaspoon of grease is to be added.

Note: Smaller bearings in size category may require reduced amounts of grease.
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Table 3!5  Troubleshooting Chart

Symptom Possible Causes Possible Solutions
Motor will not start Usually caused by line trouble, such

as, single phasing at the starter.
Check source of power.  Check overloads, fuses,
controls, etc.

Excessive humming High Voltage. Check input line connections.
Eccentric air gap. Have motor serviced at local Baldor service center.

Motor Over Heating Overload. Compare actual amps
(measured) with nameplate rating.

Locate and remove source of excessive friction in
motor or load.
Reduce load or replace with motor of greater capacity.

Single Phasing. Check current at all phases (should be approximately
equal) to isolate and correct the problem.

Improper ventilation. Check external cooling fan to be sure air is moving
properly across cooling fins.
Excessive dirt build!up on motor. Clean motor.

Unbalanced voltage. Check voltage at all phases (should be approximately
equal) to isolate and correct the problem.

Rotor rubbing on stator. Check air gap clearance and bearings.
Tighten ÒThru BoltsÓ.

Over voltage or under voltage. Check input voltage at each phase to motor.
Open stator winding. Check stator resistance at all three phases for

balance.
Grounded winding. Perform dielectric test and repair as required.
Improper connections. Inspect all electrical connections for proper

termination, clearance, mechanical strength and
electrical continuity. Refer to motor lead connection
diagram.

Bearing Over Heating Misalignment. Check and align motor and driven equipment.
Excessive belt tension. Reduce belt tension to proper point for load.
Excessive end thrust. Reduce the end thrust from driven machine.
Excessive grease in bearing. Remove grease until cavity is approximately 3/4 filled.
Insufficient grease in bearing. Add grease until cavity is approximately 3/4 filled.
Dirt in bearing. Clean bearing cavity and bearing. Repack with correct

grease until cavity is approximately 3/4 filled.
Vibration Misalignment. Check and align motor and driven equipment.

Rubbing between rotating parts and
stationary parts.

Isolate and eliminate cause of rubbing.

Rotor out of balance. Have rotor balance checked are repaired at your
Baldor Service Center.

Resonance. Tune system or contact your Baldor Service Center
for assistance.

Noise Foreign material in air gap or
ventilation openings.

Remove rotor and foreign material. Reinstall rotor.
Check insulation integrity. Clean ventilation openings.

Growling or whining Bad bearing. Replace bearing. Clean all grease from cavity and
new bearing.   Repack with correct grease until cavity
is approximately 3/4 filled.
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Suggested bearing and winding RTD setting guidelines
Most large frame AC  Baldor motors with a 1.15 service factor are designed to operate
below a Class B (80�qC) temperature rise at rated load and are built with a Class H
winding insulation system.  Based on this low temperature rise, RTD (Resistance
Temperature Detectors) settings for Class B rise should be used as a starting point.
Some motors with 1.0 service factor have Class F temperature rise.

The following tables show the suggested alarm and trip settings for RTDs.  Proper
bearing and winding RTD alarm and trip settings should be selected based on these
tables unless otherwise specified for specific applications.

If the driven load is found to operate well below the initial temperature settings under
normal conditions, the alarm and trip settings may be reduced so that an abnormal
machine load will be identified.

The temperature limits are based on the installation of the winding RTDs imbedded in
the winding as specified by NEMA.  Bearing RTDs should be installed so they are in
contact with the outer race on ball or roller bearings or in direct contact with the sleeve
bearing shell.

Winding RTDs - Temperature Limit In !C (40!C Maximum Ambient)

Motor Load
Class B Temp Rise "  80�qC

(Typical  Design) Class F Temp Rise "  105�qC Class H Temp Rise "  125�qC

Alarm Trip Alarm Trip Alarm Trip
"  Rated Load 130 140 155 165 175 185
Rated Load 
to 1.15 S.F.

140 150 160 165 180 185

Note: !  Winding RTDs are factory production installed, not from Mod-Express.
!  When Class H temperatures are used, consider bearing temperatures and relubrication requirements.

Bearing RTDs - Temperature Limit In !C (40!C Maximum Ambient)

Bearing Type
Oil or Grease

Anti-Friction Sleeve
Alarm Trip Alarm Trip

Standard* 95 100 85 95
High Temperature** 110 115 105 110

Note: *   Bearing temperature limits are for standard design motors operating at Class B temperature rise.
**  High temperature lubricants include some special synthetic oils and greases.

Greases that may be substituted that are compatible with Polyrex EM (but considered as
ÒstandardÓ lubricants) include the following: 
- Texaco Polystar - Rykon Premium #2 - Chevron SRI #2
- Mobilith SHC-100 - Pennzoil Pennzlube EM-2 - Chevron Black Pearl
- Darmex 707 - Darmex 711 - Petro-Canada Peerless LLG

See the motor nameplate for replacement grease or oil recommendation.  
Contact Baldor application engineering for special lubricants or further clarifications.



3!6 Maintenance & Troubleshooting MN400



Baldor District Offices  Baldor District Offices Baldor District Offices 



�¤ Baldor Electric Company
MN400

Printed in USA
2/07

BALDOR ELECTRIC COMPANY
World Headquarters

P.O. Box 2400  Fort Smith, AR  72901-2400
(479) 646-4711   Fax (479) 648-5792

www.baldor.com



!



seepex GmbH  
Postfach 10 15 64 
46215 Bottrop 
Scharnhšlzstra§e 344 
46240 Bottrop 
Germany 
 
Tel +49.2041.996-0 
Fax +49.2041.996-400 
info@seepex.com 
www.seepex.com 

Europe: 
 
Great Britain Austria Belgium Denmark 

seepex  
UK Ltd. 
3 Armtech Row 
Houndstone Business Park 
Yeovil Somerset BA22 8RW 
Tel+44.1935.472376 
Fax+44.1935.479836 
sales@seepex.co.uk 

seepex 
Sales Office Austria 
ObermŸllergasse 18 
A-3003 Gablitz 
Tel +43.22 31.6 10 85 
Fax +43.22 31.6 10 85 20 
hfriedl@seepex.com 

seepex 
Bureau Belgi‘/Belgique 
Dorp8B-228 
8 Bouwel 
Tel +32.14.501471 
Fax+32.14.501461 
seepex.be@seepex.com 

seepex  
Nordic AS 
BakkegŒrdsvej 411 
DK-3050 Humleb¾k 
Tel+45.49192200 
Fax+45.49193200 
info@seepex.dk 

 
France Ireland Italy Sweden 

 
seepex  
France SARL 
1,Rue Pelloutier 
F-77183 Croissy Beaubourg 
Tel+33.1.64114450 
Fax+33.1.64114469 
info.fr@seepex.com 

seepex  
Branch Office Ireland 
No 5 Arden Glas 
Portlaoise 
Co.Laois 
Tel+353.578681826 
Fax+353.578681587 
mryan@seepex.co.uk 

seepex GmbH 
Ufficio di Rappresentanza 
per l'Italia 
Piazza Luigi di Savoia,22 
20124 Milano 
Tel+39.02.36569360 
Fax+39.02.92877853 
info.it@seepex.com 

seepex 
Nordic AS 
HamndalsvŠgen 58 
S-61633 •by 
Tel +46.116 69 40 
Fax +46.116 69 41 
info@seepex.dk 

North America: 
 

The Netherlands USA 
 

seepex 
Bureau Nederland 
Maagdenburgstraat 22c 
NL-7421 ZC Deventer 
Tel +31.570.51 66 44 
Fax +31.570.51 60 77 
seepex.nl@seepex.com 

seepex 
Inc. 
511 Speedway Drive 
Enon 
Ohio 45323 
Tel +1.937.8 64 71 50 
Fax +1.937.8 64 71 57 
sales@seepex.net 

Asia: 
 
China 
 

Japan 
 

Malaysia 
 

seepex 
Pumps (Shanghai) Co., Ltd. 
Xuanzhong Rd. 399, Building 13 
Nanhui Industrial Area 
201300 Shanghai 
Tel +86.21.38 10 88 88 
Fax +86.21.38 10 88 99 
info.cn@seepex.com 
 

seepex 
Japan Co., Ltd. 
Keyaki Building 
Nakano-sakaue #101, 
2-31-5 Chuo, Nakano-ku, 
Tokyo 164-0011 
Tel +81.3 57 55 59 71 
Fax +81.3 57 55 59 72 
info.jp@seepex.com 
 

seepex 
(M) Sdn. Bhd. 
59-1, Jalan PJU 1/37 
Dataran Prima 
47301 Petaling Jaya 
Selangor Darul Ehsan 
Tel +60.3.78 80 69 51 
Fax +60.3.78 80 69 59 
seepex.m@seepex.com 

And what can we get flowing for you?  
Your nearest contact: 

More seepex sales partners in 
Europe, America, Asia, Africa 
and Oceania you will find on 
our website . Or visit www.seepex.com 



 



 
 
 Meadowbank mining Corp.  
                                                                                                                                       ACP-700R 
  Technical Data Sheet  
  Reference : NC01    
 

      
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                                                      DOSING PUMP



 



! !
!

"##$#%!!
&'()!
*++!,$##-./0!1234# !
5'6'7!8936!:*;<;!
=#>!?+!@A;BC!DE:FB+!*G!
H/%?+!@A;BC!DE:FB+!*B!
"/>#"I"##$#%)'#J !!
...)"##$#%)(6K !

!

!

!
!
!"#$%&'()*%(+*,%'(&#(%(-#**
.(/&$0-&'1(/*
2$1)$#//'3#*4%3'&5*206" *
*

!
!
!
2/'L#! ! ! ! "3M#! ! $2#""N2#!"J/L#! ! ! ! +B)G+)<GGE!

MD* * * *
*
*
!
!
!
(6KK3""36' FO6)!

722813-822815
*
P6QR!

2109552
*
*
*
*
*
*
*
*
*
*
*
*
=93"!6$#2/J3'L!/'-!K/3'J#'/'(#!3'"J2N(J36' !
3'(>N-#"!3K$62J/'J!"/S#J0!3'S62K/J36'!/'- !
3'"J2N(J36'"!S62!3'"J/>>/J36'7!(6KK3""36'3'L7!
6$#2/J3'L!/'-!K/3'J#'/'(#!6S!J9#!"##$#%!K/(93'#20) !
&J!3"!#""#'J3/>!J9#2#S62#7!J9/J!J9#!2#"$6'"3Q>#!!
"$#(3/>3"J!2#S#2"!J6!3J!Q#S62#!"J/2J3'L!/'0!!
.62T!6'!J9#!K/(93'#20!/"!.#>>!/"!$2362!J6 !
(6KK 3""36'3'L)!HNJ9#2K62#7!J93"!3'"J2N(J36'!
KN"J!/>./0"!Q#!/4/3>/Q>#!6'!"3J#)!
!



General

Ausgabe 
issue B / 02.01.2006 Dokument 

document OM.GEN.01e Blatt 
sheet 1 (2) 

1.0 
General 
 
1.1 
Application 
 
These operating instructions contain basic infor-
mation on the installation, commissioning and 
maintenance of seepex machines. Compliance with 
the work steps described in the individual sections is 
essential. 
 
1.2 
Details of the seepex machines 
 
1.2.1 
Operating Instructions 
 
The Commission Number (comm. no) assigns the 
operating instructions to a particular seepex 
machine. The operating instructions are produced in 
relation to a specific job/commission and are valid 
only for the machine whose comm. no. is identical 
with that indicated on the cover sheet and 
possessing the associated data sheet, Point 9. 
 
1.2.2 
Manufacturer 
 
The machines were manufactured by seepex. 
 
1.2.3 
Range, Size, Version 
 
of the machines are stated in the appended data 
sheet, Point 9. 
 
1.2.4 
Machine Comm. No. and Year of Construction 
 
are stated on the type plate at the machine. 
 
1.2.5 
Release Date of the Operating Instructions 
 
is stated on the cover sheet of the operating 
instructions. 
 
1.2.6 
Modifications, Notes of Modification 
 
If modifications to the machines are  
carried out in agreement with seepex, a new set  
of operating instructions will be provided, or the 
existing operating instructions will be supplemented by 
an additional sheet together with a new cover sheet. 
The date of modification and modification index will be 
noted on the new cover sheet. 

1.2.7 
EEC Machine Directive 
 
1.2.7.1 
Manufacturer's Declaration 
 
seepex Manufacturer's Declaration as required by the 
EEC Machine Directive 89/392/EEC, Appendix II B: 
 
The seepex machines delivered in accordance with 
our design are intended to be fitted in one machine or 
assembled together with other machines to form one 
machine/plant. The commissioning of the machine is 
forbidden until such a time as has been established 
that the entire machine/plant satisfies the 
requirements of the EEC Directive for Machines as 
amended 91/368/EEC and 93/44/EEC.  
 
Particular attention must be paid to the safety 
requirements specified in EN809 (s and  Equipment 
for Fluids) as well as the information in these 
operating instructions. 
 
1.2.7.2 
Declaration of Conformity 
 
seepex machines possessing no safety accessories 
do not fulfill the requirements of the EEC Machine 
Directive 89/392/EEC as amended 91/368/EEC and 
93/44/EEC. 
 
For this reason, no Declaration of Conformity as 
required by the EEC Machine Directive 89/392/EEC, 
Appendix IIA can be issued before appropriate safety 
devices have been installed/mounted on the machine 
and/or plant with due regard to the information given 
in these operating instructions. 
 
The following harmonized standards are particularly 
applicable: 
EN 809, EN292T1, EN292T2 
Applicable national standards and specifications must 
be taken into consideration. 
 
Following assessment of the conformity of the 
machine/plant with the EEC Machine Directive, 
customers may on their own initiative place on the 
full machine/plant the EEC symbol 'CE' as defined in 
Identification Directive 93/68/EEC. 

CAUTION 
This documentation must be kept available for at 
least 10 years. 
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1.2.8 
Copyright and Industrial Property Rights 
 
These operating instructions are copyrighted. The 
reproduction, in particular by photocopying, of these 
instructions is not permitted (¤¤ 54, 54 UrhG) and 
constitutes a criminal offence (¤ 106 UrhG). 
Proceedings will be instituted if the copyright is 
violated. 
 
1.2.9 
Specifications Required for Inquiries and Orders 
 
The following information must be included when 
inquiring about replacement parts or placing orders: 
- comm. no. 
- / machine type 
This information is given on the type plate mounted 
the machine. 
 
1.2.10 
Technical Data Sheet 
see Point 9. 
 
1.2.11 
Performance Data, Load Index, Power 
Consumption 
 
are indicated in the associated data sheet, Point 9. 
 
1.2.12 
Sound Pressure Level 
 
The sound pressure level and/or noise characteris-tics 
of the seepex machines are ascertained in 
accordance with DIN 45635. The measuring 
guidelines are largely identical with the international 
standards ISO 3740-1980 and ISO 3744-1981. 
 
1.2.13 
Operating Range  
 
Employment of the machine is not permissible for 
purposes other than those stated in the data sheet, 
see Point 9. seepex cannot accept liability for damage 
arising through failure to comply with this operating 
range. 
 
1.3 
Supplementary Information 
 
1.3.1 
Accessories, Optional Extras 
 
Please refer to the data sheet, Point 9. 
 

1.3.2 
Company Address, Service Addresses 
 
see Point 11 
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2.0 
Safety 
 
These operating instructions contain basic require-
ments to be observed during the installation, opera-
tion and maintenance of the machine. Therefore, the 
instructions must be read by the mechanical fitter and 
by the technical personnel/operator responsible for 
the machine prior to assembly and commissioning, 
and kept available at the operating site of the 
machine/plant at all times. 
 
Compliance is required not only with the general 
safety instructions given in this section but also with 
the detailed instructions, e.g. for private usage, given 
under the other main headings in these operating 
instructions. 
 
2.1 
Labeling of Advice in the Operating Instructions 
 
In these operating instructions safety advice whose 
non-observance could lead to danger for life or limb is 
labeled with the following general hazard symbol: 

safety symbol acc. to ISO 3864 - B.3.1 
 
Warnings regarding electric power are labeled with: 

safety symbol acc. to ISO 3864 - B.3.6 
 
Safety instructions whose non-observance could 
jeopardize the machine and its functions are labeled 
by the word 
 

CAUTION 
Always comply with instructions mounted directly on 
the machine, e.g.  
- rotational direction arrow 
- fluid connection indicators 
 
and ensure that the information remains legible. 

2.2 
Personnel Qualifications and Training 
 
Personnel charged with operation, maintenance, 
inspection and assembly must be in possession  
of the appropriate qualifications for the tasks.  
The company operating the machine must define 
exact areas of responsibility, accountabilities and 
personnel supervision schemes. Personnel lacking 
the required skills and knowledge must receive 
training and instruction. If necessary, the opera-ting 
company may commission the manufacturer/ 
supplier to conduct these training courses. Further-
more, the operating company must ensure that the 
personnel fully understand the contents of the 
operating instructions. 
 
2.3 
Dangers Resulting from Failure to Observe 
Safety Instructions 
 
Failure to comply with the safety instructions may 
lead to hazards to life and limb as well as dangers 
for the environment and the machine. Non-obser-
vance of safety instructions can invalidate the right of 
claim to damages. 
 
The following are just some examples  of possible 
dangers resulting from failure to comply with the 
safety instructions: 
 
- Failure of important machine/plant functions 
 
- Failure of prescribed methods of service and 

maintenance 
 
- Danger to life and limb due to electrical, 

mechanical and chemical influences 
 
- Danger to the environment due to the leakage  

of hazardous substances 
 
2.4 
Safety-conscious Working 
 
Always comply with the safety instructions listed in 
this document, the existing national accident 
prevention regulations and any company-internal 
work, operating and safety rules. 
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2.5 
Safety Instructions for the Operating 
Company/Machine Operator 
 
- Any potentially hazardous hot or cold machine 

parts must be provided with protection against 
accidental contact at the customer«s premises. 

 
- Protective guards for moving parts (e.g. coupling) 

must never be removed while the machine is in 
operation. 

 
- Leakages (e.g. in the shaft seal) of hazardous 

conveying liquids (e.g. explosive, toxic, hot) must 
be drained in such a way that no danger arises for 
persons or for the environment. Always observe 
the relevant statutory requirements. 

 
- The risk of exposure to electrical power must be 

eliminated (for details, see the VDE regulations, for 
example, or those of the local power supply 
company). 

 
2.6 
Safety Instructions for Maintenance, Inspection 
and Assembly Work 
 
The operator must ensure that all maintenance, 
inspection and assembly tasks are carried out by 
authorized and qualified personnel who have studied 
the operating instructions closely and become 
sufficiently familiar with the machine. 
 
As a basic rule, the machine must be brought to  
a standstill before work is carried out. Always comply 
with the de-commissioning procedure described in 
this document. 
 
Any machiness or assemblies conveying media that 
are detrimental to health must be decontaminated. 
 
Immediately following completion of work, all safety 
and protective devices must be replaced  
in position and, where applicable, re-activated. 
 
Before re-starting the machine, observe the points 
listed under the heading "Initial Startup". 
 

2.7 
Unauthorized Modification and Manufacture of 
Replacement Parts 
 
Conversions or modifications of the machine are 
permissible only in consultation with the manu-
facturers. Original manufacturer replacement parts 
and manufacturer-approved accessories enhance 
the operational safety of the machine. The usage of 
unauthorized parts may lead to the nullification of the 
manufacturer's liability for any resultant damages. 
 
2.8 
Impermissible Modes of Operation 
 
The operational safety of the machines supplied is 
warranted only for employment in accordance with 
the intended use as defined in Section 1 - General - 
of these operating instructions. Never allow the 
threshold values specified in the data sheet to be 
exceeded. 
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3.0 
Transport and Intermediate Storage 
 
3.1 
Safety Precautions 
 
Employ appropriate transport means, hoists and 
tools when transporting and storing the machine, 
always observing the safety instructions. 
 
3.2 
Transport 
 
Depending on its weight, the seepex machine must 
be transported manually or with appropriate trans-
port means. Comply with the transport instructions 
on the packing. 
 
3.3 
Unpacking 
 
The design of the packing is such that the equip-ment 
can be removed manually or, if demanded by the 
weight, by means of appropriate hoists. 
 
Any screw fittings between the machine and the 
packing must be undone. Comply with the attached 
information notices and symbols. 
 
3.4 
Intermediate Storage/Preservation 
 
Unless otherwise indicated in the data sheet, seepex 
machines are provided with preservation only for the 
duration of transport. If a long period of intermediate 
storage is foreseen before the machine is 
commissioned, it is necessary to pro-vide 
supplementary preservation. If necessary,  
the appropriate measures should be drawn up in 
consultation with seepex. 
 
Intermediate storage in extreme climatic conditions is 
permissible only for machine whose design is 
appropriate to the circumstances. If necessary, 
seepex must be consulted. 

CAUTION 
Pumps of the range MAP 
If the period from supply and subsequent storage until 
the commissioning is more than 4 weeks, the hoses 
should be dismantled, refer to Point 7. 
 
3.5 
Protection against Environmental Influences 
 
To afford protection against environmental 
influences, the intermediate storage location  
must be dry, enclosed and free from frost. 
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4. 
Description of the seepex Progressive Cavity 
Pump and Accessories 
 
4.1 
General Description, Design and Mode of Operation 
 
Like all progressive cavity pumps, seepex pumps 
belong to the rotating positive-displacement pump 
family. The characteristic attribute of these pumps is 
the special formation and arrangement of the two 
conveying elements, namely the rotor and the stator. 
 
The difference in the number of threads possessed 
respectively by the rotor and stator produces a 
chamber that opens and closes alternately in line 
with the constant turning motion of the rotor, 
effecting the continuous transportation of the 
conveying product from the suction side to the 
pressure side. 
 
The geometrical formation of the two conveying 
elements combined with the constant contact that 
exists between them result in sealing lines that effect 
an airtight seal between the suction and pressure 
side in every position of the eccentric screw, even 
when the pump is stationary. The pump owes its 
high suction capacity to this  
sealing between the suction and pressure sides. 

4.2 
Mechanical Design 
 
Please consult the sectional drawing, Point 9,  
for the mechanical design of the pump. The data 
sheet, Point 9, gives information on the design of the 
pump housing, stator, rotor and rotating components. 
 
Refer to document OM. SEA. __, for information on 
the design of the shaft seal. 
 
The data sheet, specifies details of the design of the 
drive engine. Further details are  
given in the appended manufacturer's documents, 
Point 10. 
 
4.3 
Accessories 
 
Consult the data sheet for information. 
 
4.4 
Dimensions, Weight 
 
Consult the appended dimensional drawing,  
 

4.5 
Design Variants 
 
Refer to the data sheet, Point 9, for the design of the 
seepex progressive cavity pump. Other design 
variants are possible, whereby seepex must first 
check whether a particular pump is suitable for the 
intended purpose. 
 
4.6 
Operating Site Specifications 
 
Operating site specifications are listed in the data 
sheet, Point 9. Details of the space required for 
installation, operation and maintenance are given in 
Point 5.2.1. 
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5.0 
Assembly / Installation 
 
5.1 
Mounting Tools / Hoists 
 
No special tools are required for the assembly and 
installation of the pump. 
 
The customer must check the dimensions and weight 
of the seepex progressive cavity pump to ascertain 
whether the available hoisting apparatus  
is sufficient for the assembly and fitting of the pump. 
 
5.2 
Initial Assembly 
 
5.2.1 
Inspection Prior to Commencement of Assembly 
 
5.2.1.1 
Location 
 
The place of installation for the pump must con-form 
with the site stated in the data sheet in Point 9. Any 
change of location must be checked and approved by 
seepex. 
 
5.2.1.2 
Space Requirements 
 
Customers are responsible for determining the  
space requirements; the following factors must be 
taken into consideration: 
 
! dimensions and weight of the machine 
! required transport and hoisting equipment 
! possible piping layout with allowance for the space 

allowing disassembly of the rotor as defined in 
5.2.1.3 

! freedom of movement to: 
operate the drive / 
speed regulation 
read speed and pressure indicators 
adjust a stator retensioning device, if fitted 
operate a buffer fluid supply unit, if fitted 

! space required for lubrication / renewal of 
lubricants 

! disassembly of mechanical protective devices, e.g. 
V-belt or coupling protection 

! space required for handling the mounting tools, e.g. 
sufficient wall clearance 

 

5.2.1.3 
Space Allowing Disassembly of Stator P 
 
A specific space must be allowed for exchanging the 
stator. The required dimension "P" is indicated in the 
index of these operating instructions or in the 
appended dimensional drawing, Point 9. 

CAUTION 
Ensure also that the pipe work can be dismounted at 
this location too. 
 

5.2.2 
Installation of the Fully Assembled Pump 
 
¥ Installation in conformity with data sheet 

Installation of the pump is permissible only in 
accordance with the data sheet specifications and 
the associated basic drawing, see Point 9. Any 
change in the position must be checked and 
approved by seepex. 

 
¥ Tension-free mounting of pump 

This rule applies to pumps with and without drives, 
to versions with and without baseplate, for 
mounting on the foundation or other bearing 
elements. The entire area of all bearing surfaces of 
the machine must rest on the ground. Any 
unevenness must be corrected by appropriate 
supports. 

 
! Correct seating of drives  

All drives have been aligned ready for operation 
and mounted by seepex. However, displace-ments 
may occur during transport or installation. For this 
reason, check that the alignment and fastening of 
the drive and coupling are correct. 

 
¥ Protective devices 

On completion of the assembly 
and installation work, immediately 
mount all safety and protective 
devices in their proper locations 
and set them in operation.  
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5.2.3 
Protective and Controlling Equipment 
 
Information on equipment of this nature, where fitted, 
is provided in the data sheet, Point 9. Consult the 
attached manufacturer's specifications, Point 10, for 
instructions on assembly and installation. 
 
5.2.4 
Electric Connection of Electric 
Motor and Frequency Converter 
 
The electric connections must be 
established in accordance with the 
manufacturer's specifications,  
Point 10, as well as the safety speci-
fications applying at the installation 
site. The mains voltage and 
frequency must match the ratings 
indicated on the type and rating 
plates. 

 

¥ Switch on electric motor ãdirect-on-lineÒ 
CAUTION 

An increased starting torque is necessary due  
to the clamping between the rotor and stator 
conveying elements. This means the electric motors 
that drive the progressive cavity pumps must always 
be switched on directly. As a rule,  star-delta startup 
is not possible unless special arrangements have 
been made with seepex. 

 
Three-phase cage motor  

 
Delta connection Star connection 

Terminal 
board 
 

low . . . high . . . 
. . . voltage indicated on rating plate 
 
¥ Speed regulation via frequency inverter 

When progressive cavity pumps with frequency-
controlled drives are started up problems may occur 
due to unsuitable or wrongly set frequency inverters. 
For this reason we recommend the purchase of the 
complete drive, including frequency inverter, from 
seepex, so that the frequency inverter can be tuned 
on the seepex test field along with a trial run.  

Ensure that customer-supplied frequency inverters 
comply with the starting torque and running power 
specified in the appended data sheet, Point 9. 

CAUTION 
Consult the appended document TI.FRU.01, see 
Point 9, for further information on the electric 
connection and the setting of frequency inverter 
and variable-speed motor. 

 
5.2.5 
Piping 
 
5.2.5.1 
Suction and Pressure Flanges 
 
The position, nominal width and standard of the 
suction and pressure flange of the progressive cavity 
pump are specified in the dimension drawing, Point 9, 
and data sheet, Point 9. Always observe the rotational 
direction and flow direction defined in Point 6.2.5. 
 
5.2.5.2 
Piping Dimensioning 

CAUTION 
The pipe diameters on the suction and pressure sides 
must be dimensioned in accordance with the 
customer's pressure-loss calculation in such a way 
that the pressures specified in the data sheet, Point 9, 
are not exceeded. The nominal width of the suction 
pipe should at least match that of the pump suction 
flange. 
 
5.2.5.3 
Residue-free Piping 

CAUTION 
Prior to starting up the pump, ensure that all pipelines 
are free from foreign bodies. Installation residues 
(such as weld spatter, screws, steel chips etc.) will 
lead to damage of the seepex  pump for which 
guarantee claims will not be accepted. 
 
5.2.5.4 
Tension-free Mounting 

CAUTION 
Pipelines and other components requiring to be 
connected with the pump must be mounted without 
stresses. 
 
5.2.5.5 
Fluid Connections for Optional Extras 
Consult the data sheets, Point 9, for information 
regarding the optional extras, if any, that are fitted. 
The technical description is given under Point 9. 
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6.0 
Commissioning/De-commissioning 
 
6.1 
Engineering Data 
 
Details regarding all technical specifications and 
operating conditions are given in these operating 
instructions together with the data sheet, Point 9. 
 
To guarantee the correct assignment of documen-
tation to pump, the commission number on the  
! cover sheet 
! and data sheet of these operating instructions 
 must match the commission number stated on 
! the nameplate of the pump. 
 
6.1.1 
See Point 7.2.2 for Lubricant Chart 
 
6.2 
Preparation for Operation 
 
6.2.1 
Bearing 
 
6.2.1.1 
See Point 7.2.1.4 for pump bearing. 
 
6.2.1.2 
See manufacturer's documents, Point 10, for drive 
bearings. 
 
6.2.2 
Shaft Sealing 
 
See document OM.SEA.__,. 
 
6.2.3 
Filling Up of Suction Side to Avoid Dry Running 
at Startup 

CAUTION 
Before switching on the pump, fill the suction-sided 
pump casing with fluid so that the first rotations will 
lubricate the conveying elements immediately. A 
small quantity of fluid is sufficient for lubrication; the 
subsequent operation of the pump is self-priming, 
even if an air column up to the liquid level remains. 
 
6.2.4 
Electric/Hydraulic Connections 
 
The connections are listed in the 
appended manufacturer's documents, 
Point 10. 
 
The risk of exposure to electrical 
hazards must be ruled out. Always 
observe the safety regulations valid  
at the site of installation. 

6.2.5 
Checking Direction of Rotation 
 
The rotational direction of the pump 
determines the flow direction of the 
conveying medium. 

Flow direction 

counter-clockwise 

Flow direction 

clockwise 

Prior to commissioning the rotational direction of the 
pump must be checked for compliance with the data 
sheet specification and the rotational direction arrow 
on the type plate of the pump. 
 
6.3 
Control and Monitoring Equipment 
 
Where applicable, please refer to the associated 
documents, Point 10, for information on 
commissioning. 
 
6.3.1 
Performance Check 
 
Any optional extras must be subjected to a 
performance check in conformity with the 
specifications by seepex or other manufacturers, see 
manufacturer's documents. 
 
6.3.2 
Setting 
 
Unless already performed in the factory, setting must 
be carried out in accordance with the appended 
manufacturer's specifications, Point 10. Pay attention 
to the operating specifications in the data sheet. 
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6.4 
Equipment for Protection of Persons 
 
Machines must be fitted with mechanical 
protective devices complying with DIN EN 
809. 
 

! Moving or working parts must be 
protected against accidental contact. 

 

! However, safety considerations demand 
it be possible at all times  
to check without hindrance whether the 
shaft seal is fully functional.  
A protective guard is necessary in this 
area only if components are mounted on 
the rotating, smooth shaft. 

 

! If pumps are operated with an open 
suction flange/feed hopper, a suitable 
protective guard complying with DIN EN 
294 must be mounted. 

 

! Country-specific protective regu-lations 
must be observed at the site of 
installation. 
Prior to activation of the pump, check the 
proper function of all protective 
equipment. 

 
6.5 
Commissioning 
 
6.5.1 
Initial Startup/Re-starting 

CAUTION 
Every seepex progressive cavity pump is designed 
for the specific operating conditions documented in 
the data sheet. Commissioning is permissible only if 
the operating conditions conform with those 
indicated in the data sheet. Although the potential 
usages of the seepex pump are not confined to the 
specified operating conditions, any change in the 
original conditions must be checked and approved 
by seepex. 
 

The right to make claims under the warranty 
agreement will be annulled if operating conditions 
are changed without prior approval by seepex. 
 
6.5.2 
Avoid Dry Running of Pump 

CAUTION 
The dry running of a pump increases the friction 
between rotor and stator, quickly causing an 
unacceptably high temperature to develop on the inner 
surface of the stator. This overheating leads  
to burning of the stator material and the total  
failure of the pump. 

For this reason it is necessary to ensure that the 
suction-sided flow never dries up completely.  
If a continuous flow cannot be guaranteed for the 
plant, it is essential to fit the seepex dry running 
protection device TSE, available as an optional 
accessory. 
 
6.5.3 
Check Pressure at Suction and Pressure Flanges 
 
6.5.3.1 
Safeguard Pump Against Excessive 
Pressure at the Suction Flange 
 

The seepex pump is designed to 
operate with the pressure at the suction 
flange (suction head or inlet pressure) 
specified in the data sheet. Deviating 
pressure conditions may lead to the 
failure and/or destruction of the shaft 
seal or entire pump. 
 

For this reason the suction pressure 
specified in the data sheet must be 
guaranteed. Appropriate monitoring 
devices are oil-filled contact mano-
meters that deactivate the pump. 

 

6.5.3.2 
Safeguard Pump Against Excessive Pressure at 
the Pressure Flange 
 

The seepex pump operates according to 
the positive displacement principle. 
Operation of the pump against an 
excessive pressure caused by closed 
valves, by high pressure losses in the 
piping or by product sedimentation will 
lead to the destruction of the pump, 
drive, pipe work and/or downstream 
equipment. Every progressive cavity 
pump must therefore be protected 
against overpressure. Safety valves with 
bypass pipes or oil-filled contact 
manometers that disactivate the pump 
are appropriate protective devices. 

 

6.5.4 
Drive Engine 
 

Consult the attached manufacturer's 
operating instructions, Point 10, for 
information on commissioning the drive 
engine. 
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6.5.5 
Establish Clear Passage Through Pipelines 

CAUTION 
To prevent damage to the pump the unhindered flow 
of liquid must be guaranteed between the points of 
entry to and exit from the pipeline. For this reason, 
open all relevant valves etc. prior to activation of the 
pump. 
 
6.6 
De-commissioning 
 
6.6.1 
De-activation 
 

The electric connections must be 
switched off and protected against 
accidental re-activation. Observe the 
safety regulations applying to the plants.

6.6.2 
Stationary Pump 
 
The pump and all optional equipment must be 
provided with the following protection modes while at 
a standstill: 
 

- Frost protection 
- Protection against solid particle deposits 
- Protection against sedimentation of the medium 
- Corrosion protection for parts in contact with  

the medium 
 

We recommend that the pipeline and pump be 
emptied for the duration of the plant standstill. 
Following evacuation, the pump should be preserved. 
 
6.6.3 
Evacuation of the Pump 
 

The pipeline must be evacuated on the 
suction and pressure side or shut-off 
directly behind the pump connections. 
Drain any residual liquid in the pump 
casing by opening/ removing the 
screwed sealing plugs (705) and (502), 
sealing rings (706) and (503). Casings 
without screwed plug must be 
evacuated by the connection branch 
(SAG and DRS). Refer to the data 
sheet and the sectional drawing of the 
associated operating instruction, Point 
9, for information on the pump design. 
Conveying medium residues always 
remain in the rotor/ stator chambers 
and may run out during transport or 
disassembly of the pump. If conveying 
aggressive or hazardous media, 
therefore, wear appropriate protective 
gear during all installation work. 

 

6.6.4 
Disassembling the Pump 
 
Dismantle the pipe work by removing the flange bolts 
(SCH) and flange seals (DFL) or the threaded 
connections (G). 
 

Disassemble the pump together with the baseplate 
(GPU) or, as applicable, without the baseplate (GPU) 
following removal of the bolts (SCH) at the pump 
feet. 
 

Block-design pumps with direct flange-
mounted drive engine are liable to 
become unstable during disassembly. 
Stability can be restored by propping up 
the drive engine. 
 

6.6.5 
Preservation/Storage 
 
The pump must be preserved prior to storage. 
Appropriate preservation measures must be agreed 
with seepex . Always state the pump commission 
number when making inquiries. 
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These operating instructions are valid for 
range  MD (stainless steel-design) 
size 0015-24 to 012-24 
 
7.0 
Service and Maintenance 
 
Contents 
7.1 General Instructions 
7.2 Service and Inspection 
7.3 Dismantling 
7.4 Re-assembly 
 
The sectional drawing and parts list relevant for 
Points 7.3 and 7.4 can be found in Point 9. 
 
7.1 
General Instructions 
 
A requirement for the reliable operation of any pump 
is service and maintenance in compliance with 
instructions. Maintenance personnel must therefore 
have access to these operating instructions and 
adhere to them meticulously. seepex will accept no 
liability for damages arising through non-observance 
of these operating instructions. 
 
7.2 
Maintenance and Inspection 
 
7.2.1 
Lubrication 
 
7.2.1.1 
Rotor and Stator 
 
The rotor and stator are lubricated by the conveying 
medium. 
 
7.2.1.2 
Shaft Sealing 
 
Consult document OM.SEA.__ for information on 
lubricating the shaft seal. 
 
7.2.1.3 
Pin Joint 
 
The pin joints are filled with special grease and 
lubricated for the expected duration of service. The 
seepex joint grease specified in the index of these 
operating instructions should be used exclusively for 
any required maintenance work. 

CAUTION 
Usage of other grease types will lead to premature 
joint failure and render invalid any right to claims 
under guarantee. 
 

7.2.1.4 
Bearing of the Pump/Drive Engine 
 
The bearing of the rotating pump parts is effected by 
the drive engine. Lubrication instructions are 
therefore included in the appended drive engine 
operating instructions. 

7.2.2 
Lubricant Filling Levels 
 
Details are specified in the index. 

7.2.3 
Drives and Optional Extras  

For maintenance and inspection 
specifications, see the appended 
manufacturer's documents. 

7.2.4 
Supervision during Operation 
 
7.2.4.1 
Shaft Sealing 
 
See document OM.SEA.__. 
 
7.2.4.2 
Optional Extras 
 
These must be monitored in accordance with the 
separate documents, Point 9/Point 10. 
 
7.2.4.3 
Drive Engines 
 
These must be monitored in accordance with the 
separate manufacturer's documents, Point 10. 
 
7.2.5 
Preventive Measures 
 
To avoid the expenses incurred by lengthy stop 
periods of the pump, seepex recommends the 
acquisition of a set of wearing parts and a set of 
gaskets. The contents are listed in the document 
OM.WPS.40. 
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7.3 
Dismantling the seepex Progressive Cavity Pump 
 
Tools are required for dismantling and re-assembly. 
These tools are listed in Point 9 of the document 
OM.SPT.01. 

The stator (601) and the rotating pump parts can be 
exchanged in site. The rotating pump parts can be 
dismantled as a complete rotating unit (RTE) (Point 
7.3.4) or as individual components (Point 7.3.5). 
 

Before commencing the dismantling 
of pump parts, safeguard the pump 
against tipping over or falling down  
by fastening it at the drive (ANT). 

7.3.1 
Pressure Flange (700) - Dismantling 
 
Prior to dismantling see Point 7.3.2 

CAUTION 
Pressure branch (700) is glued in place with an 
adhesive of medium strength.  
Therefore, to break the seal / adhesive compound  it 
is recommended to heat upto a maximum of 80 ¡C. 
 

7.3.2 
Stator (601) - Dismantling 
 
¥ Maintenance tip: 

Disassembly of the stator can be made consider-
ably easier by first moistening the inner surface  

 of the stator with antiseize agent (soft or liquid 
soap). Before removing the pressure flange (700), 
pour the antiseize agent into the opening between 
rotor and stator on the pressure flange side. Several 
clockwise (see Point 6.2.5) revolutions of the rotor 
will then distribute the antiseize agent over the inner 
surface of the stator and reduce the friction between 
rotor and stator considerably. 

¥ Lock drive shaft against rotation.  
CAUTION 

Stator (601) is glued in place with an adhesive of 
medium strength. Therefore, to break the seal / 
adhesive compound it is recommended to heat upto 
a maximum of 80 ¡C. Dismantling the stator (601) 
with tool (W13/see Point 9). 

 

7.3.3 
Suction Casing (500), Casing Gasket (501) - 
Dismantling 
 
Fit the rotor (600) with a protective cover (SH). 

CAUTION 
Suction casing (500) with reducing unit (529) 
Reducing unit (529) is glued in place with an 
adhesive of medium strength.  
Therefore, to break the seal /adhesive compound 
it is recommended to heat upto a maximum of 80¡C.  

Suction casing (500) without  reducing unit (529) 
 

Suction casing (500) with  reducing unit (529) 
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7.3.4 
Rotating Unit (RTE) - Dismantling 

CAUTION 
Before dismantling the rotating unit it is essential 
to comply with the specifications in document 
OM.SEA.__ Shaft Seal Dismantling, see Point 9.. 
¥ Remove flushing connections at shaft seal 

housing (SEA). 
¥ Raise/shift splash ring (310) and eject plug-in  
 shaft pin (309) in horizontal direction. 
¥ Remove rotating unit (RTE)/plug-in shaft (307), 

together with shaft seal (SEA) from output shaft of  
 the drive (ANT). See Document OM.SPT.01, in  
 Point 9 for tool (W10) used for pulling off. 
¥ See in document OM.SEA.__ for removal of the 

shaft seal (SEA) from the plug-in shaft (307). 
 

7.3.5 
Rotating Pump Parts - Dismantling 
 
7.3.5.1 
Rotor (600), Coupling Rod (400) 
 
Detach the rotor (600) and coupling rod (400) from 
the plug-in shaft (307) by dismantling the joint (G) in 
accordance with Point 7.3.6. 
 

7.3.5.2 
Plug-in Shaft (307) 
 
The plug-in shaft (307) is removed in the same way 
as the rotating unit (RTE), see Point 7.3.4. 
 

7.3.6 
Dismantling of Joint 
 
see document OM.PJT.04 Point 1. 

7.3.7 
Shaft Sealing 
 
See document OM.SEA.__ for information on 
dismantling the shaft sealing. 
 
7.3.8 
Lantern (200)/Drive (ANT) - Dismantling 
 

7.4 
Re-assembly 
 
Before commencing the re-
assembly, fasten the drive (ANT) in 
such a way that it cannot tip over or 
fall down during the re-assembly of 
the drive and all pump components.

7.4.1 
Lantern (200)/Drive (ANT) - Assembly  

Clean flange bearing surfaces (FLS), centering 
diameter and output pivot of the drive (ANT). 
 

7.4.2 
Rotating Unit (RTE) - Re-assembly 
 
The rotating unit (RTE) has been assembled in 
accordance with the description in document 
OM.PJT.04 

¥ Mount shaft seal (SEA) on plug-in shaft (307) in the 
way described in document OM.SEA.__, 

 see Point 9. 
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¥ Moisten splash ring (310) and plug-in shaft (307) 
with joint grease (see index for type) and slide 
splash ring (310) onto plug-in shaft (307), 
observing the fitting position of the splash ring, (see 
lettering on the splash ring). 

¥ Apply antiseize graphite petroleum to the output 
pivot of the drive (ANT) and slide on the rotating 
unit (RTE). Insert plug-in shaft pin (309) 
horizontally. 

¥ Splash ring position (310) 
 Outer edge of splash ring (310) has to occlude  
 with outer edge of plug-in shaft (309).  
 

7.4.3 
Rotating Pump Parts - Re-assembly 
 
Prepare main components: 
Prepare rotor (600), coupling rod (400) and  
plug-in shaft (307) as described in document 
OM.PJT.04 Point 2. to 2.3 
Joint (G) re-assembly as described in document 
OM.PJT.04 Point 3. 
 

7.4.4 
Suction Casing (500), Casing Gasket (501) - Re-
assembly 
 
Fit protective cover (SH) on rotor (600). 
Assemble casing gasket (501) and  
suction casing (500). 

CAUTION 
Install reducing unit (529) to suction casing (500)  
with an adhesive of medium strength 
 

7.4.5 
Stator (601) - Assembly / Re-assembly 
 
Maintenance tip: 
Disassembly of the stator can be facilitated con-
siderably by first moistening the inner surface of the 
stator with antiseize agent (soft or liquid soap). 
Before removing the pressure flanges (700), pour the 
antiseize agent into the opening between rotor and 
stator on the pressure flange side. Several clockwise 
(see Point 6.2.5) revolutions of the rotor will then 
distribute the antiseize agent over the inner surface 
of the stator and reduce the friction between rotor 
and stator considerably 
Lock drive (ANT) shaft against rotation.  

CAUTION 
Install external thread of stator (601) with an adhesive 
of medium strength. Turn stator (601) to the right 
using a tool (W13/see Point 9), slip it onto rotor (600) 
and screw it into the suction casing (500) at the same 
time.  
 

7.4.6 
Pressure Flange (700) - Assembly 

CAUTION 
Install pressure branch (700) with an adhesive of 
medium strength  
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1.0 
Dismantling of Joint 
 
1.1 
Holding Band (406) - Dismounting 
 
Cut through loop (SCL) of the holding band (406)  
with a metal saw.  
 
Wear protective goggles when 
squeezing out the two halves of 
the holding band loop (SCL). 
 

Remove holding band (406).  
 

1.2 
Rotor (600) - Dismantling 
 
Withdraw universal joint sleeve (405) with retaining 
sleeve (401) in coupling rod direction and fix it by 
using a special maintenance tool (W15/see 
document OM.SPT.01) 
 

¥ Separation of Joint 
 

Eject coupling rod pins (402). Pull coupling rod 
(400) out of joint top. 

 

1.3 
Universal Joint Sleeve (405) 
 

1.4 
Coupling Rod (400) 
 

1.5 
Retaining Sleeve (401) 
 
Remove retaining sleeve (401) from universal joint 
sleeve (405).  
 

2.0 
Prepare main components for Re-assembly 
 
2.1 
Rotor (600) - Preparation for Joint Assembly 
 
First remove any burr, flaws or similar defects from 
the rotor, then clean it. 
If the hole for the coupling rod pin (402) has worn 
out, a new rotor (600) has to be installed. 
 
2.2 
Coupling Rod (400) - Preparation for the Joint 
Assembly 
 
Clean coupling rod and check top drilling regarding 
wear. 

CAUTION 
If the top drilling shows wear, a new coupling rod will 
have to be used. 
 

Correct top drilling 
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2.3 
Plug-in Shaft (307) - Preparation for Joint 
Assembly 
 

Remove any burr, flaws or similar defects from the 
plug-in shaft (307), then clean it. 
If the hole for the coupling rod pin (402) has worn 
out, a new plug-in shaft (307) has to be installed. 
 
3.0 
Joint - Re-assembly 

CAUTION 
To ensure a perfect operation of the joints, coupling 
rod pins (402) and coupling rods (400) showing wear 
should be replaced. Refer to Point 2.2 
 
3.1 
Joint Grease (098) 
 

Joint head at rotor (600) and plug-in shaft (307) 
Fill joint head with joint grease (098). 
(Regarding joint grease (098) refer to index of 
operating instruction) 
 

3.2 
Coupling Rod (400) 
 

3.3 
Retaining Sleeve (401) 
 

Moisten both sides of retaining sleeve (401) with joint 
grease and insert this unit in universal joint sleeve 
(405).   
 

3.4 
Universal Joint Sleeve (405) 
 

Moisten surface of coupling rod (400) and inner 
surface of universal joint sleeve with joint grease  
Regarding joint grease (098) refer to index of 
operating instruction. 
Slip universal joint sleeve (405) with fitted retaining 
sleeves (401) onto coupling rod (400) and joint head.  

 

3.5 
Rotor (600) 
 

Push back universal joint sleeve (405) at rotor side 
towards coupling rod (400) and fix it using the 
relevant tool (W15/refer to document OM.SPT.01). 
 

Slip universal joint sleeve (405) onto joint head.  
 
3.6 
Universal Joint Sleeve - Deaeration  

Deaerate interior space of joint at the side of plug-in 
shaft and rotor using relevant tool/screw driver (WS) 
 

3.7 
Holding Band Re-assembly 
 

Mount holding band (406) using tool 
(W3/OM:SPT.01) as described in document 
OM.HBD.01. 
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Holding Band (HBD) - Assembly 
 
Tools required for the re-assembly, see document 
OM.SPT.01. 
 
¥ Prepare holding band 

 Only prefabricated double-band holding bands 
should be used. The diameter (! ) and in particular 
the breadth (b) of the holding band is matched to the 
universal joint sleeve. 

 
¥ Test holding band 

 The bent holding band (HBD) must fit against the 
holding band loop (SCL), if necessary apply 
pressure with the tool/pliers (WZ). 

 

¥ Assembly of holding band 

 Insert holding band in tool (W3/ see Point 9). Hold 
free end of holding band with control lever (EX), 
turn crank (KU) until the holding band is strained 
and fitting against the holding band loop (SCL). 
Carefully contract holding band until it fits inside the 
circular groove of the universal joint sleeve. 

 

¥ Correct holding band tension (HBD) 
 

Correct  
Holding band 
(HBD) has 
slightly con-
tracted outer 
form of 
univers-al joint 
sleeve and is 
stuck in 
position. 

Incorrect  
Holding band 
(HBD) is too 
slack and 
liable to slip. 

Incorrect  
Holding band  
(HBD) is too tight. 
Universal joint 
sleeve will be 
damaged/sheared 
off. 

 
¥ Folding back the holding band (HBD) 
 

Slowly swivel mounting tool upward by 60¡, at the 
same time slackening the crank (KU) by 
approximately one half revolution. Swivel cutting 
lever (SH) forward until the pressure plate fits 
against the holding band loop (SCL). 
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¥ Shearing off holding band (HBD) made of material 
AISI 304 and AISI 316 

 
A blow with the palm of the hand against the 
cutting lever (SH) causes the end of the holding 
band behind the loop (SCL) to be folded back and 
sheared off. If the holding band on the sheared off 
side is slightly raised as a result, it must be 
straightened carefully. 

CAUTION 
Never tap or hammer against the loop of the 
holding band (SCL), otherwise damage to the 
universal joint sleeve may occur. 

 

¥ Shearing off holding band (HBD) made of 
 Hastelloy C  
 

The high strength of this material makes it 
 impossible to shear off the holding band (HBD) 
 with the cutting lever (SH). Once the end of the 
 holding band is folded back, cut off the holding 
 band (HBD), file off projecting edges and remove 
 burr. 
 

¥ Check after mounting of holding band 
 
The holding band must run all the way round the 
groove of the universal joint sleeve. 

 
The holding band (HBD) must be bent back and 
sheared off at the holding band loop (SCL) in such a 
way that the holding band (HBD) is unable to slip 
back through the holding band loop (SCL). If this has 
not been accomplished, then the holding band 
(HBD) must be replaced by a new one. 
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seepex progressive cavity pumps will operate trouble-free if they are 
used in accordance with our data sheet (see item 9) and our 
operating and maintenance instructions: 

1 2 3 4 5 6 7 8 9 10  Reasons / Remedies 

X X a
Adhesion between rotor and stator  excessive (as delivered). Lubricate 
(soft soap, genuine soap) between stator and rotor.  
Then turn the pump by means of the tool W2 . 

X b Check rotational direction of the pump per data sheet and nameplate. In 
case of wrong direction, change wiring of motor. 

X X X X X c Suction pipe or shaft sealing leak. Eliminate the leakage. 

X X X X d
Suction head too high (item 6.5.3.1). Check suction head with vacuum 
gauge. Increase the suction pipe diameter and fit larger filters. Open the 
suction valve fully. 

X X X e Viscosity of the liquid too high.  
Check and accommodate per data sheet. 

X X X f Wrong pump speed. Correct pump speed per data sheet. 

X X g Avoid inclusions of air in the conveying liquid. 

X X X X X h
Pressure head too high (point 6.5.3.2). Check pressure head with 
manometer. Reduce the pressure head by increasing the pressure pipe 
diameter or by shortening the pressure pipe. 

X X X X X i Pump runs partially or completely dry (point 6.5.2). Check flow in the 
suction chamber. Install dry running protection TSE. 

X X j
Check coupling, possibly pump shaft is misaligned to drive. Check 
whether coupling gear is worn. Realign coupling. The coupling gear has 
perhaps to be replaced. 

X X k Speed too low. Increase the speed when high suction performances are 
required and when the liquid is very thin. 

X X X l Speed too high. Reduce the speed when pumping products with high 
viscosities - danger of cavitation. 

X m Check the axial play in the coupling rod linkage. Check that the bush 
has been installed correctly see document OM.PJT.__. 

X X X X X n Check for foreign substances in the pump. Dismantle the pump, remove 
foreign substances and replace worn parts. 

X X X X o Stator or rotor worn. Dismantle the pump and replace defective parts. 

X X X X p Joint parts worn. Replace worn parts and fill with special pin joint grease 
.

X X X X q Suction pipework partially or completely blocked. Clean suction 
pipework. 

X X X X X r
Temperature of the pumping liquid too high. Excessive expansion of the 
stator. Check temperature and install rotor with diameter smaller than 
specified. 

X X X X X s Gland packing too strongly tightened or worn. Ease or tighten stuffing 
box. Replace defective packing rings. 

X X X X t Solid contents and/or size of solids too large. Reduce pump speed and 
install perhaps a screen with suitable meshes. Increase fluid share. 

X X X X u When the pump is non operational the solids settle out and become 
hard. Clear and flush the pump immediately. 

X X X X X v The liquid becomes hard when temperature falls below a certain limit. 
Heat the pump. 

X X X X w Stator swollen and unsuitable for the pumped liquid. Select a suitable 
stator material. Use perhaps rotor with diameter smaller than specified. 

X X x The bearing in the drive casing of the pump or in the drive engine is 
defective. Replace bearing. 

X y Mechanical seal defective. Check seal faces and O-rings. If necessary 
replace corresponding defective parts. 
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Data Sheet 822813-822815          Page 1          
  

seepex 
date   05/12/09  commission no.  822813-822815 
customer   John Meunier 
seepex job no.  2109552  item/denomination  5357/0500 item 3 
project   P.O. 015382 
3 of    seepex progressive cavity pump 
   type MD 012-12 / A6-A7-A7-F0-GA-X  
    X = 0802, 17T, 20A7 
conveying product          C.289.CH 
denomination   Poly Aluminum Silicate Sulphate 
rate of solids   no advice  viscosity   ass < 500 cPs 
size of solids   no advice  pH-value   ass. 5 Ð 9  
specific gravity  ass. 1.0   temperature   32 Ð 113 F 
composition   no advice 
remarks   
performance data   nom.  min  max 
conveying capacity      -    9    87 l/h 
pump speed       -   25   242      rpm 
press in press. branch      -   30    30 psig 
press in suct. branch   flooded suction ass. 
differential pressure   30 psi operating torque  1 lb. ft. 
required drive power   0.01 Hp starting torque   8 lb. ft.  
remarks     
technical pump data  
range     MD   kind of install.   horizontal 
size    012   direction of rot. counter clockwise 
pressure stage    12   pos. of branch   1 
 
component    material   design/option  
lantern     steel St 37-2  standard 
suction casing    1.4408 / 316  standard 
suction connection      1Ó NPT 
pressure branch  1.4408 / 316   
pressure connection      1/2Ó NPT 
joint     standard  standard 
grease    30321 
joint seal    NBR - Perbunan    
coupling rod    1.6582   standard 
rotor    1.4571 / 316Ti  standard 
stator    NBR - Perbunan TSE Design / Stainless steel sleeve 
o-ring     FPM - Viton 
mechanical seal casing  1.4571 / 316Ti  Single Acting Mechanical Seal 
mechanical seal      Burgmann MG1-025/G60 AQ1 VGG 
plug-in shaft    1.4571 / 316Ti  drilled �I19x35 
special designs  TSE controller and pump end components 
 
 
 

 
 

Inc.  
 
 
 

seepex 
Inc. 
511 Speedway Drive 
Enon, OH 45323 
Phone (937) 864-7150 
Fax (937) 864-7157 
sales@seepex.net 
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general operating data 
kind of operation   continuous operation - 8 h/day 
site of installation   indoor dry atmosphere 
remarks     
drive  
type     Gearbox 
make    Nord   ratio   i=11.27 
model    SK02XF-56C    nom.  / min- max 
mounting position   B3/B5   output speed    155   /  25 -  242        rpm  
flange dia    120 mm  motor speed  1750  /  282 - 2727        rpm 
output shaft    716/M120-002C4 frequency      60  /    8  -   78          Hz 
electric motor  
manufacturer    Marathon  voltage    3x 575 VAC 
nominal power   1/2 Hp   rated frequency  60 Hz. 
mounting position   B5   protection   IP55 
starting    direct at freq inv. thermal class   F    
special    Black Max Y555 (56H17T5311); Frame Size 56C  
dry running protection device  
model     TSE Ð 115 VAC  voltage   110-115 VAC / 50/60 Hz.  
delivery scope         
remarks   TSE with NPT connections  
painting  
execution    standard 
color    Blue (RAL 5013) 
remarks    
packing 
packing type    Box 
marking    2109552 
documentation  
dimensional drawing no. 100116    operating manual  1 copy English  
sectional drawing no.   103-007_2 
shaft sealing sect. view  103-0GB/M120-0-129A4 
remarks    
additional accessories / special designs / remarks 
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Mechanical Seal
General, Safety, 

Emissions

Ausgabe 
issue B / 24.01.2006 Dokument 

document OM.SEA.12e Blatt 
sheet 1 (1) 

1.  
General 
 
¥ Please take the appertaining drawing from 

respective pump data sheet. 
 
¥ The mechanical seal is suitable for the operating 

conditions indicated in the pump data sheet. 
Modifications are only admissible after the customer 
has consulted with seepex . Additionally, attention 
must be paid to the manufacturerÕs operating 
manual. 

 
2. 
Safety 
 
Any mode of operation impairing the operating safety 
of the mechanical seal has to be avoided. 
 
The operator is advised to consider the possible 
effects on the environment which could be caused by 
a defective mechanical seal and what additional 
measures must be taken to protect the environment 
and the public. 
 
The pump must be mounted and operated in such  
a way that operation with a defective mechanical seal 
will not result in injury or harm to the public and that 
any leakage can be safely and properly dealt with. 
 
Mechanical seals are often used to seal hazardous 
material (chemicals, drugs, etc.). It is essential that 
rules pertaining to the handling of hazardous 
materials are adhered to. 
 
Modifications effected by the customer himself and 
changes influencing the safety of the mechanical seal 
are not allowed. 
 
3. 
Emissions 
 
A mechanical seal is a dynamic seal and leakage is 
unavoidable. 

ATTENTION 
Components that may contact leakage must be 
resistant to corrosion or be protected accordingly. 
 
Mechanical seal leakage must be drained in a safe 
and proper manner. 
 



Single-Acting 
Mechanical Seal

Ausgabe 
issue B / 04.01.2006 Dokument 

document OM.SEA.02e Blatt 
sheet 1 (2) 

1.0 
General 
 
¥ Please take the appertaining drawing from 

respective pump data sheet. 

¥ The mechanical seal is suitable for the operating 
conditions indicated in the pump data sheet. 
Modifications are only admissible after the customer 
has consulted with seepex. Additionally, attention 
must be paid to the manufacturerÕs operating 
manual. 

 
2.0 
Safety 

Any mode of operation impairing the operating safety 
of the mechanical seal has to be avoided. 

The operator is advised to consider the possible 
effects on the environment which could be caused by 
a defective mechanical seal and what additional 
measures must be taken to protect the environment 
and the public. 

The pump must be mounted and operated in such  
a way that operation with a defective mechanical seal 
will not result in injury or harm to the public and that 
any leakage can be safely and properly dealt with. 

Mechanical seals are often used to seal hazardous 
material (chemicals, drugs, etc.). It is essential that 
rules pertaining to the handling of hazardous 
materials are adhered to. 

Modifications effected by the customer himself and 
changes influencing the safety of the mechanical seal 
are not allowed. 
 
3.0 
Emissions 
 
A mechanical seal is a dynamic seal and leakage is 
unavoidable. 

ATTENTION 
Components that may contact leakage must be 
resistant to corrosion or be protected accordingly. 

Mechanical seal leakage must be drained in a safe 
and proper manner. 
 

4.0 
Flushing or circulation of single-acting 
mechanical seals 
 
Single-acting mechanical seals contacting the con-
veying liquid require no additional flushing or a 
circulation pipe because sufficient flushing and heat 
exchange occurs around the seal due to the 
conveying liquid. 

However, in particular cases, a direct flushing pipe 
can be installed into the flushing connection on the 
mechanical seal housing. 
 
5.0 
Commissioning 
 
Regardless of the pump's operating status, the con-
veying medium to be sealed must always be in liquid 
form at the mechanical seal. This particularly applies 
to the pump's commissioning and its placing out of 
service. 
 
6.0 
Maintenance 
 
When operating the pump according to the instruc-
tions, no maintenance is required. 
 



Single-Acting 
Mechanical Seal

Ausgabe 
issue B / 04.01.2006 Dokument 

document OM.SEA.02e Blatt 
sheet 2 (2) 

7.0 
Disassembly / Reassembly 
 
7.1 
Disassembly 
 
- Remove flushing connections at shaft seal housing 

(SEA). 
- Lift / displace splash ring (310) and eject plug-in 

shaft pin (309) horizontally. 
- Withdraw rotating unit (RTE) together with shaft seal 

parallel from output shaft of drive and avoid 
chocking. 

- Clean plug-in shaft (307) and remove burrs etc., 
which may damage sealing elements. Moisten plug-
in shaft (307) with slip additive (diluted fluid soap). 

- Loosen axial safety device of mechanical seal (330 
or 372) and withdraw mechanical seal (330) from 
plug-in shaft (307). 

- Remove mechanical seal housing (333) from lantern 
(200). 

- Press counter-ring of mechanical seal with o-ring out 
of mechanical seal housing (333). 

 

7.2 
Reassembly 

ATTENTION 
Mechanical seals are precision parts of high quality. 
Therefore, the installation must be effected with care. 
Gentle handling and extreme neatness are essential. 
 
- Clean mechanical seal housing (333) 
- Evenly press counter-ring with o-ring into mecha-

nical seal housing (333). To facilitate assembly, the 
o-ring should be moistened with a lubricant (diluted 
fluid soap). 

ATTENTION 
- Oil or grease must not be used to facilitate 

assembly. 
- Install mechanical seal housing (333) to lantern 

(200) and onsure correct position of flushing 
connections.  

- Remove plug-in shaft (307), burrs and roughness 
and clean the unit. 

- Check / adjust set dimension of mechanical seal on 
plug-in shaft (307). Moisten plug-in shaft (307) and 
elastomer parts of mechanical seal with lubricant 
(diluted fluid soap). 

- Slip mechanical seal onto plug-in shaft (307) as far 
as set ring. 

- Lubricate drive shaft (ANT) with antiseize graphite 
petroleum. 

- Moisten splash ring (310) and plug-in shaft (307) 
with pin joint grease, (for type, please see index) 
and slip splash ring (310) onto output shaft of drive. 
Note installating position of splash ring and refer to 
description on splash ring. 

- Move rotating unit (RTE) through mechanical seal 
housing (333) and splash ring (310) and slip splash 
ring (310) onto output shaft of drive (ANT). Push in 
plug-in shaft pin (309) in horizontal position. 

- Position of splash ring: 
Collar of splash ring shall be fitted in a distance of 
about 0.5 mm to lantern (200). 

 



Wearing parts 
and gaskets

Ausgabe 
issue C / 05.01.2006 Dokument 

document OM.WPS.40e Blatt 
sheet 1 (1) 

Range: MD, MDF 
 
To avoid the expenses incurred by lengthy stop periods of the pump, seepex  
recommend the acquisition of a set of wearing parts and a set of gaskets.  
The table below shows the contents of these sets.  
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Part designation Number

Rotor 1 600

Stator 1 1 601

Universal joint sleeve 1 405

Coupling rod pin 2 402

Guide bush - -

Coupling rod 1 400

Coupling rod bush - -

Casing gasket 1 501

Holding band, small - -

Holding band, large 2 406

Packing ring set 1 1 301

Mechanical seal 1 330

Sealing ring 4 571, 726

Splash ring 1 310

O-ring 1 572

Plug-in shaft 1 307

Special joint grease 098

Tool

Item number acc. to sectional 
drawing of pump and parts list

2)

2)

2)

2)

2)

2)

2)

Essential for assembly, see 
Point 9, document  OM.SPT.01

1 cart. 300 gr (c. 315cm!) grease quantity 
per pin joint, see tech.

3)

3)

 

2)  see tools Point 9., document OM.SPT.01 
3)  Item 330 and item 301 (as an alternative) depend on the pump design. With regard to the pump  
 design, refer to the appertaining data sheet and the sectional drawing. See Point 9.  
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OPERATING  MANUAL 
 
 

This document was drawn up observing the EC directives 
"Machinery" 98/37/EC, EN ISO 12100-2 and the German Standard VDI 4500 

 
 

 

 In case of this mechanical seal is operated in explosion area  an appropriate 
additional ope rating manual,  following EC directives 94/9/EC (ATEX 95), has 
to be observed by all means ! If required this could be ordered at BURGMANN. 

 
 

BURGMANN  MECHANICAL  SEAL (M.S.) 
 
 
Type MG1/dw-00 and versions 
 

applies to all mechanical seals of the same series 
 

dw = specified shaft diameter 
 
 
These instructions are intended for the assembly, operating and control personnel 
and should be kept at hand on site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PLEASE READ this manual carefully and OBSERVE the information contained as to: 
 

 Safety  Transport / Storage  Information about the product  
 Installation  Operation    Servicing 

 
If there are any unclear points please contact BURGMANN by all means! 
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Keywords and Symbols 
 

Following symbols for particularly important information are used: 
 
 

 
 

 
 
"Attention, please pay special attention to these sections of text" 
 

 
 DANGER!  
 

Draws attention to a direct hazard that will lead to injury or death 
of persons 
 

 
 WARNING!  
 

Draws attention to the risk that a hazard could lead to serious 
injury or death of persons 
 

 
 CAUTION!  
 

Draws attention to a hazard or unsafe method of working that 
could lead to personal injury or damage to equipment 
 

 
 ATTENTION!  
 

Identifies a potentially dangerous situation. If it is not avoided the 
product or something in its vicinity could be damaged 
 

 
 IMPORTANT!  
 

Identifies tips for use and other particularly useful information. 
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GENERAL  SAFETY  NOTES 
 

 
 

Any person being involved in assembly, disassembly, start up, operation and 
maintenance of the BURGMANN Mechanical Seal must have read and understood 
this Instruction Manual and in particular the safety notes. We recommend the user to 
have this confirmed. 

 
BURGMANN Mechanical Seals  are manufactured on a high quality level  (quality 
management EN ISO 9001: 2000) and they keep a high working reliability . Yet, if 
they are not operated  within their intended purpose  or handled inexpertly  by 
untrained personnel they may cause risks . 

 
The machine has to be set up in such a way that seal leakage can be led off and 
disposed properly and that any personal injury caused by spurting product in the 
event of a seal failure is avoided. 

 
Any operation mode that affects the operational safety  of the mechanical seal is not 
permitted. 

 
Unauthorised modifications or alterations are not permitted  as they affect the 
operational safety  of the mechanical seal. 

 
BURGMANN mechanical seals must be installed, operated, maintained, removed or 
repaired by authorised , trained and instructed personnel only.  

 
The responsibilities  for the respective jobs to be done have to be determined 
clearly and observed  in order to prevent unclear competencies from the point of 
security . 

 
Any work  to be done on the mechanical seal is generally  only permitted  when the 
seal is neither operating nor pressurised . 

 
 WARNING!  Seals that have been used with hazardous substances  must be properly 

cleaned  so that there is no possible danger  to people or to the environment. 
 

Apart from the notes given in this manual the general regulations for worker's 
protection and those for prevention of accidents  have to be observed. 
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Instructions for worker's protection 
 

 
 
 WARNING!  If the medium to be sealed  and/or the supply liquid  is subject to the 

Hazardous Substances Regulation  (GefStoffV), the instructions for handling  
dangerous substances  (safety data sheets to EU Directive 91/155/EEC) and the 
accident prevention regulations  have be observed. 

 
Medium to be sealed and/or supply medium may escape if the seal fails . Injury of 
persons and environment may be prevented by the user  providing for splash 
protection and wearing safety goggles. Care has to be taken by the user for proper 
disposal  of the leakage. The user has to control these measures. 

 
The user has to check  what effects a failure  of the mechanical seal might have and 
what safety measures have to be taken to prevent personal injury or damage to the 
environment. 
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TRANSPORT / STORAGE 
 
Transport 
 

If not specified differently by contract the BURGMANN standard packing is used 
which is suitable for dry transport by truck, train or plane. The warning signs and 
notes on the packing must be observed. 

 
In addition seaworthy packing may become necessary. 

 
Notes for income inspection: 
¥ Check packaging for visible damages. 
¥ Open packaging carefully. Do not damage or lose parts supplied separately. 
¥ Check if consignment is complete (delivery note). Inform the supplier immediately 

in writing if parts are damaged or missing. 
 

The mechanical seal has to be protected from damage during transport and storage. 
The transport case in which the seal is supplied is well suited for this purpose and 
should be kept for a possible return transport. 

 
 ATTENTION!  If the machine as well as the mechanical seal installed into the machine 

are transported together the shaft has to be protected from deflection and shocks. 
 
 
 
Packing and storage 
 

The following recommendations apply to all BURGMANN mechanical seals which 
have been supplied and stored in their undamaged original packaging , as well as 
to seals which have been installed in a machine (e.g. pump, compressor, agitator, 
etc.) but have not yet been put into operation. 

 
BURGMANN mechanical seals and spare parts are super finished and repeatedly 
tested machine elements. For the storage special conditions have to be followed. 

 
Sliding materials and elastomers are subject to material-specific and time-based 
alterations (distortion, ageing) which might reduce the full efficiency of the 
mechanical seals. Yet, this may be avoided by observing the storage instructions. 

 
For the stock keeping of elastomers special conditions are required. For all rubber-
elastic parts the rules of DIN 7716 resp. of ISO 2230-1973 (E) are valid. 

 
Conveniences for storing  of mechanical seals 
¥ dust free 
¥ moderately ventilated  
¥ constantly tempered 

!  relative air humidity below 65 %, 
!  temperature between 15 ¡C and 25 ¡C. 
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Protect  the seal from 
¥ direct exposure to heat (sun, heating) 
¥ ultraviolet light  (halogen or fluorescent lamps, sunlight, arc welding) 
¥ presence or development of ozone  (arc welding, mercury vapour lamps, high-

voltage devices, electric motors) 
"  risk of embrittlement  of elastomeric materials 

 
It has to be differentiated between: 
!  M.S. stored  in the stock room 
!  M.S. installed  in the machine, but not yet in operation. 

 
#  M.S. in the stock 

 

 IMPORTANT!  Store the seal in the original packing  lying on a flat surface . 
 

¥ Check the packaging periodically for damages. 
¥ Plastic sheet packagings with humidity indicators have to be checked every 

8 weeks. The check has to be recorded. 
"  Packings exceeding 50 % rel. humidity  values have to be sent to the manu-

facturer or the nearest BURGMANN service centre  for inspection and new 
packaging. 

 
Duly stored mechanical seal:  
¥ Latest 3 years after delivery of the mechanical seal 
¥ For reasons of safety shipment of the M.S. to BURGMANN resp. nearest 

BURGMANN service centre for 
"  Exchange of all secondary seals and springs 
"  Verification of the flatness of the faces 
"  Perhaps static pressure test. 

 
#  M.S. installed into the machine: 

 

 ATTENTION!  A preservation  of the BURGMANN mechanical seals is not allowed . 
 

Check in case of a preservation of complete machines with mechanical seals 
installed BURGMANN has to be contacted. 
¥ Do not use corrosion protection agents. 
"  Risk of deposition and possibly chemical attack of the secondary seals. 

 
Due to longer erecting times of new designed plants the period between delivery of 
the mechanical seal and on the other hand its installation and start up may exceed 
the period of 2-3 years. 

 
Latest after 3 years and in time  before the planned start-up of the plant the seal 
has to be dismantled and to be sent to the manufacturer or the nearest BURGMANN 
service centre where it can be checked and reconditioned, if necessary. 

 
Damages caused by improper storage may not  be claimed with reference to the 
warranty  on the BURGMANN company. 
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INFORMATION  ABOUT  THE  PRODUCT 
 

All technical information given is based on the results of extensive testing and on 
BURGMANN's long term practical experience. However, in view of the great diversity 
of possible applications the technical data can only be taken as being of approximate 
nature. We can only guarantee the safe and efficient functioning in individual cases if 
we have been comprehensively informed of the operating conditions to which they 
will be subject, and if this has been confirmed in a separate agreement. 

 
 
 
Manufacturer and country of origin 
 

Burgmann Industries GmbH & Co. KG 
€u§ere Sauerlacher Str. 6-10 
D - 82515  Wolfratshausen 

 

Germany 
 
 
 
Declaration by the manufacturer 

within the meaning of the EC-directive "MACHINERY" 98/37/EG 
 

A mechanical seal does not function independently . It is intended to be 
incorporated into or assembled with machinery. 

 
 
 
Type designation 
 

BURGMANN Mechanical Seal MG1/dw-00 
 
 
 
Designated use 
 

This mechanical seal is exclusively  designed for the use in the specified application. 
A different utilisation  or a utilisation going beyond the specification is considered 
contrary to its designated use  and excludes a liability by the manufacturer. 

 
Operation under conditions lying outside  those limits stated in paragraph 
"Operating limits"  is considered contrary to its designated use . 

 
Should the seal be operated  under different conditions  or at a different 
application  BURGMANN has to be asked for recognition as safe in advance . 
"  Changes  to operating conditions have to be documented. 
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Operating limits 
 
 ATTENTION!  Operating limits depend on the materials, the media to be sealed and the 

diameter of the sealing. (If there are any unclear points please contact BURGMANN.) 
 

Shaft diameter (dw) : 10 - 100 mm 
 

Pressure to be sealed (p1) : 12 bar g 
Temperature to be sealed (t1) : -20 ... 120¡ C 
Max. sliding speed  (vg) : 10 m/s 

 
Operation under several limit values simultaneously should be avoided  as higher 
loads (pressure, temperature, speed) can increase wear or lead to damage of sliding 
faces or elastomers. This could result in a shorter service life and in the risk  of a 
sudden seal failure endangering men and environment. 

 
The selection of the mechanical seal (type, suitability, materials) should be done by 
BURGMANN staff or other authorised persons. A wrong selection by unauthorised 
persons is not covered by BURGMANN's warranty . 

 
Further information about the operating conditions can be found in the BURGMANN 
assembly drawing MG1/dw-00 or in the specification sheets of the machine 
manufacturer. 

 
 
 
Materials 
 

The materials of the mechanical seal depend on the application and are fixed in the 
order. 

 
 
 
Drawings, diagrams 
 

Assembly drawing  MG1/dw-00 
 

The original assembly drawing in its latest edition (latest revision) only is decisive for 
both the design of M.S. as well as the utilisation of this manual. 

 
In the following description all figures in parentheses, e.g. (2) define the respective 
part item no. in fig. 1. The part item no. may vary from those stated in the assembly 
drawing. 
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Versions 
 
$  MG12/É 
$  MG13/É 
$  MG1S20/É 
$  RMG12/É 
 

$  MG1  MULTIPLE  M.S. 
 

The mechanical seal type MG1 can also be used as multiple mechanical seal  (also 
in combination with seal types of other series) in tandem arrangement  with quench 
(API, plan 52) or as dual mechanical seal  with barrier fluid (API, plan 53). 
Consultation with the BURGMANN company is recommended. 

 
 
 ATTENTION!  PTFE o-rings or double-PTFE-wrapped o-rings may not be used at seat 

versions without torsion lock . 
 

This operating manual applies also to the mentioned seal versions with slight 
modifications and/or to combinations with seats not stated in this manual. 

 
 
 
Seat Versions 
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Description and function 
 

 single  seal 
 unbalanced 
 bi-directional 
 stationary seat  (2) 
 o-ring (3) 
 rotating seal face  (1.1) 
 elastomeric bellow  (1.2) 
 cylindrical  single spring  (1.5) 
 no glued joints 
 materials of the sliding parts 

replaceable 
 for media containing solids (e.g. 

sewage applications) 
 rotating, torsion-free elastomeric 

bellows serving as 
!  face housing 
!  secondary sealing element 
!  drive collar 

 torque transmission from the seal face by means of "L"-rings and a rotating, 
cylindrical single spring 

 axial movability 
dw: 10 É 12 mm  ±0,5 mm 
dw: 14 É 18 mm  ±1,0 mm 
dw: 20 É 26 mm  ±1,5 mm 
dw: 28 É 100 mm  ±2,0 mm 

 
 
 
Required space, connecting dimensions 
 

The required mounting space for the mechanical seal is decisive for the design of the 
housing parts by the machine manufacturer. The connecting dimensions have to be 
checked by the machine manufacturer by means of the BURGMANN drawing before 
mounting the mechanical seal. 

 
 
 
Supply of M.S. 
 

The mechanical seal has to be constantly wetted by liquid medium. The medium to 
be sealed must not damage the M.S. neither chemically (e.g. corrosion, 
embrittlement) nor physically (e.g. erosion, abrasion). 

 
For a safe operation of the mechanical seal we recommend to apply at inboard  the 
most suitable type of circulation  described in API 610 / 682. This measure protects 
the seal cavity from deposition of solids. 

 
To operate multiple seals special supply systems are required. Please contact 
BURGMANN. 
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Emissions 
 

A mechanical seal is a dynamic seal  that cannot be free of leakage  due to physical 
and technical reasons. Seal design, manufacture tolerances, operating conditions, 
running quality of the machine, etc. mainly define the leakage value. In fact, 
compared to other sealing systems there is few leakage . 

 
 WARNING!  If the medium to be sealed  and/or the supply liquid  is subject to the 

Hazardous Substances Regulation  (GefStoffV), the instructions for handling  
dangerous substances  (safety data sheets to EU Directive 91/155/EEC) and the 
accident prevention regulations  have be observed. 

 
A possibly increased leakage during start-up will decrease to a normal quantity after 
the running-in period of the sliding faces. 

 

If this is not the case or if there are other malfunctions the mechanical seal has to be 
shut down, removed and checked for reasons of safety. 

 
The leakage can be liquid or gaseous. Its aggressiveness corresponds to that of the 
medium to be sealed. 

 
Leakage of mechanical seal at outboard side has to be drained and disposed 
properly. 

 
 IMPORTANT!  Components which may get in contact with the leakage have to be 

corrosion-resistant or have to be adequately protected. 
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INSTALLATION 
 
Assembly utilities 
 

!  ethyl alcohol 
!  cellulose-tissue (no rag, no cloth!) 
!  o-ring lifter 
!  water and washing up liquid 
!  cardboard discs 

 
 
 
Preparation for assembly 
 
 ATTENTION!  The seal should remain packed  until the following working steps have 
been completely terminated . 
 

Check the parts of the machine for: 
 

 
 

¥ chamfered  edges  
(sliding cones i.e. 2 mm / 30¡ or 
in accordance with EN 12756) 

¥ radiused transitions 
¥ mating fits  and o-ring 

surfaces: 
fine finished Rz 10 µm (= N7 = 
CLA 63) 

 

¥ Shaft surface  in the area of the mechanical seal finished according to EN 12756: 
Ra = 0.8 µm (= N6 = CLA 32). 

¥ Shoulder  or stop device for the bellows of the mech. seal to take up axial forces 
 

Check at the machine: 
¥ damage of connecting surfaces to the M.S. 
¥ mating dimensions, rectangularity and concentricity to the shaft axis. 

 
Run-out accuracy of the shaft (acc. to DIN ISO 5199): 
¥ Shaft diameters up to 50 mm:   max. 0.05 mm 
¥ Shaft diameters 50 mm - 100 mm:  max. 0.08 mm 

 
¥ Prepare the place of assembly, take away any not required tool, cuttings, dirty 

cleaning wool etc. 
 

¥ Cover the work bench with a piece of clean, non-fibrous cardboard. 
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Assembly / installation 
 

BURGMANN mechanical seals are super-finished and repeatedly tested machine 
elements whose handling during assembly in particular of sliding materials and 
elastomers requires special care during several procedures. 

 
For installation the assembly drawing of mechanical seal has to be observed. 

 
 IMPORTANT!  The mechanical seal has to be installed under the cleanest conditions and 

very carefully. 
 

¥ Unpack the seal and check seal face, seat and elastomer bellows for possible 
damages. 

"  Never place the seal faces or seats on their sliding faces without having covered 
them adequately. 

 
¥ Check before starting assembly: 

!  complete availability of all components by means of the drawing 
!  all components have to be clean and in perfect condition. 

 
¥ Sprinkle the elastomer bellows and the shaft with low-surface-tension water (add 

washing up liquid) or ethyl alcohol to decrease frictional force during assembly of 
the seal. 

 

Oil or grease  as assembly agent is not permitted in any case. 
 

 ATTENTION!  Do never force  during installation. 
 

 ATTENTION!  Avoid unnecessary rotation of the shaft (damage of the sliding faces is 
possible). 

 

 ATTENTION!  Avoid knocking the seal!  Damage to mechanical seals has an adverse 
effect on their safe operation. 

 
Possible installation order: 

 
¥ Feed the degreased  sealing element (o-ring, rubber cup) onto the seat. 

 
If present: 
¥ At the seat mark the position of the rear slot beside the sliding face. 
¥ Align the seat with the torque transmission pin. 

 

¥ Cover the sliding face of the seat with a cardboard washer  
¥ Press the seat slowly and without interruption into its position. 

"  Use plenty of water or alcohol as lubricant. 
"  Use a distance sleeve, if necessary. 

¥ Remove the cardboard washer from the sliding face. 
¥ Check the rectangular position of the seat to the shaft axis. 
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¥ Mount the seal cover with the seat installed before. 
¥ Clean the sliding faces thoroughly with ethyl alcohol and paper tissues (no fabric, 

no cloths! ). 
"  In case of material "BUKO"  (carbon graphite) wipe it until the paper tissues stay 

clean. 
"  Do not touch the sliding faces any more with bare fingers. 
"  Mount the sliding faces absolutely dry, dust-free and clean. Do not use any 

lubricants! 
 
 

 

¥ Push rotating seal unit (bellows unit) with a slow 
clockwise turn onto the shaft. 

¥ Stick to the dimensions in the assembly drawing! 
"  If necessary use a mounting sleeve. 
"  For long pushing distances add liquid several times. 

 

 
¥ Check "L" rings, spring and seal face for correct fit. 

 
¥ Mount stop device for bellows unit to take up axial forces. 
"  Stick to the dimensions in the assembly drawing by all means!  

 
¥ Further assembly of the machine in accordance with the instructions of the 

machine manufacturer. 
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OPERATION 
 
Instructions for safe operation 
 

For a single mechanical seal the pressure in the seal chamber  (stuffing box 
pressure) has to be higher than the ambient pressure at the machine at any time. 
Otherwise the machine will suck in air via the sliding faces, which will result in dry-
running  and consequent failure  of the mechanical seal. 

 
Damages due to dry-running are excluded from the warranty. 

 
During every state of operation  the mechanical seal has to be constantly wetted by 
the medium to be sealed in its liquid form , in particular when the machine is 
started  or stopped . The machine design has to be such as to take this necessity into 
consideration. 

 
If the medium to be pumped builds deposits or tends to solidify during cooling down 
or standstill of the machine the stuffing box has to be flushed with suitable clean 
liquid. The flow and the liquid should be determined by the user. 

 
If the operation limit values and the instructions given in this manual are followed a 
trouble-free operation of the mechanical seal can be expected. 

 
 
 
Instructions for start up 
 

Safety checks before start up 
¥ Torque transmission between mechanical seal and shaft duly installed 
¥ Supply connections tightened pressure-sealed 
¥ Disposal connections installed environmentally safe 

 
For a safe operation of the mechanical seal we recommend to apply at inboard  the 
most suitable type of circulation  described in API 610 / 682. This measure protects 
the seal cavity from deposition of solids. 

 
¥ Flood machine and seal cavity (stuffing box) with medium and vent thoroughly. 
!  Now the seal is ready for operation. 
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SERVICING 
 
Maintenance 
 

A correctly operated mechanical seal needs low maintenance . Wear parts, however, 
have to be replaced, if necessary. 

 
A duly operation includes a regular check of the following parameters: 
¥ Temperature 
¥ Leakage (drainage) rate of the mechanical seal 

 
An inspection of the mechanical seal should be carried out during a revision of the 
complete plant. We recommend to have this inspection be performed by responsible 
BURGMANN personnel. 

 
If the mechanical seal is removed during a revision of the plant it has to be replaced 
by a new one. 

 
 
 
Directives in case of failure 
 

Try to define the kind of failure and record it. 
 

!  In the event of excessive leakage , note changes in the leakage amount and 
switch the pump off if necessary. 

"  If a constant amount is leaking in a steady flow, the mechanical seal is damaged. 
!  In the event of a inadmissible  temperature rise , the machine has to be stopped 

for safety reasons. 
 

If there is a malfunction  which you cannot correct on your own, or if the cause of 
malfunction is not clearly recognisable please immediately contact the nearest 
BURGMANN agency , a BURGMANN service centre or the BURGMANN 
headquarters. 

 
During the warranty period  the BURGMANN mechanical seal must only be 
disassembled with approval of the manufacturer or when a representative is present. 
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After-sales service by BURGMANN 
 

BURGMANN's customer service department offers a comprehensive service 
package covering consultancy, engineering, standardisation, installation, 
commissioning as well as damage analysis right through to seminars on sealing 
technology. 

 
Addresses are listed in the known BURGMANN Design Manuals as well as in various 
other BURGMANN brochures. 

 
 

Address of headquarters: 
 

Burgmann Industries GmbH & Co. KG 
Postfach 1240 
D - 82515 Wolfratshausen 

 

Germany 
 

%  +49 (0) 81 71-23 0 
Fax  +49 (0) 81 71-23 12 14 
www.burgmann.com 

 
 
 
Reconditioning (repair) 
 

If reconditioning  is necessary, the complete seal  should be sent to the 
manufacturer , as this is the best way to find out which components can be 
reconditioned or which parts must be replaced in order to ensure an optimum 
tightness. 

 
If, for compelling reasons , a reconditioning  has to be carried out on site  (e.g. no. 
spare seal on stock, long transport, problems with customs) the seal may be repaired 
in a clean room by trained  personnel of the user under the direction of BURGMANN 
mechanics . 

 
 
 
Disassembly / removal 
 
 

 

¥ Stop the machine as instructed, allow to cool, depressurise and ensure 
that pressure cannot build up again. 

¥ Work on the M.S. is only permitted when the machine is at a standstill 
and depressurised. 

¥ There must be no product on the M.S. !  if necessary drain the 
machine and rinse it out. 

¥ Isolate the machine to prevent it starting up unexpectedly. 
¥ Comply with the safety notes (safety data sheets). 
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 IMPORTANT!  When removing, please observe by all means : 

¥ current accident prevention regulations  
¥ regulations for handli ng hazardous substances  

 
 WARNING!  Seals that have been used with hazardous substances  must be properly 

cleaned  so that there is no possible danger  to people or to the environment. 
 
 IMPORTANT!  The packaging used to transport the seal must 

¥ be identified  with the relevant hazard symbol  and 
¥ include  the safety data sheet  for the product and/or supply medium 

 
The order of disassembly to remove the mechanical seal out of the machine depends 
on the design of the machine and should be determined by the machine 
manufacturer. 

 
¥ Remove the seal in the reverse sequence as described for assembly (set up). 

 
 
 
Spare parts 
 

¥ Only BURGMANN original spare parts must be used. Otherwise 
"  Risks  of a seal failure, endangering  persons and environment. 
"  The BURGMANN guarantee for the mechanical seal lapses . 
¥ For a quick exchange a complete spare seal  should be on stock. 

 
 
 
Required details for enquiries and orders 
 

For enquiries and orders the following details are required: 
!  BURGMANN commission no. 
!  Drawing no. of M.S. MG1/dw-00  

dw = specified shaft diameter 
!  Part item no., designation, material, number of pieces with reference to the 

drawing. 
 
 

Address of headquarters product field FA 
Standard Mechanical Seals 

 

Burgmann Industries GmbH & Co. KG 
Postfach 1240 
D - 82502 Wolfratshausen 

 

Germany 
 

%  +49 (0) 81 71 - 23 0 
Fax +49 (0) 81 71 - 23 14 44 
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Disposal of the BURGMANN mechanical seal 
 

Usually, the BURGMANN mechanical seals can be easily disposed after a thorough 
cleaning. 
!  Metal parts (steels, stainless steels, non-ferrous heavy metals) divided into the 

different groups belong to scrap metal waste. 
!  Ceramic materials (synthetic carbons, ceramics, carbides) belong to waste 

products. They can be separated from their housing materials, as are 
physiologically recognised as safe. 

!  Synthetic materials/plastics (elastomers, PTFE) belong to special waste. 
 CAUTION!  Material containing fluorine must not be burnt. 
 IMPORTANT!  Some of the synthetic materials, divided into the different groups can be 

recycled. 
 
 
 
Copyright 
 

The Burgmann Industries GmbH & Co. KG (Germany) holds the copyright to this 
document. Customers and operators of mechanical seals are free to use this 
document in the preparation of their own documentation. No claims of any type or 
form can be derived in such instance. 

 
 

We reserve the right to carry out t echnical modifications of the product , even if 
they have not yet been considered in this manual. 

 
 
 
 
June 13, 2006 
Department Technical Documentation 
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?<<"</$6@56<:,$$L<;<@=$=49:$@=$=4<$:@2<$0<;=4$@=$b&`0<6/<<$
9-=</E@":$=.$0<=</29-<$=4<$@2.5-=$.?$@-65"@/$29:@"96-2<-=,$
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09@2<=</$.?$=4<$45A:$@=$b&`0<6/<<$9-=</E@":$@-0$2<@:5/<$@-8$
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;/92<$2.E</$:4.5"0$A<$/<@"96-<0,$
$
>,).,)J$*G"5(#,(?$
U?=</$@$;</9.0$.?$.;</@=9.-C$/<14<1D$@"96-2<-=$@-0$@0O5:=$@:$
/<>59/<0,$
!
%,$ Q/.;</78$9-:=@77$5-9=$.-$@$/9690$?.5-0@=9.-$

�x�� @0<>5@=<"8$:5;;./=<0$
�x�� :<15/<"8$A."=<0$9-=.$;"@1<$
�x�� "<E<"<0$:.$@:$-.=$=.$09:=./=$=4<$6<@/$1@:<$

(,$ Q/.;</78$9-:=@77$1.5;79-6:$:59=@A"<$?./$=4<$@;;791@=9.-$@-0$
1.--<1=<0$<>59;2<-=,$

*,$ Y-:5/<$@115/@=<$@"96-2<-=$+9=4$.=4</$<>59;2<-=,$
c,$ g5/-9:4$@-0$9-:=@77$@0<>5@=<$2@149-</8$65@/0:$@:$-<<0<0$=.$

;/.=<1=$.;</@=9-6$;</:.--<"$@-0$@:$/<>59/<0$A8$=4<$
@;;"91@A"<$:=@-0@/0:$.?$=4<$K115;@=9.-@"$P@?<=8$@-0$h<@"=4$
U029-9:=/@=9.-$[KPhU\C$@-0$A8$.=4</$@;;"91@A"<$:@?<=8$
/<65"@=9.-:G$

),$ Y-:5/<$=4@=$0/9E9-6$<>59;2<-=$9:$/5--9-6$9-$=4<$1.//<1=$
09/<1=9.-$A<?./<$1.5;79-6$=.$/<051</:$+9=4$A@1D:=.;:$
[0<:96-<0$=.$.;</@=<$.-"8$9-$@$:;<19?91$09/<1=9.-\$./$
2@149-</8$0<:96-<0$=.$.;</@=<$.-78$9-$.-<$09/<1=9.-,$

!
).*(5,+$"($D,>CE>#*( ),$+D,)"C")*?"E(+$
K+-</$4@:$=4<$/<:;.-:9A9"9=8$=.$1.-:57=$+9=4$JKLM$NYUL$9?$:514$
9=<2:$:514$@:$@;;79<0$".@0:C$.;</@=9-6$:;<<0:$./$.=4</$.;</@=9-6$
1.-09=9.-:$4@E<$14@-6<0,$$$$
$

$
+?*>?R'D$
%,$ Y-:5/<$=4@=$:+9=14<:C$@"@/2:C$4<@=</:C$1..7</:$@-0$.=4</$

:@?<=8$@-0$;/.=<1=9.-$0<E91<:$@/<$9-:=@""<0$@-0$.;</@=9.-@7$
?./$=4<9/$9-=<-0<0$;5/;.:<,$$$

(,$ i</9?8$=4@=$=4<$9-:=@77<0$2.5-=9-6$;.:9=9.-$9:$=4<$:@2<$@:$=4<$
-@2<=@6$2.5-=9-6$;.:9=9.-,$$"?$-.=C$@0O5:=$=4<$.97$7<E<7$
@11./09-678$@-0$/<7.1@=<$=4<$E<-=$;756C$?977$;756$@-0$0/@9-$
;756$@11./09-6$=.$=4<$2.5-=9-6$;.:9=9.-,$$$P<<$?.77.+9-6,$

$
$
*'?EL,(?$DG'5$
34<$ U5=.E<-=$ ;756$ 9:$ A/@::$ 9-$ 1.7./$ @-0$ +977$ A<$ 7.1@=<0$ @=$ =4<$
4964<:=$ ;.9-=$ .-$ =4<$ 6<@/A.B,$ $ "=$.;</@=<:$ 79D<$ @$ 14<1D`E@7E<$ =.$
@77.+$ =4<$ /<051</$ =.$ /<79<E<$ 9-=</-@7$ ;/<::5/<$ +497<$ ;/<E<-=9-6$
75A/91@-=$1.-=@29-@=9.-$05/9-6$1..79-6,$$U$:;/9-6$;/<::<:$@$A@77$./$
;75-6</$@6@9-:=$@$2@149-<0$./9?91<$5-=97$;/<::5/<$<B1<<0:$($ ;:9,$$$
UA.E<$ ($ ;:9$ =4<$ @9/$ 9:$ @77.+<0$ =.$ <:1@;<$ 0<;/<::5/9Z9-6$ =4<$
6<@/1@:<,$ $ F4<-$ 9-=</-@7$ ;/<::5/<$ 0/.;:$ A<7.+$ ($ ;:9C$ =4<$
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+9=4$"5A/91@-=$@-0$@77$;756:$@/<$9-:=@77<0$@11./09-6$=.$=4<$2.5-=9-6$
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JKLM$:5;;79<:$@""$/<051</:$?9""<0$+9=4$.9"$?/.2$=4<$?@1=./8,$$I.-:57=$=4<$:=91D</$@0O@1<-=$=.$=4<$?977$;756$=.$0<=</29-<$=4<$=8;<$.?$75A/91@-=$
9-:=@77<0$@=$=4<$?@1=./8,$P=@-0@/0$75A/91@-=$9:$"PK$iN((&$29-</@7`A@:<0$.97,$$h.+<E</C$:.2<$5-9=:$4@E<$:;<19@7$75A/91@-=:$0<:96-<0$=.$.;</@=<$
9-$1</=@9-$<-E9/.-2<-=:$./$=.$<B=<-0$=4<$:</E91<$79?<$.?$=4<$75A/91@-=,$$"?$9-$0.5A=$@A.5=$+4914$75A/91@-=$9:$-<<0<0C$1.-=@1=$JKLM$N<@/,$
!
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U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

(&$=.$%&c�qg$[`)$=.$c&�qI\$ #9-</@"$
$
?TD")*G$E"G+$

i9:1.:9=8$
"PK$JRN"$ g./257@=9.-$

P</E91<$
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L@-6<$
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I.-E<-=9.-@7$
#9-</@7$

(&�qI$=.$_)&�qI$
d]g$=.$_%((�qg$

#.A976<@/$
d*c$

K2@7@$
cd&$ aYQ$

S7! A</.97$
NY#$%`cd&$

Y-</6.7$
NL`VQ$cd&$

3/9A.7$
%%&&'cd&$

L5$UV&$
P8-=4<=91$

QUK$
`*&�qI$=.$_]&�qI$
`(( �qg$=.$_%ad�qg$

#.A97$
PhI$d*c$

K2@7@$
cd&$hM$

":.75A<$
YQ$cd&$

S7! A</:8-=4$
YN$c`cd&$

J'U$
3/9A.7$

%)%&'cd&$
I.-E<-=9.-@7$

#9-</@7$
&�qI$=.$_*&�qI$
*( �qg$=.$_]d�qg$

#.A976<@/$
d*($

K2@7@$
*(&$

dYQ$
S7! A</.97$

NY#$%`*(&$
Y-</6.7$

NL`VQ$*(&$
3/9A.7$

%%&&'*(&$
L5$WX&$

P8-=4<=91$
QUK$

`*) �qI$=.$_]&�qI$
`*%�qg$=.$_%ad�qg$

#.A97$
PhI$d*($

K2@7@$
*(&$hM$

":.75A<$
YQ$cd&$

S7! A</:8-=4$
YN$c`*(&$

J'U$
3/9A.7$

%)%&'*(&$
I.-E<-=9.-@7$

#9-</@7$
`) �qI$=.$_c&�qI$

_(& �qg$=.$_%&c�qg$
#.A976<@/$

d*&$
K2@7@$

((&$
)YQ$

S7! A</.97$
NY#$%`((&$

Y-</6.7$
NL`VQ$((&$

3/9A.7$
%%&&'((&$

L5$XX&$
P8-=4<=91$

QUK$
`*c �qI$=.$_]&�qI$
`*&�qg$=.$_%ad�qg$

#.A97$
PhI$d*&$

K2@7@$
((&$hM$

":.75A<$
YQ$((&$
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J'U$
3/9A.7$
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#9-</@7$
`%)�qI$=.$_() �qI$

) �qg$=.$_aa�qg$
#.A976<@/$

d(b$
K2@7@$

%&&$
cYQ$

S7! A</.97$
NY#$%`%)&$

Y-</6.7$
NL`VQ$%&&$

3/9A.7$
%%&&'%&&$L5$%Y&$

S$
L5$%&&$ P8-=4<=91$

QUK$
`*a �qI$=.$_%&�qI$
`*) �qg$=.$_)&�qg$

#.A97$
PhI$d(b$

K2@7@$
%)&$hM$

":.75A<$
YQ$%)&$

S7! A</:8-=4$
YN$c`%)&$

J'U$ J'U$

I.-E<-=9.-@7$
#9-</@7$

`%)�qI$=.$_() �qI$
) �qg$=.$_aag$

#.A976<@/$
d(d$

K2@7@$
d]$

(YQ$
S7! A</.97$

NY#$%`d]$
Y-</6.7$

NL`VQ$d]$
3/9A.7$

%%&&'d]$
L5$VZ$

P8-=4<=91$
QUK$

`c&�qI$=.$_%&�qI$
`c&�qg$=.$_)&g$

#.A97$
PhI$d(d$

J'U$
":.75A<$
YQ$d]$

J'U$ J'U$ J'U$

L5$WX$
P8-=4<=91$

QUK$
`c&�qI$=.$_%&�qI$
`c&�qg$=.$_)&�qg$

#.A97$
PhI$d(c$

J'U$ J'U$
S7! A</`P5229=
h8P8-$gN`*($

J'U$ J'U$

!"#$%$!&'($"')*+$#',-./ $

$
+D,)"*G$D'>DE+,$G'!>")*(?+$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

$
#@-5?@1=5/</$

$
K97$!/@-0$J@2<$

(&$=.$%&c�qg$[`)$=.$c&�qI\$ 0&&1$23+1,$K97$`$P8-=4<=91$ I4<E/.-$ g#$"PK$((&$
(&$=.$%&c�qg$[`)$=.$c&�qI\$ 0&&1$23+1,$K97$`$P8-=4<=91$ K97lUV$ #@6-@;"@=<$])F%c&`gN$
)$=.$%()�qg$[`(&$=.$)&�qI\$ g"590$N/<@:<$ #.A9"$ #.A9"5B$YQ&(*$

`*&$=.$%c&�qg$[`*)$=.$d&�qI\$ g"590$N/<@:<$`$P8-=4<=91$ #.A9"$ #.A9"9=4$PhI$&&a$
`*&$=.$%c&�qg$[`*)$=.$d&�qI\$ g"590$N/<@:<$`$P8-=4<=91$ P4<""$ U7A90@$RI$

$
+?*(F*>F$!,*>"(5$5>,*+, $k$JRN"$(YQ$R9=4952$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

`(&$=.$%c&�qg$[`*&$=.$d&�qI\ $ #9-</@"$
$
ED?"E(*G$!,*>"(5$5>,*+,+$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

$
#@-5?@1=5/</$

$
N/<@:<$!/@-0$J@2<$

`c&$=.$(*&�qg$[`c&$=.$%%&�qI\ $ P8-=4<=91$ P4<""$ U</.:4<""$d$
`c&$=.$(*&�qg$[`c&$=.$%%&�qI\ $ 0&&1$23+1,$4$P8-=4<=91$ R5A/9;"@=<$ PgR%$
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G'!>")*(?$)*D*)"?T$
Y@14$/<051</$4@:$=4<$.97$7<E<7$@-0$.97$>5@-=9=8$@0O5:=<0$@11./09-6$=.$=4<$2.5-=9-6$;.:9=9.-$:4.+-$9-$=4<$=@A7<:,$$F4<-$/<;7@19-6$=4<$.97C$1.-:57=$
=4<$=@A7<:$A<7.+$=.$0<=</29-<$=4<$;/.;</$@2.5-=$.?$.97$=.$A<$9-:=@77<0$@11./09-6$=.$=4<$/<051</$:9Z<$@-0$2.5-=9-6$;.:9=9.-,$$J.=<$=4@=$=49:$9:$
@;;/.B92@=<$@-0$=4<$?9-@7$7<E<7$+977$A<$@0O5:=<0$+4<-$=4<$/<051</$9:$9-:=@77<0,$U11<;=@A7<$.97$?977$7<E<7$9:$+9=49-$j$9-14$.?$=4<$A.==.2$.?$=4<$?977$
;756$=4/<@0:[$
$

G'!>")*?"E($)*D*)"?T$\$.,G")*G$"(G"(,$5,*>!EQ,+$
5&3.6&/7+'$)&8.7.&/$ 9,37.:+'$)&8.7.&/$

:14H0/$6/<=2;184$#.5-=9-6$;.:9=9.-$
!$W$ !$V$ !$]$ !$Z$ !$Y$ !$Y"$ !$Y""$ !$Y"""$ L$%$ L$W$ L$Y$ L$V$

>5@/=:$ &,(d$ &,*a$ &,*a$ &,)]$ &,*($ &,)*$ &,c($ &,c($ &,*($ &,*a$ &,c($ &,)*$+J$%%,$
79=</:$ &,()$ &,*)$ &,*)$ &,))$ &,*&$ &,)&$ &,c&$ &,c&$ &,*&$ &,*)$ &,c&$ &,)&$

>5@/=:$ &,d*$ %,&d$ %,&d$ %,(a$ &,)*$ %,%d$ &,b)$ &,b)$ &,ac$ %,c]$ %,&d$ %,(a$
+J$X%,$

79=</:$ &,d&$ %,&&$ %,&&$ %,(&$ &,)&$ %,%&$ &,b&$ &,b&$ &,a&$ %,c&$ %,&&$ %,(&$
>5@/=:$ %,%d$ %,]&$ %,]&$ (,*($ &,])$ %,ac$ (,%%$ (,%%$ %,%d$ %,*a$ (,c*$ (,])$

+J$W%,$
79=</:$ %,%&$ %,a&$ %,a&$ (,(&$ &,]&$ %,d)$ (,&&$ (,&&$ %,%&$ %,*&$ (,*&$ (,a&$

>5@/=:$ %,]&$ (,a)$ (,a)$ *,cb$ %,&d$ (,bd$ *,cb$ *,cb$ %,db$ (,a)$ (,dc$ (,a)$
+J$U%,$

79=</:$ %,a&$ (,d&$ (,d&$ *,*&$ %,&&$ (,]&$ *,*&$ *,*&$ %,d&$ (,d&$ (,)&$ (,d&$
>5@/=:$ (,*($ *,)b$ *,)b$ c,ba$ %,b&$ c,**$ c,&($ c,&($ *,%a$ *,a&$ c,(*$ c,d)$

+J$Y%,$
79=</:$ (,(&$ *,c&$ *,c&$ c,a&$ %,]&$ c,%&$ *,]&$ *,]&$ *,&&$ *,)&$ c,&&$ c,c&$

<8=70/$6/<=2;184$#.5-=9-6$;.:9=9.- $
!$W$ !$V$ !$]$ !$Z$ !$Y$ !$Y"$ !$Y""$ !$Y"""$ L$%$ L$W$ L$Y$ L$V$

>5@/=:$ &,%d$ &,c($ &,c($ &,ac$ &,(d$ &,d*$ &,)*$ &,)*$ &,d*$ &,d*$ &,d*$ &,d*$+J$&X$
79=</:$ &,%)$ &,c&$ &,c&$ &,a&$ &,()$ &,d&$ &,)&$ &,)&$ &,d&$ &,d&$ &,d&$ &,d&$

>5@/=:$ &,(d$ &,)*$ &,)*$ &,b&$ &,*a$ &,b)$ &,d*$ &,d*$ &,b)$ &,b&$ &,ab$ &,ab$
+J$%X$

79=</:$ &,()$ &,)&$ &,)&$ &,])$ &,*)$ &,b&$ &,d&$ &,d&$ &,b&$ &,])$ &,a)$ &,a)$
>5@/=:$ &,)*$ %,c*$ %,c*$ (,%%$ &,ac$ (,%%$ %,dc$ %,dc$ %,b&$ (,%%$ %,b&$ %,b&$

+J$XX$
79=</:$ &,)&$ %,*)$ %,*)$ (,&&$ &,a&$ (,&&$ %,))$ %,))$ %,]&$ (,&&$ %,]&$ %,]&$

>5@/=:$ &,b)$ (,%%$ (,%%$ *,%a$ %,*a$ *,cb$ (,)c$ (,)c$ *,(]$ *,&d$ *,&d$ (,dc$
+J$WX$

79=</:$ &,b&$ (,&&$ (,&&$ *,&&$ %,*&$ *,*&$ (,c&$ (,c&$ *,%&$ (,b&$ (,b&$ (,)&$
>5@/=:$ %,*a$ *,*]$ *,*]$ c,ad$ %,b&$ c,ad$ *,b%$ *,b%$ c,(*$ c,d)$ c,)c$ d,%*$

+J$UX$
79=</:$ %,*&$ *,(&$ *,(&$ c,)&$ %,]&$ c,)&$ *,a&$ *,a&$ c,&&$ c,c&$ c,*&$ ),]&$

>5@/=:$ (,dc$ ),*b$ ),*b$ a,%b$ *,%a$ d,))$ ),b($ ),b($ a,]($ a,%b$ a,%b$ a,c&$
+J$YX$

79=</:$ (,)&$ ),%&$ ),%&$ d,]&$ *,&&$ d,(&$ ),d&$ ),d&$ a,c&$ d,]&$ d,]&$ a,&&$
>5@/=:$ d,]a$ %),])$ %),])$ %*,ac$ a,c&$ %c,ab$ %d,b%$ %d,b%$ %b,))$ %),])$ %d,b%$ %),])

+J$VX$
79=</:$ d,)&$ %),&&$ %),&&$ %*,&&$ a,&&$ %c,&&$ %d,&&$ %d,&&$ %],)&$ %),&&$ %d,&&$ %),&&

>5@/=:$ b,)%$ (c,*&$ (c,*&$ %b,&($ %&,)a$ %b,))$ (c,*&$ (c,*&$ (b,)b$ (c,*&$ (a,ca$ (c,*&
+J$]X$

79=</:$ b,&&$ (*,&&$ (*,&&$ %],&&$ %&,&&$ %],)&$ (*,&&$ (*,&&$ (],&&$ (*,&&$ (d,&&$ (*,&&
>5@/=:$ %c,ab$ **,]%$ **,]%$ (],)*$ %),])$ *&,dc$ *d,cd$ *d,cd$ ca,))$ *b,%&$ cd,cb$ *d,b]

+J$ZX$
79=</:$ %c,&&$ *(,&&$ *(,&&$ (a,&&$ %),&&$ (b,&&$ *c,)&$ *c,)&$ c),&&$ *a,&&$ cc,&&$ *),&&

>5@/=:$ (d,c($ )c,b)$ )c,b)$ cb,dd$ (a,ca$ cb,dd$ )c,b)$ )c,b)$ ](,c($ aa,%c$ ]&,*%$ aa,%c
+J$^X$

79=</:$ (),&&$ )(,&&$ )(,&&$ ca,&&$ (d,&&$ ca,&&$ )(,&&$ )(,&&$ a],&&$ a*,&&$ ad,&&$ a*,&&
>5@/=:$ *],&c$ a),&($ a),&($ db,ac$ c(,(a$ db,ac$ ad,&]$ ad,&]$ %&b,b&$ ]),)b$ %&a,a]$ ]*,c]

+J$%&X$
79=</:$ *d,&&$ a%,&&$ a%,&&$ dd,&&$ c&,&&$ dd,&&$ a(,&&$ a(,&&$ %&c,&&$ ]%,&&$ %&(,&&$ ab,&&

;61M0/$6/<=2;184$#.5-=9-6$;.:9=9.-$
!$W$ !$V$ !$]$ !$Z$ !$Y$ !$Y"$ !$Y""$ !$Y"""$ L$%$ L$W$ L$Y$ L$V$

>5@/=:$ &,*($ &,d*$ &,d*$ &,])$ &,)*$ &,b)$ &,])$ &,])$ %,%d$ &,]d$ &,b)$ %,*($+J$&W$
79=</:$ &,*&$ &,d&$ &,d&$ &,]&$ &,)&$ &,b&$ &,]&$ &,]&$ %,%&$ &,]%$ &,b&$ %,()$

>5@/=:$ &,d*$ &,ac$ &,ac$ %,%d$ &,])$ %,(a$ %,&&$ %,&&$ %,(a$ %,(a$ %,(a$ %,*($
+J$%W$

79=</:$ &,d&$ &,a&$ &,a&$ %,%&$ &,]&$ %,(&$ &,b)$ &,b)$ %,(&$ %,(&$ %,(&$ %,()$
>5@/=:$ %,*a$ %,db$ %,db$ (,c*$ (,dc$ %,)b$ (,bd$ (,bd$ (,bd$ (,a)$ (,c]$ (,)c$

+J$XW$
79=</:$ %,*&$ %,d&$ %,d&$ (,*&$ (,)&$ %,)&$ (,]&$ (,]&$ (,]&$ (,d&$ (,*)$ (,c&$

>5@/=:$ %,db$ (,c*$ (,c*$ *,*]$ (,&%$ *,a&$ (,a)$ (,a)$ c,d)$ *,)b$ c,cc$ *,&d$
+J$WW$

79=</:$ %,d&$ (,*&$ (,*&$ *,(&$ %,b&$ *,)&$ (,d&$ (,d&$ c,c&$ *,c&$ c,(&$ (,b&$
>5@/=:$ *,%a$ *,]&$ *,]&$ ),cb$ *,a&$ ),(]$ c,**$ c,**$ d,c)$ d,&($ d,ba$ ),b($

+J$UW$
79=</:$ *,&&$ *,d&$ *,d&$ ),(&$ *,)&$ ),&&$ c,%&$ c,%&$ d,%&$ ),a&$ d,d&$ ),d&$

>5@/=:$ c,ad$ d,*c$ d,*c$ ],%c$ ),cb$ a,c&$ a,&]$ a,&]$ b,c&$ ],]]$ b,%b$ b,%b$
+J$YW$

79=</:$ c,)&$ d,&&$ d,&&$ a,a&$ ),(&$ a,&&$ d,a&$ d,a&$ ],b&$ ],c&$ ],a&$ ],a&$
>5@/=:$ %&,)a$ %*,ac$ %*,ac$ %%,d($ %%,d($ %(,d]$ %c,ab$ %c,ab$ %b,&($ %c,ab$ %d,b%$ %),*(

+J$VW$
79=</:$ %&,&&$ %*,&&$ %*,&&$ %%,&&$ %%,&&$ %(,&&$ %c,&&$ %c,&&$ %],&&$ %c,&&$ %d,&&$ %c,)&

>5@/=:$ %c,ab$ (%,%*$ (%,%*$ %],cb$ %c,ab$ %b,&($ (%,%*$ (%,%*$ (b,&d$ (*,a]$ (],)*$ (%,%*
+J$]W$

79=</:$ %c,&&$ (&,&&$ (&,&&$ %a,)&$ %c,&&$ %],&&$ (&,&&$ (&,&&$ (a,)&$ ((,)&$ (a,&&$ (&,&&
>5@/=:$ (*,()$ *c,]a$ *c,]a$ (a,ca$ (c,*&$ (],)*$ *),b*$ *),b*$ c(,(a$ *),b*$ *b,%&$ *(,ad

+J$ZW$
79=</:$ ((,&&$ **,&&$ **,&&$ (d,&&$ (*,&&$ (a,&&$ *c,&&$ *c,&&$ c&,&&$ *c,&&$ *a,&&$ *%,&&

>5@/=:$ c(,(a$ )%,a]$ )%,a]$ cd,cb$ c(,(a$ cd,cb$ )%,a]$ )%,a]$ a],%b$ a*,ba$ ad,&]$ a*,ba
+J$^W$

79=</:$ c&,&&$ cb,&&$ cb,&&$ cc,&&$ c&,&&$ cc,&&$ cb,&&$ cb,&&$ ac,&&$ a&,&&$ a(,&&$ a&,&&
>5@/=:$ )],%($ a&,]&$ a&,]&$ )],%($ )],%($ d(,*c$ a&,]&$ a&,]&$ %&c,d%$ ](,c($ %&(,)&$ a),&(

+J$%&W$
79=</:$ )),&&$ da,&&$ da,&&$ )),&&$ )),&&$ )b,&&$ da,&&$ da,&&$ bb,&&$ a],&&$ ba,&&$ a%,&&

(8;/P$$C10014H$_=34;1;1/:$36/$3MM6891N3;/$A1H=6/:[$$E10$0/`/0$N=:;$7/$2@/2a/<$32286<14H$;8$810$0/`/0$M0=H$3A;/6$A1430$14:;3003;184[$
*22/M;370/$810$A100$0/`/0$1:$b1;@14$c$142@$8A$;@/$78;;8N$8A$;@/$A100$M0=H$;@6/3<:$$$C86$N8=4;14H$34H0/:$48;$:@8b4d$284:=0;$A32;86B[$
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?>E'!G,$+.EE?"(5$
!

D>E!G,#$O"?.$?.,$>,F'),>$ DE++"!G,$)*'+,+$ +'55,+?,F$>,#,FT$

KE</7.@09-6$
R.@0$<B1<<0:$=4<$1@;@19=8$.?$=4<$
/<051</$

I4<1D$/@=<0$1@;@19=8$.?$/<051</C$/<;7@1<$
+9=4$5-9=$.?$:5??919<-=$1@;@19=8$./$/<051<$
7.@0$

"-:5??919<-=$75A/91@=9.-$
I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$5;$=.$
/<1.22<-0<0$7<E<7:$

YB1<::9E<$75A/91@=9.-$
I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$0.+-$=.$
/<1.22<-0<0$7<E<7:$

L5-:$h.=$

"2;/.;</$75A/91@=9.-$

F/.-6$75A/91@=9.-$
g75:4$.5=$@-0$/<?977$+9=4$1.//<1=$75A/91@-=$@:$
/<1.22<-0<0$

F<@D$2.5-=9-6$:=/51=5/<$
"-:;<1=$2.5-=9-6$.?$/<051</,$3964=<-$7..:<$
A.7=:$@-0'$./$/<9-?./1<$2.5-=9-6$@-0$
:=/51=5/<$

R..:<$?.5-0@=9.-$A.7=:$

R..:<$4.70$0.+-$A.7=:$ 3964=<-$A.7=:$

F./-$Li$M9:1$
KE</7.@09-6$5-9=$2@8$/<:57=$9-$
0@2@6<$=.$09:1$

M9:@::<2A7<$@-0$/<;7@1<$09:1,$L<14<1D$
/@=<0$1@;@19=8$.?$/<051</,$

#@8$A<$05<$=.$7@1D$.?$75A/91@-=$
L<;7@1<$A<@/9-6,$I7<@-$@-0$?75:4$/<051</$
@-0$?977$+9=4$/<1.22<-0<0$75A/91@-=,$g@975/<$.?$!<@/9-6:$

KE</7.@0$ I4<1D$/@=<0$1@;@19=8$.?$/<051</,$

L5-:$J.9:8$

"-:5??919<-=$R5A/91@-=$
R<E<7$.?$75A/91@-=$9-$=4<$/<051</$-.=$
;/.;</78$2@9-=@9-<0,$

I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$=.$?@1=./8$
/<1.22<-0<0$7<E<7,$

KE</7.@09-6$.?$/<051</$1@-$1@5:<$
0@2@6<,$

L<;7@1<$A/.D<-$;@/=:,$I4<1D$/@=<0$1@;@19=8$
.?$/<051</,$

"-=</-@7$;@/=:$@/<$A/.D<-$
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K5=;5=$P4@?=$
M.<:$J.=$35/-$
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F./-$P<@7:$ I@5:<0$A8$09/=$./$6/9=$<-=</9-6$:<@7,$
L<;7@1<$:<@7:,$U5=.E<-=$2@8$A<$17.66<0,$
L<;7@1<$./$17<@-,$

KE</?977<0$/<051</,$
I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$=.$
/<1.22<-0<0$7<E<7,$

U5=.E<-=$17.66<0,$
I7<@-$./$/<;7@1<C$A<9-6$:5/<$=.$;/<E<-=$@-8$
09/=$?/.2$?@779-6$9-=.$=4<$/<051</,$

K97$R<@D@6<$
$
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+@77$./$1<979-6$2.5-=$.?$4./9Z.-=@7$
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+9=4$2.5-=9-6$14@/=$9-$2@-5@7,$
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* EM'#* '#* $M-* #%3-$P* %&-.$* #P<Q(&L* !$* '#* 2#-/* $(* %&-.$* P(2* $(* ,($-"$'%&* ,-.#("%&*
'"R2.P* M%S%./#L* +Q-P* %&&* #%3-$P* <-##%T-#* $M%$* 3(&&(K* $M'#* #P<Q(&* $(* %I('/*
,(##'Q&-*'"R2.P*(.*/-%$ML**
*

*U4D>!>V*
W-3(.-* '"#$%&&'"T)* 2#'"T)* (.* #-.I'1'"T* $M'#* ,.(/21$ )* 1%.-32&&P* .-%/* %"/* 32&&P*
2"/-.#$%"/* $M-* '"#$.21$'("# %'"1&2/'"T* %&&* K%."'"T#)* 1%2$'("#!" #* #%3-$P* "($'1-*
#$%$-<-"$#L* * E(* .-/21-* .'#X* (3* ,-.#("%&* '"R2.P)* /-% $M* %"/Y(.* ,.(,-.$P* /%<%T-)*
3(&&(K*%&&*'"#$.21$'("#*3(.*,.(,-.*<($(.*'"#$%&&%$'(")*(,-.%$'("*%"/*<%'"$-"%"1-L*
*
EM-#-* '"#$.21$'("#* %.-* "($* '"$-"/-/* %#* %* 1(<,&-$-* & '#$'"T* (3* %&&* /-$%'&#* 3(.*
'"#$%&&%$'(")* (,-.%$'(")*%"/*<%'"$-"%"1-L** !3*P(2*M%I-*%"P*Z2-#$'("#*1("1-."'"T*
%"P* (3* $M-* ,.(1-/2.-#)* HE+[)* %"/* 1%&&* $M-* %,,.(,.'% $-* D-T%&8W-&('$* <($(.*
1(<,%"PL*

*

%
E%Q&-*(3*5("$-"$#*
\L:* !>HE4GG?D*Y*+U>?D*Y*+[?D4E+D*D?H[+>H!W!G!EN *

\L\* ?&-1$.'1%&*H%3-$P*
\LC* 0-1M%"'1%&*H%3-$P*
\LA* ?"I'.("<-"$%&*H%3-$P *

CL:*D?5?!]!>V*^*!>H[?5E!+> *
CL\*!"'$'%&*!"#,-1$'(" *

CL\L\*[%1X'"T*G'#$*^*!"#,-1$ *
CL\LC*E2."*0($(.*HM%3$**
CL\LA*5M-1X*>%<-,&%$-*

CLC*F%"/&'"T *
CLCL\*5(..-1$*G'3$'"T*4"T&-# *

CLA*H$(.%T-*
CLAL\*W-%.'"T*G2Q.'1%$'("*
CLALC*HM%3$*D($%$'("*
CLALA*_%<,*(.*F2<'/*H$(.%T-*G(1%$'("# *

AL:*!>HE4GG4E!+>*4>_*+[?D4E!+> *
AL\*G(1%$'(" *

AL\L\*H-&-1$'"T*%*G(1%$'("*
AL\LC*4<Q'-"$*E-<,-.%$2.-*G'<'$# *
AL\LA*5("#$.21$'("*H-&-1$'("*,-.*G(1%$'(" *
AL\LAL\* _.',,.((3 *
AL\LALC*E($%&&P*?"1&(#-/*
AL\LALA* F%S%./(2#*G(1%$'("#*0($(.# *

ALC*0(2"$'"T*0($(. *
ALCL\*D'T'/*W%#-*=;(($-/@ *
ALCLC*D'T'/*W%#-*F(&-*H-&-1$'("*87*(.*9*F(&-*W%#-#**
ALCLA*]-.$'1%&*

ALA*4,,&'1%$'("*4##-<Q&P*$(*0($(. *
ALAL\*V-"-.%&J*[.(,-.*4&'T"<-"$ *

ALALC*_'.-1$*5(2,&'"T *
ALALA*_'.-1$*5(""-1$-/ *
ALAL`*W-&$-/*
ALAL6*];_*+,-.%$'(" *
ALAL7*411-##(.'-# *

ALAL7L\*V-"-.%& *
ALAL7LC*W.%X-*0($(.# *
ALAL7LA*H,%1-*F-%$-.# *
ALAL7L`*EM-.<%&*[.($-1$'("*V-"-.%&)*EM-.<(#$%$#)*

EM-.<'#$-.#*^*DE_# *
ALAL7L6* *DE_*4&%.<*^*E.',*H-$$'"T# *

ALALa*V2%./# *
AL`*?&-1$.'1%&*5(""-1$'("# *

AL`L\*[(K-.*H2,,&P*Y*W.%"1M*5'.12'$ *
AL`L\L\* W.%"1M*5'.12'$*H2,,&P*
AL`L\LC*;2#-#)*W.-%X-.#)*+I-.&(%/*D-&%P# *
AL`L\LA*45*[(K-.*H2,,&P*G'<'$# *

AL`LC*E-.<'"%&*W(b *
AL`LCL\*5("/2'$*(,-"'"T *
AL`LCLC*F%S%./(2#*G(1%$'("#*

AL`LA*G-%/*5(""-1$'("# **
AL`LAL\*U'.-*H'S-*D-Z2'.-<-"$#*=H'"T&-*[M%#-@ *
AL`LALC*?b$-"#'("*5(./#*=H'"T&-*[M%#-@ *

AL`L`*V.(2"/*5(""-1$'("# *
AL`L6*H$%.$*O,*

AL`L6L\*H$%.$*O,*B*>(*G(%/*[.(1-/2.- *
AL`L6LC*H$%.$*O,*B*G(%/*5(""-1$-/*[.(1-/2.- *
AL`L6LA*c(TT'"T*%"/Y(.*.-,-%$-/*#$%.$# *

`L:**04!>E?>4>5? *
`L\*V-"-.%&*!"#,-1$'(" *

!>HE4GG?DJ**[G?4H?*G?4]?*EF!H*04>O4G*;+D*EF?*+U>?Dd H*OH?*
+U>?DJ********D?4_*4>_*H4]?*EF?H?*!>HEDO5E!+>H %
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`L\L\* ]-"$'&%$'(" *
`L\LC*!"#2&%$'("*
`L\LA*?&-1$.'1%&*5(""-1$'("# *

`LC*G2Q.'1%$'("*%"/*W-%.'"T# *
`LCL\*V.-%#-*EP,- *
`LCLC*W-%.'"T*+,-.%$'"T*E-<,-.%$2.- *

`LCLA*G2Q.'1%$'("*!"$-.I%&*
`LCL`*G2Q.'1%$'("*[.(1-/2.- *
`LCL6*G2Q.'1%$'("*?b%<,&-*

`LA*E.(2Q&-*HM(($'"T **
`LAL\*V-"-.%&*E.(2Q&-8HM(($'"T*U%."'"T# *
`LALC*E.(2Q&-8HM(($'"T* 5%2#-* Y* 5(..-1$'I-* 41$'("
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*
\L:* !>HE4GG?DY+U>?DY+[?D4E+D* D?H[+>H!W!G!EN -%
*
\L\* ?G?5ED!54G*H4;?EN *

%U4D>!>VJ ***?G?5ED!54G*HF+5f*F4g4D_**
(5,67#8695%6"++,678"+:%:*955%;,%$9<,%;=%9%>?958@8,<%,5,67#8695%A,#:"++,5%8+%
966"#<9+6,% B87*% 955% 9AA5869;5,% 6"<,:C% "#<8+9+6,:% 9+<% :"?+<% A#96786,:D%%
!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%
<,97*%9+<F"#%A#"A,#7=%<9$9G,D%%H+5=%>?958@8,<%A,#:"++,5%B*"%9#,%@9$8589#%
B87*%7*,%9AA5869;5,%I978"+95%J"<,%.KLM%N%I(J1%9+<%5"695%6"<,:%:*"?5<%
8+:7955%"#%#,A98#%,5,67#8695%$"7"#:%9+<%7*,8#%966,::"#8,:D%%%

%U4D>!>VJ ***?G?5ED!54G*G!]?*5!D5O!E*F4g4D_*
O"% +"7% 7"?6*% ,5,67#86955=% 58P,% A9#7:D% % O8:6"++,67C%5"6Q"?7% 9+<% 79G% 8+A?7%
A"B,#% :?AA5=% ;,@"#,% 8+:79558+G% "#% :,#P868+G% $"7"#% .8+65?<,:% 966,::"#=%
<,P86,:1D% % K:,% 9% P"57$,7,#% 7"% P,#8@=% 7*97% A"B,#% 8:%"@@% ;,@"#,% 6"+79678+G%
6"+<?67"#:D%

*U4D>!>VJ ***?G?5ED!54G*VD+O>_!>V*F4g4D_ *
!985?#,%7"%A#"A,#5=%G#"?+<%$"7"#:C%A,#%7*,%I978"+95%(5,67#8695%J"<,%.I(J1%
M#7865,% '4R% 9+<% 5"695% 6"<,:% $9=% 69?:,% :,#8"?:% 8+E?#=% "#% <,97*% 7"%
A,#:"++,5D% % !"#% G,+,#95% 8+@"#$978"+% "+% G#"?+<8+G% #,@,#% 7"% I(J% M#7865,%
S&RD%%.M5:"%:,,%TU#"?+<%J"++,678"+:%:,678"+%4D'D'T1D%%

*U4D>!>VJ ***4OE+04E!5*D?H?E*[D+E?5E+D*F4g4D_ *
O"%+"7%?:,%9?7"$9786%#,:,7%A#"7,67"#:%8@%9?7"$9786955=%#,:79#78+G%7*,%$"7"#%
B855%A596,%A,#:"++,5%"#%,>?8A$,+7%97%#8:QD%D%!985?#,%7"%@"55"B%7*8:%8+:7#?678"+%
6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,%

*U4D>!>VJ ***04>O4G*D?H?E*[D+E?5E+D*F4g4D_**
V@%9%7#8AA,<%$9+?95%#,:,7%7*,#$95%A#"7,67"#%8:%,WA":,<%7"%9%7,$A,#97?#,%
5,::%7*9+%X/YJ%%.SRY!1%87%$9=%#,:,7%9+<%#,:79#7%7*,%$"7"#%9?7"$9786955=D%V@%
9+%9AA586978"+%#,>?8#,:%9%$"7"#%B87*%9%$9+?95%#,:,7%7*,#$95%A#"7,67"#%7*97%
B855% ;,% "A,#97,<% 97% 7,$A,#97?#,:% 5,::% 7*9+% X/YJ% % .SRY!1% 6"+7967% 7*,%
$9+?@967?#,#% 7"% #,P8,B% 7*,% 9AA586978"+% F% $"7"#% #,>?8#,$,+7:D% !985?#,% 7"%
@"55"B%7*8:%8+:7#?678"+%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%
A#"A,#7=%<9$9G,*
*
\LC*0?5F4>!54G*H4;?EN *

*U4D>!>VJ ***G++H?*[4DEH*F4g4D_*
Z,@"#,% :79#78+G% 7*,% $"7"#C% #,$"P,% 955% ?+?:,<% :*9@7%Q,=:% 9+<% 5"":,%
#"7978+G% A9#7:% 7"% A#,P,+7% 7*,$% @#"$% @5=8+G% "@@D% !985?#,% 7"% @"55"B% 7*,:,%
8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%
<9$9G,D%

*U4D>!>VJ ***D+E4E!>V*[4DEH*F4g4D_ %
[,,A% ,W7#,$878,:C% *98#C% E,B,5#=% 9+<% 65"7*8+G% 9B9=% @#"$% $"P8+G% A9#7:D%
!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%
<,97*%9+<F"#%A#"A,#7=%<9$9G,D%
%
\LA*?>]!D+>0?>E4G*H4;?EN *

*U4D>!>VJ ***F4g4D_+OH*G+54E!+>H***
.01%\*,%I(J%9+<%7*,%5"695%9?7*"#87=%*9P8+G%E?#8:<8678"+%$?:7%;,%6"+:?57,<%

6"+6,#+8+G% 7*,% 8+:7955978"+% 9+<% :?879;8587=% "@% $"7"#:% @"#% ?:,% 8+%
]9^9#<"?:% _"6978"+:D% % \*,% 5"695% 9?7*"#87=% *9P8+G% E?#8:<8678"+% $?:7%
$9Q,%7*,%@8+95%<,7,#$8+978"+%"@%B*97%7=A,%"@%$"7"#%8:%#,>?8#,<D%%\*,%
9AA586978"+% 9+<% "A,#978"+% 8:% ;,="+<% 7*,% 6"+7#"5% "@%7*,% $"7"#%
$9+?@967?#,#D%

.S1% O8P8:8"+% 0% ]9^9#<"?:% _"6978"+:% $"7"#:% 69+% "+5=%;,% $"<8@8,<% "#%
#,B"#Q,<% ;=% 7*,% $9+?@967?#,#% "#% 9% @968587=% 7*97% 8:%_8:7,<% ?+<,#% K_`:%
697,G"#=% Ta"7"#:% 9+<% U,+,#97"#:C% b,;?857% @"#% ?:,% 8+% ]9^9#<"?:%
_"6978"+:cD%%!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%
A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,D%

.41% O"%+"7%?:,%9%]9^9#<"?:%_"6978"+:%$"7"#%B87*%9%d9#89;5,%!#,>?,+6=%
O#8P,% .d!O1% ?+5,::% 7*,% $"7"#% +9$,A597,% :A,68@86955=% :797,:% 7*97% 7*,%

$"7"#%8:%:?879;5,%@"#%?:,%"+%)?5:,%e8<7*%a"<?597,<%.)ea1%7=A,%d!O%
A"B,#D%%V+%9<<878"+C%7*,%+9$,A597,%$?:7%;,%$9#Q,<%B87*%7*,%8+P,#7,#%
#978+Gf%@"#%,W9$A5,C%TS-0%J\cC%TS%7"%0%J"+:79+7%\"#>?,cC%,76D%

%
%
%
%
%
%
%
%
%
CL:* D?5?!]!>V*4>_*!>H[?5E!+> *

*
CL\*!>!E!4G*!>H[?5E!+>H % %

CL\L\**5F?5f* [45f!>V* G!HE* 4>_* !>H[?5E % 7*,%
A96Q9G8+G%7"%$9Q,%6,#798+%+"%<9$9G,%*9:%"66?##,<%8+%:*8A$,+7D%V@%
7*,#,% 8:% P8:8;5,% <9$9G,% 7"% 7*,% A96Q9G8+GC% ?+A96Q% 9+<% 8+:A,67% 7*,%
$"7"#%8$$,<897,5=D%J598$:%@"#%9+=%<9$9G,%<"+,%8+%:*8A$,+7%$?:7%
;,%$9<,%;=%7*,%A?#6*9:,#%9G98+:7%7*,%7#9+:A"#7978"+%6"$A9+=D%%

%
CL\LC*EOD>* 0+E+D* HF4;E % ;=% *9+<% 7"% ;,% 6,#798+% 7*97% 87%
#"797,:%@#,,5=D%I"7,-%L*9@7%:,95:%9+<%;,9#8+G%:,95:%$9=%9<<%<#9GD%%%%%*
*
CL\LA*5F?5f* >40?[G4E? % @"#% 6"+@"#$9+6,% B87*% A?#6*9:,%
"#<,#% #,>?8#,$,+7:% 9+<% 6"$A589+6,% B87*% A"B,#% :?AA5=% 9+<% 6"+7#"5%
,>?8A$,+7%#,>?8#,$,+7:D%%

%
CLC*F4>_G!>V J**

%U4D>!>VJ*** ;4GG!>V*+Wc?5E*F4g4D_ %
?P-Q(&$#* (.* &'3$'"T* &2T#)* KM-.-* ,.(I'/-/)* %.-* '"$-" /-/* 3(.* &'3$'"T*
("&P* $M-* <($(.* %"/* %11-##(.'-#* <(2"$-/* QP* $M-* <($(. *
<%"23%1$2.-.* =?+5,::% :A,68@86955=% :797,<% "7*,#B8:,% "+% 7*,% $"7"#1D%
K7858^8+G% 7*,% $"7"#% 58@78+G% A#"P8:8"+% 7"% 58@7% "7*,#% 6"$A"+,+7:% :?6*% 9:%
A?$A:% 9+<% G,9#% ;"W,:% 6"?5<% #,:?57% 8+% :,#8"?:% A,#:"+95% 8+E?#=C% <,97*%
9+<F"#%A#"A,#7=%<9$9G,D%

*

%U4D>!>VJ ***;4GG!>V*+Wc?5E*F4g4D_*
Z,@"#,%?:8+G%7*,%58@78+G%A#"P8:8"+C%6*,6Q%7*,%,=,;"57:%9+<F"#%"7*,#%58@78+G%
$,9+:% 7"% 9::?#,% 7*,=% 9#,% +"7% ;,+7% "#% <9$9G,<% 9+<% 9#,% 6"$A5,7,5=%
7*#,9<,<C%:,97,<%g%:,6?#,<%7"%7*,%$"7"#D%(>?8A$,+7%7"%58@7%$"7"#%$?:7%
*9P,%9<,>?97,%58@78+G%69A9687=D%%e*85,%58@78+G%7*,%$"7"#%OH%IH\%:79+<%
?+<,#%"#%8+%7*,%P868+87=%"@%7*,%$"7"#D%!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%
6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,D%

*
CLCL\**G!;E!>V*4>VG?*G!0!E4E!+>H %

* *
*

CLA*HE+D4V?J*a"7"#:C%+"7%A?7%8+7"%:,#P86,%8$$,<897,5=C%$?:7%;,%
:7"#,<% 8+<""#:% 8+% 9% 65,9+C% <#=% 5"6978"+D% % MP"8<% 5"6978"+:% B87*% 59#G,%
7,$A,#97?#,% :B8+G:% 7*97% B855% #,:?57% 8+% 6"+<,+:978"+D% % a"7"#:%$?:7%;,%
6"P,#,<% 7"% ,58$8+97,% 98#;"#+,% <?:7% 9+<% <8#7D%V@% 7*,% :7"#9G,% 5"6978"+%
,W*8;87:% *8G*% P8;#978"+C% A596,% 8:"5978"+% A9<:% ?+<,#% $"7"#% 7"% $8+8$8^,%
<9$9G,%7"%$"7"#%;,9#8+G:D%

%



%

CLAL\*W?4D!>V*GOWD!54E!+>J *Z,9#8+G:%9#,%G#,9:,%A96Q,<%
97%7*,%@967"#=f%#,5?;#86978"+%?A"+%#,6,8A7%"@%$"7"#%"#%B*85,%8+%:7"#9G,%
8:% +"7% +,6,::9#=D% V@% :7"#,<% $"#,% 7*9+% "+,% =,9#C% 9<<% G#,9:,% A,#%
5?;#86978"+%8+:7#?678"+:%.\9;5,%'3'1%;,@"#,%:79#73?AD%

%
CLALC*HF4;E* D+E4E!+>J % V7% 8:% #,6"$$,+<,<% 7*97% 7*,% $"7"#%
:*9@7%;,%#"797,<%&%7"%0R%#"7978"+:%,P,#=%7*#,,%$"+7*:%7"%<8:7#8;?7,%7*,%
G#,9:,%8+%7*,%;,9#8+G:D%%\*8:%B855%#,<?6,%7*,%6*9+6,%@"#%6"##":8"+%7"%
@"#$% "+% 7*,% ;,9#8+G% #"558+G% ,5,$,+7:% 9+<% #96,B9=:D%I"7,-% L*9@7%
:,95:%9+<%;,9#8+G%:,95:%$9=%9<<%<#9GD%%%%%%

%
CLALA*_40[* +D* FO0!_* HE+D4V?* G+54E!+>H -%\#,97%
?+A98+7,<% @59+G,:C% :*9@7:C% 9+<% @8778+G:% B87*% 9% #?:7% 8+*8;87"#D% % MAA5=%
9AA#"A#897,%A"B,#%7"%7*,%$"7"#`:%:A96,%*,97,#:%.8@%:"%,>?8AA,<1%%

*
*
*
*
AL:* !>HE4GG4E!+>*4>_*+[?D4E!+> %%

*U4D>!>VJ % H+5=% >?958@8,<% A,#:"++,5% B*"% 9#,% @9$8589#% B87*% 7*,%
9AA#"A#897,%+978"+95%6"<,C%5"695%6"<,:%9+<%:"?+<%A#96786,:%:*"?5<%8+:7955%
"#% #,A98#% ,5,67#8695% $"7"#:% 9+<% 7*,8#% 966,::"#8,:D%V+:7955978"+% :*"?5<%
6"+@"#$% 7"% 7*,% 9AA#"A#897,% +978"+95% 6"<,% 9:% B,55% 9:% 5"695% 6"<,:% 9+<%
:"?+<%A#96786,:D%!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%
A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,D%

%U4D>!>VJ ***?G?5ED!54G*G!]?*5!D5O!E*F4g4D_*
O"% +"7% 7"?6*% ,5,67#86955=%58P,% A9#7:D% % O8:6"++,67C%_"6Q"?7% 9+<% \9G% 8+A?7%
A"B,#% :?AA5=% ;,@"#,% 8+:79558+G% "#% :,#P868+G% $"7"#% .8+65?<,:% 966,::"#=%
<,P86,:1D% K:,% 9% P"57$,7,#% 7"% P,#8@=% 7*97% A"B,#% 8:% "@@% ;,@"#,% 6"+79678+G%
6"+<?67"#:D%
%

AL\*G+54E!+> *
*
AL\L\*H?G?5E!>V* 4* G+54E!+>J * J"+:8<,#978"+% :*"?5<% ;,%
G8P,+%7"%,+P8#"+$,+7%9+<%P,+785978"+D%%a"7"#:%:*"?5<%;,%8+:7955,<%8+%
9+% 9#,9% 7*97% 8:% A#"7,67,<% @#"$% <8#,67% :?+58G*7C% 6"##":8P,:C% *9#$@?5%
G9:,:%"#%58>?8<:C%<?:7C%$,795586%A9#7865,:C%9+<%P8;#978"+D%%M%$"7"#%B87*%
7*,%A#"A,#%,+65":?#,%@"#%7*,%,WA,67,<%"A,#978+G%6"+<878"+%:*"?5<%;,%
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Warranty Card  
Complete and return to validate warranty 

 
Please complete this card and return it to seepex Inc.  By using this card, the valid warranty period will commence at the pump 
Òstart-upÓ date.  If this card is not completed the warranty coverage period will commence on the date the pump is shipped from
the seepex  factory.  This card must be completed and mailed no later than one year from the date of shipment. 
 
          User Entity: _______________________ 
Mailing Address: ________________________                                                      Pump Model # _____________________ 

            ________________________                                               Pump Commission #: _____________________ 
            ________________________                                                  Pumped Product: _____________________ 

 Contact Person:  _______________________                                               Diff. Pressure: _________  Flow Rate: ________ 
  Phone Number:  ________________________                                             Temperature:  _________    Visosity:  _________ 
      Fax Number:  ________________________                                             Solids Size:  _________   Solids %:  _________ 

        
           Was the pump delivered as scheduled? __ Yes __ No                        Did the pump perform as expected? __ Yes __ No 
 Was the appearance of the pump acceptable? __ Yes __ No                             Did you receive:  - Data Sheets? __ Yes __ No 
          Did the pump suffer any freight damage? __ Yes __ No                         -O&M Manuals? __ Yes __ No 
                           Did you local seepex distributor contact you to arrange a start-up? __ Yes  __ No 
Other Comments:  ______________________________________________________________________________________ 
               ______________________________________________________________________________________ 
Name of person completing card (please print):  _______________________________________________________________ 
      Date:  ________________  Signature:  _____________________________________  
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seepex , Inc. 
511 Speedway Drive 
Enon, OH  45323 
Phone (937) 864-7150 

  Fax (937) 864-7157 
  www.seepex.com 
  sales@seepex.net 

                             TERMS & CONDITIONS OF SALES AND/OR REPAIR 
The following terms and conditions shall apply to an order for all or any part the articles covered by this quotation unless specifically excepted therein: 
 
Prices  
Any prices quoted shall only be valid for orders 
placed within 30 days from the date of issue of the 
quotation.  Prices are F.O.B. our plant in U.S. or 
Canadian dollars.  We reserve the right to correct 
typographical or clerical errors. 
Terms  
All orders are subject to approval by our Credit 
Department.  Unless otherwise stated, if payment 
for the invoice due is not made within thirty (30) 
days after shipment, administration fees of 
eighteen percent (18%) per year (equivalent to a 
nominal monthly interest rate of 1!%) will be 
applied on overdue accounts.  The terms and 
conditions herein set forth are based upon tariffs, 
taxes, foreign exchange rates, delivery, and other 
conditions in effect on the date of this contract.  In 
the event changed conditions, legislations, 
regulations, or other matters shall become 
applicable to any quotation, contract, or delivery 
hereunder, any increased exchange, duties, 
taxes, ocean freight, or other charges resulting 
from such action shall be for the customer's 
account and seepex , Inc. may charge such 
increased duties, taxes, or charges to the 
customer. 
 
Unless the order includes the appropriate 
exemption certificates and/or licenses, duties, and 
taxes levied by Federal, State, or other 
governments are required to be charged 
automatically at the rate imposed at time of 
importation/shipment.  Any change in law, 
regulations, or Government Department practice 
which causes a variation of any kind in the 
applicable charges from the amounts allowed for 
the quotation, shall result in an equivalent change 
in the price quoted. 
 
Until payment is made in full, seepex , Inc. shall 
retain the right, without notice, to repossess 
and/or retain the items, and/or dispose of them, 
for its benefit and hold the customer responsible 
for any loss.  Customer agrees to enter into any 
agreements, contracts, or notices required to 
confirm such rights. 
 
Security  
In order to secure any obligations due to seepex , 
Inc. from the customer (whether or not under this 
contract) the customer grants and confirms in 
seepex , Inc. a security interest in: 
a) the merchandise covered by this contract, 

and 
b) in all property and funds of the customer 

now or hereafter in seepex , Inc. 
possession,  whether or not arising out of 
this contract, and in all additions, 
accessions, and proceeds of such 
merchandise and/or property.  The 
customer hereby authorizes seepex , Inc. to 
sign alone any financing statement or 
statements and to do all and any other 
things which may be necessary to perfect 
such security interest. 

 
Cancellation  
After acceptance, orders may be canceled only 
with our approval and payment in accordance with 
contract by the customer for work performed 
and/or material expenses incurred by us to date of 
cancellation.  We reserve the right to cancel the 
order if the customer's financial condition, in our 
sole judgment, places the payment in jeopardy. 
Return  
No credit will be allowed for returns unless our 
authorization in writing for such returns has been 
obtained beforehand.  A copy of this authorization 
is to be returned with the item as the packing slip. 
Shipment  
a) Handling Charge:  Customer shall be 

responsible for making all 
arrangements for shipment of the order with 
a suitable carrier.  In the event 
that customer requests that seepex make 
arrangements for shipment, then 
customer agrees to pay to seepex, in 
addition to the applicable shipping 
charges, a handling charge in the amount of 
10% of the shipping charges with a 
minimum $5.00 to a maximum charge of 
$150.00, with special services requiring 
additional charges.  

b) New Articles:  Where shipping instructions 
indicate no exact routing, our best 
judgement will be used in determining 
routing but we shall not be liable for any 
charges beyond F.O.B. point.  If changes 
are made at customer's request in a) F.O.B. 
point, b) in our normal routing from either 
the manufacturers' or our own plants and in 
these changes involve extra costs, such 
costs shall be for the customer's account, 
unless otherwise noted on the seepex  price 
quotation. 

c) Repair Work:  Defined as work and services 
performed by seepex , Inc.  All orders shall 
be delivered to and picked up from our plant 
unless otherwise specified.  All costs of 
delivery shall be for the customer's account 
unless otherwise agreed to in writing prior to 
shipment. 

d) All Orders:  On collect freight shipments, 
cartage charges from plant to carrier are for 
customer's account.  Title to articles passes 
to customer upon delivery to carrier acting 
as customer's agent subject to any right of 
retention by us.  All claims for shortage in, 
and damages in, shipment or otherwise 
must be reported to carrier immediately 
upon receipt with copy or report to ourselves 
within five (5) days. 

Guarantee  
a) New Articles:  We guarantee articles of our 

manufacture against defects in material 
and/or workmanship for a period of three (3) 
years from date of acceptance, providing 
that the articles have been installed, 
maintained, and operated in accordance 
with our recommendations and instructions. 

b) Repair Work:  Defined herein as work and 
services performed by seepex , Inc.  We 

guarantee all work and services performed by 
us against defect arising from workmanship 
and/or materials provided by us for a period 
of ninety (90) calendar days from the date of 
shipment to customer. 

c) All Orders:  Claims shall be submitted 
promptly in writing to seepex , Inc.  
Replacement and/or repair under guarantee 
shall be made F.O.B. our plant.  Our liability 
under these guarantees is limited to the 
replacement and/or repair only of defective 
material or workmanship and in no event shall 
seepex , Inc. be liable for any loss or damage 
of whatever kind of nature out of defects in 
material and/or workmanship, or resulting 
from delay, or loss of use of articles, or any 
installation into which the article may be 
installed, or arising out, of the contract of the 
work or service or from negligence. 
 
seepex, Inc. shall not be liable for any loss 
or damage resulting from delay and/or late 
delivery due to causes beyond our 
reasonable control.  In no event shall 
seepex, Inc. be liable for any claim 
exceeding the amount of this order.  Our 
guarantee on products of other than our 
own manufacture is limited to the 
guarantee extended to us by the original 
manufacturer.  On any claims for repairs 
and/or replacement under such guarantee, 
all costs incurred by us which are not 
underwritten by the original manufacturers 
shall be for the claimant's account.  Except 
as stated above no representations, 
conditions, or warranties are made with 
respect to products, work, or services, 
express or implied verbal or otherwise, 
including warranties of merchantability and 
fitness.  Our guarantee and warranty shall 
not apply to materials or workmanship 
which have been subject to misuse, 
neglect, or accident. 
seepex, Inc. shall be held free and 
harmless from any dispute or claim 
anywhere arising relating to infringement 
of patent, design, trademark, or copyright 
of items, sold or repaired under this 
contract. 

 
 
Property rights and risks  
The customer's property at all times shall remain at 
the risk of the customer while being worked on by 
our personnel or on our premises and shall not be 
responsible for any loss or damage to the 
customer's property resulting from any cause 
whatsoever. 
 
Title to and rights in relation to item sold under this 
contract/quotations shall remain with seepex , Inc. 
until such items are paid for, subject to risk on 
products sold passing to the customer upon 
acceptance by a carrier or other, which shall 
constitute good delivery. 
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CALIBRATION CYLINDER



 



ACCUDRAW  has been developed for the accurate calibration of
metering pumps. Standard features include:

¥ translucent ¥ PVC has dual scale USGPH & ml
¥ chemical resistant ¥ PVC sizes 100 - 20000 ml
¥ break resistant ¥ POLY sizes 100 - 4000 ml
¥ threaded or socket ¥ POLY meets ISO standards
¥ colored graduations ¥ custom sizes and other materials
  and lettering   (acrylic, glass) on request

PRIMARY FLUID
SYSTEMS INC.

Call Toll Free 1-800-776-6580
Tel (905) 333-8743  Fax (905) 333-8746

E-Mail:  primary@primaryfluid.com
www.primaryfluid.com

ACCUDRAW¨   Calibration Cylinders

¨

PVCPolypropylene PVC



Polypropylene Construction
PVC Construction

BC = bottom connection only, open top
BTC= bottom and top connections
BDC= bottom connection and dust cover top

Sizing and Ordering Information

Distributed By:

Note: PVC cylinders available with socket weld connections.
           Add suffix ÒSÓ to model #  e.g. PV#3-100S
           For BSP threads, add suffix "B" to model # e.g. PV#3-100B

ACCUDRAW

Installations

"For Accuracy That Counts"
Calibration Cylinders

Dimensional Information
Polypropylene Construction PVC Construction

(using return to tank) (using bottom connection with dust cover)

Conversion Factors
1 ml = 1 cc

1000 ml = 1 liter
ml/sec X 60 = ml/min

1 US gal/min X 0.063 = liters/sec
1 US gal = 3.786 liters

   Call Toll Free 1-800-776-6580
Tel: (905) 333-8743

¨  Registered Trade Mark of Primary Fluid Systems

!"#"$

Fax: (905) 333-8746

E:Mail: primary@primaryfluid.com
www.primaryfluid.com

¨

ACCUDRAW

Model Size Divisions Size Divisions A B 

(ml) (ml) (GPH) (GPH) (inches) (inches)
PV#1 100 1 1.6 0.02 10.24 1.388

PV#1 250 2 4 0.05 11.04 1.888

PV#1 500 5 8 0.05 12.25 2.388

PV#1 1000 10 16 0.125 16.24 2.765
PV#1 2000 20 32 0.25 20.16 3.517

PV#1 4000 25 64 0.25 22.16 4.521

PV#1 10000 200 160 2 22.64 6.906

PV#1 20000 200 320 2 42.19 6.906

PV#2/PV#3 100 1 1.6 0.02 10.75 1.388
PV#2/PV#3 250 2 4 0.05 11.51 1.888

PV#2/PV#3 500 5 8 0.05 12.75 2.388

PV#2/PV#3 1000 10 16 0.125 16.76 2.765

PV#2/PV#3 2000 20 32 0.25 20.67 3.517

PV#2/PV#3 4000 25 64 0.25 22.66 4.521
PV#2/PV#3 10000 200 160 2 23.16 6.906

PV#2/PV#3 20000 200 320 2 42.69 6.906

PRIMARY FLUID
SYSTEMS INC.

Distribution Territories Available

Size Conn. BC BTC BDC
100 ml 1/2" NPT AC#1-100 AC#2-100 AC#3-100
250 ml 1/2" NPT AC#1-250 AC#2-250 AC#3-250
500 ml 1/2" NPT AC#1-500 AC#2-500 AC#3-500
1000 ml 1/2" NPT AC#1-1000 AC#2-1000 AC#3-1000
2000 ml 1.0" NPT AC#1-2000 AC#2-2000 AC#3-2000
4000 ml 1.0" NPT AC#1-4000 AC#2-4000 AC#3-4000

Size/Scale Conn BC BTC BDC
100 ml/ 1.6 GPH 1/2" NPT PV#1-100 PV#2-100 PV#3-100
250 ml/ 4 GPH 1/2" NPT PV#1-250 PV#2-250 PV#3-250
500 ml/ 8 GPH 1/2" NPT PV#1-500 PV#2-500 PV#3-500
1000 ml/ 16 GPH 1/2" NPT PV#1-1000 PV#2-1000 PV#3-1000
2000 ml/ 32 GPH 1.0" NPT PV#1-2000 PV#2-2000 PV#3-2000
4000 ml/ 64 GPH 1.0" NPT PV#1-4000 PV#2-4000 PV#3-4000
10000 ml/ 160 GPH 2.0" NPT PV#1-10000 PV#2-10000 PV#3-10000
20000 ml/ 320 GPH 2.0" NPT PV#1-20000 PV#2-20000 PV#3-20000

Model Size (ml) Dev (ml) A (inches) B (inches)
AC#1 100 1 9.88 1.38

AC#1 250 2 12.44 1.75

AC#1 500 5 14.1 2.33

AC#1 1000 10 17.19 2.63

AC#1 2000 20 20.88 3.38

AC#1 4000 50 23.56 4.38

AC#2/AC#3 100 1 9.25 1.38

AC#2/AC#3 250 2 11.63 1.75

AC#2/AC#3 500 5 13 2.32

AC#2/AC#3 1000 10 16.5 2.69

AC#2/AC#3 2000 20 19.5 3.38

AC#2/AC#3 4000 50 22.13 4.38

COAGULANT
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SAFETY INSTRUCTIONS



SAFETY INSTRUCTIONS

Read the instructions in this manual carefully before installing or starting the system.
Tomal AB will accept no liability for damages due to non-observance of this manual.

Information in this manual is subject to change without notice and does not represent a
commitment on the part of Tomal AB.

No part of this manual may be reproduced or transmitted in any form or by any means,
electronic or mechanical, without the prior written permission of Tomal AB.

The following signs may occur within this manual or on the Polymer make-up unit:

Electrical connections and maintenance must only be performed by qualified
personnel !
Electrical elements have to be connected according to local regulations !

Attention ! / Important ! / Note !

Dangerous voltage !

Prior to use, read operation manual and observe safety regulations !

Do not open or remove safety shields while machine is in operation !
Moving parts !
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FUNCTION



DESCRIPTION / FUNCTION

DESCRIPTION

*                    Tomal PolyRex is a turnkey, automatic machine for batch preparation of
 polymer solutions.

* Through batch preparation, the so-called short circuit effect is avoided. The 
polymer grains cannot pass the process without maturing.

*
* Tomal's proven double screw feeder supplies a constant discharge without 

pulsation. This, combined with high feeding accuracy, ensures consistent batch 
composition.

* The highly tested dissolver cone guarantees a clear solution without Ófish-eyesÓ.
* Gentle agitation and pumping ensures the polymer chains remain undamaged.
* Each polymer unit is Ówet testedÓ prior to despatch from the factory.
* Our range of options/special equipment and our flexibility enable us to adapt 

machines to the individual requirements of customers.

Powder feeder - The feeder has a double screw type 182 Poly with a worm-geared motor.
The feeder outlet has a gate, which effectively stops moisture from reaching the polymer
powder.

Dissolver cone - The cone is designed for an optimal dissolving of polymer powder.  At the
cone's outlet there is an ejector which effectively sucks down, mixes and transports the
solution into the preparation tank.

Water control - The armatures consist of a shut-off valve, a pressure switch, a manometer, a
solenoid valve, and a reducing valve.  If the water pressure drops, an alarm signal is given and
the preparation cycle is shut off.  When the water pressure rises, the preparation cycle
continues automatically. If the required pressure (See chapter 6.) is not available, a water
booster pump can be added.

Preparation/Maturing tank - The tank is provided with a slow rotating agitator with a
worm-geared motor, which gently agitates the polymer solution, a pressure transmitter
(high/low level) and an emptying solenoid valve. The tank is also provided with cover incl.
inspection lid.

Stock/Dosing tank - The tank is provided with a pressure transmitter (low level/dry running
protection for the dosing pump), shut-off valves for pump connection and bottom drain.

Electrical equipment - All electrical equipment and interconnecting cables are fitted in
accordance with SS-EN60204-1.

Materials - 

The vacuum conveyor ensures a dust free filling of the powder hopper.

The powder feeder, the support stand and the powder hopper are made of carbon
steel SS1312 (equals Euronorm FE 360 BFN) painted with 40! m alkydprimer and 80! m
acryl top coat. The tanks, the agitator and the dissolver cone are made of stainless steel
SS2333 (equalsAISI 304) and blasted with glass pellets. The water armatures and the ejector
are brass, whilst all pipework is in PVC.



FUNCTION

The low level in the preparation tank emits an impulse to start preparation, the solenoid valve
for preparation water opens.

The pressure switch will stop the preparation if the inlet water pressure will be to low. When
the water pressure rises, the preparation cycle continues automatically.

After a waterwhirl has formed in the dissolver cone the feeding starts. Polymer
powder/(liquid polymer concentrate) is fed into the dissolver cone, after which the solution is
mixed and transported to the preparation tank with help from the ejector.

The concentration required is achieved by adding the correct amount of polymer for each
batch. This is controlled by the PLC.(in the front of the control cabinet)

When the high level in the preparation tank will be reached, the solenoid valve for preparation
water closes.

The solution is kept in motion in the preparation tank. Once matured the batch is now ready to
be transferred to the stock tank.

The low level in the stock tank will give a signal to the emptying solenoid valve in the
preparation tank that will open.

When a batch is transferred, the low-level switch in the preparation tank will be reached and
the emptying solenoid valve closes. At the same time a new preparation cycle starts.

The dry running level will protect the dosing pump from running dry.

The stock solution is pumped from the stock tank to the dosing point. The optional dilution
water system can be set at a regulating valve and read at a flow meter.

The level switch in powder hopper will give an alarm at low level.
For PLC: The present preparation will finish. Next preparation will not start before the power
hopper is filled and the alarm reset.
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PART LIST / DRAWINGS



PART LIST / DRAWINGS

Spare parts order
Only the use of original Tomal spare parts will ensure proper operation, reliability and long
service life.
When ordering a spare part, always state:

1. Tomal order no. (front page of this manual).
2. Project name (front page of this manual).
3. Description from the part list below (item, quantity and type/size).

NOTE ! When ordering spare parts for the powder feeder or the agitator, see
also the data sheets.

Part list belonging to flow diagram No. 008645-F-54473-A

 ITEM QTY.  DESCRIPTION  TYPE, SIZE  MANUFACTURER  REMARK

  1 1 Vacuum unit PV 350 D/T Pullman

  1:1 1 Dustfilter 23/29 Pullman

  1:2 1 Vacuum hose PC38 Pullman

  1:3 1 Suction nozzle SM38-54 Pullman

  2 1 Powder hopper 100 dm3 Tomal

  3 1 Powder level switch Soliswitch FTE31-C5C111 Endress+Hauser

  4 1 Powder feeder 182-Poly Tomal See also sep. drawing

  4:1 1 Motor IEC 63 L/4     0,18kW Nord

  4:2 1 Gearbox SK1SI40AD H   n=20 Nord

  4:3 1 Cylinder RT/57240/M/40 Norgren

  5 1 Flow washer ¯ 18x6,5mm  t=1,5mm Tomal AB Dissolver cone

  6 1 Pressure reducing valve VM 7685  !Ó DN15 Ventim

  7 1 Solenoid valve 2/2 VM 8631, 1Ó DN25 Ventim Preparation water

  8 1 Water pressure switch 901.51 G "Ó Becks

  9 1 Shut-off valve VM 4320, 1"Ó DN32 Ventim Water connection

 17 1 Dissolver cone ¯ 300 DK -  65¡ Tomal

 18 1 Non-return valve VM 6565, 1!Ó DN40 Ventim Ejector

 19 2 Shut-off valve VM 4320, 1!Ó DN40 Ventim Bottom drain

 20 1 Ejector RG5 No.: 3 BGV

 22 1 Dosing tank PR 2.0- 1,0 m3 Tomal

 23 1 Pressure transmitter PL2658 0-200mbar / 4-
20mA 1Ó Ð DN25

IFM Low level/dry running
protection



 25 1 Pressure transmitter PL2658 0-200mbar / 4-
20mA 1Ó Ð DN25

IFM High /Low level

 26 1 Pressure gauge VM 9706 "Ó ¯63mm 0-10
bar

Ventim

 27 1 Shut-off valve VM 4320, 1"Ó DN32 Ventim Dosing pump

 29 1 Cover PP Tomal

 32 1 Maturing tank PR 2.0- 1,0 m3 Tomal

 33 1 Agitator PR 2.0 Tomal See also sep. drawing

 33:1 1 Motor 80L/4     -    0,75kW Nord

 33:2 1 Gearbox SK1SM 63 AF      n=54 Nord

 34 1 Solenoid valve 3/2 VM 8651, "Ó Ventim Feeder outlet

 35 1 Emptying  valve VM3001 DN50-Revo 006 Ventim

 37 1 Solenoid valve 3/2 M/49MAZ14J 110V AC Norgrens Butterfly valve (PR 3.0-
8.4)
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WIRING DIAGRAM
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INSTALLATION



INSTALLATION

UNLOADING
The polymer machine is packed on pallets and is therefore possible to unload with a forklift.
If an overhead crane is needed, straps shall be used, length = 3-4 m. The straps can only be
fastened to the lifting eye on the tanks and the beams at support stand.

- PolyRex 0.6 Ð 3.0; both tanks are mounted upon each other.
- PolyRex 4.0 Ð 8.4; both tanks are 2 separate parts. They must be mounted on site.
     The maturing tank with agitator must be mounted upon the dosing tank.

NOTICE
- Lifting, handling or fastening during the installation, straps must be used

according to the picture beside.

STORAGE
- During transport and later during storage the Polymer make-up unit must be protected

against moisture, salt-water, rain, frost, dust, dirt and direct sunlight.
- The Polymer make-up unit can be stored for up to 2 years in dry and vented places

without making any special arrangements.
- Storage outdoors is not recommended.

ERECTION

NOTE ! Everything shall be mounted according to the General Assembly
Drawing

Fastening: Expansion shell bolt shall be used. Size: M10x90.

Mount the maturing tank on top of the dosing tank (when applicable).
Mount the powder hopper on the support stand (when applicable).
Mount the vacuum conveyor on top of the powder hopper (when applicable).
Mount the pipe from the ejector to the maturing tank.



ELECTRICAL CONNECTIONS

WARNING ! Electrical connections and maintenance must only be performed
by qualified personnel !
Electrical elements have to be connected according to local regulations !

Connect: The agitator-motor to the electrical cabinet.
Connect: Cable contact for the emptying solenoid valve.
Connect: Supply voltage according to the electrical drawings.
Connect: Cable contacts for the pressure transmitters.
Connect: External protective conductor to an external noiseless earth conductor.

PIPE CONNECTIONS

NOTE ! See flow diagram and part list for all dimensions !

Connect: Water inlet.
Connect: The dosing pump to the pump connection on the dosing tank.
Connect: The dosing pump to the dilution water (when applicable).
Connect: The static mixer (when applicable) or the dosing pump to your dosing point.
Connect: Bottom drain valve to the sink.



!
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"#$%&#'$(&)*')*+&*
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D402E
¥ Remember to adjust the polymer emulsion in the PLC program at start up or

                         When changing type of polymer.
 
                      Attention!
                      The concentration of the stock solution can be set to maximum 1.0%.
                      To avoid major problems recommended maximum concentration is:
                      - 0.5% when using powder feeder.
 
                      The viscosity of the stock solution is never allowed to exceed 2000 cP.    

400/230 V
3,5 bar
6 bar
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START-UP / OPERATION



PolyRex  0,6 1,0 2,0 3,0 4,0 5,4 6,6 8,4

Batch volym (dm 3) 218 400 940 1229 1985 2698 3292 4317

SL 1- (mm) 80 80 80 80 80 80 80 100

SL 2 (mm) 200 250 250 250 250 250 250 300

SL 3+ (mm) 520 640 850 850 1080 1080 1300 1500

SL 4- (mm) 100 100 130 130 130 130 130 130
SL 5-- (mm) 80 80 110 110 110 110 110 110
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MAINTENANCE



MAINTENANCE

EQUIPMENT WEEKLY MONTHLY BI-MONTHLY 1/2
YEARLY

NOTE

AGITATOR:

GEARBOX

MOTOR

A

A

SHUT-OFF VALVES A

REDUCING VALVE A

PRESSURE SWITCH A

REGULATING VALVES A

DRAIN VALVES A  (B)

CHECK VALVES A

SOLENOID VALVES A

FLOW METER A

METERING GAUGE A

DOSING PUMP SPEC. INSTR.

DISSOLVER CONE A  (B)

EJECTOR A  (B)

PRESSURE
TRANSMITTER

SEE
DATASHEET

FEEDER 182-P:

GEARBOX

MOTOR

BEARINGS

GEARWHEELS

FEEDER OUTLET

CYLINDER

A   B

A

A

A

A

C

A

A

Molykote 165 LT

0,5 cm3/half year,

Lubricant nipple

Pos. 24, 010922

A: GENERAL OVERLOOK

B: CLEANING/WASHING

C: GREASING, OIL FILLING - GENERAL
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TROUBLE-SHOOTING



TROUBLE-SHOOTING

PROBLEM POSSIBLE CAUSE REMEDY

Reduction of the suction
capacity at the vacuum
filling of the polymer
powder.

The suction nozzle is not
mounted.

Mount the nozzle according to the
commissioning/operation
instructions.

Clogging of the dust filter. Remove the external filter and clean
it according to the maintenance
instructions for the vacuum conveyor
(data sheets).

Max level in the powder
hopper is exceeded.

Stop the filling.

The feeder shutter at the
outlet of the feeder is not
shut.

Filling must not be done while the
feeder is operating. Wait until the
feeder has stopped.

Clogging of the dissolver
cone.

The feeder shutter at the
outlet of the feeder is not
shut.

The water whirl in the
dissolver cone is too small.

Check the function of the solenoid
valve to the feeder shutter, or clean
the shutter from possible clogging
polymer powder.

Flooding in the maturing-
or dosing tank.

The function of the level
indicator is not correct.

Replace the incorrect one with a new
one.

Incorrect concentration of
the stock solution.

The dosing time of the
powder feeder is not
correctly set.

Set the dosing time according to the
operation instructions.

Leakage - emptying
valve.

Foreign particles have got
stuck in the valve.

Remove the foreign object and check
for possible damages.

Too high concentration of
the stock solution. The
valve manages up to 0,5%.

Adjust the concentration according to
problem above.
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Betriebs- und Wartungsanleitung
Operating and Maintenance Instruction
Instructions de conduite et dÕentretien

B 1031
09/2000

D    GB    F

Diese Sicherheitshinweise sind aufzubewahren
These safety instructions must be kept available

Ces instructions de sŽcuritŽ doivent •tre observŽes

Minibloc Ð Schneckengetriebe

Minibloc - Worm Gear Units

Minibloc - RŽducteurs ˆ roue et vis sans fin



!!!!  Warnung
Es wird vorausgesetzt, da§ die
grundsŠtzlichen Planungsarbeiten der Anlage
sowie Transport, Montage, Installation,
Inbetriebnahme, Wartung und Reparaturen
von qualifiziertem Personal ausgefŸhrt bzw.
durch verantwortliche FachkrŠfte kontrolliert
werden. Bei Arbeiten am Getriebemotor mu§
garantiert sein, da§ keinerlei Spannung
anliegt, und dieser gegen Wiedereinschaltung
gesichert ist.

!!!!  Warnung
VerŠnderungen gegenŸber dem
Normalbetrieb (hšhere Leistungsaufnahme,
Temperaturen, Schwingungen, GerŠusche
usw. oder Ansprechen der †berwachungs-
einrichtungen) lassen vermuten, da§ die
Funktion beeintrŠchtigt ist. Zur Vermeidung
von Stšrungen, die ihrerseits mittelbar oder
unmittelbar schwere Personen- oder
SachschŠden bewirken kšnnten, mu§ das
zustŠndige Wartungspersonal dann
umgehend verstŠndigt werden.

!!!!  Im Zweifelsfall die entspechenden Betriebs-
mittel sofort abschalten!

Aufstellung, Vorbereitung
"  Transportšsen am Getriebe sind fŸr das

Gewicht des Antriebs ausgelegt
"  Fundamente ausreichend bemessen und

schwingungsfrei ausfŸhren
"  Getriebe oder -motor fest und ohne

Verspannung montieren
"  ausreichende BelŸftung vorsehen
"  serienmŠ§iges Innengewinde nach DIN 332

zum Aufziehen von Verbindungselementen
auf die Wellen benutzen

"  SchlŠge auf die Wellen vermeiden
(LagerbeschŠdigung!)

"  Maschine und Getriebe mšglichst mit
elastischen Kupplungen verbinden

"  vor dem Einschalten Abtriebselemente
aufziehen bzw. Pa§feder sichern

"  bei Aufsteckgetrieben mit Drehmoment-
stŸtze Gummipuffer verwenden

Elektrischer Anschlu§
"  Motoranschlu§ nach Schaltbild vornehmen
"  †bereinstimmung von Netzspannung und

Frequenz mit den Typenschild-Daten
sicherstellen

"  Sichere Schutzleiterverbindung herstellen
"  evtl. falsche Drehrichtung korrigieren durch

Vertauschen von 2 Phasen
"  Nicht benštigte KabeleinfŸhrungsšffnungen

und den Kasten selbst staub- und
wasserdicht verschlie§en

"  †berbelastung und Phasenausfall durch
Schutzschalter vorbeugen

"  Einstellen des Motorschutzschalters auf
Nennstrom

"  Schaltbilder auf der letzten Seite

Inbetriebnahme
"  bei lŠngeren Lagerzeiten besondere

Vorkehrungen treffen (siehe Werknormblatt
"Langzeitlagerung")

"  LuftgekŸhlte Motoren sind fŸr Umgebungs-
temperaturen von - 20¡C bis +40¡C sowie
Aufstellungshšhen ‰ 1.000 m Ÿber NN
ausgelegt

"  Der Einsatz im Ex-Bereich ist nicht zulŠssig,
sofern nicht ausdrŸcklich hierfŸr vorgesehen

!!!!  Caution
It is presumed that fundamental project work
as well as all work with regard to transport,
assembly, installation, starting-up,
maintenance and repair is performed by
qualified personnel or supervised by skilled
labour taking overall responsibility. Make
absolutely sure that no voltage is applied at all
while work is being done on the geared motor.
Drive must also be secured against switching
on.

!!!!  Caution
Any deviation from normal operating
conditions (increased power consumption,
temperature, vibrations, noise etc.) or warning
signals by monitoring equipment suggest
malfunction. Inform the responsible
maintenance personnel at once to prevent the
trouble from getting worse and causing,
directly or indirectly, serious physical injury or
material damage.

!!!!  In case of doubt disconnect the machine
immediately!

Preparing and performing installation
"  Lifting devices on the drive are designed to

carry the drive weight
"  the foundation (base) should be of adequate

size and vibration-proof
"  install gear unit or geared motor rigid and

braceless
"  ensure sufficient ventilation
"  make use of tapped hole (DIN 332) to suit

fastening to the shaft end
"  avoid shocks on shafts (bearing damage!)
"  preferably use flexible coupling between

output shaft and driven machine
"  fit output elements to shaft end or secure

feather key before starting the motor
"  use torque arm with rubber buffer on shaft

mounting gearboxes

Connection of motor
"  Connect motor according to diagram
"  make sure that mains voltage/frequency are

in accordance with nameplate information
"  make secure protective conductor conection
"  if motor is running in reverse direction,

interchange two phases
"  Close unused cable entrances holes and the

box itself in a dust- and watertight manner.
"  install protective switches to prevent

overload and phase failure
"  set motor protection switch to nominal

current
"  wiring diagrams on the last page

Starting up
"  in case of long-time storage take special

precautions (as provided in works standard
sheet "Extended Storage")

"  air-cooled motors are designed for ambient
temperautres between -20¡C and +40¡C and
for installation at altitudes ‰ 1.000 m above
M.S.L.

"  Their use in hazardous areas is prohibited
unless they are expressly intended for such
use (follow additional instructions)

!!!!  Avertissement
Il est impŽratif que les travaux fondamentaux
de l'installation, ainsi que tous les travaux de
transport, montage, installation, mise en
exploitation, entretien et rŽparation soient
accomplis par du personnel qualifiŽ et
contr—lŽs par des techniciens spŽcialisŽs
dans ce domaine. Avant toute intervention sur
le motorŽducteur, il faut s'assurer que celui-ci
n'est plus sous tension et que la remise sous
tension soit interdite.

!!!!  Avertissement
Si en utilisation normale, des modifications de
fonctionnement apparaissent telles que
puissance absorbŽe trop ŽlevŽe, tempŽrature
ŽlevŽe, vibrations fortes, bruit intense etc. ou
en rapport avec les contr™les techniques, cela
laisse supposer que diffŽrentes fonctions de
l'appareil peuvent •tre dŽtŽriorŽes. Pour Žviter
ensuite des probl•mes, qui pourraient
entra”ner de graves accidents corporels ou de
graves dŽgats matŽriels, le personnel
d'entretien compŽtent doit immŽdiatement
•tre informŽ.

!!!!  Si vous •tes dans le doute, coupez
immŽdiatement l'alimentation!

Mise en place, prŽparation
"  Le matŽriel utilisŽ pour la manutention doit

tenir compte du poids de l'Žquipement
"  prendre largement les dimensions des

embases et les rŽaliser exemptes de
vibrations

"  monter les rŽducteurs et motorŽducteurs
solidement et sans haubanage

"  prŽvoir une aŽration suffisante
"  prŽvoir le taraudage conforme ˆ la norme

DIN 332 pour monter des accouplements
sur les arbres d'entrŽe et de sortie

"  Žviter de donner des coups sur les arbres
(cela pourrait dŽtŽriorer le roulement!)

"  lier autant que possible la machine et le
rŽducteur avec des accouplements
Žlastiques

"  avant la mise en service, enlever l'ŽlŽment
d'accouplement ou/et fixer la clavette

"  utiliser pour l'exŽcution arbre creux avec
bras de rŽaction une butŽe en caoutchouc

Branchements Žlectriques
"  brancher le moteur selon le schŽma
"  s'assurer que la tension du rŽseau et la

frŽquence correspondent aux donnŽes
inscrites sur la plaque signalŽtique

"  Le cable de raccordement doit •tre protŽgŽ
"  corriger un Žventuel mauvais sens de

rotation par une inversion de deux phases
"  Les entrŽes de c‰bles non utilisŽes doivent

•tre obturŽes, la bo”te elle-m•me devant
•tre fermŽe de fa•on ˆ •tre Žtanche ˆ l'eau
et ˆ la poussiŽre

"  prŽvoir une protection Žlectrique contre les
surcharges, court-circuit et dŽfaut de phases

"  rŽgler la protection Žlectrique suivant
l'intensitŽ nominale du moteur

"  schŽma de branchement ˆ la derniŽre page

Mise en fonctionnement
"  si un stockage longue durŽe du rŽducteur

est prŽvu, il faut prendre les dispositions
nŽcessaires (voir spŽcification "Stockage
longue durŽe")

"  les moteurs autoventilŽs sont dimensionnŽs
pour des tempŽratures ambiantes comprises
entre -20¡C et +40¡C, ainsi que pour une
altitude ‰ 1000 m•tres au-dessus du niveau
de la mer

"  Leur utilisation dans des atmosph•res
explosives est interdite, ˆ moins qu'elles ne
soient expressŽment prŽvues ˆ cet effet
(respecter les indications supplŽmentaires)



Wartung
GETRIEBE/MOTOR
Die Minibloc-Schneckengetriebe sind mit
synthetischem …l befŸllt, dadurch ist Ÿber
die gesamte Lebensdauer eine
einwandfreie Funktion gewŠhrleistet.
Daher sind die Minibloc-Schnecken-
getriebe wartungsfrei.
EntlŸftungsschrauben sind nicht
erforderlich, die Minibloc-Schnecken-
getriebe sind vollkommen geschlossen.
Die Lager des Motors haben ebenfalls
eine Lebensdauerschmierung.

Wirkungsgrade
Da bei neuen Getrieben der Schnecken-
radsatz einlaufen mu§, ist der
Reibungsfaktor zunŠchst noch grš§er als
nach dem Einlauf. Dadurch ist vor dem
Einlauf auch der Wirkungsgrad etwas
niedriger. Dieser Effekt verstŠrkt sich bei
kleinerem Steigerungswinkel, also bei
grš§erer †bersetzung.

Aus Erfahrung ist mit folgenden AbzŸgen
zu rechnen:

1-gŠngig bis ca. 12%
2-gŠngig bis ca.   6%
3-gŠngig bis ca.   3%
6-gŠngig bis ca.   2%

Der Einlaufvorgang ist nach ca. 25
Stunden Betriebszeit bei maximaler
Belastung abgeschlossen.

FŸr die in den Tabellen angegebenen
Wirkungsgrade mŸssen folgende
Voraussetzungen erfŸllt sein:

- Getriebe vollstŠndig eingelaufen
- Getriebe hat Beharrungstemperatur
   erreicht

Maintenance
GEARBOX/MOTOR
The Miniboc series of worm-gearboxes
and the suitable motors are filled with
synthetic lubricant/bearing-grease. This
ensures proper operation throughout the
full lifetime of the units. Therefore the
Minibloc drives are maintenance-free.
No breather plugs are required because
of synthetic lubricant used.
The minibloc drives are completely
closed.

Efficiencies
With new gearboxes however, an initially
higher friction exists and the efficiency
obtained before the gears are run-in will
be somewhat reduced.This effect is
increased with smaller angle of inclination
(higher ratios).

Experience shows that initial efficiencies
may be reduced by:

single start worm up to approx.  12%
two start worm up to approx.    6%
three start worm up to approx.    3%
six start worm up to approx. 2%

The gear unit will be run-in after a service
period of 25 hours at full load.

The efficiencies shown in the selection
tables can only be obtained when the
gear unit:

- is fully run-in
- has achieved its operating temperature

Entretien
DU REDUCTEUR/ DU MOTEUR
Les rŽducteurs et les motorŽducteurs ˆ
roue et vis sans fin Minibloc sont remplis
dÕhuile synthŽtique ce qui garantit un
fonctionnement impeccable pendant toute
la durŽe de vie. De ce fait, les rŽducteurs
ˆ roue et vis sans fin Minibloc ne
nŽcessitent pas dÕentretien.
Les vis dÕŽvent ne sont pas non plus
nŽcessiares et les rŽducteurs ˆ roue vis
sans fin sont livrŽs enti•rement fermŽs.
Les roulements des moteurs sont
Žgalement graissŽs ˆ vie.

Rendements
Etant donn• que dans les rŽducteurs
neufs le couple roue et vis doit d'abord
•tre rodŽ, l'angle de frottement sera avant
le rodage un peu plus ŽlevŽ et le
rendement donc lŽg•rement infŽrieur. Cet
effit est accentuŽ pur un angle
d'inclinaison plus petit, donc pour des
rapports plus importants.

L'expŽrience nous dŽmontre qu'il faut
compter avec les pertes suivantes:

Vis ˆ 1 filet jusqu'ˆ environ 12%
Vis ˆ 2 filets jusqu'ˆ environ   6%
Vis ˆ 3 filets jusqu'ˆ environ   3%
Vis ˆ 6 filets jusqu'ˆ environ   2%

Apr•s environ 25 heures de
fonctionnement, ˆ charge maximale, le
rodage est terminŽ:

Pour obtenir les rendements indiquŽs
dans les tableaux, les conditions
prŽalables suivantes doivent •tre
remplies:

- rŽducteur parfaitement rodŽ
- rŽducteur ayant atteint la tempŽrature
  de l'Žquilibre thermique

Drehstrom-Motor mit Kurzschlu§anker
Three phase squirrel-cage motor
Moteur triphasŽ ˆ cage dÕŽcureull

I) Klemmbrett
     Terminal board
      Plaque ˆ bornes

II) Schalter
Switch
DŽmarreur

Schaltbilder / Wiring diagrams / SchŽmas de branchement

Drehstrom-Motor mit Kurzschlu§anker, in Dahlander-Schaltung
Three phase squirrel-cage motor, Dahlander connection
Moteur triphasŽ ˆ cage dÕŽcrureull, couplage Dahlander

Drehstrom-Motor, polumschaltbar, zwei getrennte Wicklungen
Three phase motor, polechanging, two separate windings, two speeds
Moteur triphasŽ ˆ commutation de p™les, deux bobinages sŽparŽs,
deux vitesses

niedrige - Drehzahl - hohe
low - speed - high
infŽrieure - vitesse - supŽrieure

  niedrige     - Drehzahl - hohe
  low     - speed - high
infŽrieure                       - vitesse                          - supŽrieure



RT/57200/M  

! Very compact and shorter than the basic length of 
a corresponding ISO/VDMA and roundline cylinder.

! Magnetic piston as standard provides a wide range 
of control options.

! Comprehensive range of standard stroke lengths.

! International series available world-wide.

Roundline Cylinders
Magnetic Piston

Double Acting
# 8 to 63 mm 

2/98 N 1.5.041.01

Magnetic piston

Technical Data
Medium:

Compressed air, filtered, lubricated or non-lubricated 

Operation:
Double acting with buffer cushioning
RT/57200/M Side port, integral eye mounting (# 8 to 40 mm),

fixing holes in the end cover (# 50 and 63 mm)
RT/57200/MC Central rear port (# 8 to 40 mm)
RT/57200/MF Flat rear cover (# 8 to 40 mm)

Operating Pressure:
1 to 10 bar 

Operating Temperature:
-5¡C* to +80ûC max.
*Consult our Technical Service for use below +2¡C

Cylinder Diameters:
8, 10, 12, 16, 20, 25, 32, 40, 50, 63 mm

Standard Strokes:
10, 25, 40, 50, 80, 100 mm # 8 and 10 mm
10, 25, 40, 50, 80, 100, 125, 160, 200 mm # 12 and16 mm
10, 25, 40, 50, 80, 100, 125, 160, 200, 250, 320 mm # 20 and 25 mm
25, 40, 50, 80, 100, 125, 160, 200, 250, 320 mm # 32 to 63 mm

Materials:
Stainless steel (8 to 16 mm bore Austenitic, 20 to 63 mm bore
Martensitic) piston rod, Stainless steel (Austenitic) barrel,  
aluminium end covers, polyurethane wiper, nitrile rubber seals
and ÔOÕ-rings. 

Alternative Cylinders:
See page N 1.5.041.02

Ordering Information 
To order a basic 40 mm bore cylinder with 
a 50 mm stroke 
quote: RT/57240/M/50

To order a basic 25 mm bore cylinder (central 
rear port in the end cover) with a 200 mm stroke 
quote: RT/57225/MC/200

To order mounting brackets refer to appropriate
cylinder and switch mounting table.
Order magnetically operated switches separately.

Accessories See page

Switches QM/45/RAP, QM/45/LAP
QM/45/LSU N 4.3.045.01

Switch QM/45/EAP N 4.3.047.01
Switches QM/33, QM/34 N 4.3.051.01
Switches QM/134, QM/134/N N 4.3.055.01

Our policy is one of continued research and development. We therefore reserve the right
to amend, without notice, the specifications given in this document.
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RT/57200/M

Weight (kg) Theoretical forces (N) at 6 bar Air consumption (l/cm stroke)at 6bar
Model at 0 mm per 100 mm Outstroke Instroke Instroke Outstroke
57208 0,015 0,019 30 25,9 0,004 0,003
57210 0,020 0,027 46,8 39,6 0,005 0,004
57212 0,020 0,030 67,8 60 0,008 0,006
57216 0,040 0,048 120 103 0,014 0,013
57220 0,080 0,072 188 158 0,022 0,019
57225 0,120 0,110 294 247 0,035 0,028
57232 0,210 0,154 482 414 0,056 0,048
57240 0,330 0,201 754 661 0,087 0,074
57250 0,550 0,310 1178 1057 0,137 0,114
57263 0,890 0,437 1870 1680 0,218 0,195

2/98N 1.5.041.02

Weight of Cylinders ¥ Theoretical Forces ¥ Air Consumption

Weights of Mountings (kg)

Symbol Model (magnetic piston) Description
RT/57200/JM Double ended piston rod (16 to 63 mm bore)

Warning
These products are intended for use in industrial compressed air
systems only. Do not use these products where pressures and
temperatures can exceed those listed under ÔTechnical DataÕ.

Before using these products with fluids other than those specified, 
for non-industrial applications, life-support systems, or other
applications not within published specifications, consult NORGREN.

Through misuse, age, or malfunction, components used in 
fluid power systems can fail in various modes.

The system designer is warned to consider the failure modes of 
all component parts used in fluid power systems and to provide
adequate safeguards to prevent personal injury or damage to
equipment in the event of such failure.
System designers must provide a warning to end users in the
system instructional manual if protection against a failure mode
cannot be adequately provided.
System designers and end users are cautioned to review specific
warnings found in instruction sheets packed and shipped with 
these products.

Alternative Cylinders

Model Style ÔAKÕ Style ÔCÕ Style ÔFÕ Style ÔHÕ Style ÔLÕ Style ÔMÕ Style ÔNÕ Style ÔN2Õ Style ÔUFÕ Switch bracket
57208 - 0,005 0,003 - 0,003 0,006 0,003 0,001 - 0,001
57210 0,015 0,007 0,010 - 0,010 0,020 0,003 0,001 0,015 0,002
57212 0,015 0,007 0,010 - 0,010 0,020 0,003 0,001 0,015 0,002
57216 0,020 0,016 0,012 - 0,020 0,032 0,010 0,002 0,021 0,005
57220 0,050 0,030 0,020 - 0,020 0,040 0,009 0,003 0,045 0,005
57225 0,200 0,040 0,040 - 0,034 0,074 0,011 0,007 0,080 0,006
57232 0,200 0,060 0,048 - 0,040 0,088 0,017 0,007 0,080 0,007
57240 0,200 0,083 0,090 - 0,086 0,176 0,025 0,010 0,120 0,008
57250 0,200 0,175 0,130 0,050 0,198 0,328 - 0,010 0,120 0,010
57263 0,650 0,294 0,220 0,070 0,318 0,538 - 0,021 0,150 0,012



Our policy is one of continued research and development. We therefore reserve the right
to amend, without notice, the specifications given in this document.2/98 N 1.5.041.03

RT/57200/M

Basic Dimensions RT/57200/M RT/57200/MC RT/57200/MF
# 8 to 12 mm bore

Double ended piston rod RT/57200/JM
# 16 to 40 mm bore
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# 16 to 40 mm bore

Model 57208 57210 57212 57216 57220 57225 57232 57240
# 8 10 12 16 20 25 32 40
A 8 9 9 12 14 16 22 23
# B/# BA 10 10 10 12 16 18 22 30
BE M 10 x 1 M 10 x 1 M 10 x 1 M 12 x 1,25 M 16 x 1,5 M 18 x 1,5 M 22 x 1,5 M 30 x 1,5
BF 7,5 8 8 10 12 12 15 15
# CDH9 3 4 4 5 6 8 8 10
# D 12 15 15 17,5 22 26,5 33,5 41,5
# D 1 9,5 11,5 13 17,5 21,5 26,5 33,5 41,5
EE M 3 M 5 M 5 M 5 Rc 1/8 Rc 1/8 Rc 1/8 Rc 1/8
EW- O,1 6 8 8 10 12 14 16 20
EW 1 10 12,5 - - - - - -
G 7,5 9,5 9,5 11,5 15,5 15,5 17,5 18
G 1 3 4,5 4,5 4 8 8 5,5 5,5
H 5 6,5 6,5 - - - -
KK M 3 M 4 M 4 M 6 M 8 M 10 x 1,25 M 10 x 1,25 M 12 x 1,25
L - - - - - - 12 14
LB 4,5 5 5 7 7 9 7 5
L 8 - - - 44 53 53 63 67
L 12 - - - 5 5 5 5 6
# MM h9 3 4 4 6 8 10 12 14
MR 3 4 4 5 6 8 8 10
PL 4 5,5 5,5 5,5 9 9 9 10
SW 5 7 9 10 12
VA/VD 1,5 1,5 1,5 2 3 3 3 3
WF 8,5 10 10 13,5 15,5 16,5 23 24
XC 48 54 54 64,5 75,5 78,5 93 96
XC 1 39 44 44 50 61 62 74 78,5
XC  2 43,5 49 49 57,5 68,5 69,5 86 91
ZM - - - 71 84 86 109 115
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Kvalitets- & MiljšcertiÞerat enligt ISO 9002 och ISO 14001

VM 3001
Butter!y valve, cast iron body, disc and shafts in stainless steel, 
EPDM liner, DN 20-500, PN 16/3, wafer type

Technical data                   
DN                                        20 25 32 40 50 65 80 100 125 150  200 250   300 350 400 450 500
Pressure rating ! p PN 16    ¥ ¥ ¥ ¥ ¥ ¥  ¥     
Pressure rating ! p PN 10                              ¥ ¥ ¥        ¥ ¥ ¥    
Pressure rating ! p PN 6                                            ¥    
Presure rating ! p PN 3                                         ¥ ¥  ¥
Mounting !anges PN 10/16     ¥ ¥              
Mounting !anges PN 6/10/16   ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ 1) ¥ 1) ¥ 1) ¥ 1) ¥ 1) ¥ 1)
Temperature  -10 to +130 ¡C                       ¥  ¥  ¥  ¥  ¥  ¥  ¥   ¥   ¥   ¥   ¥            ¥           ¥  ¥    ¥           ¥          ¥
Kv-value, m"/h                                      32 36 40 50 85 215 420 800 1010 2100 4000 6400      8500 11500 14500 20500 2100
Torque,  Nm 2)               5 5 5  8 9 18 24 37 59 125 140 200 280 610 750 860 2255

1 ) Standard PN 10. On request also PN 6 och PN 16.       
2)   At max. ! p as standard design  

Materials
DN   20 25 32 40 50 65 80 100 125 150  200     250   300 350 400 450  500                     
Body        GG 25  ¥  ¥  ¥  ¥  ¥  ¥  ¥   ¥   ¥   ¥   ¥   ¥          ¥  ¥    ¥           ¥          ¥ 
Disc    AISI 316  ¥  ¥  ¥  ¥  ¥  ¥  ¥   ¥   ¥   ¥   ¥   ¥          ¥  ¥    ¥           ¥          ¥

Shafts   AISI 304  ¥  ¥  ¥  ¥  ¥  ¥  ¥   ¥   ¥   ¥   ¥            ¥    ¥  ¥    ¥           ¥          ¥

Liner EPDM  ¥  ¥  ¥  ¥  ¥  ¥  ¥   ¥   ¥   ¥   ¥            ¥    ¥  ¥    ¥           ¥          ¥

O-rings  NBR  ¥  ¥  ¥  ¥  ¥  ¥  ¥   ¥   ¥   ¥   ¥            ¥           ¥   ¥    ¥           ¥          ¥ 

General description
Butter!y valve for general applications with liquids, air and gases. High 
neck for insulation. The valve body is externally Epoxy coated and internaly 
completely covered by an exchangeble EPDM liner.  The liner has also the 
function of as !ange gasket on both sides.
Centric disc design assures tightness in both directions.
Standard split two-piwce shaft design with priple shaft bearings.
Mounting !ange according to ISO 5211.
Designed to be mounted between  !anges acc. to DIN2631, DIN2632, 
DIN2633 and ANSI B 16.5.
Approvals by T†V, Lloyds, Bureau Veritas and others on request.

Options
Di#erent types of actuators.   Shaft bearings in PTFE.
Extra high stem.   Vulcanised liner.
Other body coatings.   Di#erent !ange standards.
Di#erent materials in body, disc,   One-piece shaft
shaft and liner.   Larger sizes. 
SG iron body with DVGV gas approval   Di#erent face-to-face  
   dimensions.

( ¥ = standard )



Reservation fšr eventuella konstruktions- 
och tekniska Šndringar.

Dimensional drawing

3001.P65 2003-03-27

Ordering umbers for hand operated valves      
          
      

  With hand lever  With hand lever  With worm gear
  VM 3090  VM 3093  VM 3099
DN Art.no  Art.no  Art.no 

 20 30010203090  30010203093  30010203099
 25 30010253090  30010253093  30010253099
 32 30010323090  30010323093  30010323099
 40 30010403090  30010403093  30010403099 
 50 30010503090  30010503093  30010503099
 65 30010653090  30010653093  30010653099
 80 30010803090  30010803093  30010803099
 100 30011003090  30011003093  30011003099
 125 30011253090  30011253093  30011253099 
 150 30011503090  30011503093  30011503099
 200 30012003090  30012003093  30012003099 
 250 30012503090  30012503093  30012503099 
 300 30013003090  30013003093  30013003099
350     30013503099
400     30014003099
450     30014003099
500     30015003099

Dimensions on levers and worm gears, please see separate data sheets VM 3090, VM 3093 andVM 3099.

Markings
Valve body is marked with producer, DN, PN, materials and type.

Mounting
Optional, but horizontal shafts is recommended.

Maintenance
The valve is maintenance free.
For best function though, regulary exercise is recommended.

  Dimensional data

DN  20 25 32 40 50 65 80 100 125 150 200 250 300 350 400 450 500  

L 33 33 33 33 43 46 46 52 56 56 60 68 78 92 102 114 127 
A 104 104 104 113 126 134 157 167 180 203 228 266 291 332 363 397 437 
B 45 45 50 66 84 93 104 115 127 150 176 212 237 269 314 335 405
C 149 149 154 179 210 227 261 282 307 353 404 478 528 601 677 732 842
D 75 85 100 110 125 145 160 180 210 240 295 350 400 460 515 565 620 
E 14 14 18 18 18 18 18 18 18 22 22 22 22 22 26 26 26
F 64 64 69 82 95 115 130 150 180 206 268 315 360 408 470 530 574   G 
12 12 12 12 12 12 16 16 16 19 19 24 24 ** ** ** ** 
H 11 11 11 11 11 11 14 14 14 17 17 22 22 ** ** ** **  
J 54 54 54 54 54 54 65 65 65 90 90 125 125 150 150 210 210  
Z - - - 22 25 45 65 85 111 139 190 240 287 330 378 417 474  

Mount.ß. ISO-5211 F04 F04 F04 F04 F04 F04 F05 F05 F05 F07 F07 F10 F10 F12 F12 F16 F16 
Weight, kg * 1,3 1,3 1,4 1,8 2,2 2,9 4,0 5,2 6,9 9,5 13,2 22,5 31,5 39,4 58,7 91,0 107,0 

*  split two-piece shaft                 ** Acc. to actuator demand
     Face-to.face acc. to DIN 3202-K1/ISO 5752 - Series 20

Ordering no for valves with free shaft

DN Artikelnummer
  20 3001020
  25 3001025
  32 3001032 
  40 3001040
  50 3001050
  65 3001065
  80 3001080
100 3001100
125 3001125
150 3001150
200 3001200
250 3001250
300 3001300
350 3001350
400 3001400
450 3001450
500 3001500

In the interest of technical progress, designs and
dimensions may be subject to modiÞcation 
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Kvalitets- & MiljšcertiÞerat enligt ISO 9002 och ISO 14001

VM REVO RS7 002 - RS2 380
Pneumatic single acting actuator, with spring return

    

Technical data

Torque* (Nm)at feeding pressure 6 bar (g).

  No of  Air Spring   Stroke time
    springs 0¡ 90¡ 0¡ 90¡ sek
RS7 002 10 11 6 4,8 9,8 <0,5 
RS7 006 10 26 15 11,3 22,7 <0,5 
RS5 012 12 49 24 25 50 <0,5 
RS5 025 12 96 48 48 96 <0,5 
RS5 050 12 178 88 88 178 0,8
RS5 090 12 346 170 160 336 1,0
RS5 130 12 526 264 244 506 1,0
RS5 180 12 692 347 320 665 1,2
RS2 205 12 1011 506 506 1011 1,2
RS2 380 12 1518 759 758 1517 2,1

* N.B. Stated valve torque should be increased with 30% for   
satisfactory safety margin.

 At lower air pressure than 6 bar, please contact Ventim AB.

Air pressure Filtered pressurised air, non aggressive  
 gas.
 Feeding pressure 2-10 bar(e) 
 (RD7: 1,5-7 bar)
Air consumption Nl/stroke (0-90¡) at 6 bar(e)  
 RD7 001 0,35 RD5 090 25,2
 RD7 002 1,05 RD5 130 38,4
 RD7 006 2,10 RD5 180 50,5
 RD5 012 3,71 RD2 205 63,0
 RD5 025 7,14 RD2 380 91,0
 RD5 050 13,3 

Ambient temp. -20¡C to +80¡C 

Manual override Sqare head of shaft for manual emergancy  
 operation 

Travel stops End opsition tolerance +/- 1,5¡
 RD7 has one adjustable travel stop as standard 
 End position 90¡ can be adjusted -8¡. 
 For RD5 & RD2, adjustable travel stops  
 is option (+4 / -8¡). 

Materials
 
Body Anodised aluminium

Shaft  Anodised aluminium

piston  RD2-RD5 Aluminium 
 RD 7: Plastic

End cap screws Stainless stel

End caps Aluminium, painted
 RD7: Die cast plastic, painted

O-rings Buna N
 (EPDM or Viton on request

General
90¡-pneumatic rack and pinion actuator with bearing supported 
pistons and a patented, balansed shaft. 
High resistance wear and reliablility as well as long lifetime.
Blowout-proof design.
Top drilling and top of shaft according to Namur. 
Bottom mounting according to ISO 5211.
Solenoid valve connection according to Namur.
Position indication in red polyamide.
The actuator is permanet greased and maintenance free.

Options
Double acting.
Mounted solenoid valve (bistable, monostable, Ex-design).
Mounted limit switches, mekanical or inductive, and Ex-design.
Mounted pneumatic positioner (20-100 kPa/3-15 Psi) 
or elektropneumatic/digital positioner (4-20 mA).
Control block with Namur connection for adjustabel stroke time. 
Larger dimensions.



Reservation fšr eventuella konstruktions- 
och tekniska Šndringar.

Dimensional data
 A B C D E F G H I J K L M N O ISO 5211  Weight  
                 kg
RS7 002 167 42 M8x12,5/14  11H11x10 24 25,5 29 - 67 79 20 - - 50 25 F04/V11 0,50
RS7 006 200 50 M6x10/11  14H11x10 24 35,5 39 - 34 41 20 - - 80 30 F05/V14 0,95 

RS5 012 207 50 M6x8,8/9,8 14H11x17 24 44,5 46,5 25,05 41 52,5 20 35 3 80 30 F05/V14 2,15 
RS5 025 215 50 M6x8,8/9,8 14H11x17 24 59,5 61,5 25,15 55 67 20 35 3 80 30 F05/V14 3,50 
RS5 050 270 70 M8x12,5/14 17H11x21 24 71,5 74,5 32,25 67 79 20 55 3 80 30 F07/V17 5,85 

RS5 090 355 102 M10x16/18,5 22H11x25 24 81,5 84,5 46,85 78 94 30 70 4 130 30 F10/V22 10,40 
RS5 130 415 102 M10x16/18,5 22H11x25 24 94 98 54,50 90 100 30 70 4 130 30 F10/V22 19,00
RS5 180 420 125 M12x18/22 27H11x30 24 106,5 111,5 54,50 102 114 30 85 4 130 30 F12/V27 22,50 

RS2 205 490 140 M16x26/27,5 36H11x40 53 137 137 64,50 119 135,5 30 100 4 130 30 F14/V36 30,00 
RS2 380 600 140 M16x26/27,5 36H11x40 53 137 137 92,90 119 135,5 30 100 4 130 30 F14/V36 37,00 

Dimensions bottom side

 top end cap

REVO RSeng.P65 2006-01-05

Mounting
Optional mounting.

Maintenance
The actuator is maintenance free.
Lubricated with grease for minimum 500 000 strokes.
Spare parts list can be provided on request.

Testing
Every actuator is individually tested mand provided with a serial number
for easy identi$cation.

Ordering numbers
DN Art no RSK-no
 
 RS7 002
 RS7 006
 RS5 012
 RS5 025
 RS5 050
 RS5 090
 RS5 130
 RS5 180
 RS2 205
 RS2 380

In the interest of technical progress, designs 
and dimensions may be subject to modiÞcation
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Betriebs- und Wartungsanleitung

Operating and Maintenance Instruction

Notice de mise en service et dÕentretien

UNIVERSAL Ð Schneckengetriebe, Typ SD / SI

UNIVERSAL Ð Worm Gear Units, Typ SD / SI

UNIVERSAL Ð RŽducteurs ˆ roue et 
vis sans Þn, Typ SD / SI

GB FR
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GmbH & Co. KG
D-22934 Bargteheide á P.O.Box 1262, D-22941 Bargteheide á Rudolf-Diesel-Stra§e 1 
Tel. 0-45-32-/-401- 0  á  Fax 0-45-32-/-401- 253 á NORD Internet: http://www.nord.com

Diese Sicherheitshinweise sind aufzubewahren
These safety instructions must be kept available
Ces instructions de sŽcuritŽ doivent •tre observŽes



!  Warnung
Es wird vorausgesetzt, da§ die 
grundsŠtzlichen Planungsarbeiten der Anlage 
sowie Transport, Montage, Installation, 
Inbetriebnahme, Wartung und Reparaturen 
von qualifiziertem Personal ausgefŸhrt bzw. 
durch verantwortliche FachkrŠfte kontrolliert 
werden. Bei Arbeiten am Getriebemotor mu§ 
garantiert sein, da§ keinerlei Spannung 
anliegt, und dieser gegen Wiedereinschaltung 
gesichert ist. 
 
 
!  Warnung 
VerŠnderungen gegenŸber dem 
Normalbetrieb (hšhere Leistungsaufnahme, 
Temperaturen, Schwingungen, GerŠusche 
usw. oder Ansprechen der †berwachungs-
einrichtungen) lassen vermuten, da§ die 
Funktion beeintrŠchtigt ist. Zur Vermeidung 
von Stšrungen, die ihrerseits mittelbar oder 
unmittelbar schwere Personen- oder 
SachschŠden bewirken kšnnten, mu§ das 
zustŠndige Wartungspersonal dann 
umgehend verstŠndigt werden. 

!  Im Zweifelsfall die entsprechenden 
Betriebsmittel sofort abschalten! 

Aufstellung, Vorbereitung 
" Fundamente ausreichend bemessen und 

schwingungsfrei ausfŸhren 
" Getriebe oder -motor fest und ohne 

Verspannung montieren 
" ausreichende BelŸftung vorsehen 
" serienmŠ§iges Innengewinde nach DIN 332 

zum Aufziehen von Verbindungselementen 
auf die Wellen benutzen 

" SchlŠge auf die Wellen vermeiden 
(LagerbeschŠdigung!) 

" Maschine und Getriebe mšglichst mit 
elastischen Kupplungen verbinden 

" vor dem Einschalten Abtriebselemente 
aufziehen bzw. Pa§feder sichern 

" bei Aufsteckgetrieben mit Drehmoment-
stŸtze Gummipuffer verwenden 

" die EU-Maschinenrichtlinie ist zu beachten 
" bei Anwendungen bei denen der Ausfall 

eines Getriebe oder Ðmotors zu einer 
PersonengefŠhrdung fŸhren kšnnte, sind 
entsprechende Sicherheitsma§nahmen 
vorzusehen

Elektrischer Anschlu§ 
" Motoranschlu§ nach Schaltbild vornehmen 
" †bereinstimmung von Netzspannung und 

Frequenz mit den Typenschild-Daten 
sicherstellen

" Sichere Schutzleiterverbindung herstellen 
" evtl. falsche Drehrichtung korrigieren durch 

Vertauschen von 2 Phasen
" Nicht benštigte KabeleinfŸhrungsšffnungen 

und den Kasten selbst staub- und 
wasserdicht verschlie§en 

" †berbelastung und Phasenausfall durch 
Schutzschalter vorbeugen

" Einstellen des Motorschutzschalters auf 
Nennstrom

" Schaltbilder auf der letzten Seite 
" Bei Bremsmotoren ist die Betriebs- und 

Wartungsanleitung B1090 zu beachten. 

Wirkungsgrade 
Da bei neuen Getrieben der Schnecken-
radsatz einlaufen mu§, ist die Reibung 
zunŠchst noch grš§er als nach dem Einlauf.

!  Caution
It is presumed that fundamental project work 
as well as all work with regard to transport, 
assembly, installation, starting-up, 
maintenance and repair is performed by 
qualified personnel resp. supervised by skilled 
labour taking overall responsibility. Make 
absolutely sure that no voltage is applied at all 
while work is being done on the geared motor. 
Drive must also be secured against switching 
on while work is in progress. 

!  Caution
Any deviation from normal operating 
conditions (increased power consumption, 
temperature, vibrations, noise etc.) or warning 
signals by monitoring equipment suggest 
malfunction. Inform the responsible 
maintenance personnel at once to prevent the 
trouble from getting worse and causing, 
directly or indirectly, serious physical injury or 
material damage. 

!  In case of doubt switch-off the machine 
immediately! 

Preparing and performing installation 
" the foundation (base) should be of adequate 

size and vibration-proof 
" install gear unit or geared motor rigid and 

braceless
" ensure sufficient ventilation 
" make use of tapped hole (DIN 332) to fit 

transmission element to the shaft end 
" avoid shocks on shafts (bearing damage!) 
" preferably use flexible coupling between 

output shaft and driven machine 
" fit transmission element to shaft end or 

secure feather key before starting the motor 
" use rubber buffer on shaft mounting 

gearboxes with torque arm 
" the EC-machinery directive must be 

observed
" in applications where the failure of the 

gearbox or motor could be hazardous for 
personnel, appropriate safety measures 
must be taken 

Connection of motor
" Connect motor according to diagram 
" make sure that mains voltage/frequency are 

in accordance with nameplate information 
" make secure protective conductor 

connection
" if motor is running in reverse direction, 

interchange two phases 
" Close unused cable entrance holes and the 

box itself in a dust- and watertight manner. 
" install protective switches to prevent 

overload and phase failure 
" set motor protection switch to nominal 

current
" wiring diagrams on the last page 
" When using brakemotors observe the O&M 

manual B1090 

Efficiencies
New worm gearsets in gearboxes must be 
run-in for an initial phase before reaching their 
maximum rated efficiency. During the initial 
run-in phase the coefficient of friction is higher 
than after completing the run-in phase. 

!  Avertissement
Il est impŽratif que les travaux fondamentaux 
de l'installation, ainsi que tous les travaux de 
transport, montage, installation, mise en 
exploitation, entretien et rŽparation soient 
accomplis par du personnel qualifiŽ et 
contr—lŽs par des techniciens spŽcialisŽs 
dans ce domaine. Avant toute intervention sur 
le motorŽducteur, il faut s'assurer que celui-ci 
n'est plus sous tension et que la remise sous 
tension soit interdite. 

!  Avertissement
Si en utilisation normale, des modifications de 
fonctionnement apparaissent telles que 
puissance absorbŽe trop ŽlevŽe, tempŽrature 
ŽlevŽe, vibrations fortes, bruit intense etc. ou 
en rapport avec les contr™les techniques, cela 
laisse supposer que diffŽrentes fonctions de 
l'appareil peuvent •tre dŽtŽriorŽes. Pour Žviter 
ensuite des probl•mes, qui pourraient 
entra”ner de graves accidents corporels ou de 
graves dŽgats matŽriels, le personnel 
d'entretien compŽtent doit immŽdiatement 
•tre informŽ. 

!  Si vous •tes dans le doute, coupez 
immŽdiatement l'alimentation! 

Mise en place, prŽparation
" prendre largement les dimensions des 

embases et les rŽaliser exemptes de 
vibrations

" monter les rŽducteurs et motorŽducteurs 
solidement et sans haubanage 

" prŽvoir une aŽration suffisante 
" prŽvoir le taraudage conforme ˆ la norme 

DIN 332 pour monter des accouplements 
sur les arbres d'entrŽe et de sortie 

" Žviter de donner des coups sur les arbres 
(cela pourrait dŽtŽriorer le roulement!) 

" lier autant que possible la machine et le 
rŽducteur avec des accouplements 
Žlastiques

" avant la mise en service, enlever l'ŽlŽment 
d'accouplement ou/et fixer la clavette 

" utiliser pour l'exŽcution arbre creux avec 
bras de rŽaction une butŽe en caoutchouc 

" La directive machine EU est ˆ prendre en 
considŽration

" pour les applications o• la dŽfaillance dÕun 
rŽducteur ou dÕun moteur pourrait blesser 
des personnes, des mesures de sŽcuritŽ 
doivent •tre prises

Branchements Žlectriques
" brancher le moteur selon le schŽma 
" s'assurer que la tension du rŽseau et la 

frŽquence correspondent aux donnŽes 
inscrites sur la plaque signalŽtique 

" Le cable de raccordement doit •tre protŽgŽ 
" corriger un Žventuel mauvais sens de 

rotation par une inversion de deux phases 
" Les entrŽes de c‰bles non utilisŽes doivent 

•tre obturŽes, la bo”te elle-m•me devant 
•tre fermŽe de fa•on ˆ •tre Žtanche ˆ l'eau 
et ˆ la poussiŽre 

" prŽvoir une protection Žlectrique contre les 
surcharges, court-circuit et dŽfaut de phases 

" rŽgler la protection Žlectrique suivant 
l'intensitŽ nominale du moteur

" schŽma de branchement ˆ la derniŽre page 
" Pour les moteurs frein veuillez vous reporter 

ˆ la notice de mise en service et dÕentretien 
B1090

Rendements
Le couple roue et vis dÕun rŽducteur neuf doit 
fonctionner pendant quelques heures avant 
dÕobtenir son rendement maximum. Pendant 
cette phase de rodage les rendements sont 
infŽrieurs aux rendements indiquŽs dans le 
catalogue.



Wartung 
GETRIEBE/MOTOR 
Die UNIVERSAL-Schneckengetriebe sind 
mit synthetischem …l befŸllt, dadurch ist 
Ÿber die gesamte Lebensdauer eine 
einwandfreie Funktion gewŠhrleistet. 
Daher sind die UNIVERSAL-Schnecken-
getriebe wartungsfrei. 
EntlŸftungsschrauben sind nicht 
erforderlich, die UNIVERSAL-Schnecken-
getriebe sind vollkommen geschlossen.
Die Lager des Motors haben ebenfalls 
eine Lebensdauerschmierung. 
Bei Bremsmotoren ist die Betriebs- und 
Wartungsanleitung B1090 zu beachten. 

Zusammenbau von Modulen und 
Anbau eines Motors 
" Montageanleitungen der Anbau-Module 

beachten
" Eventuelle Hinweise des Motor- 

lieferanten beachten 
" SchlŠge auf die Motorwelle beim 

Aufstecken der KupplungshŸlse 
vermeiden (LagerbeschŠdigung) 

" Bei Au§enaufstellung oder feuchter 
Umgebung sind die Fugen zwischen 
Motor und Getriebe mit geeigneter 
Dichtpaste gegen Eindringen von 
Feuchtigkeit abzudichten. 

Inbetriebnahme
" bei lŠngeren Lagerzeiten besondere 

Vorkehrungen treffen (siehe 
Werknormblatt "Langzeitlagerung") 

" LuftgekŸhlte Motoren sind fŸr 
Umgebungstemperaturen von - 20¡C bis 
+40¡C sowie Aufstellungshšhen bis 
1.000 m Ÿber NN ausgelegt 

" Der Einsatz im Ex-Bereich ist nicht 
zulŠssig, sofern nicht ausdrŸcklich von 
NORD geprŸft und schriftlich 
freigegeben.

" Getriebe oder Ðmotor nur mit den 
zulŠssigen Leistungsdaten betreiben 

Maintenance
GEARBOX/MOTOR
The UNIVERSAL series of worm-
gearboxes  are filled with synthetic 
lubricant/bearing-grease. This ensures 
proper operation throughout the full 
lifetime of the units. Therefore 
UNIVERSAL drives are maintenance-free. 
No breather plugs are required.
UNIVERSAL drives are completely 
sealed.
The motor bearings are also lifetime 
lubricated.
When using brakemotors observe the 
O&M manual B1090. 

Assembly of modules and fitting of a 
motor
" observe the assembly instructions of the 

optional modules 
" observe instructions of the motor 

supplier if any 
" avoid shocks onto the motorshaft when 

fitting the coupling-sleeve (bearing 
damage ! ) 

" For outdoor operation or in other 
humid/wet environment seal the gap 
between motor and gearbox with 
suitable sealant against the ingress of 
humidity. 

Starting up 
" in case of long-time storage take special 

precautions (as provided in works 
standard sheet "Extended Storage") 

" air-cooled motors are designed for 
ambient temperatures between -20¡C 
and +40¡C and for installation at 
altitudes up to 1.000 m a.m.s.l. 

" The use in hazardous areas is 
prohibited unless  explicitly checked by 
NORD and confirmed in writing. 

" Use gearbox or motor only within the 
permissible performance data 

Entretien
DU REDUCTEUR/ DU MOTEUR
Les rŽducteurs et les motorŽducteurs ˆ 
roue et vis sans fin UNIVERSAL sont 
remplis dÕhuile synthŽtique ce qui garantit 
un bon fonctionnement pendant toute la 
durŽe de vie. De ce fait, les rŽducteurs ˆ 
roue et vis sans fin UNIVERSAL ne 
nŽcessitent pas dÕentretien. 
Les vis dÕŽvent ne sont pas non plus 
nŽcessiares et les rŽducteurs ˆ roue vis 
sans fin sont livrŽs enti•rement fermŽs. 
Les roulements des moteurs sont 
Žgalement graissŽs ˆ vie. Pour les 
moteurs frein veuillez vous reporter ˆ la 
notice de mise en service et dÕentretien 
B1090.

Assemblage des modules et montage 
du moteur 
" prendre en considŽration la notice de 

montage
" Žventuellement tenir compte des 

recommandations du fournisseur du 
moteur

" Žviter les coups sur lÕarbre du moteur 
lors du montage de lÕaccouplement 
(endommagement des roulements) 

" Pour des installations ˆ lÕextŽrieur ou 
dans un milieu humide, il faut appliquer 
de la p‰te ˆ joint sur les plans de joint 
entre le moteur et le rŽducteur, ou entre 
les modules, pour Žviter la pŽnŽtration 
dÕhumiditŽ.

 
Mise en fonctionnement 
" si un stockage longue durŽe du 

rŽducteur est prŽvu, il faut prendre les 
dispositions nŽcessaires (voir 
spŽcification "Stockage longue durŽe") 

" les moteurs autoventilŽs sont 
dimensionnŽs pour des tempŽratures 
ambiantes comprises entre -20¡C et 
+40¡C, ainsi que pour une altitude ‰ 
1000 m•tres au-dessus du niveau de la 
mer

" Leur utilisation dans des atmosph•res 
explosives Ex est interdite, ˆ moins que 
ces moteurs ne soient expressŽment 
prŽvus ˆ cet effet et avec accord Žcrit de 
NORD

" Les rŽducteurs et les moteurs ne 
doivent fonctionner quÕavec les 
caractŽristiques de puissance indiquŽes. 

Drehstrommotor
Three phase motor 
Moteur triphasŽ 

Drehstrommotor, polumschaltbar 
Dahlanderschaltung
Three phase motor, polechanging, 
Dahlander connection 
Moteur triphasŽ ˆ commutation de 
p™les, couplage Dahlander 

Drehstrommotor, polumschaltbar 
getrennte Wicklungen 
Three phase motor, polechanging, 
separate windings 
Moteur triphasŽ ˆ commutation de p™les, 
bobinages sŽparŽs 

Schaltbilder / Wiring diagrams / SchŽmas de branchement 

hohe
Spannung
high voltage 
tension
supŽrieure

Y

niedrige
Spannung
low voltage 
tension
infŽrieure

YY

hohe
Drehzahl
high speed 
grande
vitesse

niedrige
Drehzahl
low speed 
petite
vitesse

Y

hohe
Drehzahl
high speed
grande
vitesse

Y
niedrige
Drehzahl
low  speed 
petite
vitesse
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Beck.
The factory-set
pressure switches.



Pressure switch 901
with factory-set pressure setting

Application
Factory-set pressure switch monitoring overpressure, vacuum or
differential pressure of liquid and gaseous Ð also aggressive Ð
media.  

Pressure setting and switching differential are factory-set by the
manufacturer.

Temperature range
Ambient temperature from Ð20¡ C to 85¡ C. 
Temperature of media up to 85¡ C or 130¡ C depending on
material of pressure connection and diaphragm.

Diaphragm material
Depending on media NBR, Silicone, Viton¨ , EPDM.
For 901.30 Silicone, others upon request.

Electrical rating
Values indicated for resistive load

AgCdO-contacts: 6 (1.5) A/250 VAC
2 A/24 VDC

Gold-plated contacts: 100 mA/24 VAC
30 mA/24 VDC

AgCdO-contacts up to 10 A/250 VAC can be supplied upon
request.

Electrical connection
AMP connection 6.3 mm x 0.8 mm DIN 46244.

Arrangement of contacts
for 901.1x, 901.30, only for 901.2x
901.41, 901.51

Approvals
CE conformance according to EC Low Voltage Directive
73/23/EEC. Product types tested by T†V SŸdwest.

Life
Minimum 106 cycles.

Damping
Restrictors alternatively with 0.3/0.5/0.8 mm diameter.

Accessories
Various mounting brackets and protection caps with IP 44, 
IP 54 and IP 65.

Mounting position
Mounting in any position, to be specified for settings below
100 mbar.

1

P
2 

3 

1

Ð P 2

3

Type Tube connection Threaded connection

5.0 mm 6.5 mm 10.0 mm M 10 x1 G 1/8 M 10 x1 G 1/8 G 1/4 G 1/2

FS FS FS

901.1x PA PA PA PA PA CuZn40 CuZn40 CuZn40 CuZn40

PPS PPS PVDF PVDF PVDF

901.2x PA PA PA PA PA CuZn40 CuZn40 CuZn40 CuZn40

PPS PPS PVDF PVDF PVDF

901.30 PA

901.41 CuZn40 CuZn40 CuZn40 CuZn40

PVDF

901.51 CuZn40 CuZn40 CuZn40 CuZn40

PVDF

PA = polyamide, PVDF = polyvinyldifluoride, PPS = polyphenylensulfide, CuZn40 = brass, FS = fastening spring

For temperature above 85¡ C brass, PVDF or PPS pressure connection is required. Upon request pressure connections of other sizes,
other plastics or stainless steel are available.

Pressure connection

BAUMUSTERGEPRUFT.
..

SUDWEST

TUV.

Viton¨ is a registered trademark of DuPont Dow Elastomers.



Overpressure range

Type Factory-set Standard switching Tolerance Maximum Maximum
trip pressure differential band in % of positive negative

trip pressure working working
pressure pressure

between and of range of range

901.1x 5 mbar 200 mbar 2.5 mbar 50 mbar 10 % 0.5/4 bar Ð/Ð1 bar

200 mbar 1.000 mbar 50 mbar 150 mbar 10 % 1/4 bar Ð/Ð1 bar

901.41 500 mbar 3.000 mbar 200 mbar 600 mbar 10 % 7 bar Ð1 bar

901.51 1.0 bar 12 bar 0.2 Ð 0.5 bar 1.0 Ð 2.0 bar 10 % 25 bar Ð1 bar

lower end upper end

lower end upper end

standard/
extended

standard/
extended

standard/
extended

standard/
extended

Vacuum range

Type Factory-set Standard switching Tolerance Maximum Maximum
trip pressure differential band in % of positive negative

trip pressure working working
pressure pressure

between and of range of range

901.2x Ð 5 mbar Ð 200 mbar 2.5 mbar 50 mbar 10 % 0.5/4 bar Ð1 bar

Ð 200 mbar Ð 900 mbar 50 mbar 150 mbar 10 % 1/4 bar Ð1 bar

Differential pressure range

Type Factory-set Standard switching Tolerance Maximum Maximum
trip pressure differential band in % of positive negative

trip pressure working working
pressure pressure

between and of range of range

901.30 5 mbar 50 mbar 2.5 mbar 25 mbar 10 % 100 mbar Ð100 mbar

standard/
extended

standard/
extended

lower end upper end



Beck GmbH
Druckkontrolltechnik
P.O.Box 10 0136
D-70745 Leinfelden, Germany
Phone +49 711 790 83-0
Fax +49 711 790 83-83
e-mail sales@beck-sensors.com
http://www.beck-sensors.comD
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Pressure switch 901 
with factory-set pressure setting
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6371 IP 54 / 6372 IP 65



Head Quarter  Sales OfÞces
KALMAR  STOCKHOLM  G€VLE  SUNDSVALL  G…TEBORG  H€SSLEHOLM

Tel.  0480 - 42 91 00 Tel.  08 - 685 45 00 Tel.  026 - 54 36 00 Tel.   060 - 61 79 77 Tel.   031 - 86 84 50 Tel.  0451 - 38 83 50
Fax.  0480 - 42 91 20 Fax. 08 - 685 45 19 Fax.  026 - 54 36 09 Fax. 060 - 61 79 77  Fax.  031 - 86 84 59 Fax. 0451 - 38 83 54 

www.ventim.se

VM 7685
Pressure Reducing Valve, 1/2'' - 4'', PN 25.

Beskrivning 
Pressure Reducing Valve for water and pressure air.
Compensated operation.
Outlet pressure gauge connections 1/4'' on both sides.
Outlet pressure can be adjusted between 0.5 and 6 bar.
Factory preadjustment: 3 bar.

Accessories
Pressure Gauge with body diameter 2'', connection DN 
1/4'', 0-10 bar (VM 9710). 

Material

Body Nickel-plated brass

Technical data
Size, inches 1/2 3/4 1 1 1/4 1 1/2 2 2 1/2 3 4
Maximum inlet pressure 25 25 25 25 25 25 25 25 25

Min and Max working teperatures 0oC-130oC ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

(¥ = standard)

Valve Sizing Chart



In the interest of technical progress: designs and 
dimensions may be subject to modiÞcation.

7685.indd 2007-02-05

Mounting
Can be installed in any position: vertical, horizontal, oblique.

Maintenance
The valve is maintenance free.

Dimension Sketch

Order Information
Size Art nr

1/2 7685015

3/4 7685020

1 7685025

1 1/4 7685032

1 1/2 7685040

2 7685050

2 1/2 7685065

3 7685080

4 7685100

Dimension Table
Size, inches 1/2 3/4 1 1 1/4 1 1/2 2 2 1/2 3 4
A (mm) 77 85 89 125 130 138 148 177 190

B (mm) 120 150 160 220 220 250 256 285 310
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M/49, M/149

! Miniature, 22 mm normally closed and normally
open models

! Sub-base mounted and manifold mounted

! Manual override as standard

! Encapsulated coils with very rapid fitting

Technical Data
Medium:

Compressed air, filtered, lubricated and non-lubricated

Operation:
Poppet valve, directly actuated with spring return

Mounting:
Through-holes with thread in sub-base

Port Size:
G1/8

Operating Pressure:
0 - 10 bar M/49, DM/49
0 - 7 bar M/149, DM/149

Flow (to CETOP RP50P):
Conductance dm3/s/bar 0,25 M/49, DM/49
Conductance dm3/s/bar 0,297 M/149, DM/149
Critical pressure ratio 0,43 M/49, DM/49
Critical pressure ratio 0,117 M/149, DM/149
Cv 0,067
Cv 0,04 -/127

Operating Temperature:
-5ûC* to +50ûC supply air
+5ûC to +50ûC ambient

*Consult our Technical Service for use below +2ûC

Ordering Information
To order, quote model number followed by voltage code shown
in the tables overleaf, e.g. M/49/167 for a normally closed low
power model suitable for a 220V 50Hz electrical supply.
Replacement coil and terminal box assemblies can also be
supplied, quote required model number with ÔQÕ prefix before
the ÔMÕ and Ô/28Õ suffix after the voltage code as shown in the
table overleaf. For manifold models order the required number
as indicated by the ÔTÕ suffix in the model number, e.g. 4 off
QM/48/10/28 for DM/149/10/T4.

Materials
Plastic encapsulated coil, moulded plastic manual override
base, stainless steel armature tube and spring, aluminium 
sub-base, nitrile rubber seals.

3/2 Poppet Valves
Electrically Actuated

G1/8

2

3

1

1/90 5.4.031.01



M/49, M/149

General Information
Model Operation Manifold Models - Weight Coil and Spares kit

Number of valves (Kg) Terminal Box
Assembly

M/49 Normally closed Ð 0,14 QM/48/*/28 QM/48/00

DM/49/T2 Normally closed 2 0,31 QM/48/*/28 QM/48/T2/00

DM/49/T3 Normally closed 3 0,45 QM/48/*/28 QM/48/T3/00

DM/49/T4 Normally closed 4 0,60 QM/48/*/28 QM/48/T4/00

M/149 Normally open Ð 0,14 QM/48/*/28 QM/48/00

*Insert voltage code, e.g. QM/48/173/28 for the low power 24V d.c. model.

Electrical Details for M/49 and M/149 Valves
Voltage Codes Availability

12 V d.c. 160 M/49, DM/49

24 V d.c. (low power) 173 M/49, DM/49

24 V d.c. 127 M/49, DM/49, M/149,

24 V 50/60Hz 164 M/49, DM/49, M/149

48 V 50/60Hz 165 M/49, DM/49, M/149

110/120 V 50/60Hz 166 M/49, DM/49, M/149

220/240 V 50/60Hz 167 M/49, DM/49, M/149

Voltage Tolerances: d.c.: +10/Ð15%
a.c.: +10/Ð15%

Power: d.c.: 2 W (low power - 0,5 W 
on 24 V)

Inrush/Hold: a.c.: 4/2,5 VA (9/5 VA on 220/240 V)
100%% E.D.

Inlet Orifice: 1,0 mm

Operating Pressure: 0 - 10 bar

Terminal Box: 3 pin plug with cable grip
(DIN 43650 Form B)
May be rotated 180û

Cable Entry: Pg9

Solenoid Coil: May be rotated at 90û intervals

Manual Override: Standard, turn 180û anti-clockwise
to operate, turn clockwise to
release

Protection Class: IP65 (DIN 40050)

Typical Response Times: 12 ms on
15 ms off

Warning

These products are intended for use in industrial compressed air systems only. Do not use these products where pressures and temperatures can exceed
those listed under ÔTechnical DataÕ.
Before using these products with fluids other than those specified, for non-industrial applications, life-support systems, or other applications not within
published specifications, consult NORGREN MARTONAIR.
Through misuse, age, or malfunction, components used in fluid power systems can fail in various modes. The system designer is warned to consider the
failure modes of all component parts used in fluid power systems and to provide adequate safeguards  to prevent personal injury or damage to equipment in
the event of such failure.
System designers must provide a warning to end users in the system instructional manual if protection against a failure mode ca nnot be
adequately provided.
System designers and end users are cautioned to review specific warnings found in instruction sheets packed and shipped with these products.

Note: DC version of M/149 available on request.

5.4.031.02
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VM 8631
2-way/2-position solenoid valve, normally closed, DN 15-50,
type 21WAKB - 21W7KB

General
Soft acting servo controlled diaphragm valve for 
water, air and neutral gases.
Viscosity max ca 12 mm%/s.
Standard voltages: 24, 110, 230 V / 50 Hz, 24 V DC.

Options
Manual override and adjustable closing time
5W-coil
Di#erent voltages: 12-380 V AC/DC.
Sealing materials:   EPDM  -10¡C to +140¡C
    Viton  -10¡C  to+140¡C
Normally open
Explosion proof 
Stainless steel design - VM 8641

Tecnichal data
G  1/2 3/4 1 11/4 11/2 2  
DN  15 20 25 32 40 50 

Pressure range 0,2-16 bar AC/DC  ¥ ¥ ¥
Pressure range 0,2-10 bar AC/DC     ¥ ¥ ¥

Kv-value m"/h vatten  4,2 8,4 11,4 24,0 31,2 45,0
QNn-value l/min (air)  4527 9000 12300 25900 33600 48500

Bore size (¯ mm)  13 19 25 35 40 50

Ambient temp with cable contact max 55¡C  ¥ ¥ ¥ ¥ ¥ ¥
Protection class with cable contact IP65  ¥ ¥ ¥ ¥ ¥ ¥
Coil 8 W -  100% ED  ¥ ¥ ¥ ¥ ¥ ¥

Power consumption &):  AC  25 VA (start), 14,5 VA (hold)  ¥ ¥ ¥ ¥ ¥ ¥
              DC  8 W  ¥ ¥ ¥ ¥ ¥ ¥

&) in duty ( ¥ = standard )

Materials
G  1/2 3/4 1 11/4 11/2 2
DN  15 20 25 32 40 50

Valve body in brass  ¥ ¥ ¥ ¥ ¥ ¥
Internal parts in stainless steel  ¥ ¥ ¥ ¥ ¥ ¥
Sealings in Buna -10¡C to +90¡C  ¥ ¥ ¥ ¥ ¥ ¥

Voltage tolerance:  DC +10% -5%
  AC +10% -15%



Reservation fšr eventuella konstruktions- 
och tekniska Šndringar.

Dimensional data
G  1/2 3/4 1 11/4 11/2 2
DN  15 20 25 32 40 50

L  66 104 104 144 144 172
H  97 105 112 125 125 141
B  40 65 65 98 98 118

Weight, kg  0,52 1,03 1,17 2,65 2,65 4,80

Dimensional drawing

8631.engP65 2003-03-17

Ordering numbers
DN  Art no  RSK-no

 15 863121WA4KOB130  452 0923
 20 863121W3KB190  452 0924
 25 863121W4KB250  452 0925
 32 863121W5KB350
 40 863121W6KB400
 50 863121W7KB500

Mounting
Optional (vertical magnet system is recommended). If polluted !uid, strainer 
type VM 6381 is recommended.
When mounted direct to control system, use transient protection 
or low e#ect coil.

Ordering:
Please specify desired voltage.  24, 110, 230 V / 50 Hz, 24 V DC are standard voltages.
    Other voltage on request.

Cable contact should be ordered separately, type VM 8700.

In the interest of technical progress, designs and 
dimensions may be subject to modi$cation
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Technical data

G 1/8 1/4
DN 6 8

Max pressure, bar ¯ 1,0 mm   Rport ¯ 2,5 mm 20 20
Max pressure, ¯ 1,5 mm   Rport ¯ 2,5 mm 15 15
Max pressure, ¯ 2,0 mm   Rport ¯ 2,5 mm 10 10

Max pressure, ¯ 2,5 mm   Rport ¯ 2,5 mm 6 6
Max pressure, ¯ 3,0 mm   Rport ¯ 2,5 mm 5 5
Kv-value m"/h, water ¯ 1,0 mm 0,048 0,048

Kv-value m"/h, water  ¯ 1,5 mm 0,084 0,084
Kv-value m"/h, water  ¯ 2,0 mm 0,12 0,12
Kv-value m"/h, water  ¯ 2,5 mm 0,19 0,19

Kv-value m"/h, water  ¯ 3,0 mm 0,24 0,24
Ambient temp. with cable head, max 55¡C  ¥ ¥

Coil 8 W 100% ED ¥ ¥
Protection class IP65 ¥ ¥
Power consumption &):   AC 25 VA (start), 14,5 VA (hold) ¥ ¥
               DC8 W ¥ ¥

&) in duty ( ¥ =standard )

VM 8651
3/2-way solenoid valve, normally closed, DN 6-8,
type 31A3AB - 31A2AB

General
Direct controlled solenoid valve for water, air and gases.
Viscosity max ~20 mm%/s.
Standard voltage: 24, 110, 230 V / 50 Hz, 24 V DC.

Options
Di#erent voltage 12-380 V AC/DC.
Universal function (for ex. normally open -  VM 8652).
5W-design - VM 8653.
Coil with integrated cable.
Manual override.
Di#erent sealing materials Viton -10¡C till +140¡C,
   Ruby -40¡C till +180¡C.

Materials

G 1/8 1/4
DN 6 8

Valve body in brass ¥ ¥ 
Internal parts in stainless steel ¥ ¥
Sealings in NBR -10¡C till +90¡C ¥ ¥

Voltage tolerance: DC +10% -5%
  AC +10% -15%



Reservation fšr eventuella konstruktions- 
och tekniska Šndringar.

Dimensional data
G 1/8 1/4
DN 6 8

L 40 40
H 87 87
B 27 27

D 30 30
E 42 42
F 54 54

Weight,kg 0,30 0,30 

Dimensional drawing

8651eng.P65 2003-05-14

Mounting
Optional (vertical magnet system is recomended).
If polluted !uids, strainer is recommended - type VM 6381.
When mounted direct to process control ystem, transient protection is recommended.

Ordering:
Please specify desired voltage 24, 110, 230 V / 50 Hz, 24 V DC.
Di#erent voltages on request.

Please specify desired bore.

Cable head should be ordered separately, type VM 8700.

Ordering numbers
DN Art no RSK-no
 6  865131A3AB
 8  865131A2AB

Detta Šr endast ett mindre urval av vŒrt magnetventilprogram.
Fšr švriga ventiler, kontakta Ert nŠrmaste sŠljkontor

In the interest of technical progress, designs 
and dimensions may be subject to modiÞcation



Pressure sensors 
 

PL2658
Electronic pressure sensor 

PL26 
 

Process connection G1 A 
 

flush mounting 
Zero and span adjustable 

Programmable via EPS interface 
 

Analogue output 
 
 
 

Measuring range 
-12.5...250 mbar  

-5.0...100.4 inH2O  
-1.25...25.00 kPa

1: tightening torque 20 Nm

    

Application Type of pressure: relative pressure  
Hygienic systems, viscous media and liquids with suspended particles

Electrical design 3-wire DC; 2-wire DC

Output 4...20 mA analogue

Operating voltage [V] 14...30 DC
Reverse polarity protection yes
Overload protection yes

Analogue output 4...20 mA 
Load for analogue output [ohms] max. (Ub - 13 V) x 50; 550 at Ub = 24 V
Pressure rating 10000 mbar 4000 inH2O 1000 kPa
Bursting pressure min. 30000 mbar 12000 inH2O 3000 kPa
Factory setting ASP = 0 mbar; AEP = 250 mbar 

COF = 0.0; dAA = 0; Uni = mbar

Setting range  
Analogue start point, ASP -12.5...100.0 mbar -5.0...40.2 inH2O -1.25...10.00 kPa
Analogue end point, AEP 50.0...250.0 mbar 20.2...100.4 inH2O 5.00...25.00 kPa
in steps of 0.5 mbar 0.2 inH2O 0.05 kPa

Accuracy / deviations 
(in % of the span) 
Turn down 1:1  
Characteristics deviation *) < ± 0.6
Linearity < ± 0.5
Hysteresis < ± 0.1
Repeatability **) < ± 0.1
Long-term stability ***) < ± 0.1
Temperature coefficients (TEMPCO) 
in the temperature range 0...80¡ C 
(in% of the span per 10 K) 
greatest TEMPCO of the zero point < ± 0.1
greatest TEMPCO of the span < ± 0.4
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PL2658
Response time analogue output [ms] 3
Operating temperature [¡C] -25...80
Medium temperature [¡C] -25...80
Storage temperature [¡C] -40...100
Protection IP 67, III
Insulation resistance [M!] > 100 (500 V DC)
Shock resistance DIN IEC 68-2-27:50 g (11 ms) 
Vibration resistance DIN IEC 68-2-6:20 g (10...2000 Hz) 
Min. pressure cycles 100 million
EMC EN 61000-4-2 ESD: 4 kV CD / 8 kV AD

EN 61000-4-3 HF radiated: 10 V/m 
EN 61000-4-4 Burst: 2 kV 
EN 61000-4-6 HF conducted: 10 V 

Housing material stainless steel (316S12); PEI; FPM (Viton)
Materials (wetted parts) stainless steel (316S12); ceramics (99.9 % Al2 O3); PTFE
Connection M12 connector

Remarks *) linearity, incl. hysteresis and repeatability;
(limit value setting to DIN 16086)
**) with temperature fluctuations < 10 K
***) in % of the span per year
The 3A approval is only valid if adapters with 3A approval are used for 
installation.

Wiring  
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John Meunier Inc/Veolia Water Water Treatment, Sain t-Laurent

03/16/2009 Item  2

seepex progressive cavity pumpqty. 1
MD 025-6L / A6-A7-A7-F0-GA-X
X= 0802, 17T, 20A7

General remarks
PROJECT: Meadowbank

!Delivery Period :4 to 5 weeks
!Terms of Delivery:FOB Enon, Ohio
!Terms of Payment:30 days net; Terms are per the "seepex, Inc. - Terms and Conditions of 

Sales and/or Repair" or as negotiated at time of purchase
!Resale discount:Prices are at a End User pricing levels

Shipping charges are not included in pricing.

Application data
Pumped liquid polymer

Viscosity no advice

Solids content no advice

Size of solids no advice

Spec. gravity no advice

Temperature 32 to 113F

pH value no advice

Composition/Concentr. no advice

Kind of operation 24h/day

Site of installation indoors

Performance data Flow rate Pressure Speed

26 l/h 2 bar 27 rpm min
260 l/h 2 bar 271 rpm max

Starting torque 9 lb.ft

Max. power absorbed 0.11 hp

NPSH required 6.89 ft

Suction pressure ass. flooded

Discharge pressure 2 bar

Materials and executions
Installation horizontal

Rotation counter clockwise (left)

Lantern / drive casing lantern, standard

Lantern / drive casing material 1.0037 (St 37-2) / A 283 C

Wetted casing parts standard

Wetted casing parts material 1.4408 / A 743 CF8M

Joint execution encapsulated (closed) joints with
universal joint sleeve

Joints material standard

Universal joint sleeve material NBR - Perbunan

Coupling rod standard

Coupling rod material 1.6582 encapsulated

Rotor standard
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Rotor material 1.4571 / 316 TI SS

Rotor coating without

Stator stator in TSE-design
sensor sleeve 1.4571 / 316 TI SS

Stator material NBR - Perbunan

Shaft sealing mechanical seal, single acting
elastomer bellows, either sense of
rotation, unbalanced

Shaft seal casing material 1.4571 / 316 TI SS

Shaft seal material rotating seal face: carbon graphite
stationary seal face: SiC solid
elastomers: FPM
spring:  1.4571 / 316 TI SS
metal parts: 1.4571 / 316 TI SS

Plug-in shaft standard

Plug-in shaft material 1.4571 / 316 TI SS

Pump screw fitting bolting entirely in stainless steel
inclusive tie rods

Painting standard RAL 5013 (blue)

Connections
Branch / hopper position branch / hopper position 1

Casing parts connections Suction connection NPT thread:
NPT 1"
discharge connection NPT thread:
NPT 1/2"

Drive
Type gear box for mounting of a NEMA motor
Manufacturer Nord

Model SK02F-56C

Design B3/B5

Gear ratio i = 9.28

Nom. Min. Max. 
Output speed (rpm) 194 27 271

Motor speed (rpm) 1800 251 2515

Frequency (Hz) 60 8 84

Electr. motor

Type NEMA Motor
Manufacturer Marathon - BLACK MAX

Model Y555 (56H17T5311)

Rated output 0.5 hp

Rated speed 1800 rpm

Starting direct on frequency inverter

Voltage 3 x 575

Frequency 60 Hz
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Dry-running protection device
Dry running protection device TSE 115AC consisting of:

- sensor sleeve fitted to the
stator of the pump with installed
NTC temperature sensor in IP55
connection head inst. in pump stator
- TSE control device for installation
in a control panel
- 110-115V / 50-60 Hz

Price composition Unit price
pump with flanged drive, dry 
running protection device USD 2654.--

General remarks
Prices are valid for 60 days after the quotation and for 365 days after receipt of the purchase 
order. seepex reserves the right to renegotiate prices for any job delayed by the customer 
for more than 365 days after receipt of the purchase order.  

Commissioning and Training performed by seepex Sales personnel or Distributors.

If seepex personnel from factory are required for commissioning or training, the following 
rates apply:
Daily rate: $800.00 (US) /8 hr day plus all expenses including but not limited to airfare, 
standard mileage rate*, lodging, meal, rental car, and etc.  Billing is in whole day 
segments, only. Exceptions to this will negotiated as needed. Minimum two (2) days will be 
invoiced.

*Mileage rate will be calculated based on the U.S. General Services Administration Privately 
Owned Vehicle (POV) Mileage Reimbursement Rates.
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1.0 
General 
 
1.1 
Application 
 
These operating instructions contain basic infor-
mation on the installation, commissioning and 
maintenance of seepex machines. Compliance with 
the work steps described in the individual sections is 
essential. 
 
1.2 
Details of the seepex machines 
 
1.2.1 
Operating Instructions 
 
The Commission Number (comm. no) assigns the 
operating instructions to a particular seepex 
machine. The operating instructions are produced in 
relation to a specific job/commission and are valid 
only for the machine whose comm. no. is identical 
with that indicated on the cover sheet and 
possessing the associated data sheet, Point 9. 
 
1.2.2 
Manufacturer 
 
The machines were manufactured by seepex. 
 
1.2.3 
Range, Size, Version 
 
of the machines are stated in the appended data 
sheet, Point 9. 
 
1.2.4 
Machine Comm. No. and Year of Construction 
 
are stated on the type plate at the machine. 
 
1.2.5 
Release Date of the Operating Instructions 
 
is stated on the cover sheet of the operating 
instructions. 
 
1.2.6 
Modifications, Notes of Modification 
 
If modifications to the machines are  
carried out in agreement with seepex, a new set  
of operating instructions will be provided, or the 
existing operating instructions will be supplemented by 
an additional sheet together with a new cover sheet. 
The date of modification and modification index will be 
noted on the new cover sheet. 

1.2.7 
EEC Machine Directive 
 
1.2.7.1 
Manufacturer's Declaration 
 
seepex Manufacturer's Declaration as required by the 
EEC Machine Directive 89/392/EEC, Appendix II B: 
 
The seepex machines delivered in accordance with 
our design are intended to be fitted in one machine or 
assembled together with other machines to form one 
machine/plant. The commissioning of the machine is 
forbidden until such a time as has been established 
that the entire machine/plant satisfies the 
requirements of the EEC Directive for Machines as 
amended 91/368/EEC and 93/44/EEC.  
 
Particular attention must be paid to the safety 
requirements specified in EN809 (s and  Equipment 
for Fluids) as well as the information in these 
operating instructions. 
 
1.2.7.2 
Declaration of Conformity 
 
seepex machines possessing no safety accessories 
do not fulfill the requirements of the EEC Machine 
Directive 89/392/EEC as amended 91/368/EEC and 
93/44/EEC. 
 
For this reason, no Declaration of Conformity as 
required by the EEC Machine Directive 89/392/EEC, 
Appendix IIA can be issued before appropriate safety 
devices have been installed/mounted on the machine 
and/or plant with due regard to the information given 
in these operating instructions. 
 
The following harmonized standards are particularly 
applicable: 
EN 809, EN292T1, EN292T2 
Applicable national standards and specifications must 
be taken into consideration. 
 
Following assessment of the conformity of the 
machine/plant with the EEC Machine Directive, 
customers may on their own initiative place on the 
full machine/plant the EEC symbol 'CE' as defined in 
Identification Directive 93/68/EEC. 

CAUTION 
This documentation must be kept available for at 
least 10 years. 
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1.2.8 
Copyright and Industrial Property Rights 
 
These operating instructions are copyrighted. The 
reproduction, in particular by photocopying, of these 
instructions is not permitted (¤¤ 54, 54 UrhG) and 
constitutes a criminal offence (¤ 106 UrhG). 
Proceedings will be instituted if the copyright is 
violated. 
 
1.2.9 
Specifications Required for Inquiries and Orders 
 
The following information must be included when 
inquiring about replacement parts or placing orders: 
- comm. no. 
- / machine type 
This information is given on the type plate mounted 
the machine. 
 
1.2.10 
Technical Data Sheet 
see Point 9. 
 
1.2.11 
Performance Data, Load Index, Power 
Consumption 
 
are indicated in the associated data sheet, Point 9. 
 
1.2.12 
Sound Pressure Level 
 
The sound pressure level and/or noise characteris-tics 
of the seepex machines are ascertained in 
accordance with DIN 45635. The measuring 
guidelines are largely identical with the international 
standards ISO 3740-1980 and ISO 3744-1981. 
 
1.2.13 
Operating Range  
 
Employment of the machine is not permissible for 
purposes other than those stated in the data sheet, 
see Point 9. seepex cannot accept liability for damage 
arising through failure to comply with this operating 
range. 
 
1.3 
Supplementary Information 
 
1.3.1 
Accessories, Optional Extras 
 
Please refer to the data sheet, Point 9. 
 

1.3.2 
Company Address, Service Addresses 
 
see Point 11 
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2.0 
Safety 
 
These operating instructions contain basic require-
ments to be observed during the installation, opera-
tion and maintenance of the machine. Therefore, the 
instructions must be read by the mechanical fitter and 
by the technical personnel/operator responsible for 
the machine prior to assembly and commissioning, 
and kept available at the operating site of the 
machine/plant at all times. 
 
Compliance is required not only with the general 
safety instructions given in this section but also with 
the detailed instructions, e.g. for private usage, given 
under the other main headings in these operating 
instructions. 
 
2.1 
Labeling of Advice in the Operating Instructions 
 
In these operating instructions safety advice whose 
non-observance could lead to danger for life or limb is 
labeled with the following general hazard symbol: 

safety symbol acc. to ISO 3864 - B.3.1 
 
Warnings regarding electric power are labeled with: 

safety symbol acc. to ISO 3864 - B.3.6 
 
Safety instructions whose non-observance could 
jeopardize the machine and its functions are labeled 
by the word 
 

CAUTION 
Always comply with instructions mounted directly on 
the machine, e.g.  
- rotational direction arrow 
- fluid connection indicators 
 
and ensure that the information remains legible. 

2.2 
Personnel Qualifications and Training 
 
Personnel charged with operation, maintenance, 
inspection and assembly must be in possession  
of the appropriate qualifications for the tasks.  
The company operating the machine must define 
exact areas of responsibility, accountabilities and 
personnel supervision schemes. Personnel lacking 
the required skills and knowledge must receive 
training and instruction. If necessary, the opera-ting 
company may commission the manufacturer/ 
supplier to conduct these training courses. Further-
more, the operating company must ensure that the 
personnel fully understand the contents of the 
operating instructions. 
 
2.3 
Dangers Resulting from Failure to Observe 
Safety Instructions 
 
Failure to comply with the safety instructions may 
lead to hazards to life and limb as well as dangers 
for the environment and the machine. Non-obser-
vance of safety instructions can invalidate the right of 
claim to damages. 
 
The following are just some examples  of possible 
dangers resulting from failure to comply with the 
safety instructions: 
 
- Failure of important machine/plant functions 
 
- Failure of prescribed methods of service and 

maintenance 
 
- Danger to life and limb due to electrical, 

mechanical and chemical influences 
 
- Danger to the environment due to the leakage  

of hazardous substances 
 
2.4 
Safety-conscious Working 
 
Always comply with the safety instructions listed in 
this document, the existing national accident 
prevention regulations and any company-internal 
work, operating and safety rules. 
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2.5 
Safety Instructions for the Operating 
Company/Machine Operator 
 
- Any potentially hazardous hot or cold machine 

parts must be provided with protection against 
accidental contact at the customer«s premises. 

 
- Protective guards for moving parts (e.g. coupling) 

must never be removed while the machine is in 
operation. 

 
- Leakages (e.g. in the shaft seal) of hazardous 

conveying liquids (e.g. explosive, toxic, hot) must 
be drained in such a way that no danger arises for 
persons or for the environment. Always observe 
the relevant statutory requirements. 

 
- The risk of exposure to electrical power must be 

eliminated (for details, see the VDE regulations, for 
example, or those of the local power supply 
company). 

 
2.6 
Safety Instructions for Maintenance, Inspection 
and Assembly Work 
 
The operator must ensure that all maintenance, 
inspection and assembly tasks are carried out by 
authorized and qualified personnel who have studied 
the operating instructions closely and become 
sufficiently familiar with the machine. 
 
As a basic rule, the machine must be brought to  
a standstill before work is carried out. Always comply 
with the de-commissioning procedure described in 
this document. 
 
Any machiness or assemblies conveying media that 
are detrimental to health must be decontaminated. 
 
Immediately following completion of work, all safety 
and protective devices must be replaced  
in position and, where applicable, re-activated. 
 
Before re-starting the machine, observe the points 
listed under the heading "Initial Startup". 
 

2.7 
Unauthorized Modification and Manufacture of 
Replacement Parts 
 
Conversions or modifications of the machine are 
permissible only in consultation with the manu-
facturers. Original manufacturer replacement parts 
and manufacturer-approved accessories enhance 
the operational safety of the machine. The usage of 
unauthorized parts may lead to the nullification of the 
manufacturer's liability for any resultant damages. 
 
2.8 
Impermissible Modes of Operation 
 
The operational safety of the machines supplied is 
warranted only for employment in accordance with 
the intended use as defined in Section 1 - General - 
of these operating instructions. Never allow the 
threshold values specified in the data sheet to be 
exceeded. 
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3.0 
Transport and Intermediate Storage 
 
3.1 
Safety Precautions 
 
Employ appropriate transport means, hoists and 
tools when transporting and storing the machine, 
always observing the safety instructions. 
 
3.2 
Transport 
 
Depending on its weight, the seepex machine must 
be transported manually or with appropriate trans-
port means. Comply with the transport instructions 
on the packing. 
 
3.3 
Unpacking 
 
The design of the packing is such that the equip-ment 
can be removed manually or, if demanded by the 
weight, by means of appropriate hoists. 
 
Any screw fittings between the machine and the 
packing must be undone. Comply with the attached 
information notices and symbols. 
 
3.4 
Intermediate Storage/Preservation 
 
Unless otherwise indicated in the data sheet, seepex 
machines are provided with preservation only for the 
duration of transport. If a long period of intermediate 
storage is foreseen before the machine is 
commissioned, it is necessary to pro-vide 
supplementary preservation. If necessary,  
the appropriate measures should be drawn up in 
consultation with seepex. 
 
Intermediate storage in extreme climatic conditions is 
permissible only for machine whose design is 
appropriate to the circumstances. If necessary, 
seepex must be consulted. 

CAUTION 
Pumps of the range MAP 
If the period from supply and subsequent storage until 
the commissioning is more than 4 weeks, the hoses 
should be dismantled, refer to Point 7. 
 
3.5 
Protection against Environmental Influences 
 
To afford protection against environmental 
influences, the intermediate storage location  
must be dry, enclosed and free from frost. 
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4. 
Description of the seepex Progressive Cavity 
Pump and Accessories 
 
4.1 
General Description, Design and Mode of Operation 
 
Like all progressive cavity pumps, seepex pumps 
belong to the rotating positive-displacement pump 
family. The characteristic attribute of these pumps is 
the special formation and arrangement of the two 
conveying elements, namely the rotor and the stator. 
 
The difference in the number of threads possessed 
respectively by the rotor and stator produces a 
chamber that opens and closes alternately in line 
with the constant turning motion of the rotor, 
effecting the continuous transportation of the 
conveying product from the suction side to the 
pressure side. 
 
The geometrical formation of the two conveying 
elements combined with the constant contact that 
exists between them result in sealing lines that effect 
an airtight seal between the suction and pressure 
side in every position of the eccentric screw, even 
when the pump is stationary. The pump owes its 
high suction capacity to this  
sealing between the suction and pressure sides. 

4.2 
Mechanical Design 
 
Please consult the sectional drawing, Point 9,  
for the mechanical design of the pump. The data 
sheet, Point 9, gives information on the design of the 
pump housing, stator, rotor and rotating components. 
 
Refer to document OM. SEA. __, for information on 
the design of the shaft seal. 
 
The data sheet, specifies details of the design of the 
drive engine. Further details are  
given in the appended manufacturer's documents, 
Point 10. 
 
4.3 
Accessories 
 
Consult the data sheet for information. 
 
4.4 
Dimensions, Weight 
 
Consult the appended dimensional drawing,  
 

4.5 
Design Variants 
 
Refer to the data sheet, Point 9, for the design of the 
seepex progressive cavity pump. Other design 
variants are possible, whereby seepex must first 
check whether a particular pump is suitable for the 
intended purpose. 
 
4.6 
Operating Site Specifications 
 
Operating site specifications are listed in the data 
sheet, Point 9. Details of the space required for 
installation, operation and maintenance are given in 
Point 5.2.1. 
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5.0 
Assembly / Installation 
 
5.1 
Mounting Tools / Hoists 
 
No special tools are required for the assembly and 
installation of the pump. 
 
The customer must check the dimensions and weight 
of the seepex progressive cavity pump to ascertain 
whether the available hoisting apparatus  
is sufficient for the assembly and fitting of the pump. 
 
5.2 
Initial Assembly 
 
5.2.1 
Inspection Prior to Commencement of Assembly 
 
5.2.1.1 
Location 
 
The place of installation for the pump must con-form 
with the site stated in the data sheet in Point 9. Any 
change of location must be checked and approved by 
seepex. 
 
5.2.1.2 
Space Requirements 
 
Customers are responsible for determining the  
space requirements; the following factors must be 
taken into consideration: 
 
! dimensions and weight of the machine 
! required transport and hoisting equipment 
! possible piping layout with allowance for the space 

allowing disassembly of the rotor as defined in 
5.2.1.3 

! freedom of movement to: 
operate the drive / 
speed regulation 
read speed and pressure indicators 
adjust a stator retensioning device, if fitted 
operate a buffer fluid supply unit, if fitted 

! space required for lubrication / renewal of 
lubricants 

! disassembly of mechanical protective devices, e.g. 
V-belt or coupling protection 

! space required for handling the mounting tools, e.g. 
sufficient wall clearance 

 

5.2.1.3 
Space Allowing Disassembly of Stator P 
 
A specific space must be allowed for exchanging the 
stator. The required dimension "P" is indicated in the 
index of these operating instructions or in the 
appended dimensional drawing, Point 9. 

CAUTION 
Ensure also that the pipe work can be dismounted at 
this location too. 
 

5.2.2 
Installation of the Fully Assembled Pump 
 
¥ Installation in conformity with data sheet 

Installation of the pump is permissible only in 
accordance with the data sheet specifications and 
the associated basic drawing, see Point 9. Any 
change in the position must be checked and 
approved by seepex. 

 
¥ Tension-free mounting of pump 

This rule applies to pumps with and without drives, 
to versions with and without baseplate, for 
mounting on the foundation or other bearing 
elements. The entire area of all bearing surfaces of 
the machine must rest on the ground. Any 
unevenness must be corrected by appropriate 
supports. 

 
! Correct seating of drives  

All drives have been aligned ready for operation 
and mounted by seepex. However, displace-ments 
may occur during transport or installation. For this 
reason, check that the alignment and fastening of 
the drive and coupling are correct. 

 
¥ Protective devices 

On completion of the assembly 
and installation work, immediately 
mount all safety and protective 
devices in their proper locations 
and set them in operation.  

 



Assembly and 
Installation

Ausgabe 
issue B / 02.01.2006 Dokument 

document OM.INS.01e Blatt 
sheet 2 (2) 

5.2.3 
Protective and Controlling Equipment 
 
Information on equipment of this nature, where fitted, 
is provided in the data sheet, Point 9. Consult the 
attached manufacturer's specifications, Point 10, for 
instructions on assembly and installation. 
 
5.2.4 
Electric Connection of Electric 
Motor and Frequency Converter 
 
The electric connections must be 
established in accordance with the 
manufacturer's specifications,  
Point 10, as well as the safety speci-
fications applying at the installation 
site. The mains voltage and 
frequency must match the ratings 
indicated on the type and rating 
plates. 

 

¥ Switch on electric motor ãdirect-on-lineÒ 
CAUTION 

An increased starting torque is necessary due  
to the clamping between the rotor and stator 
conveying elements. This means the electric motors 
that drive the progressive cavity pumps must always 
be switched on directly. As a rule,  star-delta startup 
is not possible unless special arrangements have 
been made with seepex. 

 
Three-phase cage motor  

 
Delta connection Star connection 

Terminal 
board 
 

low . . . high . . . 
. . . voltage indicated on rating plate 
 
¥ Speed regulation via frequency inverter 

When progressive cavity pumps with frequency-
controlled drives are started up problems may occur 
due to unsuitable or wrongly set frequency inverters. 
For this reason we recommend the purchase of the 
complete drive, including frequency inverter, from 
seepex, so that the frequency inverter can be tuned 
on the seepex test field along with a trial run.  

Ensure that customer-supplied frequency inverters 
comply with the starting torque and running power 
specified in the appended data sheet, Point 9. 

CAUTION 
Consult the appended document TI.FRU.01, see 
Point 9, for further information on the electric 
connection and the setting of frequency inverter 
and variable-speed motor. 

 
5.2.5 
Piping 
 
5.2.5.1 
Suction and Pressure Flanges 
 
The position, nominal width and standard of the 
suction and pressure flange of the progressive cavity 
pump are specified in the dimension drawing, Point 9, 
and data sheet, Point 9. Always observe the rotational 
direction and flow direction defined in Point 6.2.5. 
 
5.2.5.2 
Piping Dimensioning 

CAUTION 
The pipe diameters on the suction and pressure sides 
must be dimensioned in accordance with the 
customer's pressure-loss calculation in such a way 
that the pressures specified in the data sheet, Point 9, 
are not exceeded. The nominal width of the suction 
pipe should at least match that of the pump suction 
flange. 
 
5.2.5.3 
Residue-free Piping 

CAUTION 
Prior to starting up the pump, ensure that all pipelines 
are free from foreign bodies. Installation residues 
(such as weld spatter, screws, steel chips etc.) will 
lead to damage of the seepex  pump for which 
guarantee claims will not be accepted. 
 
5.2.5.4 
Tension-free Mounting 

CAUTION 
Pipelines and other components requiring to be 
connected with the pump must be mounted without 
stresses. 
 
5.2.5.5 
Fluid Connections for Optional Extras 
Consult the data sheets, Point 9, for information 
regarding the optional extras, if any, that are fitted. 
The technical description is given under Point 9. 
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6.0 
Commissioning/De-commissioning 
 
6.1 
Engineering Data 
 
Details regarding all technical specifications and 
operating conditions are given in these operating 
instructions together with the data sheet, Point 9. 
 
To guarantee the correct assignment of documen-
tation to pump, the commission number on the  
! cover sheet 
! and data sheet of these operating instructions 
 must match the commission number stated on 
! the nameplate of the pump. 
 
6.1.1 
See Point 7.2.2 for Lubricant Chart 
 
6.2 
Preparation for Operation 
 
6.2.1 
Bearing 
 
6.2.1.1 
See Point 7.2.1.4 for pump bearing. 
 
6.2.1.2 
See manufacturer's documents, Point 10, for drive 
bearings. 
 
6.2.2 
Shaft Sealing 
 
See document OM.SEA.__,. 
 
6.2.3 
Filling Up of Suction Side to Avoid Dry Running 
at Startup 

CAUTION 
Before switching on the pump, fill the suction-sided 
pump casing with fluid so that the first rotations will 
lubricate the conveying elements immediately. A 
small quantity of fluid is sufficient for lubrication; the 
subsequent operation of the pump is self-priming, 
even if an air column up to the liquid level remains. 
 
6.2.4 
Electric/Hydraulic Connections 
 
The connections are listed in the 
appended manufacturer's documents, 
Point 10. 
 
The risk of exposure to electrical 
hazards must be ruled out. Always 
observe the safety regulations valid  
at the site of installation. 

6.2.5 
Checking Direction of Rotation 
 
The rotational direction of the pump 
determines the flow direction of the 
conveying medium. 

Flow direction 

counter-clockwise 

Flow direction 

clockwise 

Prior to commissioning the rotational direction of the 
pump must be checked for compliance with the data 
sheet specification and the rotational direction arrow 
on the type plate of the pump. 
 
6.3 
Control and Monitoring Equipment 
 
Where applicable, please refer to the associated 
documents, Point 10, for information on 
commissioning. 
 
6.3.1 
Performance Check 
 
Any optional extras must be subjected to a 
performance check in conformity with the 
specifications by seepex or other manufacturers, see 
manufacturer's documents. 
 
6.3.2 
Setting 
 
Unless already performed in the factory, setting must 
be carried out in accordance with the appended 
manufacturer's specifications, Point 10. Pay attention 
to the operating specifications in the data sheet. 
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6.4 
Equipment for Protection of Persons 
 
Machines must be fitted with mechanical 
protective devices complying with DIN EN 
809. 
 

! Moving or working parts must be 
protected against accidental contact. 

 

! However, safety considerations demand 
it be possible at all times  
to check without hindrance whether the 
shaft seal is fully functional.  
A protective guard is necessary in this 
area only if components are mounted on 
the rotating, smooth shaft. 

 

! If pumps are operated with an open 
suction flange/feed hopper, a suitable 
protective guard complying with DIN EN 
294 must be mounted. 

 

! Country-specific protective regu-lations 
must be observed at the site of 
installation. 
Prior to activation of the pump, check the 
proper function of all protective 
equipment. 

 
6.5 
Commissioning 
 
6.5.1 
Initial Startup/Re-starting 

CAUTION 
Every seepex progressive cavity pump is designed 
for the specific operating conditions documented in 
the data sheet. Commissioning is permissible only if 
the operating conditions conform with those 
indicated in the data sheet. Although the potential 
usages of the seepex pump are not confined to the 
specified operating conditions, any change in the 
original conditions must be checked and approved 
by seepex. 
 

The right to make claims under the warranty 
agreement will be annulled if operating conditions 
are changed without prior approval by seepex. 
 
6.5.2 
Avoid Dry Running of Pump 

CAUTION 
The dry running of a pump increases the friction 
between rotor and stator, quickly causing an 
unacceptably high temperature to develop on the inner 
surface of the stator. This overheating leads  
to burning of the stator material and the total  
failure of the pump. 

For this reason it is necessary to ensure that the 
suction-sided flow never dries up completely.  
If a continuous flow cannot be guaranteed for the 
plant, it is essential to fit the seepex dry running 
protection device TSE, available as an optional 
accessory. 
 
6.5.3 
Check Pressure at Suction and Pressure Flanges 
 
6.5.3.1 
Safeguard Pump Against Excessive 
Pressure at the Suction Flange 
 

The seepex pump is designed to 
operate with the pressure at the suction 
flange (suction head or inlet pressure) 
specified in the data sheet. Deviating 
pressure conditions may lead to the 
failure and/or destruction of the shaft 
seal or entire pump. 
 

For this reason the suction pressure 
specified in the data sheet must be 
guaranteed. Appropriate monitoring 
devices are oil-filled contact mano-
meters that deactivate the pump. 

 

6.5.3.2 
Safeguard Pump Against Excessive Pressure at 
the Pressure Flange 
 

The seepex pump operates according to 
the positive displacement principle. 
Operation of the pump against an 
excessive pressure caused by closed 
valves, by high pressure losses in the 
piping or by product sedimentation will 
lead to the destruction of the pump, 
drive, pipe work and/or downstream 
equipment. Every progressive cavity 
pump must therefore be protected 
against overpressure. Safety valves with 
bypass pipes or oil-filled contact 
manometers that disactivate the pump 
are appropriate protective devices. 

 

6.5.4 
Drive Engine 
 

Consult the attached manufacturer's 
operating instructions, Point 10, for 
information on commissioning the drive 
engine. 
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6.5.5 
Establish Clear Passage Through Pipelines 

CAUTION 
To prevent damage to the pump the unhindered flow 
of liquid must be guaranteed between the points of 
entry to and exit from the pipeline. For this reason, 
open all relevant valves etc. prior to activation of the 
pump. 
 
6.6 
De-commissioning 
 
6.6.1 
De-activation 
 

The electric connections must be 
switched off and protected against 
accidental re-activation. Observe the 
safety regulations applying to the plants.

6.6.2 
Stationary Pump 
 
The pump and all optional equipment must be 
provided with the following protection modes while at 
a standstill: 
 

- Frost protection 
- Protection against solid particle deposits 
- Protection against sedimentation of the medium 
- Corrosion protection for parts in contact with  

the medium 
 

We recommend that the pipeline and pump be 
emptied for the duration of the plant standstill. 
Following evacuation, the pump should be preserved. 
 
6.6.3 
Evacuation of the Pump 
 

The pipeline must be evacuated on the 
suction and pressure side or shut-off 
directly behind the pump connections. 
Drain any residual liquid in the pump 
casing by opening/ removing the 
screwed sealing plugs (705) and (502), 
sealing rings (706) and (503). Casings 
without screwed plug must be 
evacuated by the connection branch 
(SAG and DRS). Refer to the data 
sheet and the sectional drawing of the 
associated operating instruction, Point 
9, for information on the pump design. 
Conveying medium residues always 
remain in the rotor/ stator chambers 
and may run out during transport or 
disassembly of the pump. If conveying 
aggressive or hazardous media, 
therefore, wear appropriate protective 
gear during all installation work. 

 

6.6.4 
Disassembling the Pump 
 
Dismantle the pipe work by removing the flange bolts 
(SCH) and flange seals (DFL) or the threaded 
connections (G). 
 

Disassemble the pump together with the baseplate 
(GPU) or, as applicable, without the baseplate (GPU) 
following removal of the bolts (SCH) at the pump 
feet. 
 

Block-design pumps with direct flange-
mounted drive engine are liable to 
become unstable during disassembly. 
Stability can be restored by propping up 
the drive engine. 
 

6.6.5 
Preservation/Storage 
 
The pump must be preserved prior to storage. 
Appropriate preservation measures must be agreed 
with seepex . Always state the pump commission 
number when making inquiries. 
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These operating instructions are valid for 
range  MD (stainless steel-design) 
size 0015-24 to 012-24 
 
7.0 
Service and Maintenance 
 
Contents 
7.1 General Instructions 
7.2 Service and Inspection 
7.3 Dismantling 
7.4 Re-assembly 
 
The sectional drawing and parts list relevant for 
Points 7.3 and 7.4 can be found in Point 9. 
 
7.1 
General Instructions 
 
A requirement for the reliable operation of any pump 
is service and maintenance in compliance with 
instructions. Maintenance personnel must therefore 
have access to these operating instructions and 
adhere to them meticulously. seepex will accept no 
liability for damages arising through non-observance 
of these operating instructions. 
 
7.2 
Maintenance and Inspection 
 
7.2.1 
Lubrication 
 
7.2.1.1 
Rotor and Stator 
 
The rotor and stator are lubricated by the conveying 
medium. 
 
7.2.1.2 
Shaft Sealing 
 
Consult document OM.SEA.__ for information on 
lubricating the shaft seal. 
 
7.2.1.3 
Pin Joint 
 
The pin joints are filled with special grease and 
lubricated for the expected duration of service. The 
seepex joint grease specified in the index of these 
operating instructions should be used exclusively for 
any required maintenance work. 

CAUTION 
Usage of other grease types will lead to premature 
joint failure and render invalid any right to claims 
under guarantee. 
 

7.2.1.4 
Bearing of the Pump/Drive Engine 
 
The bearing of the rotating pump parts is effected by 
the drive engine. Lubrication instructions are 
therefore included in the appended drive engine 
operating instructions. 

7.2.2 
Lubricant Filling Levels 
 
Details are specified in the index. 

7.2.3 
Drives and Optional Extras  

For maintenance and inspection 
specifications, see the appended 
manufacturer's documents. 

7.2.4 
Supervision during Operation 
 
7.2.4.1 
Shaft Sealing 
 
See document OM.SEA.__. 
 
7.2.4.2 
Optional Extras 
 
These must be monitored in accordance with the 
separate documents, Point 9/Point 10. 
 
7.2.4.3 
Drive Engines 
 
These must be monitored in accordance with the 
separate manufacturer's documents, Point 10. 
 
7.2.5 
Preventive Measures 
 
To avoid the expenses incurred by lengthy stop 
periods of the pump, seepex recommends the 
acquisition of a set of wearing parts and a set of 
gaskets. The contents are listed in the document 
OM.WPS.40. 
 



Service and 
Maintenance

Ausgabe 
issue B / 04.01.2006 Dokument 

document OM.MAI.40e Blatt 
sheet 2 (4) 

7.3 
Dismantling the seepex Progressive Cavity Pump 
 
Tools are required for dismantling and re-assembly. 
These tools are listed in Point 9 of the document 
OM.SPT.01. 

The stator (601) and the rotating pump parts can be 
exchanged in site. The rotating pump parts can be 
dismantled as a complete rotating unit (RTE) (Point 
7.3.4) or as individual components (Point 7.3.5). 
 

Before commencing the dismantling 
of pump parts, safeguard the pump 
against tipping over or falling down  
by fastening it at the drive (ANT). 

7.3.1 
Pressure Flange (700) - Dismantling 
 
Prior to dismantling see Point 7.3.2 

CAUTION 
Pressure branch (700) is glued in place with an 
adhesive of medium strength.  
Therefore, to break the seal / adhesive compound  it 
is recommended to heat upto a maximum of 80 ¡C. 
 

7.3.2 
Stator (601) - Dismantling 
 
¥ Maintenance tip: 

Disassembly of the stator can be made consider-
ably easier by first moistening the inner surface  

 of the stator with antiseize agent (soft or liquid 
soap). Before removing the pressure flange (700), 
pour the antiseize agent into the opening between 
rotor and stator on the pressure flange side. Several 
clockwise (see Point 6.2.5) revolutions of the rotor 
will then distribute the antiseize agent over the inner 
surface of the stator and reduce the friction between 
rotor and stator considerably. 

¥ Lock drive shaft against rotation.  
CAUTION 

Stator (601) is glued in place with an adhesive of 
medium strength. Therefore, to break the seal / 
adhesive compound it is recommended to heat upto 
a maximum of 80 ¡C. Dismantling the stator (601) 
with tool (W13/see Point 9). 

 

7.3.3 
Suction Casing (500), Casing Gasket (501) - 
Dismantling 
 
Fit the rotor (600) with a protective cover (SH). 

CAUTION 
Suction casing (500) with reducing unit (529) 
Reducing unit (529) is glued in place with an 
adhesive of medium strength.  
Therefore, to break the seal /adhesive compound 
it is recommended to heat upto a maximum of 80¡C.  

Suction casing (500) without  reducing unit (529) 
 

Suction casing (500) with  reducing unit (529) 
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7.3.4 
Rotating Unit (RTE) - Dismantling 

CAUTION 
Before dismantling the rotating unit it is essential 
to comply with the specifications in document 
OM.SEA.__ Shaft Seal Dismantling, see Point 9.. 
¥ Remove flushing connections at shaft seal 

housing (SEA). 
¥ Raise/shift splash ring (310) and eject plug-in  
 shaft pin (309) in horizontal direction. 
¥ Remove rotating unit (RTE)/plug-in shaft (307), 

together with shaft seal (SEA) from output shaft of  
 the drive (ANT). See Document OM.SPT.01, in  
 Point 9 for tool (W10) used for pulling off. 
¥ See in document OM.SEA.__ for removal of the 

shaft seal (SEA) from the plug-in shaft (307). 
 

7.3.5 
Rotating Pump Parts - Dismantling 
 
7.3.5.1 
Rotor (600), Coupling Rod (400) 
 
Detach the rotor (600) and coupling rod (400) from 
the plug-in shaft (307) by dismantling the joint (G) in 
accordance with Point 7.3.6. 
 

7.3.5.2 
Plug-in Shaft (307) 
 
The plug-in shaft (307) is removed in the same way 
as the rotating unit (RTE), see Point 7.3.4. 
 

7.3.6 
Dismantling of Joint 
 
see document OM.PJT.04 Point 1. 

7.3.7 
Shaft Sealing 
 
See document OM.SEA.__ for information on 
dismantling the shaft sealing. 
 
7.3.8 
Lantern (200)/Drive (ANT) - Dismantling 
 

7.4 
Re-assembly 
 
Before commencing the re-
assembly, fasten the drive (ANT) in 
such a way that it cannot tip over or 
fall down during the re-assembly of 
the drive and all pump components.

7.4.1 
Lantern (200)/Drive (ANT) - Assembly  

Clean flange bearing surfaces (FLS), centering 
diameter and output pivot of the drive (ANT). 
 

7.4.2 
Rotating Unit (RTE) - Re-assembly 
 
The rotating unit (RTE) has been assembled in 
accordance with the description in document 
OM.PJT.04 

¥ Mount shaft seal (SEA) on plug-in shaft (307) in the 
way described in document OM.SEA.__, 

 see Point 9. 
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¥ Moisten splash ring (310) and plug-in shaft (307) 
with joint grease (see index for type) and slide 
splash ring (310) onto plug-in shaft (307), 
observing the fitting position of the splash ring, (see 
lettering on the splash ring). 

¥ Apply antiseize graphite petroleum to the output 
pivot of the drive (ANT) and slide on the rotating 
unit (RTE). Insert plug-in shaft pin (309) 
horizontally. 

¥ Splash ring position (310) 
 Outer edge of splash ring (310) has to occlude  
 with outer edge of plug-in shaft (309).  
 

7.4.3 
Rotating Pump Parts - Re-assembly 
 
Prepare main components: 
Prepare rotor (600), coupling rod (400) and  
plug-in shaft (307) as described in document 
OM.PJT.04 Point 2. to 2.3 
Joint (G) re-assembly as described in document 
OM.PJT.04 Point 3. 
 

7.4.4 
Suction Casing (500), Casing Gasket (501) - Re-
assembly 
 
Fit protective cover (SH) on rotor (600). 
Assemble casing gasket (501) and  
suction casing (500). 

CAUTION 
Install reducing unit (529) to suction casing (500)  
with an adhesive of medium strength 
 

7.4.5 
Stator (601) - Assembly / Re-assembly 
 
Maintenance tip: 
Disassembly of the stator can be facilitated con-
siderably by first moistening the inner surface of the 
stator with antiseize agent (soft or liquid soap). 
Before removing the pressure flanges (700), pour the 
antiseize agent into the opening between rotor and 
stator on the pressure flange side. Several clockwise 
(see Point 6.2.5) revolutions of the rotor will then 
distribute the antiseize agent over the inner surface 
of the stator and reduce the friction between rotor 
and stator considerably 
Lock drive (ANT) shaft against rotation.  

CAUTION 
Install external thread of stator (601) with an adhesive 
of medium strength. Turn stator (601) to the right 
using a tool (W13/see Point 9), slip it onto rotor (600) 
and screw it into the suction casing (500) at the same 
time.  
 

7.4.6 
Pressure Flange (700) - Assembly 

CAUTION 
Install pressure branch (700) with an adhesive of 
medium strength  
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1.0 
Dismantling of Joint 
 
1.1 
Holding Band (406) - Dismounting 
 
Cut through loop (SCL) of the holding band (406)  
with a metal saw.  
 
Wear protective goggles when 
squeezing out the two halves of 
the holding band loop (SCL). 
 

Remove holding band (406).  
 

1.2 
Rotor (600) - Dismantling 
 
Withdraw universal joint sleeve (405) with retaining 
sleeve (401) in coupling rod direction and fix it by 
using a special maintenance tool (W15/see 
document OM.SPT.01) 
 

¥ Separation of Joint 
 

Eject coupling rod pins (402). Pull coupling rod 
(400) out of joint top. 

 

1.3 
Universal Joint Sleeve (405) 
 

1.4 
Coupling Rod (400) 
 

1.5 
Retaining Sleeve (401) 
 
Remove retaining sleeve (401) from universal joint 
sleeve (405).  
 

2.0 
Prepare main components for Re-assembly 
 
2.1 
Rotor (600) - Preparation for Joint Assembly 
 
First remove any burr, flaws or similar defects from 
the rotor, then clean it. 
If the hole for the coupling rod pin (402) has worn 
out, a new rotor (600) has to be installed. 
 
2.2 
Coupling Rod (400) - Preparation for the Joint 
Assembly 
 
Clean coupling rod and check top drilling regarding 
wear. 

CAUTION 
If the top drilling shows wear, a new coupling rod will 
have to be used. 
 

Correct top drilling 
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2.3 
Plug-in Shaft (307) - Preparation for Joint 
Assembly 
 

Remove any burr, flaws or similar defects from the 
plug-in shaft (307), then clean it. 
If the hole for the coupling rod pin (402) has worn 
out, a new plug-in shaft (307) has to be installed. 
 
3.0 
Joint - Re-assembly 

CAUTION 
To ensure a perfect operation of the joints, coupling 
rod pins (402) and coupling rods (400) showing wear 
should be replaced. Refer to Point 2.2 
 
3.1 
Joint Grease (098) 
 

Joint head at rotor (600) and plug-in shaft (307) 
Fill joint head with joint grease (098). 
(Regarding joint grease (098) refer to index of 
operating instruction) 
 

3.2 
Coupling Rod (400) 
 

3.3 
Retaining Sleeve (401) 
 

Moisten both sides of retaining sleeve (401) with joint 
grease and insert this unit in universal joint sleeve 
(405).   
 

3.4 
Universal Joint Sleeve (405) 
 

Moisten surface of coupling rod (400) and inner 
surface of universal joint sleeve with joint grease  
Regarding joint grease (098) refer to index of 
operating instruction. 
Slip universal joint sleeve (405) with fitted retaining 
sleeves (401) onto coupling rod (400) and joint head.  

 

3.5 
Rotor (600) 
 

Push back universal joint sleeve (405) at rotor side 
towards coupling rod (400) and fix it using the 
relevant tool (W15/refer to document OM.SPT.01). 
 

Slip universal joint sleeve (405) onto joint head.  
 
3.6 
Universal Joint Sleeve - Deaeration  

Deaerate interior space of joint at the side of plug-in 
shaft and rotor using relevant tool/screw driver (WS) 
 

3.7 
Holding Band Re-assembly 
 

Mount holding band (406) using tool 
(W3/OM:SPT.01) as described in document 
OM.HBD.01. 
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Holding Band (HBD) - Assembly 
 
Tools required for the re-assembly, see document 
OM.SPT.01. 
 
¥ Prepare holding band 

 Only prefabricated double-band holding bands 
should be used. The diameter (! ) and in particular 
the breadth (b) of the holding band is matched to the 
universal joint sleeve. 

 
¥ Test holding band 

 The bent holding band (HBD) must fit against the 
holding band loop (SCL), if necessary apply 
pressure with the tool/pliers (WZ). 

 

¥ Assembly of holding band 

 Insert holding band in tool (W3/ see Point 9). Hold 
free end of holding band with control lever (EX), 
turn crank (KU) until the holding band is strained 
and fitting against the holding band loop (SCL). 
Carefully contract holding band until it fits inside the 
circular groove of the universal joint sleeve. 

 

¥ Correct holding band tension (HBD) 
 

Correct  
Holding band 
(HBD) has 
slightly con-
tracted outer 
form of 
univers-al joint 
sleeve and is 
stuck in 
position. 

Incorrect  
Holding band 
(HBD) is too 
slack and 
liable to slip. 

Incorrect  
Holding band  
(HBD) is too tight. 
Universal joint 
sleeve will be 
damaged/sheared 
off. 

 
¥ Folding back the holding band (HBD) 
 

Slowly swivel mounting tool upward by 60¡, at the 
same time slackening the crank (KU) by 
approximately one half revolution. Swivel cutting 
lever (SH) forward until the pressure plate fits 
against the holding band loop (SCL). 
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¥ Shearing off holding band (HBD) made of material 
AISI 304 and AISI 316 

 
A blow with the palm of the hand against the 
cutting lever (SH) causes the end of the holding 
band behind the loop (SCL) to be folded back and 
sheared off. If the holding band on the sheared off 
side is slightly raised as a result, it must be 
straightened carefully. 

CAUTION 
Never tap or hammer against the loop of the 
holding band (SCL), otherwise damage to the 
universal joint sleeve may occur. 

 

¥ Shearing off holding band (HBD) made of 
 Hastelloy C  
 

The high strength of this material makes it 
 impossible to shear off the holding band (HBD) 
 with the cutting lever (SH). Once the end of the 
 holding band is folded back, cut off the holding 
 band (HBD), file off projecting edges and remove 
 burr. 
 

¥ Check after mounting of holding band 
 
The holding band must run all the way round the 
groove of the universal joint sleeve. 

 
The holding band (HBD) must be bent back and 
sheared off at the holding band loop (SCL) in such a 
way that the holding band (HBD) is unable to slip 
back through the holding band loop (SCL). If this has 
not been accomplished, then the holding band 
(HBD) must be replaced by a new one. 
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seepex progressive cavity pumps will operate trouble-free if they are 
used in accordance with our data sheet (see item 9) and our 
operating and maintenance instructions: 

1 2 3 4 5 6 7 8 9 10  Reasons / Remedies 

X X a
Adhesion between rotor and stator  excessive (as delivered). Lubricate 
(soft soap, genuine soap) between stator and rotor.  
Then turn the pump by means of the tool W2 . 

X b Check rotational direction of the pump per data sheet and nameplate. In 
case of wrong direction, change wiring of motor. 

X X X X X c Suction pipe or shaft sealing leak. Eliminate the leakage. 

X X X X d
Suction head too high (item 6.5.3.1). Check suction head with vacuum 
gauge. Increase the suction pipe diameter and fit larger filters. Open the 
suction valve fully. 

X X X e Viscosity of the liquid too high.  
Check and accommodate per data sheet. 

X X X f Wrong pump speed. Correct pump speed per data sheet. 

X X g Avoid inclusions of air in the conveying liquid. 

X X X X X h
Pressure head too high (point 6.5.3.2). Check pressure head with 
manometer. Reduce the pressure head by increasing the pressure pipe 
diameter or by shortening the pressure pipe. 

X X X X X i Pump runs partially or completely dry (point 6.5.2). Check flow in the 
suction chamber. Install dry running protection TSE. 

X X j
Check coupling, possibly pump shaft is misaligned to drive. Check 
whether coupling gear is worn. Realign coupling. The coupling gear has 
perhaps to be replaced. 

X X k Speed too low. Increase the speed when high suction performances are 
required and when the liquid is very thin. 

X X X l Speed too high. Reduce the speed when pumping products with high 
viscosities - danger of cavitation. 

X m Check the axial play in the coupling rod linkage. Check that the bush 
has been installed correctly see document OM.PJT.__. 

X X X X X n Check for foreign substances in the pump. Dismantle the pump, remove 
foreign substances and replace worn parts. 

X X X X o Stator or rotor worn. Dismantle the pump and replace defective parts. 

X X X X p Joint parts worn. Replace worn parts and fill with special pin joint grease 
.

X X X X q Suction pipework partially or completely blocked. Clean suction 
pipework. 

X X X X X r
Temperature of the pumping liquid too high. Excessive expansion of the 
stator. Check temperature and install rotor with diameter smaller than 
specified. 

X X X X X s Gland packing too strongly tightened or worn. Ease or tighten stuffing 
box. Replace defective packing rings. 

X X X X t Solid contents and/or size of solids too large. Reduce pump speed and 
install perhaps a screen with suitable meshes. Increase fluid share. 

X X X X u When the pump is non operational the solids settle out and become 
hard. Clear and flush the pump immediately. 

X X X X X v The liquid becomes hard when temperature falls below a certain limit. 
Heat the pump. 

X X X X w Stator swollen and unsuitable for the pumped liquid. Select a suitable 
stator material. Use perhaps rotor with diameter smaller than specified. 

X X x The bearing in the drive casing of the pump or in the drive engine is 
defective. Replace bearing. 

X y Mechanical seal defective. Check seal faces and O-rings. If necessary 
replace corresponding defective parts. 
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Mechanical Seal
General, Safety, 

Emissions

Ausgabe 
issue B / 24.01.2006 Dokument 

document OM.SEA.12e Blatt 
sheet 1 (1) 

1.  
General 
 
¥ Please take the appertaining drawing from 

respective pump data sheet. 
 
¥ The mechanical seal is suitable for the operating 

conditions indicated in the pump data sheet. 
Modifications are only admissible after the customer 
has consulted with seepex . Additionally, attention 
must be paid to the manufacturerÕs operating 
manual. 

 
2. 
Safety 
 
Any mode of operation impairing the operating safety 
of the mechanical seal has to be avoided. 
 
The operator is advised to consider the possible 
effects on the environment which could be caused by 
a defective mechanical seal and what additional 
measures must be taken to protect the environment 
and the public. 
 
The pump must be mounted and operated in such  
a way that operation with a defective mechanical seal 
will not result in injury or harm to the public and that 
any leakage can be safely and properly dealt with. 
 
Mechanical seals are often used to seal hazardous 
material (chemicals, drugs, etc.). It is essential that 
rules pertaining to the handling of hazardous 
materials are adhered to. 
 
Modifications effected by the customer himself and 
changes influencing the safety of the mechanical seal 
are not allowed. 
 
3. 
Emissions 
 
A mechanical seal is a dynamic seal and leakage is 
unavoidable. 

ATTENTION 
Components that may contact leakage must be 
resistant to corrosion or be protected accordingly. 
 
Mechanical seal leakage must be drained in a safe 
and proper manner. 
 



Single-Acting 
Mechanical Seal

Ausgabe 
issue B / 04.01.2006 Dokument 

document OM.SEA.02e Blatt 
sheet 1 (2) 

1.0 
General 
 
¥ Please take the appertaining drawing from 

respective pump data sheet. 

¥ The mechanical seal is suitable for the operating 
conditions indicated in the pump data sheet. 
Modifications are only admissible after the customer 
has consulted with seepex. Additionally, attention 
must be paid to the manufacturerÕs operating 
manual. 

 
2.0 
Safety 

Any mode of operation impairing the operating safety 
of the mechanical seal has to be avoided. 

The operator is advised to consider the possible 
effects on the environment which could be caused by 
a defective mechanical seal and what additional 
measures must be taken to protect the environment 
and the public. 

The pump must be mounted and operated in such  
a way that operation with a defective mechanical seal 
will not result in injury or harm to the public and that 
any leakage can be safely and properly dealt with. 

Mechanical seals are often used to seal hazardous 
material (chemicals, drugs, etc.). It is essential that 
rules pertaining to the handling of hazardous 
materials are adhered to. 

Modifications effected by the customer himself and 
changes influencing the safety of the mechanical seal 
are not allowed. 
 
3.0 
Emissions 
 
A mechanical seal is a dynamic seal and leakage is 
unavoidable. 

ATTENTION 
Components that may contact leakage must be 
resistant to corrosion or be protected accordingly. 

Mechanical seal leakage must be drained in a safe 
and proper manner. 
 

4.0 
Flushing or circulation of single-acting 
mechanical seals 
 
Single-acting mechanical seals contacting the con-
veying liquid require no additional flushing or a 
circulation pipe because sufficient flushing and heat 
exchange occurs around the seal due to the 
conveying liquid. 

However, in particular cases, a direct flushing pipe 
can be installed into the flushing connection on the 
mechanical seal housing. 
 
5.0 
Commissioning 
 
Regardless of the pump's operating status, the con-
veying medium to be sealed must always be in liquid 
form at the mechanical seal. This particularly applies 
to the pump's commissioning and its placing out of 
service. 
 
6.0 
Maintenance 
 
When operating the pump according to the instruc-
tions, no maintenance is required. 
 



Single-Acting 
Mechanical Seal

Ausgabe 
issue B / 04.01.2006 Dokument 

document OM.SEA.02e Blatt 
sheet 2 (2) 

7.0 
Disassembly / Reassembly 
 
7.1 
Disassembly 
 
- Remove flushing connections at shaft seal housing 

(SEA). 
- Lift / displace splash ring (310) and eject plug-in 

shaft pin (309) horizontally. 
- Withdraw rotating unit (RTE) together with shaft seal 

parallel from output shaft of drive and avoid 
chocking. 

- Clean plug-in shaft (307) and remove burrs etc., 
which may damage sealing elements. Moisten plug-
in shaft (307) with slip additive (diluted fluid soap). 

- Loosen axial safety device of mechanical seal (330 
or 372) and withdraw mechanical seal (330) from 
plug-in shaft (307). 

- Remove mechanical seal housing (333) from lantern 
(200). 

- Press counter-ring of mechanical seal with o-ring out 
of mechanical seal housing (333). 

 

7.2 
Reassembly 

ATTENTION 
Mechanical seals are precision parts of high quality. 
Therefore, the installation must be effected with care. 
Gentle handling and extreme neatness are essential. 
 
- Clean mechanical seal housing (333) 
- Evenly press counter-ring with o-ring into mecha-

nical seal housing (333). To facilitate assembly, the 
o-ring should be moistened with a lubricant (diluted 
fluid soap). 

ATTENTION 
- Oil or grease must not be used to facilitate 

assembly. 
- Install mechanical seal housing (333) to lantern 

(200) and onsure correct position of flushing 
connections.  

- Remove plug-in shaft (307), burrs and roughness 
and clean the unit. 

- Check / adjust set dimension of mechanical seal on 
plug-in shaft (307). Moisten plug-in shaft (307) and 
elastomer parts of mechanical seal with lubricant 
(diluted fluid soap). 

- Slip mechanical seal onto plug-in shaft (307) as far 
as set ring. 

- Lubricate drive shaft (ANT) with antiseize graphite 
petroleum. 

- Moisten splash ring (310) and plug-in shaft (307) 
with pin joint grease, (for type, please see index) 
and slip splash ring (310) onto output shaft of drive. 
Note installating position of splash ring and refer to 
description on splash ring. 

- Move rotating unit (RTE) through mechanical seal 
housing (333) and splash ring (310) and slip splash 
ring (310) onto output shaft of drive (ANT). Push in 
plug-in shaft pin (309) in horizontal position. 

- Position of splash ring: 
Collar of splash ring shall be fitted in a distance of 
about 0.5 mm to lantern (200). 

 



Wearing parts 
and gaskets

Ausgabe 
issue C / 05.01.2006 Dokument 

document OM.WPS.40e Blatt 
sheet 1 (1) 

Range: MD, MDF 
 
To avoid the expenses incurred by lengthy stop periods of the pump, seepex  
recommend the acquisition of a set of wearing parts and a set of gaskets.  
The table below shows the contents of these sets.  
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Part designation Number

Rotor 1 600

Stator 1 1 601

Universal joint sleeve 1 405

Coupling rod pin 2 402

Guide bush - -

Coupling rod 1 400

Coupling rod bush - -

Casing gasket 1 501

Holding band, small - -

Holding band, large 2 406

Packing ring set 1 1 301

Mechanical seal 1 330

Sealing ring 4 571, 726

Splash ring 1 310

O-ring 1 572

Plug-in shaft 1 307

Special joint grease 098

Tool

Item number acc. to sectional 
drawing of pump and parts list

2)

2)

2)

2)

2)

2)

2)

Essential for assembly, see 
Point 9, document  OM.SPT.01

1 cart. 300 gr (c. 315cm!) grease quantity 
per pin joint, see tech.

3)

3)

 

2)  see tools Point 9., document OM.SPT.01 
3)  Item 330 and item 301 (as an alternative) depend on the pump design. With regard to the pump  
 design, refer to the appertaining data sheet and the sectional drawing. See Point 9.  
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OPERATING  MANUAL 
 
 

This document was drawn up observing the EC directives 
"Machinery" 98/37/EC, EN ISO 12100-2 and the German Standard VDI 4500 

 
 

 

 In case of this mechanical seal is operated in explosion area  an appropriate 
additional ope rating manual,  following EC directives 94/9/EC (ATEX 95), has 
to be observed by all means ! If required this could be ordered at BURGMANN. 

 
 

BURGMANN  MECHANICAL  SEAL (M.S.) 
 
 
Type MG1/dw-00 and versions 
 

applies to all mechanical seals of the same series 
 

dw = specified shaft diameter 
 
 
These instructions are intended for the assembly, operating and control personnel 
and should be kept at hand on site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PLEASE READ this manual carefully and OBSERVE the information contained as to: 
 

 Safety  Transport / Storage  Information about the product  
 Installation  Operation    Servicing 

 
If there are any unclear points please contact BURGMANN by all means! 
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Keywords and Symbols 
 

Following symbols for particularly important information are used: 
 
 

 
 

 
 
"Attention, please pay special attention to these sections of text" 
 

 
 DANGER!  
 

Draws attention to a direct hazard that will lead to injury or death 
of persons 
 

 
 WARNING!  
 

Draws attention to the risk that a hazard could lead to serious 
injury or death of persons 
 

 
 CAUTION!  
 

Draws attention to a hazard or unsafe method of working that 
could lead to personal injury or damage to equipment 
 

 
 ATTENTION!  
 

Identifies a potentially dangerous situation. If it is not avoided the 
product or something in its vicinity could be damaged 
 

 
 IMPORTANT!  
 

Identifies tips for use and other particularly useful information. 
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GENERAL  SAFETY  NOTES 
 

 
 

Any person being involved in assembly, disassembly, start up, operation and 
maintenance of the BURGMANN Mechanical Seal must have read and understood 
this Instruction Manual and in particular the safety notes. We recommend the user to 
have this confirmed. 

 
BURGMANN Mechanical Seals  are manufactured on a high quality level  (quality 
management EN ISO 9001: 2000) and they keep a high working reliability . Yet, if 
they are not operated  within their intended purpose  or handled inexpertly  by 
untrained personnel they may cause risks . 

 
The machine has to be set up in such a way that seal leakage can be led off and 
disposed properly and that any personal injury caused by spurting product in the 
event of a seal failure is avoided. 

 
Any operation mode that affects the operational safety  of the mechanical seal is not 
permitted. 

 
Unauthorised modifications or alterations are not permitted  as they affect the 
operational safety  of the mechanical seal. 

 
BURGMANN mechanical seals must be installed, operated, maintained, removed or 
repaired by authorised , trained and instructed personnel only.  

 
The responsibilities  for the respective jobs to be done have to be determined 
clearly and observed  in order to prevent unclear competencies from the point of 
security . 

 
Any work  to be done on the mechanical seal is generally  only permitted  when the 
seal is neither operating nor pressurised . 

 
 WARNING!  Seals that have been used with hazardous substances  must be properly 

cleaned  so that there is no possible danger  to people or to the environment. 
 

Apart from the notes given in this manual the general regulations for worker's 
protection and those for prevention of accidents  have to be observed. 
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Instructions for worker's protection 
 

 
 
 WARNING!  If the medium to be sealed  and/or the supply liquid  is subject to the 

Hazardous Substances Regulation  (GefStoffV), the instructions for handling  
dangerous substances  (safety data sheets to EU Directive 91/155/EEC) and the 
accident prevention regulations  have be observed. 

 
Medium to be sealed and/or supply medium may escape if the seal fails . Injury of 
persons and environment may be prevented by the user  providing for splash 
protection and wearing safety goggles. Care has to be taken by the user for proper 
disposal  of the leakage. The user has to control these measures. 

 
The user has to check  what effects a failure  of the mechanical seal might have and 
what safety measures have to be taken to prevent personal injury or damage to the 
environment. 
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TRANSPORT / STORAGE 
 
Transport 
 

If not specified differently by contract the BURGMANN standard packing is used 
which is suitable for dry transport by truck, train or plane. The warning signs and 
notes on the packing must be observed. 

 
In addition seaworthy packing may become necessary. 

 
Notes for income inspection: 
¥ Check packaging for visible damages. 
¥ Open packaging carefully. Do not damage or lose parts supplied separately. 
¥ Check if consignment is complete (delivery note). Inform the supplier immediately 

in writing if parts are damaged or missing. 
 

The mechanical seal has to be protected from damage during transport and storage. 
The transport case in which the seal is supplied is well suited for this purpose and 
should be kept for a possible return transport. 

 
 ATTENTION!  If the machine as well as the mechanical seal installed into the machine 

are transported together the shaft has to be protected from deflection and shocks. 
 
 
 
Packing and storage 
 

The following recommendations apply to all BURGMANN mechanical seals which 
have been supplied and stored in their undamaged original packaging , as well as 
to seals which have been installed in a machine (e.g. pump, compressor, agitator, 
etc.) but have not yet been put into operation. 

 
BURGMANN mechanical seals and spare parts are super finished and repeatedly 
tested machine elements. For the storage special conditions have to be followed. 

 
Sliding materials and elastomers are subject to material-specific and time-based 
alterations (distortion, ageing) which might reduce the full efficiency of the 
mechanical seals. Yet, this may be avoided by observing the storage instructions. 

 
For the stock keeping of elastomers special conditions are required. For all rubber-
elastic parts the rules of DIN 7716 resp. of ISO 2230-1973 (E) are valid. 

 
Conveniences for storing  of mechanical seals 
¥ dust free 
¥ moderately ventilated  
¥ constantly tempered 

!  relative air humidity below 65 %, 
!  temperature between 15 ¡C and 25 ¡C. 
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Protect  the seal from 
¥ direct exposure to heat (sun, heating) 
¥ ultraviolet light  (halogen or fluorescent lamps, sunlight, arc welding) 
¥ presence or development of ozone  (arc welding, mercury vapour lamps, high-

voltage devices, electric motors) 
"  risk of embrittlement  of elastomeric materials 

 
It has to be differentiated between: 
!  M.S. stored  in the stock room 
!  M.S. installed  in the machine, but not yet in operation. 

 
#  M.S. in the stock 

 

 IMPORTANT!  Store the seal in the original packing  lying on a flat surface . 
 

¥ Check the packaging periodically for damages. 
¥ Plastic sheet packagings with humidity indicators have to be checked every 

8 weeks. The check has to be recorded. 
"  Packings exceeding 50 % rel. humidity  values have to be sent to the manu-

facturer or the nearest BURGMANN service centre  for inspection and new 
packaging. 

 
Duly stored mechanical seal:  
¥ Latest 3 years after delivery of the mechanical seal 
¥ For reasons of safety shipment of the M.S. to BURGMANN resp. nearest 

BURGMANN service centre for 
"  Exchange of all secondary seals and springs 
"  Verification of the flatness of the faces 
"  Perhaps static pressure test. 

 
#  M.S. installed into the machine: 

 

 ATTENTION!  A preservation  of the BURGMANN mechanical seals is not allowed . 
 

Check in case of a preservation of complete machines with mechanical seals 
installed BURGMANN has to be contacted. 
¥ Do not use corrosion protection agents. 
"  Risk of deposition and possibly chemical attack of the secondary seals. 

 
Due to longer erecting times of new designed plants the period between delivery of 
the mechanical seal and on the other hand its installation and start up may exceed 
the period of 2-3 years. 

 
Latest after 3 years and in time  before the planned start-up of the plant the seal 
has to be dismantled and to be sent to the manufacturer or the nearest BURGMANN 
service centre where it can be checked and reconditioned, if necessary. 

 
Damages caused by improper storage may not  be claimed with reference to the 
warranty  on the BURGMANN company. 
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INFORMATION  ABOUT  THE  PRODUCT 
 

All technical information given is based on the results of extensive testing and on 
BURGMANN's long term practical experience. However, in view of the great diversity 
of possible applications the technical data can only be taken as being of approximate 
nature. We can only guarantee the safe and efficient functioning in individual cases if 
we have been comprehensively informed of the operating conditions to which they 
will be subject, and if this has been confirmed in a separate agreement. 

 
 
 
Manufacturer and country of origin 
 

Burgmann Industries GmbH & Co. KG 
€u§ere Sauerlacher Str. 6-10 
D - 82515  Wolfratshausen 

 

Germany 
 
 
 
Declaration by the manufacturer 

within the meaning of the EC-directive "MACHINERY" 98/37/EG 
 

A mechanical seal does not function independently . It is intended to be 
incorporated into or assembled with machinery. 

 
 
 
Type designation 
 

BURGMANN Mechanical Seal MG1/dw-00 
 
 
 
Designated use 
 

This mechanical seal is exclusively  designed for the use in the specified application. 
A different utilisation  or a utilisation going beyond the specification is considered 
contrary to its designated use  and excludes a liability by the manufacturer. 

 
Operation under conditions lying outside  those limits stated in paragraph 
"Operating limits"  is considered contrary to its designated use . 

 
Should the seal be operated  under different conditions  or at a different 
application  BURGMANN has to be asked for recognition as safe in advance . 
"  Changes  to operating conditions have to be documented. 
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Operating limits 
 
 ATTENTION!  Operating limits depend on the materials, the media to be sealed and the 

diameter of the sealing. (If there are any unclear points please contact BURGMANN.) 
 

Shaft diameter (dw) : 10 - 100 mm 
 

Pressure to be sealed (p1) : 12 bar g 
Temperature to be sealed (t1) : -20 ... 120¡ C 
Max. sliding speed  (vg) : 10 m/s 

 
Operation under several limit values simultaneously should be avoided  as higher 
loads (pressure, temperature, speed) can increase wear or lead to damage of sliding 
faces or elastomers. This could result in a shorter service life and in the risk  of a 
sudden seal failure endangering men and environment. 

 
The selection of the mechanical seal (type, suitability, materials) should be done by 
BURGMANN staff or other authorised persons. A wrong selection by unauthorised 
persons is not covered by BURGMANN's warranty . 

 
Further information about the operating conditions can be found in the BURGMANN 
assembly drawing MG1/dw-00 or in the specification sheets of the machine 
manufacturer. 

 
 
 
Materials 
 

The materials of the mechanical seal depend on the application and are fixed in the 
order. 

 
 
 
Drawings, diagrams 
 

Assembly drawing  MG1/dw-00 
 

The original assembly drawing in its latest edition (latest revision) only is decisive for 
both the design of M.S. as well as the utilisation of this manual. 

 
In the following description all figures in parentheses, e.g. (2) define the respective 
part item no. in fig. 1. The part item no. may vary from those stated in the assembly 
drawing. 
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Versions 
 
$  MG12/É 
$  MG13/É 
$  MG1S20/É 
$  RMG12/É 
 

$  MG1  MULTIPLE  M.S. 
 

The mechanical seal type MG1 can also be used as multiple mechanical seal  (also 
in combination with seal types of other series) in tandem arrangement  with quench 
(API, plan 52) or as dual mechanical seal  with barrier fluid (API, plan 53). 
Consultation with the BURGMANN company is recommended. 

 
 
 ATTENTION!  PTFE o-rings or double-PTFE-wrapped o-rings may not be used at seat 

versions without torsion lock . 
 

This operating manual applies also to the mentioned seal versions with slight 
modifications and/or to combinations with seats not stated in this manual. 

 
 
 
Seat Versions 
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Description and function 
 

 single  seal 
 unbalanced 
 bi-directional 
 stationary seat  (2) 
 o-ring (3) 
 rotating seal face  (1.1) 
 elastomeric bellow  (1.2) 
 cylindrical  single spring  (1.5) 
 no glued joints 
 materials of the sliding parts 

replaceable 
 for media containing solids (e.g. 

sewage applications) 
 rotating, torsion-free elastomeric 

bellows serving as 
!  face housing 
!  secondary sealing element 
!  drive collar 

 torque transmission from the seal face by means of "L"-rings and a rotating, 
cylindrical single spring 

 axial movability 
dw: 10 É 12 mm  ±0,5 mm 
dw: 14 É 18 mm  ±1,0 mm 
dw: 20 É 26 mm  ±1,5 mm 
dw: 28 É 100 mm  ±2,0 mm 

 
 
 
Required space, connecting dimensions 
 

The required mounting space for the mechanical seal is decisive for the design of the 
housing parts by the machine manufacturer. The connecting dimensions have to be 
checked by the machine manufacturer by means of the BURGMANN drawing before 
mounting the mechanical seal. 

 
 
 
Supply of M.S. 
 

The mechanical seal has to be constantly wetted by liquid medium. The medium to 
be sealed must not damage the M.S. neither chemically (e.g. corrosion, 
embrittlement) nor physically (e.g. erosion, abrasion). 

 
For a safe operation of the mechanical seal we recommend to apply at inboard  the 
most suitable type of circulation  described in API 610 / 682. This measure protects 
the seal cavity from deposition of solids. 

 
To operate multiple seals special supply systems are required. Please contact 
BURGMANN. 
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Emissions 
 

A mechanical seal is a dynamic seal  that cannot be free of leakage  due to physical 
and technical reasons. Seal design, manufacture tolerances, operating conditions, 
running quality of the machine, etc. mainly define the leakage value. In fact, 
compared to other sealing systems there is few leakage . 

 
 WARNING!  If the medium to be sealed  and/or the supply liquid  is subject to the 

Hazardous Substances Regulation  (GefStoffV), the instructions for handling  
dangerous substances  (safety data sheets to EU Directive 91/155/EEC) and the 
accident prevention regulations  have be observed. 

 
A possibly increased leakage during start-up will decrease to a normal quantity after 
the running-in period of the sliding faces. 

 

If this is not the case or if there are other malfunctions the mechanical seal has to be 
shut down, removed and checked for reasons of safety. 

 
The leakage can be liquid or gaseous. Its aggressiveness corresponds to that of the 
medium to be sealed. 

 
Leakage of mechanical seal at outboard side has to be drained and disposed 
properly. 

 
 IMPORTANT!  Components which may get in contact with the leakage have to be 

corrosion-resistant or have to be adequately protected. 
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INSTALLATION 
 
Assembly utilities 
 

!  ethyl alcohol 
!  cellulose-tissue (no rag, no cloth!) 
!  o-ring lifter 
!  water and washing up liquid 
!  cardboard discs 

 
 
 
Preparation for assembly 
 
 ATTENTION!  The seal should remain packed  until the following working steps have 
been completely terminated . 
 

Check the parts of the machine for: 
 

 
 

¥ chamfered  edges  
(sliding cones i.e. 2 mm / 30¡ or 
in accordance with EN 12756) 

¥ radiused transitions 
¥ mating fits  and o-ring 

surfaces: 
fine finished Rz 10 µm (= N7 = 
CLA 63) 

 

¥ Shaft surface  in the area of the mechanical seal finished according to EN 12756: 
Ra = 0.8 µm (= N6 = CLA 32). 

¥ Shoulder  or stop device for the bellows of the mech. seal to take up axial forces 
 

Check at the machine: 
¥ damage of connecting surfaces to the M.S. 
¥ mating dimensions, rectangularity and concentricity to the shaft axis. 

 
Run-out accuracy of the shaft (acc. to DIN ISO 5199): 
¥ Shaft diameters up to 50 mm:   max. 0.05 mm 
¥ Shaft diameters 50 mm - 100 mm:  max. 0.08 mm 

 
¥ Prepare the place of assembly, take away any not required tool, cuttings, dirty 

cleaning wool etc. 
 

¥ Cover the work bench with a piece of clean, non-fibrous cardboard. 
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Assembly / installation 
 

BURGMANN mechanical seals are super-finished and repeatedly tested machine 
elements whose handling during assembly in particular of sliding materials and 
elastomers requires special care during several procedures. 

 
For installation the assembly drawing of mechanical seal has to be observed. 

 
 IMPORTANT!  The mechanical seal has to be installed under the cleanest conditions and 

very carefully. 
 

¥ Unpack the seal and check seal face, seat and elastomer bellows for possible 
damages. 

"  Never place the seal faces or seats on their sliding faces without having covered 
them adequately. 

 
¥ Check before starting assembly: 

!  complete availability of all components by means of the drawing 
!  all components have to be clean and in perfect condition. 

 
¥ Sprinkle the elastomer bellows and the shaft with low-surface-tension water (add 

washing up liquid) or ethyl alcohol to decrease frictional force during assembly of 
the seal. 

 

Oil or grease  as assembly agent is not permitted in any case. 
 

 ATTENTION!  Do never force  during installation. 
 

 ATTENTION!  Avoid unnecessary rotation of the shaft (damage of the sliding faces is 
possible). 

 

 ATTENTION!  Avoid knocking the seal!  Damage to mechanical seals has an adverse 
effect on their safe operation. 

 
Possible installation order: 

 
¥ Feed the degreased  sealing element (o-ring, rubber cup) onto the seat. 

 
If present: 
¥ At the seat mark the position of the rear slot beside the sliding face. 
¥ Align the seat with the torque transmission pin. 

 

¥ Cover the sliding face of the seat with a cardboard washer  
¥ Press the seat slowly and without interruption into its position. 

"  Use plenty of water or alcohol as lubricant. 
"  Use a distance sleeve, if necessary. 

¥ Remove the cardboard washer from the sliding face. 
¥ Check the rectangular position of the seat to the shaft axis. 
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¥ Mount the seal cover with the seat installed before. 
¥ Clean the sliding faces thoroughly with ethyl alcohol and paper tissues (no fabric, 

no cloths! ). 
"  In case of material "BUKO"  (carbon graphite) wipe it until the paper tissues stay 

clean. 
"  Do not touch the sliding faces any more with bare fingers. 
"  Mount the sliding faces absolutely dry, dust-free and clean. Do not use any 

lubricants! 
 
 

 

¥ Push rotating seal unit (bellows unit) with a slow 
clockwise turn onto the shaft. 

¥ Stick to the dimensions in the assembly drawing! 
"  If necessary use a mounting sleeve. 
"  For long pushing distances add liquid several times. 

 

 
¥ Check "L" rings, spring and seal face for correct fit. 

 
¥ Mount stop device for bellows unit to take up axial forces. 
"  Stick to the dimensions in the assembly drawing by all means!  

 
¥ Further assembly of the machine in accordance with the instructions of the 

machine manufacturer. 
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OPERATION 
 
Instructions for safe operation 
 

For a single mechanical seal the pressure in the seal chamber  (stuffing box 
pressure) has to be higher than the ambient pressure at the machine at any time. 
Otherwise the machine will suck in air via the sliding faces, which will result in dry-
running  and consequent failure  of the mechanical seal. 

 
Damages due to dry-running are excluded from the warranty. 

 
During every state of operation  the mechanical seal has to be constantly wetted by 
the medium to be sealed in its liquid form , in particular when the machine is 
started  or stopped . The machine design has to be such as to take this necessity into 
consideration. 

 
If the medium to be pumped builds deposits or tends to solidify during cooling down 
or standstill of the machine the stuffing box has to be flushed with suitable clean 
liquid. The flow and the liquid should be determined by the user. 

 
If the operation limit values and the instructions given in this manual are followed a 
trouble-free operation of the mechanical seal can be expected. 

 
 
 
Instructions for start up 
 

Safety checks before start up 
¥ Torque transmission between mechanical seal and shaft duly installed 
¥ Supply connections tightened pressure-sealed 
¥ Disposal connections installed environmentally safe 

 
For a safe operation of the mechanical seal we recommend to apply at inboard  the 
most suitable type of circulation  described in API 610 / 682. This measure protects 
the seal cavity from deposition of solids. 

 
¥ Flood machine and seal cavity (stuffing box) with medium and vent thoroughly. 
!  Now the seal is ready for operation. 
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SERVICING 
 
Maintenance 
 

A correctly operated mechanical seal needs low maintenance . Wear parts, however, 
have to be replaced, if necessary. 

 
A duly operation includes a regular check of the following parameters: 
¥ Temperature 
¥ Leakage (drainage) rate of the mechanical seal 

 
An inspection of the mechanical seal should be carried out during a revision of the 
complete plant. We recommend to have this inspection be performed by responsible 
BURGMANN personnel. 

 
If the mechanical seal is removed during a revision of the plant it has to be replaced 
by a new one. 

 
 
 
Directives in case of failure 
 

Try to define the kind of failure and record it. 
 

!  In the event of excessive leakage , note changes in the leakage amount and 
switch the pump off if necessary. 

"  If a constant amount is leaking in a steady flow, the mechanical seal is damaged. 
!  In the event of a inadmissible  temperature rise , the machine has to be stopped 

for safety reasons. 
 

If there is a malfunction  which you cannot correct on your own, or if the cause of 
malfunction is not clearly recognisable please immediately contact the nearest 
BURGMANN agency , a BURGMANN service centre or the BURGMANN 
headquarters. 

 
During the warranty period  the BURGMANN mechanical seal must only be 
disassembled with approval of the manufacturer or when a representative is present. 
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After-sales service by BURGMANN 
 

BURGMANN's customer service department offers a comprehensive service 
package covering consultancy, engineering, standardisation, installation, 
commissioning as well as damage analysis right through to seminars on sealing 
technology. 

 
Addresses are listed in the known BURGMANN Design Manuals as well as in various 
other BURGMANN brochures. 

 
 

Address of headquarters: 
 

Burgmann Industries GmbH & Co. KG 
Postfach 1240 
D - 82515 Wolfratshausen 

 

Germany 
 

%  +49 (0) 81 71-23 0 
Fax  +49 (0) 81 71-23 12 14 
www.burgmann.com 

 
 
 
Reconditioning (repair) 
 

If reconditioning  is necessary, the complete seal  should be sent to the 
manufacturer , as this is the best way to find out which components can be 
reconditioned or which parts must be replaced in order to ensure an optimum 
tightness. 

 
If, for compelling reasons , a reconditioning  has to be carried out on site  (e.g. no. 
spare seal on stock, long transport, problems with customs) the seal may be repaired 
in a clean room by trained  personnel of the user under the direction of BURGMANN 
mechanics . 

 
 
 
Disassembly / removal 
 
 

 

¥ Stop the machine as instructed, allow to cool, depressurise and ensure 
that pressure cannot build up again. 

¥ Work on the M.S. is only permitted when the machine is at a standstill 
and depressurised. 

¥ There must be no product on the M.S. !  if necessary drain the 
machine and rinse it out. 

¥ Isolate the machine to prevent it starting up unexpectedly. 
¥ Comply with the safety notes (safety data sheets). 
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 IMPORTANT!  When removing, please observe by all means : 

¥ current accident prevention regulations  
¥ regulations for handli ng hazardous substances  

 
 WARNING!  Seals that have been used with hazardous substances  must be properly 

cleaned  so that there is no possible danger  to people or to the environment. 
 
 IMPORTANT!  The packaging used to transport the seal must 

¥ be identified  with the relevant hazard symbol  and 
¥ include  the safety data sheet  for the product and/or supply medium 

 
The order of disassembly to remove the mechanical seal out of the machine depends 
on the design of the machine and should be determined by the machine 
manufacturer. 

 
¥ Remove the seal in the reverse sequence as described for assembly (set up). 

 
 
 
Spare parts 
 

¥ Only BURGMANN original spare parts must be used. Otherwise 
"  Risks  of a seal failure, endangering  persons and environment. 
"  The BURGMANN guarantee for the mechanical seal lapses . 
¥ For a quick exchange a complete spare seal  should be on stock. 

 
 
 
Required details for enquiries and orders 
 

For enquiries and orders the following details are required: 
!  BURGMANN commission no. 
!  Drawing no. of M.S. MG1/dw-00  

dw = specified shaft diameter 
!  Part item no., designation, material, number of pieces with reference to the 

drawing. 
 
 

Address of headquarters product field FA 
Standard Mechanical Seals 

 

Burgmann Industries GmbH & Co. KG 
Postfach 1240 
D - 82502 Wolfratshausen 

 

Germany 
 

%  +49 (0) 81 71 - 23 0 
Fax +49 (0) 81 71 - 23 14 44 
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Disposal of the BURGMANN mechanical seal 
 

Usually, the BURGMANN mechanical seals can be easily disposed after a thorough 
cleaning. 
!  Metal parts (steels, stainless steels, non-ferrous heavy metals) divided into the 

different groups belong to scrap metal waste. 
!  Ceramic materials (synthetic carbons, ceramics, carbides) belong to waste 

products. They can be separated from their housing materials, as are 
physiologically recognised as safe. 

!  Synthetic materials/plastics (elastomers, PTFE) belong to special waste. 
 CAUTION!  Material containing fluorine must not be burnt. 
 IMPORTANT!  Some of the synthetic materials, divided into the different groups can be 

recycled. 
 
 
 
Copyright 
 

The Burgmann Industries GmbH & Co. KG (Germany) holds the copyright to this 
document. Customers and operators of mechanical seals are free to use this 
document in the preparation of their own documentation. No claims of any type or 
form can be derived in such instance. 

 
 

We reserve the right to carry out t echnical modifications of the product , even if 
they have not yet been considered in this manual. 

 
 
 
 
June 13, 2006 
Department Technical Documentation 
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$ $O*>("(5P $

RKIS$KX3$QKFYL$A<?./<$@-8$2@9-=<-@-1<$9:$;</?./2<0,
#@D<$@A:.75=<78$:5/<$=4@=$-.$E.7=@6<$9:$@;;79<0$+497<$+./D$9:
A<9-6$0.-<$.-$=4<$6<@/A.B,$

!
34<$ U5=.E<-=$ /<7<@:<:$ A597=`5;$ @9/$ ;/<::5/<$ ?/.2
9-:90<$=4<$6<@/A.B$[#@B,$;/<::5/<$($;:9\,$

GE)*?"E($
I.5;"9-6$45A:$:4.5"0$A<$2.5-=<0$?"5:4$+9=4$=4<$:4@?=$<-0:C$
5-"<::$:;<19?91@""8$./0</<0$?./$.E</45-6$2.5-=9-6,$$Q9-9.-:C$
:;/.1D<=:$@-0$:4<@E<:$:4.5"0$A<$2.5-=<0$@:$1".:<$@:$;.::9A"<$
=.$=4<$5-9=$4.5:9-6$=.$29-929Z<$A<@/9-6$".@0:$@-0$:4@?=$
0<?"<1=9.-:,$
$
)E'DG"(5$*G"5(#,(?$
P4@?=$1.5;"9-6:$:4.5"0$A<$9-:=@""<0$@11./09-6$=.$=4<$1.5;"9-6$
2@-5?@1=5/</H:$/<1.22<-0@=9.-:$?./$6@;C$@-65"@/$@-0$;@/@""<"$
@"96-2<-=,$$"-$2@-8$9-:=@""@=9.-:C$9=$9:$-<1<::@/8$=.$@"".+$?./$
=4</2@"$@-0$2<14@-91@"$:4@?=$2.E<2<-=$+4<-$0<=</29-9-6$:4@?=$
@"96-2<-=,$$34<$1.5;"9-6$2@-5?@1=5/</H:$/<1.22<-0@=9.-:$
:4.5"0$A<$?."".+<0,!
!
*Q"*G$F"+DG*),#,(?$
34<$6@;$A<=+<<-$:4@?=$<-0:$:4.5"0$A<$=4<$:@2<$@:$=4<$:;<19?9<0$
1.5;"9-6$6@;$5-"<::$.E</45-6$2.5-=9-6$.?$=4<$1.5;"9-6$45A$9:$
:;<19?9<0,$$34<$1.5;"9-6$6@;$@-0$:4@?=$6@;$25:=$A<$:5??919<-=$=.$
@11.22.0@=<$@-8$@-=919;@=<0$=4</2@"$./$2<14@-91@"$@B9@"$
2.E<2<-=,$$
!
*(5'G*>$*G"5(#,(?$
"-:</=$@$:;@1</$./$:492$:=.1D$<>5@"$=.$=4<$/<>59/<0$1.5;"9-6$6@;$
A<=+<<-$=4<$1.5;"9-6$45A$?@1<:$@-0$2<@:5/<$=4<$1"<@/@-1<$5:9-6$
?<<"</$6@56<:,$$L<;<@=$=49:$@=$=4<$:@2<$0<;=4$@=$b&`0<6/<<$
9-=</E@":$=.$0<=</29-<$=4<$@2.5-=$.?$@-65"@/$29:@"96-2<-=,$
$
D*>*GG,G$*G"5(#,(?$
#.5-=$@$09@"$9-091@=./$=.$.-<$1.5;"9-6$45AC$@-0$/.=@=<$=49:$45AC$
:+<<;9-6$=4<$.5=:90<$09@2<=</$.?$=4<$.=4</$45A,$$34<$;@/@""<"$
29:@"96-2<-=$9:$<>5@"$=.$.-<`4@"?$.?$=4<$=.=@"$9-091@=./$/<@09-6,$$
U-.=4</$2<=4.0$9:$=.$/<:=$@$:=/@964=$<06<$:>5@/<"8$.-$=4<$.5=:90<$
09@2<=</$.?$=4<$45A:$@=$b&`0<6/<<$9-=</E@":$@-0$2<@:5/<$@-8$
6@;:$+9=4$?<<"</$6@56<:,$$34<$2@B9252$6@;$2<@:5/<2<-=$9:$=4<$
;@/@""<"$29:@"96-2<-=,$
$
).,)J"(5$*G"5(#,(?$
U?=</$A.=4$@-65"@/$@-0$;@/@""<"$@"96-2<-=:$@/<$+9=49-$:;<19?9<0$
"929=:C$=964=<-$@""$?.5-0@=9.-$A."=:$:<15/<"8$@-0$/<;<@=$=4<$@A.E<$
;/.1<05/<$=.$14<1D$@"96-2<-=,$$"?$@-8$.?$=4<$:;<19?9<0$"929=:$?./$
@"96-2<-=$@/<$<B1<<0<0C$/<@"96-$=4<$1.5;"9-6,$
$
+D>E)J,?$E>$+.,*L,$*G"5(#,(?$
U"96-$=4<$:4<@E<:$./$:;/.1D<=:$:>5@/<$@-0$;@/@""<"$A8$;"@19-6$@$
:=/@964=$<06<$@1/.::$=4<9/$?@1<:,$$U"96-2<-=$.?$A5:4<0$:4<@E<:$
@-0$:;/.1D<=:$:4.5"0$A<$14<1D<0$@?=</$A5:49-6:$4@E<$A<<-$
=964=<-<0,$$I4<1D$4./9Z.-=@"$:4@?=$@"96-2<-=$A8$;"@19-6$@$"<E<"$
E</=91@""8$@6@9-:=$=4<$?@1<$.?$=4<$:4<@E<$./$:;/.1D<=,$$U0O5:=$A<"=$
./$14@9-$=<-:9.-$;</$=4<$2@-5?@1=5/</H:$:;<19?9<0$;/.1<05/<,$
$
E'?!E*>F$D"("E($*G"5(#,(?$
U"96-$=4<$;9-9.-$A8$@0O5:=9-6$=4<$6<@/$=..=4$1"<@/@-1<$@11./09-6$
=.$=4<$2@-5?@1=5/</H:$/<1.22<-0@=9.-:$@-0$14<1D9-6$?./$
@11<;=@A"<$.5=A.@/0$;9-9.-$=..=4$1.-=@1=,$$34<$?.5-0@=9.-$A."=:$
2@8$4@E<$=.$A<$"..:<-<0$@-0$=4<$5-9=$2.E<0$:"964="8$=.$.A=@9-$
=49:$1.-=@1=,$$F4<-$=4<$5-9=$9:$2.E<0$=.$1.//<1=$=..=4$1.-=@1=C$=4<$
;/92<$2.E</$:4.5"0$A<$/<@"96-<0,$
$
>,).,)J$*G"5(#,(?$
U?=</$@$;</9.0$.?$.;</@=9.-C$/<14<1D$@"96-2<-=$@-0$@0O5:=$@:$
/<>59/<0,$
!
%,$ Q/.;</78$9-:=@77$5-9=$.-$@$/9690$?.5-0@=9.-$

�x�� @0<>5@=<"8$:5;;./=<0$
�x�� :<15/<"8$A."=<0$9-=.$;"@1<$
�x�� "<E<"<0$:.$@:$-.=$=.$09:=./=$=4<$6<@/$1@:<$

(,$ Q/.;</78$9-:=@77$1.5;79-6:$:59=@A"<$?./$=4<$@;;791@=9.-$@-0$
1.--<1=<0$<>59;2<-=,$

*,$ Y-:5/<$@115/@=<$@"96-2<-=$+9=4$.=4</$<>59;2<-=,$
c,$ g5/-9:4$@-0$9-:=@77$@0<>5@=<$2@149-</8$65@/0:$@:$-<<0<0$=.$

;/.=<1=$.;</@=9-6$;</:.--<"$@-0$@:$/<>59/<0$A8$=4<$
@;;"91@A"<$:=@-0@/0:$.?$=4<$K115;@=9.-@"$P@?<=8$@-0$h<@"=4$
U029-9:=/@=9.-$[KPhU\C$@-0$A8$.=4</$@;;"91@A"<$:@?<=8$
/<65"@=9.-:G$

),$ Y-:5/<$=4@=$0/9E9-6$<>59;2<-=$9:$/5--9-6$9-$=4<$1.//<1=$
09/<1=9.-$A<?./<$1.5;79-6$=.$/<051</:$+9=4$A@1D:=.;:$
[0<:96-<0$=.$.;</@=<$.-"8$9-$@$:;<19?91$09/<1=9.-\$./$
2@149-</8$0<:96-<0$=.$.;</@=<$.-78$9-$.-<$09/<1=9.-,$

!
).*(5,+$"($D,>CE>#*( ),$+D,)"C")*?"E(+$
K+-</$4@:$=4<$/<:;.-:9A9"9=8$=.$1.-:57=$+9=4$JKLM$NYUL$9?$:514$
9=<2:$:514$@:$@;;79<0$".@0:C$.;</@=9-6$:;<<0:$./$.=4</$.;</@=9-6$
1.-09=9.-:$4@E<$14@-6<0,$$$$
$

$
+?*>?R'D$
%,$ Y-:5/<$=4@=$:+9=14<:C$@"@/2:C$4<@=</:C$1..7</:$@-0$.=4</$

:@?<=8$@-0$;/.=<1=9.-$0<E91<:$@/<$9-:=@""<0$@-0$.;</@=9.-@7$
?./$=4<9/$9-=<-0<0$;5/;.:<,$$$

(,$ i</9?8$=4@=$=4<$9-:=@77<0$2.5-=9-6$;.:9=9.-$9:$=4<$:@2<$@:$=4<$
-@2<=@6$2.5-=9-6$;.:9=9.-,$$"?$-.=C$@0O5:=$=4<$.97$7<E<7$
@11./09-678$@-0$/<7.1@=<$=4<$E<-=$;756C$?977$;756$@-0$0/@9-$
;756$@11./09-6$=.$=4<$2.5-=9-6$;.:9=9.-,$$$P<<$?.77.+9-6,$

$
$
*'?EL,(?$DG'5$
34<$ U5=.E<-=$ ;756$ 9:$ A/@::$ 9-$ 1.7./$ @-0$ +977$ A<$ 7.1@=<0$ @=$ =4<$
4964<:=$ ;.9-=$ .-$ =4<$ 6<@/A.B,$ $ "=$.;</@=<:$ 79D<$ @$ 14<1D`E@7E<$ =.$
@77.+$ =4<$ /<051</$ =.$ /<79<E<$ 9-=</-@7$ ;/<::5/<$ +497<$ ;/<E<-=9-6$
75A/91@-=$1.-=@29-@=9.-$05/9-6$1..79-6,$$U$:;/9-6$;/<::<:$@$A@77$./$
;75-6</$@6@9-:=$@$2@149-<0$./9?91<$5-=97$;/<::5/<$<B1<<0:$($ ;:9,$$$
UA.E<$ ($ ;:9$ =4<$ @9/$ 9:$ @77.+<0$ =.$ <:1@;<$ 0<;/<::5/9Z9-6$ =4<$
6<@/1@:<,$ $ F4<-$ 9-=</-@7$ ;/<::5/<$ 0/.;:$ A<7.+$ ($ ;:9C$ =4<$
@5=.E<-=$ /<`:<@7:$ 17.:9-6$ =4<$ 5-9=$ =.$ =4<$ .5=:90<$ <-E9/.-2<-=,$$
U?=</$ :45=0.+-C$ =4<$ /<051</$ 1..7:$ @7.-6$ +9=4$ =4<$ @9/$ 9-:90<$ =4<$
/<051</,$$34<$5-9=$+977$=<2;./@/978$2@9-=@9-$@$:7964=$E@1552$5-=97$
-./2@79Z@=9.-$ .115/:,$ $ JKLM$ N<@/$ :5;;79<:$ @-$ U5=.E<-=$ @:$ @$
:=@-0@/0$?<@=5/<,$
$
$

$
$
$
$
$
$
$
$
$
$
$
$
$
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!!!!!!!!!! !
$
3+.$=8;<:$.?$;756:$?./$2@9-=<-@-1<$

C"GG$G,L,G$S$F>*"($DG'5+$
34<$0/@9-$;756:$@/<$2<=/91$:.1D<=$4<@0$1@;$:1/<+:,$$34<8$+977$A<$
7.1@=<0$@=$=4<$7.+<:=$;@/=$.?$=4<$6<@/A.B$?./$<@:<$.?$0/@9-9-6,$$34<$
?977$7<E<7$;756$9:$@$4<B$4<@0$1@;$:1/<+,$$"=$+977$A<$7.1@=<0$A<=+<<-$
=4<$U5=.E<-=$@-0$0/@9-$;756,$!.=4$=8;<:$.?$;756:$+977$4@E<$6@:D<=:$
9-1750<0$=.$;/<E<-=$.97$?/.2$7<@D9-6,$
$
$

$
$
$
$
$
$
$
$
$
$
$
$
$
$

$

G'!>")*(?$
U""$JKLM$/<051</:$@/<$:49;;<0$?/.2$=4<$?@1=./8$;/.;</"8$?9""<0$
+9=4$"5A/91@-=$@-0$@77$;756:$@/<$9-:=@77<0$@11./09-6$=.$=4<$2.5-=9-6$
;.:9=9.-$69E<-$.-$=4<$/<051</$-@2<=@6,$$U11<;=@A7<$.97$?977$7<E<7$9:$
+9=49-$j$9-14$.?$=4<$A.==.2$.?$=4<$?977$;756$=4/<@0:,!
!
ED,>*?"E($*(F$#*"(?,(*(),$).,)JG"+?$
%,$ K;</@=<$=4<$<>59;2<-=$@:$9=$+@:$9-=<-0<0$=.$A<$.;</@=<0$
(,$ M.$-.=$.E</".@0,$
*,$ L5-$@=$1.//<1=$:;<<0,$
c,$ #@9-=@9-$"5A/91@-=$9-$6..0$1.-09=9.-$@-0$@=$;/.;</$"<E<",$
),$ M9:;.:<$.?$5:<0$"5A/91@-=$9-$@11./0@-1<$+9=4$@;;"91@A"<$

"@+:$@-0$/<65"@=9.-:,$
"#! U;;"8$;/.;</$2@9-=<-@-1<$=.$@==@14<0$<>59;2<-=$@=$

;/<:1/9A<0$9-=</E@":$/<1.22<-0<0$A8$=4<$2@-5?@1=5/</,!
a,$ Q</?./2$;</9.091$2@9-=<-@-1<$.?$=4<$6<@/$0/9E<$@:$$$$$$$$$$$$$$$$$$

/<1.22<-0<0$A8$JKLM,$
$
$
$
$

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

!
$

!
$

!
$

!
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#E'(?"(5$DE+"?"E(+$
34<:<$14@/=:$0<=@97$=4<$2.5-=9-6$;.:9=9.-:$?./$4./9Z.-=@7$@-0$E</=91@7$2.5-=9-6,$$34<$U5=.E<-=C$.97$?977$;756$@-0$0/@9-$;756$@/<$9-091@=<0$.-$<@14$
2.5-=9-6$;.:9=9.-$;91=5/<,$$34<$?@1=./8$:<=$2.5-=9-6$;.:9=9.-$@-0$;756$7.1@=9.-:$2@=14$=4@=$:4.+-$.-$=4<$6<@/A.B$-@2<=@6,$$g./$2.5-=9-6$
./9<-=@=9.-:$.=4</$=4@-$:4.+-$1.-:57=$JKLM$N<@/,$
$
$
$

$
$
$
$
$

$
$
$
$
$
$
$
$
$
$
$
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$
$
$

$
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#*"(?,(*(),$
!
#9-</@7$75A/91@-=$:4.570$A<$14@-6<0$<E</8$%&C&&&$:</E91<$4.5/:$./$@?=</$=+.$8<@/:,$g./$:8-=4<=91$.97:C$=4<$75A<$:4.570$A<$14@-6<0$<E</8$
(&C&&&$:</E91<$4.5/:$./$@?=</$?.5/$8<@/:,$"-$1@:<$.?$<B=/<2<$.;</@=9-6$[<,6,$4964$452909=8C$@66/<::9E<$<-E9/.-2<-=$./$7@/6<$=<2;</@=5/<$
E@/9@=9.-:\C$:4./=</$9-=</E@7:$A<=+<<-$14@-6<:$@/<$/<1.22<-0<0,$

$
E"G$+D,)"C")*?"E(+$
JKLM$:5;;79<:$@""$/<051</:$?9""<0$+9=4$.9"$?/.2$=4<$?@1=./8,$$I.-:57=$=4<$:=91D</$@0O@1<-=$=.$=4<$?977$;756$=.$0<=</29-<$=4<$=8;<$.?$75A/91@-=$
9-:=@77<0$@=$=4<$?@1=./8,$P=@-0@/0$75A/91@-=$9:$"PK$iN((&$29-</@7`A@:<0$.97,$$h.+<E</C$:.2<$5-9=:$4@E<$:;<19@7$75A/91@-=:$0<:96-<0$=.$.;</@=<$
9-$1</=@9-$<-E9/.-2<-=:$./$=.$<B=<-0$=4<$:</E91<$79?<$.?$=4<$75A/91@-=,$$"?$9-$0.5A=$@A.5=$+4914$75A/91@-=$9:$-<<0<0C$1.-=@1=$JKLM$N<@/,$
!
+?*(F*>F$E"G $k$"PK$iN((&$$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

(&$=.$%&c�qg$[`)$=.$c&�qI\$ #9-</@"$
$
?TD")*G$E"G+$

i9:1.:9=8$
"PK$JRN"$ g./257@=9.-$

P</E91<$
3<2;</@=5/<$

L@-6<$
+@/00$ )3:;680$

$ $ $

I.-E<-=9.-@7$
#9-</@7$

(&�qI$=.$_)&�qI$
d]g$=.$_%((�qg$

#.A976<@/$
d*c$

K2@7@$
cd&$ aYQ$

S7! A</.97$
NY#$%`cd&$

Y-</6.7$
NL`VQ$cd&$

3/9A.7$
%%&&'cd&$

L5$UV&$
P8-=4<=91$

QUK$
`*&�qI$=.$_]&�qI$
`(( �qg$=.$_%ad�qg$

#.A97$
PhI$d*c$

K2@7@$
cd&$hM$

":.75A<$
YQ$cd&$

S7! A</:8-=4$
YN$c`cd&$

J'U$
3/9A.7$

%)%&'cd&$
I.-E<-=9.-@7$

#9-</@7$
&�qI$=.$_*&�qI$
*( �qg$=.$_]d�qg$

#.A976<@/$
d*($

K2@7@$
*(&$

dYQ$
S7! A</.97$

NY#$%`*(&$
Y-</6.7$

NL`VQ$*(&$
3/9A.7$

%%&&'*(&$
L5$WX&$

P8-=4<=91$
QUK$

`*) �qI$=.$_]&�qI$
`*%�qg$=.$_%ad�qg$

#.A97$
PhI$d*($

K2@7@$
*(&$hM$

":.75A<$
YQ$cd&$

S7! A</:8-=4$
YN$c`*(&$

J'U$
3/9A.7$

%)%&'*(&$
I.-E<-=9.-@7$

#9-</@7$
`) �qI$=.$_c&�qI$

_(& �qg$=.$_%&c�qg$
#.A976<@/$

d*&$
K2@7@$

((&$
)YQ$

S7! A</.97$
NY#$%`((&$

Y-</6.7$
NL`VQ$((&$

3/9A.7$
%%&&'((&$

L5$XX&$
P8-=4<=91$

QUK$
`*c �qI$=.$_]&�qI$
`*&�qg$=.$_%ad�qg$

#.A97$
PhI$d*&$

K2@7@$
((&$hM$

":.75A<$
YQ$((&$

S7! A</:8-=4$
YN$c`((&$

J'U$
3/9A.7$

%)%&'((&$
I.-E<-=9.-@7$

#9-</@7$
`%)�qI$=.$_() �qI$

) �qg$=.$_aa�qg$
#.A976<@/$

d(b$
K2@7@$

%&&$
cYQ$

S7! A</.97$
NY#$%`%)&$

Y-</6.7$
NL`VQ$%&&$

3/9A.7$
%%&&'%&&$L5$%Y&$

S$
L5$%&&$ P8-=4<=91$

QUK$
`*a �qI$=.$_%&�qI$
`*) �qg$=.$_)&�qg$

#.A97$
PhI$d(b$

K2@7@$
%)&$hM$

":.75A<$
YQ$%)&$

S7! A</:8-=4$
YN$c`%)&$

J'U$ J'U$

I.-E<-=9.-@7$
#9-</@7$

`%)�qI$=.$_() �qI$
) �qg$=.$_aag$

#.A976<@/$
d(d$

K2@7@$
d]$

(YQ$
S7! A</.97$

NY#$%`d]$
Y-</6.7$

NL`VQ$d]$
3/9A.7$

%%&&'d]$
L5$VZ$

P8-=4<=91$
QUK$

`c&�qI$=.$_%&�qI$
`c&�qg$=.$_)&g$

#.A97$
PhI$d(d$

J'U$
":.75A<$
YQ$d]$

J'U$ J'U$ J'U$

L5$WX$
P8-=4<=91$

QUK$
`c&�qI$=.$_%&�qI$
`c&�qg$=.$_)&�qg$

#.A97$
PhI$d(c$

J'U$ J'U$
S7! A</`P5229=
h8P8-$gN`*($

J'U$ J'U$

!"#$%$!&'($"')*+$#',-./ $

$
+D,)"*G$D'>DE+,$G'!>")*(?+$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

$
#@-5?@1=5/</$

$
K97$!/@-0$J@2<$

(&$=.$%&c�qg$[`)$=.$c&�qI\$ 0&&1$23+1,$K97$`$P8-=4<=91$ I4<E/.-$ g#$"PK$((&$
(&$=.$%&c�qg$[`)$=.$c&�qI\$ 0&&1$23+1,$K97$`$P8-=4<=91$ K97lUV$ #@6-@;"@=<$])F%c&`gN$
)$=.$%()�qg$[`(&$=.$)&�qI\$ g"590$N/<@:<$ #.A9"$ #.A9"5B$YQ&(*$

`*&$=.$%c&�qg$[`*)$=.$d&�qI\$ g"590$N/<@:<$`$P8-=4<=91$ #.A9"$ #.A9"9=4$PhI$&&a$
`*&$=.$%c&�qg$[`*)$=.$d&�qI\$ g"590$N/<@:<$`$P8-=4<=91$ P4<""$ U7A90@$RI$

$
+?*(F*>F$!,*>"(5$5>,*+, $k$JRN"$(YQ$R9=4952$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

`(&$=.$%c&�qg$[`*&$=.$d&�qI\ $ #9-</@"$
$
ED?"E(*G$!,*>"(5$5>,*+,+$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

$
#@-5?@1=5/</$

$
N/<@:<$!/@-0$J@2<$

`c&$=.$(*&�qg$[`c&$=.$%%&�qI\ $ P8-=4<=91$ P4<""$ U</.:4<""$d$
`c&$=.$(*&�qg$[`c&$=.$%%&�qI\ $ 0&&1$23+1,$4$P8-=4<=91$ R5A/9;"@=<$ PgR%$
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G'!>")*(?$)*D*)"?T$
Y@14$/<051</$4@:$=4<$.97$7<E<7$@-0$.97$>5@-=9=8$@0O5:=<0$@11./09-6$=.$=4<$2.5-=9-6$;.:9=9.-$:4.+-$9-$=4<$=@A7<:,$$F4<-$/<;7@19-6$=4<$.97C$1.-:57=$
=4<$=@A7<:$A<7.+$=.$0<=</29-<$=4<$;/.;</$@2.5-=$.?$.97$=.$A<$9-:=@77<0$@11./09-6$=.$=4<$/<051</$:9Z<$@-0$2.5-=9-6$;.:9=9.-,$$J.=<$=4@=$=49:$9:$
@;;/.B92@=<$@-0$=4<$?9-@7$7<E<7$+977$A<$@0O5:=<0$+4<-$=4<$/<051</$9:$9-:=@77<0,$U11<;=@A7<$.97$?977$7<E<7$9:$+9=49-$j$9-14$.?$=4<$A.==.2$.?$=4<$?977$
;756$=4/<@0:[$
$

G'!>")*?"E($)*D*)"?T$\$.,G")*G$"(G"(,$5,*>!EQ,+$
5&3.6&/7+'$)&8.7.&/$ 9,37.:+'$)&8.7.&/$

:14H0/$6/<=2;184$#.5-=9-6$;.:9=9.-$
!$W$ !$V$ !$]$ !$Z$ !$Y$ !$Y"$ !$Y""$ !$Y"""$ L$%$ L$W$ L$Y$ L$V$

>5@/=:$ &,(d$ &,*a$ &,*a$ &,)]$ &,*($ &,)*$ &,c($ &,c($ &,*($ &,*a$ &,c($ &,)*$+J$%%,$
79=</:$ &,()$ &,*)$ &,*)$ &,))$ &,*&$ &,)&$ &,c&$ &,c&$ &,*&$ &,*)$ &,c&$ &,)&$

>5@/=:$ &,d*$ %,&d$ %,&d$ %,(a$ &,)*$ %,%d$ &,b)$ &,b)$ &,ac$ %,c]$ %,&d$ %,(a$
+J$X%,$

79=</:$ &,d&$ %,&&$ %,&&$ %,(&$ &,)&$ %,%&$ &,b&$ &,b&$ &,a&$ %,c&$ %,&&$ %,(&$
>5@/=:$ %,%d$ %,]&$ %,]&$ (,*($ &,])$ %,ac$ (,%%$ (,%%$ %,%d$ %,*a$ (,c*$ (,])$

+J$W%,$
79=</:$ %,%&$ %,a&$ %,a&$ (,(&$ &,]&$ %,d)$ (,&&$ (,&&$ %,%&$ %,*&$ (,*&$ (,a&$

>5@/=:$ %,]&$ (,a)$ (,a)$ *,cb$ %,&d$ (,bd$ *,cb$ *,cb$ %,db$ (,a)$ (,dc$ (,a)$
+J$U%,$

79=</:$ %,a&$ (,d&$ (,d&$ *,*&$ %,&&$ (,]&$ *,*&$ *,*&$ %,d&$ (,d&$ (,)&$ (,d&$
>5@/=:$ (,*($ *,)b$ *,)b$ c,ba$ %,b&$ c,**$ c,&($ c,&($ *,%a$ *,a&$ c,(*$ c,d)$

+J$Y%,$
79=</:$ (,(&$ *,c&$ *,c&$ c,a&$ %,]&$ c,%&$ *,]&$ *,]&$ *,&&$ *,)&$ c,&&$ c,c&$

<8=70/$6/<=2;184$#.5-=9-6$;.:9=9.- $
!$W$ !$V$ !$]$ !$Z$ !$Y$ !$Y"$ !$Y""$ !$Y"""$ L$%$ L$W$ L$Y$ L$V$

>5@/=:$ &,%d$ &,c($ &,c($ &,ac$ &,(d$ &,d*$ &,)*$ &,)*$ &,d*$ &,d*$ &,d*$ &,d*$+J$&X$
79=</:$ &,%)$ &,c&$ &,c&$ &,a&$ &,()$ &,d&$ &,)&$ &,)&$ &,d&$ &,d&$ &,d&$ &,d&$

>5@/=:$ &,(d$ &,)*$ &,)*$ &,b&$ &,*a$ &,b)$ &,d*$ &,d*$ &,b)$ &,b&$ &,ab$ &,ab$
+J$%X$

79=</:$ &,()$ &,)&$ &,)&$ &,])$ &,*)$ &,b&$ &,d&$ &,d&$ &,b&$ &,])$ &,a)$ &,a)$
>5@/=:$ &,)*$ %,c*$ %,c*$ (,%%$ &,ac$ (,%%$ %,dc$ %,dc$ %,b&$ (,%%$ %,b&$ %,b&$

+J$XX$
79=</:$ &,)&$ %,*)$ %,*)$ (,&&$ &,a&$ (,&&$ %,))$ %,))$ %,]&$ (,&&$ %,]&$ %,]&$

>5@/=:$ &,b)$ (,%%$ (,%%$ *,%a$ %,*a$ *,cb$ (,)c$ (,)c$ *,(]$ *,&d$ *,&d$ (,dc$
+J$WX$

79=</:$ &,b&$ (,&&$ (,&&$ *,&&$ %,*&$ *,*&$ (,c&$ (,c&$ *,%&$ (,b&$ (,b&$ (,)&$
>5@/=:$ %,*a$ *,*]$ *,*]$ c,ad$ %,b&$ c,ad$ *,b%$ *,b%$ c,(*$ c,d)$ c,)c$ d,%*$

+J$UX$
79=</:$ %,*&$ *,(&$ *,(&$ c,)&$ %,]&$ c,)&$ *,a&$ *,a&$ c,&&$ c,c&$ c,*&$ ),]&$

>5@/=:$ (,dc$ ),*b$ ),*b$ a,%b$ *,%a$ d,))$ ),b($ ),b($ a,]($ a,%b$ a,%b$ a,c&$
+J$YX$

79=</:$ (,)&$ ),%&$ ),%&$ d,]&$ *,&&$ d,(&$ ),d&$ ),d&$ a,c&$ d,]&$ d,]&$ a,&&$
>5@/=:$ d,]a$ %),])$ %),])$ %*,ac$ a,c&$ %c,ab$ %d,b%$ %d,b%$ %b,))$ %),])$ %d,b%$ %),])

+J$VX$
79=</:$ d,)&$ %),&&$ %),&&$ %*,&&$ a,&&$ %c,&&$ %d,&&$ %d,&&$ %],)&$ %),&&$ %d,&&$ %),&&

>5@/=:$ b,)%$ (c,*&$ (c,*&$ %b,&($ %&,)a$ %b,))$ (c,*&$ (c,*&$ (b,)b$ (c,*&$ (a,ca$ (c,*&
+J$]X$

79=</:$ b,&&$ (*,&&$ (*,&&$ %],&&$ %&,&&$ %],)&$ (*,&&$ (*,&&$ (],&&$ (*,&&$ (d,&&$ (*,&&
>5@/=:$ %c,ab$ **,]%$ **,]%$ (],)*$ %),])$ *&,dc$ *d,cd$ *d,cd$ ca,))$ *b,%&$ cd,cb$ *d,b]

+J$ZX$
79=</:$ %c,&&$ *(,&&$ *(,&&$ (a,&&$ %),&&$ (b,&&$ *c,)&$ *c,)&$ c),&&$ *a,&&$ cc,&&$ *),&&

>5@/=:$ (d,c($ )c,b)$ )c,b)$ cb,dd$ (a,ca$ cb,dd$ )c,b)$ )c,b)$ ](,c($ aa,%c$ ]&,*%$ aa,%c
+J$^X$

79=</:$ (),&&$ )(,&&$ )(,&&$ ca,&&$ (d,&&$ ca,&&$ )(,&&$ )(,&&$ a],&&$ a*,&&$ ad,&&$ a*,&&
>5@/=:$ *],&c$ a),&($ a),&($ db,ac$ c(,(a$ db,ac$ ad,&]$ ad,&]$ %&b,b&$ ]),)b$ %&a,a]$ ]*,c]

+J$%&X$
79=</:$ *d,&&$ a%,&&$ a%,&&$ dd,&&$ c&,&&$ dd,&&$ a(,&&$ a(,&&$ %&c,&&$ ]%,&&$ %&(,&&$ ab,&&

;61M0/$6/<=2;184$#.5-=9-6$;.:9=9.-$
!$W$ !$V$ !$]$ !$Z$ !$Y$ !$Y"$ !$Y""$ !$Y"""$ L$%$ L$W$ L$Y$ L$V$

>5@/=:$ &,*($ &,d*$ &,d*$ &,])$ &,)*$ &,b)$ &,])$ &,])$ %,%d$ &,]d$ &,b)$ %,*($+J$&W$
79=</:$ &,*&$ &,d&$ &,d&$ &,]&$ &,)&$ &,b&$ &,]&$ &,]&$ %,%&$ &,]%$ &,b&$ %,()$

>5@/=:$ &,d*$ &,ac$ &,ac$ %,%d$ &,])$ %,(a$ %,&&$ %,&&$ %,(a$ %,(a$ %,(a$ %,*($
+J$%W$

79=</:$ &,d&$ &,a&$ &,a&$ %,%&$ &,]&$ %,(&$ &,b)$ &,b)$ %,(&$ %,(&$ %,(&$ %,()$
>5@/=:$ %,*a$ %,db$ %,db$ (,c*$ (,dc$ %,)b$ (,bd$ (,bd$ (,bd$ (,a)$ (,c]$ (,)c$

+J$XW$
79=</:$ %,*&$ %,d&$ %,d&$ (,*&$ (,)&$ %,)&$ (,]&$ (,]&$ (,]&$ (,d&$ (,*)$ (,c&$

>5@/=:$ %,db$ (,c*$ (,c*$ *,*]$ (,&%$ *,a&$ (,a)$ (,a)$ c,d)$ *,)b$ c,cc$ *,&d$
+J$WW$

79=</:$ %,d&$ (,*&$ (,*&$ *,(&$ %,b&$ *,)&$ (,d&$ (,d&$ c,c&$ *,c&$ c,(&$ (,b&$
>5@/=:$ *,%a$ *,]&$ *,]&$ ),cb$ *,a&$ ),(]$ c,**$ c,**$ d,c)$ d,&($ d,ba$ ),b($

+J$UW$
79=</:$ *,&&$ *,d&$ *,d&$ ),(&$ *,)&$ ),&&$ c,%&$ c,%&$ d,%&$ ),a&$ d,d&$ ),d&$

>5@/=:$ c,ad$ d,*c$ d,*c$ ],%c$ ),cb$ a,c&$ a,&]$ a,&]$ b,c&$ ],]]$ b,%b$ b,%b$
+J$YW$

79=</:$ c,)&$ d,&&$ d,&&$ a,a&$ ),(&$ a,&&$ d,a&$ d,a&$ ],b&$ ],c&$ ],a&$ ],a&$
>5@/=:$ %&,)a$ %*,ac$ %*,ac$ %%,d($ %%,d($ %(,d]$ %c,ab$ %c,ab$ %b,&($ %c,ab$ %d,b%$ %),*(

+J$VW$
79=</:$ %&,&&$ %*,&&$ %*,&&$ %%,&&$ %%,&&$ %(,&&$ %c,&&$ %c,&&$ %],&&$ %c,&&$ %d,&&$ %c,)&

>5@/=:$ %c,ab$ (%,%*$ (%,%*$ %],cb$ %c,ab$ %b,&($ (%,%*$ (%,%*$ (b,&d$ (*,a]$ (],)*$ (%,%*
+J$]W$

79=</:$ %c,&&$ (&,&&$ (&,&&$ %a,)&$ %c,&&$ %],&&$ (&,&&$ (&,&&$ (a,)&$ ((,)&$ (a,&&$ (&,&&
>5@/=:$ (*,()$ *c,]a$ *c,]a$ (a,ca$ (c,*&$ (],)*$ *),b*$ *),b*$ c(,(a$ *),b*$ *b,%&$ *(,ad

+J$ZW$
79=</:$ ((,&&$ **,&&$ **,&&$ (d,&&$ (*,&&$ (a,&&$ *c,&&$ *c,&&$ c&,&&$ *c,&&$ *a,&&$ *%,&&

>5@/=:$ c(,(a$ )%,a]$ )%,a]$ cd,cb$ c(,(a$ cd,cb$ )%,a]$ )%,a]$ a],%b$ a*,ba$ ad,&]$ a*,ba
+J$^W$

79=</:$ c&,&&$ cb,&&$ cb,&&$ cc,&&$ c&,&&$ cc,&&$ cb,&&$ cb,&&$ ac,&&$ a&,&&$ a(,&&$ a&,&&
>5@/=:$ )],%($ a&,]&$ a&,]&$ )],%($ )],%($ d(,*c$ a&,]&$ a&,]&$ %&c,d%$ ](,c($ %&(,)&$ a),&(

+J$%&W$
79=</:$ )),&&$ da,&&$ da,&&$ )),&&$ )),&&$ )b,&&$ da,&&$ da,&&$ bb,&&$ a],&&$ ba,&&$ a%,&&

(8;/P$$C10014H$_=34;1;1/:$36/$3MM6891N3;/$A1H=6/:[$$E10$0/`/0$N=:;$7/$2@/2a/<$32286<14H$;8$810$0/`/0$M0=H$3A;/6$A1430$14:;3003;184[$
*22/M;370/$810$A100$0/`/0$1:$b1;@14$c$142@$8A$;@/$78;;8N$8A$;@/$A100$M0=H$;@6/3<:$$$C86$N8=4;14H$34H0/:$48;$:@8b4d$284:=0;$A32;86B[$

!
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D*>?+$G"+?$
!

!
$

>,)E##,(F,F$+D*>,$D*>?+
$%&'()*+!"!#$$!

,%&-+!"!#$$!
.&+/%0+!"!#$$!

,%&-!1-2*+!"!#$$!
,3(4+ !"!#$$

!

"#DE>?*(?e$
53%)!6'7%'()*!8&'0+9!(0!(+!)%:%++&';!06!3&<%!03%!!"#$ !%&#'()*!+,-&# !='64!03%!2)(0!03%!8&'0+!&'%!=6'#!!>3%!+%'(&-!
)24?%'!@(--!7(:0&0%!03%!:6''%:0!8&'0+!=6'!03&0!8&'0(:2-&'!2)(0#!!>3%!*%&'?6A!)&4%8-&0%!@(--!3&<%!03%!+%'(&-!)24?%'!6)!(0#!
!
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?>E'!G,$+.EE?"(5$
!

D>E!G,#$O"?.$?.,$>,F'),>$ DE++"!G,$)*'+,+$ +'55,+?,F$>,#,FT$

KE</7.@09-6$
R.@0$<B1<<0:$=4<$1@;@19=8$.?$=4<$
/<051</$

I4<1D$/@=<0$1@;@19=8$.?$/<051</C$/<;7@1<$
+9=4$5-9=$.?$:5??919<-=$1@;@19=8$./$/<051<$
7.@0$

"-:5??919<-=$75A/91@=9.-$
I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$5;$=.$
/<1.22<-0<0$7<E<7:$

YB1<::9E<$75A/91@=9.-$
I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$0.+-$=.$
/<1.22<-0<0$7<E<7:$

L5-:$h.=$

"2;/.;</$75A/91@=9.-$

F/.-6$75A/91@=9.-$
g75:4$.5=$@-0$/<?977$+9=4$1.//<1=$75A/91@-=$@:$
/<1.22<-0<0$

F<@D$2.5-=9-6$:=/51=5/<$
"-:;<1=$2.5-=9-6$.?$/<051</,$3964=<-$7..:<$
A.7=:$@-0'$./$/<9-?./1<$2.5-=9-6$@-0$
:=/51=5/<$

R..:<$?.5-0@=9.-$A.7=:$

R..:<$4.70$0.+-$A.7=:$ 3964=<-$A.7=:$

F./-$Li$M9:1$
KE</7.@09-6$5-9=$2@8$/<:57=$9-$
0@2@6<$=.$09:1$

M9:@::<2A7<$@-0$/<;7@1<$09:1,$L<14<1D$
/@=<0$1@;@19=8$.?$/<051</,$

#@8$A<$05<$=.$7@1D$.?$75A/91@-=$
L<;7@1<$A<@/9-6,$I7<@-$@-0$?75:4$/<051</$
@-0$?977$+9=4$/<1.22<-0<0$75A/91@-=,$g@975/<$.?$!<@/9-6:$

KE</7.@0$ I4<1D$/@=<0$1@;@19=8$.?$/<051</,$

L5-:$J.9:8$

"-:5??919<-=$R5A/91@-=$
R<E<7$.?$75A/91@-=$9-$=4<$/<051</$-.=$
;/.;</78$2@9-=@9-<0,$

I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$=.$?@1=./8$
/<1.22<-0<0$7<E<7,$

KE</7.@09-6$.?$/<051</$1@-$1@5:<$
0@2@6<,$

L<;7@1<$A/.D<-$;@/=:,$I4<1D$/@=<0$1@;@19=8$
.?$/<051</,$

"-=</-@7$;@/=:$@/<$A/.D<-$
S<8$29::9-6$./$:4<@/<0$.??$.-$9-;5=$
:4@?=,$ L<;7@1<$D<8,$

K5=;5=$P4@?=$
M.<:$J.=$35/-$

$ I.5;79-6$7..:<$./$09:1.--<1=<0,$
Q/.;</78$@796-$/<051</$@-0$1.5;79-6,$
3964=<-$1.5;79-6,$

F./-$P<@7:$ I@5:<0$A8$09/=$./$6/9=$<-=</9-6$:<@7,$
L<;7@1<$:<@7:,$U5=.E<-=$2@8$A<$17.66<0,$
L<;7@1<$./$17<@-,$

KE</?977<0$/<051</,$
I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$=.$
/<1.22<-0<0$7<E<7,$

U5=.E<-=$17.66<0,$
I7<@-$./$/<;7@1<C$A<9-6$:5/<$=.$;/<E<-=$@-8$
09/=$?/.2$?@779-6$9-=.$=4<$/<051</,$

K97$R<@D@6<$
$

"2;/.;</$2.5-=9-6$;.:9=9.-C$:514$@:$
+@77$./$1<979-6$2.5-=$.?$4./9Z.-=@7$
/<051</,$

I4<1D$2.5-=9-6$;.:9=9.-,$J@2<$=@6$m$E</9?8$
+9=4$2.5-=9-6$14@/=$9-$2@-5@7,$

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
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!"#$%&&%$'(")*+,-.%$'("*%"/*
0%'"$-"%"1-*!"#$.21$'("# *

3(.*45*!"/21$'("*0($(.#*
678*79::*;.%<-#*=>?04@*
7A*B*C9:*;.%<-#*=!?5@*

*
*

*
*
*

04D4EF+>*?G?5ED!5***
5("$%1$*0($(.*52#$(<-.*H-.I'1-*%$J**
)*"+,-% ./0&1%2/&34400%
KKKL<%.%$M("-&-1$.'1L1(<*

%

%

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



%

*
*
*
*
*
*
*
*
*
*
*

*
*
*
***H4;?EN*!>HEDO5E!+>H*
*

* EM'#* '#* $M-* #%3-$P* %&-.$* #P<Q(&L* !$* '#* 2#-/* $(* %&-.$* P(2* $(* ,($-"$'%&* ,-.#("%&*
'"R2.P* M%S%./#L* +Q-P* %&&* #%3-$P* <-##%T-#* $M%$* 3(&&(K* $M'#* #P<Q(&* $(* %I('/*
,(##'Q&-*'"R2.P*(.*/-%$ML**
*

*U4D>!>V*
W-3(.-* '"#$%&&'"T)* 2#'"T)* (.* #-.I'1'"T* $M'#* ,.(/21$ )* 1%.-32&&P* .-%/* %"/* 32&&P*
2"/-.#$%"/* $M-* '"#$.21$'("# %'"1&2/'"T* %&&* K%."'"T#)* 1%2$'("#!" #* #%3-$P* "($'1-*
#$%$-<-"$#L* * E(* .-/21-* .'#X* (3* ,-.#("%&* '"R2.P)* /-% $M* %"/Y(.* ,.(,-.$P* /%<%T-)*
3(&&(K*%&&*'"#$.21$'("#*3(.*,.(,-.*<($(.*'"#$%&&%$'(")*(,-.%$'("*%"/*<%'"$-"%"1-L*
*
EM-#-* '"#$.21$'("#* %.-* "($* '"$-"/-/* %#* %* 1(<,&-$-* & '#$'"T* (3* %&&* /-$%'&#* 3(.*
'"#$%&&%$'(")* (,-.%$'(")*%"/*<%'"$-"%"1-L** !3*P(2*M%I-*%"P*Z2-#$'("#*1("1-."'"T*
%"P* (3* $M-* ,.(1-/2.-#)* HE+[)* %"/* 1%&&* $M-* %,,.(,.'% $-* D-T%&8W-&('$* <($(.*
1(<,%"PL*

*

%
E%Q&-*(3*5("$-"$#*
\L:* !>HE4GG?D*Y*+U>?D*Y*+[?D4E+D*D?H[+>H!W!G!EN *

\L\* ?&-1$.'1%&*H%3-$P*
\LC* 0-1M%"'1%&*H%3-$P*
\LA* ?"I'.("<-"$%&*H%3-$P *

CL:*D?5?!]!>V*^*!>H[?5E!+> *
CL\*!"'$'%&*!"#,-1$'(" *

CL\L\*[%1X'"T*G'#$*^*!"#,-1$ *
CL\LC*E2."*0($(.*HM%3$**
CL\LA*5M-1X*>%<-,&%$-*

CLC*F%"/&'"T *
CLCL\*5(..-1$*G'3$'"T*4"T&-# *

CLA*H$(.%T-*
CLAL\*W-%.'"T*G2Q.'1%$'("*
CLALC*HM%3$*D($%$'("*
CLALA*_%<,*(.*F2<'/*H$(.%T-*G(1%$'("# *

AL:*!>HE4GG4E!+>*4>_*+[?D4E!+> *
AL\*G(1%$'(" *

AL\L\*H-&-1$'"T*%*G(1%$'("*
AL\LC*4<Q'-"$*E-<,-.%$2.-*G'<'$# *
AL\LA*5("#$.21$'("*H-&-1$'("*,-.*G(1%$'(" *
AL\LAL\* _.',,.((3 *
AL\LALC*E($%&&P*?"1&(#-/*
AL\LALA* F%S%./(2#*G(1%$'("#*0($(.# *

ALC*0(2"$'"T*0($(. *
ALCL\*D'T'/*W%#-*=;(($-/@ *
ALCLC*D'T'/*W%#-*F(&-*H-&-1$'("*87*(.*9*F(&-*W%#-#**
ALCLA*]-.$'1%&*

ALA*4,,&'1%$'("*4##-<Q&P*$(*0($(. *
ALAL\*V-"-.%&J*[.(,-.*4&'T"<-"$ *

ALALC*_'.-1$*5(2,&'"T *
ALALA*_'.-1$*5(""-1$-/ *
ALAL`*W-&$-/*
ALAL6*];_*+,-.%$'(" *
ALAL7*411-##(.'-# *

ALAL7L\*V-"-.%& *
ALAL7LC*W.%X-*0($(.# *
ALAL7LA*H,%1-*F-%$-.# *
ALAL7L`*EM-.<%&*[.($-1$'("*V-"-.%&)*EM-.<(#$%$#)*

EM-.<'#$-.#*^*DE_# *
ALAL7L6* *DE_*4&%.<*^*E.',*H-$$'"T# *

ALALa*V2%./# *
AL`*?&-1$.'1%&*5(""-1$'("# *

AL`L\*[(K-.*H2,,&P*Y*W.%"1M*5'.12'$ *
AL`L\L\* W.%"1M*5'.12'$*H2,,&P*
AL`L\LC*;2#-#)*W.-%X-.#)*+I-.&(%/*D-&%P# *
AL`L\LA*45*[(K-.*H2,,&P*G'<'$# *

AL`LC*E-.<'"%&*W(b *
AL`LCL\*5("/2'$*(,-"'"T *
AL`LCLC*F%S%./(2#*G(1%$'("#*

AL`LA*G-%/*5(""-1$'("# **
AL`LAL\*U'.-*H'S-*D-Z2'.-<-"$#*=H'"T&-*[M%#-@ *
AL`LALC*?b$-"#'("*5(./#*=H'"T&-*[M%#-@ *

AL`L`*V.(2"/*5(""-1$'("# *
AL`L6*H$%.$*O,*

AL`L6L\*H$%.$*O,*B*>(*G(%/*[.(1-/2.- *
AL`L6LC*H$%.$*O,*B*G(%/*5(""-1$-/*[.(1-/2.- *
AL`L6LA*c(TT'"T*%"/Y(.*.-,-%$-/*#$%.$# *

`L:**04!>E?>4>5? *
`L\*V-"-.%&*!"#,-1$'(" *

!>HE4GG?DJ**[G?4H?*G?4]?*EF!H*04>O4G*;+D*EF?*+U>?Dd H*OH?*
+U>?DJ********D?4_*4>_*H4]?*EF?H?*!>HEDO5E!+>H %



%

`L\L\* ]-"$'&%$'(" *
`L\LC*!"#2&%$'("*
`L\LA*?&-1$.'1%&*5(""-1$'("# *

`LC*G2Q.'1%$'("*%"/*W-%.'"T# *
`LCL\*V.-%#-*EP,- *
`LCLC*W-%.'"T*+,-.%$'"T*E-<,-.%$2.- *

`LCLA*G2Q.'1%$'("*!"$-.I%&*
`LCL`*G2Q.'1%$'("*[.(1-/2.- *
`LCL6*G2Q.'1%$'("*?b%<,&-*

`LA*E.(2Q&-*HM(($'"T **
`LAL\*V-"-.%&*E.(2Q&-8HM(($'"T*U%."'"T# *
`LALC*E.(2Q&-8HM(($'"T* 5%2#-* Y* 5(..-1$'I-* 41$'("

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
*
*
*
*
\L:* !>HE4GG?DY+U>?DY+[?D4E+D* D?H[+>H!W!G!EN -%
*
\L\* ?G?5ED!54G*H4;?EN *

%U4D>!>VJ ***?G?5ED!54G*HF+5f*F4g4D_**
(5,67#8695%6"++,678"+:%:*955%;,%$9<,%;=%9%>?958@8,<%,5,67#8695%A,#:"++,5%8+%
966"#<9+6,% B87*% 955% 9AA5869;5,% 6"<,:C% "#<8+9+6,:% 9+<% :"?+<% A#96786,:D%%
!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%
<,97*%9+<F"#%A#"A,#7=%<9$9G,D%%H+5=%>?958@8,<%A,#:"++,5%B*"%9#,%@9$8589#%
B87*%7*,%9AA5869;5,%I978"+95%J"<,%.KLM%N%I(J1%9+<%5"695%6"<,:%:*"?5<%
8+:7955%"#%#,A98#%,5,67#8695%$"7"#:%9+<%7*,8#%966,::"#8,:D%%%

%U4D>!>VJ ***?G?5ED!54G*G!]?*5!D5O!E*F4g4D_*
O"% +"7% 7"?6*% ,5,67#86955=% 58P,% A9#7:D% % O8:6"++,67C%5"6Q"?7% 9+<% 79G% 8+A?7%
A"B,#% :?AA5=% ;,@"#,% 8+:79558+G% "#% :,#P868+G% $"7"#% .8+65?<,:% 966,::"#=%
<,P86,:1D% % K:,% 9% P"57$,7,#% 7"% P,#8@=% 7*97% A"B,#% 8:%"@@% ;,@"#,% 6"+79678+G%
6"+<?67"#:D%

*U4D>!>VJ ***?G?5ED!54G*VD+O>_!>V*F4g4D_ *
!985?#,%7"%A#"A,#5=%G#"?+<%$"7"#:C%A,#%7*,%I978"+95%(5,67#8695%J"<,%.I(J1%
M#7865,% '4R% 9+<% 5"695% 6"<,:% $9=% 69?:,% :,#8"?:% 8+E?#=% "#% <,97*% 7"%
A,#:"++,5D% % !"#% G,+,#95% 8+@"#$978"+% "+% G#"?+<8+G% #,@,#% 7"% I(J% M#7865,%
S&RD%%.M5:"%:,,%TU#"?+<%J"++,678"+:%:,678"+%4D'D'T1D%%

*U4D>!>VJ ***4OE+04E!5*D?H?E*[D+E?5E+D*F4g4D_ *
O"%+"7%?:,%9?7"$9786%#,:,7%A#"7,67"#:%8@%9?7"$9786955=%#,:79#78+G%7*,%$"7"#%
B855%A596,%A,#:"++,5%"#%,>?8A$,+7%97%#8:QD%D%!985?#,%7"%@"55"B%7*8:%8+:7#?678"+%
6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,%

*U4D>!>VJ ***04>O4G*D?H?E*[D+E?5E+D*F4g4D_**
V@%9%7#8AA,<%$9+?95%#,:,7%7*,#$95%A#"7,67"#%8:%,WA":,<%7"%9%7,$A,#97?#,%
5,::%7*9+%X/YJ%%.SRY!1%87%$9=%#,:,7%9+<%#,:79#7%7*,%$"7"#%9?7"$9786955=D%V@%
9+%9AA586978"+%#,>?8#,:%9%$"7"#%B87*%9%$9+?95%#,:,7%7*,#$95%A#"7,67"#%7*97%
B855% ;,% "A,#97,<% 97% 7,$A,#97?#,:% 5,::% 7*9+% X/YJ% % .SRY!1% 6"+7967% 7*,%
$9+?@967?#,#% 7"% #,P8,B% 7*,% 9AA586978"+% F% $"7"#% #,>?8#,$,+7:D% !985?#,% 7"%
@"55"B%7*8:%8+:7#?678"+%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%
A#"A,#7=%<9$9G,*
*
\LC*0?5F4>!54G*H4;?EN *

*U4D>!>VJ ***G++H?*[4DEH*F4g4D_*
Z,@"#,% :79#78+G% 7*,% $"7"#C% #,$"P,% 955% ?+?:,<% :*9@7%Q,=:% 9+<% 5"":,%
#"7978+G% A9#7:% 7"% A#,P,+7% 7*,$% @#"$% @5=8+G% "@@D% !985?#,% 7"% @"55"B% 7*,:,%
8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%
<9$9G,D%

*U4D>!>VJ ***D+E4E!>V*[4DEH*F4g4D_ %
[,,A% ,W7#,$878,:C% *98#C% E,B,5#=% 9+<% 65"7*8+G% 9B9=% @#"$% $"P8+G% A9#7:D%
!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%
<,97*%9+<F"#%A#"A,#7=%<9$9G,D%
%
\LA*?>]!D+>0?>E4G*H4;?EN *

*U4D>!>VJ ***F4g4D_+OH*G+54E!+>H***
.01%\*,%I(J%9+<%7*,%5"695%9?7*"#87=%*9P8+G%E?#8:<8678"+%$?:7%;,%6"+:?57,<%

6"+6,#+8+G% 7*,% 8+:7955978"+% 9+<% :?879;8587=% "@% $"7"#:% @"#% ?:,% 8+%
]9^9#<"?:% _"6978"+:D% % \*,% 5"695% 9?7*"#87=% *9P8+G% E?#8:<8678"+% $?:7%
$9Q,%7*,%@8+95%<,7,#$8+978"+%"@%B*97%7=A,%"@%$"7"#%8:%#,>?8#,<D%%\*,%
9AA586978"+% 9+<% "A,#978"+% 8:% ;,="+<% 7*,% 6"+7#"5% "@%7*,% $"7"#%
$9+?@967?#,#D%

.S1% O8P8:8"+% 0% ]9^9#<"?:% _"6978"+:% $"7"#:% 69+% "+5=%;,% $"<8@8,<% "#%
#,B"#Q,<% ;=% 7*,% $9+?@967?#,#% "#% 9% @968587=% 7*97% 8:%_8:7,<% ?+<,#% K_`:%
697,G"#=% Ta"7"#:% 9+<% U,+,#97"#:C% b,;?857% @"#% ?:,% 8+% ]9^9#<"?:%
_"6978"+:cD%%!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%
A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,D%

.41% O"%+"7%?:,%9%]9^9#<"?:%_"6978"+:%$"7"#%B87*%9%d9#89;5,%!#,>?,+6=%
O#8P,% .d!O1% ?+5,::% 7*,% $"7"#% +9$,A597,% :A,68@86955=% :797,:% 7*97% 7*,%

$"7"#%8:%:?879;5,%@"#%?:,%"+%)?5:,%e8<7*%a"<?597,<%.)ea1%7=A,%d!O%
A"B,#D%%V+%9<<878"+C%7*,%+9$,A597,%$?:7%;,%$9#Q,<%B87*%7*,%8+P,#7,#%
#978+Gf%@"#%,W9$A5,C%TS-0%J\cC%TS%7"%0%J"+:79+7%\"#>?,cC%,76D%

%
%
%
%
%
%
%
%
%
CL:* D?5?!]!>V*4>_*!>H[?5E!+> *

*
CL\*!>!E!4G*!>H[?5E!+>H % %

CL\L\**5F?5f* [45f!>V* G!HE* 4>_* !>H[?5E % 7*,%
A96Q9G8+G%7"%$9Q,%6,#798+%+"%<9$9G,%*9:%"66?##,<%8+%:*8A$,+7D%V@%
7*,#,% 8:% P8:8;5,% <9$9G,% 7"% 7*,% A96Q9G8+GC% ?+A96Q% 9+<% 8+:A,67% 7*,%
$"7"#%8$$,<897,5=D%J598$:%@"#%9+=%<9$9G,%<"+,%8+%:*8A$,+7%$?:7%
;,%$9<,%;=%7*,%A?#6*9:,#%9G98+:7%7*,%7#9+:A"#7978"+%6"$A9+=D%%

%
CL\LC*EOD>* 0+E+D* HF4;E % ;=% *9+<% 7"% ;,% 6,#798+% 7*97% 87%
#"797,:%@#,,5=D%I"7,-%L*9@7%:,95:%9+<%;,9#8+G%:,95:%$9=%9<<%<#9GD%%%%%*
*
CL\LA*5F?5f* >40?[G4E? % @"#% 6"+@"#$9+6,% B87*% A?#6*9:,%
"#<,#% #,>?8#,$,+7:% 9+<% 6"$A589+6,% B87*% A"B,#% :?AA5=% 9+<% 6"+7#"5%
,>?8A$,+7%#,>?8#,$,+7:D%%

%
CLC*F4>_G!>V J**

%U4D>!>VJ*** ;4GG!>V*+Wc?5E*F4g4D_ %
?P-Q(&$#* (.* &'3$'"T* &2T#)* KM-.-* ,.(I'/-/)* %.-* '"$-" /-/* 3(.* &'3$'"T*
("&P* $M-* <($(.* %"/* %11-##(.'-#* <(2"$-/* QP* $M-* <($(. *
<%"23%1$2.-.* =?+5,::% :A,68@86955=% :797,<% "7*,#B8:,% "+% 7*,% $"7"#1D%
K7858^8+G% 7*,% $"7"#% 58@78+G% A#"P8:8"+% 7"% 58@7% "7*,#% 6"$A"+,+7:% :?6*% 9:%
A?$A:% 9+<% G,9#% ;"W,:% 6"?5<% #,:?57% 8+% :,#8"?:% A,#:"+95% 8+E?#=C% <,97*%
9+<F"#%A#"A,#7=%<9$9G,D%

*

%U4D>!>VJ ***;4GG!>V*+Wc?5E*F4g4D_*
Z,@"#,%?:8+G%7*,%58@78+G%A#"P8:8"+C%6*,6Q%7*,%,=,;"57:%9+<F"#%"7*,#%58@78+G%
$,9+:% 7"% 9::?#,% 7*,=% 9#,% +"7% ;,+7% "#% <9$9G,<% 9+<% 9#,% 6"$A5,7,5=%
7*#,9<,<C%:,97,<%g%:,6?#,<%7"%7*,%$"7"#D%(>?8A$,+7%7"%58@7%$"7"#%$?:7%
*9P,%9<,>?97,%58@78+G%69A9687=D%%e*85,%58@78+G%7*,%$"7"#%OH%IH\%:79+<%
?+<,#%"#%8+%7*,%P868+87=%"@%7*,%$"7"#D%!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%
6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,D%

*
CLCL\**G!;E!>V*4>VG?*G!0!E4E!+>H %

* *
*

CLA*HE+D4V?J*a"7"#:C%+"7%A?7%8+7"%:,#P86,%8$$,<897,5=C%$?:7%;,%
:7"#,<% 8+<""#:% 8+% 9% 65,9+C% <#=% 5"6978"+D% % MP"8<% 5"6978"+:% B87*% 59#G,%
7,$A,#97?#,% :B8+G:% 7*97% B855% #,:?57% 8+% 6"+<,+:978"+D% % a"7"#:%$?:7%;,%
6"P,#,<% 7"% ,58$8+97,% 98#;"#+,% <?:7% 9+<% <8#7D%V@% 7*,% :7"#9G,% 5"6978"+%
,W*8;87:% *8G*% P8;#978"+C% A596,% 8:"5978"+% A9<:% ?+<,#% $"7"#% 7"% $8+8$8^,%
<9$9G,%7"%$"7"#%;,9#8+G:D%

%



%

CLAL\*W?4D!>V*GOWD!54E!+>J *Z,9#8+G:%9#,%G#,9:,%A96Q,<%
97%7*,%@967"#=f%#,5?;#86978"+%?A"+%#,6,8A7%"@%$"7"#%"#%B*85,%8+%:7"#9G,%
8:% +"7% +,6,::9#=D% V@% :7"#,<% $"#,% 7*9+% "+,% =,9#C% 9<<% G#,9:,% A,#%
5?;#86978"+%8+:7#?678"+:%.\9;5,%'3'1%;,@"#,%:79#73?AD%

%
CLALC*HF4;E* D+E4E!+>J % V7% 8:% #,6"$$,+<,<% 7*97% 7*,% $"7"#%
:*9@7%;,%#"797,<%&%7"%0R%#"7978"+:%,P,#=%7*#,,%$"+7*:%7"%<8:7#8;?7,%7*,%
G#,9:,%8+%7*,%;,9#8+G:D%%\*8:%B855%#,<?6,%7*,%6*9+6,%@"#%6"##":8"+%7"%
@"#$% "+% 7*,% ;,9#8+G% #"558+G% ,5,$,+7:% 9+<% #96,B9=:D%I"7,-% L*9@7%
:,95:%9+<%;,9#8+G%:,95:%$9=%9<<%<#9GD%%%%%%

%
CLALA*_40[* +D* FO0!_* HE+D4V?* G+54E!+>H -%\#,97%
?+A98+7,<% @59+G,:C% :*9@7:C% 9+<% @8778+G:% B87*% 9% #?:7% 8+*8;87"#D% % MAA5=%
9AA#"A#897,%A"B,#%7"%7*,%$"7"#`:%:A96,%*,97,#:%.8@%:"%,>?8AA,<1%%

*
*
*
*
AL:* !>HE4GG4E!+>*4>_*+[?D4E!+> %%

*U4D>!>VJ % H+5=% >?958@8,<% A,#:"++,5% B*"% 9#,% @9$8589#% B87*% 7*,%
9AA#"A#897,%+978"+95%6"<,C%5"695%6"<,:%9+<%:"?+<%A#96786,:%:*"?5<%8+:7955%
"#% #,A98#% ,5,67#8695% $"7"#:% 9+<% 7*,8#% 966,::"#8,:D%V+:7955978"+% :*"?5<%
6"+@"#$% 7"% 7*,% 9AA#"A#897,% +978"+95% 6"<,% 9:% B,55% 9:% 5"695% 6"<,:% 9+<%
:"?+<%A#96786,:D%!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%
A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,D%

%U4D>!>VJ ***?G?5ED!54G*G!]?*5!D5O!E*F4g4D_*
O"% +"7% 7"?6*% ,5,67#86955=%58P,% A9#7:D% % O8:6"++,67C%_"6Q"?7% 9+<% \9G% 8+A?7%
A"B,#% :?AA5=% ;,@"#,% 8+:79558+G% "#% :,#P868+G% $"7"#% .8+65?<,:% 966,::"#=%
<,P86,:1D% K:,% 9% P"57$,7,#% 7"% P,#8@=% 7*97% A"B,#% 8:% "@@% ;,@"#,% 6"+79678+G%
6"+<?67"#:D%
%

AL\*G+54E!+> *
*
AL\L\*H?G?5E!>V* 4* G+54E!+>J * J"+:8<,#978"+% :*"?5<% ;,%
G8P,+%7"%,+P8#"+$,+7%9+<%P,+785978"+D%%a"7"#:%:*"?5<%;,%8+:7955,<%8+%
9+% 9#,9% 7*97% 8:% A#"7,67,<% @#"$% <8#,67% :?+58G*7C% 6"##":8P,:C% *9#$@?5%
G9:,:%"#%58>?8<:C%<?:7C%$,795586%A9#7865,:C%9+<%P8;#978"+D%%M%$"7"#%B87*%
7*,%A#"A,#%,+65":?#,%@"#%7*,%,WA,67,<%"A,#978+G%6"+<878"+%:*"?5<%;,%
:,5,67,<D%)#"P8<,%966,::8;5,%65,9#9+6,%@"#%65,9+8+GC%#,A98#C%:,#P86,C%
9+<% 8+:A,678"+:% .L,,% :,678"+% 4D0D4% @"#% 6"+:7#?678"+% 65,9#9+6,:1D%%
\*,%5"6978"+%:*"?5<%;,%6"+:8<,#,<%@"#%A"::8;5,%@?7?#,%$"7"#%#,$"P95%
F% *9+<58+GD% \*,% @#,,% @5"B% "@% 98#% 9#"?+<% 7*,% $"7"#% :*"?5<% +"7% ;,%
";:7#?67,<D%%%
%
AL\LC*40W!?>E* E?0[?D4EOD?* G!0!EHJ* \*,% 9$;8,+7%
7,$A,#97?#,:% "@% 7*,% 98#% 8+5,7% 7"% 7*,% $"7"#% :*"?5<% +"7% ,W6,,<% 'RYJ%
.0R'Y!1%"#%;,%5,::%7*9+%34RYJ%.3SSY!1%?+5,::%7*,%$"7"#%+9$,A597,%
:A,68@86955=% :797,:% 9+% 9$;8,+7% 7,$A,#97?#,% "?7:8<,%"@% 7*,:,% 58$87:D%%
\*,% 9$;8,+7% 8+:8<,% 9+% ,+65":?#,% ;?857% 9#"?+<% 7*,% $"7"#% :*955% +"7%
,W6,,<%7*,%+9$,A597,%9$;8,+7D%!"#%9$;8,+7%7,$A,#97?#,:%"?7:8<,%"@%
7*,:,%58$87:%6"+:?57%7*,%$"7"#%$9+?@967?#,#D%*

%54OE!+>J* !>HOG4E!+>*_?VD4_4E!+>*U4D>!>V %
V+:?5978"+%97%*8G*%7,$A,#97?#,:%9G,:%97%9+%966,5,#97,<%#97,D%%(96*%
0RYJ%8+6#,9:,%8+%7,$A,#97?#,%#,<?6,:%7*,%8+:?5978"+%58@,%;=%"+,%*95@D%%%

*U4D>!>VJ* F4g4D_+OH* G+54E!+>H* 40W!?>E* G!0!EJ*
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2R% kDS% &dr % &% 0'D0% /D' % &dr % ' % 04D4%
/& % 0RDR% &dr % &% 0'D&% kD2% &dr % ' % 0'D4%

0RR% 0RDR% &dr % 2% 02DR% kD2% &dr % 2% 04%
0S&% 0SDR% &d% / % 0'D0% 0RD&% &d% 2% 04D0%
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Warranty Card  
Complete and return to validate warranty 

 
Please complete this card and return it to seepex Inc.  By using this card, the valid warranty period will commence at the pump 
Òstart-upÓ date.  If this card is not completed the warranty coverage period will commence on the date the pump is shipped from
the seepex  factory.  This card must be completed and mailed no later than one year from the date of shipment. 
 
          User Entity: _______________________ 
Mailing Address: ________________________                                                      Pump Model # _____________________ 

            ________________________                                               Pump Commission #: _____________________ 
            ________________________                                                  Pumped Product: _____________________ 

 Contact Person:  _______________________                                               Diff. Pressure: _________  Flow Rate: ________ 
  Phone Number:  ________________________                                             Temperature:  _________    Visosity:  _________ 
      Fax Number:  ________________________                                             Solids Size:  _________   Solids %:  _________ 

        
           Was the pump delivered as scheduled? __ Yes __ No                        Did the pump perform as expected? __ Yes __ No 
 Was the appearance of the pump acceptable? __ Yes __ No                             Did you receive:  - Data Sheets? __ Yes __ No 
          Did the pump suffer any freight damage? __ Yes __ No                         -O&M Manuals? __ Yes __ No 
                           Did you local seepex distributor contact you to arrange a start-up? __ Yes  __ No 
Other Comments:  ______________________________________________________________________________________ 
               ______________________________________________________________________________________ 
Name of person completing card (please print):  _______________________________________________________________ 
      Date:  ________________  Signature:  _____________________________________  
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seepex , Inc. 
511 Speedway Drive 
Enon, OH  45323 
Phone (937) 864-7150 

  Fax (937) 864-7157 
  www.seepex.com 
  sales@seepex.net 

                             TERMS & CONDITIONS OF SALES AND/OR REPAIR 
The following terms and conditions shall apply to an order for all or any part the articles covered by this quotation unless specifically excepted therein: 
 
Prices  
Any prices quoted shall only be valid for orders 
placed within 30 days from the date of issue of the 
quotation.  Prices are F.O.B. our plant in U.S. or 
Canadian dollars.  We reserve the right to correct 
typographical or clerical errors. 
Terms  
All orders are subject to approval by our Credit 
Department.  Unless otherwise stated, if payment 
for the invoice due is not made within thirty (30) 
days after shipment, administration fees of 
eighteen percent (18%) per year (equivalent to a 
nominal monthly interest rate of 1!%) will be 
applied on overdue accounts.  The terms and 
conditions herein set forth are based upon tariffs, 
taxes, foreign exchange rates, delivery, and other 
conditions in effect on the date of this contract.  In 
the event changed conditions, legislations, 
regulations, or other matters shall become 
applicable to any quotation, contract, or delivery 
hereunder, any increased exchange, duties, 
taxes, ocean freight, or other charges resulting 
from such action shall be for the customer's 
account and seepex , Inc. may charge such 
increased duties, taxes, or charges to the 
customer. 
 
Unless the order includes the appropriate 
exemption certificates and/or licenses, duties, and 
taxes levied by Federal, State, or other 
governments are required to be charged 
automatically at the rate imposed at time of 
importation/shipment.  Any change in law, 
regulations, or Government Department practice 
which causes a variation of any kind in the 
applicable charges from the amounts allowed for 
the quotation, shall result in an equivalent change 
in the price quoted. 
 
Until payment is made in full, seepex , Inc. shall 
retain the right, without notice, to repossess 
and/or retain the items, and/or dispose of them, 
for its benefit and hold the customer responsible 
for any loss.  Customer agrees to enter into any 
agreements, contracts, or notices required to 
confirm such rights. 
 
Security  
In order to secure any obligations due to seepex , 
Inc. from the customer (whether or not under this 
contract) the customer grants and confirms in 
seepex , Inc. a security interest in: 
a) the merchandise covered by this contract, 

and 
b) in all property and funds of the customer 

now or hereafter in seepex , Inc. 
possession,  whether or not arising out of 
this contract, and in all additions, 
accessions, and proceeds of such 
merchandise and/or property.  The 
customer hereby authorizes seepex , Inc. to 
sign alone any financing statement or 
statements and to do all and any other 
things which may be necessary to perfect 
such security interest. 

 
Cancellation  
After acceptance, orders may be canceled only 
with our approval and payment in accordance with 
contract by the customer for work performed 
and/or material expenses incurred by us to date of 
cancellation.  We reserve the right to cancel the 
order if the customer's financial condition, in our 
sole judgment, places the payment in jeopardy. 
Return  
No credit will be allowed for returns unless our 
authorization in writing for such returns has been 
obtained beforehand.  A copy of this authorization 
is to be returned with the item as the packing slip. 
Shipment  
a) Handling Charge:  Customer shall be 

responsible for making all 
arrangements for shipment of the order with 
a suitable carrier.  In the event 
that customer requests that seepex make 
arrangements for shipment, then 
customer agrees to pay to seepex, in 
addition to the applicable shipping 
charges, a handling charge in the amount of 
10% of the shipping charges with a 
minimum $5.00 to a maximum charge of 
$150.00, with special services requiring 
additional charges.  

b) New Articles:  Where shipping instructions 
indicate no exact routing, our best 
judgement will be used in determining 
routing but we shall not be liable for any 
charges beyond F.O.B. point.  If changes 
are made at customer's request in a) F.O.B. 
point, b) in our normal routing from either 
the manufacturers' or our own plants and in 
these changes involve extra costs, such 
costs shall be for the customer's account, 
unless otherwise noted on the seepex  price 
quotation. 

c) Repair Work:  Defined as work and services 
performed by seepex , Inc.  All orders shall 
be delivered to and picked up from our plant 
unless otherwise specified.  All costs of 
delivery shall be for the customer's account 
unless otherwise agreed to in writing prior to 
shipment. 

d) All Orders:  On collect freight shipments, 
cartage charges from plant to carrier are for 
customer's account.  Title to articles passes 
to customer upon delivery to carrier acting 
as customer's agent subject to any right of 
retention by us.  All claims for shortage in, 
and damages in, shipment or otherwise 
must be reported to carrier immediately 
upon receipt with copy or report to ourselves 
within five (5) days. 

Guarantee  
a) New Articles:  We guarantee articles of our 

manufacture against defects in material 
and/or workmanship for a period of three (3) 
years from date of acceptance, providing 
that the articles have been installed, 
maintained, and operated in accordance 
with our recommendations and instructions. 

b) Repair Work:  Defined herein as work and 
services performed by seepex , Inc.  We 

guarantee all work and services performed by 
us against defect arising from workmanship 
and/or materials provided by us for a period 
of ninety (90) calendar days from the date of 
shipment to customer. 

c) All Orders:  Claims shall be submitted 
promptly in writing to seepex , Inc.  
Replacement and/or repair under guarantee 
shall be made F.O.B. our plant.  Our liability 
under these guarantees is limited to the 
replacement and/or repair only of defective 
material or workmanship and in no event shall 
seepex , Inc. be liable for any loss or damage 
of whatever kind of nature out of defects in 
material and/or workmanship, or resulting 
from delay, or loss of use of articles, or any 
installation into which the article may be 
installed, or arising out, of the contract of the 
work or service or from negligence. 
 
seepex, Inc. shall not be liable for any loss 
or damage resulting from delay and/or late 
delivery due to causes beyond our 
reasonable control.  In no event shall 
seepex, Inc. be liable for any claim 
exceeding the amount of this order.  Our 
guarantee on products of other than our 
own manufacture is limited to the 
guarantee extended to us by the original 
manufacturer.  On any claims for repairs 
and/or replacement under such guarantee, 
all costs incurred by us which are not 
underwritten by the original manufacturers 
shall be for the claimant's account.  Except 
as stated above no representations, 
conditions, or warranties are made with 
respect to products, work, or services, 
express or implied verbal or otherwise, 
including warranties of merchantability and 
fitness.  Our guarantee and warranty shall 
not apply to materials or workmanship 
which have been subject to misuse, 
neglect, or accident. 
seepex, Inc. shall be held free and 
harmless from any dispute or claim 
anywhere arising relating to infringement 
of patent, design, trademark, or copyright 
of items, sold or repaired under this 
contract. 

 
 
Property rights and risks  
The customer's property at all times shall remain at 
the risk of the customer while being worked on by 
our personnel or on our premises and shall not be 
responsible for any loss or damage to the 
customer's property resulting from any cause 
whatsoever. 
 
Title to and rights in relation to item sold under this 
contract/quotations shall remain with seepex , Inc. 
until such items are paid for, subject to risk on 
products sold passing to the customer upon 
acceptance by a carrier or other, which shall 
constitute good delivery. 
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CALIBRATION CYLINDER



 



ACCUDRAW  has been developed for the accurate calibration of
metering pumps. Standard features include:

¥ translucent ¥ PVC has dual scale USGPH & ml
¥ chemical resistant ¥ PVC sizes 100 - 20000 ml
¥ break resistant ¥ POLY sizes 100 - 4000 ml
¥ threaded or socket ¥ POLY meets ISO standards
¥ colored graduations ¥ custom sizes and other materials
  and lettering   (acrylic, glass) on request

PRIMARY FLUID
SYSTEMS INC.

Call Toll Free 1-800-776-6580
Tel (905) 333-8743  Fax (905) 333-8746

E-Mail:  primary@primaryfluid.com
www.primaryfluid.com

ACCUDRAW¨   Calibration Cylinders

¨

PVCPolypropylene PVC



Polypropylene Construction
PVC Construction

BC = bottom connection only, open top
BTC= bottom and top connections
BDC= bottom connection and dust cover top

Sizing and Ordering Information

Distributed By:

Note: PVC cylinders available with socket weld connections.
           Add suffix ÒSÓ to model #  e.g. PV#3-100S
           For BSP threads, add suffix "B" to model # e.g. PV#3-100B

ACCUDRAW

Installations

"For Accuracy That Counts"
Calibration Cylinders

Dimensional Information
Polypropylene Construction PVC Construction

(using return to tank) (using bottom connection with dust cover)

Conversion Factors
1 ml = 1 cc

1000 ml = 1 liter
ml/sec X 60 = ml/min

1 US gal/min X 0.063 = liters/sec
1 US gal = 3.786 liters

   Call Toll Free 1-800-776-6580
Tel: (905) 333-8743

¨  Registered Trade Mark of Primary Fluid Systems

!"#"$

Fax: (905) 333-8746

E:Mail: primary@primaryfluid.com
www.primaryfluid.com

¨

ACCUDRAW

Model Size Divisions Size Divisions A B 

(ml) (ml) (GPH) (GPH) (inches) (inches)
PV#1 100 1 1.6 0.02 10.24 1.388

PV#1 250 2 4 0.05 11.04 1.888

PV#1 500 5 8 0.05 12.25 2.388

PV#1 1000 10 16 0.125 16.24 2.765
PV#1 2000 20 32 0.25 20.16 3.517

PV#1 4000 25 64 0.25 22.16 4.521

PV#1 10000 200 160 2 22.64 6.906

PV#1 20000 200 320 2 42.19 6.906

PV#2/PV#3 100 1 1.6 0.02 10.75 1.388
PV#2/PV#3 250 2 4 0.05 11.51 1.888

PV#2/PV#3 500 5 8 0.05 12.75 2.388

PV#2/PV#3 1000 10 16 0.125 16.76 2.765

PV#2/PV#3 2000 20 32 0.25 20.67 3.517

PV#2/PV#3 4000 25 64 0.25 22.66 4.521
PV#2/PV#3 10000 200 160 2 23.16 6.906

PV#2/PV#3 20000 200 320 2 42.69 6.906

PRIMARY FLUID
SYSTEMS INC.

Distribution Territories Available

Size Conn. BC BTC BDC
100 ml 1/2" NPT AC#1-100 AC#2-100 AC#3-100
250 ml 1/2" NPT AC#1-250 AC#2-250 AC#3-250
500 ml 1/2" NPT AC#1-500 AC#2-500 AC#3-500
1000 ml 1/2" NPT AC#1-1000 AC#2-1000 AC#3-1000
2000 ml 1.0" NPT AC#1-2000 AC#2-2000 AC#3-2000
4000 ml 1.0" NPT AC#1-4000 AC#2-4000 AC#3-4000

Size/Scale Conn BC BTC BDC
100 ml/ 1.6 GPH 1/2" NPT PV#1-100 PV#2-100 PV#3-100
250 ml/ 4 GPH 1/2" NPT PV#1-250 PV#2-250 PV#3-250
500 ml/ 8 GPH 1/2" NPT PV#1-500 PV#2-500 PV#3-500
1000 ml/ 16 GPH 1/2" NPT PV#1-1000 PV#2-1000 PV#3-1000
2000 ml/ 32 GPH 1.0" NPT PV#1-2000 PV#2-2000 PV#3-2000
4000 ml/ 64 GPH 1.0" NPT PV#1-4000 PV#2-4000 PV#3-4000
10000 ml/ 160 GPH 2.0" NPT PV#1-10000 PV#2-10000 PV#3-10000
20000 ml/ 320 GPH 2.0" NPT PV#1-20000 PV#2-20000 PV#3-20000

Model Size (ml) Dev (ml) A (inches) B (inches)
AC#1 100 1 9.88 1.38

AC#1 250 2 12.44 1.75

AC#1 500 5 14.1 2.33

AC#1 1000 10 17.19 2.63

AC#1 2000 20 20.88 3.38

AC#1 4000 50 23.56 4.38

AC#2/AC#3 100 1 9.25 1.38

AC#2/AC#3 250 2 11.63 1.75

AC#2/AC#3 500 5 13 2.32

AC#2/AC#3 1000 10 16.5 2.69

AC#2/AC#3 2000 20 19.5 3.38

AC#2/AC#3 4000 50 22.13 4.38

POLYMER
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C ERTIFIED



CorporateProfile

ACO Container Systems

For more than 20 years, ACO has been recognized as one of the leading manufactu rers of 

quality rotationally moulded products.

ACO tanks, moulded in premium grade linear or crosslink ed polyethylene, provide a wide

range of sizes and capacities to suit all applicati ons.

ACO tanks, moulded products are made under a tough qual ity control standard to ensure that

you get a reliable and consistent product.

ACO tanks provide the toughest tanks available today, c apable of withstanding the most 

stringent tests of strength, reliability and chemic al resistance. Polyethylene offers chemical

resistance which is superior to FRP, stainless stee l and mild steel.

ACO manufactures a complete line of storage tanks, spec ialty tanks, Transport Canada and

United Nations approved shipping containers as well as hopper systems for powder/granular

applications. Our tank systems have been serving th e chemical process industry, oils/lubricant

market, adhesive companies, food and beverage indus try and many others successfully over

the past 20 years.

ACO also can custom design a system to suit your needs,  our staff is here to help you. To get

more in-depth answers to your questions please cont act your local ACO representative.
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T (905) 683-8222, 1-800-542-9942    
F (905) 683-2969, 1-800-542-4722

794 McKay Road, Pickering, Ontario  L1W 2Y4
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tanks

¥Excellent chemical & 
corrosion resistance

¥Narrow diameters for
economical in-plant 
use

¥U.V. stablized for 
sunlight protection

¥Custom accessories to
your specifications

Code No. Capacity Dimension Wall Weight LID
Imp. Gallons Litres in Dia.x Height Thickness Available

OT-5 5 22 11Óx 18Ó .125Ó 4.4 lbs. Yes

OT-9 9 40 15Óx 16Ó .125Ó 5.5 lbs.  No

OT-15 15 68 16Óx 23Ó .125Ó 6.6 lbs. Yes

open top storage

Call us at (905) 683-8222, 1-800-542-9942 for more information.



All dimensions and measurements are approximate.

tanks

open top storage

¥All dimensions are in 
inches (approx.)

¥Manufactured from 
LLDPE (linear 
Polyethylene) 
XLPE - (cross-linked 
Polyethylene) 
available

15See us on line at www.acotainers.on.ca

Code No. Capacity Dimension Wall Weight LID
Imp. Gallons Litres in Dia.x Height Thickness Available

OT-17 17 77 18Óx 21Ó .188Ó 10 lbs.  No

OT-25 25 110 16Óx 36Ó .188Ó 11 lbs. Yes

OT-30 30 136 18Óx 37Ó .188Ó 12 lbs. Yes

OT-36 36 160 18Óx 39Ó .188Ó 13 lbs. Yes

OT-45 45 200 22Óx 36Ó .188Ó 22 lbs. Yes

OT-50 50 220 22Óx 40Ó .188Ó 24 lbs. Yes

OT-60 60 270 22Óx 44Ó .188Ó 26 lbs. Yes

OT-66 66 300 26Óx 38Ó .188Ó 30 lbs. Yes

OT-75 75 340 24Óx 47Ó .250Ó 30 lbs. Yes

OT-100 100 450 30Óx 45Ó .250Ó 38.5 lbs. Yes

OT-125 125 560 30Óx 49Ó .250Ó 44 lbs. Yes

OT-150 150 680 37Óx 45Ó .250Ó 52 lbs. Yes

OT-175 175 790 36Óx 49Ó .250Ó 65 lbs. Yes

OT-178 178 800 30Óx 73Ó .250Ó 68 lbs. Yes

OT-220 220 1000 55Óx 34Ó .250Ó 100 lbs. Yes

OT-240 240 1080 43Óx 50Ó .250Ó 95 lbs. Yes

OT-300A 300 1360 48Óx 50Ó .375Ó 110 lbs. Yes

OT-300B 300 1360 55Óx 41Ó .375Ó 125 lbs. Yes

OT-400 400 1800 55Óx 50Ó .375Ó 143 lbs. Yes

OT-500 500 2200 55Óx 62Ó .375Ó 150 lbs. Yes

OT-750 750 3400 70Óx 58Ó .375Ó 247 lbs. Yes

OT-1000 1000 4500 70Óx 78Ó .375Ó 280 lbs. Yes

OT-1250 1250 5600 70Óx 93Ó .375Ó 350 lbs. Yes
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tote barrels

PTB Series Tanks are
designed to mount
pumping equipment. 

ACO Round Tanks for
custom applications.

All dimensions and measurements are approximate.

All dimensions and measurements are approximate.

round tanks

Code No. Litres Imp. Gallons Diameter Ins. Height Ins.

PTB-60 60 13 15Ó 28Ó

PTB-100 100 22 18Ó 29Ó

PTB-200 200 44 22Ó 39Ó

PTB-300 300 66 26Ó 44Ó

PTB-400 400 88 30Ó 43Ó

Code No. Litres Imp. Gallons Diameter Ins. Length Ins. Height Ins.

RT-40 40 9 15Ó 18Ó 16Ó

RT-100 100 22 20Ó 27Ó 18Ó

RT-300 300 66 27Ó 37Ó 27Ó

RT-500 500 110 30Ó 45Ó 32Ó

See us on line at www.acotainers.on.ca



e-mail: custserv@acotainers.on.ca

Tel (905) 683-8222, 1-800-542-9942    
Fax (905) 683-2969, 1-800-542-4722

See us on line at www.acotainers.on.ca

ACO Container Systems Ltd.
794 McKay Road
Pickering, Ontario  L1W 2Y4
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MIXER MANUAL

INSTRUCTIONS

INSTALLATION

OPERATION

MAINTENANCE

Ship To Customer:
Bill To Customer:
PO Number:
Model:
Order Number:
Line Number:

JOHN MEUNIER INC
JOHN MEUNIER INC
015488
Lightnin Mixer Model EV5Q50
0001125100
000010

Tagging:
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! LIGHTNINLIGHTNIN
MIXERS  AND  AERATORS

"

SAFETY CHECK LIST

IMPORTANT WARNINGS
All LIGHTNIN Mixers and Aerators are provided with properly designed lifting devices and safety covers to avoid
potential injury and/or equipment damage. The following SAFETY CHECK LIST should be THOROUGHLY 
REVIEWED AND ADHERED TO before installing, operating or performing maintenance on the mixer. FAIL-
URE TO FOLLOW THESE INSTRUCTIONS COULD RESULT IN SERIOUS INJURY. Ensure the use of
qualified, quality trained and safety conscious personnel.

2. DO NOT connect the motor to the power source until all components are assembled, the mixer is installed,
and all hardware is tightened to the proper torque which is specified in the operation and maintenance manuals
supplied by LIGHTNIN.

3. DO NOT operate shaft sealing devices at temperatures or pressures higher than those specified in the manual
or on the nameplates.

4. DO NOT service the mixer until you have followed your ÓControl of Hazardous Energy SourcesÓ (lockout,
tagout procedure) as required by OSHA 29 CFR Part 1910.

5. DO NOT touch rotating mixer parts or any part of mixer that has the potential of having a hot surface
including motor, gear drive housing, seal, shafting and flange.

6. DO NOT operate mixer for service other than its intended use, that being fluid mixing with the mixer 
attached to a rigid structure and connected to a power source appropriate to operate the drive motor.

7. DO NOT make any field changes or modifications (horsepower, seal material components, output speed, shaft
lengths, impellers, etc.) without reviewing the changes with your LIGHTNINSales Representative or the
LIGHTNINCustomer Service Department.

9. DO NOT operate mixer until you have checked the following items:
A. Make sure the mixer is properly grounded.
B. Ensure all protective guards and covers are installed. Guarding of the mixer shaft below mixer mounting
            surface is the responsibility of the customer.
C. Ensure all detachable components are securely coupled to the mixer.
D. Thoroughly REVIEW and ADHERE TO the mixer operating instructions supplied by LIGHTNIN.
E. Ensure the mixer output shaft rotates freely by hand.
F. Ensure all personnel and equipment are clear of rotating parts.
G. Ensure all external connections (electrical, hydraulic, pneumatic, etc.) have been completed in accordance
            with all applicable codes and regulations.
DO NOT enter the mixing vessel UNLESS:10.
A. The mixer power supply is locked out (follow Item number 4).
B. The mixer shaft is firmly attached to the mixer drive or the shaft is supported securely from below.
C. You have followed applicable confined space regulations.

8. DO NOT install an aftermarket Variable Frequency Drive without first consulting your LIGHTNINSales
Representative or the LIGHTNIN Customer Service Department to determine the compatibility of the existing
motor with the Variable Frequency Drive.

Use only the lifting device, if provided, on your unit to install the mixer. Use shouldered eyebolts and tighten
securely to handle component parts. We strongly recommend that the hoist rings be of safety swivel type with
360¡ rotational capability. Lift per instructions in the instruction manual.

1.
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! LIGHTNINLIGHTNIN
MIXERS  AND  AERATORS
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CE COMPLIANCE
If mixer nameplate has a CE marking on it, then the equipment furnished conforms to the
following directives:

                          98/37/EC Machinery Directive

             89/336/EEC ElectroÐMagnetic Compatibility
                                           73/23/EEC Low Voltage

Any CE marking and/or associated documentation applies to the mixer only. This has been
supplied on the basis that the mixer is a unique system. When the mixer is installed, it
becomes an integral part of a larger system which is not within the scope of supply and CE
marking is the responsibility of others.

CAUTION: CE Compliance does not imply that the mixer satisfies PED (Pressure
Equipment 97/23/EC) or ATEX (Potential
Explosive Atmospheres 94/9/EC) unless marking is clearly shown on mixer.

Ô          NOISE LEVELS
                                                                   SOUND PRESSURE LEVELS

                                             Portable Series: ECL, EV Ð maximum 80 Dba @ 1 meter

                                       Heavy Series: S10, 70/80, 500/600 Ð maximum 85 Dba @ 1 meter

THIS PRODUCT MAY BE COVERED BY ONE OR MORE OF THE FOLLOWING U. S. PATENTS:

5006283 5046245 5118199 5152934 5152606 5203630

5344235 5364184 5368390 5378062 5427450 5454986

5470152 5478149 5480228 5501523 5511881 5560709

5568975 5568985 5655780 5720286 5746536 5758965

5779359 5842377 5925293 5951162 5972661 5988604

6089748 6109449 6142458 6158722 6250797 6299776

6334705 6386753 6457853 6634784 6715913 6742923

6746147 6789314 6796707 6796770 6808306 6843612

6860474 6877750 6935771 6986507 6997444 7001063

7056095 7168641 7168848 7168849
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DRAWING NO. LÐ17637B

! LIGHTNIN
2001

ISO 9001

CERTIFIED

EV ÒQÓ SERIES MIXER
GEAR DRIVE

PLATE MOUNT

ASSEMBLY DRAWING

ALL EQUIPMENT DESIGN  AND APPLICATION  DATA SHOWN
HEREIN AND RELATED KNOW-HOW IS CONFIDENTIAL AND
THE PROPERTY OF THE LIGHTNIN  GROUP OF COMPANIES.
NO USE OR DISCLOSURE THEREOF MAY BE MADE WITHOUT
OUR WRITTEN  PERMISSION.

MIXERS AND AERATORS

R

ITEM

231

102

HEX WRENCH72

60
61 FLAT WASHER(4)

SOC HD CAP SCREW(4)

HEX SOC SET SCREW(NYLOK)

RETAINING RING

59
58

43
OIL SEAL
BALL BEARING(2)41
LANYARD
EXPANSION PLUG
OIL SEAL

36
38

HOUSING

GASKET22
21 SPACER

FLATWASHER(4)8
7 SOC HD CAP SCREW(4)
5

GASKET
44

42

40
39

PART NAME

101

70 SOC HD CAP SCREW(4)

 73 LOCKWASHER(4)

100 ANGLE RISER ASSEMBLY

81
82 NEEDLE VALVE

232

COUPLING
MOTOR

VÐRING
MIXER SHAFT

118 MOUNTING PLATE

 47
 48
 49
 50

RETAINING RING(2)

LOCKWASHER(4)
HEX HD CAP SCREW(4)
HEX NUT(4)
PLAIN WASHER(4)

DRIVE QUILL35
25 FLEXIBLE MOUNT(4)

REDUCER ADAPTER85

CLOSE NIPPLE

1
2 RING GEAR

HOLLOW PIN(4)

GEAR CARRIER ASSEMBLY

SUN GEAR9

101

ELECTRIC

101

AIR

21

36

60,61

70,73

231

58

118

25

59

43

232

41

35

39

42

100

49

4744

40

72
41

38

48

50

22

5,7,8

59

82

85 81

2

102

1

9

WHEN ORDERING PARTS SPECIFY
DRAWING NUMBER, PART NAME, ITEM
NUMBER, UNIT MODEL, AND SERIAL
NUMBER.

ANGLE RISER ASSEMBLY (100)
FURNISHED ONLY FOR UNITS WITH
ANGULAR OFFSET MOUNTING.

ITEMS 47, 48, 49, AND 50 FUR-
NISHED ONLY WITH ANGLE RISERS.

VÐRING (232) REQUIRED ONLY
WITH GEAR DRIVE/ELECTRIC
MOTORS. NOT REQUIRED WITH AIR
MOTORS OR DIRECT DRIVE UNITS.

NOTES:

GEAR CARRIER ASSEMBLY
(CONSISTING OF ITEMS 9, 11, 12,
13, 14, 15 & 24) IS SOLD AS A SET.
INDIVIDUAL ITEMS ARE NOT
AVAILABLE.

!

"

#

$

"

#

#

$

4

4
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LIGHTNIN

GENERAL INSTRUCTIONS
EV ÓQÓ SERIES MIXERS

GEAR DRIVE

SECTION 1 Ð INITIAL INSPECTION, SHIPPING ARRANGEMENTS

1. 1  Check the shipping crates and your LIGHTNIN equipment for possible shipping damage.  Report any
damage immediately to the carrier and our factory.

1. 2  The mixer and impellers are packed together.  The mixer shaft, if over 48 inches long, is packed in a
separate container.

1. 3  Do not remove any protective coatings or wrappings until the mixer is ready to be put into service.  If
the mixer is to be stored, store only in an indoor, clean, dry location with controlled temperatures of 15¡ C
to 40¡ C (59¡ F to 104¡ F).  When gear drive models have been stored for more than one year, the gear lubri-
cant should be replaced (see Lubrication instructions).

SECTION 2 Ð MIXER INSTALLATION

WARNING:  EYE PROTECTION MUST BE WORN AT ALL TIMES WHILE SERVICING THIS MIXER.

 2. 1  Refer to Installation drawing and Table 1 for:

 a.  Proper mixer mounting and location.

 b.  Proper minimum impeller offÐbottom and relative spacing for dual impeller applications.

 2. 2  LockÐout power before positioning mixer, and review safety instructions before starting mixer.

 2. 3  This mixer can be mounted either vertically or angular offset with optional angle risers.

 2. 4  BOLT TIGHTENING TORQUE RECOMMENDATIONS

 a.  Inadequately or improperly tightened hardware can loosen due to vibration or the reactions imposed
by fluid forces.  This can result in reduced equipment service life or damage and failure.

 b.  Recommended torques for tightening the bolts and screws on your LIGHTNIN mixer are listed with
assembly instructions.  Use of a torque wrench is recommended to ensure compliance with torque rec-
ommendations.

 c.  The amount of torque required to maintain a tight connection can vary considerably for bolts of the
same size under different operating conditions.  Variations such as basic joint design, compression fac-
tors, type and strength of base and hardware material, surface finish of mating parts and lubrication are
only some of the factors that influence the tightness of bolted connections for given torque values.

 d.  All bolts should be coated with oil, grease, or an antiÐseize compound whenever possible.  The
threads and bearing face of bolt heads and/or nuts should be lubricated.

 e.  ALL BOLTS SHOULD BE RETIGHTENED AFTER THE UNIT HAS BEEN RUN UNDER LOAD
FOR TWO (2) WEEKS, AND AT EACH SCHEDULED SHUTÐDOWN THEREAFTER.

 f.  Unless otherwise specified, it is recommended that metric commercial standard class 8.8 bolts and
screws, and class 8 nuts be used for all bolted connections.  For inch hardware use GR5.
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LIGHTNIN

10¡ Mounting Angle

TANK
CENTERLINE

LONG

SHORT
OFF-SET

SHAFT

OPEN TANK UNITS

TANK DIA.
OVERALL

TANK
HEIGHT

LONG
OFFÐSET

mm inches mm inches mm inches

SHORT
OFFÐSET

mm inches

OFFÐSET

CENTERLINE

610 24 914 36 171 6.75 99 3.90

686 27 1029 41 191 7.53 110 4.35

762 30 1143 45 211 8.31 122 4.80

914 36 1372 54 251 9.88 145 5.70

1067 42 1600 63 291 11.44 168 6.60

1219 48 1829 72 330 13.00 191 7.51

1372 54 2057 81 370 14.57 214 8.41

1524 60 2286 90 410 16.13 237 9.31

1676 66 2515 99 449 17.69 259 10.21

1829 72 2743 108 489 19.25 282 11.12

1981 78 2972 117 529 20.82 305 12.02

2134 84 3200 126 568 22.38 328 12.92

2286 90 3429 135 608 23.94 351 13.82

2438 96 3658 144 648 25.51 374 14.73

2591 102 3886 153 688 27.07 397 15.63

2743 108 4115 162 727 28.63 420 16.53

2896 114 4343 171 767 30.19 443 17.43

3048 120 4572 180 807 31.76 466 18.33

 7¡ Mounting Angle

OVERALL
TANK

HEIGHT

LONG
OFFÐSET

mm inches mm inches

SHORT
OFFÐSET

mm inches

1219 48 161 6.35 130 5.10

1372 54 180 7.08 145 5.70

1524 60 198 7.81 160 6.30

1829 72 236 9.27 191 7.51

2134 84 273 10.74 221 8.71

2438 96 310 12.20 252 9.91

2743 108 347 13.66 282 11.12

3048 120 384 15.12 313 12.32

3353 132 421 16.59 343 13.52

3658 144 458 18.05 374 14.73

3962 156 496 19.51 405 15.93

4267 168 533 20.97 435 17.13

4572 180 570 22.44 466 18.33

4877 192 607 23.90 496 19.54

5182 204 644 25.36 527 20.74

5486 216 681 26.82 557 21.94

5791 228 718 28.29 588 23.15

6096 240 756 29.75 618 24.35

TANK DIA.

mm inches

610 24

686 27

762 30

914 36

1067 42

1219 48

1372 54

1524 60

1676 66

1829 72

1981 78

2134 84

2286 90

2438 96

2591 102

2743 108

2896 114

3048 120

381
457

533

15

18

21

572
686

800 32

27
23 112

132

152

4.41
5.19
5.97

65
76

88

2.54
3.00
3.45

381

457
533

15

18
21 1067

914
762 30

36

42 143

124
106 4.16

4.89

5.62

84

99
114 4.50

3.90

3.30

TANKS WITH AN OVERALL HGT. TO DIA. RATIO LESS THAN 1.5 TANKS WITH AN OVERALL HGT. TO DIA. RATIO 
BETWEEN 1.5 AND 2.0

7Ð10¡
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SECTION 3 Ð SHAFT AND IMPELLER INSTALLATION

 3. 1  Install the impeller(s) on the mixer shaft (231) by tightening the set screws in the impeller hub.  Refer
to the installation drawing for recommended dual impeller spacing if two impellers are supplied.  Refer to Im-
peller Assembly drawing for general impeller orientation.

 3. 2  Clean the mixer shaft (231) end and drive quill (35) thoroughly.

 3. 3   Orient the drive quill so that the set screw (58) aligns with the hole in the bearing housing (36).  Align
quill shaft by inserting mixer shaft (231) into quill and rotate quill manually.

 3. 4  Grasp mixer shaft approximately 20 inches below the shaft top and insert the mixer shaft completely
into the drive quill, until it contacts the top of the quill bore. Tighten set screw (58).

SET SCREW (58)

HEX KEY
(72)

MIXER 
SHAFT
(231)

HOUSING (36)

DRIVE
QUILL
(35)

REMOVE
PRIOR TO
RUNNING
UNITINSTALLATION POSITION

Figure 1 Ð Shaft  Installation

 3. 5  DRIVE QUILL ORIENTATION

 a.  NORMAL LIGHT CONDITIONS Ð Rotate the drive quill until the set screw (58) aligns with the ac-
cess hole in the housing (36).  Rotate drive quill by inserting lower shaft into drive quill and rotating by
hand.

 b.  LOW LIGHT CONDITIONS Ð If the mixer shaft is being installed in low light conditions, the drive
quill can be oriented by feel. Insert lower shaft into drive quill and rotate the drive quill (35) by hand until
the set screw (58) can be felt with the hex wrench through the access opening.

 3. 6  With the drive quill oriented, insert the  7/32Ó hex key (72) provided into the housing opening and tighten
the set screw (58) to (15Ð30 ftÐlbs). DO NOT IMPACT THE WRENCH OR USE AN EXTENSION.

 3. 7  Check for free movement of all components by rotating the mixer shaft.

SECTION 4 Ð SHAFT REMOVAL

CAUTION:  THE UPPER PORTION OF THE MIXER SHAFT (231) MAY BE HOT TO THE TOUCH.  ONCE
REMOVED FROM THE DRIVE QUILL (35), DO NOT GRASP THE UPPER 20Ó OF THE MIXER SHAFT.

It is recommended that the mixer be removed from the tank before shaft or shaft and impeller are removed.

 a.  Make sure all electrical power is disconnected.

 b.  Grasp impeller by hand (or shaft with a strap wrench) and rotate mixer shaft (231) until the drive
quill set screw (58) aligns with the access hole in the housing (36).  See Caution above.
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 c.  With hex key (72) loosen set screw (58) and back out two (2) turns.  See Figure 2.

 d.  Remove mixer shaft from quill.  See Caution above.

SET SCREW (58)

HEX KEY
(72)

MIXER 
SHAFT
(231)

HOUSING (36)

DRIVE
QUILL
(35)

REMOVE
PRIOR TO
RUNNING
UNIT

SET SCREW (58)

MIXER 
SHAFT
(231)

HOUSING (36)
DRIVE
QUILL
(35)

Operating Position Release Position

DISÐENGAGEDENGAGED

Figure 2 Ð Shaft Removal

SECTION 5 Ð MIXER OPERATION

 5. 1  This LIGHTNIN mixer is designed for continuous operation and normally needs no additional mainte-
nance.

 5. 2  Variable speed air drive units should not be operated at the lower shafts natural frequency.  At this speed
the lower shaft will have excessive runout (± 2Ó T.I.R.) at the end of the shaft while operating in air.  Vary the
speed ± 5% to avoid this speed range.

CAUTION:  IT IS NOT RECOMMENDED TO OPERATE THE MIXER WITH EXTREME VORTEXING
OR SURGING OF THE LIQUID BEING MIXED.

 5. 3  At the end of two weeks service, check all hardware for tightness.

WARNING:  AT THE END OF THE MIXING CYCLE, IT IS GOOD PRACTICE TO TURN OFF THE
MIXER BEFORE THE TANK HAS BEEN DRAINED TO A LEVEL WHICH WILL RESULT IN EXCES-
SIVE SPLASHING.  THIS MAY RESULT IN SHAFT DAMAGE.

SECTION 6 Ð LUBRICATION

 6. 1  Your LIGHTNIN mixer has been lubricated at the factory with the correct type and amount of high quality
lubricants.  Lubricant cleanliness is protected by properly designed closures.

 6. 2  All mixer bearings are the sealed type and are preÐpacked with lubricant.  Relubrication of these bear-
ings is not necessary.

 6. 3  The gear chamber of this LIGHTNIN mixer has been factory filled with a grease suitable for ambient
temperature ranges of Ð20¡ C to +50¡ C (Ð4¡ F to +122¡ F).  Under normal operating conditions, this lubricant
need not be changed until the unit has been dismantled for some reason.  Refer to Table 2 for lubricant specifi-
cations.
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 6. 4  Under adverse operating conditions, periodic changes of lubricant may be necessary.  Adverse condi-
tions are defined as operating in very humid, dust laden, chemical atmospheres, or where wide variations
in ambient temperatures occurs.  Such adverse conditions can lead to deterioration of lubricant compounds
and additives and it is recommended that the condition of the grease be checked within six months of startÐup.

Refer to Section 7 for instructions on disassembling the gear unit.

NOTE:  THE BEARING HOUSING SHOULD BE FILLED 1/2 INCH FROM THE TOP OF THE BEARING
HOUSING.  ALL GASKETS SHOULD BE CHECKED FOR INTEGRITY AND REPLACED IF THEY ARE
DEFORMED, CUT OR DETERIORATED.

Grease Level

HOUSING (36)
BEARING

 Recommended Grease

Manufacturer Products

MOBIL OIL CO.

 Gear Housing Capacity

Pounds

MOBILITH SHC 1500

RING GEAR (2)

GASKET (43)

FILL GREASE LEVEL
1/2Ó FROM TOP OF
HOUSING

MOTOR (101)

GASKET (22)

SPACER (21)

Table 2 Ð Lubricant Recommendations & Capacity

.8

 6. 5  CHANGING GEAR LUBRICANT

 a.  Remove all old grease from the gear chamber and wipe clean.

 b.  Pack the chamber with fresh grease.  See Table 2.  Paddle the grease to fill voids and remove air
pockets, rotating the shaft and shaking the housing while paddling.

 c.  Check for free movement of all components by rotating the drive shaft.

SECTION 7 Ð DISASSEMBLY INSTRUCTIONS

WARNING: DISCONNECT MOTOR LEADS OR OTHERWISE LOCKÐOUT POWER SUPPLY BEFORE
SERVICING THE MIXER.  EYE PROTECTION MUST BE WORN.

 7. 1  This mixer is precision manufactured and assembled to provide long trouble free service when properly
maintained.  If it becomes necessary to disassemble the unit, careful precise reassembly is necessary.

 7. 2  Refer to the assembly drawings for location of parts.

 7. 3  Equipment that will be required to service the mixer, in addition to standard mechanics tools is, a rubber
mallet, retaining ring pliers, metric and ÓinchÓ allen wrenches, arbor press and torque wrench.
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 7. 4  Disassemble mixer on a clean work surface to prevent dirt from entering the housing.

 7. 5  It is recommended that oil seals and gaskets be replaced when the mixer is disassembled.

 7. 6  SEAL REPLACEMENT

Inspect oil seals and gaskets for nicks, gouges and deformities.  When replacing seals:

 a.  Coat the lips of seals with bearing grease.

 b.  Install oil seal with lip facing up as shown in Figure 3.

 c.  Coat the section of shaft sealing surface with oil.

 7. 7  BEARING REPLACEMENT

 a.  Remove old bearings with either a puller or an arbor press.

 b.  Press new bearings on shaft. Be careful to apply load only to the inner race.

 c.  Make sure the bearings are tightly seated against the shaft or housing shoulders with no clearance.

 7. 8  SHAFT REMOVAL

Loosen set screw (58) and remove mixer shaft (231) as outlined in Section 4.

 7. 9  MOTOR REMOVAL

 a.  Remove the mixer from the tank.

 b.  Set the mixer upright on a clean work surface.

 c.  Remove the (4) socket head cap screws (60) holding the bearing housing (36) and spacer (21) to
the motor (101).

 d.  Lift the motor (101), motor coupling assembly (102) and sun gear (9) (Figure 4) off the spacer (21).
It may be necessary to tap the bearing housing (36) gently with a rubber mallet to get the bearing hous-
ing to separate from the spacer and motor.

 e.  Remove the sun gear (9) from the motor coupling (102) and examine for wear.  If ÓreuseableÓ replace
sun gear in gear mesh.

 f.  Remove the drive coupling (102) from the motor if necessary.

 7. 10  BEARING HOUSING DISASSEMBLY

 a.  Remove grease from gear chamber of bearing housing (36).

 b.  Remove sun gear (9) and gear carrier assembly (1) as an assembly.  Tape these parts together to
prevent the sun gear from accidental removal.  Remove any remaining old lubricant.

 c.  Remove hardware (7,8) and remove ring gear (2) from bearing housing (36).

 d.  Remove upper retaining ring (59).

 e.  Place housing motor end down and remove oil seal (42) from drive quill (35).  This seal will be dam-
aged and must be replaced.

 f.  Remove lower retaining ring (44).

 g.  Place the bearing housing upright in a press, and press out drive quill (35) and lower bearing (41).

 h.  Remove lower retaining ring (59) and bearing (41) from the drive quill (35).

 i.  Remove upper bearing (41) and oil seal (38) from bearing housing (36).

 j.  Inspect bearing (41) for excessive wear.  Replace if necessary.
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SECTION 8 Ð ASSEMBLY INSTRUCTIONS

 8. 1  QUILL ASSEMBLY

Insert the set screw (58) into the drive quill (35) until it is flush with the bore of the quill.

 8. 2  BEARING HOUSING ASSEMBLY

 a.  Press the lower bearing (41) onto the drive quill (35) bearing journal.  The bearing must seat against
the drive quill shaft shoulder with no visible gap.

 b.  Install the lower external retaining ring (59).

 c.  Press the drive quill assembly into the bearing housing (36) from the bottom until the bearing seats
on the housing shoulder.

 d.  Install lower retaining ring (44).

 e.  Press oil seal (42) in place as shown in Figure 3.  Make sure the oil seal has the internal spring re-
moved.  This is a nonÐlubricated seal, and will run hot and have a shortened life if the spring is not re-
moved.

 f.  Turn the bearing housing over, support the assembly on the quill shaft (35) and install the upper bear-
ing (41) by pressing it into the bearing housing and onto the quill shaft.

 g.  Install the upper retaining ring (59).

 h.  Support the bearing housing assembly in an upright position and press the drive quill downward until
the bearing (41) shoulders on the retaining ring (59).  This will relieve any locked in axial load on the
bearing created during assembly.

QUILL     
SHAFT
(35)SPRING REMOVED

BEARING (41)

RETAINING RING (59)

OIL SEAL (42)
SHOWN WITH 

BEARING HOUSING (36)

MIXER SHAFT (231)

RETAINING RING (44)

Figure 3 Ð Oil Seal Installation

 i.  PACK THE GEAR CARRIER  (1) with grease and rotate the gears several times to distribute the
grease to the needle bearings.  Refer to Section 6 for lubricant recommendations.

 j.  Align the flats on the inside of the gear carrier (1) with the flats on the drive quill (35).  Place the gear
carrier and sun gear (9) assembly onto the drive quill.

 k.  Install the ring gear (2), hollow pins (5), and hardware (7,8) in bearing housing (36).

 l.  Install gasket (22) in its groove on the bearing housing, and gasket (43) in its groove in the spacer.

 m.  Remove the sun gear (9) from the gear carrier (1).

 n.  Replace vÐring (232) on motor shaft (if removed). Press vÐring on shaft until lips contact face of
motor. VÐrings are required only on electric motors used on gear drive models. VÐrings are not required
on direct drive models or on air motors. Refer to Figure 4.

 o.  Place the drive coupling (102) on the motor shaft if necessary.

 p.  Install the sun gear (9) into the drive coupling (102) until it shoulders against the drive coupling.
Tighten the two set screws to 7 ftÐlbs.
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 q.  Set the elevation of the sun gear to the dimension shown in Figure 4 and tighten the remaining two
coupling set screws to 7 ftÐlbs.

SUN GEAR (9)

MOTOR (101)

DRIVE COUPLING (102)
4.25Ó

Figure 4 Ð Sun Gear Placement

(232)VÐRING

 r.  Fill the bearing housing with lubricant to approximately 1/2Ó from the top.  Refer to Section 6 for lubri-
cant recommendations.

 8. 3  FINAL ASSEMBLY ( REFER TO ASSEMBLY DRAWING)
 a.  Bolt the bearing housing (36) and spacer (21) to the motor (101), using socket head cap screws
(60) and washers (61).  Alternately tighten the hardware to 9 ftÐlbs to ensure that all components are
drawn evenly together.
 b.  Install mixer shaft (231) as outlined in Section 3.

SECTION 9 Ð AIR MOTOR REQUIREMENTS

Be sure your compressor has capacity for both pressure and the proper cubic feet per minute air displace-
ment.  Wet air, and low pressure will cause sticking of the motor, requiring hand starting.  It is important to
use an air filter and moisture trap near the motor for removal of foreign matter.  Maximum recommended oper-
ating pressure is 100 P.S.I.

AIR PRESSURE / AIR CONSUMPTION GUIDE
FOR AIR MOTOR DRIVEN MIXER

(AIR MOTOR OPERATING AT 1800 RPM)

H.P. GAST MOTOR # SHAFT RPM

REQUIRED
PRESSURE CONSUMPTION

** (CFM FREE AIR)* (PSIG)

1/3

1/3

1

1

#2

#2

#4

#4

1800

360

1800

360

60

60

85

85

15

15

30

30

Table 3

* Live pressure should be approximately 1Ð1/2 times the operating pressure of the air motor.
The full line pressure will then be available for overloads and startup.

** CFM free air refers to air at atmospheric conditions measured at the inlet of the compressor.
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SECTION 10 Ð AIR MOTOR LUBRICATION

 10. 1  Use only a high detergent lubricant of the recommended viscosity.  Recommended oils are shown in
Table 4.

 10. 2  For continuous duty or high speed operation, it is recommended that an automatic lubricating device
in the air line be provided to feed 1 to 3 drops per minute to the motor.  If required request optional airÐline
lubricator (part # 151030psp).

 10. 3  For manual oiling, remove the oil cap at the top of the motor, and add one squirt of oil at the end of
each 8 hours of operation.

RECOMMENDED LUBRICANT AMBIENT TEMPERATURE GRADE OF OIL

GAST AD 220 (SAE #10) OR A HIGH                              
DETERGENT AUTOMOTIVE ENGINE OIL
DESIGNED FOR ANY ONE OR MORE OF 
THE FOLLOWING API SERVICE RATINGS
SB,  SC, SD, SE, CB, CC, CD.

A HIGH DETERGENT AUTOMOTIVE           
ENGINE OIL DESIGNATED FOR ANY
ONE OR MORE OF THE FOLLOWING API
SERVICE RATINGS Ð SB, SC, CD, CE, CB, CC,
CD.

BELOW 32¡ F

32¡ F TO 100¡ F

101¡ F TO 200¡ F

DILUTE SAE #10
OIL WITH 25%
KEROSENE

SAE #10 OIL

SAE #20 OIL

Table 4 Ð Motor Lubrication

SECTION 11 Ð FLEX MOUNT REPLACEMENT

 11. 1  The flex mounts can be removed with a long bolt and two pieces of tubing as shown in Figure 5.

 11. 2  Tighten the hex nut until the flex mount is free of the housing.

 11. 3  To install the new flex mounts use a long bolt and a piece of tubing as shown in Figure 5.

 11. 4  Lubricate the flex mount with a natural rubber lubricant or liquid hand soap.

 11. 5  Tighten the hex nut until the flex mount is tight with mounting plate (118).

 11. 6  Replace all mounts if one is replaced.

!"#$%&$'()*+%,-../0

FLEX MOUNT(25)

INSTALLATION

5/8Õ PLAIN WASHER

5/8Õ HEX NUT

MOUNTING PLATE(118)

FLEX MOUNT(25)

5/8Ó PLAIN WASHER

5/8Ó HEX NUT

5/8Ó PLAIN WASHER OR
PLATE STOCK

TUBING
(2Ó MINIMUM INSIDE
DIMENSION X 1Ð3/4Ó
LONG)

TUBING                              
(7/8Ó MAXIMUM OUTSIDE
DIAMETER X 7/8Ó LONG)

5/8Ó HEX HEAD CAP SCREW
(MINIMUM 4Ð1/2Ó LONG AND
WITH 2Ó OF THREADS)

REMOVAL

5/8Ó PLAIN WASHER

TUBING
(1Ð3/8Ó MINIMUM INSIDE
DIAMETER X 3/4Ó LONG)

5/8Ó HEX HEAD CAP SCREW
(MINIMUM 3Ð3/4Ó LONG AND
WITH 2Ó OF THREADS)

Figure 5 Ð Flex Mount Removal and Installation
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ELECTRIC MOTOR
INSTRUCTIONS

SECTION 1 -- INITIAL INSPECTION

1.1 Care is taken at the factory to assure that the motor arrives at its destination in first class condition. If
there is evidence of rough handling or damage in shipment, file a claim at once with the carrier and notify
our factory.

Examine the outside of the motor carefully for damage, with particular attention to the conduit box, fans
and covers. Check nameplate for correct speed, kilowatt, voltage, hertz and phase for conformance
with power supply. See Section 1.3 for warning on explosion--proof motors.

1.2 GENERAL DATA:

a .Single phase totally enclosed motors are wired at our factory for correct rotation.

b .All three phase and explosion-proof motors must be field wired for proper rotation. If rotation
does not agree with nameplate, reverse any two line leads.

c .Dual voltage motors must be wired for the desired voltage. Refer to the connection diagrams
provided on the motor nameplate, inside the conduit box cover or in this manual.

d .Refer to Section 2 for motor maintenance and storage instructions.

1.3 WARNING

�xEXPLOSION--PROOF MOTORS -- These motors are constructed to comply with the U.L. Label
Service Procedure manual. When repairing and reassembling a motor that has an UnderwriterÕs Label,
it is imperative that the unit be reinspected and;

a .All original fits and tolerances must be maintained

b .All plugs and hardware to be securely fastened

c .Any part replacements, including hardware, be accurate duplicates of the originals

REPAIR WORK ON EXPLOSION--PROOF MOTORS CAN ONLY BE DONE BY THE ORIGINAL
MANUFACTURER. VIOLATIONS OF ANY OF THE ABOVE ITEMS WILL INVALIDATE THE
SIGNIFICANCE OF THE U.L. LABEL.

�xEXPLOSION-PROOF MOTORS ARE EQUIPPED WITH AN INTERNAL CIRCUIT INTERRUPTING
DEVICE WHICH TRIPS WHEN OVER HEATING OCCURS. THIS THERMAL PROTECTION CIRCUIT
WILL RESET AUTOMATICALLY WHEN UNIT COOLS.

�xIf the thermal protector continues to trip, some abnormal condition exists. This condition must be corrected
before motor will operate normally.

�xALWAYS DISCONNECT POWER LINE BEFORE SERVICING ANY PART OF THE MIXER . Unexpected
motor start-up may occur after the thermal protection circuit trips.

1.4 After unpacking and inspection to see that all parts are in good condition, turn the shaft by hand to be
sure there are no obstructions to free rotation. Equipment which has been in storage should be tested
prior to being put into service.

a .It is best to check the insulation resistance of the stator winding with a megohmeter. If
resistance is lower than one megaohm, consult LIGHTNINR.

b .Motors are shipped from the factory with sealed, shielded bearings properly packed with
grease and ready to operate. Bearings are not regreaseable.
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1.5 WIRING -- Examine the nameplate data to see that it agrees with the power circuit to which the motor
is to be connected. The motor is guaranteed to operate successfully with frequency not more than 5%
and voltage not more than 10% above or below the nameplate data, or combined variation of voltage
and frequency of not more than 10% above or below nameplate data. Efficiency, power factor and
current may vary from nameplate data.

1.6 Connect the motor leads to a power source that matches the line voltage and wiring diagram specified
on the motor nameplate.

1.7 Check impeller shaft rotation by jogging the motor until it is determined that rotation is correct.

1.8 CAUTION

Repeated trial starts can overheat the motor (particularly for across-the-line starting). If repeated trial
starts are made, allow sufficient time between trials to permit heat to dissipate from the windings or rotor
to prevent overheating. Starting currents are several times running currents, and heating varies as the
square of the current. Do not exceed 12 starts per hour.

1.9 WARNING

The frames and other metal exteriors of motors should be grounded to limit their potential to ground
in the event of accidental connection or contact between live electrical parts and the metal exteriors.
All motors should be grounded through the conduit box. Explosion--proof motors have an integral
ground lead for grounding.

1.10 WARNING

Before starting motor, remove all unused shaft keys and loose rotating parts to prevent them from flying
off.

1.11 Start motor and operate at minimum load prior to filling the tank or basin. Look for any unusual condition.

The motor should run smoothly with little noise. If the motor should fail to start and produces a decided
hum, it may be that the load is too great for the motor or that it has been connected improperly. Shut
down immediately and investigate for trouble.

SECTION 2 -- MOTOR MAINTENANCE AND STORAGE

Electric motors or other prime movers are not prepared by LIGHTNINR for indoor storage beyond 12
months in a dry ambient atmosphere with controlled temperatures, or 6 months in a dry ambient
atmosphere with no temperature control. OUTDOOR STORAGE OF ELECTRIC MOTORS IS NOT
RECOMMENDED BY ANY MOTOR MANUFACTURER. For information on storage periods beyond
those shown, consult LIGHTNINR.

2.1 To insure continued reliable operation of electric motors, the following basic rule applies: KEEP THE
MOTOR CLEAN AND DRY. Motors should be inspected, and output shaft rotated, at a minimum of 6
month intervals with increased frequency as needed depending upon the type of motor and the service.

2.2 Terminal connections and assembly hardware may loosen from vibration during service and should be
tightened.

2.3 Insulation resistance should be checked at operative temperature and humidity conditions to determine
possible deterioration of insulation due to excessive moisture or extremes in operating environment. If
wide variations are detected, motors should be reconditioned.

2.4 LUBRICATION - The ball bearing has deep grooved, double shielded sealed bearings with sufficient
lubricant packed into the bearings by the manufacturer for Òlife lubricationÓ. The initial lubricant is
supplemented by a supply packed into larger reservoirs in the end shield at time of assembly. No grease
fittings are provided, as the initial lubrication is adequate for up to 10 years of operation under normal
conditions.
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2.5 STORAGE REQUIREMENTS FOR MOTORS -- These extended storage requirements must be
followed to allow the submission of a valid warranty claim.

a .The motors, if not mounted, are to be stored in the original containers in a clean, dry,
protected warehouse.

b .The storage area is to be free from any vibration and from extremes in temperature.

c .Windings to be megged at the time equipment is put in storage. At the time of removal from
storage, the resistance reading must not have dropped more than 50% from the initial
reading. Any drop below this point, consult LIGHTNINR.

d .All external parts and motors subjected to corrosion should be protected by a corrosive
resistant coating.



MIXER PARTS UNIT SIZE: GEAR DRIVE UNIT

ITEM
NO.

IDENT.
CODE DESCRIPTION

DRAWING: L--17637

QTY. PART NO. PRICE
(EACH)

GEAR CARRIER ASSEMBLY -- 5:1 RATIO (Includes item 9)
1 1

869616PSP

869617PSP

RING GEAR2 1 290901PSP

HOLLOW PIN5 4 291612STL

SOCKET HEAD CAP SCREW7 4 291556PSP

FLAT WASHER8 4 291613STL

SPACER21 1 271751ALF

GASKET22* 1 271795PSP

HOUSING36

OIL SEAL38*

EXPANSION PLUG39*

LANYARD40

BALL BEARING41*

GASKET43* 1 271795PSP

RETAINING RING44* 1 270822PSP

LOCKWASHER47 4 112207CPS

HEX HEAD CAP SCREW48 4 100159CPS

HEX NUT49 4 107010CPS

WASHER50 4 112012CPS

SET SCREW -- NYLOK58 1 271757STL

A CLOSE NIPPLE81 1 122022BRS

SOCKET HEAD CAP SCREW60 4 271758CPS

FLAT WASHER61 4 112005316

SOCKET HEAD CAP SCREW70 4 102506316

HEX WRENCH72 1 127210BPF

LOCKWASHER73 4 112204316

SHIPMENT
(WEEKS)

RETAINING RING59* 2 291592PSP

OIL SEAL42* 1 290701PSP

NOTE: See mixer nameplate or spec. sheet for unit size & ratio. See Assembly Drawing for item no. identifier

IDENTITY CODE:

A = Air Motor

Blank code denotes common parts

* Recommended spare parts

EV ÓQÓ

FLEX MOUNT25* 4 138317PSP

DRIVE QUILL35 1 271781316

PARTS PRICING BOOK SECTION: 2 PAGE: 81.10 DATE: 7--31--06
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1 290706PSP

1 271868PSP

1 271869PSP

2 290151PSP

1 271853ALF

GEAR CARRIER ASSEMBLY -- 6:1 RATIO (Includes item 9)



MIXER PARTS UNIT SIZE: GEAR DRIVE UNIT

ITEM
NO.

IDENT.
CODE

A

DESCRIPTION

REDUCER ADAPTER

QTY. PART NO. PRICE
(EACH)

85 1 122312BRS

ANGLE RISER ASSEMBLY (CONSISTING OF100 1 802062PSP

LEFT HAND AND RIGHT HAND ANGLE RISERS, AND

ITEMS 47, 48, 49 & 50)

ANGLE RISER (LEFT HAND) 1 130015STL

ANGLE RISER (RIGHT HAND) 1 130016STL

MOTOR101

COUPLING102 1 292248PSP

MOUNTING PLATE118 1 271855STL

MIXER SHAFT231

V--RING232*

FOOD GRADE -- 14 OZ TUBE

SHIPMENT
(WEEKS)

IDENTITY CODE:

A = Air Motor

Blank code denotes common parts

* Recommended spare parts

EV ÓQÓ

STANDARD -- 2 LB CAN (1) 1 123620PSP

Contact LIGHTNIN Representative

PARTS PRICING BOOK SECTION: 2 PAGE: 81.11 DATE: 7--31--06
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For service and repair, call 1--888--MIX BEST (1--888--649--2378)

A NEEDLE VALVE82 1 122911BRS

1 275255PSP

Contact LIGHTNIN Representative

Contact LIGHTNIN Representative

LUBRICANT

1) = Ambient temperature 50 -- 200 Deg. F
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REPAIR & SERVICE GUIDE

LIGHTNIN Process Equipment
Services (LPES): The fastest route to uptime.

Expertise: LPES technicians are the backbone of our dedicated
service organization.TheyÕre uniquely qualified to keep your
LIGHTNIN mixers running right.
Lightnin Certified Technicians: All LPES technicians are 
certified via training courses to ensure that the work they do
meets the highest standards for consistency and reliability.
Genuine LIGHTNIN Parts: All LPES repairs follow original
design specs and use only factory-authorized replacement parts.
Full LIGHTNIN Factory Warranty: WeÕre so confident
weÕll do the job right that all LPES repair and service work is
covered by a full factory warranty.What we repair, we 
guarantee Ð 100%.

Repair Services: LIGHTNIN provides quick, reliable repair services Ð
using only certified technicians and factory-authorized replacement parts Ð on 
gearboxes, mechanical seals (seal cartridge and seal assembly), steady bearings,
machine assemblies, impellers, shafts and all portable units.This service can be 
provided either at your site or at a LIGHTNIN Service Center location.All work is
backed by LIGHTNINÕs full warranty on all parts and service.

Exchange Services: By eliminating repair time, LIGHTNIN Exchange
Services offer the fastest way to get up and running when a breakdown occurs.
LPES keeps selected speed reducers, portable units and mixer subassemblies in
stock Ð and available for immediate exchange Ð at regional service centers. Simply
call and we will configure the appropriate assembly and ship it to you within 24
hours.Then send the damaged assembly back to us within 30 days Ð to ensure 
you receive a discounted price.

Equipment Upgrade Services: Preventive maintenance is
your best defense against costly unplanned downtime and repairs associated with
old or obsolete equipment.The full range of LPES upgrade services give you a con-
venient and cost-efficient way to address problems before they happen by convert-
ing older equipment to the latest, most reliable LIGHTNIN designs.

Additional LPES Services: In addition to minimizing downtime
and repair costs when equipment failure occurs, LPES offers a comprehensive
range of services for maximizing productivity through every stage of the 
equipment life cycle.
¥  Installation and Start-up
¥  Maintenance and Repair
¥  Asset Management

LIGHTNIN
Process
Equipment
Services Warranty
When repairs to your 
LIGHTNIN mixer are needed,
we guarantee the results for one
full year.This exclusive warranty
covers all parts and labor.Talk 
to your LIGHTNIN sales repre-
sentative for more information.

Call:
The LIGHTNIN Experts
When your need is urgent and
after normal business hours
call our 24-hour response team
hotline at 1-888-MIX-BEST
(U.S. and Canada).Your
request will be promptly
processed and directed to your
nearest LPES team member.
For more information visit our
website at:
www.lightninmixers.com.

Factory Service
Center Locations
Chicago, Illinois
Houston, Texas
Mulberry, Florida
Reading, Pennsylvania
Rochester, New York
San Francisco, California
Wytheville, Virginia

Authorized
Service Center
Locations
Baton Rouge, Louisiana
Concord, Ontario, Canada
East Hanover, New Jersey
Macon, Pooler, Roswell,

Georgia
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John Meunier Inc/Veolia Water Water Treatment, Saint-Laurent

05/11/2009 Item  1

seepex progressive cavity pumpqty. 1
MD 006-12 / A6-A7-A7-R0-GA-X
X= 0802, 11R0, 20A7

Application data
Pumped liquid Sodium Hydroxide

Viscosity 78 cPs

Solids content no advice

Size of solids no advice

Spec. gravity 1.27 kg/L

Temperature 32 to 113F

pH value no advice

Composition/Concentr. 25%

Kind of operation 8h/day

Site of installation indoors

Performance data Flow rate Pressure Speed

3.3 l/h 100 psi 27 rpm min
50 l/h 100 psi 307 rpm max

Starting torque 3 lb.ft

Max. power absorbed 0.03 hp

NPSH required 6.73 ft

Suction pressure ass. flooded

Discharge pressure 100 psi

Differential pressure 100 psi

Materials and executions
Installation horizontal

Rotation counter clockwise (left)

Lantern / drive casing lantern, standard

Lantern / drive casing material 1.0037 (St 37-2) / A 283 C

Wetted casing parts standard

Wetted casing parts material 1.4408 / A 743 CF8M

Joint execution encapsulated (closed) joints with
universal joint sleeve

Joints material standard

Universal joint sleeve material EPDM - ethylene-propylene diene

Coupling rod standard

Coupling rod material 1.6582 encapsulated

Rotor standard

Rotor material 1.4571 / 316 TI SS

Rotor coating without

Stator standard

Stator material EPDM - ethylene-propylene-diene

Shaft sealing mechanical seal, single acting
elastomer bellows, either sense of
rotation, unbalanced

Shaft seal casing material 1.4571 / 316 TI SS
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Shaft seal material rotating seal face: SiC solid
stationary seal face: SiC solid
elastomers: EPDM
spring:  1.4571 / 316 TI SS
metal parts: 1.4571 / 316 TI SS

Plug-in shaft standard

Plug-in shaft material 1.4571 / 316 TI SS

Pump screw fitting bolting entirely in stainless steel
inclusive tie rods

Painting standard RAL 5013 (blue)

Connections
Branch / hopper position branch / hopper position 1

Casing parts connections Suction connection NPT thread:
NPT 1"
discharge connection NPT thread:
NPT 1/2"

Drive
Type gear box for mounting of a NEMA motor
Manufacturer Nord

Model SK02F-56C

Design B3/B5

Gear ratio i = 6.89

Nom. Min. Max. 
Output speed (rpm) 261 27 307

Motor speed (rpm) 1800 186 2115

Frequency (Hz) 60 6 71

Electr. motor

Type NEMA Motor
Manufacturer Baldor

Model VEM3581T-5  

Rated output 1 hp

Rated speed 1800 rpm

Starting direct on frequency inverter

Voltage 3 x 575 VAC

Frequency 60 Hz
Premium Efficient Super-E Motor
20:1 Variable Speed

Dry-running protection device
Dry running protection device TSE 115AC consisting of:

- sensor sleeve fitted to the
stator of the pump with installed
NTC temperature sensor in IP55
connection head inst. in pump stator
- TSE control device for installation
in a control panel
- 110-115V / 50-60 Hz
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1.0 
General 
 
1.1 
Application 
 
These operating instructions contain basic infor-
mation on the installation, commissioning and 
maintenance of seepex machines. Compliance with 
the work steps described in the individual sections is 
essential. 
 
1.2 
Details of the seepex machines 
 
1.2.1 
Operating Instructions 
 
The Commission Number (comm. no) assigns the 
operating instructions to a particular seepex 
machine. The operating instructions are produced in 
relation to a specific job/commission and are valid 
only for the machine whose comm. no. is identical 
with that indicated on the cover sheet and 
possessing the associated data sheet, Point 9. 
 
1.2.2 
Manufacturer 
 
The machines were manufactured by seepex. 
 
1.2.3 
Range, Size, Version 
 
of the machines are stated in the appended data 
sheet, Point 9. 
 
1.2.4 
Machine Comm. No. and Year of Construction 
 
are stated on the type plate at the machine. 
 
1.2.5 
Release Date of the Operating Instructions 
 
is stated on the cover sheet of the operating 
instructions. 
 
1.2.6 
Modifications, Notes of Modification 
 
If modifications to the machines are  
carried out in agreement with seepex, a new set  
of operating instructions will be provided, or the 
existing operating instructions will be supplemented by 
an additional sheet together with a new cover sheet. 
The date of modification and modification index will be 
noted on the new cover sheet. 

1.2.7 
EEC Machine Directive 
 
1.2.7.1 
Manufacturer's Declaration 
 
seepex Manufacturer's Declaration as required by the 
EEC Machine Directive 89/392/EEC, Appendix II B: 
 
The seepex machines delivered in accordance with 
our design are intended to be fitted in one machine or 
assembled together with other machines to form one 
machine/plant. The commissioning of the machine is 
forbidden until such a time as has been established 
that the entire machine/plant satisfies the 
requirements of the EEC Directive for Machines as 
amended 91/368/EEC and 93/44/EEC.  
 
Particular attention must be paid to the safety 
requirements specified in EN809 (s and  Equipment 
for Fluids) as well as the information in these 
operating instructions. 
 
1.2.7.2 
Declaration of Conformity 
 
seepex machines possessing no safety accessories 
do not fulfill the requirements of the EEC Machine 
Directive 89/392/EEC as amended 91/368/EEC and 
93/44/EEC. 
 
For this reason, no Declaration of Conformity as 
required by the EEC Machine Directive 89/392/EEC, 
Appendix IIA can be issued before appropriate safety 
devices have been installed/mounted on the machine 
and/or plant with due regard to the information given 
in these operating instructions. 
 
The following harmonized standards are particularly 
applicable: 
EN 809, EN292T1, EN292T2 
Applicable national standards and specifications must 
be taken into consideration. 
 
Following assessment of the conformity of the 
machine/plant with the EEC Machine Directive, 
customers may on their own initiative place on the 
full machine/plant the EEC symbol 'CE' as defined in 
Identification Directive 93/68/EEC. 

CAUTION 
This documentation must be kept available for at 
least 10 years. 
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1.2.8 
Copyright and Industrial Property Rights 
 
These operating instructions are copyrighted. The 
reproduction, in particular by photocopying, of these 
instructions is not permitted (¤¤ 54, 54 UrhG) and 
constitutes a criminal offence (¤ 106 UrhG). 
Proceedings will be instituted if the copyright is 
violated. 
 
1.2.9 
Specifications Required for Inquiries and Orders 
 
The following information must be included when 
inquiring about replacement parts or placing orders: 
- comm. no. 
- / machine type 
This information is given on the type plate mounted 
the machine. 
 
1.2.10 
Technical Data Sheet 
see Point 9. 
 
1.2.11 
Performance Data, Load Index, Power 
Consumption 
 
are indicated in the associated data sheet, Point 9. 
 
1.2.12 
Sound Pressure Level 
 
The sound pressure level and/or noise characteris-tics 
of the seepex machines are ascertained in 
accordance with DIN 45635. The measuring 
guidelines are largely identical with the international 
standards ISO 3740-1980 and ISO 3744-1981. 
 
1.2.13 
Operating Range  
 
Employment of the machine is not permissible for 
purposes other than those stated in the data sheet, 
see Point 9. seepex cannot accept liability for damage 
arising through failure to comply with this operating 
range. 
 
1.3 
Supplementary Information 
 
1.3.1 
Accessories, Optional Extras 
 
Please refer to the data sheet, Point 9. 
 

1.3.2 
Company Address, Service Addresses 
 
see Point 11 
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2.0 
Safety 
 
These operating instructions contain basic require-
ments to be observed during the installation, opera-
tion and maintenance of the machine. Therefore, the 
instructions must be read by the mechanical fitter and 
by the technical personnel/operator responsible for 
the machine prior to assembly and commissioning, 
and kept available at the operating site of the 
machine/plant at all times. 
 
Compliance is required not only with the general 
safety instructions given in this section but also with 
the detailed instructions, e.g. for private usage, given 
under the other main headings in these operating 
instructions. 
 
2.1 
Labeling of Advice in the Operating Instructions 
 
In these operating instructions safety advice whose 
non-observance could lead to danger for life or limb is 
labeled with the following general hazard symbol: 

safety symbol acc. to ISO 3864 - B.3.1 
 
Warnings regarding electric power are labeled with: 

safety symbol acc. to ISO 3864 - B.3.6 
 
Safety instructions whose non-observance could 
jeopardize the machine and its functions are labeled 
by the word 
 

CAUTION 
Always comply with instructions mounted directly on 
the machine, e.g.  
- rotational direction arrow 
- fluid connection indicators 
 
and ensure that the information remains legible. 

2.2 
Personnel Qualifications and Training 
 
Personnel charged with operation, maintenance, 
inspection and assembly must be in possession  
of the appropriate qualifications for the tasks.  
The company operating the machine must define 
exact areas of responsibility, accountabilities and 
personnel supervision schemes. Personnel lacking 
the required skills and knowledge must receive 
training and instruction. If necessary, the opera-ting 
company may commission the manufacturer/ 
supplier to conduct these training courses. Further-
more, the operating company must ensure that the 
personnel fully understand the contents of the 
operating instructions. 
 
2.3 
Dangers Resulting from Failure to Observe 
Safety Instructions 
 
Failure to comply with the safety instructions may 
lead to hazards to life and limb as well as dangers 
for the environment and the machine. Non-obser-
vance of safety instructions can invalidate the right of 
claim to damages. 
 
The following are just some examples  of possible 
dangers resulting from failure to comply with the 
safety instructions: 
 
- Failure of important machine/plant functions 
 
- Failure of prescribed methods of service and 

maintenance 
 
- Danger to life and limb due to electrical, 

mechanical and chemical influences 
 
- Danger to the environment due to the leakage  

of hazardous substances 
 
2.4 
Safety-conscious Working 
 
Always comply with the safety instructions listed in 
this document, the existing national accident 
prevention regulations and any company-internal 
work, operating and safety rules. 
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2.5 
Safety Instructions for the Operating 
Company/Machine Operator 
 
- Any potentially hazardous hot or cold machine 

parts must be provided with protection against 
accidental contact at the customer«s premises. 

 
- Protective guards for moving parts (e.g. coupling) 

must never be removed while the machine is in 
operation. 

 
- Leakages (e.g. in the shaft seal) of hazardous 

conveying liquids (e.g. explosive, toxic, hot) must 
be drained in such a way that no danger arises for 
persons or for the environment. Always observe 
the relevant statutory requirements. 

 
- The risk of exposure to electrical power must be 

eliminated (for details, see the VDE regulations, for 
example, or those of the local power supply 
company). 

 
2.6 
Safety Instructions for Maintenance, Inspection 
and Assembly Work 
 
The operator must ensure that all maintenance, 
inspection and assembly tasks are carried out by 
authorized and qualified personnel who have studied 
the operating instructions closely and become 
sufficiently familiar with the machine. 
 
As a basic rule, the machine must be brought to  
a standstill before work is carried out. Always comply 
with the de-commissioning procedure described in 
this document. 
 
Any machiness or assemblies conveying media that 
are detrimental to health must be decontaminated. 
 
Immediately following completion of work, all safety 
and protective devices must be replaced  
in position and, where applicable, re-activated. 
 
Before re-starting the machine, observe the points 
listed under the heading "Initial Startup". 
 

2.7 
Unauthorized Modification and Manufacture of 
Replacement Parts 
 
Conversions or modifications of the machine are 
permissible only in consultation with the manu-
facturers. Original manufacturer replacement parts 
and manufacturer-approved accessories enhance 
the operational safety of the machine. The usage of 
unauthorized parts may lead to the nullification of the 
manufacturer's liability for any resultant damages. 
 
2.8 
Impermissible Modes of Operation 
 
The operational safety of the machines supplied is 
warranted only for employment in accordance with 
the intended use as defined in Section 1 - General - 
of these operating instructions. Never allow the 
threshold values specified in the data sheet to be 
exceeded. 
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3.0 
Transport and Intermediate Storage 
 
3.1 
Safety Precautions 
 
Employ appropriate transport means, hoists and 
tools when transporting and storing the machine, 
always observing the safety instructions. 
 
3.2 
Transport 
 
Depending on its weight, the seepex machine must 
be transported manually or with appropriate trans-
port means. Comply with the transport instructions 
on the packing. 
 
3.3 
Unpacking 
 
The design of the packing is such that the equip-ment 
can be removed manually or, if demanded by the 
weight, by means of appropriate hoists. 
 
Any screw fittings between the machine and the 
packing must be undone. Comply with the attached 
information notices and symbols. 
 
3.4 
Intermediate Storage/Preservation 
 
Unless otherwise indicated in the data sheet, seepex 
machines are provided with preservation only for the 
duration of transport. If a long period of intermediate 
storage is foreseen before the machine is 
commissioned, it is necessary to pro-vide 
supplementary preservation. If necessary,  
the appropriate measures should be drawn up in 
consultation with seepex. 
 
Intermediate storage in extreme climatic conditions is 
permissible only for machine whose design is 
appropriate to the circumstances. If necessary, 
seepex must be consulted. 

CAUTION 
Pumps of the range MAP 
If the period from supply and subsequent storage until 
the commissioning is more than 4 weeks, the hoses 
should be dismantled, refer to Point 7. 
 
3.5 
Protection against Environmental Influences 
 
To afford protection against environmental 
influences, the intermediate storage location  
must be dry, enclosed and free from frost. 
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4. 
Description of the seepex Progressive Cavity 
Pump and Accessories 
 
4.1 
General Description, Design and Mode of Operation 
 
Like all progressive cavity pumps, seepex pumps 
belong to the rotating positive-displacement pump 
family. The characteristic attribute of these pumps is 
the special formation and arrangement of the two 
conveying elements, namely the rotor and the stator. 
 
The difference in the number of threads possessed 
respectively by the rotor and stator produces a 
chamber that opens and closes alternately in line 
with the constant turning motion of the rotor, 
effecting the continuous transportation of the 
conveying product from the suction side to the 
pressure side. 
 
The geometrical formation of the two conveying 
elements combined with the constant contact that 
exists between them result in sealing lines that effect 
an airtight seal between the suction and pressure 
side in every position of the eccentric screw, even 
when the pump is stationary. The pump owes its 
high suction capacity to this  
sealing between the suction and pressure sides. 

4.2 
Mechanical Design 
 
Please consult the sectional drawing, Point 9,  
for the mechanical design of the pump. The data 
sheet, Point 9, gives information on the design of the 
pump housing, stator, rotor and rotating components. 
 
Refer to document OM. SEA. __, for information on 
the design of the shaft seal. 
 
The data sheet, specifies details of the design of the 
drive engine. Further details are  
given in the appended manufacturer's documents, 
Point 10. 
 
4.3 
Accessories 
 
Consult the data sheet for information. 
 
4.4 
Dimensions, Weight 
 
Consult the appended dimensional drawing,  
 

4.5 
Design Variants 
 
Refer to the data sheet, Point 9, for the design of the 
seepex progressive cavity pump. Other design 
variants are possible, whereby seepex must first 
check whether a particular pump is suitable for the 
intended purpose. 
 
4.6 
Operating Site Specifications 
 
Operating site specifications are listed in the data 
sheet, Point 9. Details of the space required for 
installation, operation and maintenance are given in 
Point 5.2.1. 
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5.0 
Assembly / Installation 
 
5.1 
Mounting Tools / Hoists 
 
No special tools are required for the assembly and 
installation of the pump. 
 
The customer must check the dimensions and weight 
of the seepex progressive cavity pump to ascertain 
whether the available hoisting apparatus  
is sufficient for the assembly and fitting of the pump. 
 
5.2 
Initial Assembly 
 
5.2.1 
Inspection Prior to Commencement of Assembly 
 
5.2.1.1 
Location 
 
The place of installation for the pump must con-form 
with the site stated in the data sheet in Point 9. Any 
change of location must be checked and approved by 
seepex. 
 
5.2.1.2 
Space Requirements 
 
Customers are responsible for determining the  
space requirements; the following factors must be 
taken into consideration: 
 
! dimensions and weight of the machine 
! required transport and hoisting equipment 
! possible piping layout with allowance for the space 

allowing disassembly of the rotor as defined in 
5.2.1.3 

! freedom of movement to: 
operate the drive / 
speed regulation 
read speed and pressure indicators 
adjust a stator retensioning device, if fitted 
operate a buffer fluid supply unit, if fitted 

! space required for lubrication / renewal of 
lubricants 

! disassembly of mechanical protective devices, e.g. 
V-belt or coupling protection 

! space required for handling the mounting tools, e.g. 
sufficient wall clearance 

 

5.2.1.3 
Space Allowing Disassembly of Stator P 
 
A specific space must be allowed for exchanging the 
stator. The required dimension "P" is indicated in the 
index of these operating instructions or in the 
appended dimensional drawing, Point 9. 

CAUTION 
Ensure also that the pipe work can be dismounted at 
this location too. 
 

5.2.2 
Installation of the Fully Assembled Pump 
 
¥ Installation in conformity with data sheet 

Installation of the pump is permissible only in 
accordance with the data sheet specifications and 
the associated basic drawing, see Point 9. Any 
change in the position must be checked and 
approved by seepex. 

 
¥ Tension-free mounting of pump 

This rule applies to pumps with and without drives, 
to versions with and without baseplate, for 
mounting on the foundation or other bearing 
elements. The entire area of all bearing surfaces of 
the machine must rest on the ground. Any 
unevenness must be corrected by appropriate 
supports. 

 
! Correct seating of drives  

All drives have been aligned ready for operation 
and mounted by seepex. However, displace-ments 
may occur during transport or installation. For this 
reason, check that the alignment and fastening of 
the drive and coupling are correct. 

 
¥ Protective devices 

On completion of the assembly 
and installation work, immediately 
mount all safety and protective 
devices in their proper locations 
and set them in operation.  
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5.2.3 
Protective and Controlling Equipment 
 
Information on equipment of this nature, where fitted, 
is provided in the data sheet, Point 9. Consult the 
attached manufacturer's specifications, Point 10, for 
instructions on assembly and installation. 
 
5.2.4 
Electric Connection of Electric 
Motor and Frequency Converter 
 
The electric connections must be 
established in accordance with the 
manufacturer's specifications,  
Point 10, as well as the safety speci-
fications applying at the installation 
site. The mains voltage and 
frequency must match the ratings 
indicated on the type and rating 
plates. 

 

¥ Switch on electric motor ãdirect-on-lineÒ 
CAUTION 

An increased starting torque is necessary due  
to the clamping between the rotor and stator 
conveying elements. This means the electric motors 
that drive the progressive cavity pumps must always 
be switched on directly. As a rule,  star-delta startup 
is not possible unless special arrangements have 
been made with seepex. 

 
Three-phase cage motor  

 
Delta connection Star connection 

Terminal 
board 
 

low . . . high . . . 
. . . voltage indicated on rating plate 
 
¥ Speed regulation via frequency inverter 

When progressive cavity pumps with frequency-
controlled drives are started up problems may occur 
due to unsuitable or wrongly set frequency inverters. 
For this reason we recommend the purchase of the 
complete drive, including frequency inverter, from 
seepex, so that the frequency inverter can be tuned 
on the seepex test field along with a trial run.  

Ensure that customer-supplied frequency inverters 
comply with the starting torque and running power 
specified in the appended data sheet, Point 9. 

CAUTION 
Consult the appended document TI.FRU.01, see 
Point 9, for further information on the electric 
connection and the setting of frequency inverter 
and variable-speed motor. 

 
5.2.5 
Piping 
 
5.2.5.1 
Suction and Pressure Flanges 
 
The position, nominal width and standard of the 
suction and pressure flange of the progressive cavity 
pump are specified in the dimension drawing, Point 9, 
and data sheet, Point 9. Always observe the rotational 
direction and flow direction defined in Point 6.2.5. 
 
5.2.5.2 
Piping Dimensioning 

CAUTION 
The pipe diameters on the suction and pressure sides 
must be dimensioned in accordance with the 
customer's pressure-loss calculation in such a way 
that the pressures specified in the data sheet, Point 9, 
are not exceeded. The nominal width of the suction 
pipe should at least match that of the pump suction 
flange. 
 
5.2.5.3 
Residue-free Piping 

CAUTION 
Prior to starting up the pump, ensure that all pipelines 
are free from foreign bodies. Installation residues 
(such as weld spatter, screws, steel chips etc.) will 
lead to damage of the seepex  pump for which 
guarantee claims will not be accepted. 
 
5.2.5.4 
Tension-free Mounting 

CAUTION 
Pipelines and other components requiring to be 
connected with the pump must be mounted without 
stresses. 
 
5.2.5.5 
Fluid Connections for Optional Extras 
Consult the data sheets, Point 9, for information 
regarding the optional extras, if any, that are fitted. 
The technical description is given under Point 9. 
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6.0 
Commissioning/De-commissioning 
 
6.1 
Engineering Data 
 
Details regarding all technical specifications and 
operating conditions are given in these operating 
instructions together with the data sheet, Point 9. 
 
To guarantee the correct assignment of documen-
tation to pump, the commission number on the  
! cover sheet 
! and data sheet of these operating instructions 
 must match the commission number stated on 
! the nameplate of the pump. 
 
6.1.1 
See Point 7.2.2 for Lubricant Chart 
 
6.2 
Preparation for Operation 
 
6.2.1 
Bearing 
 
6.2.1.1 
See Point 7.2.1.4 for pump bearing. 
 
6.2.1.2 
See manufacturer's documents, Point 10, for drive 
bearings. 
 
6.2.2 
Shaft Sealing 
 
See document OM.SEA.__,. 
 
6.2.3 
Filling Up of Suction Side to Avoid Dry Running 
at Startup 

CAUTION 
Before switching on the pump, fill the suction-sided 
pump casing with fluid so that the first rotations will 
lubricate the conveying elements immediately. A 
small quantity of fluid is sufficient for lubrication; the 
subsequent operation of the pump is self-priming, 
even if an air column up to the liquid level remains. 
 
6.2.4 
Electric/Hydraulic Connections 
 
The connections are listed in the 
appended manufacturer's documents, 
Point 10. 
 
The risk of exposure to electrical 
hazards must be ruled out. Always 
observe the safety regulations valid  
at the site of installation. 

6.2.5 
Checking Direction of Rotation 
 
The rotational direction of the pump 
determines the flow direction of the 
conveying medium. 

Flow direction 

counter-clockwise 

Flow direction 

clockwise 

Prior to commissioning the rotational direction of the 
pump must be checked for compliance with the data 
sheet specification and the rotational direction arrow 
on the type plate of the pump. 
 
6.3 
Control and Monitoring Equipment 
 
Where applicable, please refer to the associated 
documents, Point 10, for information on 
commissioning. 
 
6.3.1 
Performance Check 
 
Any optional extras must be subjected to a 
performance check in conformity with the 
specifications by seepex or other manufacturers, see 
manufacturer's documents. 
 
6.3.2 
Setting 
 
Unless already performed in the factory, setting must 
be carried out in accordance with the appended 
manufacturer's specifications, Point 10. Pay attention 
to the operating specifications in the data sheet. 
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6.4 
Equipment for Protection of Persons 
 
Machines must be fitted with mechanical 
protective devices complying with DIN EN 
809. 
 

! Moving or working parts must be 
protected against accidental contact. 

 

! However, safety considerations demand 
it be possible at all times  
to check without hindrance whether the 
shaft seal is fully functional.  
A protective guard is necessary in this 
area only if components are mounted on 
the rotating, smooth shaft. 

 

! If pumps are operated with an open 
suction flange/feed hopper, a suitable 
protective guard complying with DIN EN 
294 must be mounted. 

 

! Country-specific protective regu-lations 
must be observed at the site of 
installation. 
Prior to activation of the pump, check the 
proper function of all protective 
equipment. 

 
6.5 
Commissioning 
 
6.5.1 
Initial Startup/Re-starting 

CAUTION 
Every seepex progressive cavity pump is designed 
for the specific operating conditions documented in 
the data sheet. Commissioning is permissible only if 
the operating conditions conform with those 
indicated in the data sheet. Although the potential 
usages of the seepex pump are not confined to the 
specified operating conditions, any change in the 
original conditions must be checked and approved 
by seepex. 
 

The right to make claims under the warranty 
agreement will be annulled if operating conditions 
are changed without prior approval by seepex. 
 
6.5.2 
Avoid Dry Running of Pump 

CAUTION 
The dry running of a pump increases the friction 
between rotor and stator, quickly causing an 
unacceptably high temperature to develop on the inner 
surface of the stator. This overheating leads  
to burning of the stator material and the total  
failure of the pump. 

For this reason it is necessary to ensure that the 
suction-sided flow never dries up completely.  
If a continuous flow cannot be guaranteed for the 
plant, it is essential to fit the seepex dry running 
protection device TSE, available as an optional 
accessory. 
 
6.5.3 
Check Pressure at Suction and Pressure Flanges 
 
6.5.3.1 
Safeguard Pump Against Excessive 
Pressure at the Suction Flange 
 

The seepex pump is designed to 
operate with the pressure at the suction 
flange (suction head or inlet pressure) 
specified in the data sheet. Deviating 
pressure conditions may lead to the 
failure and/or destruction of the shaft 
seal or entire pump. 
 

For this reason the suction pressure 
specified in the data sheet must be 
guaranteed. Appropriate monitoring 
devices are oil-filled contact mano-
meters that deactivate the pump. 

 

6.5.3.2 
Safeguard Pump Against Excessive Pressure at 
the Pressure Flange 
 

The seepex pump operates according to 
the positive displacement principle. 
Operation of the pump against an 
excessive pressure caused by closed 
valves, by high pressure losses in the 
piping or by product sedimentation will 
lead to the destruction of the pump, 
drive, pipe work and/or downstream 
equipment. Every progressive cavity 
pump must therefore be protected 
against overpressure. Safety valves with 
bypass pipes or oil-filled contact 
manometers that disactivate the pump 
are appropriate protective devices. 

 

6.5.4 
Drive Engine 
 

Consult the attached manufacturer's 
operating instructions, Point 10, for 
information on commissioning the drive 
engine. 
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6.5.5 
Establish Clear Passage Through Pipelines 

CAUTION 
To prevent damage to the pump the unhindered flow 
of liquid must be guaranteed between the points of 
entry to and exit from the pipeline. For this reason, 
open all relevant valves etc. prior to activation of the 
pump. 
 
6.6 
De-commissioning 
 
6.6.1 
De-activation 
 

The electric connections must be 
switched off and protected against 
accidental re-activation. Observe the 
safety regulations applying to the plants.

6.6.2 
Stationary Pump 
 
The pump and all optional equipment must be 
provided with the following protection modes while at 
a standstill: 
 

- Frost protection 
- Protection against solid particle deposits 
- Protection against sedimentation of the medium 
- Corrosion protection for parts in contact with  

the medium 
 

We recommend that the pipeline and pump be 
emptied for the duration of the plant standstill. 
Following evacuation, the pump should be preserved. 
 
6.6.3 
Evacuation of the Pump 
 

The pipeline must be evacuated on the 
suction and pressure side or shut-off 
directly behind the pump connections. 
Drain any residual liquid in the pump 
casing by opening/ removing the 
screwed sealing plugs (705) and (502), 
sealing rings (706) and (503). Casings 
without screwed plug must be 
evacuated by the connection branch 
(SAG and DRS). Refer to the data 
sheet and the sectional drawing of the 
associated operating instruction, Point 
9, for information on the pump design. 
Conveying medium residues always 
remain in the rotor/ stator chambers 
and may run out during transport or 
disassembly of the pump. If conveying 
aggressive or hazardous media, 
therefore, wear appropriate protective 
gear during all installation work. 

 

6.6.4 
Disassembling the Pump 
 
Dismantle the pipe work by removing the flange bolts 
(SCH) and flange seals (DFL) or the threaded 
connections (G). 
 

Disassemble the pump together with the baseplate 
(GPU) or, as applicable, without the baseplate (GPU) 
following removal of the bolts (SCH) at the pump 
feet. 
 

Block-design pumps with direct flange-
mounted drive engine are liable to 
become unstable during disassembly. 
Stability can be restored by propping up 
the drive engine. 
 

6.6.5 
Preservation/Storage 
 
The pump must be preserved prior to storage. 
Appropriate preservation measures must be agreed 
with seepex . Always state the pump commission 
number when making inquiries. 
 



Service and 
Maintenance

Ausgabe 
issue B / 04.01.2006 Dokument 

document OM.MAI.40e Blatt 
sheet 1 (4) 

These operating instructions are valid for 
range  MD (stainless steel-design) 
size 0015-24 to 012-24 
 
7.0 
Service and Maintenance 
 
Contents 
7.1 General Instructions 
7.2 Service and Inspection 
7.3 Dismantling 
7.4 Re-assembly 
 
The sectional drawing and parts list relevant for 
Points 7.3 and 7.4 can be found in Point 9. 
 
7.1 
General Instructions 
 
A requirement for the reliable operation of any pump 
is service and maintenance in compliance with 
instructions. Maintenance personnel must therefore 
have access to these operating instructions and 
adhere to them meticulously. seepex will accept no 
liability for damages arising through non-observance 
of these operating instructions. 
 
7.2 
Maintenance and Inspection 
 
7.2.1 
Lubrication 
 
7.2.1.1 
Rotor and Stator 
 
The rotor and stator are lubricated by the conveying 
medium. 
 
7.2.1.2 
Shaft Sealing 
 
Consult document OM.SEA.__ for information on 
lubricating the shaft seal. 
 
7.2.1.3 
Pin Joint 
 
The pin joints are filled with special grease and 
lubricated for the expected duration of service. The 
seepex joint grease specified in the index of these 
operating instructions should be used exclusively for 
any required maintenance work. 

CAUTION 
Usage of other grease types will lead to premature 
joint failure and render invalid any right to claims 
under guarantee. 
 

7.2.1.4 
Bearing of the Pump/Drive Engine 
 
The bearing of the rotating pump parts is effected by 
the drive engine. Lubrication instructions are 
therefore included in the appended drive engine 
operating instructions. 

7.2.2 
Lubricant Filling Levels 
 
Details are specified in the index. 

7.2.3 
Drives and Optional Extras  

For maintenance and inspection 
specifications, see the appended 
manufacturer's documents. 

7.2.4 
Supervision during Operation 
 
7.2.4.1 
Shaft Sealing 
 
See document OM.SEA.__. 
 
7.2.4.2 
Optional Extras 
 
These must be monitored in accordance with the 
separate documents, Point 9/Point 10. 
 
7.2.4.3 
Drive Engines 
 
These must be monitored in accordance with the 
separate manufacturer's documents, Point 10. 
 
7.2.5 
Preventive Measures 
 
To avoid the expenses incurred by lengthy stop 
periods of the pump, seepex recommends the 
acquisition of a set of wearing parts and a set of 
gaskets. The contents are listed in the document 
OM.WPS.40. 
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7.3 
Dismantling the seepex Progressive Cavity Pump 
 
Tools are required for dismantling and re-assembly. 
These tools are listed in Point 9 of the document 
OM.SPT.01. 

The stator (601) and the rotating pump parts can be 
exchanged in site. The rotating pump parts can be 
dismantled as a complete rotating unit (RTE) (Point 
7.3.4) or as individual components (Point 7.3.5). 
 

Before commencing the dismantling 
of pump parts, safeguard the pump 
against tipping over or falling down  
by fastening it at the drive (ANT). 

7.3.1 
Pressure Flange (700) - Dismantling 
 
Prior to dismantling see Point 7.3.2 

CAUTION 
Pressure branch (700) is glued in place with an 
adhesive of medium strength.  
Therefore, to break the seal / adhesive compound  it 
is recommended to heat upto a maximum of 80 ¡C. 
 

7.3.2 
Stator (601) - Dismantling 
 
¥ Maintenance tip: 

Disassembly of the stator can be made consider-
ably easier by first moistening the inner surface  

 of the stator with antiseize agent (soft or liquid 
soap). Before removing the pressure flange (700), 
pour the antiseize agent into the opening between 
rotor and stator on the pressure flange side. Several 
clockwise (see Point 6.2.5) revolutions of the rotor 
will then distribute the antiseize agent over the inner 
surface of the stator and reduce the friction between 
rotor and stator considerably. 

¥ Lock drive shaft against rotation.  
CAUTION 

Stator (601) is glued in place with an adhesive of 
medium strength. Therefore, to break the seal / 
adhesive compound it is recommended to heat upto 
a maximum of 80 ¡C. Dismantling the stator (601) 
with tool (W13/see Point 9). 

 

7.3.3 
Suction Casing (500), Casing Gasket (501) - 
Dismantling 
 
Fit the rotor (600) with a protective cover (SH). 

CAUTION 
Suction casing (500) with reducing unit (529) 
Reducing unit (529) is glued in place with an 
adhesive of medium strength.  
Therefore, to break the seal /adhesive compound 
it is recommended to heat upto a maximum of 80¡C.  

Suction casing (500) without  reducing unit (529) 
 

Suction casing (500) with  reducing unit (529) 
 



Service and 
Maintenance

Ausgabe 
issue B / 04.01.2006 Dokument 

document OM.MAI.40e Blatt 
sheet 3 (4) 

7.3.4 
Rotating Unit (RTE) - Dismantling 

CAUTION 
Before dismantling the rotating unit it is essential 
to comply with the specifications in document 
OM.SEA.__ Shaft Seal Dismantling, see Point 9.. 
¥ Remove flushing connections at shaft seal 

housing (SEA). 
¥ Raise/shift splash ring (310) and eject plug-in  
 shaft pin (309) in horizontal direction. 
¥ Remove rotating unit (RTE)/plug-in shaft (307), 

together with shaft seal (SEA) from output shaft of  
 the drive (ANT). See Document OM.SPT.01, in  
 Point 9 for tool (W10) used for pulling off. 
¥ See in document OM.SEA.__ for removal of the 

shaft seal (SEA) from the plug-in shaft (307). 
 

7.3.5 
Rotating Pump Parts - Dismantling 
 
7.3.5.1 
Rotor (600), Coupling Rod (400) 
 
Detach the rotor (600) and coupling rod (400) from 
the plug-in shaft (307) by dismantling the joint (G) in 
accordance with Point 7.3.6. 
 

7.3.5.2 
Plug-in Shaft (307) 
 
The plug-in shaft (307) is removed in the same way 
as the rotating unit (RTE), see Point 7.3.4. 
 

7.3.6 
Dismantling of Joint 
 
see document OM.PJT.04 Point 1. 

7.3.7 
Shaft Sealing 
 
See document OM.SEA.__ for information on 
dismantling the shaft sealing. 
 
7.3.8 
Lantern (200)/Drive (ANT) - Dismantling 
 

7.4 
Re-assembly 
 
Before commencing the re-
assembly, fasten the drive (ANT) in 
such a way that it cannot tip over or 
fall down during the re-assembly of 
the drive and all pump components.

7.4.1 
Lantern (200)/Drive (ANT) - Assembly  

Clean flange bearing surfaces (FLS), centering 
diameter and output pivot of the drive (ANT). 
 

7.4.2 
Rotating Unit (RTE) - Re-assembly 
 
The rotating unit (RTE) has been assembled in 
accordance with the description in document 
OM.PJT.04 

¥ Mount shaft seal (SEA) on plug-in shaft (307) in the 
way described in document OM.SEA.__, 

 see Point 9. 
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¥ Moisten splash ring (310) and plug-in shaft (307) 
with joint grease (see index for type) and slide 
splash ring (310) onto plug-in shaft (307), 
observing the fitting position of the splash ring, (see 
lettering on the splash ring). 

¥ Apply antiseize graphite petroleum to the output 
pivot of the drive (ANT) and slide on the rotating 
unit (RTE). Insert plug-in shaft pin (309) 
horizontally. 

¥ Splash ring position (310) 
 Outer edge of splash ring (310) has to occlude  
 with outer edge of plug-in shaft (309).  
 

7.4.3 
Rotating Pump Parts - Re-assembly 
 
Prepare main components: 
Prepare rotor (600), coupling rod (400) and  
plug-in shaft (307) as described in document 
OM.PJT.04 Point 2. to 2.3 
Joint (G) re-assembly as described in document 
OM.PJT.04 Point 3. 
 

7.4.4 
Suction Casing (500), Casing Gasket (501) - Re-
assembly 
 
Fit protective cover (SH) on rotor (600). 
Assemble casing gasket (501) and  
suction casing (500). 

CAUTION 
Install reducing unit (529) to suction casing (500)  
with an adhesive of medium strength 
 

7.4.5 
Stator (601) - Assembly / Re-assembly 
 
Maintenance tip: 
Disassembly of the stator can be facilitated con-
siderably by first moistening the inner surface of the 
stator with antiseize agent (soft or liquid soap). 
Before removing the pressure flanges (700), pour the 
antiseize agent into the opening between rotor and 
stator on the pressure flange side. Several clockwise 
(see Point 6.2.5) revolutions of the rotor will then 
distribute the antiseize agent over the inner surface 
of the stator and reduce the friction between rotor 
and stator considerably 
Lock drive (ANT) shaft against rotation.  

CAUTION 
Install external thread of stator (601) with an adhesive 
of medium strength. Turn stator (601) to the right 
using a tool (W13/see Point 9), slip it onto rotor (600) 
and screw it into the suction casing (500) at the same 
time.  
 

7.4.6 
Pressure Flange (700) - Assembly 

CAUTION 
Install pressure branch (700) with an adhesive of 
medium strength  
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1.0 
Dismantling of Joint 
 
1.1 
Holding Band (406) - Dismounting 
 
Cut through loop (SCL) of the holding band (406)  
with a metal saw.  
 
Wear protective goggles when 
squeezing out the two halves of 
the holding band loop (SCL). 
 

Remove holding band (406).  
 

1.2 
Rotor (600) - Dismantling 
 
Withdraw universal joint sleeve (405) with retaining 
sleeve (401) in coupling rod direction and fix it by 
using a special maintenance tool (W15/see 
document OM.SPT.01) 
 

¥ Separation of Joint 
 

Eject coupling rod pins (402). Pull coupling rod 
(400) out of joint top. 

 

1.3 
Universal Joint Sleeve (405) 
 

1.4 
Coupling Rod (400) 
 

1.5 
Retaining Sleeve (401) 
 
Remove retaining sleeve (401) from universal joint 
sleeve (405).  
 

2.0 
Prepare main components for Re-assembly 
 
2.1 
Rotor (600) - Preparation for Joint Assembly 
 
First remove any burr, flaws or similar defects from 
the rotor, then clean it. 
If the hole for the coupling rod pin (402) has worn 
out, a new rotor (600) has to be installed. 
 
2.2 
Coupling Rod (400) - Preparation for the Joint 
Assembly 
 
Clean coupling rod and check top drilling regarding 
wear. 

CAUTION 
If the top drilling shows wear, a new coupling rod will 
have to be used. 
 

Correct top drilling 
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2.3 
Plug-in Shaft (307) - Preparation for Joint 
Assembly 
 

Remove any burr, flaws or similar defects from the 
plug-in shaft (307), then clean it. 
If the hole for the coupling rod pin (402) has worn 
out, a new plug-in shaft (307) has to be installed. 
 
3.0 
Joint - Re-assembly 

CAUTION 
To ensure a perfect operation of the joints, coupling 
rod pins (402) and coupling rods (400) showing wear 
should be replaced. Refer to Point 2.2 
 
3.1 
Joint Grease (098) 
 

Joint head at rotor (600) and plug-in shaft (307) 
Fill joint head with joint grease (098). 
(Regarding joint grease (098) refer to index of 
operating instruction) 
 

3.2 
Coupling Rod (400) 
 

3.3 
Retaining Sleeve (401) 
 

Moisten both sides of retaining sleeve (401) with joint 
grease and insert this unit in universal joint sleeve 
(405).   
 

3.4 
Universal Joint Sleeve (405) 
 

Moisten surface of coupling rod (400) and inner 
surface of universal joint sleeve with joint grease  
Regarding joint grease (098) refer to index of 
operating instruction. 
Slip universal joint sleeve (405) with fitted retaining 
sleeves (401) onto coupling rod (400) and joint head.  

 

3.5 
Rotor (600) 
 

Push back universal joint sleeve (405) at rotor side 
towards coupling rod (400) and fix it using the 
relevant tool (W15/refer to document OM.SPT.01). 
 

Slip universal joint sleeve (405) onto joint head.  
 
3.6 
Universal Joint Sleeve - Deaeration  

Deaerate interior space of joint at the side of plug-in 
shaft and rotor using relevant tool/screw driver (WS) 
 

3.7 
Holding Band Re-assembly 
 

Mount holding band (406) using tool 
(W3/OM:SPT.01) as described in document 
OM.HBD.01. 
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Holding Band (HBD) - Assembly 
 
Tools required for the re-assembly, see document 
OM.SPT.01. 
 
¥ Prepare holding band 

 Only prefabricated double-band holding bands 
should be used. The diameter (! ) and in particular 
the breadth (b) of the holding band is matched to the 
universal joint sleeve. 

 
¥ Test holding band 

 The bent holding band (HBD) must fit against the 
holding band loop (SCL), if necessary apply 
pressure with the tool/pliers (WZ). 

 

¥ Assembly of holding band 

 Insert holding band in tool (W3/ see Point 9). Hold 
free end of holding band with control lever (EX), 
turn crank (KU) until the holding band is strained 
and fitting against the holding band loop (SCL). 
Carefully contract holding band until it fits inside the 
circular groove of the universal joint sleeve. 

 

¥ Correct holding band tension (HBD) 
 

Correct  
Holding band 
(HBD) has 
slightly con-
tracted outer 
form of 
univers-al joint 
sleeve and is 
stuck in 
position. 

Incorrect  
Holding band 
(HBD) is too 
slack and 
liable to slip. 

Incorrect  
Holding band  
(HBD) is too tight. 
Universal joint 
sleeve will be 
damaged/sheared 
off. 

 
¥ Folding back the holding band (HBD) 
 

Slowly swivel mounting tool upward by 60¡, at the 
same time slackening the crank (KU) by 
approximately one half revolution. Swivel cutting 
lever (SH) forward until the pressure plate fits 
against the holding band loop (SCL). 
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¥ Shearing off holding band (HBD) made of material 
AISI 304 and AISI 316 

 
A blow with the palm of the hand against the 
cutting lever (SH) causes the end of the holding 
band behind the loop (SCL) to be folded back and 
sheared off. If the holding band on the sheared off 
side is slightly raised as a result, it must be 
straightened carefully. 

CAUTION 
Never tap or hammer against the loop of the 
holding band (SCL), otherwise damage to the 
universal joint sleeve may occur. 

 

¥ Shearing off holding band (HBD) made of 
 Hastelloy C  
 

The high strength of this material makes it 
 impossible to shear off the holding band (HBD) 
 with the cutting lever (SH). Once the end of the 
 holding band is folded back, cut off the holding 
 band (HBD), file off projecting edges and remove 
 burr. 
 

¥ Check after mounting of holding band 
 
The holding band must run all the way round the 
groove of the universal joint sleeve. 

 
The holding band (HBD) must be bent back and 
sheared off at the holding band loop (SCL) in such a 
way that the holding band (HBD) is unable to slip 
back through the holding band loop (SCL). If this has 
not been accomplished, then the holding band 
(HBD) must be replaced by a new one. 
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seepex progressive cavity pumps will operate trouble-free if they are 
used in accordance with our data sheet (see item 9) and our 
operating and maintenance instructions: 

1 2 3 4 5 6 7 8 9 10  Reasons / Remedies 

X X a
Adhesion between rotor and stator  excessive (as delivered). Lubricate 
(soft soap, genuine soap) between stator and rotor.  
Then turn the pump by means of the tool W2 . 

X b Check rotational direction of the pump per data sheet and nameplate. In 
case of wrong direction, change wiring of motor. 

X X X X X c Suction pipe or shaft sealing leak. Eliminate the leakage. 

X X X X d
Suction head too high (item 6.5.3.1). Check suction head with vacuum 
gauge. Increase the suction pipe diameter and fit larger filters. Open the 
suction valve fully. 

X X X e Viscosity of the liquid too high.  
Check and accommodate per data sheet. 

X X X f Wrong pump speed. Correct pump speed per data sheet. 

X X g Avoid inclusions of air in the conveying liquid. 

X X X X X h
Pressure head too high (point 6.5.3.2). Check pressure head with 
manometer. Reduce the pressure head by increasing the pressure pipe 
diameter or by shortening the pressure pipe. 

X X X X X i Pump runs partially or completely dry (point 6.5.2). Check flow in the 
suction chamber. Install dry running protection TSE. 

X X j
Check coupling, possibly pump shaft is misaligned to drive. Check 
whether coupling gear is worn. Realign coupling. The coupling gear has 
perhaps to be replaced. 

X X k Speed too low. Increase the speed when high suction performances are 
required and when the liquid is very thin. 

X X X l Speed too high. Reduce the speed when pumping products with high 
viscosities - danger of cavitation. 

X m Check the axial play in the coupling rod linkage. Check that the bush 
has been installed correctly see document OM.PJT.__. 

X X X X X n Check for foreign substances in the pump. Dismantle the pump, remove 
foreign substances and replace worn parts. 

X X X X o Stator or rotor worn. Dismantle the pump and replace defective parts. 

X X X X p Joint parts worn. Replace worn parts and fill with special pin joint grease 
.

X X X X q Suction pipework partially or completely blocked. Clean suction 
pipework. 

X X X X X r
Temperature of the pumping liquid too high. Excessive expansion of the 
stator. Check temperature and install rotor with diameter smaller than 
specified. 

X X X X X s Gland packing too strongly tightened or worn. Ease or tighten stuffing 
box. Replace defective packing rings. 

X X X X t Solid contents and/or size of solids too large. Reduce pump speed and 
install perhaps a screen with suitable meshes. Increase fluid share. 

X X X X u When the pump is non operational the solids settle out and become 
hard. Clear and flush the pump immediately. 

X X X X X v The liquid becomes hard when temperature falls below a certain limit. 
Heat the pump. 

X X X X w Stator swollen and unsuitable for the pumped liquid. Select a suitable 
stator material. Use perhaps rotor with diameter smaller than specified. 

X X x The bearing in the drive casing of the pump or in the drive engine is 
defective. Replace bearing. 

X y Mechanical seal defective. Check seal faces and O-rings. If necessary 
replace corresponding defective parts. 
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Mechanical Seal
General, Safety, 

Emissions

Ausgabe 
issue B / 24.01.2006 Dokument 

document OM.SEA.12e Blatt 
sheet 1 (1) 

1.  
General 
 
¥ Please take the appertaining drawing from 

respective pump data sheet. 
 
¥ The mechanical seal is suitable for the operating 

conditions indicated in the pump data sheet. 
Modifications are only admissible after the customer 
has consulted with seepex . Additionally, attention 
must be paid to the manufacturerÕs operating 
manual. 

 
2. 
Safety 
 
Any mode of operation impairing the operating safety 
of the mechanical seal has to be avoided. 
 
The operator is advised to consider the possible 
effects on the environment which could be caused by 
a defective mechanical seal and what additional 
measures must be taken to protect the environment 
and the public. 
 
The pump must be mounted and operated in such  
a way that operation with a defective mechanical seal 
will not result in injury or harm to the public and that 
any leakage can be safely and properly dealt with. 
 
Mechanical seals are often used to seal hazardous 
material (chemicals, drugs, etc.). It is essential that 
rules pertaining to the handling of hazardous 
materials are adhered to. 
 
Modifications effected by the customer himself and 
changes influencing the safety of the mechanical seal 
are not allowed. 
 
3. 
Emissions 
 
A mechanical seal is a dynamic seal and leakage is 
unavoidable. 

ATTENTION 
Components that may contact leakage must be 
resistant to corrosion or be protected accordingly. 
 
Mechanical seal leakage must be drained in a safe 
and proper manner. 
 



Single-Acting 
Mechanical Seal

Ausgabe 
issue B / 04.01.2006 Dokument 

document OM.SEA.02e Blatt 
sheet 1 (2) 

1.0 
General 
 
¥ Please take the appertaining drawing from 

respective pump data sheet. 

¥ The mechanical seal is suitable for the operating 
conditions indicated in the pump data sheet. 
Modifications are only admissible after the customer 
has consulted with seepex. Additionally, attention 
must be paid to the manufacturerÕs operating 
manual. 

 
2.0 
Safety 

Any mode of operation impairing the operating safety 
of the mechanical seal has to be avoided. 

The operator is advised to consider the possible 
effects on the environment which could be caused by 
a defective mechanical seal and what additional 
measures must be taken to protect the environment 
and the public. 

The pump must be mounted and operated in such  
a way that operation with a defective mechanical seal 
will not result in injury or harm to the public and that 
any leakage can be safely and properly dealt with. 

Mechanical seals are often used to seal hazardous 
material (chemicals, drugs, etc.). It is essential that 
rules pertaining to the handling of hazardous 
materials are adhered to. 

Modifications effected by the customer himself and 
changes influencing the safety of the mechanical seal 
are not allowed. 
 
3.0 
Emissions 
 
A mechanical seal is a dynamic seal and leakage is 
unavoidable. 

ATTENTION 
Components that may contact leakage must be 
resistant to corrosion or be protected accordingly. 

Mechanical seal leakage must be drained in a safe 
and proper manner. 
 

4.0 
Flushing or circulation of single-acting 
mechanical seals 
 
Single-acting mechanical seals contacting the con-
veying liquid require no additional flushing or a 
circulation pipe because sufficient flushing and heat 
exchange occurs around the seal due to the 
conveying liquid. 

However, in particular cases, a direct flushing pipe 
can be installed into the flushing connection on the 
mechanical seal housing. 
 
5.0 
Commissioning 
 
Regardless of the pump's operating status, the con-
veying medium to be sealed must always be in liquid 
form at the mechanical seal. This particularly applies 
to the pump's commissioning and its placing out of 
service. 
 
6.0 
Maintenance 
 
When operating the pump according to the instruc-
tions, no maintenance is required. 
 



Single-Acting 
Mechanical Seal

Ausgabe 
issue B / 04.01.2006 Dokument 

document OM.SEA.02e Blatt 
sheet 2 (2) 

7.0 
Disassembly / Reassembly 
 
7.1 
Disassembly 
 
- Remove flushing connections at shaft seal housing 

(SEA). 
- Lift / displace splash ring (310) and eject plug-in 

shaft pin (309) horizontally. 
- Withdraw rotating unit (RTE) together with shaft seal 

parallel from output shaft of drive and avoid 
chocking. 

- Clean plug-in shaft (307) and remove burrs etc., 
which may damage sealing elements. Moisten plug-
in shaft (307) with slip additive (diluted fluid soap). 

- Loosen axial safety device of mechanical seal (330 
or 372) and withdraw mechanical seal (330) from 
plug-in shaft (307). 

- Remove mechanical seal housing (333) from lantern 
(200). 

- Press counter-ring of mechanical seal with o-ring out 
of mechanical seal housing (333). 

 

7.2 
Reassembly 

ATTENTION 
Mechanical seals are precision parts of high quality. 
Therefore, the installation must be effected with care. 
Gentle handling and extreme neatness are essential. 
 
- Clean mechanical seal housing (333) 
- Evenly press counter-ring with o-ring into mecha-

nical seal housing (333). To facilitate assembly, the 
o-ring should be moistened with a lubricant (diluted 
fluid soap). 

ATTENTION 
- Oil or grease must not be used to facilitate 

assembly. 
- Install mechanical seal housing (333) to lantern 

(200) and onsure correct position of flushing 
connections.  

- Remove plug-in shaft (307), burrs and roughness 
and clean the unit. 

- Check / adjust set dimension of mechanical seal on 
plug-in shaft (307). Moisten plug-in shaft (307) and 
elastomer parts of mechanical seal with lubricant 
(diluted fluid soap). 

- Slip mechanical seal onto plug-in shaft (307) as far 
as set ring. 

- Lubricate drive shaft (ANT) with antiseize graphite 
petroleum. 

- Moisten splash ring (310) and plug-in shaft (307) 
with pin joint grease, (for type, please see index) 
and slip splash ring (310) onto output shaft of drive. 
Note installating position of splash ring and refer to 
description on splash ring. 

- Move rotating unit (RTE) through mechanical seal 
housing (333) and splash ring (310) and slip splash 
ring (310) onto output shaft of drive (ANT). Push in 
plug-in shaft pin (309) in horizontal position. 

- Position of splash ring: 
Collar of splash ring shall be fitted in a distance of 
about 0.5 mm to lantern (200). 

 



Wearing parts 
and gaskets

Ausgabe 
issue C / 05.01.2006 Dokument 

document OM.WPS.40e Blatt 
sheet 1 (1) 

Range: MD, MDF 
 
To avoid the expenses incurred by lengthy stop periods of the pump, seepex  
recommend the acquisition of a set of wearing parts and a set of gaskets.  
The table below shows the contents of these sets.  
 

sm
al

ls
et

o
f

w
ea

ri
n

g
p

ar
ts

b
ig

se
t

o
f

w
ea

ri
n

g
p

ar
ts

se
t

o
f

g
as

ke
ts

Part designation Number

Rotor 1 600

Stator 1 1 601

Universal joint sleeve 1 405

Coupling rod pin 2 402

Guide bush - -

Coupling rod 1 400

Coupling rod bush - -

Casing gasket 1 501

Holding band, small - -

Holding band, large 2 406

Packing ring set 1 1 301

Mechanical seal 1 330

Sealing ring 4 571, 726

Splash ring 1 310

O-ring 1 572

Plug-in shaft 1 307

Special joint grease 098

Tool

Item number acc. to sectional 
drawing of pump and parts list

2)

2)

2)

2)

2)

2)

2)

Essential for assembly, see 
Point 9, document  OM.SPT.01

1 cart. 300 gr (c. 315cm!) grease quantity 
per pin joint, see tech.

3)

3)

 

2)  see tools Point 9., document OM.SPT.01 
3)  Item 330 and item 301 (as an alternative) depend on the pump design. With regard to the pump  
 design, refer to the appertaining data sheet and the sectional drawing. See Point 9.  
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OPERATING  MANUAL 
 
 

This document was drawn up observing the EC directives 
"Machinery" 98/37/EC, EN ISO 12100-2 and the German Standard VDI 4500 

 
 

 

 In case of this mechanical seal is operated in explosion area  an appropriate 
additional ope rating manual,  following EC directives 94/9/EC (ATEX 95), has 
to be observed by all means ! If required this could be ordered at BURGMANN. 

 
 

BURGMANN  MECHANICAL  SEAL (M.S.) 
 
 
Type MG1/dw-00 and versions 
 

applies to all mechanical seals of the same series 
 

dw = specified shaft diameter 
 
 
These instructions are intended for the assembly, operating and control personnel 
and should be kept at hand on site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PLEASE READ this manual carefully and OBSERVE the information contained as to: 
 

 Safety  Transport / Storage  Information about the product  
 Installation  Operation    Servicing 

 
If there are any unclear points please contact BURGMANN by all means! 
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Keywords and Symbols 
 

Following symbols for particularly important information are used: 
 
 

 
 

 
 
"Attention, please pay special attention to these sections of text" 
 

 
 DANGER!  
 

Draws attention to a direct hazard that will lead to injury or death 
of persons 
 

 
 WARNING!  
 

Draws attention to the risk that a hazard could lead to serious 
injury or death of persons 
 

 
 CAUTION!  
 

Draws attention to a hazard or unsafe method of working that 
could lead to personal injury or damage to equipment 
 

 
 ATTENTION!  
 

Identifies a potentially dangerous situation. If it is not avoided the 
product or something in its vicinity could be damaged 
 

 
 IMPORTANT!  
 

Identifies tips for use and other particularly useful information. 
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GENERAL  SAFETY  NOTES 
 

 
 

Any person being involved in assembly, disassembly, start up, operation and 
maintenance of the BURGMANN Mechanical Seal must have read and understood 
this Instruction Manual and in particular the safety notes. We recommend the user to 
have this confirmed. 

 
BURGMANN Mechanical Seals  are manufactured on a high quality level  (quality 
management EN ISO 9001: 2000) and they keep a high working reliability . Yet, if 
they are not operated  within their intended purpose  or handled inexpertly  by 
untrained personnel they may cause risks . 

 
The machine has to be set up in such a way that seal leakage can be led off and 
disposed properly and that any personal injury caused by spurting product in the 
event of a seal failure is avoided. 

 
Any operation mode that affects the operational safety  of the mechanical seal is not 
permitted. 

 
Unauthorised modifications or alterations are not permitted  as they affect the 
operational safety  of the mechanical seal. 

 
BURGMANN mechanical seals must be installed, operated, maintained, removed or 
repaired by authorised , trained and instructed personnel only.  

 
The responsibilities  for the respective jobs to be done have to be determined 
clearly and observed  in order to prevent unclear competencies from the point of 
security . 

 
Any work  to be done on the mechanical seal is generally  only permitted  when the 
seal is neither operating nor pressurised . 

 
 WARNING!  Seals that have been used with hazardous substances  must be properly 

cleaned  so that there is no possible danger  to people or to the environment. 
 

Apart from the notes given in this manual the general regulations for worker's 
protection and those for prevention of accidents  have to be observed. 
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Instructions for worker's protection 
 

 
 
 WARNING!  If the medium to be sealed  and/or the supply liquid  is subject to the 

Hazardous Substances Regulation  (GefStoffV), the instructions for handling  
dangerous substances  (safety data sheets to EU Directive 91/155/EEC) and the 
accident prevention regulations  have be observed. 

 
Medium to be sealed and/or supply medium may escape if the seal fails . Injury of 
persons and environment may be prevented by the user  providing for splash 
protection and wearing safety goggles. Care has to be taken by the user for proper 
disposal  of the leakage. The user has to control these measures. 

 
The user has to check  what effects a failure  of the mechanical seal might have and 
what safety measures have to be taken to prevent personal injury or damage to the 
environment. 

 



Operating  Manual 
MG1/dw-00 page  6 / 20 

 en   MG1/dw-00   /    June 13, 2006   Rev. 10.1  

 
TRANSPORT / STORAGE 
 
Transport 
 

If not specified differently by contract the BURGMANN standard packing is used 
which is suitable for dry transport by truck, train or plane. The warning signs and 
notes on the packing must be observed. 

 
In addition seaworthy packing may become necessary. 

 
Notes for income inspection: 
¥ Check packaging for visible damages. 
¥ Open packaging carefully. Do not damage or lose parts supplied separately. 
¥ Check if consignment is complete (delivery note). Inform the supplier immediately 

in writing if parts are damaged or missing. 
 

The mechanical seal has to be protected from damage during transport and storage. 
The transport case in which the seal is supplied is well suited for this purpose and 
should be kept for a possible return transport. 

 
 ATTENTION!  If the machine as well as the mechanical seal installed into the machine 

are transported together the shaft has to be protected from deflection and shocks. 
 
 
 
Packing and storage 
 

The following recommendations apply to all BURGMANN mechanical seals which 
have been supplied and stored in their undamaged original packaging , as well as 
to seals which have been installed in a machine (e.g. pump, compressor, agitator, 
etc.) but have not yet been put into operation. 

 
BURGMANN mechanical seals and spare parts are super finished and repeatedly 
tested machine elements. For the storage special conditions have to be followed. 

 
Sliding materials and elastomers are subject to material-specific and time-based 
alterations (distortion, ageing) which might reduce the full efficiency of the 
mechanical seals. Yet, this may be avoided by observing the storage instructions. 

 
For the stock keeping of elastomers special conditions are required. For all rubber-
elastic parts the rules of DIN 7716 resp. of ISO 2230-1973 (E) are valid. 

 
Conveniences for storing  of mechanical seals 
¥ dust free 
¥ moderately ventilated  
¥ constantly tempered 

!  relative air humidity below 65 %, 
!  temperature between 15 ¡C and 25 ¡C. 
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Protect  the seal from 
¥ direct exposure to heat (sun, heating) 
¥ ultraviolet light  (halogen or fluorescent lamps, sunlight, arc welding) 
¥ presence or development of ozone  (arc welding, mercury vapour lamps, high-

voltage devices, electric motors) 
"  risk of embrittlement  of elastomeric materials 

 
It has to be differentiated between: 
!  M.S. stored  in the stock room 
!  M.S. installed  in the machine, but not yet in operation. 

 
#  M.S. in the stock 

 

 IMPORTANT!  Store the seal in the original packing  lying on a flat surface . 
 

¥ Check the packaging periodically for damages. 
¥ Plastic sheet packagings with humidity indicators have to be checked every 

8 weeks. The check has to be recorded. 
"  Packings exceeding 50 % rel. humidity  values have to be sent to the manu-

facturer or the nearest BURGMANN service centre  for inspection and new 
packaging. 

 
Duly stored mechanical seal:  
¥ Latest 3 years after delivery of the mechanical seal 
¥ For reasons of safety shipment of the M.S. to BURGMANN resp. nearest 

BURGMANN service centre for 
"  Exchange of all secondary seals and springs 
"  Verification of the flatness of the faces 
"  Perhaps static pressure test. 

 
#  M.S. installed into the machine: 

 

 ATTENTION!  A preservation  of the BURGMANN mechanical seals is not allowed . 
 

Check in case of a preservation of complete machines with mechanical seals 
installed BURGMANN has to be contacted. 
¥ Do not use corrosion protection agents. 
"  Risk of deposition and possibly chemical attack of the secondary seals. 

 
Due to longer erecting times of new designed plants the period between delivery of 
the mechanical seal and on the other hand its installation and start up may exceed 
the period of 2-3 years. 

 
Latest after 3 years and in time  before the planned start-up of the plant the seal 
has to be dismantled and to be sent to the manufacturer or the nearest BURGMANN 
service centre where it can be checked and reconditioned, if necessary. 

 
Damages caused by improper storage may not  be claimed with reference to the 
warranty  on the BURGMANN company. 
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INFORMATION  ABOUT  THE  PRODUCT 
 

All technical information given is based on the results of extensive testing and on 
BURGMANN's long term practical experience. However, in view of the great diversity 
of possible applications the technical data can only be taken as being of approximate 
nature. We can only guarantee the safe and efficient functioning in individual cases if 
we have been comprehensively informed of the operating conditions to which they 
will be subject, and if this has been confirmed in a separate agreement. 

 
 
 
Manufacturer and country of origin 
 

Burgmann Industries GmbH & Co. KG 
€u§ere Sauerlacher Str. 6-10 
D - 82515  Wolfratshausen 

 

Germany 
 
 
 
Declaration by the manufacturer 

within the meaning of the EC-directive "MACHINERY" 98/37/EG 
 

A mechanical seal does not function independently . It is intended to be 
incorporated into or assembled with machinery. 

 
 
 
Type designation 
 

BURGMANN Mechanical Seal MG1/dw-00 
 
 
 
Designated use 
 

This mechanical seal is exclusively  designed for the use in the specified application. 
A different utilisation  or a utilisation going beyond the specification is considered 
contrary to its designated use  and excludes a liability by the manufacturer. 

 
Operation under conditions lying outside  those limits stated in paragraph 
"Operating limits"  is considered contrary to its designated use . 

 
Should the seal be operated  under different conditions  or at a different 
application  BURGMANN has to be asked for recognition as safe in advance . 
"  Changes  to operating conditions have to be documented. 
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Operating limits 
 
 ATTENTION!  Operating limits depend on the materials, the media to be sealed and the 

diameter of the sealing. (If there are any unclear points please contact BURGMANN.) 
 

Shaft diameter (dw) : 10 - 100 mm 
 

Pressure to be sealed (p1) : 12 bar g 
Temperature to be sealed (t1) : -20 ... 120¡ C 
Max. sliding speed  (vg) : 10 m/s 

 
Operation under several limit values simultaneously should be avoided  as higher 
loads (pressure, temperature, speed) can increase wear or lead to damage of sliding 
faces or elastomers. This could result in a shorter service life and in the risk  of a 
sudden seal failure endangering men and environment. 

 
The selection of the mechanical seal (type, suitability, materials) should be done by 
BURGMANN staff or other authorised persons. A wrong selection by unauthorised 
persons is not covered by BURGMANN's warranty . 

 
Further information about the operating conditions can be found in the BURGMANN 
assembly drawing MG1/dw-00 or in the specification sheets of the machine 
manufacturer. 

 
 
 
Materials 
 

The materials of the mechanical seal depend on the application and are fixed in the 
order. 

 
 
 
Drawings, diagrams 
 

Assembly drawing  MG1/dw-00 
 

The original assembly drawing in its latest edition (latest revision) only is decisive for 
both the design of M.S. as well as the utilisation of this manual. 

 
In the following description all figures in parentheses, e.g. (2) define the respective 
part item no. in fig. 1. The part item no. may vary from those stated in the assembly 
drawing. 
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Versions 
 
$  MG12/É 
$  MG13/É 
$  MG1S20/É 
$  RMG12/É 
 

$  MG1  MULTIPLE  M.S. 
 

The mechanical seal type MG1 can also be used as multiple mechanical seal  (also 
in combination with seal types of other series) in tandem arrangement  with quench 
(API, plan 52) or as dual mechanical seal  with barrier fluid (API, plan 53). 
Consultation with the BURGMANN company is recommended. 

 
 
 ATTENTION!  PTFE o-rings or double-PTFE-wrapped o-rings may not be used at seat 

versions without torsion lock . 
 

This operating manual applies also to the mentioned seal versions with slight 
modifications and/or to combinations with seats not stated in this manual. 

 
 
 
Seat Versions 
 

 
 
 



Operating  Manual 
MG1/dw-00 page  11 / 20 

 en   MG1/dw-00   /    June 13, 2006   Rev. 10.1  

 
Description and function 
 

 single  seal 
 unbalanced 
 bi-directional 
 stationary seat  (2) 
 o-ring (3) 
 rotating seal face  (1.1) 
 elastomeric bellow  (1.2) 
 cylindrical  single spring  (1.5) 
 no glued joints 
 materials of the sliding parts 

replaceable 
 for media containing solids (e.g. 

sewage applications) 
 rotating, torsion-free elastomeric 

bellows serving as 
!  face housing 
!  secondary sealing element 
!  drive collar 

 torque transmission from the seal face by means of "L"-rings and a rotating, 
cylindrical single spring 

 axial movability 
dw: 10 É 12 mm  ±0,5 mm 
dw: 14 É 18 mm  ±1,0 mm 
dw: 20 É 26 mm  ±1,5 mm 
dw: 28 É 100 mm  ±2,0 mm 

 
 
 
Required space, connecting dimensions 
 

The required mounting space for the mechanical seal is decisive for the design of the 
housing parts by the machine manufacturer. The connecting dimensions have to be 
checked by the machine manufacturer by means of the BURGMANN drawing before 
mounting the mechanical seal. 

 
 
 
Supply of M.S. 
 

The mechanical seal has to be constantly wetted by liquid medium. The medium to 
be sealed must not damage the M.S. neither chemically (e.g. corrosion, 
embrittlement) nor physically (e.g. erosion, abrasion). 

 
For a safe operation of the mechanical seal we recommend to apply at inboard  the 
most suitable type of circulation  described in API 610 / 682. This measure protects 
the seal cavity from deposition of solids. 

 
To operate multiple seals special supply systems are required. Please contact 
BURGMANN. 
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Emissions 
 

A mechanical seal is a dynamic seal  that cannot be free of leakage  due to physical 
and technical reasons. Seal design, manufacture tolerances, operating conditions, 
running quality of the machine, etc. mainly define the leakage value. In fact, 
compared to other sealing systems there is few leakage . 

 
 WARNING!  If the medium to be sealed  and/or the supply liquid  is subject to the 

Hazardous Substances Regulation  (GefStoffV), the instructions for handling  
dangerous substances  (safety data sheets to EU Directive 91/155/EEC) and the 
accident prevention regulations  have be observed. 

 
A possibly increased leakage during start-up will decrease to a normal quantity after 
the running-in period of the sliding faces. 

 

If this is not the case or if there are other malfunctions the mechanical seal has to be 
shut down, removed and checked for reasons of safety. 

 
The leakage can be liquid or gaseous. Its aggressiveness corresponds to that of the 
medium to be sealed. 

 
Leakage of mechanical seal at outboard side has to be drained and disposed 
properly. 

 
 IMPORTANT!  Components which may get in contact with the leakage have to be 

corrosion-resistant or have to be adequately protected. 
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INSTALLATION 
 
Assembly utilities 
 

!  ethyl alcohol 
!  cellulose-tissue (no rag, no cloth!) 
!  o-ring lifter 
!  water and washing up liquid 
!  cardboard discs 

 
 
 
Preparation for assembly 
 
 ATTENTION!  The seal should remain packed  until the following working steps have 
been completely terminated . 
 

Check the parts of the machine for: 
 

 
 

¥ chamfered  edges  
(sliding cones i.e. 2 mm / 30¡ or 
in accordance with EN 12756) 

¥ radiused transitions 
¥ mating fits  and o-ring 

surfaces: 
fine finished Rz 10 µm (= N7 = 
CLA 63) 

 

¥ Shaft surface  in the area of the mechanical seal finished according to EN 12756: 
Ra = 0.8 µm (= N6 = CLA 32). 

¥ Shoulder  or stop device for the bellows of the mech. seal to take up axial forces 
 

Check at the machine: 
¥ damage of connecting surfaces to the M.S. 
¥ mating dimensions, rectangularity and concentricity to the shaft axis. 

 
Run-out accuracy of the shaft (acc. to DIN ISO 5199): 
¥ Shaft diameters up to 50 mm:   max. 0.05 mm 
¥ Shaft diameters 50 mm - 100 mm:  max. 0.08 mm 

 
¥ Prepare the place of assembly, take away any not required tool, cuttings, dirty 

cleaning wool etc. 
 

¥ Cover the work bench with a piece of clean, non-fibrous cardboard. 
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Assembly / installation 
 

BURGMANN mechanical seals are super-finished and repeatedly tested machine 
elements whose handling during assembly in particular of sliding materials and 
elastomers requires special care during several procedures. 

 
For installation the assembly drawing of mechanical seal has to be observed. 

 
 IMPORTANT!  The mechanical seal has to be installed under the cleanest conditions and 

very carefully. 
 

¥ Unpack the seal and check seal face, seat and elastomer bellows for possible 
damages. 

"  Never place the seal faces or seats on their sliding faces without having covered 
them adequately. 

 
¥ Check before starting assembly: 

!  complete availability of all components by means of the drawing 
!  all components have to be clean and in perfect condition. 

 
¥ Sprinkle the elastomer bellows and the shaft with low-surface-tension water (add 

washing up liquid) or ethyl alcohol to decrease frictional force during assembly of 
the seal. 

 

Oil or grease  as assembly agent is not permitted in any case. 
 

 ATTENTION!  Do never force  during installation. 
 

 ATTENTION!  Avoid unnecessary rotation of the shaft (damage of the sliding faces is 
possible). 

 

 ATTENTION!  Avoid knocking the seal!  Damage to mechanical seals has an adverse 
effect on their safe operation. 

 
Possible installation order: 

 
¥ Feed the degreased  sealing element (o-ring, rubber cup) onto the seat. 

 
If present: 
¥ At the seat mark the position of the rear slot beside the sliding face. 
¥ Align the seat with the torque transmission pin. 

 

¥ Cover the sliding face of the seat with a cardboard washer  
¥ Press the seat slowly and without interruption into its position. 

"  Use plenty of water or alcohol as lubricant. 
"  Use a distance sleeve, if necessary. 

¥ Remove the cardboard washer from the sliding face. 
¥ Check the rectangular position of the seat to the shaft axis. 
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¥ Mount the seal cover with the seat installed before. 
¥ Clean the sliding faces thoroughly with ethyl alcohol and paper tissues (no fabric, 

no cloths! ). 
"  In case of material "BUKO"  (carbon graphite) wipe it until the paper tissues stay 

clean. 
"  Do not touch the sliding faces any more with bare fingers. 
"  Mount the sliding faces absolutely dry, dust-free and clean. Do not use any 

lubricants! 
 
 

 

¥ Push rotating seal unit (bellows unit) with a slow 
clockwise turn onto the shaft. 

¥ Stick to the dimensions in the assembly drawing! 
"  If necessary use a mounting sleeve. 
"  For long pushing distances add liquid several times. 

 

 
¥ Check "L" rings, spring and seal face for correct fit. 

 
¥ Mount stop device for bellows unit to take up axial forces. 
"  Stick to the dimensions in the assembly drawing by all means!  

 
¥ Further assembly of the machine in accordance with the instructions of the 

machine manufacturer. 
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OPERATION 
 
Instructions for safe operation 
 

For a single mechanical seal the pressure in the seal chamber  (stuffing box 
pressure) has to be higher than the ambient pressure at the machine at any time. 
Otherwise the machine will suck in air via the sliding faces, which will result in dry-
running  and consequent failure  of the mechanical seal. 

 
Damages due to dry-running are excluded from the warranty. 

 
During every state of operation  the mechanical seal has to be constantly wetted by 
the medium to be sealed in its liquid form , in particular when the machine is 
started  or stopped . The machine design has to be such as to take this necessity into 
consideration. 

 
If the medium to be pumped builds deposits or tends to solidify during cooling down 
or standstill of the machine the stuffing box has to be flushed with suitable clean 
liquid. The flow and the liquid should be determined by the user. 

 
If the operation limit values and the instructions given in this manual are followed a 
trouble-free operation of the mechanical seal can be expected. 

 
 
 
Instructions for start up 
 

Safety checks before start up 
¥ Torque transmission between mechanical seal and shaft duly installed 
¥ Supply connections tightened pressure-sealed 
¥ Disposal connections installed environmentally safe 

 
For a safe operation of the mechanical seal we recommend to apply at inboard  the 
most suitable type of circulation  described in API 610 / 682. This measure protects 
the seal cavity from deposition of solids. 

 
¥ Flood machine and seal cavity (stuffing box) with medium and vent thoroughly. 
!  Now the seal is ready for operation. 
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SERVICING 
 
Maintenance 
 

A correctly operated mechanical seal needs low maintenance . Wear parts, however, 
have to be replaced, if necessary. 

 
A duly operation includes a regular check of the following parameters: 
¥ Temperature 
¥ Leakage (drainage) rate of the mechanical seal 

 
An inspection of the mechanical seal should be carried out during a revision of the 
complete plant. We recommend to have this inspection be performed by responsible 
BURGMANN personnel. 

 
If the mechanical seal is removed during a revision of the plant it has to be replaced 
by a new one. 

 
 
 
Directives in case of failure 
 

Try to define the kind of failure and record it. 
 

!  In the event of excessive leakage , note changes in the leakage amount and 
switch the pump off if necessary. 

"  If a constant amount is leaking in a steady flow, the mechanical seal is damaged. 
!  In the event of a inadmissible  temperature rise , the machine has to be stopped 

for safety reasons. 
 

If there is a malfunction  which you cannot correct on your own, or if the cause of 
malfunction is not clearly recognisable please immediately contact the nearest 
BURGMANN agency , a BURGMANN service centre or the BURGMANN 
headquarters. 

 
During the warranty period  the BURGMANN mechanical seal must only be 
disassembled with approval of the manufacturer or when a representative is present. 
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After-sales service by BURGMANN 
 

BURGMANN's customer service department offers a comprehensive service 
package covering consultancy, engineering, standardisation, installation, 
commissioning as well as damage analysis right through to seminars on sealing 
technology. 

 
Addresses are listed in the known BURGMANN Design Manuals as well as in various 
other BURGMANN brochures. 

 
 

Address of headquarters: 
 

Burgmann Industries GmbH & Co. KG 
Postfach 1240 
D - 82515 Wolfratshausen 

 

Germany 
 

%  +49 (0) 81 71-23 0 
Fax  +49 (0) 81 71-23 12 14 
www.burgmann.com 

 
 
 
Reconditioning (repair) 
 

If reconditioning  is necessary, the complete seal  should be sent to the 
manufacturer , as this is the best way to find out which components can be 
reconditioned or which parts must be replaced in order to ensure an optimum 
tightness. 

 
If, for compelling reasons , a reconditioning  has to be carried out on site  (e.g. no. 
spare seal on stock, long transport, problems with customs) the seal may be repaired 
in a clean room by trained  personnel of the user under the direction of BURGMANN 
mechanics . 

 
 
 
Disassembly / removal 
 
 

 

¥ Stop the machine as instructed, allow to cool, depressurise and ensure 
that pressure cannot build up again. 

¥ Work on the M.S. is only permitted when the machine is at a standstill 
and depressurised. 

¥ There must be no product on the M.S. !  if necessary drain the 
machine and rinse it out. 

¥ Isolate the machine to prevent it starting up unexpectedly. 
¥ Comply with the safety notes (safety data sheets). 
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 IMPORTANT!  When removing, please observe by all means : 

¥ current accident prevention regulations  
¥ regulations for handli ng hazardous substances  

 
 WARNING!  Seals that have been used with hazardous substances  must be properly 

cleaned  so that there is no possible danger  to people or to the environment. 
 
 IMPORTANT!  The packaging used to transport the seal must 

¥ be identified  with the relevant hazard symbol  and 
¥ include  the safety data sheet  for the product and/or supply medium 

 
The order of disassembly to remove the mechanical seal out of the machine depends 
on the design of the machine and should be determined by the machine 
manufacturer. 

 
¥ Remove the seal in the reverse sequence as described for assembly (set up). 

 
 
 
Spare parts 
 

¥ Only BURGMANN original spare parts must be used. Otherwise 
"  Risks  of a seal failure, endangering  persons and environment. 
"  The BURGMANN guarantee for the mechanical seal lapses . 
¥ For a quick exchange a complete spare seal  should be on stock. 

 
 
 
Required details for enquiries and orders 
 

For enquiries and orders the following details are required: 
!  BURGMANN commission no. 
!  Drawing no. of M.S. MG1/dw-00  

dw = specified shaft diameter 
!  Part item no., designation, material, number of pieces with reference to the 

drawing. 
 
 

Address of headquarters product field FA 
Standard Mechanical Seals 

 

Burgmann Industries GmbH & Co. KG 
Postfach 1240 
D - 82502 Wolfratshausen 

 

Germany 
 

%  +49 (0) 81 71 - 23 0 
Fax +49 (0) 81 71 - 23 14 44 
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Disposal of the BURGMANN mechanical seal 
 

Usually, the BURGMANN mechanical seals can be easily disposed after a thorough 
cleaning. 
!  Metal parts (steels, stainless steels, non-ferrous heavy metals) divided into the 

different groups belong to scrap metal waste. 
!  Ceramic materials (synthetic carbons, ceramics, carbides) belong to waste 

products. They can be separated from their housing materials, as are 
physiologically recognised as safe. 

!  Synthetic materials/plastics (elastomers, PTFE) belong to special waste. 
 CAUTION!  Material containing fluorine must not be burnt. 
 IMPORTANT!  Some of the synthetic materials, divided into the different groups can be 

recycled. 
 
 
 
Copyright 
 

The Burgmann Industries GmbH & Co. KG (Germany) holds the copyright to this 
document. Customers and operators of mechanical seals are free to use this 
document in the preparation of their own documentation. No claims of any type or 
form can be derived in such instance. 

 
 

We reserve the right to carry out t echnical modifications of the product , even if 
they have not yet been considered in this manual. 

 
 
 
 
June 13, 2006 
Department Technical Documentation 
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5-"<::$:;<19?91@""8$./0</<0$?./$.E</45-6$2.5-=9-6,$$Q9-9.-:C$
:;/.1D<=:$@-0$:4<@E<:$:4.5"0$A<$2.5-=<0$@:$1".:<$@:$;.::9A"<$
=.$=4<$5-9=$4.5:9-6$=.$29-929Z<$A<@/9-6$".@0:$@-0$:4@?=$
0<?"<1=9.-:,$
$
)E'DG"(5$*G"5(#,(?$
P4@?=$1.5;"9-6:$:4.5"0$A<$9-:=@""<0$@11./09-6$=.$=4<$1.5;"9-6$
2@-5?@1=5/</H:$/<1.22<-0@=9.-:$?./$6@;C$@-65"@/$@-0$;@/@""<"$
@"96-2<-=,$$"-$2@-8$9-:=@""@=9.-:C$9=$9:$-<1<::@/8$=.$@"".+$?./$
=4</2@"$@-0$2<14@-91@"$:4@?=$2.E<2<-=$+4<-$0<=</29-9-6$:4@?=$
@"96-2<-=,$$34<$1.5;"9-6$2@-5?@1=5/</H:$/<1.22<-0@=9.-:$
:4.5"0$A<$?."".+<0,!
!
*Q"*G$F"+DG*),#,(?$
34<$6@;$A<=+<<-$:4@?=$<-0:$:4.5"0$A<$=4<$:@2<$@:$=4<$:;<19?9<0$
1.5;"9-6$6@;$5-"<::$.E</45-6$2.5-=9-6$.?$=4<$1.5;"9-6$45A$9:$
:;<19?9<0,$$34<$1.5;"9-6$6@;$@-0$:4@?=$6@;$25:=$A<$:5??919<-=$=.$
@11.22.0@=<$@-8$@-=919;@=<0$=4</2@"$./$2<14@-91@"$@B9@"$
2.E<2<-=,$$
!
*(5'G*>$*G"5(#,(?$
"-:</=$@$:;@1</$./$:492$:=.1D$<>5@"$=.$=4<$/<>59/<0$1.5;"9-6$6@;$
A<=+<<-$=4<$1.5;"9-6$45A$?@1<:$@-0$2<@:5/<$=4<$1"<@/@-1<$5:9-6$
?<<"</$6@56<:,$$L<;<@=$=49:$@=$=4<$:@2<$0<;=4$@=$b&`0<6/<<$
9-=</E@":$=.$0<=</29-<$=4<$@2.5-=$.?$@-65"@/$29:@"96-2<-=,$
$
D*>*GG,G$*G"5(#,(?$
#.5-=$@$09@"$9-091@=./$=.$.-<$1.5;"9-6$45AC$@-0$/.=@=<$=49:$45AC$
:+<<;9-6$=4<$.5=:90<$09@2<=</$.?$=4<$.=4</$45A,$$34<$;@/@""<"$
29:@"96-2<-=$9:$<>5@"$=.$.-<`4@"?$.?$=4<$=.=@"$9-091@=./$/<@09-6,$$
U-.=4</$2<=4.0$9:$=.$/<:=$@$:=/@964=$<06<$:>5@/<"8$.-$=4<$.5=:90<$
09@2<=</$.?$=4<$45A:$@=$b&`0<6/<<$9-=</E@":$@-0$2<@:5/<$@-8$
6@;:$+9=4$?<<"</$6@56<:,$$34<$2@B9252$6@;$2<@:5/<2<-=$9:$=4<$
;@/@""<"$29:@"96-2<-=,$
$
).,)J"(5$*G"5(#,(?$
U?=</$A.=4$@-65"@/$@-0$;@/@""<"$@"96-2<-=:$@/<$+9=49-$:;<19?9<0$
"929=:C$=964=<-$@""$?.5-0@=9.-$A."=:$:<15/<"8$@-0$/<;<@=$=4<$@A.E<$
;/.1<05/<$=.$14<1D$@"96-2<-=,$$"?$@-8$.?$=4<$:;<19?9<0$"929=:$?./$
@"96-2<-=$@/<$<B1<<0<0C$/<@"96-$=4<$1.5;"9-6,$
$
+D>E)J,?$E>$+.,*L,$*G"5(#,(?$
U"96-$=4<$:4<@E<:$./$:;/.1D<=:$:>5@/<$@-0$;@/@""<"$A8$;"@19-6$@$
:=/@964=$<06<$@1/.::$=4<9/$?@1<:,$$U"96-2<-=$.?$A5:4<0$:4<@E<:$
@-0$:;/.1D<=:$:4.5"0$A<$14<1D<0$@?=</$A5:49-6:$4@E<$A<<-$
=964=<-<0,$$I4<1D$4./9Z.-=@"$:4@?=$@"96-2<-=$A8$;"@19-6$@$"<E<"$
E</=91@""8$@6@9-:=$=4<$?@1<$.?$=4<$:4<@E<$./$:;/.1D<=,$$U0O5:=$A<"=$
./$14@9-$=<-:9.-$;</$=4<$2@-5?@1=5/</H:$:;<19?9<0$;/.1<05/<,$
$
E'?!E*>F$D"("E($*G"5(#,(?$
U"96-$=4<$;9-9.-$A8$@0O5:=9-6$=4<$6<@/$=..=4$1"<@/@-1<$@11./09-6$
=.$=4<$2@-5?@1=5/</H:$/<1.22<-0@=9.-:$@-0$14<1D9-6$?./$
@11<;=@A"<$.5=A.@/0$;9-9.-$=..=4$1.-=@1=,$$34<$?.5-0@=9.-$A."=:$
2@8$4@E<$=.$A<$"..:<-<0$@-0$=4<$5-9=$2.E<0$:"964="8$=.$.A=@9-$
=49:$1.-=@1=,$$F4<-$=4<$5-9=$9:$2.E<0$=.$1.//<1=$=..=4$1.-=@1=C$=4<$
;/92<$2.E</$:4.5"0$A<$/<@"96-<0,$
$
>,).,)J$*G"5(#,(?$
U?=</$@$;</9.0$.?$.;</@=9.-C$/<14<1D$@"96-2<-=$@-0$@0O5:=$@:$
/<>59/<0,$
!
%,$ Q/.;</78$9-:=@77$5-9=$.-$@$/9690$?.5-0@=9.-$

�x�� @0<>5@=<"8$:5;;./=<0$
�x�� :<15/<"8$A."=<0$9-=.$;"@1<$
�x�� "<E<"<0$:.$@:$-.=$=.$09:=./=$=4<$6<@/$1@:<$

(,$ Q/.;</78$9-:=@77$1.5;79-6:$:59=@A"<$?./$=4<$@;;791@=9.-$@-0$
1.--<1=<0$<>59;2<-=,$

*,$ Y-:5/<$@115/@=<$@"96-2<-=$+9=4$.=4</$<>59;2<-=,$
c,$ g5/-9:4$@-0$9-:=@77$@0<>5@=<$2@149-</8$65@/0:$@:$-<<0<0$=.$

;/.=<1=$.;</@=9-6$;</:.--<"$@-0$@:$/<>59/<0$A8$=4<$
@;;"91@A"<$:=@-0@/0:$.?$=4<$K115;@=9.-@"$P@?<=8$@-0$h<@"=4$
U029-9:=/@=9.-$[KPhU\C$@-0$A8$.=4</$@;;"91@A"<$:@?<=8$
/<65"@=9.-:G$

),$ Y-:5/<$=4@=$0/9E9-6$<>59;2<-=$9:$/5--9-6$9-$=4<$1.//<1=$
09/<1=9.-$A<?./<$1.5;79-6$=.$/<051</:$+9=4$A@1D:=.;:$
[0<:96-<0$=.$.;</@=<$.-"8$9-$@$:;<19?91$09/<1=9.-\$./$
2@149-</8$0<:96-<0$=.$.;</@=<$.-78$9-$.-<$09/<1=9.-,$

!
).*(5,+$"($D,>CE>#*( ),$+D,)"C")*?"E(+$
K+-</$4@:$=4<$/<:;.-:9A9"9=8$=.$1.-:57=$+9=4$JKLM$NYUL$9?$:514$
9=<2:$:514$@:$@;;79<0$".@0:C$.;</@=9-6$:;<<0:$./$.=4</$.;</@=9-6$
1.-09=9.-:$4@E<$14@-6<0,$$$$
$

$
+?*>?R'D$
%,$ Y-:5/<$=4@=$:+9=14<:C$@"@/2:C$4<@=</:C$1..7</:$@-0$.=4</$

:@?<=8$@-0$;/.=<1=9.-$0<E91<:$@/<$9-:=@""<0$@-0$.;</@=9.-@7$
?./$=4<9/$9-=<-0<0$;5/;.:<,$$$

(,$ i</9?8$=4@=$=4<$9-:=@77<0$2.5-=9-6$;.:9=9.-$9:$=4<$:@2<$@:$=4<$
-@2<=@6$2.5-=9-6$;.:9=9.-,$$"?$-.=C$@0O5:=$=4<$.97$7<E<7$
@11./09-678$@-0$/<7.1@=<$=4<$E<-=$;756C$?977$;756$@-0$0/@9-$
;756$@11./09-6$=.$=4<$2.5-=9-6$;.:9=9.-,$$$P<<$?.77.+9-6,$

$
$
*'?EL,(?$DG'5$
34<$ U5=.E<-=$ ;756$ 9:$ A/@::$ 9-$ 1.7./$ @-0$ +977$ A<$ 7.1@=<0$ @=$ =4<$
4964<:=$ ;.9-=$ .-$ =4<$ 6<@/A.B,$ $ "=$.;</@=<:$ 79D<$ @$ 14<1D`E@7E<$ =.$
@77.+$ =4<$ /<051</$ =.$ /<79<E<$ 9-=</-@7$ ;/<::5/<$ +497<$ ;/<E<-=9-6$
75A/91@-=$1.-=@29-@=9.-$05/9-6$1..79-6,$$U$:;/9-6$;/<::<:$@$A@77$./$
;75-6</$@6@9-:=$@$2@149-<0$./9?91<$5-=97$;/<::5/<$<B1<<0:$($ ;:9,$$$
UA.E<$ ($ ;:9$ =4<$ @9/$ 9:$ @77.+<0$ =.$ <:1@;<$ 0<;/<::5/9Z9-6$ =4<$
6<@/1@:<,$ $ F4<-$ 9-=</-@7$ ;/<::5/<$ 0/.;:$ A<7.+$ ($ ;:9C$ =4<$
@5=.E<-=$ /<`:<@7:$ 17.:9-6$ =4<$ 5-9=$ =.$ =4<$ .5=:90<$ <-E9/.-2<-=,$$
U?=</$ :45=0.+-C$ =4<$ /<051</$ 1..7:$ @7.-6$ +9=4$ =4<$ @9/$ 9-:90<$ =4<$
/<051</,$$34<$5-9=$+977$=<2;./@/978$2@9-=@9-$@$:7964=$E@1552$5-=97$
-./2@79Z@=9.-$ .115/:,$ $ JKLM$ N<@/$ :5;;79<:$ @-$ U5=.E<-=$ @:$ @$
:=@-0@/0$?<@=5/<,$
$
$

$
$
$
$
$
$
$
$
$
$
$
$
$



!"#$%&%&'(&&)'&*$ c$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ +++,-./0,1.2$

!!!!!!!!!! !
$
3+.$=8;<:$.?$;756:$?./$2@9-=<-@-1<$

C"GG$G,L,G$S$F>*"($DG'5+$
34<$0/@9-$;756:$@/<$2<=/91$:.1D<=$4<@0$1@;$:1/<+:,$$34<8$+977$A<$
7.1@=<0$@=$=4<$7.+<:=$;@/=$.?$=4<$6<@/A.B$?./$<@:<$.?$0/@9-9-6,$$34<$
?977$7<E<7$;756$9:$@$4<B$4<@0$1@;$:1/<+,$$"=$+977$A<$7.1@=<0$A<=+<<-$
=4<$U5=.E<-=$@-0$0/@9-$;756,$!.=4$=8;<:$.?$;756:$+977$4@E<$6@:D<=:$
9-1750<0$=.$;/<E<-=$.97$?/.2$7<@D9-6,$
$
$

$
$
$
$
$
$
$
$
$
$
$
$
$
$

$

G'!>")*(?$
U""$JKLM$/<051</:$@/<$:49;;<0$?/.2$=4<$?@1=./8$;/.;</"8$?9""<0$
+9=4$"5A/91@-=$@-0$@77$;756:$@/<$9-:=@77<0$@11./09-6$=.$=4<$2.5-=9-6$
;.:9=9.-$69E<-$.-$=4<$/<051</$-@2<=@6,$$U11<;=@A7<$.97$?977$7<E<7$9:$
+9=49-$j$9-14$.?$=4<$A.==.2$.?$=4<$?977$;756$=4/<@0:,!
!
ED,>*?"E($*(F$#*"(?,(*(),$).,)JG"+?$
%,$ K;</@=<$=4<$<>59;2<-=$@:$9=$+@:$9-=<-0<0$=.$A<$.;</@=<0$
(,$ M.$-.=$.E</".@0,$
*,$ L5-$@=$1.//<1=$:;<<0,$
c,$ #@9-=@9-$"5A/91@-=$9-$6..0$1.-09=9.-$@-0$@=$;/.;</$"<E<",$
),$ M9:;.:<$.?$5:<0$"5A/91@-=$9-$@11./0@-1<$+9=4$@;;"91@A"<$

"@+:$@-0$/<65"@=9.-:,$
"#! U;;"8$;/.;</$2@9-=<-@-1<$=.$@==@14<0$<>59;2<-=$@=$

;/<:1/9A<0$9-=</E@":$/<1.22<-0<0$A8$=4<$2@-5?@1=5/</,!
a,$ Q</?./2$;</9.091$2@9-=<-@-1<$.?$=4<$6<@/$0/9E<$@:$$$$$$$$$$$$$$$$$$

/<1.22<-0<0$A8$JKLM,$
$
$
$
$

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

!
$

!
$

!
$

!



!"#$%&%&'(&&)'&*$ )$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ +++,-./0,1.2$

#E'(?"(5$DE+"?"E(+$
34<:<$14@/=:$0<=@97$=4<$2.5-=9-6$;.:9=9.-:$?./$4./9Z.-=@7$@-0$E</=91@7$2.5-=9-6,$$34<$U5=.E<-=C$.97$?977$;756$@-0$0/@9-$;756$@/<$9-091@=<0$.-$<@14$
2.5-=9-6$;.:9=9.-$;91=5/<,$$34<$?@1=./8$:<=$2.5-=9-6$;.:9=9.-$@-0$;756$7.1@=9.-:$2@=14$=4@=$:4.+-$.-$=4<$6<@/A.B$-@2<=@6,$$g./$2.5-=9-6$
./9<-=@=9.-:$.=4</$=4@-$:4.+-$1.-:57=$JKLM$N<@/,$
$
$
$

$
$
$
$
$

$
$
$
$
$
$
$
$
$
$
$
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!"#$%&%&'(&&)'&*$ a$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ +++,-./0,1.2$

#*"(?,(*(),$
!
#9-</@7$75A/91@-=$:4.570$A<$14@-6<0$<E</8$%&C&&&$:</E91<$4.5/:$./$@?=</$=+.$8<@/:,$g./$:8-=4<=91$.97:C$=4<$75A<$:4.570$A<$14@-6<0$<E</8$
(&C&&&$:</E91<$4.5/:$./$@?=</$?.5/$8<@/:,$"-$1@:<$.?$<B=/<2<$.;</@=9-6$[<,6,$4964$452909=8C$@66/<::9E<$<-E9/.-2<-=$./$7@/6<$=<2;</@=5/<$
E@/9@=9.-:\C$:4./=</$9-=</E@7:$A<=+<<-$14@-6<:$@/<$/<1.22<-0<0,$

$
E"G$+D,)"C")*?"E(+$
JKLM$:5;;79<:$@""$/<051</:$?9""<0$+9=4$.9"$?/.2$=4<$?@1=./8,$$I.-:57=$=4<$:=91D</$@0O@1<-=$=.$=4<$?977$;756$=.$0<=</29-<$=4<$=8;<$.?$75A/91@-=$
9-:=@77<0$@=$=4<$?@1=./8,$P=@-0@/0$75A/91@-=$9:$"PK$iN((&$29-</@7`A@:<0$.97,$$h.+<E</C$:.2<$5-9=:$4@E<$:;<19@7$75A/91@-=:$0<:96-<0$=.$.;</@=<$
9-$1</=@9-$<-E9/.-2<-=:$./$=.$<B=<-0$=4<$:</E91<$79?<$.?$=4<$75A/91@-=,$$"?$9-$0.5A=$@A.5=$+4914$75A/91@-=$9:$-<<0<0C$1.-=@1=$JKLM$N<@/,$
!
+?*(F*>F$E"G $k$"PK$iN((&$$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

(&$=.$%&c�qg$[`)$=.$c&�qI\$ #9-</@"$
$
?TD")*G$E"G+$

i9:1.:9=8$
"PK$JRN"$ g./257@=9.-$

P</E91<$
3<2;</@=5/<$

L@-6<$
+@/00$ )3:;680$

$ $ $

I.-E<-=9.-@7$
#9-</@7$

(&�qI$=.$_)&�qI$
d]g$=.$_%((�qg$

#.A976<@/$
d*c$

K2@7@$
cd&$ aYQ$

S7! A</.97$
NY#$%`cd&$

Y-</6.7$
NL`VQ$cd&$

3/9A.7$
%%&&'cd&$

L5$UV&$
P8-=4<=91$

QUK$
`*&�qI$=.$_]&�qI$
`(( �qg$=.$_%ad�qg$

#.A97$
PhI$d*c$

K2@7@$
cd&$hM$

":.75A<$
YQ$cd&$

S7! A</:8-=4$
YN$c`cd&$

J'U$
3/9A.7$

%)%&'cd&$
I.-E<-=9.-@7$

#9-</@7$
&�qI$=.$_*&�qI$
*( �qg$=.$_]d�qg$

#.A976<@/$
d*($

K2@7@$
*(&$

dYQ$
S7! A</.97$

NY#$%`*(&$
Y-</6.7$

NL`VQ$*(&$
3/9A.7$

%%&&'*(&$
L5$WX&$

P8-=4<=91$
QUK$

`*) �qI$=.$_]&�qI$
`*%�qg$=.$_%ad�qg$

#.A97$
PhI$d*($

K2@7@$
*(&$hM$

":.75A<$
YQ$cd&$

S7! A</:8-=4$
YN$c`*(&$

J'U$
3/9A.7$

%)%&'*(&$
I.-E<-=9.-@7$

#9-</@7$
`) �qI$=.$_c&�qI$

_(& �qg$=.$_%&c�qg$
#.A976<@/$

d*&$
K2@7@$

((&$
)YQ$

S7! A</.97$
NY#$%`((&$

Y-</6.7$
NL`VQ$((&$

3/9A.7$
%%&&'((&$

L5$XX&$
P8-=4<=91$

QUK$
`*c �qI$=.$_]&�qI$
`*&�qg$=.$_%ad�qg$

#.A97$
PhI$d*&$

K2@7@$
((&$hM$

":.75A<$
YQ$((&$

S7! A</:8-=4$
YN$c`((&$

J'U$
3/9A.7$

%)%&'((&$
I.-E<-=9.-@7$

#9-</@7$
`%)�qI$=.$_() �qI$

) �qg$=.$_aa�qg$
#.A976<@/$

d(b$
K2@7@$

%&&$
cYQ$

S7! A</.97$
NY#$%`%)&$

Y-</6.7$
NL`VQ$%&&$

3/9A.7$
%%&&'%&&$L5$%Y&$

S$
L5$%&&$ P8-=4<=91$

QUK$
`*a �qI$=.$_%&�qI$
`*) �qg$=.$_)&�qg$

#.A97$
PhI$d(b$

K2@7@$
%)&$hM$

":.75A<$
YQ$%)&$

S7! A</:8-=4$
YN$c`%)&$

J'U$ J'U$

I.-E<-=9.-@7$
#9-</@7$

`%)�qI$=.$_() �qI$
) �qg$=.$_aag$

#.A976<@/$
d(d$

K2@7@$
d]$

(YQ$
S7! A</.97$

NY#$%`d]$
Y-</6.7$

NL`VQ$d]$
3/9A.7$

%%&&'d]$
L5$VZ$

P8-=4<=91$
QUK$

`c&�qI$=.$_%&�qI$
`c&�qg$=.$_)&g$

#.A97$
PhI$d(d$

J'U$
":.75A<$
YQ$d]$

J'U$ J'U$ J'U$

L5$WX$
P8-=4<=91$

QUK$
`c&�qI$=.$_%&�qI$
`c&�qg$=.$_)&�qg$

#.A97$
PhI$d(c$

J'U$ J'U$
S7! A</`P5229=
h8P8-$gN`*($

J'U$ J'U$

!"#$%$!&'($"')*+$#',-./ $

$
+D,)"*G$D'>DE+,$G'!>")*(?+$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

$
#@-5?@1=5/</$

$
K97$!/@-0$J@2<$

(&$=.$%&c�qg$[`)$=.$c&�qI\$ 0&&1$23+1,$K97$`$P8-=4<=91$ I4<E/.-$ g#$"PK$((&$
(&$=.$%&c�qg$[`)$=.$c&�qI\$ 0&&1$23+1,$K97$`$P8-=4<=91$ K97lUV$ #@6-@;"@=<$])F%c&`gN$
)$=.$%()�qg$[`(&$=.$)&�qI\$ g"590$N/<@:<$ #.A9"$ #.A9"5B$YQ&(*$

`*&$=.$%c&�qg$[`*)$=.$d&�qI\$ g"590$N/<@:<$`$P8-=4<=91$ #.A9"$ #.A9"9=4$PhI$&&a$
`*&$=.$%c&�qg$[`*)$=.$d&�qI\$ g"590$N/<@:<$`$P8-=4<=91$ P4<""$ U7A90@$RI$

$
+?*(F*>F$!,*>"(5$5>,*+, $k$JRN"$(YQ$R9=4952$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

`(&$=.$%c&�qg$[`*&$=.$d&�qI\ $ #9-</@"$
$
ED?"E(*G$!,*>"(5$5>,*+,+$

$
U2A9<-=$3<2;</@=5/<$

$
g./25"@=9.-$

$
#@-5?@1=5/</$

$
N/<@:<$!/@-0$J@2<$

`c&$=.$(*&�qg$[`c&$=.$%%&�qI\ $ P8-=4<=91$ P4<""$ U</.:4<""$d$
`c&$=.$(*&�qg$[`c&$=.$%%&�qI\ $ 0&&1$23+1,$4$P8-=4<=91$ R5A/9;"@=<$ PgR%$
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G'!>")*(?$)*D*)"?T$
Y@14$/<051</$4@:$=4<$.97$7<E<7$@-0$.97$>5@-=9=8$@0O5:=<0$@11./09-6$=.$=4<$2.5-=9-6$;.:9=9.-$:4.+-$9-$=4<$=@A7<:,$$F4<-$/<;7@19-6$=4<$.97C$1.-:57=$
=4<$=@A7<:$A<7.+$=.$0<=</29-<$=4<$;/.;</$@2.5-=$.?$.97$=.$A<$9-:=@77<0$@11./09-6$=.$=4<$/<051</$:9Z<$@-0$2.5-=9-6$;.:9=9.-,$$J.=<$=4@=$=49:$9:$
@;;/.B92@=<$@-0$=4<$?9-@7$7<E<7$+977$A<$@0O5:=<0$+4<-$=4<$/<051</$9:$9-:=@77<0,$U11<;=@A7<$.97$?977$7<E<7$9:$+9=49-$j$9-14$.?$=4<$A.==.2$.?$=4<$?977$
;756$=4/<@0:[$
$

G'!>")*?"E($)*D*)"?T$\$.,G")*G$"(G"(,$5,*>!EQ,+$
5&3.6&/7+'$)&8.7.&/$ 9,37.:+'$)&8.7.&/$

:14H0/$6/<=2;184$#.5-=9-6$;.:9=9.-$
!$W$ !$V$ !$]$ !$Z$ !$Y$ !$Y"$ !$Y""$ !$Y"""$ L$%$ L$W$ L$Y$ L$V$

>5@/=:$ &,(d$ &,*a$ &,*a$ &,)]$ &,*($ &,)*$ &,c($ &,c($ &,*($ &,*a$ &,c($ &,)*$+J$%%,$
79=</:$ &,()$ &,*)$ &,*)$ &,))$ &,*&$ &,)&$ &,c&$ &,c&$ &,*&$ &,*)$ &,c&$ &,)&$

>5@/=:$ &,d*$ %,&d$ %,&d$ %,(a$ &,)*$ %,%d$ &,b)$ &,b)$ &,ac$ %,c]$ %,&d$ %,(a$
+J$X%,$

79=</:$ &,d&$ %,&&$ %,&&$ %,(&$ &,)&$ %,%&$ &,b&$ &,b&$ &,a&$ %,c&$ %,&&$ %,(&$
>5@/=:$ %,%d$ %,]&$ %,]&$ (,*($ &,])$ %,ac$ (,%%$ (,%%$ %,%d$ %,*a$ (,c*$ (,])$

+J$W%,$
79=</:$ %,%&$ %,a&$ %,a&$ (,(&$ &,]&$ %,d)$ (,&&$ (,&&$ %,%&$ %,*&$ (,*&$ (,a&$

>5@/=:$ %,]&$ (,a)$ (,a)$ *,cb$ %,&d$ (,bd$ *,cb$ *,cb$ %,db$ (,a)$ (,dc$ (,a)$
+J$U%,$

79=</:$ %,a&$ (,d&$ (,d&$ *,*&$ %,&&$ (,]&$ *,*&$ *,*&$ %,d&$ (,d&$ (,)&$ (,d&$
>5@/=:$ (,*($ *,)b$ *,)b$ c,ba$ %,b&$ c,**$ c,&($ c,&($ *,%a$ *,a&$ c,(*$ c,d)$

+J$Y%,$
79=</:$ (,(&$ *,c&$ *,c&$ c,a&$ %,]&$ c,%&$ *,]&$ *,]&$ *,&&$ *,)&$ c,&&$ c,c&$

<8=70/$6/<=2;184$#.5-=9-6$;.:9=9.- $
!$W$ !$V$ !$]$ !$Z$ !$Y$ !$Y"$ !$Y""$ !$Y"""$ L$%$ L$W$ L$Y$ L$V$

>5@/=:$ &,%d$ &,c($ &,c($ &,ac$ &,(d$ &,d*$ &,)*$ &,)*$ &,d*$ &,d*$ &,d*$ &,d*$+J$&X$
79=</:$ &,%)$ &,c&$ &,c&$ &,a&$ &,()$ &,d&$ &,)&$ &,)&$ &,d&$ &,d&$ &,d&$ &,d&$

>5@/=:$ &,(d$ &,)*$ &,)*$ &,b&$ &,*a$ &,b)$ &,d*$ &,d*$ &,b)$ &,b&$ &,ab$ &,ab$
+J$%X$

79=</:$ &,()$ &,)&$ &,)&$ &,])$ &,*)$ &,b&$ &,d&$ &,d&$ &,b&$ &,])$ &,a)$ &,a)$
>5@/=:$ &,)*$ %,c*$ %,c*$ (,%%$ &,ac$ (,%%$ %,dc$ %,dc$ %,b&$ (,%%$ %,b&$ %,b&$

+J$XX$
79=</:$ &,)&$ %,*)$ %,*)$ (,&&$ &,a&$ (,&&$ %,))$ %,))$ %,]&$ (,&&$ %,]&$ %,]&$

>5@/=:$ &,b)$ (,%%$ (,%%$ *,%a$ %,*a$ *,cb$ (,)c$ (,)c$ *,(]$ *,&d$ *,&d$ (,dc$
+J$WX$

79=</:$ &,b&$ (,&&$ (,&&$ *,&&$ %,*&$ *,*&$ (,c&$ (,c&$ *,%&$ (,b&$ (,b&$ (,)&$
>5@/=:$ %,*a$ *,*]$ *,*]$ c,ad$ %,b&$ c,ad$ *,b%$ *,b%$ c,(*$ c,d)$ c,)c$ d,%*$

+J$UX$
79=</:$ %,*&$ *,(&$ *,(&$ c,)&$ %,]&$ c,)&$ *,a&$ *,a&$ c,&&$ c,c&$ c,*&$ ),]&$

>5@/=:$ (,dc$ ),*b$ ),*b$ a,%b$ *,%a$ d,))$ ),b($ ),b($ a,]($ a,%b$ a,%b$ a,c&$
+J$YX$

79=</:$ (,)&$ ),%&$ ),%&$ d,]&$ *,&&$ d,(&$ ),d&$ ),d&$ a,c&$ d,]&$ d,]&$ a,&&$
>5@/=:$ d,]a$ %),])$ %),])$ %*,ac$ a,c&$ %c,ab$ %d,b%$ %d,b%$ %b,))$ %),])$ %d,b%$ %),])

+J$VX$
79=</:$ d,)&$ %),&&$ %),&&$ %*,&&$ a,&&$ %c,&&$ %d,&&$ %d,&&$ %],)&$ %),&&$ %d,&&$ %),&&

>5@/=:$ b,)%$ (c,*&$ (c,*&$ %b,&($ %&,)a$ %b,))$ (c,*&$ (c,*&$ (b,)b$ (c,*&$ (a,ca$ (c,*&
+J$]X$

79=</:$ b,&&$ (*,&&$ (*,&&$ %],&&$ %&,&&$ %],)&$ (*,&&$ (*,&&$ (],&&$ (*,&&$ (d,&&$ (*,&&
>5@/=:$ %c,ab$ **,]%$ **,]%$ (],)*$ %),])$ *&,dc$ *d,cd$ *d,cd$ ca,))$ *b,%&$ cd,cb$ *d,b]

+J$ZX$
79=</:$ %c,&&$ *(,&&$ *(,&&$ (a,&&$ %),&&$ (b,&&$ *c,)&$ *c,)&$ c),&&$ *a,&&$ cc,&&$ *),&&

>5@/=:$ (d,c($ )c,b)$ )c,b)$ cb,dd$ (a,ca$ cb,dd$ )c,b)$ )c,b)$ ](,c($ aa,%c$ ]&,*%$ aa,%c
+J$^X$

79=</:$ (),&&$ )(,&&$ )(,&&$ ca,&&$ (d,&&$ ca,&&$ )(,&&$ )(,&&$ a],&&$ a*,&&$ ad,&&$ a*,&&
>5@/=:$ *],&c$ a),&($ a),&($ db,ac$ c(,(a$ db,ac$ ad,&]$ ad,&]$ %&b,b&$ ]),)b$ %&a,a]$ ]*,c]

+J$%&X$
79=</:$ *d,&&$ a%,&&$ a%,&&$ dd,&&$ c&,&&$ dd,&&$ a(,&&$ a(,&&$ %&c,&&$ ]%,&&$ %&(,&&$ ab,&&

;61M0/$6/<=2;184$#.5-=9-6$;.:9=9.-$
!$W$ !$V$ !$]$ !$Z$ !$Y$ !$Y"$ !$Y""$ !$Y"""$ L$%$ L$W$ L$Y$ L$V$

>5@/=:$ &,*($ &,d*$ &,d*$ &,])$ &,)*$ &,b)$ &,])$ &,])$ %,%d$ &,]d$ &,b)$ %,*($+J$&W$
79=</:$ &,*&$ &,d&$ &,d&$ &,]&$ &,)&$ &,b&$ &,]&$ &,]&$ %,%&$ &,]%$ &,b&$ %,()$

>5@/=:$ &,d*$ &,ac$ &,ac$ %,%d$ &,])$ %,(a$ %,&&$ %,&&$ %,(a$ %,(a$ %,(a$ %,*($
+J$%W$

79=</:$ &,d&$ &,a&$ &,a&$ %,%&$ &,]&$ %,(&$ &,b)$ &,b)$ %,(&$ %,(&$ %,(&$ %,()$
>5@/=:$ %,*a$ %,db$ %,db$ (,c*$ (,dc$ %,)b$ (,bd$ (,bd$ (,bd$ (,a)$ (,c]$ (,)c$

+J$XW$
79=</:$ %,*&$ %,d&$ %,d&$ (,*&$ (,)&$ %,)&$ (,]&$ (,]&$ (,]&$ (,d&$ (,*)$ (,c&$

>5@/=:$ %,db$ (,c*$ (,c*$ *,*]$ (,&%$ *,a&$ (,a)$ (,a)$ c,d)$ *,)b$ c,cc$ *,&d$
+J$WW$

79=</:$ %,d&$ (,*&$ (,*&$ *,(&$ %,b&$ *,)&$ (,d&$ (,d&$ c,c&$ *,c&$ c,(&$ (,b&$
>5@/=:$ *,%a$ *,]&$ *,]&$ ),cb$ *,a&$ ),(]$ c,**$ c,**$ d,c)$ d,&($ d,ba$ ),b($

+J$UW$
79=</:$ *,&&$ *,d&$ *,d&$ ),(&$ *,)&$ ),&&$ c,%&$ c,%&$ d,%&$ ),a&$ d,d&$ ),d&$

>5@/=:$ c,ad$ d,*c$ d,*c$ ],%c$ ),cb$ a,c&$ a,&]$ a,&]$ b,c&$ ],]]$ b,%b$ b,%b$
+J$YW$

79=</:$ c,)&$ d,&&$ d,&&$ a,a&$ ),(&$ a,&&$ d,a&$ d,a&$ ],b&$ ],c&$ ],a&$ ],a&$
>5@/=:$ %&,)a$ %*,ac$ %*,ac$ %%,d($ %%,d($ %(,d]$ %c,ab$ %c,ab$ %b,&($ %c,ab$ %d,b%$ %),*(

+J$VW$
79=</:$ %&,&&$ %*,&&$ %*,&&$ %%,&&$ %%,&&$ %(,&&$ %c,&&$ %c,&&$ %],&&$ %c,&&$ %d,&&$ %c,)&

>5@/=:$ %c,ab$ (%,%*$ (%,%*$ %],cb$ %c,ab$ %b,&($ (%,%*$ (%,%*$ (b,&d$ (*,a]$ (],)*$ (%,%*
+J$]W$

79=</:$ %c,&&$ (&,&&$ (&,&&$ %a,)&$ %c,&&$ %],&&$ (&,&&$ (&,&&$ (a,)&$ ((,)&$ (a,&&$ (&,&&
>5@/=:$ (*,()$ *c,]a$ *c,]a$ (a,ca$ (c,*&$ (],)*$ *),b*$ *),b*$ c(,(a$ *),b*$ *b,%&$ *(,ad

+J$ZW$
79=</:$ ((,&&$ **,&&$ **,&&$ (d,&&$ (*,&&$ (a,&&$ *c,&&$ *c,&&$ c&,&&$ *c,&&$ *a,&&$ *%,&&

>5@/=:$ c(,(a$ )%,a]$ )%,a]$ cd,cb$ c(,(a$ cd,cb$ )%,a]$ )%,a]$ a],%b$ a*,ba$ ad,&]$ a*,ba
+J$^W$

79=</:$ c&,&&$ cb,&&$ cb,&&$ cc,&&$ c&,&&$ cc,&&$ cb,&&$ cb,&&$ ac,&&$ a&,&&$ a(,&&$ a&,&&
>5@/=:$ )],%($ a&,]&$ a&,]&$ )],%($ )],%($ d(,*c$ a&,]&$ a&,]&$ %&c,d%$ ](,c($ %&(,)&$ a),&(

+J$%&W$
79=</:$ )),&&$ da,&&$ da,&&$ )),&&$ )),&&$ )b,&&$ da,&&$ da,&&$ bb,&&$ a],&&$ ba,&&$ a%,&&

(8;/P$$C10014H$_=34;1;1/:$36/$3MM6891N3;/$A1H=6/:[$$E10$0/`/0$N=:;$7/$2@/2a/<$32286<14H$;8$810$0/`/0$M0=H$3A;/6$A1430$14:;3003;184[$
*22/M;370/$810$A100$0/`/0$1:$b1;@14$c$142@$8A$;@/$78;;8N$8A$;@/$A100$M0=H$;@6/3<:$$$C86$N8=4;14H$34H0/:$48;$:@8b4d$284:=0;$A32;86B[$

!
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$

>,)E##,(F,F$+D*>,$D*>?+
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,%&-+!"!#$$!
.&+/%0+!"!#$$!

,%&-!1-2*+!"!#$$!
,3(4+ !"!#$$

!

"#DE>?*(?e$
53%)!6'7%'()*!8&'0+9!(0!(+!)%:%++&';!06!3&<%!03%!!"#$ !%&#'()*!+,-&# !='64!03%!2)(0!03%!8&'0+!&'%!=6'#!!>3%!+%'(&-!
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!
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?>E'!G,$+.EE?"(5$
!

D>E!G,#$O"?.$?.,$>,F'),>$ DE++"!G,$)*'+,+$ +'55,+?,F$>,#,FT$

KE</7.@09-6$
R.@0$<B1<<0:$=4<$1@;@19=8$.?$=4<$
/<051</$

I4<1D$/@=<0$1@;@19=8$.?$/<051</C$/<;7@1<$
+9=4$5-9=$.?$:5??919<-=$1@;@19=8$./$/<051<$
7.@0$

"-:5??919<-=$75A/91@=9.-$
I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$5;$=.$
/<1.22<-0<0$7<E<7:$

YB1<::9E<$75A/91@=9.-$
I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$0.+-$=.$
/<1.22<-0<0$7<E<7:$

L5-:$h.=$

"2;/.;</$75A/91@=9.-$

F/.-6$75A/91@=9.-$
g75:4$.5=$@-0$/<?977$+9=4$1.//<1=$75A/91@-=$@:$
/<1.22<-0<0$

F<@D$2.5-=9-6$:=/51=5/<$
"-:;<1=$2.5-=9-6$.?$/<051</,$3964=<-$7..:<$
A.7=:$@-0'$./$/<9-?./1<$2.5-=9-6$@-0$
:=/51=5/<$

R..:<$?.5-0@=9.-$A.7=:$

R..:<$4.70$0.+-$A.7=:$ 3964=<-$A.7=:$

F./-$Li$M9:1$
KE</7.@09-6$5-9=$2@8$/<:57=$9-$
0@2@6<$=.$09:1$

M9:@::<2A7<$@-0$/<;7@1<$09:1,$L<14<1D$
/@=<0$1@;@19=8$.?$/<051</,$

#@8$A<$05<$=.$7@1D$.?$75A/91@-=$
L<;7@1<$A<@/9-6,$I7<@-$@-0$?75:4$/<051</$
@-0$?977$+9=4$/<1.22<-0<0$75A/91@-=,$g@975/<$.?$!<@/9-6:$

KE</7.@0$ I4<1D$/@=<0$1@;@19=8$.?$/<051</,$

L5-:$J.9:8$

"-:5??919<-=$R5A/91@-=$
R<E<7$.?$75A/91@-=$9-$=4<$/<051</$-.=$
;/.;</78$2@9-=@9-<0,$

I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$=.$?@1=./8$
/<1.22<-0<0$7<E<7,$

KE</7.@09-6$.?$/<051</$1@-$1@5:<$
0@2@6<,$

L<;7@1<$A/.D<-$;@/=:,$I4<1D$/@=<0$1@;@19=8$
.?$/<051</,$

"-=</-@7$;@/=:$@/<$A/.D<-$
S<8$29::9-6$./$:4<@/<0$.??$.-$9-;5=$
:4@?=,$ L<;7@1<$D<8,$

K5=;5=$P4@?=$
M.<:$J.=$35/-$

$ I.5;79-6$7..:<$./$09:1.--<1=<0,$
Q/.;</78$@796-$/<051</$@-0$1.5;79-6,$
3964=<-$1.5;79-6,$

F./-$P<@7:$ I@5:<0$A8$09/=$./$6/9=$<-=</9-6$:<@7,$
L<;7@1<$:<@7:,$U5=.E<-=$2@8$A<$17.66<0,$
L<;7@1<$./$17<@-,$

KE</?977<0$/<051</,$
I4<1D$75A/91@-=$7<E<7$@-0$@0O5:=$=.$
/<1.22<-0<0$7<E<7,$

U5=.E<-=$17.66<0,$
I7<@-$./$/<;7@1<C$A<9-6$:5/<$=.$;/<E<-=$@-8$
09/=$?/.2$?@779-6$9-=.$=4<$/<051</,$

K97$R<@D@6<$
$

"2;/.;</$2.5-=9-6$;.:9=9.-C$:514$@:$
+@77$./$1<979-6$2.5-=$.?$4./9Z.-=@7$
/<051</,$

I4<1D$2.5-=9-6$;.:9=9.-,$J@2<$=@6$m$E</9?8$
+9=4$2.5-=9-6$14@/=$9-$2@-5@7,$
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3(.*45*!"/21$'("*0($(.#*
678*79::*;.%<-#*=>?04@*
7A*B*C9:*;.%<-#*=!?5@*

*
*

*
*
*

04D4EF+>*?G?5ED!5***
5("$%1$*0($(.*52#$(<-.*H-.I'1-*%$J**
)*"+,-% ./0&1%2/&34400%
KKKL<%.%$M("-&-1$.'1L1(<*
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*
*
*
***H4;?EN*!>HEDO5E!+>H*
*

* EM'#* '#* $M-* #%3-$P* %&-.$* #P<Q(&L* !$* '#* 2#-/* $(* %&-.$* P(2* $(* ,($-"$'%&* ,-.#("%&*
'"R2.P* M%S%./#L* +Q-P* %&&* #%3-$P* <-##%T-#* $M%$* 3(&&(K* $M'#* #P<Q(&* $(* %I('/*
,(##'Q&-*'"R2.P*(.*/-%$ML**
*

*U4D>!>V*
W-3(.-* '"#$%&&'"T)* 2#'"T)* (.* #-.I'1'"T* $M'#* ,.(/21$ )* 1%.-32&&P* .-%/* %"/* 32&&P*
2"/-.#$%"/* $M-* '"#$.21$'("# %'"1&2/'"T* %&&* K%."'"T#)* 1%2$'("#!" #* #%3-$P* "($'1-*
#$%$-<-"$#L* * E(* .-/21-* .'#X* (3* ,-.#("%&* '"R2.P)* /-% $M* %"/Y(.* ,.(,-.$P* /%<%T-)*
3(&&(K*%&&*'"#$.21$'("#*3(.*,.(,-.*<($(.*'"#$%&&%$'(")*(,-.%$'("*%"/*<%'"$-"%"1-L*
*
EM-#-* '"#$.21$'("#* %.-* "($* '"$-"/-/* %#* %* 1(<,&-$-* & '#$'"T* (3* %&&* /-$%'&#* 3(.*
'"#$%&&%$'(")* (,-.%$'(")*%"/*<%'"$-"%"1-L** !3*P(2*M%I-*%"P*Z2-#$'("#*1("1-."'"T*
%"P* (3* $M-* ,.(1-/2.-#)* HE+[)* %"/* 1%&&* $M-* %,,.(,.'% $-* D-T%&8W-&('$* <($(.*
1(<,%"PL*

*

%
E%Q&-*(3*5("$-"$#*
\L:* !>HE4GG?D*Y*+U>?D*Y*+[?D4E+D*D?H[+>H!W!G!EN *

\L\* ?&-1$.'1%&*H%3-$P*
\LC* 0-1M%"'1%&*H%3-$P*
\LA* ?"I'.("<-"$%&*H%3-$P *

CL:*D?5?!]!>V*^*!>H[?5E!+> *
CL\*!"'$'%&*!"#,-1$'(" *

CL\L\*[%1X'"T*G'#$*^*!"#,-1$ *
CL\LC*E2."*0($(.*HM%3$**
CL\LA*5M-1X*>%<-,&%$-*

CLC*F%"/&'"T *
CLCL\*5(..-1$*G'3$'"T*4"T&-# *

CLA*H$(.%T-*
CLAL\*W-%.'"T*G2Q.'1%$'("*
CLALC*HM%3$*D($%$'("*
CLALA*_%<,*(.*F2<'/*H$(.%T-*G(1%$'("# *

AL:*!>HE4GG4E!+>*4>_*+[?D4E!+> *
AL\*G(1%$'(" *

AL\L\*H-&-1$'"T*%*G(1%$'("*
AL\LC*4<Q'-"$*E-<,-.%$2.-*G'<'$# *
AL\LA*5("#$.21$'("*H-&-1$'("*,-.*G(1%$'(" *
AL\LAL\* _.',,.((3 *
AL\LALC*E($%&&P*?"1&(#-/*
AL\LALA* F%S%./(2#*G(1%$'("#*0($(.# *

ALC*0(2"$'"T*0($(. *
ALCL\*D'T'/*W%#-*=;(($-/@ *
ALCLC*D'T'/*W%#-*F(&-*H-&-1$'("*87*(.*9*F(&-*W%#-#**
ALCLA*]-.$'1%&*

ALA*4,,&'1%$'("*4##-<Q&P*$(*0($(. *
ALAL\*V-"-.%&J*[.(,-.*4&'T"<-"$ *

ALALC*_'.-1$*5(2,&'"T *
ALALA*_'.-1$*5(""-1$-/ *
ALAL`*W-&$-/*
ALAL6*];_*+,-.%$'(" *
ALAL7*411-##(.'-# *

ALAL7L\*V-"-.%& *
ALAL7LC*W.%X-*0($(.# *
ALAL7LA*H,%1-*F-%$-.# *
ALAL7L`*EM-.<%&*[.($-1$'("*V-"-.%&)*EM-.<(#$%$#)*

EM-.<'#$-.#*^*DE_# *
ALAL7L6* *DE_*4&%.<*^*E.',*H-$$'"T# *

ALALa*V2%./# *
AL`*?&-1$.'1%&*5(""-1$'("# *

AL`L\*[(K-.*H2,,&P*Y*W.%"1M*5'.12'$ *
AL`L\L\* W.%"1M*5'.12'$*H2,,&P*
AL`L\LC*;2#-#)*W.-%X-.#)*+I-.&(%/*D-&%P# *
AL`L\LA*45*[(K-.*H2,,&P*G'<'$# *

AL`LC*E-.<'"%&*W(b *
AL`LCL\*5("/2'$*(,-"'"T *
AL`LCLC*F%S%./(2#*G(1%$'("#*

AL`LA*G-%/*5(""-1$'("# **
AL`LAL\*U'.-*H'S-*D-Z2'.-<-"$#*=H'"T&-*[M%#-@ *
AL`LALC*?b$-"#'("*5(./#*=H'"T&-*[M%#-@ *

AL`L`*V.(2"/*5(""-1$'("# *
AL`L6*H$%.$*O,*

AL`L6L\*H$%.$*O,*B*>(*G(%/*[.(1-/2.- *
AL`L6LC*H$%.$*O,*B*G(%/*5(""-1$-/*[.(1-/2.- *
AL`L6LA*c(TT'"T*%"/Y(.*.-,-%$-/*#$%.$# *

`L:**04!>E?>4>5? *
`L\*V-"-.%&*!"#,-1$'(" *

!>HE4GG?DJ**[G?4H?*G?4]?*EF!H*04>O4G*;+D*EF?*+U>?Dd H*OH?*
+U>?DJ********D?4_*4>_*H4]?*EF?H?*!>HEDO5E!+>H %



%

`L\L\* ]-"$'&%$'(" *
`L\LC*!"#2&%$'("*
`L\LA*?&-1$.'1%&*5(""-1$'("# *

`LC*G2Q.'1%$'("*%"/*W-%.'"T# *
`LCL\*V.-%#-*EP,- *
`LCLC*W-%.'"T*+,-.%$'"T*E-<,-.%$2.- *

`LCLA*G2Q.'1%$'("*!"$-.I%&*
`LCL`*G2Q.'1%$'("*[.(1-/2.- *
`LCL6*G2Q.'1%$'("*?b%<,&-*

`LA*E.(2Q&-*HM(($'"T **
`LAL\*V-"-.%&*E.(2Q&-8HM(($'"T*U%."'"T# *
`LALC*E.(2Q&-8HM(($'"T* 5%2#-* Y* 5(..-1$'I-* 41$'("

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
*
*
*
*
\L:* !>HE4GG?DY+U>?DY+[?D4E+D* D?H[+>H!W!G!EN -%
*
\L\* ?G?5ED!54G*H4;?EN *

%U4D>!>VJ ***?G?5ED!54G*HF+5f*F4g4D_**
(5,67#8695%6"++,678"+:%:*955%;,%$9<,%;=%9%>?958@8,<%,5,67#8695%A,#:"++,5%8+%
966"#<9+6,% B87*% 955% 9AA5869;5,% 6"<,:C% "#<8+9+6,:% 9+<% :"?+<% A#96786,:D%%
!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%
<,97*%9+<F"#%A#"A,#7=%<9$9G,D%%H+5=%>?958@8,<%A,#:"++,5%B*"%9#,%@9$8589#%
B87*%7*,%9AA5869;5,%I978"+95%J"<,%.KLM%N%I(J1%9+<%5"695%6"<,:%:*"?5<%
8+:7955%"#%#,A98#%,5,67#8695%$"7"#:%9+<%7*,8#%966,::"#8,:D%%%

%U4D>!>VJ ***?G?5ED!54G*G!]?*5!D5O!E*F4g4D_*
O"% +"7% 7"?6*% ,5,67#86955=% 58P,% A9#7:D% % O8:6"++,67C%5"6Q"?7% 9+<% 79G% 8+A?7%
A"B,#% :?AA5=% ;,@"#,% 8+:79558+G% "#% :,#P868+G% $"7"#% .8+65?<,:% 966,::"#=%
<,P86,:1D% % K:,% 9% P"57$,7,#% 7"% P,#8@=% 7*97% A"B,#% 8:%"@@% ;,@"#,% 6"+79678+G%
6"+<?67"#:D%

*U4D>!>VJ ***?G?5ED!54G*VD+O>_!>V*F4g4D_ *
!985?#,%7"%A#"A,#5=%G#"?+<%$"7"#:C%A,#%7*,%I978"+95%(5,67#8695%J"<,%.I(J1%
M#7865,% '4R% 9+<% 5"695% 6"<,:% $9=% 69?:,% :,#8"?:% 8+E?#=% "#% <,97*% 7"%
A,#:"++,5D% % !"#% G,+,#95% 8+@"#$978"+% "+% G#"?+<8+G% #,@,#% 7"% I(J% M#7865,%
S&RD%%.M5:"%:,,%TU#"?+<%J"++,678"+:%:,678"+%4D'D'T1D%%

*U4D>!>VJ ***4OE+04E!5*D?H?E*[D+E?5E+D*F4g4D_ *
O"%+"7%?:,%9?7"$9786%#,:,7%A#"7,67"#:%8@%9?7"$9786955=%#,:79#78+G%7*,%$"7"#%
B855%A596,%A,#:"++,5%"#%,>?8A$,+7%97%#8:QD%D%!985?#,%7"%@"55"B%7*8:%8+:7#?678"+%
6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,%

*U4D>!>VJ ***04>O4G*D?H?E*[D+E?5E+D*F4g4D_**
V@%9%7#8AA,<%$9+?95%#,:,7%7*,#$95%A#"7,67"#%8:%,WA":,<%7"%9%7,$A,#97?#,%
5,::%7*9+%X/YJ%%.SRY!1%87%$9=%#,:,7%9+<%#,:79#7%7*,%$"7"#%9?7"$9786955=D%V@%
9+%9AA586978"+%#,>?8#,:%9%$"7"#%B87*%9%$9+?95%#,:,7%7*,#$95%A#"7,67"#%7*97%
B855% ;,% "A,#97,<% 97% 7,$A,#97?#,:% 5,::% 7*9+% X/YJ% % .SRY!1% 6"+7967% 7*,%
$9+?@967?#,#% 7"% #,P8,B% 7*,% 9AA586978"+% F% $"7"#% #,>?8#,$,+7:D% !985?#,% 7"%
@"55"B%7*8:%8+:7#?678"+%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%
A#"A,#7=%<9$9G,*
*
\LC*0?5F4>!54G*H4;?EN *

*U4D>!>VJ ***G++H?*[4DEH*F4g4D_*
Z,@"#,% :79#78+G% 7*,% $"7"#C% #,$"P,% 955% ?+?:,<% :*9@7%Q,=:% 9+<% 5"":,%
#"7978+G% A9#7:% 7"% A#,P,+7% 7*,$% @#"$% @5=8+G% "@@D% !985?#,% 7"% @"55"B% 7*,:,%
8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%
<9$9G,D%

*U4D>!>VJ ***D+E4E!>V*[4DEH*F4g4D_ %
[,,A% ,W7#,$878,:C% *98#C% E,B,5#=% 9+<% 65"7*8+G% 9B9=% @#"$% $"P8+G% A9#7:D%
!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%
<,97*%9+<F"#%A#"A,#7=%<9$9G,D%
%
\LA*?>]!D+>0?>E4G*H4;?EN *

*U4D>!>VJ ***F4g4D_+OH*G+54E!+>H***
.01%\*,%I(J%9+<%7*,%5"695%9?7*"#87=%*9P8+G%E?#8:<8678"+%$?:7%;,%6"+:?57,<%

6"+6,#+8+G% 7*,% 8+:7955978"+% 9+<% :?879;8587=% "@% $"7"#:% @"#% ?:,% 8+%
]9^9#<"?:% _"6978"+:D% % \*,% 5"695% 9?7*"#87=% *9P8+G% E?#8:<8678"+% $?:7%
$9Q,%7*,%@8+95%<,7,#$8+978"+%"@%B*97%7=A,%"@%$"7"#%8:%#,>?8#,<D%%\*,%
9AA586978"+% 9+<% "A,#978"+% 8:% ;,="+<% 7*,% 6"+7#"5% "@%7*,% $"7"#%
$9+?@967?#,#D%

.S1% O8P8:8"+% 0% ]9^9#<"?:% _"6978"+:% $"7"#:% 69+% "+5=%;,% $"<8@8,<% "#%
#,B"#Q,<% ;=% 7*,% $9+?@967?#,#% "#% 9% @968587=% 7*97% 8:%_8:7,<% ?+<,#% K_`:%
697,G"#=% Ta"7"#:% 9+<% U,+,#97"#:C% b,;?857% @"#% ?:,% 8+% ]9^9#<"?:%
_"6978"+:cD%%!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%
A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,D%

.41% O"%+"7%?:,%9%]9^9#<"?:%_"6978"+:%$"7"#%B87*%9%d9#89;5,%!#,>?,+6=%
O#8P,% .d!O1% ?+5,::% 7*,% $"7"#% +9$,A597,% :A,68@86955=% :797,:% 7*97% 7*,%

$"7"#%8:%:?879;5,%@"#%?:,%"+%)?5:,%e8<7*%a"<?597,<%.)ea1%7=A,%d!O%
A"B,#D%%V+%9<<878"+C%7*,%+9$,A597,%$?:7%;,%$9#Q,<%B87*%7*,%8+P,#7,#%
#978+Gf%@"#%,W9$A5,C%TS-0%J\cC%TS%7"%0%J"+:79+7%\"#>?,cC%,76D%

%
%
%
%
%
%
%
%
%
CL:* D?5?!]!>V*4>_*!>H[?5E!+> *

*
CL\*!>!E!4G*!>H[?5E!+>H % %

CL\L\**5F?5f* [45f!>V* G!HE* 4>_* !>H[?5E % 7*,%
A96Q9G8+G%7"%$9Q,%6,#798+%+"%<9$9G,%*9:%"66?##,<%8+%:*8A$,+7D%V@%
7*,#,% 8:% P8:8;5,% <9$9G,% 7"% 7*,% A96Q9G8+GC% ?+A96Q% 9+<% 8+:A,67% 7*,%
$"7"#%8$$,<897,5=D%J598$:%@"#%9+=%<9$9G,%<"+,%8+%:*8A$,+7%$?:7%
;,%$9<,%;=%7*,%A?#6*9:,#%9G98+:7%7*,%7#9+:A"#7978"+%6"$A9+=D%%

%
CL\LC*EOD>* 0+E+D* HF4;E % ;=% *9+<% 7"% ;,% 6,#798+% 7*97% 87%
#"797,:%@#,,5=D%I"7,-%L*9@7%:,95:%9+<%;,9#8+G%:,95:%$9=%9<<%<#9GD%%%%%*
*
CL\LA*5F?5f* >40?[G4E? % @"#% 6"+@"#$9+6,% B87*% A?#6*9:,%
"#<,#% #,>?8#,$,+7:% 9+<% 6"$A589+6,% B87*% A"B,#% :?AA5=% 9+<% 6"+7#"5%
,>?8A$,+7%#,>?8#,$,+7:D%%

%
CLC*F4>_G!>V J**

%U4D>!>VJ*** ;4GG!>V*+Wc?5E*F4g4D_ %
?P-Q(&$#* (.* &'3$'"T* &2T#)* KM-.-* ,.(I'/-/)* %.-* '"$-" /-/* 3(.* &'3$'"T*
("&P* $M-* <($(.* %"/* %11-##(.'-#* <(2"$-/* QP* $M-* <($(. *
<%"23%1$2.-.* =?+5,::% :A,68@86955=% :797,<% "7*,#B8:,% "+% 7*,% $"7"#1D%
K7858^8+G% 7*,% $"7"#% 58@78+G% A#"P8:8"+% 7"% 58@7% "7*,#% 6"$A"+,+7:% :?6*% 9:%
A?$A:% 9+<% G,9#% ;"W,:% 6"?5<% #,:?57% 8+% :,#8"?:% A,#:"+95% 8+E?#=C% <,97*%
9+<F"#%A#"A,#7=%<9$9G,D%

*

%U4D>!>VJ ***;4GG!>V*+Wc?5E*F4g4D_*
Z,@"#,%?:8+G%7*,%58@78+G%A#"P8:8"+C%6*,6Q%7*,%,=,;"57:%9+<F"#%"7*,#%58@78+G%
$,9+:% 7"% 9::?#,% 7*,=% 9#,% +"7% ;,+7% "#% <9$9G,<% 9+<% 9#,% 6"$A5,7,5=%
7*#,9<,<C%:,97,<%g%:,6?#,<%7"%7*,%$"7"#D%(>?8A$,+7%7"%58@7%$"7"#%$?:7%
*9P,%9<,>?97,%58@78+G%69A9687=D%%e*85,%58@78+G%7*,%$"7"#%OH%IH\%:79+<%
?+<,#%"#%8+%7*,%P868+87=%"@%7*,%$"7"#D%!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%
6"?5<%#,:?57%8+%:,#8"?:%A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,D%

*
CLCL\**G!;E!>V*4>VG?*G!0!E4E!+>H %

* *
*

CLA*HE+D4V?J*a"7"#:C%+"7%A?7%8+7"%:,#P86,%8$$,<897,5=C%$?:7%;,%
:7"#,<% 8+<""#:% 8+% 9% 65,9+C% <#=% 5"6978"+D% % MP"8<% 5"6978"+:% B87*% 59#G,%
7,$A,#97?#,% :B8+G:% 7*97% B855% #,:?57% 8+% 6"+<,+:978"+D% % a"7"#:%$?:7%;,%
6"P,#,<% 7"% ,58$8+97,% 98#;"#+,% <?:7% 9+<% <8#7D%V@% 7*,% :7"#9G,% 5"6978"+%
,W*8;87:% *8G*% P8;#978"+C% A596,% 8:"5978"+% A9<:% ?+<,#% $"7"#% 7"% $8+8$8^,%
<9$9G,%7"%$"7"#%;,9#8+G:D%

%



%

CLAL\*W?4D!>V*GOWD!54E!+>J *Z,9#8+G:%9#,%G#,9:,%A96Q,<%
97%7*,%@967"#=f%#,5?;#86978"+%?A"+%#,6,8A7%"@%$"7"#%"#%B*85,%8+%:7"#9G,%
8:% +"7% +,6,::9#=D% V@% :7"#,<% $"#,% 7*9+% "+,% =,9#C% 9<<% G#,9:,% A,#%
5?;#86978"+%8+:7#?678"+:%.\9;5,%'3'1%;,@"#,%:79#73?AD%

%
CLALC*HF4;E* D+E4E!+>J % V7% 8:% #,6"$$,+<,<% 7*97% 7*,% $"7"#%
:*9@7%;,%#"797,<%&%7"%0R%#"7978"+:%,P,#=%7*#,,%$"+7*:%7"%<8:7#8;?7,%7*,%
G#,9:,%8+%7*,%;,9#8+G:D%%\*8:%B855%#,<?6,%7*,%6*9+6,%@"#%6"##":8"+%7"%
@"#$% "+% 7*,% ;,9#8+G% #"558+G% ,5,$,+7:% 9+<% #96,B9=:D%I"7,-% L*9@7%
:,95:%9+<%;,9#8+G%:,95:%$9=%9<<%<#9GD%%%%%%

%
CLALA*_40[* +D* FO0!_* HE+D4V?* G+54E!+>H -%\#,97%
?+A98+7,<% @59+G,:C% :*9@7:C% 9+<% @8778+G:% B87*% 9% #?:7% 8+*8;87"#D% % MAA5=%
9AA#"A#897,%A"B,#%7"%7*,%$"7"#`:%:A96,%*,97,#:%.8@%:"%,>?8AA,<1%%

*
*
*
*
AL:* !>HE4GG4E!+>*4>_*+[?D4E!+> %%

*U4D>!>VJ % H+5=% >?958@8,<% A,#:"++,5% B*"% 9#,% @9$8589#% B87*% 7*,%
9AA#"A#897,%+978"+95%6"<,C%5"695%6"<,:%9+<%:"?+<%A#96786,:%:*"?5<%8+:7955%
"#% #,A98#% ,5,67#8695% $"7"#:% 9+<% 7*,8#% 966,::"#8,:D%V+:7955978"+% :*"?5<%
6"+@"#$% 7"% 7*,% 9AA#"A#897,% +978"+95% 6"<,% 9:% B,55% 9:% 5"695% 6"<,:% 9+<%
:"?+<%A#96786,:D%!985?#,%7"%@"55"B%7*,:,%8+:7#?678"+:%6"?5<%#,:?57%8+%:,#8"?:%
A,#:"+95%8+E?#=C%<,97*%9+<F"#%A#"A,#7=%<9$9G,D%

%U4D>!>VJ ***?G?5ED!54G*G!]?*5!D5O!E*F4g4D_*
O"% +"7% 7"?6*% ,5,67#86955=%58P,% A9#7:D% % O8:6"++,67C%_"6Q"?7% 9+<% \9G% 8+A?7%
A"B,#% :?AA5=% ;,@"#,% 8+:79558+G% "#% :,#P868+G% $"7"#% .8+65?<,:% 966,::"#=%
<,P86,:1D% K:,% 9% P"57$,7,#% 7"% P,#8@=% 7*97% A"B,#% 8:% "@@% ;,@"#,% 6"+79678+G%
6"+<?67"#:D%
%

AL\*G+54E!+> *
*
AL\L\*H?G?5E!>V* 4* G+54E!+>J * J"+:8<,#978"+% :*"?5<% ;,%
G8P,+%7"%,+P8#"+$,+7%9+<%P,+785978"+D%%a"7"#:%:*"?5<%;,%8+:7955,<%8+%
9+% 9#,9% 7*97% 8:% A#"7,67,<% @#"$% <8#,67% :?+58G*7C% 6"##":8P,:C% *9#$@?5%
G9:,:%"#%58>?8<:C%<?:7C%$,795586%A9#7865,:C%9+<%P8;#978"+D%%M%$"7"#%B87*%
7*,%A#"A,#%,+65":?#,%@"#%7*,%,WA,67,<%"A,#978+G%6"+<878"+%:*"?5<%;,%
:,5,67,<D%)#"P8<,%966,::8;5,%65,9#9+6,%@"#%65,9+8+GC%#,A98#C%:,#P86,C%
9+<% 8+:A,678"+:% .L,,% :,678"+% 4D0D4% @"#% 6"+:7#?678"+% 65,9#9+6,:1D%%
\*,%5"6978"+%:*"?5<%;,%6"+:8<,#,<%@"#%A"::8;5,%@?7?#,%$"7"#%#,$"P95%
F% *9+<58+GD% \*,% @#,,% @5"B% "@% 98#% 9#"?+<% 7*,% $"7"#% :*"?5<% +"7% ;,%
";:7#?67,<D%%%
%
AL\LC*40W!?>E* E?0[?D4EOD?* G!0!EHJ* \*,% 9$;8,+7%
7,$A,#97?#,:% "@% 7*,% 98#% 8+5,7% 7"% 7*,% $"7"#% :*"?5<% +"7% ,W6,,<% 'RYJ%
.0R'Y!1%"#%;,%5,::%7*9+%34RYJ%.3SSY!1%?+5,::%7*,%$"7"#%+9$,A597,%
:A,68@86955=% :797,:% 9+% 9$;8,+7% 7,$A,#97?#,% "?7:8<,%"@% 7*,:,% 58$87:D%%
\*,% 9$;8,+7% 8+:8<,% 9+% ,+65":?#,% ;?857% 9#"?+<% 7*,% $"7"#% :*955% +"7%
,W6,,<%7*,%+9$,A597,%9$;8,+7D%!"#%9$;8,+7%7,$A,#97?#,:%"?7:8<,%"@%
7*,:,%58$87:%6"+:?57%7*,%$"7"#%$9+?@967?#,#D%*

%54OE!+>J* !>HOG4E!+>*_?VD4_4E!+>*U4D>!>V %
V+:?5978"+%97%*8G*%7,$A,#97?#,:%9G,:%97%9+%966,5,#97,<%#97,D%%(96*%
0RYJ%8+6#,9:,%8+%7,$A,#97?#,%#,<?6,:%7*,%8+:?5978"+%58@,%;=%"+,%*95@D%%%

*U4D>!>VJ* F4g4D_+OH* G+54E!+>H* 40W!?>E* G!0!EJ*
O8P8:8"+% 0% ]9^9#<"?:% _"6978"+:% $"7"#:% :*955* >+E % ;,% "A,#97,<%
;,5"B% XS&YJ% % .304Y!1% 9$;8,+7D% ._"B% 7,$A,#97?#,:% #,<?6,% 7*,%
6"$A"+,+7%$,6*9+8695%A#"A,#78,:D1%%

% %
AL\LA*5+>HEDO5E!+>*H?G?5E!+>*,-.*G+54E!+>J*

AL\LAL\*_D![[D++;* =+[?>@* 0+E+DH % 9#,% 8+7,+<,<% @"#% ?:,%
8+<""#:% B*,#,% 7*,% 97$":A*,#,% 8:% #,5978P,5=% 65,9+C% <#=C%
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Warranty Card  
Complete and return to validate warranty 

 
Please complete this card and return it to seepex Inc.  By using this card, the valid warranty period will commence at the pump 
Òstart-upÓ date.  If this card is not completed the warranty coverage period will commence on the date the pump is shipped from
the seepex  factory.  This card must be completed and mailed no later than one year from the date of shipment. 
 
          User Entity: _______________________ 
Mailing Address: ________________________                                                      Pump Model # _____________________ 

            ________________________                                               Pump Commission #: _____________________ 
            ________________________                                                  Pumped Product: _____________________ 

 Contact Person:  _______________________                                               Diff. Pressure: _________  Flow Rate: ________ 
  Phone Number:  ________________________                                             Temperature:  _________    Visosity:  _________ 
      Fax Number:  ________________________                                             Solids Size:  _________   Solids %:  _________ 

        
           Was the pump delivered as scheduled? __ Yes __ No                        Did the pump perform as expected? __ Yes __ No 
 Was the appearance of the pump acceptable? __ Yes __ No                             Did you receive:  - Data Sheets? __ Yes __ No 
          Did the pump suffer any freight damage? __ Yes __ No                         -O&M Manuals? __ Yes __ No 
                           Did you local seepex distributor contact you to arrange a start-up? __ Yes  __ No 
Other Comments:  ______________________________________________________________________________________ 
               ______________________________________________________________________________________ 
Name of person completing card (please print):  _______________________________________________________________ 
      Date:  ________________  Signature:  _____________________________________  
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seepex , Inc. 
511 Speedway Drive 
Enon, OH  45323 
Phone (937) 864-7150 

  Fax (937) 864-7157 
  www.seepex.com 
  sales@seepex.net 

                             TERMS & CONDITIONS OF SALES AND/OR REPAIR 
The following terms and conditions shall apply to an order for all or any part the articles covered by this quotation unless specifically excepted therein: 
 
Prices  
Any prices quoted shall only be valid for orders 
placed within 30 days from the date of issue of the 
quotation.  Prices are F.O.B. our plant in U.S. or 
Canadian dollars.  We reserve the right to correct 
typographical or clerical errors. 
Terms  
All orders are subject to approval by our Credit 
Department.  Unless otherwise stated, if payment 
for the invoice due is not made within thirty (30) 
days after shipment, administration fees of 
eighteen percent (18%) per year (equivalent to a 
nominal monthly interest rate of 1!%) will be 
applied on overdue accounts.  The terms and 
conditions herein set forth are based upon tariffs, 
taxes, foreign exchange rates, delivery, and other 
conditions in effect on the date of this contract.  In 
the event changed conditions, legislations, 
regulations, or other matters shall become 
applicable to any quotation, contract, or delivery 
hereunder, any increased exchange, duties, 
taxes, ocean freight, or other charges resulting 
from such action shall be for the customer's 
account and seepex , Inc. may charge such 
increased duties, taxes, or charges to the 
customer. 
 
Unless the order includes the appropriate 
exemption certificates and/or licenses, duties, and 
taxes levied by Federal, State, or other 
governments are required to be charged 
automatically at the rate imposed at time of 
importation/shipment.  Any change in law, 
regulations, or Government Department practice 
which causes a variation of any kind in the 
applicable charges from the amounts allowed for 
the quotation, shall result in an equivalent change 
in the price quoted. 
 
Until payment is made in full, seepex , Inc. shall 
retain the right, without notice, to repossess 
and/or retain the items, and/or dispose of them, 
for its benefit and hold the customer responsible 
for any loss.  Customer agrees to enter into any 
agreements, contracts, or notices required to 
confirm such rights. 
 
Security  
In order to secure any obligations due to seepex , 
Inc. from the customer (whether or not under this 
contract) the customer grants and confirms in 
seepex , Inc. a security interest in: 
a) the merchandise covered by this contract, 

and 
b) in all property and funds of the customer 

now or hereafter in seepex , Inc. 
possession,  whether or not arising out of 
this contract, and in all additions, 
accessions, and proceeds of such 
merchandise and/or property.  The 
customer hereby authorizes seepex , Inc. to 
sign alone any financing statement or 
statements and to do all and any other 
things which may be necessary to perfect 
such security interest. 

 
Cancellation  
After acceptance, orders may be canceled only 
with our approval and payment in accordance with 
contract by the customer for work performed 
and/or material expenses incurred by us to date of 
cancellation.  We reserve the right to cancel the 
order if the customer's financial condition, in our 
sole judgment, places the payment in jeopardy. 
Return  
No credit will be allowed for returns unless our 
authorization in writing for such returns has been 
obtained beforehand.  A copy of this authorization 
is to be returned with the item as the packing slip. 
Shipment  
a) Handling Charge:  Customer shall be 

responsible for making all 
arrangements for shipment of the order with 
a suitable carrier.  In the event 
that customer requests that seepex make 
arrangements for shipment, then 
customer agrees to pay to seepex, in 
addition to the applicable shipping 
charges, a handling charge in the amount of 
10% of the shipping charges with a 
minimum $5.00 to a maximum charge of 
$150.00, with special services requiring 
additional charges.  

b) New Articles:  Where shipping instructions 
indicate no exact routing, our best 
judgement will be used in determining 
routing but we shall not be liable for any 
charges beyond F.O.B. point.  If changes 
are made at customer's request in a) F.O.B. 
point, b) in our normal routing from either 
the manufacturers' or our own plants and in 
these changes involve extra costs, such 
costs shall be for the customer's account, 
unless otherwise noted on the seepex  price 
quotation. 

c) Repair Work:  Defined as work and services 
performed by seepex , Inc.  All orders shall 
be delivered to and picked up from our plant 
unless otherwise specified.  All costs of 
delivery shall be for the customer's account 
unless otherwise agreed to in writing prior to 
shipment. 

d) All Orders:  On collect freight shipments, 
cartage charges from plant to carrier are for 
customer's account.  Title to articles passes 
to customer upon delivery to carrier acting 
as customer's agent subject to any right of 
retention by us.  All claims for shortage in, 
and damages in, shipment or otherwise 
must be reported to carrier immediately 
upon receipt with copy or report to ourselves 
within five (5) days. 

Guarantee  
a) New Articles:  We guarantee articles of our 

manufacture against defects in material 
and/or workmanship for a period of three (3) 
years from date of acceptance, providing 
that the articles have been installed, 
maintained, and operated in accordance 
with our recommendations and instructions. 

b) Repair Work:  Defined herein as work and 
services performed by seepex , Inc.  We 

guarantee all work and services performed by 
us against defect arising from workmanship 
and/or materials provided by us for a period 
of ninety (90) calendar days from the date of 
shipment to customer. 

c) All Orders:  Claims shall be submitted 
promptly in writing to seepex , Inc.  
Replacement and/or repair under guarantee 
shall be made F.O.B. our plant.  Our liability 
under these guarantees is limited to the 
replacement and/or repair only of defective 
material or workmanship and in no event shall 
seepex , Inc. be liable for any loss or damage 
of whatever kind of nature out of defects in 
material and/or workmanship, or resulting 
from delay, or loss of use of articles, or any 
installation into which the article may be 
installed, or arising out, of the contract of the 
work or service or from negligence. 
 
seepex, Inc. shall not be liable for any loss 
or damage resulting from delay and/or late 
delivery due to causes beyond our 
reasonable control.  In no event shall 
seepex, Inc. be liable for any claim 
exceeding the amount of this order.  Our 
guarantee on products of other than our 
own manufacture is limited to the 
guarantee extended to us by the original 
manufacturer.  On any claims for repairs 
and/or replacement under such guarantee, 
all costs incurred by us which are not 
underwritten by the original manufacturers 
shall be for the claimant's account.  Except 
as stated above no representations, 
conditions, or warranties are made with 
respect to products, work, or services, 
express or implied verbal or otherwise, 
including warranties of merchantability and 
fitness.  Our guarantee and warranty shall 
not apply to materials or workmanship 
which have been subject to misuse, 
neglect, or accident. 
seepex, Inc. shall be held free and 
harmless from any dispute or claim 
anywhere arising relating to infringement 
of patent, design, trademark, or copyright 
of items, sold or repaired under this 
contract. 

 
 
Property rights and risks  
The customer's property at all times shall remain at 
the risk of the customer while being worked on by 
our personnel or on our premises and shall not be 
responsible for any loss or damage to the 
customer's property resulting from any cause 
whatsoever. 
 
Title to and rights in relation to item sold under this 
contract/quotations shall remain with seepex , Inc. 
until such items are paid for, subject to risk on 
products sold passing to the customer upon 
acceptance by a carrier or other, which shall 
constitute good delivery. 
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CALIBRATION CYLINDER



 



ACCUDRAW  has been developed for the accurate calibration of
metering pumps. Standard features include:

¥ translucent ¥ PVC has dual scale USGPH & ml
¥ chemical resistant ¥ PVC sizes 100 - 20000 ml
¥ break resistant ¥ POLY sizes 100 - 4000 ml
¥ threaded or socket ¥ POLY meets ISO standards
¥ colored graduations ¥ custom sizes and other materials
  and lettering   (acrylic, glass) on request

PRIMARY FLUID
SYSTEMS INC.

Call Toll Free 1-800-776-6580
Tel (905) 333-8743  Fax (905) 333-8746

E-Mail:  primary@primaryfluid.com
www.primaryfluid.com

ACCUDRAW¨   Calibration Cylinders

¨

PVCPolypropylene PVC



Polypropylene Construction
PVC Construction

BC = bottom connection only, open top
BTC= bottom and top connections
BDC= bottom connection and dust cover top

Sizing and Ordering Information

Distributed By:

Note: PVC cylinders available with socket weld connections.
           Add suffix ÒSÓ to model #  e.g. PV#3-100S
           For BSP threads, add suffix "B" to model # e.g. PV#3-100B

ACCUDRAW

Installations

"For Accuracy That Counts"
Calibration Cylinders

Dimensional Information
Polypropylene Construction PVC Construction

(using return to tank) (using bottom connection with dust cover)

Conversion Factors
1 ml = 1 cc

1000 ml = 1 liter
ml/sec X 60 = ml/min

1 US gal/min X 0.063 = liters/sec
1 US gal = 3.786 liters

   Call Toll Free 1-800-776-6580
Tel: (905) 333-8743

¨  Registered Trade Mark of Primary Fluid Systems

!"#"$

Fax: (905) 333-8746

E:Mail: primary@primaryfluid.com
www.primaryfluid.com

¨

ACCUDRAW

Model Size Divisions Size Divisions A B 

(ml) (ml) (GPH) (GPH) (inches) (inches)
PV#1 100 1 1.6 0.02 10.24 1.388

PV#1 250 2 4 0.05 11.04 1.888

PV#1 500 5 8 0.05 12.25 2.388

PV#1 1000 10 16 0.125 16.24 2.765
PV#1 2000 20 32 0.25 20.16 3.517

PV#1 4000 25 64 0.25 22.16 4.521

PV#1 10000 200 160 2 22.64 6.906

PV#1 20000 200 320 2 42.19 6.906

PV#2/PV#3 100 1 1.6 0.02 10.75 1.388
PV#2/PV#3 250 2 4 0.05 11.51 1.888

PV#2/PV#3 500 5 8 0.05 12.75 2.388

PV#2/PV#3 1000 10 16 0.125 16.76 2.765

PV#2/PV#3 2000 20 32 0.25 20.67 3.517

PV#2/PV#3 4000 25 64 0.25 22.66 4.521
PV#2/PV#3 10000 200 160 2 23.16 6.906

PV#2/PV#3 20000 200 320 2 42.69 6.906

PRIMARY FLUID
SYSTEMS INC.

Distribution Territories Available

Size Conn. BC BTC BDC
100 ml 1/2" NPT AC#1-100 AC#2-100 AC#3-100
250 ml 1/2" NPT AC#1-250 AC#2-250 AC#3-250
500 ml 1/2" NPT AC#1-500 AC#2-500 AC#3-500
1000 ml 1/2" NPT AC#1-1000 AC#2-1000 AC#3-1000
2000 ml 1.0" NPT AC#1-2000 AC#2-2000 AC#3-2000
4000 ml 1.0" NPT AC#1-4000 AC#2-4000 AC#3-4000

Size/Scale Conn BC BTC BDC
100 ml/ 1.6 GPH 1/2" NPT PV#1-100 PV#2-100 PV#3-100
250 ml/ 4 GPH 1/2" NPT PV#1-250 PV#2-250 PV#3-250
500 ml/ 8 GPH 1/2" NPT PV#1-500 PV#2-500 PV#3-500
1000 ml/ 16 GPH 1/2" NPT PV#1-1000 PV#2-1000 PV#3-1000
2000 ml/ 32 GPH 1.0" NPT PV#1-2000 PV#2-2000 PV#3-2000
4000 ml/ 64 GPH 1.0" NPT PV#1-4000 PV#2-4000 PV#3-4000
10000 ml/ 160 GPH 2.0" NPT PV#1-10000 PV#2-10000 PV#3-10000
20000 ml/ 320 GPH 2.0" NPT PV#1-20000 PV#2-20000 PV#3-20000

Model Size (ml) Dev (ml) A (inches) B (inches)
AC#1 100 1 9.88 1.38

AC#1 250 2 12.44 1.75

AC#1 500 5 14.1 2.33

AC#1 1000 10 17.19 2.63

AC#1 2000 20 20.88 3.38

AC#1 4000 50 23.56 4.38

AC#2/AC#3 100 1 9.25 1.38

AC#2/AC#3 250 2 11.63 1.75

AC#2/AC#3 500 5 13 2.32

AC#2/AC#3 1000 10 16.5 2.69

AC#2/AC#3 2000 20 19.5 3.38

AC#2/AC#3 4000 50 22.13 4.38

caustic soda
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OWNERÕS MANUAL
INSTALLATION AND OPERATING INSTRUCTIONS

PVM (IX) 2 - PVM (IX) 16

VERTICAL MULTISTAGE PUMPS
Single and Three Phase 60 Cycle

Record the following information from the motor and pump
nameplates for future reference:

Pump Model No.

Bill of Material  No.

Motor Model No.

Motor Serial No.

H.P. Volts/Hz/Ph

Rated Amp Draw

Aurora Pump, 800 Airport Road, North Aurora, IL 60542

AP473 (10/1/06)



TABLE OF CONTENTS 
Safety Instructions..............................................................2
Applications and Operating Ranges................................2-4
Installation.........................................................................5
Electrical ........................................................................6-7
Operation.......................................................................7-8
Maintenance ................................................................9-12
Troubleshooting Guide....................................................13
Repair Parts ................................................................14-17

Carefully read and follow all safety instructions
in this manual or on pump.

This is the safety-alert.When you see this symbol on
your pump or in this manual, look for one of the

following signal words and be alert to the potential for
personal injury.

warns about hazards that will cause serious
personal injury, death or major property damage if ignored.

warns about hazards that can cause serious
personal injury, death or major property damage if ignored.

warns about hazards that will or can cause
minor personal injury or property damage if ignored.

The word NOTICE indicates special instructions which are
important but not related to hazards.

To avoid serious or fatal personal injury and possible
property damage, carefully read and follow the safety
instructions.

1. Install pump according to all code requirements.

2. Compare pump nameplate data with desired operating
range.

3. Pump only liquids compatible with pump component
materials (that is, liquids that will not attack the pump).

4. Make sure plumbing is adequate to handle system
pressure.

5. Periodically perform maintenance inspection on pump
and system components.

6. Wear safety glasses at all times when working on
pumps.

INSPECT THE SHIPMENT
The vertical multistage centrifugal inline pump has been
carefully inspected and packaged to assure safe delivery.
Inspect the pump and fittings and report to the carrier any
items which are damaged or missing.

CONFIRM THAT YOU 
HAVE THE RIGHT PUMP

APPLICATIONS AND 
OPERATING RANGES
Aurora multistage in-line centrifugal pumps are designed
for liquid transfer, circulation, and pressure boosting of hot
or cold clean water or other thin, non-explosive liquids, not
containing solid particles or fibers, which will not
chemically attack the pump materials.

Typical applications include:

¥ Municipal water supply and pressure boosting

¥ Boiler feed and condensate systems

¥ Cooling water systems

¥ Irrigation

¥ Fire fighting

Maximum Ambient Temperature....................104¡ F(40¡ C)

Liquid Temperature Range .............................5¡ F to 250¡ F
(-15¡ C to +121¡ C)

Maximum Permissible 
Operating Pressure Curves................................See Figure 4

Maximum Inlet Pressure: ....... Table II shows the maximum 
permissible inlet pressure. However, 

the actual inlet pressure plus the pressure 
when the pump is running against a closed 

valve must always be lower than the 
ÒMaximum Permissible Operating PressureÓ.

Electrical Data: ..................................See Motor Nameplate

Dimensions and Port to 
Port Lengths : ...................................See Figures 2A, 2B, 3A 

and 3B, Pages 3 and 4

2

PVM_2-30/2
Aurora Vertical
Multistage Pump

Nominal flow rate in m3/hr
(multiply by 4.4 to get GPM)

Number of stages ( 10)

Number of impellers - only used if pump
has fewer impellers than chambers (stages)

Material Code (SS only)
I = all wetted surfaces 304SS; 
X = all wetted surfaces 316SS

MODEL #

GPM

HP

PART #

FEET

PRESS. 
MAX (PSI)

MFG. DATE

RPM

TEMP. MAX (F)

FIGURE 1 - Model Plate Information
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FIGURE 2A - Height, width and baseplate dimensions for PVM2
and PVM4 Series pumps
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Gauge Tap

1/4" NPT
Gauge Tap

3/4" NPT
Vent Plug

FIGURE 2B - Height, width, and baseplate dimensions for PVM8
and PVM16 Series pumps

Model Dimension in Inches
Number A B C D E F

PVM2-30/2 11-3/8 9-1/4 4-7/8 2 22-5/8 6
PVM2-30 11-3/8 9-7/8 4-7/8 2 23-1/4 6
PVM2-40 12 11-1/8 5-1/4 2 25-1/4 7-1/8
PVM2-50 12-3/4 11-1/8 5-3/4 2-1/8 26 7-1/4
PVM2-60 13-1/2 11-1/8 5-3/4 2-1/8 26-5/8 7-1/4
PVM2-70 14-1/8 12-1/8 5-3/4 2-1/8 28-1/4 7-1/4
PVM2-80 14-7/8 12-1/8 5-3/4 2-1/8 29 7-1/4
PVM2-90 15-15/16 12-5-16 6-7/8 2-7/8 31-1/8 8-1/2
PVM2-100 16-5/8 13-5/8 2-7/8 2-7/8 33-1/4 8-1/2
PVM2-110 17-3/8 12-5/16 6-7/8 2-7/8 32-17/32 8-1/2
PVM2-120 18-1/8 13-5/8 6-7/8 2-7/8 34-5/8 8-1/2
PVM2-130 18-13/16 12-5/16 6-7/8 2-7/8 34 8-1/2
PVM2-140 19-1/2 15-9/32 8 3-3/8 38-5/32 10-9/16
PVM2-150 20-1/4 15-1/4 8 3-3/8 38-7/8 10-5/8
PVM2-160 20-15/16 15-1/4 8 3-3/8 39-9/16 10-5/8
PVM2-170 21-9/16 15-1/4 8 3-3/8 40-9/32 10-5/8
PVM2-180 22-3/8 15-1/4 8 3-3/8 41 10-5/8
PVM4-20/1 11-3/8 9-1/4 4-7/8 2 22-5/8 6
PVM4-20 11-3/8 9-7/8 4-7/8 2 23-1/4 6
PVM4-30 12-3/8 11-1/8 5-1/4 2 25-5/8 7-1/8
PVM4-40 13-1/2 11-1/8 5-3/4 2-1/8 26-5/8 7-1/4
PVM4-50 14-1/2 12 5-3/4 2-1/8 28-5/8 7-1/4
PVM4-60 16 13-5/8 6-7/8 2-7/8 32-1/2 8-1/2
PVM4-80/7 18-1/8 13-5/8 6-7/8 2-7/8 34-5/8 8-1/2
PVM4-80 18-1/8 13-5/8 6-7/8 2-7/8 34-5/8 8-1/2
PVM4-90 19-5/32 15-1/4 8 3-3/8 37-13/16 10-5/8
PVM4-100 20-1/4 15-1/4 8 3-3/8 38-7/8 10-5/8
PVM4-110 21-1/4 15-1/4 8 3-3/8 39-15/16 10-5/8
PVM4-120 22-3/8 15-1/4 8 3-3/8 41 10-5/8
PVM4-130 23-13/32 15-1/4 8 3-3/8 42 10-5/8
PVM4-140 24-1/2 15-1/4 8 3-3/8 43-1/8 10-5/8
PVM4-150 25-1/2 15-1/4 8 3-3/8 44-3/16 10-5/8
PVM4-160 26-5/8 15-1/4 8 3-3/8 45-1/4 10-5/8
PVM8-20/1 15 9-7/8 4-7/8 2 27 6
PVM8-20 15 11-1/8 5-3/4 2-1/8 28-1/4 7-1/4
PVM8-30 17-3/4 13-5/8 6-7/8 2-7/8 34-1/4 8-1/2
PVM8-40 18-7/8 13-5/8 6-7/8 2-7/8 35-1/2 8-1/2
PVM8-50 20-1/8 15-1/4 8 3-3/8 38-3/4 10-5/8
PVM8-60 21-1/4 15-1/4 8 3-3/8 40 10-5/8
PVM8-70 21-5/16 15-1/4 8 3-3/8 39-15/16 10-5/8
PVM8-80 23-5/8 15-1/4 8 3-3/8 42-1/4 10-5/8
PVM8-90 26 15-1/4 8 3-3/8 44-21/32 10-5/8
PVM8-100 26 15-1/4 8 3-3/8 44-5/8 10-5/8
PVM8-110 27-3/16 16-3/8 8-3/4 3-3/8 47 10-5/8
PVM8-120 28-3/8 16-1/2 8-3/4 3-3/8 48-1/4 10-5/8
PVM8-130 29-9/16 16-3/8 8-3/4 3-3/8 49-5/16 10-5/8
PVM8-140 30-3/4 16-3/8 8-3/4 3-3/8 50-1/2 10-5/8
PVM8-150 33-9/16 19-21/32 9-1/2 4-1/4 57-9/16 12-15/16
PVM8-160 33-5/8 19-5/8 9-1/2 4-1/4 57-1/2 13
PVM16-30/2 19-1/2 15-1/4 8 3-3/8 38-1/4 10-5/8
PVM16-30 19-1/2 15-1/4 8 3-3/8 38-1/4 10-5/8
PVM16-40 21-3/8 15-1/4 8 3-3/8 40 10-5/8
PVM16-50 23-1/8 16-3/8 8-3/4 3-3/8 42-7/8 10-5/8
PVM16-60 25-3/8 19-5/8 9-1/2 4-1/4 49-1/4 13
PVM16-70 27-1/8 19-5/8 9-1/2 4-1/4 51 13
PVM16-80 28-7/8 19-5/8 9-1/2 4-1/4 52-7/8 13
PVM16-90 30-3/16 21-3/4 9-3/16 4 55-15/16 11-1/2
PVM16-100 32 21-3/4 9-1/8 4 57-3/4 11-1/2
PVM16-110 33-9/16 21-3/4 9-1/2 3-1/4 58-9/16 12-15/16
PVM16-120 35-3/8 21-3/4 9-1/2 3-1/4 60-3/8 13

TABLE I Ð Maximum Height and Width Dimensions*

* Measurements represent the largest number possible for each Model.
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FIGURE 3A - Height, width and baseplate dimensions for
PVMI/X2 and PVMI/X4 Series pumps
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FIGURE 3B - Height, width, and baseplate dimensions for
PVMI/X8 and PVMI/X16 Series pumps

Model Dimension in Inches
Number A B C D E F

PVMI/X2-30/2 11-3/4 9-1/4 4-7/8 2 23 6
PVMI/X2-30 11-3/4 9-7/8 4-7/8 2 23-5/8 6
PVMI/X2-40 12-3/8 11-1/8 5-1/4 2 25-5/8 7-1/8
PVMI/X2-50 13-1/8 11-1/8 5-3/4 2-1/8 26-3/8 7-1/4
PVMI/X2-60 13-7/8 11-1/8 5-3/4 2-1/8 27 7-1/4
PVMI/X2-70 14-1/2 12-1/8 5-3/4 2-1/8 28-5/8 7-1/4
PVMI/X2-80 15-1/4 12-1/8 5-3/4 2-1/8 29-3/8 7-1/4
PVMI/X2-90 16-3/8 12-5/16 6-7/8 2-7/8 31-17/32 8-1/2
PVMI/X2-100 17 13-5/8 2-7/8 2-7/8 33-5/8 8-1/2
PVMI/X2-110 17-3/4 12-5/16 6-7/8 2-7/8 33 8-1/2
PVMI/X2-120 18-1/2 13-5/8 6-7/8 2-7/8 35 8-1/2
PVMI/X2-130 19-3/16 12-5/16 6-7/8 2-7/8 34-3/8 8-1/2
PVMI/X2-140 19-15/16 15-1/4 8-1/16 3-3/8 38-9/16 10-5/8
PVMI/X2-150 20-5/8 15-1/4 8 3-3/8 39-1/4 10-5/8
PVMI/X2-160 21-5/16 15-1/4 8-1/16 3-3/8 40 10-5/8
PVMI/X2-170 22-1/32 15-1/4 8-1/16 3-3/8 40 10-5/8
PVMI/X2-180 22-3/4 15-1/4 8 3-3/8 41-3/8 10-5/8
PVMI/X4-20/1 11-3/4 9-1/4 4-7/8 2 23 6
PVMI/X4-20 11-3/4 9-7/8 4-7/8 2 23-5/8 6
PVMI/X4-30 12-3/4 11-1/8 5-1/4 2 26 7-1/8
PVMI/X4-40 13-7/8 11-1/8 5-3/4 2-1/8 27 7-1/4
PVMI/X4-50 14-7/8 12 5-3/4 2-1/8 29 7-1/4
PVMI/X4-60 16-3/8 13-5/8 6-7/8 2-7/8 32-7/8 8-1/2
PVMI/X4-80/7 18-1/2 13-5/8 6-7/8 2-7/8 35 8-1/2
PVMI/X4-80 18-1/2 13-5/8 6-7/8 2-7/8 35 8-1/2
PVMI/X4-90 19-17/32 15-1/4 8-1/16 3-3/8 38-3/16 10-5/8
PVMI/X4-100 20-5/8 15-1/4 8 3-3/8 39-1/4 10-5/8
PVMI/X4-110 21-9/16 15-1/4 8-1/16 3-3/8 40-3/16 10-5/8
PVMI/X4-120 22-3/4 15-1/4 8 3-3/8 41-3/8 10-5/8
PVMI/X4-130 23-13/16 15-1/4 8-1/16 3-3/8 42-1/2 10-5/8
PVMI/X4-140 24-7/8 15-1/4 8 3-3/8 43-1/2 10-5/8
PVMI/X4-150 25-15/16 15-1/4 8-1/16 3-3/8 44-17/32 10-5/8
PVMI/X4-160 27 15-1/4 8 3-3/8 45-3/8 10-5/8
PVMI/X8-20/1 15 9-7/8 4-7/8 2 27 6
PVMI/X8-20 15 11-1/8 5-3/4 2-1/8 28-1/4 7-1/4
PVMI/X8-30 17-3/4 13-5/8 6-7/8 2-7/8 34-1/4 8-1/2
PVMI/X8-40 18-7/8 13-5/8 6-7/8 2-7/8 35-1/2 8-1/2
PVMI/X8-50 20-1/8 15-1/4 8 3-3/8 38-3/4 10-5/8
PVMI/X8-60 21-1/4 15-1/4 8 3-3/8 40 10-5/8
PVMI/X8-70 21-3/8 15-1/4 8-1/16 3-3/8 40 10-5/8
PVMI/X8-80 23-5/8 15-1/4 8 3-3/8 42-1/4 10-5/8
PVMI/X8-90 26-1/8 15-1/4 8-1/16 3-3/8 44-3/4 10-5/8
PVMI/X8-100 26 15-1/4 8 3-3/8 44-5/8 10-5/8
PVMI/X8-110 28-1/2 16-3/8 8-7/8 3-3/8 48-1/4 10-5/8
PVMI/X8-120 28-3/8 16-1/2 8-3/4 3-3/8 48-1/4 10-5/8
PVMI/X8-130 28-1/2 16-3/8 8-7/8 3-3/8 48-1/4 10-5/8
PVMI/X8-140 30-3/4 16-3/8 8-3/4 3-3/8 50-1/2 10-5/8
PVMI/X8-150 33-3/4 19-11/16 9-1/2 4-1/4 57-5/8 12-15/16
PVMI/X8-160 33-5/8 19-5/8 9-1/2 4-1/4 57-1/2 13
PVMI/X16-30/2 19-1/2 15-1/4 8 3-3/8 38-1/4 10-5/8
PVMI/X16-30 19-1/2 15-1/4 8 3-3/8 38-1/4 10-5/8
PVMI/X16-40 21-3/8 15-1/4 8 3-3/8 40 10-5/8
PVMI/X16-50 23-1/8 16-3/8 8-3/4 3-3/8 42-7/8 10-5/8
PVMI/X16-60 25-3/8 19-5/8 9-1/2 4-1/4 49-1/4 13
PVMI/X16-70 27-1/8 19-5/8 9-1/2 4-1/4 51 13
PVMI/X16-80 28-7/8 19-5/8 9-1/2 4-1/4 52-7/8 13
PVMI/X16-90 30-5/16 21-3/4 9-3/16 4 56 11-1/2
PVMI/X16-100 32 21-3/4 9-1/8 4 57-3/4 11-1/2
PVMI/X16-110 33-11/16 21-3/4 9-1/2 3-1/4 58-11/16 12-15/16
PVMI/X16-120 35-3/8 21-3/4 9-1/2 3-1/4 60-3/8 13

TABLE II Ð Maximum Height and Width Dimensions*

* Measurements represent the largest number possible for each Model.

NOTE: PVMI models are 304 stainless steel; PVMX models are 316
stainless steel.
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INSTALLATION
Hazardous voltage. Voltage can shock, burn,

or cause death. Ground pump motor correctly before
connecting to power supply, per article 250-80 of the
National Electrical Code (NEC) in the U.S., or the Canadian
Electrical Code (CEC), as applicable.

Location
Locate pump in a dry, well-ventilated area, not subject to
freezing or extreme variations in temperature.

Mount pump a minimum of 6Ó from any obstruction or hot
surface. Install the pump with the motor shaft vertical.
Make sure that an adequate supply of cool air reaches the
motor cooling fan. Maximum ambient air temperature is
104¡ F (40¡ C).

For open systems requiring suction lift, locate the pump as
close to the water source as possible.

Foundation
Foundation should be concrete or a similarly rigid
foundation to provide a secure, stable mounting base for
the pump.

Secure pump to foundation using all bolt holes. Refer to
Figures 2 and 3 for bolt plate dimensions. Be sure that all
four pads on the base are properly supported.

Shim pump base to make sure that pump is level. 

Piping 

Explosion and burn hazard. Do not run
pump with discharge valve closed; the water in the pump
may boil, with risk of explosion and steam burns to
anyone near. If there is any danger of the pump running
against a closed discharge valve, install a pressure relief or
bypass valve in the discharge pipe to allow for minimum
liquid flow through the pump. Minimum liquid flow
through the pump is needed for cooling and lubrication of
the pump (See Table IV). Run the bypass/relief valve and
discharge pipe to a floor drain or a tank for collection.

Suction pipe should be adequately sized (See Table V) and
run as straight and as short as possible to keep friction
losses to a minimum. Pipes, valves, and fittings must have a
pressure rating equal to or greater than the maximum
system pressure.

Pressure check the discharge piping as required by codes or
local regulations.

ÒInletÓ and ÒOutletÓ are marked on the pump base to show
the direction of the liquid flow through the pump.

Install anti-vibration mountings on either side of the pump
if a minimum noise level is desired.

Liquid Temperature
Type +5¡ F to +250¡ F

PVM2 1 GPM

PVM4 2 GPM

PVM8 4 GPM

PVM16 8 GPM

TABLE IV Ð Minimum Pumping Rates

Type Pipe Size

PVM2 1-1/4Ó Nominal Diameter, Schedule 40 Pipe

PVM4 1-1/4Ó Nominal Diameter, Schedule 40 Pipe

PVM8 2Ó Nominal Diameter, Schedule 40 Pipe

PVM16 2Ó Nominal Diameter, Schedule 40 Pipe

TABLE V Ð Minimum Suction Pipe Sizes

FIGURE 4 - Maximum Permissible Operating Pressure
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PVM2-30/2 to PVM2-180

PVM4-20/1 to PVM4-160

PVM8-20/1 to PVM8-160

PVM16-30/2 to PVM16-120

TABLE III Ð Permissible Operating Pressures

Maximum Inlet
Model Number Pressure (PSI)

PVM2
30/2 - 60 145
70 - 180 220
20/1 - 20 90

PVM4 30 - 80/7 145
80 - 160 220

PVM8
20/1 - 40 90
50 - 160 145

PVM16
30/2 - 30 90
40 - 120 145
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Install isolation valves in both inlet and outlet pipes near
the pump (see Figure 5). This allows for removal of pump
for service without draining the system and isolation of the
pump in case of a flooded suction condition.

If the system pressure is greater than the pumps maximum
inlet pressure the limits of the pump can be exceeded if the
discharge pressure backs up to the inlet side of the pump.
Installation of a check valve in the discharge pipe is
recommended to prevent this condition.

Make sure, especially on the inlet side of the pump, that
there are no airlocks in the system. See Figure 6 for correct
pipe work to avoid airlocks. The suction pipe should be
level or slightly rising.

Support all piping independently of the pump so the weight
of the piping system does not strain the pump case. Make
sure that the expansion and contraction of the piping
system from temperature variations cannot put a strain on
the pump.

If the system or pump must be drained periodically
(especially if the discharge pipe is horizontal or slopes
downward away from the pump), install a loop and
vacuum valve as shown in Figure 7 to protect the pump
against running dry. The highest point of the loop should be
at least as high as the lowest point of the motor. This
loop/valve combination will allow the pump and the
system to be drained independently of one another.

ELECTRICAL
Hazardous voltage. Can shock, burn or

cause death.All electrical work should be performed by a
qualified electrician in accordance with the National
Electrical Code and all local codes and regulations. Make
sure that the motor voltage, phase, and frequency match
the incoming electrical supply. The proper operating
voltage and other electrical information can be found on
the motor nameplate. These motors are designed to run up
to ±10% of the nameplate-rated voltage. The wiring
connection diagram can be found on either a plate
attached to the motor or on a diagram inside the terminal
box cover. 

¥ If voltage variations are greater than ±10% do not
operate the pump.

¥ Incorrect voltage can cause fire or serious damage to the
motor and voids warranty.

¥ Ground the pump motor correctly before connecting it
to the power supply.

¥ Follow the wiring instructions when connecting the
motor to the power lines.

Position of Terminal Box
To turn the motor so that the terminal box faces the right
direction, proceed as follows:

1. Disconnect the power to the pump motor.

O.K.

O.K.

FIGURE 6 - Install Pipe Correctly to Prevent Air Locks

3346 1198

Vacuum Valve

FIGURE 7 - Loop and Vacuum Valve Installation

FIGURE 5 - Bypass required if pump might operate with
discharge valve closed. See Table IV for minimum required flow
through pump to prevent overheating and to ensure lubrication.

Inlet Outlet

Nipple
Orifice

Bypass Line

12" Min. 
to prevent 

erosion

Isolation Valves
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2. Remove the coupling guards (use a screwdriver).

3. Remove the couplings.

4. Remove the bolts that fasten the motor to the pump.

5. Turn the motor to the required position (in quarter-turn
increments).

6. Follow steps 10 - 20 under ÒMotor ReplacementÓ, on
Page 9.

Field Wiring
All wiring connections and wiring sizes must meet National
Electrical Code and local requirements.

Motor Protection
See the motor nameplate for electrical connection/wiring
diagram.

Aurora pumps must be used with the proper size and type
of motor starter to ensure protection against damage from
low voltage, phase failure, current imbalances and
overloads. The overload should be sized to trip at the full-
load current rating of the motor.

OPERATION
Priming

Hazardous pressure.Do not run the pump
with the discharge valve closed; the water in the pump may
boil, causing risk of explosion and steam burns to anyone
nearby.

Hazardous voltage. Disconnect all power to
the pump before servicing or working on the pump. Make
sure that the power is locked out and that the pump cannot
be accidentally started.

NOTICE: Under no circumstances should the pump be
operated without flow through the pump. Never operate
the pump dry.

Operation of closed systems or open systems with the
liquid level above the pump priming plug:

1. Close the discharge isolating valve and loosen the
needle valve located in the assembly in the pump head
(Figure 8). Do not remove the needle valve.

NOTICE: On PVMI(X)2/4 models, remove the coupling
guard for access to the vent plug.

Risk of water damage and injury. Watch the
direction of the priming plug and make sure that the liquid
escaping from it does not injure persons nearby or damage
the motor or other components. In hot water installations,
pay particular attention to the risk of injury from scalding
hot water.

2. Slowly open the isolation valve in the suction pipe until
a steady stream of liquid runs out the vent in the priming
port.

3. Tighten needle valve to 25 inch-pounds. Completely open
isolation valves.

NOTICE: Please turn to ÒStartingÓ, Page 8, before
proceeding any further.

Operation of open systems with the liquid level below the
top of the pump:

NOTICE: The suction pipe requires a check valve or
isolation valve.

1. Close the discharge isolation valve.
2. Remove the vented priming plug.
3. Pour liquid through the priming port until the suction

pipe and the pump are completely filled with liquid.
4. Replace the vented priming plug and tighten it securely.
5. Repeat steps 1-4 until the pump is primed.

NOTICE: Please turn to ÒStartingÓ, Page 8, before
proceeding any further.

Checking Direction of Rotation
NOTICE: Do not disconnect the motor from the shaft to
check the direction of rotation. If you remove the coupling,
then you must adjust the shaft position when you reinstall
it. This must be done before starting the pump.

Arrows on the pump head show the correct direction of
rotation. When seen from the motor fan, the pump should
rotate counterclockwise ( ). For pump motors without a
fan remove one of the coupling guards and look at the
coupling to determine the direction of rotation. Turn off the
pump and replace coupling guard.

NOTICE: Do not check the direction of rotation until the
pump has been filled with liquid. See ÒPrimingÓ, at left and
above.

1. Switch power off.
2. Remove the coupling guard and rotate the pump shaft to

be certain it can turn freely. Replace the coupling guard.
3. Verify that the electrical connections are in accordance

with the wiring diagram on the motor.
4. If the fan is visible, turn on and off to verify rotation.
5. To reverse the direction of rotation, first switch OFF the

power supply.

Vented
Priming
Plug

Drain
Plug

Back off needle valve 
to vent air. Retighten 
to 25 in.-lbs. when vent 
port runs a steady stream 
of water.

FIGURE 8 - Priming and Drain Plugs



6. On three-phase motors, switch 2 of the 3 power leads on
the load side of the starter. On single-phase motors, see
the connection diagram on the motor nameplate.
Change the wiring as indicated.

Hazardous voltage. Voltage can shock, burn
or cause death. Ground the pump motor correctly before
connecting to power supply per article 250-80 of National
Electrical Code (NEC) in the U.S., or the Canadian
Electrical Code (CEC), as applicable.

7. Switch on the power supply and recheck the direction of
motor rotation. 

Starting
1. If a suction line isolation valve has been installed, check

to be sure that it is completely opened.
2. For initial starting, the isolation valve in the discharge

pipe should be almost closed.

3. Start the pump.

4. When the piping system has been filled with liquid,
slowly open the discharge isolation valve until it is
completely open. Opening the valve too fast may result
in water hammer in the discharge pipe. If the pump or
system start to rattle, the pump is cavitating; to avoid
damage to the pump, reduce the flow through the
discharge isolation valve until the rattling stops. If this
does not give adequate flow for your installation, call
your installer or system designer.

5. Record the voltage and amperage of the motor. Adjust
the motor overloads if required.

6. If pressure gauges have been installed, check and record
operating pressures.

7. Check all controls for proper operation.

Motor Bearings
For the greasing schedule and greasing procedure of the
motor bearings follow the motor manufacturers
recommendations.

Calculating Minimum Inlet Pressure:
Minimum inlet pressure is required to avoid cavitation in
the pump and is calculated as follows:

H = Pb  - NPSHR - Hf - Hv - Hs
H = Minimum Inlet Pressure in Feet of Head
Pb = Barometric Pressure in Feet
1 Bar = 29.53 inches of Mercury (Hg)
1 PSI = 2.31 Ft of Head
1 Bar = 33.5 Ft. of Head
NPSHR = Net Positive suction head required.  To be read
from the NPSHR curve, Figure 9, at the highest flow the
pump will be delivering.
Hf = Friction Loss in suction pipe in ft of head
Hv = Vapor pressure in feet of head (See Table VI).
Hs = A safety margin of 1.64 ft of head

Example for PVM8:

If: Flow = 60 GPM

Pb = 1 Bar = 29.53 Inches of Mercury*
(Convert from Bar to Feet of Head)

1 Inch of mercury = 1.13Õ feet of water

T = 100¡ F

NPSHR = 10Õ (See Figure 9)

Hf = 10Õ of 2Ó Steel Pipe @ 11.9Õ of loss per 100Õ 

of Pipe (Hf = 11.9Õ/10Õ = 1.19Õ)

Hv = 2.195Õ (from Table VI)

Hs = 1.64Õ (safety factor from above)

Then: H = 33.5Õ* - NPSHR** - Hf - Hv - Hs

H = 33.5Õ - 10Õ - 1.19Õ - 2.195Õ - 1.64 = 18.475Õ

H = 18.475Õ = Minimum Inlet Pressure
* 1 Bar = 14.5 PSI x 2.31 Ft of Head = 33.5Õ
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FIGURE 9 - PVM2 through PVM16
Net Positive Suction Head Requirement (NPSHR)

Temperature Vapor Pressure Absolute Pressure
in ¡F (¡C) in PSIA (kPa) in Feet (M) of Water

32 (0) 0.089 (.61) 0.205 (.062)

40 (4.4) 0.122 (.84) 0.281 (.086)

60 (15.6) 0.256 (1.77) 0.592 (.180)

80 (26.7) 0.507 (3.50) 1.172 (.358)

100 (37.8) 0.95 (6.55) 2.195 (.669)

120 (48.9) 1.695 (11.69) 3.914 (1.193)

140 (60.0) 2.892 (19.94) 6.681 (2.036)

160 (71.1) 4.745 (32.72) 10.961 (3.341)

180 (82.2) 7.515 (51.84) 17.36 (5.291)

200 (93.3) 11.529 (79.49) 26.632 (8.117)

210 (98.9) 14.125 (97.39) 32.629 (9.945)

212 (100) 14.698 (101.34) 33.952 (10.349)

220 (104.4) 17.188 (118.51) 39.704 (12.102)

230 (110.0) 20.78 (143.28) 48.002 (14.631)

240 (115.6) 24.97 (172.17) 57.681 (17.581)

248 (120.0) 28.79 (188.51) 66.505 (20.271)

TABLE VI Ð Vapor Pressure of Water



MAINTENANCE
Motor Replacement 
For Key Numbers, refer to the Exploded View, Figure 14,
Page 14 for PVM2 and PVM4 Series Models, Figure 16,
Page 16 for PVMI/X2 and PVMI/X4 Models, Figure 15, Page
15 for PVM8 and PVM16 Series Models, and Figure 17,
Page 17 for PVMI/X8 and PVMI/X16 Series Models.

Hazardous voltage. Disconnect all power to
the pump before servicing or working on pump. Make sure
that power is locked out and that pump cannot be
accidentally started.

1. Disconnect the power to the pump motor.

2. Close the nearest suction and discharge valves.

3. Remove the coupling guards (Key No. 4) by prying
them loose with a screw driver.

4. Remove the socket head screws (Key No. 3) and the
coupling halves (Key No. 2) from the shaft (Key No.
16A). For additional reference, see Figure 12, Page 10.

NOTICE: Socket head screws are metric. See Table VIII
on Page 12 for specific metric driver sizes.

5. Remove the shaft pin (Key No. 5).

6. Remove the capscrews (Key No. 12), flatwashers (Key
No.10), and lockwashers (Key No.11) that hold the
motor (Key No. 1) and the motor bracket (Key No. 7)
together.

7. Pull the old motor up and off of the motor bracket.
NOTICE: Note the location of the conduit box on the
motor.

8. Thoroughly clean the surfaces of the mounting flanges
on the new motor and the pump end.

9. Install the new motor on the pump with the conduit
box in the desired position.

10. Lubricate the capscrews (Key No. 12) with oil.

11. Reinstall the lockwashers, flatwashers, and capscrews
that hold the motor and the motor bracket together,
then tighten evenly and diagonally. See Table VIII,
Page 12 for torque specifications.

12. Reinstall the shaft pin (Key No. 5) in the shaft.

13. Reinstall the coupling halves (Key No. 2) on the pump
and motor shaft. Make sure to engage the shaft pin (Key
No. 5).

NOTICE: Be sure coupling surfaces are thoroughly
clean prior to assembly.

14. Snug up the socket head screws (Key No. 3) until the
coupling begins to bind and then loosen 1/2 turn.

15. Draw up the capscrews evenly so the gap between the
coupling halves is equal on both sides (See Figure
10A).

16. Insert a screw driver under the coupling (See Figure
10B).

17. Raise the pump shaft to its highest point.

18. Lower the shaft halfway back down the distance you
just raised it and retighten the capscrews. See Figure
10.

NOTICE: Torque settings are critical to prevent
coupling movement. Refer to Table VIII, Page 12 for
torque specifications.

19. Rotate the shaft to make sure that there is no inter -
ference. If rubbing is noted repeat steps 16, 17, and 18
above and readjust pump shaft height.

20. Reinstall the coupling guards by snapping them into
place.

NOTICE: The guards should be in place before the unit
is run.

21. Open the suction and discharge valves. Turn the power
back on.
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FIGURE 10A - Make Sure that the Coupling Halves are Evenly
Tightened

Motor

Pump
3359 1298

Raise Coupling
as far as it will go;
then tighten at
one-half the 
height of total 
axial  play.

Axial
PlayCoupling

Setting

FIGURE 10B - Vertically (axial) Centering the Coupling



Replacing Pump Stack
For Key Numbers, refer to the Exploded View, Figure 14 on
Page 14, for the PVM2 and PVM4 Series Models and Figure
15 on Page 15 for PVM8 and PVM16 Series Models.

Hazardous pressure.Do not run pump with
discharge valve closed; the water in the pump may boil,
causing risk of explosion and steam burns to anyone
nearby.

1. Follow steps 1-8 under ÒMotor ReplacementÓ section
on Page 9; then proceed with step 2 below.

2. Remove the four staybolt nuts, flatwashers, and
lockwashers (Key Nos. 8, 9A, and 9B) from the
staybolts (Key No. 19).

NOTICE: It is not necessary to remove the staybolts
when replacing the stack.

3. Lift the motor bracket (Key No. 7) off of the pump
body.

NOTICE: Note the position of the priming plug. The
priming plug must be returned to its original position
during reassembly.

4. Remove and discard upper sleeve gasket (Key No. 17).

5. Clean gasket seat.

6. Remove and replace round spring ring (PVM2 and
PVM4) or stack spring (PVM8 and PVM16) (Key No.
13).

7. Pull the old stack (16A through 16L) out of the stainless
steel sleeve (Key No. 18) by pulling straight up on the
pump shaft (Key No. 16A).

8. Remove the stainless steel sleeve (Key No. 18).

9. Remove and discard the bottom sleeve gasket (Key No.
17).

10. Clean the gasket seat.

11. Remove and discard the O-Ring (Key No. 21A) from
the suction/discharge (Key No. 21 PVM2 and PVM4
only). 

12. Cast Iron Models Only: Clean the O-Ring seat and
install a new O-Ring (Key No. 21A).

13. Install a new lower sleeve gasket.

14. Install the new stack without the stainless steel sleeve.

NOTICE: Be sure to align either the small priming hole
or the suction interconnector pin hole (located on the
bottom stage of the stack) properly in the base of the
Suction/Discharge (Key No. 21). See Figure 11 (not
necessary on PVMI/X models).

15. Use a rubber mallet to tap the stainless steel sleeve
(Key No. 18) into place.

16. Install a new mechanical shaft seal (Key Nos. 14A and
14B, or Key Nos 15A through 15G). Refer to
ÒMechanical Seal Disassembly and Mechanical Seal
ReassemblyÓ sections, Pages 11 and 12.

17. Install a new upper sleeve gasket (Key No. 17).

18. Install a new round spring ring or stack spring (Key No.
13).

19. Reinstall the motor bracket (Key No. 7) on the pump
body. Align the priming plug (Key No. 6) to its original
position.

20. Oil the threads on the staybolts (Key No. 19).

21. Replace the lockwashers, flatwashers, and staybolt nuts
(Key Nos. 8, 9A and 9B) and cross-torque the staybolts.
See Table VIII, Page 12, for torque specifications.

22. Reinstall the motor (Key No. 1) on the motor bracket
(Key No. 7) and turn the motor to the desired terminal
box position.

23. Follow steps 10 - 21 under ÒMotor ReplacementÓ, Page
9. You have now finished changing out the impeller
stack.  
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FIGURE 12 - Remove the Socket Head Screws and the Coupling
Halves

Priming
Hole Housing

Knob

Suction
Interconnector Interconnector 

Pin

Suction/Discharge

FIGURE 11 - PVM2, PVM4 Ð Align Small Priming Port. PVM8,
PVM16 Ð Align Interconnector Pin. No alignment is necessary
on PVMI/X models.



Seven Part Mechanical Seal/Disassembly:
See Figure 13 for Seal Key Numbers.

See Figures 14 through 17 for Pump Key Numbers.

Hazardous voltage.Can Shock, burn or cause
death. Disconnect power to pump before disassembly.
1. Follow Steps 1-8 under ÒMotor ReplacementÓ Page 9,

and proceed with step 2 below.

2. Remove the four nuts, lockwashers and washers (Key
Nos. 8, 9A, and 9B) from the staybolts (Key No. 19).

3. The shaft seal consists of an O-Ring (Key No. 15A), the
stationary half of the mechanical seal (Key No. 15B),
the rotating half of the mechanical seal (Key No. 15C),
a second O-Ring (Key No. 15D - inside No. 15C), a flat
washer (Key No. 15E), a spring (Key No. 15F), and a
mechanical drive ring (Key No. 15G), in that order, see
Figure 13, below. Turn the pump head upside down
and remove the stationary part of the seal (Key No.
15B) from the seal seat in the base of the motor
bracket.

NOTICE: Use care not to chip or scratch the seal seat
during disassembly and assembly.

4. Clean the seal seat with a wet cloth.

5. Remove the rotating parts of the seal by twisting and
pulling up on them until they come off of the shaft (Key
Nos.15C and 15D, 15E, 15F, and 15G). Discard the
old seal.

Seven Part Mechanical Seal Reassembly:
NOTICE: Before assembly check and clean all sealing and
gasket surfaces with a clean wet cloth. Replace all seals,
gaskets and O-Rings. 

1. Turn the motor bracket (Key No.6) upside down.

2. Moisten the seal seat (in the motor bracket) with a
small amount of water.

3. Lubricate the larger diameter O-Ring (Key No. 15A)
with a small amount of water and install it on the
stationary half of mechanical seal (Key No. 15B). 

4. Press the stationary half of the shaft seal (Key No. 15B)
with O-Ring (Key Nos. 15A and 15B) into the seal seat
of the motor bracket. Use finger pressure only. If a tool
is used, protect the seal face from tools with a clean
cloth.

NOTICE: Be sure the seal is installed evenly to avoid
pinching the O-Ring. 

5. Lubricate smaller diameter O-Ring (Key No. 15D) with
water and press it into the rotating half of the
mechanical seal (Key No.15C).

6. Install the mechanical drive ring (Key No. 15G) on the
shaft (Key No. 16A). Be sure the drive ring butts up
against the mechanical seal spacer (Key No. 16C).

7. Install the spring (Key No.15F) up against the drive ring
on the shaft .

8. Install the flatwasher (Key No.15E) on the shaft, against
the spring.

9. Install the rotating half of the mechanical seal (Key
No.15C) on the shaft. Align the grooves on the rotating
half of the mechanical seal with the teeth on the
mechanical drive ring (Key No. 15G).

10. Follow Steps 11 - 23 under ÒReplacing Pump StackÓ,
Page 10.
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Frequency of Starts and Stops
Check pump cycling frequency and make sure that the
pump is not starting more than:

Frost Protection
1. If you do not use your pump during seasons of frost,

drain it and add a glycol based antifreeze (50/50
mixture) to avoid damage.

Risk of water damage and injury. Watch the
direction of the priming plug and make sure that liquid
escaping from it does not injure persons nearby or damage
the motor or other components. In hot water installations,
pay particular attention to the risk of injury from scalding
hot water.

2. Upon restart dispose of spent antifreeze properly.

3. Do not replace the drain plug or tighten the priming plug
until you put the pump back in service again.

Regular Maintenance Checks
The following checks should be made at regular intervals:

1. The pump meets required performance and is operating
smoothly and quietly.

2. There are no leaks.

3. The motor is not overheating.

4. Remove and clean all strainers and filters in the system.

5. Verify amp draw Ð check motor amperage.

6. Pump wear rings and shaft require no regular
maintenance.

Coupling Motor Staybolt Stack Nut

Socket Head Socket Head Socket Head Capscrew Capscrew Hex Hex Hex Hex
Pump Model Screw Screw Screw Hex Head Hex Head Nut Nut Nut Nut

Number M6 x 20 M8 x 25 M10 x 25 3/8 x 1-1/2 1/2 x 1-1/2 1/2 - 13 5/8 - 11 M8 M12

PVM2 Series 15 20 Ð 30 35 45 Ð 10 Ð

PVM4 Series 15 20 Ð 30 35 45 Ð 10 Ð

PVM8 Series 15 20 45 30 35 Ð 75 Ð 30

PVM16 Series Ð 20 45 Ð 35 Ð 75 Ð 30

TABLE VIII Ð Torque Specifications (foot-lbs.) For Cast Iron and Stainless Steel Models

Cycles Motor HP Rating

20 times per hour 1/2 - 5 HP motors

15 times per hour 7- 1/2 - 15 HP motors

10 times per hour 20 and 25 HP motors

TABLE VII Ð Maximum Number of Cycles



TROUBLESHOOTING GUIDE
Hazardous voltage and risk of sudden starts. Disconnect all power to the pump before servicing or working

on pump. Make sure that power is locked out and that pump cannot be accidentally started.

PROBLEM CAUSE

1. Motor does not run when started A. Power failure
B. Fuses blown
C. Motor starter overload has tripped out
D. Main contacts in motor starter are not making contact or the coil is faulty
E Control circuit fuses are defective
F. Motor is defective

2. Motor starter overload trips out immediately A. One fuse has blown
when power supply is switched on B. Contacts in motor overload relay are faulty

C. Cable connections are loose or faulty
D. Motor winding is defective
E. Pump mechanically blocked
F. Overload setting is too low

3. Motor starter overload trips out occasionally A. Overload setting is too low
B. Low voltage at peak times

4. Motor starter has not tripped out but the motor A. Check 1 A), B), D,) and E)
does not run

5. Pump capacity is not constant A. Pump inlet pressure is too low
B. Suction pipe/pump partly blocked 
C. Pump is sucking air

6. Pump runs but gives no water A. Suction pipe/pump blocked
B. Foot or non-return valve is blocked in closed position
C. Leakage in suction pipe
D. Air in suction pipe or pump
E. Motor rotates in the wrong direction

7. Pump runs backwards when switched off A. Leakage in suction pipe
B. Foot or non-return valve is defective
C. Foot valve is blocked in open or partly open position
D. Non return valve leaks or is blocked in open or partly open position
E. Discharge valve is defective

8. Leakage from shaft seal A. Pump shaft position is incorrect
B. Shaft seal is defective

9. Noise A. Cavitation is occurring in the pump
B. Pump does not rotate freely (That is, there is increased frictional resistance) 

because of incorrect shaft position
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FIGURE 14 - Exploded View PVM2 and PVM4

Key
No. Description

1 Motor
2 Coupling Half
3 Socket Head Screw
4 Coupling Guard
5 Coupling Pin
6 Vented Priming Plug
7 Motor Bracket
8 Staybolt Nut

9A Staybolt Lockwasher
9B Staybolt Flat Washer
10 Flatwasher
11 Lockwasher
12 Capscrew
13 Spring Ring
14 Two part Mechanical Seal (Includes 14A and 14B)

14A Stationary Half of Mechanical Seal
14B Rotating Half of Mechanical Seal
15 Seven Part Mechanical Seal (Includes 15A thru 15G)

15A O-Ring, Larger Diameter
15B Stationary Half of Mechanical Seal
15C Rotating Half of Mechanical Seal
15D O-Ring, Smaller Diameter
15E Flat Washer
15F Spring

Key
No. Description

15G Mechanical Drive Ring
16 Replacement Stack Kit  (Incl. Key Nos. 16A thru 16L)

16A Shaft
16B Stop Ring
16C Mechanical Seal Spacer
16D Upper Intermediate Chamber
16E Spacer
16F Impeller
16G Diffuser
16H Spacer
16I Bearing
16J Shaft Washer
16K Nut
16L Chamber without Diffuser
17 Sleeve Gasket
18 Stainless Steel Sleeve
19 Staybolt
20 Pipe Plug
21 Suction/Discharge

21A O-Ring (Bottom Chamber)
22 Drain Plug Gasket
23 O-Ring
24 O-Ring
25 Drain Plug

SEE KIT SECTION FOR STACK KITS, SEAL KITS, GASKETS AND FLANGE KITS

PVM2
PVM4
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SEE KIT SECTION FOR STACK KITS, SEAL KITS, GASKETS AND FLANGE KITS
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Figure 15 - Exploded View PVM8 and PVM16

Key
No. Description

1 Motor
2 Coupling Half
3 Socket Head Screw
4 Coupling Guard
5 Coupling Pin
6 Vented Priming Plug
7 Motor Bracket
8 Staybolt Nut

9A Staybolt Lockwasher
9B Staybolt Flat Washer
10 Flat Washer
11 Lock Washer
12 Capscrew
13 Spring Ring
14 Two  Part Mechanical Seal (Includes 14A and 14B)

14A Stationary Half of Shaft Seal
14B Rotating Half of Shaft Seal
15 Seven Part Mechanical Seal (Includes 15A thru 15G)

15A O-Ring, Larger Diameter
15B Stationary Half of Mechanical Seal
15C Rotating Half of Mechanical Seal
15D O-Ring, Smaller Diameter
15E Flat Washer
15F Spring

Key
No. Description

15G Mechanical Drive Ring
16 Replacement Stack Kit (Incl.16A thru 16L)

16A Shaft
16B Stop Ring
16C Mechanical Seal Spacer
16D Upper Intermediate Chamber
16E Spacer
16F Impeller 
16G Diffuser
16H Spacer
16I Bearing
16J Shaft Washer
16K Nut
16L Chamber without Diffuser 
17 Sleeve Gasket
18 Stainless Steel Sleeve
19 Staybolt
20 Pipe Plug
21 Suction/Discharge

21A O-Ring (Bottom Chamber)
22 Drain Plug Gasket
23 O-Ring
24 O-Ring
25 Drain Plug

PVM8
PVM16
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FIGURE 16 - Exploded View PVMI/X2 and PVMI/X4

Key
No. Description

1 Motor
2 Coupling Half
3 Socket Head Screw
4 Coupling Guard
5 Coupling Pin
6 Motor Bracket
7 Staybolt Nut

8A Staybolt Lockwasher
8B Staybolt Flat Washer
9 Vented Priming Plug
10 Flatwasher
11 Lockwasher
12 Capscrew
13 Spring Ring
14 Two part Mechanical Seal (Includes 14A and 14B)

14A Stationary Half of Mechanical Seal
14B Rotating Half of Mechanical Seal
15 Seven Part Mechanical Seal (Includes 15A thru 15G)

15A O-Ring, Larger Diameter
15B Stationary Half of Mechanical Seal
15C Rotating Half of Mechanical Seal
15D O-Ring, Smaller Diameter
15E Flat Washer
15F Spring

Key
No. Description

15G Mechanical Drive Ring
16 Replacement Stack Kit  (Incl. Key Nos. 16A thru 16L)

16A Shaft
16B Stop Ring
16C Mechanical Seal Spacer
16D Upper Intermediate Chamber
16E Spacer
16F Impeller
16G Diffuser
16H Spacer
16I Bearing
16J Shaft Washer
16K Nut
16L Chamber without Diffuser
17 Sleeve Gasket
18 Stainless Steel Sleeve
19 Staybolt

21A Suction/Discharge
21B Base
21C Base Reinforcement
22 O-Ring
23 O-Ring
24 Drain Plug (Low Pressure Side)
25 Drain Plug (High Pressure Side)

SEE KIT SECTION FOR STACK KITS, SEAL KITS, GASKETS AND FLANGE KITS

PVMI/X2
PVMI/X4
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SEE KIT SECTION FOR STACK KITS, SEAL KITS, GASKETS AND FLANGE KITS

1

2

3

5

7

13

11

12

14

2

3

16A

16B

16C

16D

16D

16D

16E

16F

16F

16F

16F

16H

16H 

16J

16K
16L

17

19

21A

17

18

16I

16G

16G

16G

16G

8

9

10

6

4178 0502

4

4

21B
2223

22 23

15B

15C
15D
15E
15F
15G

Figure 17 - Exploded View PVMI/X8 and PVMI/X16

Key
No. Description

1 Motor
2 Coupling Half
3 Socket Head Screw
4 Coupling Guard
5 Coupling Pin
6 Vented Priming Plug
7 Motor Bracket
8 Staybolt Nut

9A Staybolt Lockwasher
9B Staybolt Flat Washer
10 Flat Washer
11 Lock Washer
12 Capscrew
13 Spring Ring
14 Two  Part Mechanical Seal (Includes 14A and 14B)

14A Stationary Half of Shaft Seal
14B Rotating Half of Shaft Seal
15 Seven Part Mechanical Seal (Includes 15A thru 15G)

15A O-Ring, Larger Diameter
15B Stationary Half of Mechanical Seal
15C Rotating Half of Mechanical Seal
15D O-Ring, Smaller Diameter
15E Flat Washer
15F Spring

Key
No. Description

15G Mechanical Drive Ring
16 Replacement Stack Kit (Incl.16A thru 16L)

16A Shaft
16B Stop Ring
16C Mechanical Seal Spacer
16D Spacer
16E Top Diffuser
16F Diffuser 
16G Impeller
16H Spacer
16I Bearing
16J Suction Interconnector
16K Washer
16L Lock Nut 
17 Sleeve Gasket
18 Stainless Steel Sleeve
19 Staybolt

21A Suction/Discharge
21B Base
22 O-Ring
23 O-Ring
24 Drain Plug (Low Pressure Side)
25 Drain Plug (High Pressure Side)

PVMI/X8
PVMI/X16
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E N V I R E Q U I P   (Division 6445772 Canada Inc)

MIX-TECH  DYNAMIC  MIXERS     
490, Bord du Lac - Suite 2,              toll free: 1.866.819.6123
Dorval, QC,  Canada H9S 2A8                             m   o  b  i  l e  :   5  1  4  . 3  8  6  . 1  0  4  3    
RR1,  (21494 Little Russia Rd),                        tel: 613.874.2616
 Glen Robertson, ON,  CanadaK0B 1H0 fax: 613  . 8   7  4  . 2 629
 e- m   a  i l :   e  n  v ireqp@glen-net.ca

inte r  n  e  t: http://www.envirequip.com

INSTRUCTION  &
OPERATING  MANUAL

MIX-TECH  MIXERS

SEE SECTION FOR AGITATOR / GEAR REDUCER DESIGN: (at end of Manual)

EVG (Parallel Shafts with Hollow Output Shafts & Tapered Roller Bearings)
EVGX (Parallel Shafts with Hollow Output Shafts & High Capacity Upper Cylindrical

& Lower (2) - Row
Spherical Roller Bearings

EHG (Worm drives for Small Top Entry & Portable Mixers with Hollow Output
Shafts)

EHGB Helical / Bevel gearing with Hollow Output Shafts & Tapered Roller Bearings)
EVGFS Helical in-line gears with Solid Output Shaft Tapered Roller or Spherical Roller

Bearings - Refer to Nord Installation & Operation Manual

NOTE: For Units with Solid Output Shafts, Refer to the Nord Manual
Oct/2006



ENVIREQUIP / MIX-TECH MIXERS   - INDEX  I.O.M.
S For mixer(s)  installed in OPEN  TANKS - 
S See Section for Mechanical seals & Packing (Stuffing boxes) at end of I.O.M. PAGE (S)

PAGE / DRAWING MIX-TECH MIXER  (SECTION) Rev 0

SECTION 1 INSPECTION 1

SECTION 2 INSTALLATION 1, 2, 3 & 4

SECTION 3 MIXER ASSEMBLY 4

SECTION 4 MOTORS 5 & 6

SECTION 5 PEDESTALS: SHAFT & GEAR REDUCER REMOVAL 6 & 7

SECTION 6 SHAFTS, IMPELLERS & COUPLINGS 7, 8 & 9
Note: Shaft & Gear Reducer Removal - Section/Page 7

SECTION 7 GEAR DRIVE MAINTENANCE 9, 10 & 11

SECTION 8 BOLTS 11 & 12

SECTION 9 OPERATION 12

SECTION 10 MOTOR REMOVAL & INSTALLATION 13

SECTION 11 TROUBLE-SHOOTING / MIXER PERFORMANCE 13 & 14

SECTION 12 WARRANTY 15

PAGE USEFUL CONVERSIONS 16

PAGE MAINTENANCE LOG 19

PAGES IMPELLER BLADE INSTALLATION  A, B C & D

NORD BIM 1020 I.O.M. PARALLEL SHAFT REDUCERS (pdf)

NORD DM 006 DIS-ASSEMBLY MANUAL SK6282 to (pdf)
SK11282 for DOUBLE reduction)

NORD DM 007 as above but for TRIPPLE reduction drives. (pdf)

PARTS LIST(S) (to suit) (Pdf)
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MIX-TECH DYNAMIC MIXERS     
490 Bord du Lac - Suite 2,               toll free: 1.866.819.6123
Dorval, QC,  Canada H9S 2A8                                                          m   o  b  i l e: 514.386.1043
RR1,  (21494 Little Russia Rd),                          tel: 613.874.2616
Glen Robertson, ON,  CanadaK0B 1H0 fax: 613.87  4  . 2  6  2  9 
              e - mail: envireqp@glen-net.ca

       internet: http://www.envirequip.com

      INSTALLATION & OPERATION MANUAL 

            MIX-TECH  MIXERS                 Page 1

S E C T I O N   1  -  INSPECTION                       

! Make sure that all mixer parts have been removed from the crate(s) before discarding.

! Each mixer should be carefully checked for any possible shipping damage. Any shipping
damage should be reported to the TRANSPORT COMPANY immediately.

! Check the paint and make any necessary touch-ups.

S E C T I O N   2  -  INSTALLATION   

! Most mixer problems can be avoided by following proper installation and operation
instructions. The following is a list of hints to help insure proper installation and therefore
satisfactory mixer service.

! Please read all appropriate instruction manuals prior to proceeding with the installation of the
mixers.

C AU T I O N

! Lock-out the motor starter if any person is in the tank.

! Remove wick from the breather vent plug.

! DO NOT Paint breather / vent plug



S E C T I O N   2  -  INSTALLATION    Page 2

MOST  COMMON  PROBLEMS : Mixer Shaft(s) not vertical; Impeller going through liquid level

! Make sure the impeller blades have been installed onto the hubs in the proper position
with regards Rotation and Direction of flow. Please also note that the impellers blades are
installed with the hubs ears always backing the blade into the flow. Also be sure that the
leading edge and not the trailing edge is presented into the flow and that the angle at the
impeller tip (angle of attack) from the horizontal is closer to 15  rather than to 75 .o o

C A U T I O N
! If the angle of attack (at the impeller tip is closer to 75 , either an incorrect hub in combinationo

with the correct impeller blade (OR VICE VERSA) has been incorrectly assembled to make
an incorrect matching of possible hub and blade combinations. For help in determining what
the correct combination should be, Please refer to the mixer nameplate that will have the
Rotation and direction of thrust written. Once you know the combination, refer to the pictorial
guide of impeller / hub installation positions A, B, C or D.

! Depending on whether the concave or the convex surface is facing the fluid, if the angle of
attach at the impeller is closer to 75 ,  the HP drawn will be 2 to 3 times greater than what ito

should be. This could result in overloading  the motor and  damaging the mixer.

! Make sure that the impeller blades are installed in the correct position for the required
rotation. e.g. if the impeller blades are installed up-side-down, the pumping capacity will be
reduced by about 65%. Check the mixer nameplate for the flow direction and install the
impeller blades to suit.

C A U T I O N

POTENTIALLY DAMAGING  SITUATIONS FOR MIXERS

S Prolonged operation of the mixer (impeller) at the liquid interface causes increased stress
on the shaft & impeller for which the system was not designed to accommodate. Damage
could result.

S Installations where there is a large hydraulic flow (or Velocity) in the mixer reservoir. : Make
sure that if should such a flow is present, that  the flow is baffled or dispersed over a larger
area (as opposed to directed flow via a pipe), or that the flow be re-directed away form the
impeller/shaft assembly, or is introduced evenly e.g via a weir. If this cannot be done, this
external hydraulic flow will exert additional un-designed for stress loads and deflection on
the mixer shaft and impeller which could result in component failure.

C A U T I O N
! Before permanently wiring the motor, check for the correct rotation of the low speed shaft.

Normal is Clock-wise looking down from the top of the tank, although the reverse may also
be required. Please check mixer nameplate for other instructions. (e.g. Letters A, B, C or D)



S E C T I O N   2  -  INSTALLATION Page 3

! Read and follow the instructions of all tags and nameplates before operating.

! Check the mixer full load motor amperage and voltage before operating any mixer.

! It is recommended that the mixer impeller be rotated by hand in order to check for smooth
operation. N.B: For crown & worm drives, remove the fan cover and rotate the fan manually.

! Always operate the mixer in a fluid which had a specific gravity and viscosity less than or
equal to the design specific gravity and viscosity.

! Do not dump the contents of large bags of chemicals directly onto the rotating mixer
impeller(s); but add the contents into the reservoir gradually. This will also promote better
mixing.

! Before starting the mixer, make sure the impeller is not buried in solids or a "set-up" fluid
Note: If solids have settled-out, then dilute or jog the mixer clockwise then counterclockwise

! Please check that there is no directed flow from an external source at the impeller or shaft
unless the mixer was specifically designed to accommodate these additional stress loads, as
mixers could be damaged.

! During START-UP, please listen for unusual noises and check for excessive vibration.

! Check the temperature of the motor and gear reducer. The temperature should not exceed 
180  F. (82 C) If they are too hot, please stop the operation of the mixer and contact MIX-o o

TECH immediately.

! Measure the motor amperage. The measured amperage must be less than the nameplate rating
nameplate value. If the amps are over, please check the rotational speed of the gear
reducer/mixer output shaft. Place a piece of tape onto the shaft (or use an RPM counter if
available, and count the number of revolutions for a period of e.g. 10 seconds using your
watch second hand. Multiply the result by (6) for 60 Hz operation and this will provide you
with the rotational speed of the mixer. Check Rotation, & impeller blade installation to be
sure they are correct. If the power draw remains high, please check with MIX-TECH

Note: - Record the full load motor amperage (FLA) and measure them every (3) months.
           - Some motor amperage readings are poor indicators at low loads
C A U T I O N:

! DO NOT STAY IN THE TANK DURING MIXER ROTATION

! Never use the mixer impeller as a foot stand or support for body weight - as such actions
could damage the mixer as well as result in serious bodily injury.
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! As with any rotating equipment, in order to avoid injury, extreme care should be taken to
avoid contacting the rotating parts including not connecting the motors to the electrical power
source until the mixer is completely assembled. Then, vacate the tank prior to operating the
mixer.

! Before making field changes of motor horsepower, mixer speed, shaft length, impeller
diameter or width, etc. be sure to consult with  ENVIREQUIP,  MIX TECH DIVISION.

! After any plant electrical work has been done, check that the mixer(s) rotation(s) are correct
as power lines may have been reversed.

S E C T I O N   3  -  MIXER ASSEMBLY: - Closed tanks are Flange Mounted

! Open tank models usually are mounted on a steel structure. Level the drive as closely as
possible. This assures that the shaft will turn in a true vertical position. Incorrect mounting
is often a cause of mechanical difficulty with a mixer. Unless specified on the mixer
assembly drawing, the mixer extension shaft is designed to run in a true vertical position.
Never angle or side mount the mixers.

! While operating, there is random fluid motion in the vessel that exerts great forces on the
extension shaft of the mixer. The mixer accommodates these forces since they are transmitted
directly to the support mounting(s). Therefore, the mounting system must be rigid. It must
support the static mixer weight as well as live mixer reactions that result from Torque and
Bending Moment. It is not enough to design the support system for acceptable levels of
stress. It must be rigid enough to take care of Start-up torque load (2.5 times the Torque), and
preclude large deflections that may result in mixer vibration.

! When designing the support structure to accommodate bending moments, be sure that the
structure is sufficiently rigid so that the mixer extension shaft will not move more than 1/32"
per (10) feet (0.8 m per 3.05 meters) of shaft length due to deflection of the support structure.

! After the gear drive (with the motor already flange mounted onto the drive) has been properly
installed, the mixer extension shaft should be installed into the gear drive's hollow output
shaft (quill shaft) and fastened in the quill shaft with the thrust plate and secured in position
with the threaded bolt provided - use Locktite Blue (or equivalent), or in the case of an output
shaft coupling, bolt the mating flanges together.

! Mixer blades over 20" in diameter are generally bolted to a welded hub. Check the welds on
the hub on your yearly overall inspection.
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! These mixers are supplied with the finest electric motors available. They are manufactured
by a nationally known manufacturer, (e.g. NORD, WEG,  Brook etc). Under normal operating
conditions, within specified temperatures, proper installation and maintenance, these motors
are guaranteed to deliver rated output.

! In order to get top performance from any electric motor, be sure that there is plenty of air
circulation and a minimum of obstructions. On fan cooled motors, be sure not to choke off
the suction inlets, also be sure to check the allowable temperature that's indicated on the
motor nameplate. Don't decrease the service life of a motor by operating it at excessively high
ambient temperature.

! In order to avoid damage to the motor during temporary overloads, jams, etc. be sure that
correctly sized overload protection is provided. Starter overload heater elements can be sized
from the full load current of the motor as shown on the motor nameplate. It is advisable to
consult a supplier of motor control equipment when selecting thermal overload heaters. 

! Before the motor is permanently wired, check to be sure that the output shaft rotation is
correct (Normally clockwise looking down from the mixer drive, but sometimes
counterclockwise depending on the process requirements)

C A U T I O N:
! Make sure to check rotation of the mixer before it is operated. To reverse the rotation of

standard 3 phrase electric motors, simply switch any two power leads.

M O T O R   S P E C I F I C A T I O N S:   1800 RPM - (4) pole

S NORD motors carry the CE mark in accordance with the Low Voltage Directive
S NORD motors are designed to operate at elevations up to 1000 m (3300 ft) above sea level

Altitude: up to 1000 m = 100% output      Ambient Temp = 40  Co

Above 1000 up to 2000 m =   92% output Ambient Temp.= 32  Co

Above 2000 up to 3000 m =   83% output Ambient Temp = 24  Co

Above 3000 up to 4000 m =   74% output Ambient Temp = 16  Co

S NORD motors are designed to operate with a maximum ambient temperature of 40  C (104 F)o o

- for higher temperatures, motors have to be de-rated or an upgraded insulation used.
Ambient Temperature:          (104 F) 40  C = 100%0 o

45  C =   95%o

50  C =   89%o

55  C =   83%o

60  C =   67%o

70  C =   64%o

EXAMPLE: A motor designed for an output of 100 HP to operate in the mining area of Bolivia
(altitude 4000 m above sea level). NOTE: 1000 meters = 3281 Feet
Output reduction: the maximum allowable output of the motor would be 74% (74 HP)
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Ambient temperature limit: the motor may operate at its rated output of 100 HP provided that
the ambient temperature does not exceed  16  Co

Note: You can operate over 3300 feet, but you have to de-rate the motor
S Voltages: Canada 575/3/60,TEFC; USA 460/3/60, TEFC; Europe 400/3/50, IP55 ; Australia 415/3/50
S Tolerances Voltage & Frequency: + 10% based on rated voltage; Line frequency tolerance

+ 5%.  Combined MAXIMUM  variation in voltage and frequency + 10%
-- MG1 Part 31 suitable for inverter service
S Insulation Class is Class F  (non organic)
-- High-efficiency design for motors  1 HP and up
S Service Factor 1.15
S The Standard Nord motor fan is a non-sparking
S Each Nord motor uses a terminal block
S Integral Nord motor (unless Nema motor with ÒCÓ flange)

S E C T I O N   5  - Pedestals:  Shaft & Gearbox  Removal   - EVG SERIES

! Series EVG  standard design of the dry-well pedestal and shaft catcher is one where the flinger
(for the dry well) and the shaft catcher are one-in-the-same part serving both purposes.

SHAFT  REMOVAL AND / OR TO REMOVE THE GEAR REDUCER :- See assembly dwg
i) Lock-out electrical power to the electric motor.
ii) If the electrical wiring is not long enough to allow removal of the gear reducer, dis-connect

the motor wiring.
iii) Remove the safety cover located on top of the gear reducer exposing the bolt (# 3) and top

plate (# 4) which holds the shaft (# 12).
iv) Slowly remove the top bolt.(# 3).
v) As the bolt is loosened, the shaft and impeller assembly will be lowered a distance of about

0.125" (3.175 mm).
vi) After the bolt has been loosened sufficiently, the flinger (# 8) will come into contact with the

Pedestal to the inner support pipe (# 11) and stop there.
vii) Remove the bolts holding together the Adaptor plate Reducer to Pedestal top plate (# 7).
viii) Lift-off the complete gear reducer unit the gearbox clears the shaft.
ix) Inside of the Pedestal (# 10), you can now see the flinger (#8) which rests on the

Collar / Clamp (2) Bolts / Shaft catcher (# 9).
x) Prior to un-doing  the set screws on the collar / Clamp, make preparation to handle the shaft

which will now fall through the dry well (# 11) and into the tank.
xi) Once the shaft is secured loosen the set screws on the Flinger assembly or Clamp bolts (# 9).
xii) To Reinstall the shaft (et al) follow the above procedure in Reverse.

Note: In older designs, the flinger was welded-onto the shaft. In that case, the shaft can only be
removed vertically through the top of the Pedestal.
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C A U T I O N:
! Prior to loosening the (3) set screws on the flinger/shaft-catcher, please ensure that there is

some means of holding the shaft in-place (if no Clamp supplied, use (2) pieces of wood 4" x
4" or 6" x 6" with tightening bolts to hold the shaft in place via friction) IF NOT, THE
SHAFT WILL DROP INTO THE TANK  possible causing damage to the equipment or vessel
and bodily injury. Shafts are often of sufficient weight to cause serious bodily injury or even
death were it not properly secured.

! You may want to install a plastic hose in the pedestal so that you can monitor if the gear
reducer is losing oil and collecting in the dry-well pedestal.

 A Split Collar is used to prevent the shaft from accidentally falling from the gear reducer:

NOTE: On older Series EVG, there may not be a Split Ring but rather a flinger that rests on the dry
well seal to hold the shaft in-place
S  (i) Insert eye-bolt in top centre of the impeller shaft.

(ii) Slowly lift up the complete impeller shaft assembly a distance of 6  mm (0.25").
(iii) Remove the split collar that rests against the top of the quill shaft of the gearbox.
(iv) Slowly lower the complete shaft/impeller assembly a distance of 10 to 12 mm

(0.375"to 0.50".
(v) At this point, the flinger/clamp assÕy will come into contact with the pedestal top inner

support pipe/Dry-well
(vi) Remove bolts.
(vii) Lift off the complete gear reducer until the gearbox clears the shaft and eye-bolt.
(viii) The reinstall the gear drive, follow the above procedure in reverse

S E C T I O N   5  - SHAFTS,  IMPELLERS  & FLANGED COUPLINGS

SHAFT  -  STRAIGHTNESS:
 
! When shipped, the mixer extension shaft was straight to within 0.003" per foot (0.25 mm per

meter) of shaft length for mixers equipped with centre-less ground shafts (Special Order/
uncommonly used). If the shaft does not appear to be damaged, but the run-out is greater than
the above standard, the shafting supplied may have been Òsmooth-turnÓ (more commonly
used), which might not be dimensionally
the same over the entire length of the shaft. This is probably still acceptable. In such cases, or
where it might be difficult to obtain an accurate shaft run-out value, we may apply another
rule: 0.25 to 0.50% of the impeller diameter = the maximum shaft run-out at the bottom of the
shaft.  e.g: 50" diameter impeller 0.14 to 0.28"

100" diameter impeller 0.26 to 0.53"
150"diameter impeller 0.40 to 0.67"
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S E C T I O N   5  - SHAFTS,  IMPELLERS  & FLANGED COUPLINGS

! Flanges are used as shaft couplings when shaft extensions exceed approx 12'-0" (3.65 m)
Ensure that the bolts are tightened and that a product like Never Seize (or equivalent) is used.
Refer to the table (in this manual) for torque tightening values

Recheck bolt tightness after 1500 hours (or (3 months)
These couplings are welded onto the shafts with (4 to 6) gussets and are not removable.

C A U T I O N:
! Handle the shaft carefully to be sure that it is not bent.

! After the shaft has been installed, check it for straightness. Storage and handling may have
resulted in a bend. To check it, an indicator is placed at the end of the shaft, and the high
speed shaft is then rotated by hand. Runout of the total shaft should not be greater than the
above \references values. If the runout is greater than the above values, the shaft can be re-
straightened in the field. To re-straighten the shaft, follow this procedure:

! Where the maximum, positive readout is found, place the indicator on that side of the shaft.

! Heat the shaft at a point of 180¡ from the indicator, (and just below the first in-tank coupling
if applicable), apply heat just below the mounting nozzle.

! The shaft will grow toward the indicator as heat is applied to it. However, DO NOT permit
the surface temperature to go over 500¡ F (260¡ C). Use Tempilstics or equivalent

! The shaft will straighten since it will draw more than it grows.

! After each heating process, rotate the shaft and recheck until the straightness is within
tolerance to meet the allowable tolerance

! To install any impeller, simply slide the impeller hub onto the extension shaft above the shaft
keyway. Install Hook type (Gib) key into the keyway making sure that the pin is inserted into

the
correct hole for proper impeller location. Lower the hub (with or without blades bolted-on)
down onto the key. Tighten set screw. Bolt -on blades if not already done.

NOTE: All MIX-TECH Portable mixers operate at least 35% below the 1  Critical speed orst

harmonic frequency - There is no danger of Òhitting-onÓ or approaching the 1  Criticalst

speed - (Unless specifically mentioned otherwise)

! Please refer to the specific manufacturer's installation and operating manual.
! Correct lubrication practices are essential to long life and satisfactory performance of a gear

drive. Be sure to use the right lubricants as recommended. With proper lubrication



maintenance, the gear drive will carry its rated design load and provide years of satisfactory
operation.

S E C T I O N   6   -  SHAFTS,  IMPELLERS  &  COUPLINGS   Page 9

 IMPELLERS

! Make sure that the impeller blades have been installed onto the hubs in the proper position
with regard Rotation and Direction of flow. Please also note that the impellers blades are
installed with the hubs ears always backing the blade into the flow. Also be sure that the
leading edge and not the trailing edge is presented into the flow and that the angle at the
impeller tip (angle of attack) from the horizontal is closer to 15  rather than to 75 .o o

C A U T I O N
! If the angle of attack (at the impeller tip is closer to 75 , either an incorrect hub in combinationo

with the correct impeller blade (OR VICE VERSA) has been incorrectly assembled to make
an incorrect matching of possible hub and blade combinations. For help in determining what
the correct combination should be, please refer to the mixer nameplate that will have the
Rotation and direction of thrust written. Once you know the combination, refer to the pictorial
guide of impeller / hub installation positions A, B, C or D.

! Depending on whether the concave or the convex surface is facing the fluid, if the angle of
attach at the impeller is closer to 75 ,  the HP drawn will be 2 to 3 times greater than what ito

should be. This could result in overloading  the motor and  damaging the mixer.

! Make sure that the impeller blades are installed in the correct position for the required
rotation. e.g. if the impeller blades are installed up-side-down, the pumping capacity will be
reduced by about 65%. Check the mixer nameplate for the flow direction and install the blades
to suit.

S E C T I O N   7  -  GEAR DRIVE  MAINTENANCE

C A U T I O N:

! By following instructions, many premature gear and bearing failures can be avoided.

! Keeping a maintenance log is highly recommended.

! Lubricant used in the gear case must be free of dirt, metal particles and other contaminants.
Use only new oil. Strain the oil if there is any possibility that it contains contaminants.

! To equalize pressure inside and outside the gear case, a breather vrnt is installed on top of the
unit. This breather normally requires no maintenance, and must not be blocked. Check hole
for free breathing.
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PORTABLE MIXERS :

Lubrication For PORTABLE MIXERS (Series ÒEHGÓ), the Crown & worm gear reducers are filled
for life (20,000 hours or (4) years) with synthetic oil

C A U T I O N:

! For shipment, the gear-case is drained of oil (EXCEPT FOR NORD drives) - Be sure to fill
the gear case with the proper lubricant to the proper level. Install breather. DO NOT
OVERFILL - N.B: if the reducer is already filled, (as is the case with NORD drives), Do not
forget to install the breather(s) or the seals may fail.

! RECOMMENDED LUBRICANTS FOR NORD HELICAL GEARING :
These Nord Gear reducers are factory-filled with Shell Omala 220 mineral oil or with Chevron
ISO FM 220 food grade oil (if required), or equivalent:
or with Shell Omala 220 regular mineral oil fill when the mixer is provided with a dry well
seal unless otherwise specified:

N.B: A reducer previously filled with Shell Omala 220 mineral can be drained (as much as
practical to achieve), and Chevron ISO FM 220 substituted without any harmful chemical

 reactions or reduction to the lubricating quality of the new (or old) oil.

! Please note that the gear reducers for MIX-TECHÕS ÒEVGÓ series are Nord Parallel shaft
drives. The top output bearing is grease packed although there is not grease nipple. Please
remove the seal and re-pack the bearing with grease. (please refer to NORD instruction
attached)

! The output shaft seals are ÒQuadrilipÓ having (2) discrete  grease filled pockets

S E C T I O N   7  -  GEAR DRIVE  MAINTENANCE FOR SERIES EVG &
EVGX  parallel Shaft design gear reducers:

! RECOMMENDED OIL CHANGE INTERVALS IN NORD IOM: - 
Synthetic lubricants should be changed every 20,000 service hours or (4) years;
Mineral oils should be changed every 10,000 service hours or after (2) years. See gear reducer
service manual (IOM).

C A U T I O N:

Units should be checked out periodically for increased noise, surface temperature, vibration, shaft 
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movement, and amperage draw. Units with inspection covers should not be operated with the
inspection covers removed.

PROCEDURE FOR RE-GREASING THE UPPER OUTPUT BEARING  equipped with Tapered
roller bearing option:

! Remove upper output shaft seal(s).

! Inspect bearing cavity for presence of grease. The bearing cavity should be packed to
approximately 1/3 full with grease.

! If required, inject grease into the taper roller bearing until the cavity is filled to 1/3. A
Needle Nozzle is generally required on the grease gun, because the shim(s) partially cover the
access to the bearing cavity.

! Install new upper output seals.

Note: The other bearings in these gearboxes are open and are submerged in oil.

The recommended interval for changing the gearbox oil is every 10,000 hours of operation.

! The standard ambient temperature selected is 15 to 125 F (9 to 52 C) for the gear reducer.o o 

! Some Gear reducers are equipped with bulls-eye oil level indicators, others have a plug.

S E C T I O N   8 - BOLTS

! Impeller blades & other in-tank fasteners are supplied as standard with  lock-washers.

C A U T I O N:

! Extreme care should be taken to see that locking devices are properly installed and to be sure
that the bolts/studs are properly tightened and lubricated.

It is recommended that all in-tank fasteners (and all other bolts), be rechecked for tightness after the
first 1500 hours of operation  and subsequently, at each scheduled shut-down and that a suitable
lubricant be used e.g. Never seize or equivalent.
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RECOMMENDED BOLT TORQUE VALUES :

BOLT SIZE TIGHTENING TORQUE
(Foot Pounds)

!"   - 13 50 1.25" - 7 580
5/8"   - 11 100 7/8"   - 9 190
3/4"   - 10 190 1.50" - 6 1000
1"     - 8 290
NOTE: Tighten all bolts as specified. Lubricate all fasteners with an anti-seize product. If no
lubrication is used when tightening the bolts as specified, multiply the table values by 1.3

GEAR  REDUCER & MOUNTING  PLATE  BOLTS :

These bolts are also subject to high loads and should be properly torqued to prevent bolt stretch and/or
reducer wobble. For situations with large reducers or long shafts with large reducers, use additional
care to make sure that these bolts are installed and torqued properly

This ÒTurn of the nut MethodÓ can be summed up in one sentence: ÒTurn the Nut ! to 2/3 turns
beyond the snug tight position, Òthis applies to any bolt of any size. However, fasteners should be
clean, rust free and lightly oiled.

In cases where the nut is not accessible, the bolt may be turned ! to 3/4 turn beyond snug tight.

LEVER  ARM  SYSTEM Bolt size Lever Arm
1/4 - 3/8" 6" handle
7/16" - 5/8" 12" handle
3/4" - 1.125" 24" handle
1.25" and over 36" handle

Note: This lever arm system should be used with or without lock-washers. If lock-
washers show sign of splitting or fatigue, they must be replaced

S E C T I O N   9  -  OPERATION

! The mixers that you have purchased have been designed to accommodate all the loads that
will be encountered in the normal course of operation.

C A U T I O N:
! Care must be taken to avoid prolonged operation of the mixer impeller(s) at liquid

interface. These mixers were not designed to operate under those severe conditions and
could become damaged.
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               INSTALLATION OF  MOTORS:

! For Nema ÒC Ó Flanged motors (not integral motors)
The motors supplied have been installed onto the reducers. In the event of motor
maintenance, remove the bolts which hold the gear reducerÕs Nema ÒCÓ flange adaptor to
the motorÕs ÒCÓ face. Remove the coupling half and service the standard NEMA motor as
required. INSTALLATION: reverse the procedure. Please refer to ÒCOUPLING  
ENCLOSEDÓ cross sectional drawing which shows the mounting distance 1 13/16"
(46.03 mm). Note that the coupling is keyed onto the motor shaft (key provided).

! In the case of NORD integral motors, remove the bolts. The motor can then be removed
exposing the high speed pinion gear mounted on the motor shaft. The motor can then be
serviced as required.

S E C T I O N   11  - TROUBLE-SHOOTING /  MIXER PERFORMANCE

! PERFORMANCE: If you find that the mixer is not performing according to your
expectations, one of the things that directly affects mixer performance is Baffles (or lack
thereof)

Note: Also check that the impeller blades are in the correct configuration A, B, C or D, that the
correct blades are matched to the correct hubs and that the rotation is correct.(Please refer
to Section 6 Pages 7, 8 & 9 for more information.

N.B: Baffles always help any mixer application by providing the means to convert
rotational motion into to top-to-bottom- pumping/mixing.

! If the viscosity of the fluid is over 25,000 cp, then baffles are not necessary.

! If the vessel is rectangular in shape, baffles may not be necessary.

! In circular or square vessels, the use of baffles is mandatory.

! OTHER METHODS of achieving top-to-bottom motion without using baffles:
S Off-centering the mixer by 20% (uses the vessel as a baffle)
S Angle mounting (into a quadrant)- often seen on Portable mixers. If you want to

angle-mount a larger mixer, please check to be sure that the shaft was designed to
accept these additional stress loads.

! OIL LEAK(S)  problems with Nord Gear reducers: In order to be able to address the
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! OIL LEAK(S)  For Series EVG supplied with a flinger / shaft Catcher & dry well seal:

NOTE: For Series EVGX, There is an oil overflow plastic pipe indicating oil leak>
S If one of the (2) output oil seals were to fail (very rare), then the oil  would migrate

down the output shaft, and be pumped by the flinger into the moat surrounding the
dry well pipe. Any such leak would be contained by our sealed pedestal. (access to
it is by a plug). Any other oil leak will be visible on the outside of the gear reducer

SYMPTOM REASON(S) SOLUTION

Oil leak on the reducer Vent plug not installed Clean up oil and remove the vent plug
Vent plug painted over If this stops the leak, change the vent
Vent plug failure plug

Oil leak on top of the reducer Motor and/or top bolts not Use Teflon tape and tighten bolts
tightened

Oil leak on top of reducer Too much oil in the reducer Check oil level and adjust to site glass
will be forced out of the vent

Oil leak on end plate Bolts loose Tighten bolts

Oil leak on top of the reducer Gasket between motor and Replace gasket and silicone dealant
the reducer failed

Sign of oil on the reducer Drain pipe & valve damaged Use Teflon tape /sealant to try to reseal

Oil leaking on reducers with if the vent was not installed, Change the input oil seal
ÒCÓ flanged motor(s) plugged or faulty, the oil

presure in the reducer might
have exceeded 2 psi causing
the input oil seal to Òblow-outÓ

! NOISE: Under normal circumstances, Mix-Tech mixers operate quietly and without
vibration. If there is a metal-on-metal noise, check to see if the top bolt # 3
is properly tightened to the shaft. If the bolt is not, the shaft will lower than
it should be and the flinger/shaft catcher may be touching the dry well pipe

! HEAT : Check the temperature of the Reducer and motor. If hot, check the oil level.

NOTE:  On Series EVG & EVGX, an oil expansion chamber is supplied to minimize problems
with over-filling of oil into the gearcase
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! These mixers should provide long and satisfactory service. Only the finest materials were
employed in their manufacture. However, if any defects in materials or workmanship occur,
the defective part(s) must be returned to ENVIREQUIP (div 6335772 Canada Inc), MIX
TECH Division, freight prepaid. ENVIREQUIP reserves the right to repair or replace, at
its discretion, any part that proves to have been defective in materials or workmanship.

! ENVIREQUIP is not responsible for the warranties on components purchased, e.g. motors,
but will endeavour to help to obtain resolution of any problem(s) with any of our sub-
supplier(s) as regards their warranties.

! ENVIREQUIP specifically excludes any liability as to loss of production, improper use of
the equipment, abuse, any other liability expressed or implied that exceed the limited
warranty given as applies to the equipment being free of defects in materials and/or
workmanship.

! ENVIREQUIPÕs warranty is for (2) years against defects in materials or workmanship and
also includes a process warranty.

! This Process warranty only applies to the actual conditions that were specified at the time
of bidding. 

! Please refer to the terms and conditions as well as to the warranty for complete details.

Call toll free 1-866-819-6123

MIX-TECH  -  GOOD  PEOPLE TO  MIX  WITH Env-IOM.ENG6.wpd
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CONVERSION  FACTORS

1 inch = 25.4 mm

1 kilogram = 2.205 lbs

1 U.S. gallon = 3.785 litres

U.S. gallons x 0.2642  = litres

1 m = 264.2 U.S. gal3

1 ft = 7.481 usg3

1 ft  of water = 62.4 lbs3

1 foot = 0.3048 meters

1 psi = 6.895 Kpa

1 Kpa = 0.145 psi

1 K Cal = 3.967 BTU

1 HP = 0.7457  kW

1 kW = 1.341 HP

1 Bar = 14.5 psi

1 kg /m = 14.22 psi2

1 Newton = 0.2248 pounds (force)

1 lb in = 0.1129 Newton-meter (Nm) force

1 lb in = 1.1519 kg-cm

1 kg/cm = 14.23 psi2
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MAINTENANCE LOG               BY:
    DATE:  Signed

TASK     

CHECK OIL
   

CHANGE OIL
         

CHECK PEDESTAL for OIL LEAKAGE
       

CHECK FOR HEAT

CHECK FOR NOISE

CHECK FOR VIBRATION

CHECK BOLT TIGHTNESS:
Top bolt & Pedestal bolts
Base bolts
Clamp
Coupling
Hub & blades
Reducer end cover bolts

CHECK MOTOR AMPERAGE

CHECK ROTATION AFTER
ELECTRICAL WORK

OTHER
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CONVERSION  FACTORS

1 inch = 25.4 mm

1 kilogram = 2.205 lbs

1 U.S. gallon = 3.785 litres

U.S. gallons x 0.2642  = litres

1 m3 = 264.2 U.S. gal

1 ft3 = 7.481 usg

1 ft3 of water = 62.4 lbs

1 foot = 0.3048 meters

1 psi = 6.895 Kpa

1 Kpa = 0.145 psi

1 K Cal = 3.967 BTU

1 HP = 0.7457  kW

1 kW = 1.341 HP

1 Bar = 14.5 psi

1 kg /m2 = 14.22 psi

1 Newton = 0.2248 pounds (force)

1 lb in = 0.1129 Newton-meter (Nm) force

1 lb in = 1.1519 kg-cm

1 kg/cm2 = 14.23 psi
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MAINTENANCE LOG               BY:
    DATE:

TASK

CHECK OIL

CHANGE OIL

CHECK PEDESTAL FOR OIL LEAKAGE

CHECK FOR HEAT

CHECK FOR NOISE

CHECK FOR VIBRATION

CHECK BOLT TIGHTNESS:
Top bolt & Pedestal bolts
Base bolts
Clamp
Coupling
Hub & blades
Reducer end cover bolts

CHECK MOTOR AMPERAGE

CHECK ROTATION AFTER ELECTRICAL WORK

OTHER
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INTRODUCTION 
 

1. General 
 

This manual includes general motor description and operation, inspection, testing and fault isolation procedures and 
information, general lubrication instructions and materials, general installation, removal, and handling instructions, 
and general repair and parts information. 
 

2. Related Publications 
 

The related publications listed in Table 1 provide additional information to support maintenance and fault isolation of 
the motor and its installation. 

 

 
Publication Number 

 
Publication Title 

BIM 1001 Hollow Shrink Disc Shaft 

BIM 1002 Hollow Keyed Shaft and Fixing Element 

BIM 1003 Expansion Chambers 

BIM 1004 Motors AC Induction, Single Phase and Polyphase 

BIM 1009 NORD Gearbox Inputs (Motor Adapters and Couplings) 

BIM 1010 UNICASE"  Helical Gearboxes  

BIM 1011 NORDBLOC"  Helical Gearboxes  

BIM 1012 Standard Helical Inline Gearboxes  

BIM 1020 UNICASE"  Shaft Mount Gearboxes  

BIM 1030 UNICASE"  Helical Worm Gearboxes  

BIM 1031 MINICASE"  Worm Gearboxes  

BIM 1033 SI Design UNIBLOC"  Worm Gearboxes  

BIM 1040 UNICASE"  90.1 Helical Bevel Gearboxes  

BIM 1090 Motor Brakes  

BIM 1142 NORDBLOC¨  92 Series Helical Bevel Gearboxes 

BIM 4010 Titan Mechanical Adjustable Speed Drives 

BIM 4020 NORDISC¨  Friction Disc Mechanical Adjustable Speed Drives 

Table 1.  Related Publications 
 

DESCRIPTION AND OPERATION 
 

1. General 
 

This manual provides general installation and maintenance information for the NORD family of motors described in 
this section. 

 

2. Description 
 

The NORD motors covered in this manual are single phase and poly-phase motors (refer to  
Table 2), can be single speed or two-speed, and may include the options listed in the Motor Options Section.   
Motor options, electrical requirements, performance characteristics, and motor data are identified on the motor 
nameplate.  The nameplate drawing is provided in Figure 1.  Definition of each entry field is provided in Table 2. 
 

3. Operation 
 

The motors described in this manual are alternating current (AC) induction motors, single speed or two-speed, and 
convection-cooled, fan cooled, or blower cooled.  The motors may use single phase or three phase alternating current.   
 

Cooling options include convection cooling (TENV), fan cooling (TEFC), and blower cooling (TEFB).  Because the 
fan is mounted on the motor shaft, the fan speed is identical to the motor speed, and the cooling capacity varies with 
the motor speed.  The blower uses its own motor and a separate power supply to provide a specific airflow and 
cooling capacity.  The blower power data are provided in Table 8. 
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Figure 1.  Motor Nameplates 

 

Field Definition Field Definition 

Type Model Number DP Drip Proof 

3~ph.M. Number of Motor Phases Ins. Cl Insulation Class 

No. Motor Number SER. F Service Factor (allowable horsepower loading) 

S Duty Cycle (i.e. S1, S3-40%) Encl. Enclosure Description 

Frame Motor Frame Size Code NEMA Code Letter 

V Motor Voltage EEV  

A Motor Full-Load Amperage COS # Power Factor 

HP Motor Horsepower MB= Motor Brake Force (Newton Meters) 

rpm Motor Speed AC Alternating Current 

pf. Power Factor V~ AC Voltage 

Amb Maximum Ambient Temperature V= DC Voltage 

Hz Motor Power Frequency   

Table 2.  Nameplate Data 
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INSPECTION 
 
1. Inspection Interval 

Inspect the motor after every 500 operating hours. 
 

2. Inspection Criteria 
Inspect the motor according to the criteria in Table 3. 

 
CAUTION: IF IT IS NECESSA RY TO CLEAN THE MOTOR EXTERIOR, DO NOT USE SHOP AIR.  

SHOP AIR CAN FORCE CONTAMINANTS INTO THE MOTOR, AND CAN CAUSE THE 
BLOWN CONTAMINANTS TO AFFECT OTHER COMPONENTS. 

 

Inspect Check Action 

Check the external surfaces for 
contamination.  Accumulation of dirt and 
fibrous deposits must be removed. 

Clean the motor external surfaces using 
clean, lint-free cloths. 
 

Clean deposits from between cooling fins 
using a vacuum cleaner and a stiff-bristled 
nylon brush. 

Check the external surfaces for oil film 
and greasy deposits. 

Clean the oil film and greasy deposits from 
the motor surface using clean, lint-free 
cloths. 
 

If necessary, moisten the cloth with an 
approved non-flammable, residue-free 
solvent.  Do not pour solvent on the motor. 

Motor exterior 

Check for evidence of damage or 
overheating. 

If the motor has physical damage, replace 
the motor. 

Motor mountings Make sure the mounting hardware is 
secure. 

If the mounting hardware is not secure, 
check the motor/gearbox alignment, and 
tighten the mounting hardware. 

Check that all electrical connections are 
secure. 

If the electrical connections are not secure, 
tighten them. 

Motor electrical 
connections 

Check the electrical connections for 
evidence of arcing. 

Loose electrical connections can cause 
arcing, which is evident by discoloration 
and charring.  If you find evidence of 
arcing, replace the damaged connections. 

Insulation resistance Using an ohmmeter, check and record the 
resistance of motor winding insulation. 

Compare the current resistance reading to 
previous readings.  If the resistance drops 
significantly, perform an internal 
inspection for insulation damage or 
deterioration. 

Motor Brake On motors that have a brake, use a feeler 
gauge to check the air gap in between the 
brake pad and the rotor according to 
NORD Gear Corporation Manual BIM-
1090, Motor Brakes Installation and 
Maintenance Instructions.  

If the air gap exceeds the maximum 
allowed for that brake configuration 
provided in the manual, adjust the air gap 
or replace the brake pad according to the 
instructions in NORD Gear Corporation 
Manual BIM-1090, Motor Brakes 
Installation and Maintenance Manual. 

Table 3.  Motor Inspection Criteria 
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TESTING AND FAULT ISOLATION  
 

1. General 
 

NOTE: NORD electric motors do not require periodic testing.  However, if a motor is removed from its 
installation, NORD recommends that the motor be checked according to the static and dynamic testing 
provided below before it is reinstalled.  Finding a condition that will require future repair before the motor 
is reinstalled decreases the overall maintenance time. 

 
This section provides general test information and functional checks for the types of motors covered by this manual.  
All tests provided below may not apply to all motor types and models.  Read and understand the tests and checks 
before performing them on your motor.  Understand how the test or check is to be performed and the pass/fail criteria. 
 
Record and date all measurements taken.  Retain the measurements in a file.  Comparing current and previous 
measurements is useful in tracking motor condition and brake wear, if the motor is equipped with a brake. 
 
If the motor fails any of the test procedures provided below, use the fault isolation procedures to determine the motor 
problem.  Refer to the REPAIR section to determine if the failure is a repairable failure. 

 
2. Testing 
 

A. Static Testing 
 

1. The motor can only be static tested if it is disconnected from the component it drives and securely 
mounted on a fixture or mounting plate.  These tests are usually conducted when a motor has been 
removed for any reason other than failure 

2. Turn the motor shaft slowly by hand.  Feel and listen for evidence of a failed bearing, which is indicated 
by a rough feel as the shaft rotates, and by noise. 

3. Check for smooth rotation, with no evidence of binding or catching.  If the shaft does not rotate 
smoothly, or binds or catches, the bearings are worn or failing, lack lubrication, or are contaminated. 

4. Check the motor shaft for side play by applying pressure at right angles to the shaft in several places 
around the circumference.  If the shaft moves perceptibly, the front bearing is worn. 

5. If the motor shaft feels rough as it is turned or makes unusual noise, the motor bearings are failing, lack 
lubrication, or are contaminated.  Replace the motor bearings, or clean and re-lubricate the bearings, as 
applicable.  Refer to the REPAIR section.   

6. If the bearing shaft shows play in the bearing, the bearing is worn or failing.  Replace the motor bearings 
according to the REPAIR section. 

 
B. Dynamic Testing 

 
1. Find the motor voltage and rated load current values as listed on the motor nameplate. 
2. Using a volt-ohmmeter, verify that the motor power supply is in the correct range.  
3. Run the motor with no load.  As the motor is operating, listen for unusual motor noise and check for 

excessive vibration.  Vibration and motor noise are indications of bearing contamination, lack of 
lubrication, damage, or failure. 

4. Use an ammeter to measure the no-load current.  Record the no-load current for comparison with 
previous readings, and for reference during future testing. 

5. If the motor passes the no-load test, operate the motor at rated load and check and record the current. 
6. Check the motor operating temperature at rated load.  If the motor operates at a higher than normal 

temperature, the motor is failing.   
7. If the motor has an integral brake, check the brake operating temperature.  If the brake operates at a 

higher than normal temperature, the brake is not releasing completely.  Refer to the REPAIR section. 
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3. Fault Isolation 
 

If the motor has failed or does not meet the requirements of any of the tests described above, use the fault isolation 
procedures provided in Table 4, Motor Fault Isolation.  The table is based on the assumption that the motor has been 
operating correctly, and that a problem has occurred.  If a newly installed motor does not operate correctly, the 
problem is an installation problem. 

 

Fault  Check Corrective Action 

Check the circuit breaker.   The breaker has tripped.  Reset the breaker.   
 

If the breaker trips immediately, the motor 
windings have shorted.  Replace the motor. 

Check the motor and the gearbox 
separately to determine which has failed. 

Replace the motor or the gearbox, as applicable. 

If the breaker has not tripped, check the 
power circuitry to the motor. 

If the power circuitry has opened, repair the 
power circuitry. 

Motor doesnÕt 
operate 

Check for an open in the motor windings.  If the motor windings have an open circuit, 
replace the motor. 

Motor is noisy Separate the motor from its gearbox and 
check the shaft bearings by hand 
according to the TEST instructions. 

If the bearings feel rough, replace the bearings 
according to the instructions in REPAIR. 

Check the motor exterior for an excessive 
accumulation of oil and dirt that can 
inhibit cooling. 

If the motor exterior is excessively dirty, clean 
the motor surface using clean, lint-free cloths.   
 

If the motor has a finned casing, use a vacuum 
cleaner and a stiff-bristled nylon brush to remove 
dirt and debris from between the fins. 

If the motor has a vented enclosure, 
check the vent openings to make sure 
they are clear. 

If necessary, clean the vent openings. 

Visually check for heat-discolored paint, 
which is evidence of a motor overheat. 

If the motor casing shows heat discoloration, the 
motor is failing.  Replace the motor. 

Motor thermal 
protection trips 

Check the system load. If the load applied to the system is above rated 
load, it should be reduced, if possible, to avoid 
affecting motor life. 

Check for increased load. If the load has increased beyond rated load, 
correct the overload condition to prevent damage 
to the motor. 

Check for supply voltage drop. Supply voltage must be within 10 percent of 
nominal voltage.  If the supply voltage is less 
than 90 percent of rated voltage, correct the 
supply voltage to avoid damage to the motor. 

Motor slows 
during operation 

Check the gearbox and the motor 
bearings for wear and drag that increases 
as the system temperature rises. 

If the gearbox drag increases during operation, 
repair the gearbox. 
 

If the motor bearing drag increases as the motor 
operates, replace the bearings according to 
REPAIR.  

Table 4.  Motor Fault Isolation 
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LUBRICATION  
 

1. General  
 
 NORD motor frame sizes 63 up to and including 225 are prelubricated, therefor require no lubrication during normal 

operation. 
 

Frame sizes 250 and larger will have grease fittings for regreasing the motor bearings.  Relubricate bearings every six 
months (more often if conditions require) using a polyurea base grease, No. 2 consistency & stabilized against 
oxidation.  

 
 
 

REMOVAL, INSTALLATION, AND HANDLING  
 

1. General 
 

Removing, installing, and handling any NORD electric motor follow the same general procedures.  Follow the 
general procedures provided below.  Observe all WARNINGs and CAUTIONs. 
 
If you have any questions about the procedure to use to handle, install, or remove a specific motor, call NORD Gear 
Corporation.  Please read the following WARNINGS & CAUTIONS prior to any work on the motor. 
 
WARNING: 

 
 

IF THE MOTOR HAS AN INTEGRAL BRAKE, VERIFY THAT THERE IS NO 
LOAD ON THE GEARBOX BEFORE RELEASING THE BRAKE.  THIS WILL 
PREVENT POSSIBLE INJURY AND POTENTIAL EQUIPMENT DAMAGE 
FROM A DROPPED LOAD. 

 
WARNING: 

 

THE MOTOR ELECTRICAL POWER HAS DANGEROUS CURRENT LEVELS.  
TO PREVENT SERIOUS INJURY, SHUT DOWN THE POWER TO THE 
MOTOR AT ITS CIRCUIT BREAKER OR POWER SWITCH BEFORE 
REMOVING OR INSTALLING ANY MOTOR.  LOCK OUT THE BREAKER OR 
SWITCH AND POST IT WITH AN ÒO UT OF SERVICEÓ PLACARD. 

 
WARNING: 

 

LARGE MOTORS ARE HEAVY, EASY TO UNBALANCE, AND ARE 
AWKWARD TO LIFT AND MOVE.  EVEN SMALLER MOTORS ARE HEAVY.  
HAVE ASSISTANCE WHEN LIFTING AND MOVING HEAVY MOTORS.  IF 
NECESSARY, USE APPROPRIATE LIFTING DEVICES TO LIFT AND MOVE 
HEAVY MOTORS.  

 
CAUTION: TO PREVENT DAMAGE TO THE MOTORSHAFT, BEARINGS, AND THE MATING 

HUB/SHEAVE IN THE GEARBOX, MAINTAIN SHAFT ALIGNMENT WHILE 
REMOVING THE MOTOR FROM ITS GEARBOX.  

2. Removal 
 

A. Drain the oil from the mating gearbox, or rotate the motor/gearbox assembly so that the motor is up, to prevent 
oil from spilling from the gearbox when the motor is removed. 

B. Shut down the power to the motor at the main circuit breaker or power switch.  Lock out the breaker or switch 
and place an ÒOUT OF SERVICEÓ placard on the breaker or switch. 

C. Disconnect the wiring to the motor.  Tag each wire as it is disconnected. 
D. Prepare the motor for removal by supporting the motor appropriately.  For smaller motors, use assistance to 

steady the motor or support it.  For larger motors, use mechanical lifting or support devices to steady and 
support the motor. 

E. Remove the bolts and washers securing the motor to the its mounting. 
F. Maintain motor shaft alignment, and move the motor away from its mounting pad until the motor shaft clears 

its mating hub/sheave or gearmesh.  If the motor shaft is a keyed shaft, keep the drive key with the motor. 
G. Remove and discard the flange gasket.  Clean the gasket material from the flange. 
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3. Installation with NEMA and IEC Flanges 

 
Refer to NORD Gearbox Inputs Installation and Maintenance Instructions in BIM1009. 
 
A. Make sure the flanges are clean and free of gasket material.  Install a new gasket between the mating flanges, if 

applicable. 
B. Carefully move the motor to insert the motor shaft and its hub/sheave into the adapter spline, making sure the 

shaft key enters the mating keyway. 
C. Seat the motor flange against the mating flange.  Install the mounting bolts and tighten them securely. 
D. Reconnect the wiring to the motor.  Refer to Figure 2 for the motor and options connection diagrams. 

 
4. Removing and Replacing C-Face Motors 

 
A. Shut off the power to the motor and post the shutoff with an ÒOUT OF SERVICEÓ placard.  Disconnect the 

wiring to the motor.  Tag each wire as it is disconnected. 
B. Support the motor.  Remove four bolts securing the motor to the NEMA or IEC adapter. 

 
NOTE: The bolts securing the motor to the adapter are retained using a medium strength thread locker such 

as blue Loctite. 
 
C. Pull the motor straight out from the adapter.   
D. Measure and record the dimension from the coupling to the motor flange.  Use this dimension to locate the 

coupling on the replacement motor. 
E. Install a new drive key in the keyway, staking the key or using Loctite to retain the key in the keyway, 

according to the following instructions: 
 

1) If the drive key is not trapped in the keyway (the keyway is open at both ends), stake and install the 
drive key as follows: 

 
a. Make sure the keyway is free of contamination so that the drive key will seat properly. 
b. Add a few drops of an approved lubricant to the keyway. 
c. Place the drive key on an appropriate surface with the shaft side of the drive key up.  Stake the 

key in two places near each long edge to deform the edge outward. 
 
CAUTION: SUPPORT THE MOTOR SHAFT BEFORE STAKING THE KEY TO PREVENT 

DAMAGE TO THE MOTOR BEARINGS. 
 
d. Support the motor shaft in V-blocks.  Place the key with the staked surface down over the key 

slot.  Place a sheet of copper shimstock, or equivalent, on the drive key and tap it into the keyway 
using a hammer. 

e. Check the key to make sure it is fully seated and securely retained. 
 

2) Install and Loctite the drive key as follows: 
 

a. Make sure the keyway is clean of old Loctite and is free of oil film. 
b. Apply Loctite primer and medium strength (blue) Loctite to the surface of the key and keyway 

according to the Loctite instructions. 
 
CAUTION: IF THE DRIVE KEY IS TO BE LOCTITED IN PLACE, CLEAN ALL THE 

LOCTITE FROM THE SURFACE OF THE DRIVE KEY AND THE MOTOR 
SHAFT TO PREVENT POSSIBLE BONDING OF THE COUPLING AND 
SPLINE SHAFT TO THE DRIVE KEY. 

 
c. Install the drive key and center it in the keyway.  Cure the Loctite according to Loctite 

instructions. 
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F. Clean all contamination and corrosion from the mating flanges. 
G. Support the motor and mount it to the adapter. 
H. Apply a medium strength thread locking compound such as blue Loctite to the bolt threads according to the 

instructions.  Install the bolts and tighten them securely. 
I. Reconnect the wiring to the motor.  Refer to Figure 2 for the motor and options connection diagrams. 
 

5. Removing and Replacing Integral Motors 
 

A. Shut off the power to the motor and post the shutoff with OUT OF SERVICE.  Disconnect the wiring to the 
motor.  Tag each wire as it is disconnected. 

B. Support the motor and remove the bolts securing the motor to the gearbox. 
 

NOTE: Most integral motor installations have mounting bolts accessible from the motor exterior.  If the 
bolts are not visible, unbolt the input flange from the gearbox.  Remove four bolts that mount the 
motor.  Remove and discard the Dubo gaskets from the bolts. 

 

C. Remove the motor from the gearbox. 
D. Clean the gasket faces on the motor and gearbox, making sure no cleaning debris enters the gearbox. 
E. Check the replacement motor to make sure the motor flange, motor shaft, and motor pinion are identical to the 

motor that was removed. 
F. Place a new gasket between the gearbox and new motor. 
G. Position the motor on the gearbox, making sure the input pinion meshes with the input gear.  Rotate the motor 

as necessary to align the bolt holes and seat the motor flange.  Make sure the gasket remains properly aligned 
and seated. 

H. Apply a medium strength thread locking compound such as blue Loctite to the bolt threads according to the 
instructions.  Install the bolts and tighten them securely. 

 

NOTE: If the motor/gearbox installation uses an input flange, mount the input flange to the motor using 
four mounting bolts and new Dubo gasket.  Tighten the bolts securely. 

 

CAUTION: DO NOT TO MIX TYPES OF OIL. 
 

I. Check the gearbox oil level.  If necessary fill the gearbox or add oil to bring the gearbox oil to the correct level.  
Check the installation and maintenance manual for your gearbox to find the correct oil for the gearbox. 

J. Reconnect the wiring to the motor.  Refer to Figure 2 for the motor and options connection diagrams. 
 
6. Handling and Lifting 

 
A. Before lifting any motor, disconnect all electrical connections.  Tag each wire as it is disconnected. 
B. Disconnect the motor from the gearbox.  Do not lift the motor while it has other equipment attached to it. 
C. If the motor has provisions for a lifting eye, turn in an appropriately sized lifting eye and lock it in place with 

the locking nut.  Lift the motor by the lifting eye using an appropriate lifting device. 
D. If the motor does not have provisions for a lifting eye, seek assistance or use appropriate lifting devices as 

necessary. 
 
7. Storage 
 

If the motor is not in service, store it according to the following conditions: 
 

A. Cover the motor and store it in a clean warehouse environment protected from dust and fluids. 
B. If the motor has internal heaters, power the heaters during storage if the storage environment is extremely 

humid.  The heaters will prevent moisture buildup in the motor interior. 
C. Before placing the motor in service, visually inspect the motor exterior for evidence of deterioration during 

storage.  Turn the motor shaft by hand to make sure the shaft turns smoothly and freely. 
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CONNECTION DIAGRAMS 
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Figure 2.  Motor Connection and Wiring Diagrams 
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REPAIR 
 
1. General 
 

These instructions can be generally applied to NORD motor applications.  The exploded view provided in the 
PARTS INFORMATION section shows the parts orientation for NORD motors.   
 
To procure replacement parts from NORD, contact NORDÕs customer service department (refer to 
INTRODUCTION).  Provide NORD with the motor part number and serial number, and the item reference number 
and nomenclature from the parts information figure, which will identify the part for your motor application. 

 
A. The following parts must be replaced if they are removed: 

  
$% Oil seal (904), Oil seal (933) 
$% Gasket (909), Gasket (910), Gasket (921) 
$% Gasket on plug (961) 
$% Self-locking screws (907-1, 908-1, 923, 932-1, 940-1) 

 
B. If the following parts are removed, inspect them, and replace them if they are deformed: 

 
$% Retaining ring (919), Retaining ring (947), Retaining ring (948) 
$% Fan clip (952) 

 
C. Disassemble the motor according to the general exploded view in PARTS INFORMATION.  Disassemble 

only as far as necessary to replace the failed parts. 
 
D. Whenever the motor is disassembled, clean all dust and contamination from the motor interior using a 

vacuum cleaner and a soft-bristled nylon brush. 
 



BIM 1004/2005/05 Page 14 of 20 www.nord.com 

PARTS LIST 
 
1. General 
 

Refer to Figure 4 for parts information.  If you are ordering a part, provide the model and serial number of your 
motor.  This will determine the part number you need. 
 

Part Number Part Description Qty per Assembly 

900 Rotor Assembly 1 

902 A-Endbell 1 

904 Oil Seal 1 

905 Bearing 1 

906 Preload Spring 1 

907 T-Box Frame 1 

907-1 Screw 4 

908 T-Box Cover 1 

908-1 Screw 4 

909 T-Box Frame Gasket 1 

910 T-Box Cover Gasket 1 

916 Stator Assembly 1 

918 Drive Key 1 

919 Retaining Ring 1 

920 Oil Plug 1 

921 Gasket 1 

923 Screw 4 

929 Bearing 1 

932 B-Endbell 1 

932-1 Screw 4 

933 Oil Seal 1 

939 Fan 1 

940 Fan Cowl 1 

940-1 Screw 4 

947 Retaining Ring 1 

948 Retaining Ring 1 

952 Fan Clip 1 

960 NPT Thread Adapter 1 

961 Plug (includes O-ring) 1 

*** Spur Drive Gear (alternate to integral bevel gear) AR 

TBLK Terminal Block  1 

TBLK-1 Screw, Terminal Block Mounting 2 

¿ ¿ ¿ Jumper Bar (not illustrated) AR 
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Figure 3.  General Motor Exploded View and Generic Parts List (Sheet 1 of 2) 
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Figure 3.  General Motor Exploded View and Generic Parts List (Sheet 2 of 2) 
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MOTOR OPTIONS & NOMENCLATURE  
 
1. General 
 

NORD offers many options for its motors.  The option code will be shown in the motor nomenclature. Below are 
the available options 

 

Code Description Code Description 
BRE With Brake  OL TENV Motor Ð Without Fan 
RG Brake Ð Corrosion Protected OL/H TENV Motor - Without Fan & Cover 
SR Brake Ð Dust Protected RD Canopy Cover 
HL Brake Ð Manual Hand Release RDD Double Canopy Cover 

FHL Brake Ð Lockable Manual Release RLS Backstop 
MIK Brake Ð Microswitch SH Motor Space Heater 
IR 

S
ee

 B
ra

ke
 

B
IM

10
90

 

Brake Ð Current Sensing Relay TF Thermistor 
KD Condensation Holes TW Thermostat 
KB Condensation Holes - Plugged WE 2nd Motor Shaft End 
MS Power Plug Connector WU High Slip Rotor 

NSD+ NORD Severe Duty Plus Protection Z High Inertia Motor Ran 
EHBU Single Phase, Run Capacitor H Energy Efficient 
EARU Single Phase, Start Cap/Run Cap IP66 IP66 Environmental Protection 

F Blower Cooling Fan - 3ph & 1ph ISO H Class H Insulation 
FC Blower Cooling Fan - 1ph EP Epoxy Dipped Windings 
IG Incremental Encoder FK Over Running Clutch 
VR 5:1 Constant Torque Rated Motor VN 10:1 Constant Torque Rated Motor 
VW 20:1 Constant Torque Rated Motor VZ-F 1000+:1 Constant Torque Rated Motor 

Table 5.  Motor Option Codes 
 
 

Examples 
90SH/4 IG SH 
Energy Efficient, 1 Speed, Encoder & Space Heater 
 
100L/4-2 WE RDD 
2 speed, 2nd Motor Shaft & Double Canopy Cover 
 
132M/4 BRE100 HL IR TW 
Brake, Hand Release, Current Sensor & Thermostat 
 

Technical information follows for THERMISTORS, THERMOSTATS, SPACE HEATERS (Table 6), ENCODERS 
(Table 7) & BLOWER COOLING FAN (Table 8). 

 
 

Thermistors (Option TF)  
$% Connection Diagram shown on Page 12 
$% Three PTC (Positive Temperature Coefficient) temperature sensitive resistors are wired in series 
$% One PTC on each phase of the stator winding 
$% The leads will be labeled P1 and P2 in the terminal box 
$% This unit must be connected to a Motor Control Protection module such as a Kriwan INT69 or a Variable Frequency 

Drive with PTC inputs 
 

All wiring must be done by qualified personnel and adhere to all local codes. 
 

WARNING : Thermistors will automatically reset. 
 

Thermistor Ratings:  
!" Switching temperature 310&F(155&C) 
!" Maximum operating voltage 2.5 volts 
!" Resistance at 25&C less than or equal to 300 Ohms 
!" Response time < 5 seconds 

 

Motor Nomenclature 
Motor Motor Options 
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Thermostats (Option TW)  
$% Connection Diagram shown on Page 12 
$% Three temperature sensitive, bimetallic switches with normally closed contacts wired in series 
$% One switch on each phase of the stator winding 
$% The leads will be labeled P1 and P2 in the terminal box 

 

All wiring must be done by qualified personnel and adhere to all local codes. 
 

WARNING: Thermistors will automatically reset. 
 

Thermostat Ratings: 
!" Switching temperature 310&F (155&C) 
!" Switch contacts 1.6A at 250 VAC 
!" Permissible working 6 to 500 VAC 
!" Automatically resetting with 30! 15&C drop below switching temperature 
!" Resistance less than 50 m"  
!" Switch rebound less than 1 millisecond 
!" 10g shock in all directions 
!" 2,000 VAC Insulation rating 
!" 10,000 cycles 
!" Normally closed 

 
 

Space Heaters (Option SH)  
$% Connection Diagram shown on Page 12 
$% Space Heaters are mounted directly on the motor winding 
$% The leads are brought into the terminal box and labeled H1 and H2 
$% They require a separate voltage supply and must not be energized when the motor is energized 
$% The heaters will keep the winding of the motor approximately 5&C above the surrounding ambient 
 
 

FRAME SIZE WATTAGE VOLTAGES HEATER P/N HEATER STRIPS/MTR
110V 18900770 
230V 18900780 63 & 71 18W 
460V 18900790 

1 

110V 18900820 
230V 18900800 80 25W 
460V 18900810 

1 

110V 18900820 
230V 18900800 90 Ð 112 50W 
460V 18900810 

2 

110V 18900830 
230V 18900840 132-180 100W 
460V 18900850 

2 

110V 18900860 
230V 18900870 200 & 225 120W 
460V 18900880 

2 

Table 6.  Space Heater Data 
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Encoder (Option IG)  
$% Standard encoder manufacturer is Heidenhain (www.heidenhain.com) 
$% All encoders will be enclosed inside the fan shroud 
$% Incremental, Quadrature, Differential, Marker Channel 
$% IP 64 Protection 
$% IG1 = 1024PPR, IG2 = 2048PPR, IG4 = 4096PPR 
$% RS422 & Push/Pull available 
$% 5V or 10-30V available 
 
 

Signal 
Color 

Push-pull RS 422 

Pin 
(optional 

mating plug) 

Heidenhain 
Callouts 

Explanation 

 
Pink --- B 

(B-) 1 Ua2 Signal line 

Blue --- Sensor (+) 2 UP Sense Supply Voltage 

Red R 
(R+) 

R 
(R+) 3 Ua0 Signal line (Marker) 

Black --- R- 4 Ua0 Signal line 

Brown A 
(A+) 

A 
(A+) 5 Ua1 Signal line 

 
Green --- A 

(A-) 6 Ua1 Signal line 

Violet --- Spare 7 UaS Spare 

Gray B 
(B+) 

B 
(B+) 8 Ua2 Signal line 

Yellow --- --- 9 Shield Spare 

White/ 
Green 0 V 0 V 10 0 V / UN Common 

White 0 V Sensor (Ð) 11 0 V / Sensor Sense Common 

Brown/ 
Green VS VS 12 UP Supply Voltage 

Table 7.  Encoder Wiring Designations 
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BLOWER COOLING FAN (Option F & FC)  
$% Connection Diagram shown on Page 12 
$% Option FC is 1 phase 115V only 
$% Option F has capability of 1 phase or 3 phase by connecting a supplied capacitor 
 

 

 60 Hz Ratings 50 Hz Ratings 

Motor Frame Voltage [V] Current [A] Power [W] Voltage [V] Current [A] Power [W] 

FC63 100-135 0.23 42 100-135 0.30 42 

FC71 100-135 0.23 47 100-135 0.30 44 

FC80 100-135 0.27 57 100-135 0.30 43 

FC90 100-135 0.46 102 100-135 0.57 78 

FC100 100-135 0.53 105 100-135 0.54 78 S
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FC112 100-135 0.60 115 100-135 0.55 80 

F63 230-332 0.11 38 230-277 0.10 27 

F71 230-332 0.12 41 230-277 0.10 28 

F80 230-332 0.13 44 230-277 0.11 29 

F90 230-332 0.25 88 230-277 0.26 72 

F100 230-332 0.28 88 230-277 0.26 70 

F112 230-332 0.31 107 230-277 0.26 73 
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F132 230-332 0.27 89 230-277 0.29 82 

F63 230-332 0.08 23 230-290 0.10 27 

F71 230-332 0.08 24 230-290 0.10 28 

F80 230-332 0.08 25 230-290 0.10 29 

F90 230-332 0.21 64 230-290 0.28 86 

F100 230-332 0.21 66 230-290 0.27 86 

F112 230-332 0.23 70 230-290 0.27 85 

F132 230-332 0.25 74 230-290 0.32 96 

F160 230-332 0.49 165 230-290 0.53 155 

F180 230-332 0.49 165 230-290 0.53 155 

F200 230-332 0.49 165 230-290 0.53 155 
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F225 230-332 0.49 165 230-290 0.53 155 

F63 380-575 0.04 23 380-500 0.05 29 

F71 380-575 0.04 25 380-500 0.05 30 

F80 380-575 0.04 26 380-500 0.05 29 

F90 380-575 0.12 62 380-500 0.16 82 

F100 380-575 0.12 66 380-500 0.16 83 

F112 380-575 0.13 70 380-500 0.16 82 

F132 380-575 0.14 75 380-500 0.18 96 

F160 380-575 0.28 165 380-500 0.30 155 

F180 380-575 0.28 165 380-500 0.30 155 

F200 380-575 0.28 165 380-500 0.30 155 
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F225 380-575 0.28 165 380-500 0.30 155 

Table 8.  Blower Cooling Fan Data  
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Standards

All motors are in accordance with existing standards and regulations, such as the electrical characteristics in accordance with
NEMA MG 1 and IEC 34.1, part 5, 6, 7, 8, and 9.

NORD motors carry the CE mark in accordance with the Low Voltage Directive and if installed properly the
Electromagnetic Compatibility Directive (EMC).  The CE mark is required for instillation in European Union (EU)
member states.
NORD motors from frame size 63 to 132M are an Underwriters Laboratories Recognized component per UL
standard 1004.  Motors from frame size 160 and larger will be UL recognized components in the future.

NORD motors are Canadian Standards Association approved according to CSA Standard C22.2 No. 100-92.
This approval is necessary for most installations in Canada.  CSA is also a Nationally Recognized Testing
Laboratory (NRTL) in the United States.

EPAct

The NORD high efficiency line of motors conform to the efficiency levels as defined in The Energy Policy and Conservation Act
(EPAct) of 1992.  The NORD high efficiency line of motors also conforms to the required efficiency levels in Canada as defined
in CanadaÕs Energy Efficiency Regulations.

Inverter/Vector Duty

NORD motors are Inverter/Vector Duty. The construction of the NORD motors insulating system takes into account the non-
sinusoidal waveforms produced by variable frequency drives.  NORD uses high grade insulating components and the uses
extra first turn protection to ensure long service life when connected to inverters.  NORD motors can produce full torque at zero
speed if properly sized, selected, and controlled.

Low Inertia

The motor inertia in all NORD motors is extremely low.  This allows for a much more dynamic motor control.  NORD motors
can cycle more frequently and require less mechanical energy to start than standard NEMA frame motors.  This leaves more
energy to start the load.  Low motor inertia is a particularly advantage when using NORD motors with inverters or vector
controllers.
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High Torque

The NORD motor design produces higher motor starting torque.  This is achieved through improved rotor design and
construction.

Non Sparking Fan

The standard NORD motors fan is a non-sparking design.  The fan will also provide proper airflow in either direction of rotation.

Terminal Block

Each NORD motor uses a terminal block.  A terminal block is a superior method of wire termination as compared to pigtail
leads.  A terminal block ensures long term reliability of the power connections.

Insulation Class

NORD motors are constructed with a thermal class F insulating system.  The motors are also designed for a class B
temperature rise (80 ¡C).  The use of class F insulation with a class B temperature rise provides increased operating life.
Motors constructed with class H insulation are also available as an option.

Ambient Temperature

NORD motors are designed to operate as standard with a maximum ambient temperature of 40¡C (104¡F).  If the motors
operating environment exceeds 40¡C the motor either needs to be de-rated (see table below) or use an upgraded insulation.

Elevation

NORD motors are designed to operate at an elevation of up to 3300-ft (1000 m) above sea level.  If the motors installation
elevation exceeds this the motor either needs to be de-rated (see table below) or use an upgraded insulation.
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Duty Classes

All motor ratings in this catalog are based on continuous duty operation (S1), i.e. operation with a constant load state whose
duration is sufficient to reach the thermal steady state condition. S2 is a short-time operation, meaning operation with a
constant load for a specified limited time followed by a pause until the motor is completely cooled down to ambient.

S3 is a periodic operation not under the influence of the
start-up, consisting of repeated similar cycles each
comprised of a period with constant load and a pause. The
starting current should not noticeably affect the warming-up.
For duty types S2 and S3 it is necessary to determine the
duration of the operation time and the cycle time, moments
of inertia of driven machine and its speed required torque on
starting breaking method.

If a motor is designed for 100% continuous duty, S1, and
shorter cycle duration factor is required; the motor power
can be increased according to the table:

Service Factor

Motors rated 230/460V-60Hz and 330/575V-60Hz have a service factor of 1.15.  All other motors have a service factor of 1.0.

Available Voltages

Standard voltages for North America:
230/460V-60Hz
330/575V-60Hz

Standard international voltages:
230/400V-50Hz  (3hp and smaller) Ð usable on 380-415V supply voltages
400/690V-50Hz  (larger than 3hp) Ð usable on 380-415V supply voltages

Other voltages are available

Tolerances Voltage and Frequency

Voltage tolerance ±10% based on rated voltage.  Line frequency tolerance of ±5%.  Combined variation in voltage and
frequency of ±10%. In accordance with NEMA standard MG 1.

Enclosure

Standard enclosure type: Totally Enclosed Fan Cooled (TEFC) with an IP55 enclosure rating.  Other enclosure ratings are
available including Totally Enclosed Non-Ventilated (TENV), Totally Enclosed Blower Cooled (TEBC), and IP65.

Duty class Power increase
factor

S2

Short-time

Operation time: 60 min
30 min
10 min

1.1
1.2
1.4

S3

Periodic

Duty cycle, ED: 60%
40%
25%
15%

1.1
1.15
1.3
1.4

%ED
Sum of operation periods

Cycle time
! 100
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NORD Severe Duty (NSD)  Ð optional

NORD offers a protection package for the motors know as NORD Severe Duty (NDS).  This additional motor protection is for
wet and corrosive environments.  The additional motor protection will ensure that the motor has a long trouble free service life
in harsh operating environments. The following additional protections are provide with the NDS package:

¥ Internal coating for additional electrical insulation and moisture protection (windings, rotor and internal surfaces)
¥ Condensation weep holes in motor and conduit box low points
¥ Corrosion resistant hardware
¥ Additional top coat of Stainless Steel Paint

Epoxy Dipped Windings  Ð optional

For additional protection in extremely wet environments the motor windings can be dipped in epoxy for improved moisture
protection.  The motor is also treated with the standard NORD Severe Duty (NSD) protection package.

Tropical Protection Ðoptional

For hot tropical wet environments the motor can be treated to prevent fungus from growing inside the motor.  This treatment
includes an anti-fungal epoxy dip and the NORD Severe Duty (NSD) treatment

Overload Protection

Current-controlled motor-protection must be set according to rated current shown on the motor nameplate.  Operation involving
high starting frequency, short-term duty or large temperature-differences should be covered by internal motor thermal
measuring devices.

Thermostat (TW)  Ð optional

Upon reaching the limit temperature this device automatically cuts the control-circuit.  After the temperature has fallen below
the trip limit the thermostat switch will re-set. Contact-rating: 250 VAC, 1.6 A.

Thermistor Sensors (TF) Ð optional

Thermistors require external tripping-device. Upon reaching the limit temperature the thermistors change their resistance
suddenly. In connection with a tripping device this property is employed to monitor the motor temperature. The relay built into
the tripping-device has a make-and-break-contact, which is used in the control wiring.

High Inertia Fan (Z) Ð optional

An optional cast iron motor cooing fan is available.  This fan is used as a mechanical soft start and/or soft stop.  This fan adds
inertial to the motor.  The high inertial fan can also be used for a flywheel effect, to store mechanical energy.  This can be
helpful where the are rapid load changes that need to be smoothed.  The cast iron fan replaces the standard plastic motor fan.

Canopy Drip Co ver (RD) Ð optional

For installations where the fan end of the motor is mounted up allowing water to fall into the motorÕs fan guard, NORD offers a
canopy drip cover to block this falling water.
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Starting Frequency

One major advantage of NORD motors and brakemotors is the ability to operating in high start-stop applications.  Due to the
motors optimized design, NORD motors can, under some conditions, cycle thousands of times an hour.  This means that a
NORD brake motor can often be used to replace a clutch brake system.

If the motor or brakemotor is used with an Inverter or Vector drive the motors cycling capacity can be increased even more.

Following factors have to be considered when calculating the permissible starting frequency:

ZO no-load starting frequency [starts/hour]
Zzul permissible starting frequency [starts/hour]
Jmot moment of inertia of motor [Lb-in2]
Jred external moment of inertia reduced to motor shaft [Lb-in2]
Ta required starting torque [Lb-in]
Tl load torque after starting [Lb-in]

The permissible frequency of switching may be calculated as follows.

Blower Cooling FanÐ optional

Zzul

1
Tl

Ta

1
Jred

Jmot
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Energy efficient , 1.15 Service factor
Inverter duty, TEFC
Synchronous speed 1800rpm @ 60Hz, 4-pole
Voltages: 230/460 & 330/575 Ð 60Hz, Three-phase
Continuos Duty, 40¡C Ambient, up to 3300ft Elevation
Class B temperature rise, Class F insulation

Full-load current I nFrame
Size

HP kW n n

Full
Load

230V 460V 575V
Ia/In Code

Letter
Tn Ta/Tn Tk/Tn pf Eff. J m

Inertia

rpm A A A % lb-in % lb-ft 2

80LH/4 1.0 0.75 1750 3.88 1.94 1.50 600 L 36.0 4.6 4.3 0.59 82.5 0.0489
90SH/4 1.5 1.1 1740 4.3 2.15 1.75 630 J 54.3 3.5 3.8 0.76 84.0 0.0817
90LH/4 2.0 1.5 1745 6.3 3.15 2.45 670 K 72.4 4.3 4.5 0.71 84.0 0.0929
100LH/4 3.0 2.2 1765 8.6 4.30 3.4 790 L 107 3.6 4.7 0.73 87.5 0.1781
112LH/4 5.0 3.7 1770 14.4 7.20 5.6 810 L 179 4.4 4.3 0.74 87.5 0.3491
132SH/4 7.5 5.5 1780 20.9 10.5 8.3 820 L 266 4.3 4.6 0.74 89.5 0.7529
132MH/4 10 7.5 1770 27.0 13.5 10.8 730 J 356 3.2 4.0 0.78 89.5 0.8408
160MH/4 * 15 11 1765 35.8 17.9 14.3 930 K 536 2.6 3.2 0.85 91 1.235
160LH/4 * 20 15 1765 49.0 24.5 19.6 960 L 714 2.8 3.5 0.85 91 1.354
180MH/4 * 25 18.5 1770 61 30.5 24.0 910 K 890 2.8 3.6 0.83 92.4 3.563
180LH/4 * 30 22 1770 72 36 28.8 990 L 1068 3.1 3.9 0.83 92.4 4.513
200LH/4 * 40 30 1770 94 47 37.6 910 K 1424 3.0 3.6 0.86 93 7.600
225SH/4 * 50 37 1778 118 59 47.2 800 J 1772 2.9 3.6 0.85 93 10.45
225MH/4 * 60 45 1780 142 71 57 810 J 2124 3.0 3.7 0.85 93.6 12.35
250MH/4 * 75 55 1784 174 87 70 760 H 2650 3.0 2.8 0.86 94.1 18.76
280SH/4 * 100 75 1784 228 114 91 730 H 3530 2.4 2.8 0.87 94.5 33.25
280MH/4 * 125 90 1786 288 144 115 770 H 4410 2.8 3.1 0.86 94.5 38.00
315SH/4 * 150 110 1790 352 176 141 780 J 5280 2.7 2.8 0.84 95 52.3
315MH/4 * 175 132 1792 414 207 166 820 J 6150 3.4 3.1 0.83 95 64.1
315LH/4 * 200 160 1792 462 231 185 800 J 7030 3.3 2.7 0.85 95 76.0

* - Underwriter Laboratories Recognition  - pending

Abbreviations
nn - Full-load speed
In - Full-load current
Ia/In - Locked-rotor current ratio (percentage)
Tn - Full-load torque
Ta/Tn - Locked-rotor torque ratio
Tk/Tn - Break-down torque ratio
pf - Power factor
Eff. - Nominal efficiency
Jm - Motor inertia

 / 60H z / E E
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Standard efficiency , 1.15 Service factor
Inverter duty, TEFC
Synchronous speed 1800rpm @ 60Hz, 4-pole
Voltages: 230/460 & 330/575 Ð 60Hz, Three-phase
Continuos Duty, 40¡C Ambient, up to 3300ft Elevation
Class B temperature rise, Class F insulation

Full-load current I nFrame
Size

HP kW n n

Full
Load

230V 460V 575V
Ia/In Code

Letter
Tn Ta/Tn Tk/Tn pf Eff. J m

Inertia

rpm A A A % lb-in % lb-ft 2

63S/4 0.16 0.12 1700 0.88 0.44 0.35 300 H 5.93 2.7 3.5 0.66 52 0.00499
63L/4 0.25 0.18 1680 1.12 0.56 0.45 300 G 9.38 2.3 2.5 0.71 57 0.00665
71S/4 0.33 0.25 1710 1.56 0.78 0.62 340 H 12.3 2.3 3.0 0.64 63 0.0133
71L/4 0.50 0.37 1720 1.90 0.95 0.76 400 G 18.3 2.2 2.7 0.69 71 0.0173
80S/4 0.75 0.55 1710 2.70 1.35 1.08 400 H 27.6 2.2 2.3 0.71 72 0.0304
80L/4 1.0 0.75 1650 3.65 1.83 - 280 D 38.2 2.1 2.2 0.64 70 0.0623
90S/4 1.5 1.1 1660 4.83 2.42 - 320 D 57.0 2.6 2.5 0.68 73 0.0887
90L/4 2.0 1.5 1660 6.33 3.17 - 340 D 75.9 2.5 2.4 0.70 74 0.1182
100L/4 3.0 2.2 1700 9.04 4.52 - 350 D 111 2.2 2.5 0.70 75 0.1699
100L/40 5.0 3.7 1725 15.2 7.62 - 510 G 183 2.7 3.1 0.75 81 0.2831
132S/4 7.5 5.5 1730 19.8 9.91 - 380 C 273 2.2 2.6 0.71 85 0.8796
132M/4 10 7.5 1730 25.7 12.9 - 440 E 364 2.7 3.0 0.73 87 1.197
160M/4 * 15 11 1760 36.8 18.4 - 820 K 537 2.8 3.3 0.85 88 1.187
160L/4 * 20 15 1760 49 24.5 - 800 J 716 2.8 3.3 0.86 89 1.661
180M/4 * 25 18.5 1750 60 30.0 - 740 H 900 2.6 3.0 0.87 89 3.085
180L/4 * 30 22 1755 71 35.5 - 800 J 1080 2.9 3.3 0.87 89.5 3.560
200L/4 * 40 30 1755 91 45 - 580 F 1440 2.6 2.6 0.89 92 10.68
225S/4 * 50 37 1755 124 62 - 670 H 1800 2.2 2.2 0.83 91 13.29
225M/4 * 60 45 1760 143 71 - 700 H 2150 2.8 2.8 0.86 91 16.85
250M/4 * 75 55 1760 170 85 - 700 H 2690 2.6 2.6 0.89 90 19.93
280S/4 * 100 75 1770 223 111 - 670 G 3560 2.6 2.6 0.87 91 37.02
280M/4 * 125 90 1775 290 145 - 650 G 4440 2.6 2.6 0.86 91 42.71
315S/4 * 150 110 1775 345 173 - 750 H 5330 3.1 3.1 0.87 90 80.68
315M/40 * 200 150 1775 445 223 - 750 H 7100 3.2 3.2 0.86 93 125.8

* - Underwriter Laboratories Recognition  - pending

Abbreviations
nn - Full-load speed
In - Full-load current
Ia/In - Locked-rotor current ratio (percentage)
Tn - Full-load torque
Ta/Tn - Locked-rotor torque ratio
Tk/Tn - Break-down torque ratio
pf - Power factor
Eff. - Nominal efficiency
Jm - Motor inertia

 / 60H z
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Dimensions

Connection diagrams

Options
Canopy
2WE
Space heaters
Epoxy dipped windings
IEEE 45
Harting plug connector

Vents

Brakes (& connections)

Backstop
Backstop
Overrunning clutch

Encoders

Inverter selections / thermals
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LPT PUMP MANUAL Ð APPENDIX I 
Long Term Storage  

 

General: 
The following are recommendations in reference to long term storage of LPT Pumps and Drives, 
LPT does not accept liability for components under these conditions.  Documentation and 
photographic evidence is necessary for warranties to apply. 

Preventive Maintenance for Stored Rotating Spares 
In the absence of data on premature bearing failures and armature/shaft sag and imbalance, we 
recommend a general procedure as follows:  
 
The motor shaft targets should generally be used on any motor of 50 HP or higher. They also 
should be used on fans and any other large rotating equipment that sits in storage for lengthy 
periods of time.  By rotating these shafts mont hly (or more depending on the floor vibrations), 
you are preventing armature and shaft sag as well as false brinelling of the bearings into the 
races. 
 
You may also find some other smaller motors that have premature bearing failures after 
prolonged storage in your facility. This would be evidence to apply the shaft targets and rotation 
to smaller motors. 
 
The motor shaft targets should be attached to th e shafts with double-stick foam tape. A monthly 
color chart should be hung on the wall in the equipment storage area to indicate the Òcolor of 
the month.Ó 
 
What is False Brinelling? 
ÒThis condition can occur whenever a non-rotating  bearing is subjected to external vibration. 
(Note: There is another type of brinelling called true brinelling that occurs in rotating bearings.) 
When the bearing isn't turning, a protective oi l film cannot form between the races and the 
rotating elements. Thus, there can be metal-to -metal contact between the races and rotating 
elements, and the small, relative motion betwee n these parts causes wear marks on both races 
at the location of each rotating element. Fa lse brinelling can occur during transportation 
(typically truck or rail) and during motor storage if  the storage area is subject to vibration. False 
brinelling occurs frequently with the bearings of motors installed on ÒspareÓ or ÒbackupÓ 
systems in the plant. A typical example of this is parallel motor/pumps where one system is 
considered to be the primary system and the other system only a backup. The primary system 
may run for weeks, months, or even longer befo re the backup system is ever energized. The 
problem is that even though the backup is not running, it is actually ÒpipedÓ into the system. 
Vibrations associated with the running system are being constantly transmitted to the backup 
system. Thus, severe false brinelling can occur on both the backup motor and pump bearings.Ó 

- Extract from Office of Indust rial Technologies Web Site 
 

Pump: 
It is recommended that the Pump is stored in a clean, dry, vibration free environment.  The 
shaft should be manually rotated every 3 months (or at the same interval as recommended by 
the electric motor manufacturer).  The natu ral rubber linings and components should be 
protected in keeping with the recommendations below. 
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Electric Motor 
The following information is reprinted from the WEG ÒInstallation and Maintenance Manual for 
NEMA low Voltage Electric MotorsÓ 
 
2.3 Storage 
Motors should be raised by their eyebolts and never by their shafts. It is important that high rating three-
phase motors be raised by their eyebolts. Raising and lowering must be steady and joltless, otherwise 
bearings may be harmed. When motors are not immediately installed, they should be stored in their normal 
upright position in a dry even temperature place, free of dust, gases and corrosive atmosphere. Other 
objects should not be placed on or against them. Motors stored over long periods are subject to loss of 
insulation resistance and oxidation of bearings. 
 
Bearings and lubricant deserve special attention during prolonged periods of storage. Depending on 
the length and conditions of storage it may be necessary to regrease or change rusted bearings. The 
weight of the rotor in an inactive motor tends to expel grease from between the bearing surfaces 
thereby removing the protective film that impedes metal-to-metal contact. As a preventive measure 
against the formation of corrosion by contact, motors should not be stored near machines which 
cause vibrations, and every 3 month their shafts should be rotated manually. 
 
Insulation resistance fluctuates widely with temperature and humidity variations and the cleanliness of 
components. When a motor is not immediately put into service it should be protected against moist, high 
temperatures and impurities, thus avoiding damage to insulation resistance. If the motor has been in storage 
more than six month or has been subjected to adverse moisture conditions, it is best to check the insulation 
resistance of the stator winding with a megohmeter. If the resistance is lower than ten megohms the 
windings should be dried in one of the two following ways: 
1) Bake in oven at temperatures not exceeding 194 degrees F until insulation resistance becomes constant. 
2) With rotor locked, apply low voltage and gradually increase current through windings until temperature 
measured with thermometer reaches 194 degrees F. Do not exceed this temperature. 
If the motor is stored for an extensive period, the rotor must be periodically rotated. 
Should the ambient conditions be very humid, a periodical inspection is recommended during storage. It is 
difficult to prescribe rules for the true insulation resistance value of a machine as resistance varies according 
to the type, size and rated voltage and the state of the insulation material used, method of construction and 
the machineÕs insulation antecedents. A lot of experience is necessary in order to decide when a machine is 
ready or not to be put into service. Periodical records are useful in making this decision. 
 
The following guidelines show the approximate values that can be expected of a clean and dry motor, at 
40¡C test voltage in applied during one minute. 
 
Insulation resistance Rm is obtained by the formula: 

Rm = Vn + 1 
Where:   Rm - minimum recommended insulation resistance in  

M�:��with winding at 40¡C 
Vn - rated machine voltage in kV 
 

In case the test is carried out at a temperature other than 40¡C, the value must be corrected to 40¡C using 
an approximated curve of insulation resistance v.s temperature of the winding with the aid of Figure 2.1; itÕs 
possible verify that resistance practically doubles every 10¡C that insulating temperature is lowered. 
 
 
Example: 
Ambient temperature = 50¡C 
Motor winding resistence at 50¡C = 1.02 M�:��
Correction to 40¡C 
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R 40¡C = R 50¡C x K 50¡C 

R 40¼ C = 1.02 x 1.3 
R 40¼ C = 1.326 M�	��

 
The minimum resistance Rm will be: 

Rm = Vn + 1 
Rm = 0.440 + 1 
Rm = 1.440 M�:��

��
On new motors, lower values are often attained due to solvents present in the insulating varnishes that later 
evaporate during normal operation. 
This does not necessarily mean that the motor is not operational, since insulating resistance will increase 
after a period of service. On motors which have been in service for a period of time much larger values are 
often attained. A comparison of the values recorded in previous tests on the same motor under similar load, 
temperature and humidity conditions, serves as a better indication of insulation condition than that of the 
value derived from a single test. Any substantial or sudden reduction is suspect and the cause determined 
and corrective action taken. 
Insulation resistance is usually measured with a MEGGER. 
In the event that insulation resistance is inferior to the values derived from the above formula, motors should 
be subjected to a drying process. 
 
2.3.1 Drying the windings 
This operation should be carried out with maximum care, and only by qualified personnel. The rate of 
temperature rise should not exceed 5¡C per hour and the temperature of the winding should not exceed 
105¡C. An overly high final temperature as well as a fast temperature increase rate can each generate 
vapour harmful to the insulation. 
 
Temperature should be accurately controlled during the drying process and the insulation resistance 
measured at regular intervals. During the early stages of the drying process, insulation resistance will 
decrease as a result of the temperature increase, but the resistance will increase again when the insulation 
becomes dryer. 
 
The drying process should be extended until successive measurements of insulation resistance indicate that 
a constant value above the minimum acceptable value has been attained. It is extremely important that the 
interior of the motor be well ventilated during the drying operation to ensure that the dampness is really 
removed. 
 
Heat for drying can be obtained from outside sources (an oven), energization of the space heater (optional), 
or introducing a current through the actual winding of the motor being dried. 
 
Electric machines should be installed in order to allow an easy access for inspection and maintenance. 
Should the surrounding atmosphere be humid, corrosive or contain flammable substances or particles, it is 
essential to ensure an adequate degree of protection. The installation of motors in environments where there 
are vapours, gases or dusts, flammable or combustible materials, subject to fire or explosion, should be 
undertaken according to appropriate and governing codes, such as NEC Art. 500 (National Electrical Code) 
and UL-674 (Underwriters Laboratories, Inc.) Standards. 
 
Under no circumstances can motors be enclosed in boxes or covered with materials which may impede or 
reduce the free circulation of ventilating air. Machines fitted with external ventilation should be at least 50cm 
from the wall to permit the passage of air. The opening for the entry and exit of air flow should never be 
obstructed or reduced by conductors, pipes or other objects. The place of installation should allow for air 
renewal at a rate of 700 cubic feet per minute for each 75 HP motor capacity. 
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- - Extract from WEG Manual 

 

Rubber Products: 
 
Rubber products in storage can be adversely affe cted by the following:  temperature, humidity, 
ozone, sunlight, oils, solvents, corrosive liquids and fumes, insects and rodents, and radiation. 
 
The warehousing area should be relatively cool, dark, and free from dampness and mildew.  All 
rubber products should be used on a first-in, first-out basis since even under these conditions an 
unusual length of time in storage can result  in the deterioration of certain products. 
 
The ideal storage temperature for rubber products is 50 to 70 degrees F (10 to 21 degrees C) 
with a maximum limit of 100 degrees F (38 degrees C.)  If stored below 32 degrees F (0 degrees 
C) some products may become stiff and should be warmed before being placed in service.  
Rubber products should not be stored near sources of heat, such as radiators and base heaters. 
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Rubber products should not be stored under conditions of high or low humidity. 
 
To protect against the adverse effects of ozone, rubber products should not be stored near 
electrical equipment that may generate ozone and should not be stored for any lengthy period in 
geographical areas of known high ozone concentrations.  Exposure to direct and reflected 
sunlight should also be avoided. 
 
Whenever feasible, rubber products should be stored in their original shipping containers, 
especially when such containers are wooden crates or cardboard cartons, since this will provide 
protection against the deteriorating effects of oils, solvents, and corrosive liquids and will also 
afford some protection against ozone and sunlight. 
 
Since certain rodents and insects thrive on rubber products, adequate protection should be 
provided against them. 
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Pump Selection Technical Report
Quote Ref No : Q2560  REV 2         Date : /  /

Project Name   JMI Thompson Creek  
Customer                                     
Address                                      

Telephone                        
Fax                              

Flow rate        34.0 m^3/hr
Head             17.0 m
Speed Head       17.5 m

SG Solid         2.700            Solids Flow       9.10 Tons/hr
SG Liquid        1.000            % Solid Wt        20.7 %
SG Slurry        1.150            % Solid Vol        8.8 %
Head Ratio        0.97            D50 Size        0 .1000 mm
Eff Ratio         1.00            Max Size        0 .0500 in.

No of pumps 1
Pump Model   50/50                Supplier     McLa nahan
Flow rate       34.0 m^3/hr       Power Abs       6 .26 hp  
Head            17.0 m            Power Req       7 .20 hp  
Pump speed      1759 RPM          Motor size        10  hp  
NPSHr            2.9 ft           Efficiency      3 8.7 %     
Impeller D       7.874 in.        BEP             3 8.8 %     
�



TTTTThe electric motor is the item of equipment most
widely used by man in his pursuit of progress, as
virtually all machines and many renowned inventions
depend upon it.
By virtue of the prominent role the electric motor
plays in the comfort and welfare of mankind, it must
be regarded and treated as a prime power unit
embodying features that merit special attention,
including its installation and maintenance.
This means that the electric motor should receive
proper attention.
Its installation and routine maintenance require
specific care to ensure perfect operation and longer
life of the unit.
THE WEG ELECTRIC MOTOR INSTALLATION AND
MAINTENANCE MANUAL provides the necessary
information to properly install, maintain and preserve
the most important component of all equipment:

THE ELECTRIC MOTOR!

WEG

INSTALLATION AND
MAINTENANCE MANUAL
FOR NEMA LOW VOLTAGE
ELECTRIC MOTORS

260.03/122002
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TTTTThis manual covers all the three-phase and
single-phase asynchronous squirrel-cage
induction motors, from 140T to 580T frame
sizes.

The motors described in this manual are subject
to continuous improvement and all information
is subject to change without notice.
For further details, please consult WEG.

INSTALLATION AND MAINTENANCE MANUAL
FOR NEMA LOW VOLTAGE ELECTRIC MOTORS

1. Introduction
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2. Basic Instructions

2.1 Safety Instructions
All personnel involved with electrical installations, either handling,
lifting, operation and maintenance, should be well-informed and up-
to-date concerning the safety standards and principles that govern
the work and carefully follow them.
Before work commences, it is the responsibility of the person in
charge to ascertain that these have been duly complied with and to
alert his personnel of the inherent hazards of the job in hand.
It is recommended that these tasks be undertaken only by qualified
personnel and they should be instructed to:
á avoid contact with energized circuits or rotating parts,
á avoid by-passing or rendering inoperative any safeguards or

protective devices,
á avoid extended exposure in close proximity to machinery with

high noise levels,
á use proper care and procedures in handling, lifting, installing,

operating and maintaining the equipment, and
á follow consistently any instructions and product documentation

supplied when they do such work.
Before initiating maintenance procedures, be sure that all power
sources are disconnected from the motor and accessories to avoid
electric shock.
Fire fighting equipment and notices concerning first aid should not
be lacking at the job site; these should be visible and accessible at
all times.

2.2 Delivery
Prior to shipment, motors are factory-tested and balanced. They
are packed in boxes or bolted to a wooden base.
Upon receipt, we recommend careful handling and a physical
examination for damage which may have occurred during
transportation.
In the event of damage and in order to guaranty insurance
coverage, both the nearest WEG sales office and the carrier should
be notified without delay.

2.3 Storage
Motors should be raised by their eyebolts and never by their
shafts. It is important that high rating three-phase motors be raised
by their eyebolts. Raising and lowering must be steady and joltless,
otherwise bearings may be harmed.
When motors are not immediately installed, they should be stored in
their normal upright position in a dry even temperature place, free
of dust, gases and corrosive atmosphere.
Other objects should not be placed on or against them.
Motors stored over long periods are subject to loss of insulation
resistance and oxidation of bearings.

Bearings and lubricant deserve special attention during
prolonged periods of storage. Depending on the length
and conditions of storage it may be necessary to regrease
or change rusted bearings. The weight of the rotor in an
inactive motor tends to expel grease from between the

bearing surfaces thereby removing the protective film that
impedes metal-to-metal contact.
As a preventive measure against the formation of corrosion
by contact, motors should not be stored near machines
which cause vibrations, and every 3 month their shafts
should be rotated manually.

Insulation resistance fluctuates widely with temperature and
humidity variations and the cleanliness of components. When a
motor is not immediately put into service it should be protected
against moist, high temperatures and impurities, thus avoiding
damage to insulation resistance.
If the motor has been in storage more than six month or has been
subjected to adverse moisture conditions, it is best to check the
insulation resistance of  the stator winding with a megohmeter.
If the resistance is lower than ten megohms the windings should be
dried in one of the two following ways:
1) Bake in oven at temperatures not exceeding 194 degrees F

until insulation resistance becomes constant.
2) With rotor locked, apply low voltage and gradually increase

current through windings until temperature measured with
thermometer reaches 194 degrees F. Do not exceed this
temperature.

If the motor is stored for an extensive period, the rotor must be
periodically rotated.
Should the ambient conditions be very humid, a periodical
inspection is recommended during storage. It is difficult to prescribe
rules for the true insulation resistance value of a machine as
resistance varies according to the type, size and rated voltage and
the state of the insulation material used, method of construction and
the machineÕs insulation antecedents. A lot of experience is
necessary in order to decide when a machine is ready or not to be
put into service. Periodical records are useful in making this
decision.

The following guidelines show the approximate values that can be
expected of a clean and dry motor, at 40¡C test voltage in applied
during one minute.

Insulation resistance Rm is obtained by the formula:

Rm = Vn + 1

Where: Rm - minimum recommended insulation resistance in
M!  with winding at 40¡C
Vn - rated machine voltage in kV

In case the test is carried out at a temperature other than 40¡C, the
value must be corrected to 40¡C using an approximated curve of
insulation resistance v.s temperature of the winding with the aid of
Figure 2.1; itÕs possible verify that resistance practically doubles
every 10¡C that insulating temperature is lowered.
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Example:

Ambient temperature = 50¡C
Motor winding resistence at 50¡C = 1.02 M!
Correction to 40¡C

R 
40¡C 

 = R 
50¡C

 x K 
50¡C

R 
40¼ C

  = 1.02 x 1.3

R 
40¼ C 

 = 1.326 M!

The minimum resistence Rm will be:
Rm = Vn + 1
Rm = 0.440 + 1
Rm = 1.440 M!

On new motors, lower values are often attained due to solvents present
in the insulating varnishes that later evaporate during normal operation.
This does not necessarily mean that the motor is not operational,
since insulating resistance will increase after a period of service.
On motors which have been in service for a period of time much
larger values are often attained. A comparison of the values recorded
in previous tests on the same motor under similar load, temperature
and humidity conditions, serves as a better indication of insulation
condition than that of the value derived from a single test. Any substantial
or sudden reduction is suspect and the cause determined and
corrective action taken.
Insulation resistance is usually measured with a MEGGER.
In the event that insulation resistance is inferior to the values derived
from the above formula, motors should be subjected to a drying process.

2.3.1 Drying the windings

This operation should be carried out with maximum care, and only by
qualified personnel. The rate of temperature rise should not exceed
5¡C per hour and the temperature of the winding should not exceed
105¡C. An overly high final temperature as well as a fast temperature
increase rate can each generate vapour harmful to the insulation.
Temperature should be accurately controlled during the drying process
and the insulation resistance measured at regular intervals.
During the early stages of the drying process, insulation resistance
will decrease as a result of the temperature increase, but the resistance
will increase again when the insulation becomes dryer.
The drying process should be extended until sucessive measurements
of insulation resistance indicate that a constant value above the minimum
acceptable value has been attained. It is extremely important that the
interior of the motor be well ventilated during the drying operation to
ensure that the dampness is really removed.
Heat for drying can be obtained from outside sources (an oven),
energization of the space heater (optional), or introducing a current
through the actual winding of the motor being dried.

 Winding Temperature (¼C)
R

40 ¼C
 = R

t
 x K

t 40 ¼C

Figure 2.1
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3. Installation

Electric machines should be installed in order to allow an easy access
for inspection and maintenance. Should the surrounding atmosphere
be humid, corrosive or contain flammable substances or particles, it is
essential to ensure an adequate degree of protection.
The installation of motors in  environments where there are vapours,
gases or dusts, flammable or combustible materials, subject to fire or
explosion, should be undertaken according to appropriate and
governing codes, such as NEC Art. 500 (National Electrical Code)
and UL-674 (Underwriters Laboratories, Inc.) Standards.
Under no circumstances can motors be enclosed in boxes or covered
with materials which may impede or reduce the free circulation of
ventilating air. Machines fitted with external ventilation should be at
least 50cm from the wall to permit the passage of air.
The opening for the entry and exit of air flow should never be
obstructed or reduced by conductors, pipes or other objects.
The place of installation should allow for air renewal at a rate of 700
cubic feet per minute for each 75 HP motor capacity.

3.1 Mechanical Aspects

3.1.1 Foundation
The motor base must be levelled and as far as possible free of
vibrations. A concrete foundation is recommended for motors over
100 HP. The choice of base will depend upon the nature of the soil at
the place of erection or of the floor capacity in the case of buildings.
When dimensioning the motor base, keep in mind that the motor may
occasionally be run at a torque above that of the rated full load torque.
Based upon Figure 3.1, foundation stresses can be calculated by
using the following formula:

F1 = 0.2247 (0.009  x  g  x  G - 213  Tm‡x/A)

F2 = 0.2247 (0.009  x  g  x  G + 213 Tmax/A )

Figure 3.1 - Base stresses

Where:

F1 and F2 - Lateral stress (Lb)
g - Force of gravity (32.18 ft/s2)
G - Weight of motor (Lb)
Tmax - Maximum torque (Lb . Ft)
A - Obtained from the dimensional drawing of the motor (in)

Sunken bolts or metallic base plates should be used to secure the
motor to the base.

3.1.2 Types of Bases

a) Slide Rails
When motor drive is by pulleys the motor should be mounted on
slide rails and the lower part of the belt should be pulling.
The rail nearest the drive pulley is positioned in such a manner that
the adjusting bolt be between the motor and the driven machine.
The other rail should be positioned with the bolt in the opposite
position, as shown in Figure 3.2.
The motor is bolted to the rails and set on the base. The drive
pulley is aligned such that its center is on a plane with the center of
the driven pulley and the motor shaft and that of the machine be
parallel.

The belt should not be overly stretched, see Figure 3.11.
After the alignment, the rails are fixed.

Figure 3.2 - Positioning of slide rails for motor alignment
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b) Foundation Studs

Very often, particularly when drive is by flexible coupling the motor is
anchored directly to the base with foundation studs.
It is recommended that shim plates of approximately 0.8 inches be
used between the foundation studs and the feet of the motor for
replacement purposes. These shim plates are useful when exchanging
one motor for another of larger shaft height due to variations allowed
by standard tolerances.
Foundation studs should neither be painted nor rusted as both interfere
with to the adherence of the concrete, and bring about loosening.
After accurate alignment and levelling of the motor, the foundation
studs are cemented and their screws tightened to secure the motor.

Figure 3.3 - Motor mounted on a concrete base with foundation
studs

3.1.3 Alignment
The electric motor should be accurately aligned with the driven
machine, particularly in cases of direct coupling. An incorrect alignment
can cause bearing failure vibrations and even shaft rupture.
The best way to ensure correct alignment is to use dial gauges placed
on each coupling half, one reading radially and the other exially -
Figure 3.5.

Thus, simultaneous readings are possible and allow for checking for
any parallel (Figure 3.6a) and concentricity deviations (Figure 3.6b)
by rotating the shafts one turn.
Gauge readings should not exceed 0.02 inches. If the installer is
sufficiently skilled, he can obtain alignment with feeler gauges and a
steel ruler, providing that the couplings are perfect and centered -
Figure 3.6c.

Figure 3.6a - Deviation
from parallel

Figure 3.6b - Deviation from
concentricity

Figure 3.6c - Alignment
with a steel ruler

Figure 3.5 - Alignment with dial gauges

3.1.4 Coupling

a) Direct Coupling
Direct coupling is always preferable due to its lower cost, space
economy, no belt slippage and lower accident risk.
In the case of speed ratio drives, it is also common to use a direct
coupling with a reducer (gear box).

CAUTION: Carefully align the shaft ends using, whenever feasible, a
flexible coupling.

b) Gear Coupling
Poorly aligned gear couplings are the cause of jerking motions which
bring about the vibration of the actual drive and vibrations within the
motor.

Figure 3.7 - A type of  direct coupling
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Therefore, due care must be given to perfect shaft alignment: exactly
parallel in the case of straight gears, and at the correct angle for bevel
or helical gears.
Perfect gear engagement can be checked by the insertion of a strip of
paper on which the teeth marks will be traced after a single rotation.

c) Belt and Pulley Coupling
Belt coupling is most commonly used when a speed ratio is required.
Assembly of Pulleys: To assemble pulleys on shaft ends with a keyway
and threaded end holes the pulley should be inserted halfway up the
keyway merely by manual pressure.
On shafts without threaded end holes the heating of the pulley to about
80¡C is recommended, or alternatively, the devices illustrated in Figure
3.8 may be employed.

Figure 3.8 - Pulley mounting device

Figure 3.8a - Pulley extractor

Hammers should be avoided during the fitting of pulleys and
bearings. The fitting of bearings with the aid of hammers leaves
blemishes on the bearing races. These initially small flaws increase
with usage and can develop to a stage that completely impairs the
bearing.
The correct positioning of a pulley is shown in Figure 3.9.

Figure 3.9 - Correct positioning of pulley on the shaft

RUNNING: To avoid needless radial stresses on the bearings it is
imperative that shafts are parallel and the pulleys perfectly aligned.
(Figure 3.10).

                 

Figure 3.10 - Correct pulley alignment

Laterally misaligned pulleys, when running, transmit alternating knocks
to the rotor and can damage the bearing housing. Belt slippage can
be avoided by applying a resin (rosin for example).
Belt tension should be sufficient to avoid slippage during operation
(Figure 3.11).
Pulleys that are too small should be avoided; these cause shaft flexion
because belt traction increases in proportion to a decrease in the
pulley size. Table 1 determines minimum pulley diameters, and Tables
2 and 3 refer to the maximum stresses acceptable on motor bearings
up to frame 580. Beyond frame size 600, an analysis should be
requested from the WEG engineering.

Figure 3.11 - Belt tensions
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Table 1 - Minimum pitch diameter of pulleys

Ball bearings

Frame Size X Inches
Bearing

0.79 1.57 2.36 3.15 3.94 4.72
140 6205-Z 1.7 1.85 2

W 180 6206-Z 3.03 3.23 3.46
180 6307-Z 1.69 1.81 1.93

W 210 6308-Z 2.86 3.00 3.16
210 6308-Z 2.90 3.06 3.22

W 250 6309 C3 4.37 4.54 4.72 4.92
250 6309 C3 4.41 4.59 4.77 4.97
280 6311 C3 5.08 5.19 5.47 5.65
320 6312 C3 7.44 7.76 7.94 8.18
360 6314 C3 8.73 9.00 9.28 9.57

Ball Bearing Roller Bearing

Frame Poles Size X Inches Size X Inches
Bearing Bearing

1.97 3.15 4.33 5.51 1.97 3.15 4.33 5.51 6.69 8.27

II 6314 C3 7.3 7.62 7.94 8.24 - - - - - -
400

IV-VI-VII 6314 C3 NU 316 4.13 4.31 4.49 4.67 4.85 -

II 6314 C3 11.75 12.16 12.61 13.08 - - - - - -
440

IV-VI-VIII 6319 C3 NU 319 4.02 4.17 4.32 4.47 4.62 4.82

II 6314 C3 23.54 24.34 25.12 25.87 - - - - - -
500

IV-VI-VIII 6319 C3 NU 319 6.52 6.73 6.95 7.17 7.39 7.67

II 6314 C3 44.66 45.79 46.98 48.23 - - - - - -
5008

IV-VI-VIII 6322 C3 NU 322 8.73 8.95 9.96 11.34 12.87 14.82

II 6314 C3 57 58 59 60 - - - - - -
580

IV-VI-VIII 6322 C3 NU 322 10.72 10.91 11.11 11.31 11.50 11.76

Important: 1) Peripheral speeds for solid grey cast iron pulleys FC 200 is V = 115 ft/s.
2) Use steel pulleys when peripheral speed is higher than 115 ft/s.
3) V-belt speed should not exceed 115 ft/s.

Table 2 - Maximum acceptable radial load (Lbf)

Nema 56 Motors Saw Arbor Motors

Radial Force (Lbf) 80 LMS II - 355 -

Frame Distance X 80 MMS II - 359 -
Poles

1 1,18 2 80 SMS II - 357 -

II 88 - 59 II 427 -
56A 90 LMS

IV 88 - 59 IV - 555 -

II 88 - 59
56B

IV 86 - 59

II 127 - 70
56D

IV 141 - 70
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Table 3 - Maximum acceptable axial load (Lbf)

IP55 Totally Enclosed Motors - 60Hz
Position / Construction Form

F

R

A

M

E

II IV VI VIII II IV VI VIII II IV VI VIII II IV VI VIII
140 103 141 167 187 112 152 185 207 99 132 158 178 105 143 174 198

W 180 108 145 180 202 154 209 255 286 94 130 165 183 141 194 240 269
180 149 207 249 286 269 370 443 500 136 189 229 266 253 352 421 480

W 210 196 264 326 368 329 447 544 610 176 238 297 339 310 421 518 582
210 189 257 315 357 324 443 533 599 160 220 275 310 295 405 493 553

W 250 282 372 443 485 471 620 734 811 240 317 394 414 430 564 685 743
250 273 368 436 485 463 615 727 813 220 310 379 421 410 557 672 749
280 355 480 551 624 621 826 959 1,082 275 388 427 502 540 736 838 961
320 374 498 588 668 703 930 1,091 1,232 266 366 432 511 597 793 937 1,078
360 890 1,181 1,144 1,323 890 1,181 1,375 1,552 745 985 1,144 1,323 745 985 1,144 1,323
400 877 1,148 1,347 1,521 877 1,148 1,347 1,521 705 890 1,060 1,241 705 890 1,060 1,241
440 842 1,303 1,563 1,821 842 1,303 1,563 1,821 568 884 1,109 1,488 568 884 1,109 1,488
500 769 1,250 1,481 1,728 769 1,250 1,481 1,728 355 721 844 1,190 355 721 844 1,109
5008 791 1624 1909 2137 791 1624 1909 2137 728 1548 1808 2029 728 1548 1808 2029

580 679 1,406 1,649 1,865 679 1,406 1,649 1,865 033 474 549 597 033 474 549 597

Open Motors - NEMA 56 Frames - 60Hz
Position / Construction Form

F

R

A

M

E

II IV II IV II IV II IV

56 A 68 90 83 112 63 85 79 108

56 B 66 90 81 110 63 83 77 105

56 D 63 88 105 145 59 81 101 138
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The maximum radial load for each frame are determined, by graphs.

INSTRUCTIONS ON HOW TO USE THE GRAPHS

1 - Maximum radial load on shaft.
2 - Maximum radial load on bearings.

Where: X - Half of pulley width (inches)
Fr- Maximum radial load in relation to the diameter and

pulley width.

Example:
Verify whether a 2HP motor, II Pole, 60Hz withstands a radial load of
110Lb, considering a pulley width of 4 inches.

Frame: 145T
Fr: 110Lb
X: 2 inches

1 - Mark the distance X
2 - Find out line N = 3600 for bearing
Based on the above, this bearing withstands a radial load of 130Lb.
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Note: For frames 600 and above, consult your engineering
representative.
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3.2 Electrical Aspects

3.2.1 Feed System
Proper electric power supply is very important. The choice of motor
feed conductors, whether branch or distribution circuits, should be
based on the rated current of the motors as per NFPA-70 Standard
article 430.
Tables 4, 5 and 6 show minimum conductor gauges sized
according to maximum current capacity and maximum voltage drop
in relation to the distance from the distribution center to the motor,
and to the type of installation (Overhead or in ducts).

To determine the conductor gauge proceed as follows:

a) Determine the current by multiplying the current indicated on the
motor nameplate by 1.25 and then locate the resulting value on the
corresponding table.
If the conductor feeds more than one motor, the value to be sought
on the table should be equal 1.25 times the rated current of the
largest motor plus the rated current of the other motors.
In the case of variable speed motors, the highest value among the
rated currents should be considered.
When motor operation is intermittent, the conductors should have a
current carrying capacity equal or greater, to the product of the
motor rated current times the running cycle factor shown on Table
7.

Table 7 - Running cycle factor

b) Locate the rated voltage of the motor and the feed network
distance in the upper part of the  corresponding table. The point of
intersection of the distance column and the line referring to current
will indicate the minimum required gauge of the conductor.

Example:
Size the conductors for a 15 HP, three-phase, 230V, 42A, motor
located 200 feet from the main supply with cables laid in conduits.

a) Current to be located: 1.25 x 42A = 52.5A
b) Closest value on table 6:55A
c) Minimum gauge: 6 AWG

Motor Short

Motor short
time rating 5min 15min

30 at
60min

Continuos

Short (operating valves,
activating contacts etc)  1.10 1.20 1.50   -

Intermittent (passenger or
freight elevators, tools,
pumps, rolling bridges etc)

0.85 0.85 0.90 1.40

Variable

Cyclic (rolling mills,mining
machines etc)

0.85 0.90 0.95 1.40

1.10 1.20 1.50 2.00

Duty
Classification

3.2.2 Starting of Electric Motor
Induction motors can be started by the following methods:

Direct Starting
Whenever possible a three-phase motor with a squirrel cage rotor
should be started directly at full supply voltage by means of a
contactor (Connection diagram a). This method is called Direct-on-
Line (DOL) starting.
There are DOL starter assemblies available combining a three-pole
contactor, a bimetal relay  (overload protection device), and a fuse
(short circuit protection on branch circuit).
DOL starting is the simplest method, only feasible however, when the
locked rotor current (LRC) does not influence the main electric supply
lines.
Initial locked rotor current (LRC) in induction motors reach values six
to eight times the value of the full load current. During starting by the
DOL method, starting current can reach these high levels. The main
electrical supply should be rated sufficiently, such that during the starting
cycle no supply disturbance to others on the power network is caused
by the voltage drop in the main supply.
This can be achieved under one of the following situations:
a) The rated main supply current is high enough for the locked rotor

current not to be proportionally high.
b) Motor locked rotor current is low with no effect on the networks.
c) The motor is started under no-load conditions with a short starting

cycle and, consequently, a low locked rotor current with a transient
voltage drop tolerable to other consumers.

Starting with a compensating switch
(auto-transformer starting)
Should direct on line starting not be possible, either due to restrictions
imposed by the power supply authority or due to the installation itself,
reduced voltage indirect starting methods can be employed to lower
the locked rotor current. The single line connection diagram (C) shows
the basic components of a compensating switch featuring a transformer
(usually an auto-transformer) with a series of taps corresponding to
the different values of the reduced voltage. Only three terminals of the
motor are connected to the switch, the other being interconnected as
per diagram, for the indicated voltage.

Star-Delta starting
It is fundamental to star-delta starting that the three-phase motor has
the necessary numbers of leads for both connections:

6 leads for Y/!
or 12 leads for YY/!!

All the connections for the various voltages are made through terminals
in the terminal box in accordance with the wiring diagram that
accompanies the motor. This diagram may be shown on the nameplate
or in the terminal box.
The star-delta connection is usually used only in low-voltage motors
due to normally available control and protection devices.  In this
method of starting the locked rotor current is approximately 30% of
the original LRC. The locked rotor torque is reduced proportionally
as well. For this reason, it is very important before deciding to use
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Table 4 - Wire and cable gauges for single-phase motor installation (voltage drop < 5%) (in conduits)

Supply Voltage Distance of motor from distribution centre (feet)

115 34 51 69 85 102 137 171 205 240 273 308 342 428 514
230 69 102 138 170 204 274 342 410 480 546 616 684 856 1028
460 138 204 276 340 408 548 684 820 960 1092 1232 1368 1712 2056
575 170 250 338 420 501 670 840 1010 1181 1342 1515 1680 2105 2530

Current (A) Cable gauge (conductor)

5 14 14 14 14 14 14 14 12 12 12 12 10 10 8
10 14 14 14 14 12 12 10 10 10 8 8 8 6 6
15 12 12 12 12 12 10 8 8 6 6 6 6 4 2
20 12 12 12 10 10 8 8 6 6 6 4 4 4 2
30 10 10 10 8 8 6 6 6 4 4 2 2 2 1/0
40 8 8 8 8 6 6 4 4 2 2 2 2 1/0 2/0
55 6 6 6 6 6 4 4 2 2 1/0 1/0 1/0 1/0 2/0
70 4 4 4 4 4 2 2 2 1/0 1/0 2/0 2/0 2/0 2/0
95 2 2 2 2 2 2 1/0 1/0 1/0 2/0 3/0 3/0 4/0 250M

Table 5 - Wire and cable gauges for three-phase motor installation - aerial conductors with 25cm spacing (voltage drop < 5%)

Supply Voltage Distance of motor from distribution centre (feet)

115 51 69 85 102 137 171 205 240 273 308 342 428 514 685
230 102 138 170 204 274 342 410 480 546 616 684 856 1028 1370
460 204 276 340 408 547 684 820 960 1092 1232 1368 1712 2056 2740
575 250 338 420 501 670 840 1010 1181 1342 1515 1680 2105 2530 3350

Current (A) Cable gauge (conductor)

15 14 14 14 12 12 10 10 10 8 8 8 6 6 4
20 14 14 12 12 10 10 8 8 8 6 6 4 4 2
30 14 12 10 8 8 8 6 6 4 4 4 2 2 1/0
40 12 10 10 8 8 6 4 4 4 2 2 2 1/0 2/0
55 10 10 8 8 6 4 4 2 2 2 1/0 2/0 3/0 --
70 8 8 6 6 4 2 2 2 1/0 1/0 2/0 3/0 -- --

100 6 6 4 4 2 2 1/0 2/0 3/0 4/0 4/0 -- -- --
130 4 4 4 2 1/0 1/0 2/0 4/0 -- -- -- -- -- --
175 2 2 2 1/0 2/0 3/0 -- -- -- -- -- -- -- --
225 1/0 1/0 1/0 2/0 3/0 -- -- -- -- -- -- -- -- --
275 2/0 2/0 2/0 4/0 -- -- -- -- -- -- -- -- -- --
320 3/0 3/0 3/0 4/0 -- -- -- -- -- -- -- -- -- --

Table 6 - Wire and cable gauges for three-phase motor installation (voltage drop < 5%) (in conduits)

Supply Voltage Distance of motor from distribution centre (feet)

115 85 102 120 137 171 205 240 273 308 342 428 514
230 170 204 240 274 342 410 480 546 616 684 856 1028
460 340 408 480 548 684 820 960 1092 1232 1368 1712 2056
575 420 501 590 670 840 1010 1181 1342 1515 1680 2105 2530

Current (A) Cable gauge (conductor)

15 12 12 12 10 10 8 8 8 6 6 6 4
20 12 10 10 10 8 8 6 6 6 6 4 4
30 10 8 8 8 6 6 6 4 4 4 2 2
40 8 8 6 6 6 4 4 4 2 2 2 1/0
55 6 6 6 4 4 4 2 2 2 1/0 1/0 1/0
70 4 4 4 4 2 2 2 1/0 1/0 1/0 2/0 2/0
95 2 2 2 2 2 1/0 1/0 1/0 1/0 2/0 3/0 4/0

125 1/0 1/0 1/0 1/0 1/0 1/0 2/0 2/0 3/0 3/0 4/0 250M
145 2/0 2/0 2/0 2/0 2/0 2/0 2/0 3/0 3/0 4/0 250M 300M
165 3/0 3/0 3/0 3/0 3/0 3/0 3/0 3/0 4/0 4/0 250M 350M
195 4/0 4/0 4/0 4/0 4/0 4/0 4/0 4/0 250M 250M 300M 350M
215 250M 250M 250M 250M 250M 250M 250M 250M 250M 300M 350M 400M
240 300M 300M 300M 300M 300M 300M 300M 300M 300M 300M 400M 500M
265 350M 350M 350M 350M 350M 350M 350M 350M 350M 350M 500M 500M
280 400M 400M 400M 400M 400M 400M 400M 400M 400M 400M 400M --
320 500M 500M 500M 500M 500M 500M 500M 500M 500M 500M 500M --

Note:  The above indicated values are orientative. For guaranteed values, contact the Local Power Company.
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star-delta starting to verify if the reduced locked rotor torque in ÒSTARÓ
connection is enough to accelerate the load.

3.2.3 Motor Protection
Motor circuits have, in principle, two types of protection: motor overload,
locked rotor and protection of branch circuit from short circuits. Motors
in continuous use should be protected from overloading by means of
a device incorporated into the motor, or by an independent device,
usually a fixed or adjustable thermal relay equal or less than to the
value derived from multiplying the rated feed current at full load by:

- 1.25 for motors with a service factor equal or superior to 1.15 or;

- 1.15 for motors with service factor equal to 1.0.

Some motors are optionally fitted with overheating protective detectors
(in the event of overload, locked rotor, low voltage, inadequate motor
ventilation) such as a thermostat (thermal probe), thermistor (PTC),
RTD type resistance which dispense with independent devices.

THERMOSTAT (THERMAL PROBE): Bimetallic thermal detectors
with normally closed silver contacts. These open at pre-determined
temperatures. Thermostats are series connected directly to the
contactor coil circuit by two conductors.

THERMISTORS: Semi-conductor heat detectors positive temperature
coeficient (PTC) that sharply change their resistance upon reaching
a set temperature. Thermistors, depending upon the type, are series
or parallel-connected to a control unit that cuts out the motor feed, or
actuates an alarm system, in response to the thermistors reaction.

RESISTANCE TEMPERATURE DETECTORS (RTD) - PT 100:The
resistance type heat detector (RTD) is a resistance element usually
manufactured of copper or platinum.
The RTD operates on the principle that the electrical resistance of a
metallic conductor varies linearly with the temperature. The detector
terminals are connected to a control panel, usually fitted with a
temperature gauge, a test resistance and a terminal changeover
switch.

Subject to the desired degree of safety and the clientÕs specification,
three (one per phase) or six (two per phase) protective devices can
be fitted to a motor for the alarm stems, circuit breaker or combined
alarm and circuit breaker, with two leads from the terminal box to the
alarm or circuit breaker system and four for the combined system
(alarm and circuit breaker).
Table 9 compares the two methods of protection.

3.3 Start-up

3.3.1 Preliminary Inspection
Before starting a motor for the first time, it will be necessary to:

a) Remove all locking devices and blocks used in transit and check
that the motor rotates freely;

b) Check that the motor is firmly secured and that coupling elements
are correctly mounted and aligned.;

c) Ascertain that voltage and frequency correspond to those indicated
on the nameplate. Motor performance will be satisfactory with main
supply voltage fluctuation within ten per cent of the value indicated
on the nameplate or a frequency fluctuation within five per cent or,
yet, with a combined voltage and frequency variance within ten
per cent;

d) Check that connections are in accordance with the connection
diagram shown on the nameplate and be sure that all terminal
screws and nuts are tight;

e) Check the motor for proper grounding. Providing that there are no
specifications calling for ground-insulated installation, the motor
must be grounded in accordance with prevalent standard for
grounding electrical machines. The screw identified by the symbol

should be used for this purpose.
This screw is generally to be found in the terminal box or on one
foot of the frame;

f) Check that motor leads connecting with the mains, as well as the
control wires and the overload protection device, are in accordance
with Nema Standards;

g) If the motor has been stored in a damp place, or has been stopped
for some time, measure the insulating resistance as recommended
under the item covering storage instructions;

h) Start the motor uncoupled to ascertain that it is turning in the desired
direction. To reverse the rotation of a three-phase motor, invert
two terminal leads of the mains supply.
High voltage motors bearing an arrow on the frame indicating
rotation direction can only turn in the direction shown.

3.3.2 The First Start-up

Three-Phase Motor with Cage Rotor:
After careful examination of the motor, follow the normal sequence of
starting operations listed in the control instructions for the initial start-
up.

3.3.3 Operation

Drive the motor coupled to the load for a period of at least one hour
while watching for abnormal noises or signs of overheating.
Compare the line current with the value shown on the nameplate.
Under continuous running conditions without load fluctuations this
should not exceed the rated current times the service factor, also
shown on the nameplate.
All measuring and control instruments and apparatus should be
continuously checked for anomalies, and any irregularities corrected.

3.3.4 Stopping

Warning:

To touch any moving part of a running motor, even though
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Current-based Protection
protection with

Causes of probe
overheating Fuse and thermistor

Fuse only thermal in motor
protector

1. Overload with 1.2
times rated current

2. Duty cycles

S1 to S8
IEC 34, EB 120

3. Brakings, reversals

and frequent starts

4. Operating with more
than 15 starts p/hour

5. Locked rotor

6. Fault on one phase

7. Execessive voltage
fluctuation

8. Frequency fluctuation
      on main supply

9. Excessive ambient
temperature

10. External heating
caused by bearings,
belts, pulleys etc.

11. Obstructed ventilation

Table 9 - Comparison between motor protection system

disconnected, is a danger to life and limb.

Three-phase motor with cage rotor:
Open the stator circuit switch. With the motor at a complete stop, reset
the auto-transformer, if any, to the ÒstartÓ position.

Caption: unprotected

partially protected

totally protected
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CONNECTION DIAGRAMS

a) Direct starting

POWER NETWORK

c) Auto-transformer starting

POWER NETWORK

b) Star-Delta starting

POWER NETWOR
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ODP Motors Bearings
Nema-T Mounting
frames Front (D.E.) Rear (O.D.E.)

E143/5T 6205 ZZ 6204 ZZ
F143/5T 6205 ZZ 6204 ZZ
182 T 6206 ZZ 6205 ZZ
184 T 6202 ZZ 6205 ZZ
213/5T 6208 ZZ 6206 ZZ
254 T 6309 Z-C3 6209 Z-C3
256 T 6309 Z-C3 6209 Z-C3
284 T 6311 Z-C3 6211 Z-C3

284 TS 6311 Z-C3 6211 Z-C3
286 T 6311 Z-C3 6211 Z-C3

286 TS 6311 Z-C3 6211 Z-C3
324 T 6312 Z-C3 6212 Z-C3

324 TS 6312 Z-C3 6212 Z-C3
326 T 6312 Z-C3 6212 Z-C3

326 TS 6312 Z-C3 6212 Z-C3
364 T 6314 C3 6314 C3

364 TS 6314 C3 6314 C3
365 T 6314 C3 6314 C3

365 TS 6314 C3 6314 C3
404 T NU 316 C3 6314 C3

404 TS 6314 C3 6314 C3
405 T NU 316 C3 6314 C3

405 TS 6314 C3 6314 C3
444 T NU 319 C3 6316 C3

444 TS 6314 C3 6314 C3
445 T NU 319 C3 6316 C3

445 TS 6314 C3 6314 C3

IEC Bearings
Mounting

frame Front (D.E.) Rear (O.D.E.)
Totally enclosed fan cooled motors

63 6201 ZZ 6201 ZZ
71 6203 ZZ 6202 ZZ
80 6204 ZZ 6203 ZZ

90 S - L 6205 ZZ 6204 ZZ
100 L 6206 ZZ 6205 ZZ
112 M 6307 ZZ 6206 ZZ

132 S - M 6308 ZZ 6207 ZZ
160 M - L 6309-C3 6209 Z-C3
180 M - L B3 6311-C3 6211 Z-C3
200 M - L 6312-C3 6212 Z-C3
225 S/M 6314-C3 6314-C3
250 S/M 6314-C3 6314-C3
280 S/M 6314-C3 6314-C3

6316-C3 6316-C3
315 S/M 6314-C3 6314-C3

6319-C3 6316-C3
355 M/L 6314-C3 6314-C3

NU 322-C3 6319-C3

AL
L 

FO
RM

S

Table 11 - Bearing specifications by type of motor

NEMA Bearings
Mounting

Frames Front (D.E.) Rear (O.D.E.)
Open drip proof motors

B48 and C48 6203 Z 6202 Z
56 and A56 6203 Z 6202 Z

B56 and C56 6203 Z 6202 Z
D56 and 6204 Z 6202 Z /

F56H/G56H 6203 Z
Totally enclosed fan cooled motors

143 T 6205 ZZ 6204 ZZ
145 T 6205 ZZ 6204 ZZ
182 T 6307 ZZ 6206 ZZ
184 T 6307 ZZ 6206 ZZ

W 182 T 6206 ZZ 6205 ZZ
W 184 T 6206 ZZ 6205 ZZ
213 T 6308 ZZ 6207 ZZ
215 T 6308 ZZ 6207 ZZ

W 213 T 6308 ZZ 6207 ZZ
W 215 T 6308 ZZ 6207 ZZ
254 T 6309-C3 6209 Z-C3
256 T 6309-C3 6209 Z-C3

W 254 T 6309-C3 6209 Z-C3
W 256 T 6309-C3 6209 Z-C3

284 T and TS 6311-C3 6211 Z-C3
286 T and TS 6311-C3 6211 Z-C3
324 T and TS 6312-C3 6212 Z-C3
326 T and TS 6312-C3 6212 Z-C3
364 T and TS 6314-C3 6314-C3
365 T and TS 6314-C3 6314-C3

404 T NU 316-C3 6314-C3
404 TS 6314-C3 6314-C3
405 T NU 316-C3 6314-C3

405 TS 6314-C3 6414-C3
444 T NU 319-C3 6316-C3

444 TS 6314-C3 6314-C3
445 T NU 319-C3 6316-C3

445 TS 6314-C3 6314-C3
447 T NU 319-C3 6316-C3

447 TS 6314-C3 6314-C3
449 T NU 322-C3 6319-C3

449 TS 6314-C3 6314-C3
504 T NU 319-C3 6316-C3

504 TS 6314-C3 6314-C3
505 T NU 319-C3 6316-C3

505 TS 6314-C3 6314-C3
5008 T NU 322-C3 6319-C3
5008TS 6314-C3 6314-C3
586 T NU 322-C3 6319-C3

586 TS 6314-C3 6314-C3
587 T NU 322-C3 6319-C3

587 TS 6314-C3 6314-C3

Saw Arbor Bearings
motor Mounting
frame Front (D.E.) Rear (O.D.E.)

80 S MS 6307 ZZ 6207 ZZ
80 M MS 6307 ZZ 6207 ZZ
80 L MS 6307 ZZ 6207 ZZ
90 L MS 6308 ZZ 6208 ZZ

AL
L 

FO
RM

S

B3
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Table 12 Ð Bearing lubrication intervals and amount of grease

Bearing 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz (g)
6209 18400 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 9
6211 14200 16500 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 11
6212 12100 14400 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 13

            Serie 63
Bearing 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz (g)
6309 15700 18100 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 13
6311 11500 13700 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 18
6312 9800 11900 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 21
6314 3600 4500 9700 11600 14200 16400 17300 19700 19700 20000 20000 20000 27
6316 - - 8500 10400 12800 14900 15900 18700 18700 20000 20000 20000 34
6319 - - 7000 9000 11000 13000 14000 17400 17400 18600 18600 20000 45
6322 - - 5100 7200 9200 10800 11800 15100 15100 15500 15500 19300 60

Serie 62

II pole IV pole VI pole VIII pole X pole XII pole

Relubrication intervals (running hours Ð horizontal position)

BALL BEARINGS - Series 62/63

Table 13 Ð Bearing lubrication intervals and amount of grease

Amount of
grease

Bearing 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz 60Hz 50Hz (g)
NU 309 9800 13300 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000 13
NU 311 6400 9200 19100 20000 20000 20000 20000 20000 20000 20000 20000 20000 18
NU 312 5100 7600 17200 20000 20000 20000 20000 20000 20000 20000 20000 20000 21
NU 314 1600 2500 7100 8900 11000 13100 15100 16900 16900 19300 19300 20000 27
NU 316 - - 6000 7600 9500 11600 13800 15500 15500 17800 17800 20000 34
NU 319 - - 4700 6000 7600 9800 12200 13700 13700 15700 15700 20000 45
NU 322 - - 3300 4400 5900 7800 10700 11500 11500 13400 13400 17300 60
NU 324 - - 2400 3500 5000 6600 10000 10200 10200 12100 12100 15000 72

II pole IV pole VI pole VIII pole X pole XII pole

Relubrication intervals (running hours Ð horizontal position)

BALL BEARINGS - Series NU3

Amount of
grease

Notes:
¥ The ZZ bearings from  6201 to 6307 do not require relubrication
     as its life time is about 20,000 hours.
¥ Tables 1 and 2 are intended for the lubrication period under bearing

temperature of 70oC (for bearings up to 6312 and NU 312) and
temperature of 85oC (for bearings 6314 and NU 314 and larger).

¥ For each 15oC of temperature rise, the relubrication period is
reduced by half.

¥ The relubrication periods given above are for those cases applying
Polyrex¨  EM grease.

¥ When motors are used on the vertical position, their relubrication
interval is reduced by half if compared to horizontal position motors.

Compatibility of Polyrex ¨  EM grease with other types of grease:

Containing polyurea thickener and mineral oil, the Polyreẍ  EM grease
is compatible with other types of grease that contain:
¥ Lithium base or complex of lithium or polyurea and highly refined

mineral oil.
¥ Inhibitor additive against corrosion, rust and anti-oxidant additive.

Notes:
¥ Although Polyrex¨  EM is compatible with types of grease given

above, we do no recommended to mix it with any other greases.
¥ If you intend to use a type of grease different than those recommended

above , first contact WEG.
¥ On applications (with high or low temperatures, speed variation,

etc), the type of grease and relubrification interval  are given on an
   additional nameplate attached to the motor.
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4. Maintenance

4.2.2 Quality and Quantity of Grease

Correct lubrication is important!
Grease must be applied correctly and in sufficient quantity as both
insufficient or excessive greasing are harmful.
Excessive greasing causes overheating brought about by the
greater resistance encountered by the rotating parts and, in
particular, by the compacting of the lubricant and its eventual loss of
lubricating qualities.
This can cause seepage with the grease penetrating the motor and
dripping on the coils.

GREASES FOR MOTOR BEARINGS

4.2.3 Lubricating Instructions

a) Frame 140T to 210T motors
Frame 140T to 210T size motors are not fitted with grease nipples.
Lubrication is carried out during periodical overhauls when the
motor is taken apart.

Cleaning and Lubrication of Bearings

With the motor dismantled and without extracting the bearings from
the shaft, all existing grease should be removed and the bearings
cleaned with Diesel oil, kerosene or other solvent, until thoroughly
clean.
Refill the spaces between the balls or rollers and the bearing cages
with grease immediately after washing. Never rotate bearings in their
dry state after washing.
For inspection purposes apply a few drops of machine oil. During
these operations maximum care and cleanliness is recommended to
avoid the penetration of any impurities or dust that could harm the
bearings. Clean all external parts prior to reassembly.

b) Frame 360T to 580T Motors
Motors above 360T frame size are fitted with regreasable bearing
system.
The lubrication system from this frame size upwards was designed to
allow the removal of all grease from the bearing races through a
bleeder outlet which at the same time impedes the entry of dust or
other contaminants harmful to the bearing.
This outlet also prevents injury to the bearings from the well-known
problem of over-greasing.

For operating temperatures from -30 to 170 oC

Type

Polyrex¨  EM

Supplier

Esso

A well-designed maintenance program for electric motors can be
summed up as: periodical inspection of insulation levels, temperature
rise, wear, bearing lubrication and the occasional checking of fan air
flow.
Inspection cycles depend upon the type of motor and the conditions
under which it operates.

4.1 Cleanliness
Motors should be kept clean, free of dust, debris and oil. Soft brushes
or clean cotton rags should be used for cleaning. A jet of compressed
air should be used to remove non-abrasive dust from the fan cover
and any accumulated grime from the fan and cooling fins.
Oil or damp impregnated impurities can be removed with rags soaked
in a suitable solvent.
Terminal boxes fitted to motors with IP55 protection should be cleaned;
their terminals should be free of oxidation, in perfect mechanical
condition, and all unused space dust-free.
Motors with IPW 55 protection are recommended for use under
unfavourable ambient conditions.

4.2 Lubrication
Proper lubrication extends bearing life.

Lubrication Maintenance Includes:
a) Attention to the overall state of the bearings;
b) Cleaning and lubrication;
c) Critical inspection of the bearings.

Motor noise should be measured at regular intervals of one to four
months. A well-tuned ear is perfectly capable of distinguishing unusual
noises, even with rudimentary tools such as a screw driver, etc.,
without recourse to sophisticated listening aids or stethescopes that
are available on the market.
A uniform hum is a sign that a bearing is running perfectly. Bearing
temperature control is also part of routine maintenance.
Constant temperature control is possible with the aid of external
thermometers or by embedded thermal elements. WEG motors are
normally equipped with grease lubricated ball or roller bearings.
Bearings should be lubricated to avoid metallic contact of the moving
parts, and also for protection against corrosion and wear. Lubricant
properties deteriorate in the course of time and mechanical operation:
furthermore, all lubricants are subject to contamination under working
conditions.
For this reason lubricants must be renewed and any lubricant
consumed needs replacing from time to time.

4.2.1 Periodical Lubrication
WEG motors are supplied with sufficient grease for a long running
period. Lubrication intervals, the amount of grease and the type of
bearing used in frames 140T to 580T are to be found in Tables 11, 12
and 13.
Lubrication intervals depend upon the size of the motor, speed, working
conditions and the type of grease used.
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It is advisable to lubricate while the motor is running, to allow the
renewal of grease in the bearing case.
Should this procedure not be possible because of rotating parts in the
proximity of the nipple (pulleys, coupling sleeves, etc.) that are
hazardous to the operator the following procedure should be followed:
- Inject about half the estimated amount of grease and run the motor at
full speed for approximately a minute; switch off the motor and inject
the remaining grease.
The injection of all the grease with the motor at rest could cause
penetration of a portion of the lubricant through the internal seal of the
bearing case and hence into the motor.

Figure 4.1 - Bearings and lubrication system

Nipples must be clean prior to introduction of grease to avoid entry of
any alien bodies into the bearing.
For lubricating use only a manual grease gun.

Bearing Lubrication Steps

1.Cleanse the area around the grease nipples with clean cotton
fabric.

2.With the motor running, add grease with a manual grease gun until
the lubricant commences to be expelled from the bleeder outlet, or
until the quantity of grease recommended in Tables 12 or 13 has
been applied.

3.Allow the motor to run long enough to eject all excess grease.

4.2.4 Replacement of Bearings

The opening of a motor to replace a bearing should only be carried
out by qualified personnel.
Damage to the core after the removal of the bearing cover can be
avoided by filling the gap between the rotor and the stator with stiff
paper of a proper thickness.

Providing suitable tooling is employed, disassembly of a bearing is
not difficult.
The extractor grips should be applied to the sidewall of the inner ring
to be stripped, or to an adjacent part.
To ensure perfect functioning and to prevent injury to the bearing
parts, it is essential that the assembly be undertaken under conditions
of complete cleanliness and by competent personnel.
New bearings should not be removed from their packages until the
moment of assembly.
Prior to fitting a new bearing, ascertain that the shaft has no rough
edges or signs of hammering.

Figure 4.2 - A bearing extractor

During assembly bearings cannot be subjected to direct blows.
The aid used to press or strike the bearing should be applied to the
inner ring.

4.3  Air Gap Checking (Large Rating Open
      Motors)
Upon the completion of any work on the bearings check the gap
measurement between the stator and the rotor using the appropriate
gazes.
The gap variation at any two vertically opposite points must be less
than 10% of the average gap measurement.

4.4 Explosion Proof Motor Repair Steps

4.4.1 Objective
In view of the heavy liability associated with burning of motors of this
type, this product has been designed and manufactured to high
technical standards, under rigid controls. In addition, in many areas it
is required that explosion proof motors ONLY be repaired by licensed
personnel or in licensed facilities authorized to do this type of work.
The following general procedures, safeguards, and guidelines must
be followed in order to ensure repaired explosion proof motors operate
as intended.

4.4.2 Repair Procedure and Precautions
Dismantle the damaged motor with appropriate tools without hammering
and/or pitting machined surfaces such as enclosure joints, fastening
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holes, and all joints in general.
The position of the fan cover should be suitably marked prior to
removal so as to facilitate reassembly later on.
Examine the motorÕs general condition and, if necessary, disassemble
all parts and clean them with kerosene. Under no circumstances
should scrapers, emery papers or tools be used that could affect the
dimensions of any part during cleaning.
Protect all machined parts against oxidation by applying a coating of
vaseline or oil immediately after cleaning.

STRIPPING OF WINDINGS
This step requires great care to avoid knocking and/or denting of
enclosure joints and, when removing the sealing compound from the
terminal box, damage or cracking of the frame.

IMPREGNATION
Protect all frame threads by inserting corresponding bolts, and the
joint between terminal box and frame, by coating it with a non-adhesive
varnish (ISO 287 - ISOLASIL).
Protective varnish on machined parts should be removed soon after
treating with impregnating varnish. This operation should be carried
out manually without using tools.

ASSEMBLY
Inspect all parts for defects, such as cracks, joint incrustations, damaged
threads and other potential problems.
Assemble using a rubber headed mallet and a bronze bushing after
ascertaining that all parts are perfectly fitted.
Bolts should be positioned with corresponding spring washers and
evenly tightened.

TESTING
Rotate the shaft by hand while examining for any drag problems on
covers or fastening rings.
Carry out running tests as for standard motors.

MOUNTING THE TERMINAL BOX
Prior to fitting the terminal box all cable outlets on the frame should be
sealed with a sealing compound (Ist layer) and an Epoxy resin (ISO
340) mixed with ground quartz (2nd layer) in the following proportions:

340A resin 50 parts
340B resin 50 parts
Ground quartz 100 parts

Drying time for this mixture is two hours during which the frame should
not be handled and cable outlets should be upwards.
When dry, see that the outlets and areas around the cables are
perfectly sealed.
Mount the terminal box and paint the motor.

4.4.3 Miscellaneous Recommendations
¥ Any damaged parts (cracks, pittings in machined surfaces,

defective threads) must be replaced and under no circumstances
should attempts be made to recover them.

¥ Upon reassembling explosion proof motors IPW55 the substitution
of all seals is mandatory.

¥ Should any doubts arise, consult WEG.
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5. Malfunctioning

Most malfunctions affecting the normal running of electric motors can
be prevented by maintenance and the appropriate precautions.
While ventilation, cleanliness and careful maintenance are the main
factors ensuring long motor life,  a further essential factor is the prompt
attention to any malfunctioning as signalled by vibrations, shaft knock,
declining insulation resistance, smoke or fire, sparking or unusual slip
ring or brush wear, sudden changes of bearing temperatures.
When failures of an electric or mechanical nature arise, the first step to
be taken is to stop the motor and subsequent examination of all
mechanical and electrical parts of the installation.
In the event of fire, the installation should be isolated from the mains
supply, which is normally done by turning off the respective switches.
In the event of fire within the motor itself, steps should be taken to
restrain and suffocate it by covering the ventilation vents.
To extinguish a fire, dry chemical or C0

2
 extinguishers should be

used - never water.

5.1 Standard Three-Phase Motor Failures
Owing to the widespread usage of asynchronous three-phase motors
in industry which are more often repaired in the plant workshops,
there follows a summary of possible failures and their probable causes,
detection and repairs.
Motors are generally designed to Class B or F insulation and for
ambient temperatures up to 40¡C.
Most winding defects arise when temperature limits, due to current
overload, are surpassed throughout the winding or even in only
portions thereof. These defects are identified by the darkening or
carbonizing of wire insulation.

5.1.1 Short Circuits Between Turns
A short circuit between turns can be a consequent of two coinciding
insulation defects, or the result of defects arising simultaneously on
two adjacent wires. As wires are randomly tested, even the best
quality wires can have weak spots. Weak spots can, on occasion,
tolerate a voltage surge of 30% at the time of testing for shorting
between turns, and later fail due to humidity, dust or vibration.
Depending on the intensity of the short, a magnetic hum becomes
audible.
In some cases, the three-phase current imbalance can be so
insignificant that the motor protective device fails to react. A short circuit
between turns, and phases to ground due to insulation failure is rare,
and even so, it nearly always occurs during the early stages of
operation.

5.1.2 Winding Failures

a) One burnt winding phase
This failure arises when a motor runs wired in delta and current fails
in one main conductor.
Current rises from 2 to 2.5 times in the remaining winding with a
simultaneous marked fall in speed. If the motor stops, the current will
increase from 3.5 to 4 times its rated value.
In most instances, this defect is due to the absence of a protective
switch, or else the switch has been set too high.

b) Two burnt winding phases
This failure arises when current fails in one main conductor and the
motor winding is star-connected. 0ne of the winding phases remains
currentless while the others absorb the full voltage and carry an
excessive current.
The slip almost doubles.

c) Three burnt winding phases
Probable cause 1
Motor only protected by fuses; an overload on the motor will be the
cause of the trouble.
Consequently, progressive carbonizing of the wires and insulation
culminate in a short circuit between turns, or a short against the frame
occurs.
A protective switch placed before the motor would easily solve this
problem.

Probable cause 2
Motor incorrectly connected. For example: A motor with windings
designed for 230/400V is connected through a star-delta switch to
400V connection.
The absorted current will be so high that the winding will burn out in a
few seconds if the fuses or a wrongly set protective switch fail to react
promptly.

Probable cause 3
The star-delta switch is not commutated and the motor continues to
run for a time connected to the star under overload conditions.
As it only develops 1/3 of its torque, the motor cannot reach rated
speed. The increased slip results in higher ohmic losses arising from
the Joule effect. As the stator current, consistent with the load, may not
exceed the rated value for the delta connection, the protective switch
will not react.
Consequent to increased winding and rotor losses the motor will
overheat and the winding burn out.

Probable cause 4
Failures from this cause arise from thermal overload, due to too many
starts under intermittent operation or to an overly long starting cycle.
The perfect functioning of motor operating under these conditions is
only assured when the following values are heeded:
a) number of starts per hour;
b) starting with or without load;
c) mechanical brake or current inversion;
d) acceleration of rotating masses connected to motor shaft;
e) load torque vs. speed during acceleration and braking.

The continuous effort exerted by the rotor during intermittent starting
brings about heavier losses which provoke overheating.
Under certain circumstances with the motor idle there is a possibility
that the stator winding is subjected to damage as a result of the
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heating of the motor. In such a case, a slip ring motor is recommended
as a large portion of the heat (due to rotor losses) is dissipated in the
rheostat.

5.1.3 Rotor Failures
If a motor running under load conditions produces a noise of varying
intensity and decreasing frequency while the load is increased, the
reason, in most cases, will be an unsymmetrical rotor winding.
In squirrel-cage motors the cause will nearly always be a break in
one or more of the rotor bars; simultaneously, periodical stator current
fluctuations may be recorded. As a rule, this defect appears only in
molded or die cast aluminum cages.
Failures due to spot heating in one or another of the bars in the rotor
stack are identified by the blue coloration at the affected points.
Should there be failures in various contiguous bars, vibrations and
shuddering can occur as if due to an unbalance, and are often
interpreted as such. When the rotor stack acquires a blue or violet
coloration, it is a sign of overloading.
This can be caused by overly high slip, by too many starts or overlong
starting cycles. This failure can also arise from insufficient main voltage.

5.1.4 Bearing Failures
Bearing damage is a result of overloading brought about by an
overly taut belt or axial impacts and stresses.
Underestimating the distance between the drive pulley and the driven
pulley is a common occurrence.
The arc of contact of the belt on the drive pulley thus becomes
inadmissibly small and thereby belt tension is insufficient for torque
transmission.
In spite of this it is quite usual to increase belt tension in order to attain
sufficient drive.
Admittably, this is feasible with the latest belt types reinforced by synthetic
materials.
However, this practice fails to consider the load on the bearing and
the result is bearing failure within a short time.
Additionally there is the possibility of the shaft being subjected to
unacceptably high loads when the motor is fitted with a pulley that is
too wide.

5.1.5 Shaft Fractures
Although bearings traditionally constitute the weaker part, and the
shafts are designed with wide safety margins, it is not beyond the
realm of possibility that a shaft may fracture by fatigue from bending
stress brought about by excessive belt tension.
In most cases, fractures occur right behind the drive end bearing.
As a consequence of alternating bending stress induced by a rotating
shaft, fractures travel inwards from the outside of the shaft until the
point of rupture is reached when resistance of the remaining shaft
cross-section no longer suffices.
Avoid additional drilling the shaft (fastening screw holes) as such
operations tend to cause stress concentration.

5.1.6 Unbalanced V-Belt Drives
The substitution of only one of a number of other parallel belts on a
drive is frequently the cause of shaft fractures, as well as being
malpractice.

Any used, and consequently stretched belts retained on the drive,
especially those closest to the motor, while new and unstretched belts
are placed on the same drive turning farther from the bearing, can
augment shaft stress.

5.1.7 Damage Arising from Poorly Fitted
          Transmission Parts or Improper Motor
           Alignment
Damage to bearing and fracture in shafts often ensue from inadequate
fitting of pulleys, couplings or pinions. There parts ÒknockÓ when
rotating. The defect is recognized by the scratches that appear on the
shaft or the eventual scalelike flaking of the shaft end.
Keyways with edges pitted by loosely fitted keys can also bring about
shaft failures.
Poorly aligned couplings cause knocks and radial and axial shaking
to shaft and bearings.
Within a short while these malpractices cause the deterioration of the
bearings and the enlargement of the bearing cover bracket located
on the drive end side.
Shaft fracture can occur in more serious cases.
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5.2 Troubleshooting chart

FAILURE PROBABLE CAUSE CORRECTIVE MEASURES

Motor fails to start ¥ No voltage supply ¥ Check feed connections to control system and from this to motor.
¥ Low voltage supply ¥ Check voltage supply and ascertain that voltage remains

within 10% of the rated voltage shown on the motor nameplate.
¥ Wrong control connections ¥ Compare connections with the wiring diagram on the

motor nameplate.
¥ Loose connection at some ¥ Tighten all connections.
    terminal lug
¥ Overload ¥ Try to start motor under no-load conditions. If it starts,

there may be an overload condition or a blocking of
the starting mechanism. Reduce load to rated load level
and increase torque.

High noise level ¥ Unbalance ¥ Vibrations can be eliminated by balancing rotor. If load is
coupled directly to motor shaft, the load can be unbalanced.

¥ Distorted shaft ¥ Shaft key bent; check rotor balance and eccentricity.
¥ Incorrect alignment ¥ Check motor aligment with machine running.
¥ Uneven air gap ¥ Check shaft for warping or bearing wear.
¥ Dirt in the air gap ¥ Dismantle motor and remove dirt or dust with jet of dry air.
¥ Extraneous matter stuck between ¥ Dismantle motor and clean. Remove trash or debris from
   fan and motor casing motor vicinity.
¥ Loose motor foundation ¥ Tighten all foundation studs. If necessary, realign motor.
¥ Worn bearings ¥ Check lubrication. Replace bearing if noise is excessive

and continuous.

Overheating of bearings ¥ Excessive grease ¥ Remove grease bleeder plug and run motor until excess
grease is expelled.

¥ Excessive axial or radial strain on belt ¥ Reduce belt tension.
¥ Deformed shaft ¥ Have shaft straightened and check rotor balance.
¥ Rough bearing surface ¥ Replace bearings before they damage shaft.
¥ Loose or poorly fitted motor end ¥ Check end shields for close fit and tightness around circumference.
   shields
¥ Lack of grease ¥ Add grease to bearing.
¥ Hardened grease cause locking of ¥ Replace bearings.
   balls
¥ Foreign material in grease ¥ Flush out housings and relubricate.

Intense bearing vibration ¥ Unbalanced rotor ¥ Balance rotor statically and dynamically.
¥ Dirty or worn bearing ¥ If bearing rings are in perfect condition, clean and

relubricate the bearing, otherwise, replace bearing.
¥ Bearing rings too tight on shaft ¥ Before altering shaft or housing dimensions, it is advisable
   and/or bearing housing to ascertain that bearing dimensions correspond to

manufacturerÕs specifications.
¥ Extraneous solid particles in ¥ Take bearing apart and clean. Reassemble only if rotating
   bearing and support surfaces are unharmed.

Overheating of motor ¥ Obstructed cooling system ¥ Clean and dry motor; inspect air vents and windings periodically.
¥ Overload ¥ Check application, measuring voltage and current under

normal running conditions.
¥ Incorrect voltages and frequecies ¥ Compare values on motor nameplate with those of mains

supply. Also check voltage at motor terminals under full load.
¥ Frequent inversions ¥ Exchange motor for another that meets needs.
¥ Rotor dragging on stator ¥ Check bearing wear and shaft curvature.
¥ Unbalanced electrical load ¥ Check for unbalanced voltages or operation under
   (burnt fuse, incorrect control) single-phase condition.
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6. Spare Parts and
Component Terminology

THREE-PHASE MOTORS IP55 NEMA
Frames 140T - W180T - 180T - 210T and W210T

THREE-PHASE MOTORS IP55 NEMA
Frames 250T - W250T - 280T and 320T

Part Nr. Description
1 Terminal box cover
2 Terminal box cover fixing bolt
3 Terminal box cover gasket
4 Terminal box fixing bolt
5 Terminal box fixing washer
6 Terminal box grounding lug
7 Terminal box
8 Frame grounding lug
9 Terminal box oÕring gasket
10 Fan cover
11 Fan cover fixing bolt
12 Fan

Part Nr. Description
13 VÕRing
14 Non-drive end endshield fixing bolt
15 Non-drive end endshield washer
16 Non-drive endshield
17 Spring washer
18 Non-drive bearing
19 Fan fixing pin
20 Wound stator
21 Rotor / shaft assembly
22 Nameplate fixing rivet
23 Nameplate
24 Frame

Part Nr. Description
25 Shaft key
26 Drive end bearing
27 Drive endshield
28 Drive endshield washer
29 Drive end endshield fixing bolt
33 VÕRing
31 Drain plug

Part Nr. Description
1 Terminal box cover
2 Terminal box cover fixing bolt
3 Terminal box cover gasket
4 Terminal box fixing bolt
5 Terminal box fixing washer
6 Terminal box grounding lug
7 Terminal box
8 Frame grounding lug
9 Terminal box oÕring gasket
10 Fan cover
11 Fan cover washer
12 Fan cover fixing bolt
13 Fan
14 Non-drive end bearing cap bolt
15 VÕRing

Part Nr. Description
16 Non-drive end endshield  fixing

bolt
17 Non-drive end bearing cap washer
18 Non-drive end grease nipple
19 Non-drive end grease nipple cover
20 Non-drive end  endshield  washer
21 Non-drive endshield
22 Spring washer
23 Non-drive end bearing
24 Non-drive end bearing  cap
25 Fan fixing pin
26 Wound stator
27 Rotor and shaft
28 Eyebolt
29 Nameplate fixing rivet

Part Nr. Description
30 Nameplate
31 Frame
32 Shaft key
33 Drive end bearing cap
34 Drive end bearing
35 Drive andshield
36 Drive end grease nipple cover
37 Drive endshield washer
38 Drive end endshield fixing bolt
39 Drive end bearing cap washer
40 VÕRing
41 Drive end bearing cap fixing bolt
42 Drain plug
43 Non-drive and grease relief
44 Drive end grease relief
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THREE-PHASE MOTORS IP55 NEMA T
Frames 360T - 400T - 440T - 500T and 580T

Part Nr. Description
1 Terminal box cover
2 Terminal box cover fixing bolt
3 Terminal box cover washer
4 Terminal box cover gasket
5 Terminal box fixing bolt
6 Terminal box fixing washer
7 Terminal box grounding lug
8 Terminal box
9 Frame grounding lug
10 Terminal box oÕring gasket
11 Nameplate fixing rivet
12 Nameplate
13 Eyebolt
14 Fan cover
15 Fan cover washer
16 Fan cover fixing bolt
17 Fan fixing ring

Part Nr. Description
18 Fan
19 Non-drive end bearing cap bolt
20 VÕRing
21 Non-drive end bearing cap washer
22 Non-drive end endshield  fixing

bolt
23 Non-drive end  endshield  washer
24 Non-drive end grease nipple
25 Non-drive end grease nipple cover
26 Non-drive enshield
27 Bearing cap
28 Non-drive bearing
29 Internal non-drive end bearing cap
30 Fan fixing key
31 Wound stator
32 Rotor / shaft assembly
33 Frame

Part Nr. Description
34 Shaft key
35 Internal drive end bearing cap
36 Drive end bearing
37 Drive endshield
38 Drive end grease nipple cover
39 Drive endshield washer
40 Pre-load spring
41 Drive end endshield fixing bolt
42 External drive end bearing cap
43 Drive end bearing cap washer
44 VÕRing
45 Drive end bearing cap fixing bolt
46 Drain plug
47 External non-drive end bearing

cap
48 Non drive end grease relief
49 Non-drive end grease relief
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Part Nr. Description
1 Sticker
2 Terminal box cover fixing bolt
3 Terminal box cover
4 Grounding lug
5 Through bolt fastening nut
6 Non-drive endshield
7 Spring washer

Part Nr. Description
1 Sticker
2 Capacitor cover fixing bolt
3 Terminal box cover fixing bolt
4 Terminal box cover
5 Grounding lug
6 Through bolt fastening nut
7 Non-drive endshield
8 Spring washer
9 Non-drive and bearing
10 Non-drive and bearing fastening

washer
11 Stationary switch

THREE-PHASE MOTORS NEMA 56
Frames A56 - B56 - D56 - F56H and G56H

SINGLE-PHASE MOTORS NEMA 56
Frames B48 - C48 - C56 - A56 - B56 - D56 - F56H - G56H

Part Nr. Description
8 Non-drive end bearing
9 Wound stator
10 Rotor / shaft assembly
11 Frame
12 Through bolt
13 Shaft key

Part Nr. Description
12 Stationary switch fastening bolt
13 Centrifugal switch
14 Rubber ring for lead passing hole

to capacitor
15 Capacitor cover
16 Capacitor
17 Wound stator
18 Rotor / shaft assembly
19 Frame
20 Through bolt
21 Shaft key
22 Fan

Note: For F56H and G56H frame motors: 1) Part nr. 2 = 3 pieces;    2) Part nr. 15 and 16 = 2 pieces

Part Nr. Description
23 Drive end bearing fastening

washer
24 Drive end bearing
25 Drive endshield
26 Overload thermal protector fixing

ring
27 Overload thermal protector

Part Nr. Description
14 Fan
15 Drive end bearing fastening

washer
16 Drive end bearing
17 Drive endshield
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$T% &';(7CC7(.*' %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%$> 
$$% LC7'+!D5)9.-5; %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%$I 
$#% F,H).-7(.*'!7'+!8**C.'@ %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%#T 
$/% D(7)(!,3!1)*-5+,)5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%#T 
$4% DU,(+*Q'!1)*-5+,)5%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%#T 
$>% J.;7;;52HCB!1)*-5+,)5 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%#$ 
$E% <;;52HCB!1)*-5+,)5 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%## 
$K% A)*,HC5;U**(.'@ %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%#4 
$I% G*(5;%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/> 
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!

1. Introduction 
<@@)5@7(5!1)*-5;;.'@!J.9.;.*'!*6!V-F7'7U7'W!.;!7!27X*)!27',67-(,)5)!*6!3)*-5;;!3C7'(;!6*)!(U5!2.'5)7C; !
.'+,;()B%!AU5!F1A!V*+5C!&&&)!.;!(U5!C7(5;(!@5'5)7(.*'!*6!;,--5;;6,C!7H)7;.*'Y-*))*;.*'!)5;.;(7'(!;C,)) B!
U7'+C.'@!1,23;%!
!
AU.;!27',7C!;U*,C+!H5!-7)56,CCB!)57+!H56*)5!7((523(.'@!(*!.';(7CC!*)!*35)7(5!(U.;!F1A!V*+5C!&&&)!1,23%!
!
! ! !

! ! ! !"#$%&"'(!")"&*%+,(-,.(!/00+#* !

!
(
1"2%3,(!0"&%4%&-*%+,2(-,.(50*%+,2(
(
AU5!F1A!V*+5C!CCC)!;(7'+7)+!-7;.'@!.;!+5;.@'5+!6*)!7!27=.2,2!Q*)Z.'@!3)5;;,)5!*6!II!3;.![E!H7)\%!!<!U. @U!
3)5;;,)5!-7;.'@!.;!797.C7HC5W!)7(5+!7(!#K#!3;.![$I%>!H7)\%!!1C57;5!-*'(7-(!V-F7'7U7'!6*)!3)5;;,)5;!U.@ U5)!
(U7'!(U.;%!
!
AU5!3,23!,'.(;!.'!(U5!F1A!V*+5C!CCC)!)7'@5!7)5!+5;.@'7(5+!HB!(U5!;.]5!*6!;,-(.*'!7'+!+.;-U7)@5!3*)(;%! !^'.(;!
,3!(*!4P![$TT22\!U795!5S,7C!;.]5!;,-(.*'!7'+!+.;-U7 )@5W!7H*95!(U.;!(U5!V*+5C!CCC)!U7;!7!C7)@5)!;,-(.*'!(U7'!
+.;-U7)@5%!!D.]5!.;!@.95'!.'!.'-U5;![22\!.%5%!IPYEP![#TTY$>T\!V*+5C!CCC)!U7;!7'!IP![#TT22\!;,-(.*'!3*) (!7'+!
7!EP![$>T22\!+.;-U7)@5!3*)(%!
!
D,-(.*'!7'+!+.;-U7)@5!6C7'@5;!7)5!,'.95);7C!7'+!7)5 !797.C7HC5!.'!<D<$>T!+).CC.'@!37((5)';!7;!;(7'+7)+%!!M(U5)!
+).CC.'@!37((5)';![25().-!N!_D4>T4\!7)5!797.C7HC5!(*!;35-.7C!*)+5)%!!M).5'(7(.*'!*6!+.;-U7)@5!(*!4!3*; .(.*';!
7--*)+.'@!(*!.';(7CC7(.*'!)5S,.)525'(;%!
!
AU5!F1A!V*+5C!CCC)!3,23!-*23*'5'(;!7)5!+5;.@'5+!7'+ !27',67-(,)5+!.'!7--*)+7'-5!Q.(U!733)*3).7(5!
&'(5)'7(.*'7C!`,7C.(B!D(7'+7)+;W!;,-U!7;!CDMRTTT%!

6+*-)(!"#$%&"(
a)*2!+5;.@'! (*! .';(7CC7(.*'!7'+!H5B*'+W!V-F7'7U7'!5 '@.'55);!
7)5!797.C7HC5!(*!@.95!7+9.-5!*'!B*,)!;C,))B!3,23.'@!'55+;!7'+!
3)*HC52;%!
!
AU5! F1A! V*+5C! &&&)! )7'@5! U7;! H55'! +5;.@'5+! (*! *665)! 7! Q.+5!
-U*.-5!*6!3,23!;.]5;!(*!;,.(!2*;(!;C,))B!3,23.'@!73 3C.-7(.*';%!
<! ;(7'+7)+!S,5;(.*''7.)5! .;!797.C7HC5!(*!5';,)5! (U7 (! (U5!2*;(!
-*23C5=! .';(7CC7(.*'W! 7;! Q5CC! 7;! (U5! 2*)5! ;()7.@U(6*)Q7)+!
3,23.'@!733C.-7(.*'W!)5-5.95;!.'+.9.+,7C!-*';.+5)7( .*'%!
!
V-F7'7U7'!-7'!7C;*!7+9.;5!*'!(U5!7'-.CC7)B!-*23*'5' (;!Q.(U.'!
(U5!3,23.'@!;B;(52%!AU5!3)*9.;.*'!*6!C*Q!U57+!C*;;! 97C95;W!
@C7'+!655+!3,23;W!3).2.'@!+59.-5;!7'+!6C5=.HC5!H5'+;W!7CC!
.'-*)3*)7(.'@!733C.-7(.*'!;35-.6.-!C.'.'@;!6*)!()*, HC5"6)55!C.65W!
7)5!7'!.23*)(7'(!7;35-(!*6!5';,).'@!7!(*(7CCB!;,--5 ;;6,C!3,23!
.';(7CC7(.*'!
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2. Your Pump 
(

!
8*237'B!G725b!
(

A5Cb!!
<++)5;;b!
(
(
(
(
(

a7=b!

AB35!*6!&'+,;()Bb!

1,23!V*+5Cb! D.]5b!

!
D,33C.5)b!
!
!
!
!
!
!
!
!
!

D5).7C!G*b! aC7'@5!AB35b!

8*'(7-(!15);*'b!
!

LC7'+!D.]5b! J).95!D(BC5b!
!
!

D(7)(!,3!+7(5Y)527)Z;b!
!
!
!
!

(
!
!

780+#*-,*(9+*"2(
(
!  6:"(8-%,*",-,&"(+4(#+*-*%,3(8-&:%,"#;(2:+/).(<"(.+, "(<;("=0"#%",&".(8"&:-,%&2>(
(
!  ?#+*"&*%$"(&)+*:%,3(-,.(0#+0"#(*++)2(-,.()%4*%,3("@/%08",*'(-))(%,(3++.(&+,.%*%+,'(8/2*(<"(/2".>(
(
!  1+(,+*()%4*(:"-$;(A"%3:*2(A%*:+/*(8"&:-,%&-)(-%.2>(
(
!  1+(,+*(*-B"(-,;(#%2B2(A%*:(;+/#(:"-)*:(-,.(2-4"*;>(
(
!  74(-(0/80(:-2(#/,(A%*:+/*(.%2&:-#3"'(*:"(4)/%.(*"80 "#-*/#"(-,.(0#"22/#"(8-;(<"(.-,3"#+/2);(:%3:>(

C"4"#(*+(0-#-3#-0:(DE>D(-,.(DE>DD(&>(
(
!  6:"(&-2%,3(2/20",2%+,(-#8(%2(4%**".(-2(-(8-%,*",-,& "(-%.(+,);>(C"4"#(*+(9+*"(F'(0-3"(DE>(
(
!  6:"(%,2*-))"#(8/2*(",2/#"(*:-*(3/-#.2(-#"(4%**".(%, (-&&+#.-,&"(A%*:(,-*%+,-)(G()+&-)(#"3/)-*%+,2>(
!
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!

2.1. Design Condition     (To be filled in by distributor or owner)  
(
AU5!6*CC*Q.'@!+7(7!;U*,C+!H5!-*23C5(5+!7;!7!)5-*)+!*6!(U5!+,(B!6*)!QU.-U!(U5!3,23!Q7;!*).@.'7CCB!;*C+%!
J,).'@!.(;!C.65(.25!(U5!3,23.'@!)5S,.)525'(;!27B!-U 7'@5W!.6!;*W!(U5!'5Q!;355+!7'+!*35)7(.'@!-*'+.(.*'; !
2,;(!H5!-7)56,CCB!5'@.'55)5+%!V-F7'7U7'!5'@.'55);!7 )5!7HC5!(*!7;;.;(!B*,!.'!+*.'@!(U.;!.6!)5S,.)5+%!!^ D!
,'.(;!7)5!,;5+!,'C5;;!*(U5)Q.;5!'*(5+!

1"*-%)2(+4(!+)%.2(
J5;-).3(.*'!*6!D*C.+;!c!ddddddddddddddddddddddddd%!

D35-.6.-!L)79.(B!D*C.+;b!D!cdddddd!`,7'(.(B!*6!D*C. +;!V!cdddddd%+)B!A*';YU)%!!!

17)(.-C5!D.]5!!b!!A*3;.]5!cddd25;U%[22\!!!!>Te!37;; .'@!;.]5!c!!!!!!!!!!25;U%[22\!

1"*-%)2(%4(H%@/+#(
J5;-).3(.*'!*6!F.S,*)!cddddddddddddddddddddddddd%%!

D35-.6.-!L)79.(B!*6!F.S,*)b!DC!cdddddddddddddddddddddd%!

1"*-%)2(+4(!)/##;(
D35-.6.-!@)79.(B!*6!DC,))Bb!D2!cddddddddddddddddddd dddd!

e!*6!;*C.+;!HB!9*C,25!.'!;C,))Bb!89!c!ddddddddddddd dddddd%%!

e!*6!;*C.+;!HB!Q5.@U(!.'!;C,))Bb!82!c!ddddddddddddd ddddddd!

aC*Q!)7(5!*6!;C,))B!b`!c!dddddddddddddddddddddddddd d@32%[CY;W!2fYg)\!

I-)&/)-*".(1"2%3,(1-*-(
A*(7C!g57+!c!d!!!!!!6(%![2\!!!!!!!!!V7=.2,2!Q*)Z.'@ !g57+!c!dddd!6(%![2\!

G1Dg7!c!dddddddddddd!6(%![2\!!!!!!!!!!G1Dg)!c!ddddd ddddddd!6(%![2\!

1,23!D355+!*'!DC,))B!c!dddddddddddddd)32%!J5)7(5!67 -(*)!6*)!DC,))B!c!dddddddddddd!

J+*+#(1-*-(
V*(*)!1*Q5)!)7(.'@!!!!!!!c!ddddddddddddddg1![Zh\!

V*(*)!a)725!;.]5!!!!!!!!!c!dddddddddddddd!

V*(*)!D355+!!!!!!!!!!!!!!!!c!ddddddddddddd%%)32%!

V*(*)!DU76(!;.]5!!!!!!!!!!c!dddddddddddddd.'%![22\! !

K""LM")*(1#%$"(1-*-(
V*(*)!3,CC5B!M%J%!!!!c!ddddddddddd%%.'%![22\!1,23!3 ,CC5B!M%J%!!c!dddddddd.'%![22\!

A735)!C*-Z!_,;U!G*!c!ddddddddddddd!!!!!!!!A735)!C*- Z!_,;U!G*!c!dddddddd%%!

i55"H5C(!!!!!!!!!!!!!!!!!!c!ddddddd%%G*!*66dddd!!!! !G*!*6!@)**95;Y3,CC5B!cdddddddddd%%!

N)-,.(O-*"#(C"@/%#"8",*2 ((((((([g!7'+!1!@C7'+;!*'CB\!

`,7'(.(Bb!!!!!c!ddddddddddddddddd%%@32![CY;\!

1)5;;,)5b!!c!dddddddddddddddddd3;.![2\!

6"&:,%&-)(1-*-(
1,23!V7;;!c!dddddddddddddddddCH;%![Z@\!

V*(*)!V7;;!c!dddddddddddddddddCH;%![Z@\!

1,23!DU76(!D.]5!c!ddddddddddddddd22!

G*.;5!C595C!c!ddddddddddddddddd%%+H[<\!!!!![;55!37@ 5!$#\!
!

3. Performance Curve Ð see Appendix 
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4. Pump Range Ð Typical Sectional Arrangements 

4.1. Pump Assembly 
AU5!7-(,7C!;5-(.*'7C!7))7'@525'(!+)7Q.'@!6*)!B*,)!3 ,23!.;!(*!H5!6*,'+!.'!(U5!<335'+.=%! !

!
!

!

?/80(? -#*2(H%2*( ! !
17)(!G*%! J5;-).3(.*'! ! ! !

jT$! D,-(.*'!_,;U!F.'5)! ! ! !
jT#! D,-(.*'!_,;U! ! ! !
T/! D,-(.*'!D.+5!87;.'@! ! ! !
T4! D,-(.*'!D.+5!F.'5)! ! 50*%+,-)(?-#*2(P,+*(2:+A,Q((
T>! LC7'+!D.+5!87;.'@! ! 17)(!G*%!! J5;-).3(.*'!
TE! LC7'+!D.+5!F.'5)! ! 8T$! D,;35';.*'!<)2!
TK! J)7.'!1C,@! ! 8T#! 8)7QC!
TI! &235CC5)! ! 8T/! D,33*)(.'@!J.;-!
TR! 87;.'@!_*C(!D5(! ! 8T4! D,33*)(.'@!_)7-Z5(!
$T! F.'5)!G,(!D5( ! !

#I!

8T>! kB5H*C(!
$$! D,-(.*'!_,;U!D(,+!D5(! ! !
$#! 87;.'@!(*!15+5;(7C!D(,+!D5(! ! VT$! 8T$!
$/! LC7'+!<;;52HCB![lgl!AB35!;U*Q'\! ! VT#! 8T#!
$4! aC.'@5)! ! T/! 8T/!
$>! _57).'@!<;;52HCB! ! VT4! 8T4!
$E! V*(*)!1C7(6*)2!<;;52HCB!['*(!;U*Q'\ ! !

$E!

VT>! 8)*;;H7)!D,33*)(!8*CC7)!
$K! 15+5;(7C!873;! ! !
$I! 15+5;(7C! ! #R! _5C(!L,7)+!
$R! <=.7C!1*;.(.*'.'@!m7-Z!['*(!;U*Q'\! ! /T! DU76(!D37'' 5)!
#T! 15+5;(7C!873!D-)5Q;! ! ! !
#$! LC7'+!g*C+.'@!D-)5Q!D5(! ! !
#/! kB5H*C(!"!87;.'@!['*(!;U*Q'\! ! ! !
#4! &';.+5!LC7'+!8*95)!['*(!;U*Q'\! ! ! !
#>! D!N!J!aC7'@!D(,+!D5(!['*(!;U*Q'\! !
#E! J)7.'!1C,@!D(,+!D5(!['*(!;U*Q'\ ! !

j?52*97HC5!;,-(.*'!H,;U!N!C.'5)!6)*2!F1E=>!!
[$>TY$#>\!,3Q7)+;%!!

/$! DU76(!LC7'+!['*(!;U*Q'\! ! !
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4.2. Bearing Housing Assembly 
(

(
!
!
!

M"-#%,3(R22"8<);(?-#*2(H%2*(
17)(!G*%! J5;-).3(.*'!
! !
! _T$!!
! _T#!
! _T/!
! _T4!
! _T>!
!!$>! _TE!
! _TK!
! _TI!
! _TR!
! _$T!
! _$$!
! _$#!
! _$/!
!

!
_57).'@!g*,;.'@!
DU76(!
k'+!8*95)!
a)*'(!8*95)!
k'+!_57).'@!
a)*'(!_57).'@!
A7H!h7;U5)!
F*-Z!G,(!
k'+!L)57;5!D57C!
a)*'(!L)57;5!D57C!
_57).'@!8*95)!D5(!D-)5Q;!
L)57;5!G.33C5;!
_57).'@!g*,;.'@!8*95)!D57C;!

!
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5. Parts List and Part Reference Numbers 
!0-#"(?-#*2(
AU5!37)(!.;!6,CCB!.+5'(.6.5+!HB!(U5!',2H5)!*'!(U5!- )*;;!;5-(.*'!+)7Q.'@!6*CC*Q5+!HB!(U5!+.;-U7)@5!H)7'-U!
;.]5%!a*)!5=723C5!7'!.235CC5)!6*)!(U5!#PY#P![>TY>T\!),HH5)!3,23!.;!17)(!G,2H5)!TI"T>T%!!AU5!27(5).7C!
+5;-).3(.*'!2,;(!7C;*!H5!@.95'!.%5%!F.'7(5=W!'.().C5W!5(-%!

1"2&#%0*%+,( DS=DS( T=T( F=F( U=U( V=W( X=V( DY=X( DT=DY(

N","#-)(?/80(?-#*2 ! ! ! ! ! ! ! !

!"#$%&'()"*+(,%'-.( /( /( /( /( 01/123( 01/130( 01/200( 01/230(
!"#$%&'()"*+(4(55( /( /( /( /( 02/123( 02/130( 02/200( 02/230(
!"#$%&'()"*+(/(678( /( /( /( /( 02/1239( 02/1309( 02/2009(02/2309(
!"#$%&'(!%:-(8;*%'<(/(55( 0=/0=3( 0=/030( 0=/0>0( 0=/100( 0=/123( 0=/130( 0=/200( 0=/230(
!"#$%&'(!%:-(8;*%'<(/(678( 0=/0=39( 0=/0309( 0=/0>09( 0=/1009( 0=/1239( 0=/1309( 0=/2009( 0=/2309(
!"#$%&'(!%:-(,%'-.(#?@(A.;%'(
BC"<(

0D/0=3( 0D/030( 0D/0>0( 0D/100( 0D/123( 0D/130( 0D/200( 0D/230(

EC;':(!%:-(8;*%'<(4(55( 03/0=3( 03/030( 03/0>0( 03/100(03/123( 03/130( 03/200( 03/230(
EC;':(!%:-(8;*%'<(4(678( 03/0=39( 03/0309( 03/0>09( 03/1009( 03/1239( 03/1309( 03/2009( 03/2309(
EC;':(!%:-(,%'-.( 0F/0=3( 0F/030( 0F/0>0( 0F/100( 0F/123( 0F/130( 0F/200( 0F/230(
A.;%'(BC"<( 0G/030( 0G/030( 0G/0>0( 0G/100( 0G/123( 0G/130( 0G/200( 0G/230(
HIJ-CC-.( 0>/0=3( 0>/030( 0>/0>0( 0>/100( 0>/123( 0>/130(0>/200( 0>/230(
8;*%'<()&C$(!-$( 0K/0=3( 0K/030( 0K/0>0( 0K/100( 0K/123(0K/130( 0K/200( 0K/230(
!"#$%&'()"*+(!$":(!-$( /( /( /( /( 11/123( 11/130( 11/200(11/230(
8;*%'<($&(B-:-*$;C(!$":(!-$( 12/030( 12/030( 12/0>0( 12/100( 12/123( 12/130( 12/200( 12/230(
EC;':(9**-ILCM( 1=/030( 1=/030( 1=/0>0( 1=/100( 1=/123( 1=/130( 1=/200( 1=/230(
N%'<-.( 1D/030( 1D/030( 1D/0>0( 1D/100( 1D/123( 1D/130( 1D/200( 1D/230(
)-;.%'<(9**-ILCM( 13/030( 13/030( 13/0>0( 13/100( 13/123( 13/130( 13/200( 13/230(
5&$&.(!"JJ&.$(9**-ILCM( 1F/030( 1F/030( 1F/0>0( 1F/100(1F/123( 1F/130( 1F/200( 1F/230(
B-:-*$;C(8;J*( 1G/030( 1G/030( 1G/0>0( 1G/100( 1G/123( 1G/130( 1G/200( 1G/230(
B-:-*$;C( 1>/030( 1>/030( 1>/0>0( 1>/100( 1>/123( 1>/130(1>/200( 1>/230(
9O%;C(B&*%$%&'%'<(P;#Q( 1K/030( 1K/030( 1K/0>0( 1K/100(1K/123( 1K/130( 1K/200( 1K/230(
B-:-*$;C(8;J(!#.-@(!-$( 20/030( 20/030( 20/0>0( 20/100(20/123( 20/130( 20/200( 20/230(
EC;':(R&C:%'<(!#.-@(!-$( 21/030( 21/030( 21/0>0( 21/100( 21/123( 21/130( 21/200( 21/230(
SM-L&C$(/(8;*%'<( /( /( 2=/0>0( 2=/100( 2=/123( 2=/130( 2=/200( 2=/230(
H'*%:-(EC;':(8&T-.( /( /( /( /( /( /( 2D/200( 2D/230(
!"#$U(V(A%*#+U(NC;'<-(!$":(
!-$(/(55(

23/030( 23/030( 23/0>0( 23/100( 23/123( 23/130( 23/200( 23/230(

!"#$U(V(A%*#+U(NC;'<-(!$":(
!-$(/678(

23/0309( 23/0309( 23/0>09( 23/1009( 23/1239( 23/1309( 23/2009( 23/2309(

A.;%'(BC"<(!$":(!-$( 2F/030( 2F/030( 2F/0>0( 2F/100( 2F/123( 2F/130( 2F/200( 2F/230(
8.;'-(V(8.;@C(9**-ILCM( /( /( 2>/0>0( 2>/100( 2>/123( 2>/130( 2>/200( /(
)-C$(E";.:( 2K/030( 2K/030( 2K/0>0( 2K/100( 2K/123( 2K/130( 2K/200( 2K/230(
!+;W$(!J;''-.( /( /( =0/0>0( =0/100( =0/123( =0/130( =0/200( =0/230(
!+;W$(E";.:( =1/030( =1/030( =1/0>0( =1/100( =1/123( =1/130( =1/200( =1/230(
7;I-(BC;$-( =2/030( =2/030( =2/0>0( =2/100( =2/123( =2/130( =2/200( =2/230(
,&<&(BC;$-( ==/030( ==/030( ==/0>0( ==/100( ==/123( ==/130( ==/200( ==/230(

!



! "!R!"!

!

!

1"2&#%0*%+,( DS=DS( T=T( F=F,( U=U( V=W( X=V( DY=X( DT=DY(

M"-#%,3(R22"8<);! ! ! ! ! ! ! ! !
)-;.%'<(R&"*%'<( )01/030( )01/030( )01/0>0( )01/100( )01/123( )01/130( )01/200( )01/230(
!+;W$( )02/030( )02/030( )02/0>0( )02/100( )02/123( )02/130( )02/200( )02/230(
S':(8&T-.( )0=/030( )0=/030( )0=/0>0( )0=/100( )0=/123( )0=/130( )0=/200( )0=/230(
N.&'$(8&T-.( )0D/030( )0D/030( )0D/0>0( )0D/100( )0D/123( )0D/130( )0D/200( )0D/230(
S':()-;.%'<( )03/030( )03/030( )03/0>0( )03/100( )03/123( )03/130( )03/200( )03/230(
N.&'$()-;.%'<( )0F/030( )0F/030( )0F/0>0( )0F/100( )0F/123( )0F/130( )0F/200( )0F/230(
X;L(Y;*+-.( )0G/030( )0G/030( )0G/0>0( )0G/100( )0G/123()0G/130( )0G/200( )0G/230(
,&#Q(7"$( )0>/030( )0>/030( )0>/0>0( )0>/100( )0>/123( )0>/130( )0>/200( )0>/230(
S':(E.-;*-(!-;C( )0K/030( )0K/030( )0K/0>0( )0K/100( )0K/123( )0K/130( )0K/200( )0K/230(
N.&'$(E.-;*-(!-;C( )10/030( )10/030( )10/0>0( )10/100( )10/123( )10/130( )10/200( )10/230(
)-;.%'<(8&T-.(!-$(!#.-@*( )11/030( )11/030( )11/0>0( )11/100( )11/123( )11/130( )11/200( )11/230(
E.-;*-(7%JJC-*( )12/030( )12/030( )12/0>0( )12/100( )12/123( )12/130( )12/200( )12/230(
)-;.%'<(R&"*%'<(8&T-.(
!-;C*(

)1=/030( )1=/030( )1=/0>0( )1=/100( )1=/123( )1=/130( )1=/200( )1=/230(

8&IJC-$-(9**-ILCM( (13/030( (13/030( 13/0>0( 13/100( 13/123( 13/130( 13/200( 13/230(
!

1"2&#%0*%+,( DS=DS( T=T( F=F,( U=U( V=W( X=V( DY=X( DT=DY(

1#;(N)-,.(R22"8<); ! (
EC;':(R&"*%'<((( A01/030( A01/030( A01/0>0( A01/100( A01/123( A01/130( A01/200( A01/230(
EC;':(8&T-.( A02/030( A02/030( A02/0>0( A02/100( A02/123( A02/130( ((((((/( (((((((/(
9:Z"*$%'<(!C--T-( A0=/030( A0=/030( A0=/0>0( A0=/100( A0=/123( A0=/130( A0=/200( A0=/230(
,%';$-O(Y;*+-.( A0D/030( A0D/030( A0D/0>0( A0D/100( A0D/123( A0D/130( A0D/200( A0D/230(
EC;':(!-;C( A03/030( A03/030( A03/0>0( A03/100( A03/123(A03/130( A03/200( A03/230(
9:Z"*$%'<(!$":(!-$( A0F/030( A0F/030( A0F/0>0( A0F/100(A0F/123( A0F/130( A0F/200( A0F/230(
!C--T-([/\%'<( A0G/030( A0G/030( A0G/0>0( A0G/100( A0G/123( A0G/130( A0G/200( A0G/230(
EC;':(!C--T-( A0>/030( A0>/030( A0>/0>0( A0>/100( A0>/123( A0>/130( A0>/200( A0>/230(
,%';$-O(N;#-(!-;C( A0K/0=3( A0K/030( A0K/0>0( A0K/100( A0K/123( A0K/130( A0K/200( A0K/230(
N;#-([/\%'<( A10/030( A10/030( A10/0>0( A10/100( A10/123( A10/130( A10/200( A10/230(
Y-;.%'<(N;#-( A11/030( A11/030( A11/0>0( A11/100( A11/123( A11/130( A11/200( A11/230(
HIJ-CC-.([/\%'<( A12/030( A12/030( A12/0>0( A12/100( A12/123( A12/130( A12/200( A12/230(
EC;':(,&#;$%'<(\%'<( ((((((/( ((((((/( (((((((/( A1=/100( (((((/( (((((((/( ((((((/( (((((/(
EC;':(8&T-.(!-$(!#.-@( A1D/030( A1D/030( A1D/0>0( ((((((/( A1D/123( A1D/130( A1D/200( A1D/230(
!J;#-.(\%'<( ((((((/( ((((((/( (((((/( ((((((/( ((((((/(((((((/( A13/200( A13/230(
8&IJC-$-(9**-ILCM( EA1=/0=3( EA1=/030( EA1=/0>0( EA1=/100( EA1=/123( EA1=/130( EA1=/200( EA1=/230(

Z;.#+2*-*%&(N)-,.(R22"8<); ! (
EC;':(R&"*%'<( R01/030( R01/030( R01/0>0( R01/100( R01/123( R01/130( R01/200( R01/230(
EC;':(8&T-.( R02/030( R02/030( R02/0>0( R02/100( R02/123( R02/130( ((((((((/( (((((((/(
9:Z"*$%'<(EC;':( R0=/030( R0=/030( R0=/0>0( R0=/100( R0=/123( R0=/130( R0=/200( R0=/230(
\-*%C%-'$(E;*Q-$( R0D/030( R0D/030( R0D/0>0( R0D/100( R0D/123( R0D/130( R0D/200( R0D/230(
EC;':(!-;C( R03/030( R03/030( R03/0>0( R03/100( R03/123(R03/130( R03/200( R03/230(
9:Z"*$%'<(!$":(!-$( R0F/030( R0F/030( R0F/0>0( R0F/100(R0F/123( R0F/130( R0F/200( R0F/230(
!C--T-([/\%'<( R0G/030( R0G/030( R0G/0>0( R0G/100( R0G/123( R0G/130( R0G/200( R0G/230(
EC;':(!C--T-( R0>/030( R0>/030( R0>/0>0( R0>/100( R0>/123( R0>/130( R0>/200( R0>/230(
9O%;C(SOJ-CC-.( (((((((((/( (((((((((/( R10/0>0( R10/100( R10/123( R10/130( (((((((/( R10/230(
,;'$-.'(\%'<( (((((((((/( (((((((((/( ((((((/( ((((((/((((((((/( (((((((/( (((((((/( R11/230(
HIJ-CC-.([/\%'<( R12/030( R12/030( R12/0>0( R12/100( R12/123( R12/130( R12/200( R12/230(
EC;':(,&#;$%'<(\%'<( R1=/030( R1=/030( R1=/0>0(( R1=/100( R1=/123( R1=/130( R1=/200( (((((((/(
EC;':(8&T-.(!-$(!#.-@( R1D/030( R1D/030( R1D/0>0( R1D/100( R1D/123( R1D/130( R1D/200( R1D/230(
8&IJC-$-(9**-ILCM( ER1=/030( ER1=/030( ER1=/0>0( ER1=/100( ER1=/123( ER1=/130( ER1=/200( ER1=/230(
(



! "!$T!"!

!

(

1"2&#%0*%+,( DS=DS( T=T( F=F,( U=U( V=W( X=V( DY=X( DT=DY(

?-&B".(N)-,.(R22"8<);(
EC;':(R&"*%'<( B01/030( B01/030( B01/0>0( B01/100( B01/123( B01/130( B01/200( B01/230(
,;'$-.'(\%'<( B02/030( B02/030( B02/0>0( B02/100( B02/123( B02/130( B02/200( B02/230(
9:Z"*$%'<(EC;':( B0=/030( B0=/030( B0=/0>0( B0=/100( B0=/123( B0=/130( B0=/200( B0=/230(
B;#Q%'<(\%'<*( B0D/030( B0D/030( B0D/0>0( B0D/100( B0D/123( B0D/130( B0D/200( B0D/230(
EC;':(!-;C( B03/030( B03/030( B03/0>0( B03/100( B03/123(B03/130( B03/200( B03/230(
9:Z"*$%'<(!$":(!-$( B0F/030( B0F/030( B0F/0>0( B0F/100(B0F/123( B0F/130( B0F/200( B0F/230(
!C--T-([/\%'<( B0G/030( B0G/030( B0G/0>0( B0G/100( B0G/123( B0G/130( B0G/200( B0G/230(
EC;':(!C--T-( B0>/030( B0>/030( B0>/0>0( B0>/100( B0>/123( B0>/130( B0>/200( B0>/230(
9O%;C(SOJ-CC-.( (((((((/( (((((((/( B10/0>0( B10/100( B10/123( B10/130( (((((((/( B10/230(
);#Q%'<(\%'<( (((((((/( (((((((/( (((((((/( (((((((/( (((((((/( (((((((/( B11/200( B11/230(
HIJ-CC-.([/\%'<( B12/030( B12/030( B12/0>0( B12/100( B12/123( B12/130( B12/200( B12/230(
EC;':(,&#;$%'<(\%'<( (((((((/( (((((((/( B1=/0>0( B1=/100( B1=/123( B1=/130( B1=/200( (((((((/(
EC;':(8&T-.(!-$(!#.-@( (((((((/( (((((((/( (((((((/( (((((((/( (((((((/( (((((((/( B1D/200( B1D/230(
8&IJC-$-(9**-ILCM( EB1=/030( EB1=/030( EB1=/0>0( EB1=/100( EB1=/123( EB1=/130( EB1=/200( EB1=/230(
J+*+#(6-<)"(G(5*:"#2(?-#*2 ! ! ! ! ! ! ! !
5&$&.(BC;$W&.I( 501/030( 501/030( 501/0>0( 501/100( 501/123( 501/130( 501/200( 501/230(
5&$&.(BC;$W&.I(!$":( 502/030( 502/030( 502/0>0( 502/100( 502/123( 502/130( 502/200( 502/230(
5&$&.(!"JJ&.$(8.&**L;.( 50=/030( 50=/030( 50=/0>0( 50=/100( 50=/123( 50=/130( 50=/200( 50=/230(
8.&**L;.(!"JJ&.$(!$":( 50D/030( 50D/030( 50D/0>0( 50D/100( 50D/123( 50D/130( 50D/200( 50D/230(
8.&**L;.(!"JJ&.$(8&CC;.( 503/030( 503/030( 503/0>0( 503/100( 503/123( 503/130( 503/200( 503/230(
8&IJC-$-(9**-ILCM( (((1F/030( (((1F/030( (((1F/0>0( (((1F/100( (((1F/123( (((1F/130( (((1F/200( (((1F/230(
!"*J-'*%&'(9.I( (((((((/( (((((((/( 801/0>0( 801/100( 801/123( 801/130( 801/200( 801/230(
8.;@C(9**MU( (((((((/( (((((((/( 802/0>0( 802/100( 802/123( 802/130( 802/200( 802/230(
!"JJ&.$%'<(A%*#( (((((((/( (((((((/( 80=/0>0( 80=/100( 80=/123( 80=/130( 80=/200( 80=/230(
!"JJ&.$%'<().;#Q-$( (((((((/( (((((((/( 80D/0>0( 80D/100( 80D/123( 80D/130( 80D/200( 80D/230(
ST-L&C$( (((((((/( (((((((/( 803/0>0( 803/100( 803/123( 803/130( 803/200( 803/230(
8&IJC-$-(9**-ILCM( ( ( (((2>/0>0( (((2>/100( (((2>/123( (((2>/130( (((2>/200( (((2>/230(
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7. Gland Options & Part Numbers 
N)-,.(!"-)2(
AU5!LC7'+!.;!,;,7CCB!(U5!Q57Z5;(!3*.'(!*'!7'B!1,23! 7'+!)5S,.)5;!2*;(!7((5'(.*'!7'+!27.'(5'7'-5%!!<CC!
@C7'+;!'55+!-**C.'@!7'+!C,H).-7(.*'!H5(Q55'!(U5!;C. +.'@!;,)67-5;W!;*!7!+).3!6)*2!(U5!@C7'+;!.;!'*)27C%!!<CC!
@C7'+;!2,;(!H5!6.'7CCB!7+X,;(5+!QU.C5!(U5!3,23!.;!),''.'@%!
!

AU5!F1A!LC7'+;!U795!H55'!+595C*35+!(*!()B!(*!2.'.2. ;5!(U5!7((5'(.*'!7'+!;5)9.-5!'55+5+W!H,(!(U.;!+535' +;!
*'!(U5!3)5;;,)5!*6!(U5!6C,.+!H5.'@!3,235+W!(U5!;.]5 !7'+!;U735!*6!(U5!;*C.+!37)(.-C5;!7'+!(U5!-*'-5'()7 (.*'!
*6!(U5!;*C.+!37)(.-C5;!.'!(U5!C.S,.+%!!AU)55!,'.S,5!;57C!7))7'@525'(;!U795!H55'!+595C*35+!7'+!V-F7'7U7 '!
5'@.'55);!-7'!@.95!7+9.-5!)5@7)+.'@!(U5!*3(.2,2!;5C 5-(.*'!6*)!7!;35-.6.-!+,(B%!

7.1. ÒHÓ and ÒPÓ Glands 
AU5!DC,))B!3)5;;,)5!7(!(U5!@C7'+!.;!)5+,-5+!HB!H7-Z!3,23!*,(!97'5;!*'!(U5!.235CC5)W!7'+!QU5'!6.((5+!(U 5!
?,HH5)!7=.7C!5=35CC5)W!QU.-U!.;!7!;()5(-U!6.(!*'!(U5!;U76(!*6!(U5!OgP!7'+!O1P!@C7'+;%!
!

AU5!;*C.+;!7)5!)5;()7.'5+!HB!(U5!*,(Q7)+!85'().6,@7 C!;Q.)C!H5U.'+!(U5!.235CC5)W!(U5!7=.7C!5=35CC5)!7'+!(U5!
)5;().-(5+!37(U!(*!(U5!;57C!.'(5)67-5%!
!

h.(U!(U5!OgP!LC7'+W!(U5!7+X,;(.'@!@C7'+!2,;(!H5!57;5+!+/*A-#.2( (*!.'-)57;5!(U5!;57C.'@!3)5;;,)5%!!AU5!
@5*25().-!;U735!*6!(U5!LC7'+!D57C!.;!-7)56,CCB!+5;.@'5+!(*!@.95!7!@**+!;57CW!QU.C5!C.2.(.'@!(U5!72*,'(!*6!
O+.@@.'@P!*'(*!(U5!@C7'+!;C5595%!
!

AU5!@C7'+!;57C.'@!Q7(5)!2,;(!H5!7;!-C57'!7;!3*;;.HC5!7'+!7(!7!3)5;;,)5!*6!7H*,(!/!:!>!3;.![#!:!42!Q7(5 )!
@7,@5\!7H*95!(U5!+.;-U7)@5!3)5;;,)5%!!h.(U!7!U.@U!6C,;U.'@!Q7(5)!3)5;;,)5!B*,!@5(!@)57(5)!Q7(5)!,;5!7' +!
@)57(5)!+.C,(.*'!*6!(U5!3,235+!;C,))B!Q.(U*,(!7'B!H 5'56.(!(*!(U5!;57C%!
!

7.2.  ÒDÓ Gland 
AU.;!.;!7!,'.S,5!(B35!*6!25-U7'.-7C!;57C%!!AU5!a7-5!D57C!),';!7@7.';(!(U5!U7)+!h57).'@!a7-5%!
!

AU5!a7-5!D57C!7-(;!7;!7!;3).'@!7'+!.6!7'B!@).(!37)(.-C5;!@5(!H5(Q55'!(U5!)*(7(.'@!),HH5)!7'+!;(7(.*'7) B!h57)!
a7-5!.(!.;!3)5;;5+!.'(*!(U5!?,HH5)%!!AU5!a7-5!D57C!.;!7!;()5(-U!6.(!*'!(U5!;U76(!;C5595%!!<;!(U5!@C7'+!3)5;;,)5!
.'-)57;5;W!;*!(U5!),HH5)!5=(5'+;!7=.7CCB!7'+!.'-)57 ;5;!(U5!3)5;;,)5!7(!(U5!),HH.'@!.'(5)67-5%!!D*!@)57(!-7)5!
2,;(!H5!(7Z5'!'*(!(*!*95)!(.@U(5'!(U5!7+X,;(.'@!;C5 595%!
!

hU5'!(U5!3,23!.;!6.);(!;(7)(5+W!5';,)5!(U7(!(U5!7+X ,;(.'@!',(;!7)5!6.'@5)!(.@U(%!!hU5'!(U5!3,23!),';W!
7+X,;(!(U5!@C7'+!',(;!;*!(U7(!(U5)5!7)5!733)*=.27(5 CB!>!+)*3;!35)!2.',(5!6)*2!(U5!@C7'+%!!AU.;!;U*,C+!
)5+,-5!(*!$!+)*3!*--7;.*'7CCBW!7'+!),'!;7(.;67-(*). CB!6*)!,3!(*!7!B57)!Q.(U*,(!6,)(U5)!7((5'(.*'!.'!7! @**+!
733C.-7(.*'%!

7.3. Sectional Arrangement Ð ÒHÓ Gland Assembly 

 Hydrostatic Gland Assembly 
Part No. Description 
H01 
 
H02 
H03 
H04 
H05 
H06 
H07 
H08 
H10 
H11 
 
H12 
H13 
H14 

Gland Housing 
Hose Connector 
Gland Cover 
Adjusting Gland 
Resilient Gasket 
Gland Seal 
Adjusting Stud Set 
Sleeve O-Ring 
Gland Sleeve 
Axial Expeller 
Lantern Ring (not shown) 
12Ó/10Ó (300/250) only 
Impeller O-Ring 
Gland Locating Ring 
Gland Cover Set Screw 

!

!
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7.4. Sectional arrangement Ð "P" Gland Assembly 
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

7.5. Sectional Arrangement - "D" Gland Assembly 
!
!
!

!

Packed Gland Assembly 
Part No. Description 
P01 
 
P02 
P03 
P04 
P05 
P06 
P07 
P08 
P10 
P11* 
P12 
P13 
P14* 
 

Gland Housing 
Hose Connector 
Lantern Ring 
Adjusting Gland 
Packing Rings 
Gland Seal 
Adjusting Stud Set 
Sleeve O-Ring 
Gland Sleeve 
Axial Expeller 
Backing Ring (not shown) 
Impeller O-Ring 
Gland Locating Ring 
Gland Cover Set Screw Set 

j used on 10x8 (250/200) and 12x10 (300/250)!

D Gland Assembly !
Part No. Description 
D01 
D02 
D03 
D04 
D05 
D06 
D07 
D08 
D09 
D10 
D11 
D12 
D13 
 
D14 
D15 
 

Gland Housing 
Gland Cover 
Adjusting Sleeve 
Linatex Washer 
Gland Seal 
Adjusting Stud Set 
Sleeve O-Ring 
Gland Sleeve 
Linatex Face Seal 
Face O-Ring 
Wearing Face 
Impeller O-Ring 
Gland Locating Ring 
(not shown) only on (4Ó/4Ó 
(100/100) 
Gland Cover Set Screw 
Spacer Ring (not shown) 
Only on 10Ó/8Ó (250/200) and 
12Ó/10Ó (300/250) 

!
Do not overtighten the adjusting nuts part D06 !

!

!
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8. ÒPumptecÓ Computer Software 
V7'B!-*23C5=!-7C-,C7(.*';!7)5!'55+5+!&'!*)+5)!(*!!

¥ ;.]5!7!3,23!
¥ 5;(7HC.;U!(U5!*3(.2,2!3.35C.'5!-7))B.'@!95C*-.(B!
¥ +5")7(5!(U5!3,23!6*)!7!;C,))B!+,(B!
¥ -7C-,C7(5!3.35C.'5!6).-(.*'!U57+!C*;;5;!
¥ -7C-,C7(5!3*Q5)!7H;*)H5+W!!
¥ 7'7CB]5!(U5!;B;(52!U57+!

!
A*!35)6*)2!(U5;5!-7C-,C7(.*';W!V-F7'7U7'!8*)3*)7(.* '!,;5;!,'.S,5!;*6(Q7)5!'725+!O1,23(5-P%!
!
hU5)5!V-F7'7U7'!8*)3*)7(.*'!U7;!;5C5-(5+!(U5!1,23!, ;.'@!1,23(5-W!7!3).'(*,(!*6!(U5!*35)7(.'@!
-*'+.(.*';r!3.35!-*'6.@,)7(.*'!7'+!-,)95!.;!.'-C,+5 +!.'!(U5!<335'+.=!*6!(U.;!27',7C%!
!
hU5'!7'B!-U7'@5!*6!+,(B!.;!5'9.;7@5+W!(U5!3,23!-7'! ,;,7CCB!7--*22*+7(5!.(!Q.(U!7!-U7'@5!*6!i"H5C(!
;U5795!)7(.*;!7'+!7!+.665)5'(!;355+W!H,(!.(!.;!5;;5 '(.7C!(*!)5-7C-,C7(5!7CC!(U5!+,(B!37)725(5);!7'+!(* !-U5-Z!
(U7(!(U5!2*(*)!7'+!+).95!Q.CC!'*(!H5!*95)C*7+5+!,'+ 5)!7'B!'*)27C!*35)7(.'@!-*'+.(.*'%!
!
hU5'!27Z.'@!7'B!-U7'@5!(*!B*,)!3,23!;B;(52W!3C57;5! )565)!(U5;5!-U7'@5;!(*!V-F7'7U7'!8*)3*)7(.*'!;*!
(U5!-*))5-(!-*2H.'7(.*'!*6!;355+!7'+!3*Q5)!.;!;5C5- (5+%!
!
7,0/*(&#%*"#%-(#"@/%#".[(

¥ i*C,25!(*!H5!3,235+!
¥ 15)-5'(!;*C.+;!
¥ L)7+7(.*'!*6!;*C.+;![(*3!;.]5!N!>Te!37;;.'@!;.]5\!
¥ D35-.6.-!L)79.(B!*6!D*C.+;!
¥ D35-.6.-!L)79.(B!*6!F.S,.+!
¥ A5235)7(,)5!*6!F.S,.+!
¥ kC597(.*'!7H*95!;57!C595C!
¥ g5.@U(!*6!C.S,.+!C595C!.'!(7'Z!!

[.6!'5@7(.95!;,-(.*'W!U5.@U(!6)*2!C.S,.+!;,)67-5!(* !-5'()5!C.'5!*6!3,23!.'C5(\!
¥ i5)(.-7C!U5.@U(!6)*2!1,23!.'C5(!(*!+.;-U7)@5!3*.'(!
¥ 1)5;;,)5!)5S,.)5+!7(!+5C.95)B!3*.'(!
¥ 1.35!+.725(5)![.';.+5!+.725(5)!.23*)(7'(\!
¥ 1.35!27(5).7C!
¥ 1.35!6.((.'@;!:!(B35!7'+!S,7'(.(B!

!
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9. General Pump Suction Requirements 
!
<!3,23!+*5;!'*(!O;,-ZP!7;!6C,.+!U7;!'*!(5';.C5!;()5 '@(U%!AU5!-5'().6,@7C!5=3,C;.*'!*6!6C,.+;!-)57(5;!7!C*Q!
3)5;;,)5!7)57!7(!(U5!5B5!*6!(U5!.235CC5)W!7'+!7(2*;3U5).-!3)5;;,)5W!3C,;!7'B!;(7(.-!U57+W!3,;U5;!6C,.+!.'(*!
(U5!3,23%!&(!.;!(U5)56*)5!5;;5'(.7C!(U7(!;,-(.*'!;B ;(52;!+*!'*(!)5;().-(!6C*Q!6)*2!(U5!;,23!.'(*!(U5!3 ,23%!
h.(U!;C,)).5;W!(U.;!.;!595'!2*)5!.23*)(7'(!7;!(U5!; *C.+;!(U52;5C95;!-7'!;5((C5!7'+!-7,;5!*H;(),-(.*';! (*!
6C*Q%!
!
DU*)(!,'*H;(),-(5+!3.35C.'5;!Q.(U!67-.C.(.5;!6*)!57 ;B!+)7.'.'@W!)52*97C!7'+!-C57'.'@!7)5!5;;5'(.7C%!
!
<!()73!(*!)52*95!()723!27(5).7C!.;!+5;.)7HC5%!
!
<.)!5'()7.'5+!.'!(U5!;C,))B!)5+,-5;!(U5!3,23s;!-737 -.(B!7'+!U57+W!7'+!7'!7.)!95'(!3.35!*'!(U5!;,-(.*'! 3.35!
-C*;5!(*!(U5!3,23!.'C5(!.;!*6(5'!5;;5'(.7C%!
!
AU5!3,23!Q.CC!*35)7(5!H5;(!.6!(U5!6C*Q!95C*-.(B!733)*7-U.'@!(U5!.235CC5)!.;!595'CB!+.;().H,(5+!7-)*;;! (U5!
;,-(.*'!5B5W!7'+!.;!;5';.HCB!7=.7C!7'+!Q.(U*,(!;Q.) C%!&'(7Z5!-*'+.(.*';!.'!(U5!;,23W!;,-U!7;!(U5!6*)27 (.*'!*6!
9*)(.-5;W!*)!.'!(U5!;,-(.*'!3.35C.'5W!;,-U!7;!7!;U7 )3!H5'+!X,;(!H56*)5!(U5!3,23W!-7,;5!7'!,'595'!6C*Q! *95)!
(U5!5B5!*6!(U5!.235CC5)W!7'+!.237.)!3,23!35)6*)27'- 5%!
!
AU5!J5;C.2.'@!7'+!a55+!?5@,C7(.'@!D,23!;U*Q'!H5C*Q!.'-*)3*)7(5;!(U5!H5;(!657(,)5;!.'!@**+!;,23!+5;.@'% !
!

!
!

10. Installation 
AU5!6*CC*Q.'@!'*(5;!-*95)!2*;(!;.(,7(.*';W!H,(!-5)( 7.'!.';(7CC7(.*';!Q.CC!)5S,.)5!7++.(.*'7C!-U5-Z;%!

10.1. Noise 
_5-7,;5!*6!.(;!U579B!-*';(),-(.*'W!).@.+!H57).'@!U* ,;.'@!7'+!(U5!;*,'+!7((5',7(.*'!+,5!(*!(U5!),HH5)!C .'.'@W!
(U5!'*.;5!@5'5)7(5+!HB!7!H7)5!;U76(!F1A!3,23!.;!C*QW!C5;;!(U7'!KT+_[<\%!
!
AU5!'*.;5!52.;;.*'!6)*2!7!-*23C5(5!3,23!7'+!+).95!, '.(!Q.CC!H5!+535'+5'(!,3*'!97).*,;!67-(*);!.'-C,+.' @!
(U7(!6)*2!(U5!2*(*)W!.(;!67'!7'+!(U5!i"H5C(!+).95%! A*!*H(7.'!7'!.'+.-7(.*'!*6!(U5!'*.;5!C595C!@5'5)7(5 +!HB!7!
;35-.6.-!-*23C5(5!,'.(!(7Z5!(U5!U.@U5;(!-*23*'5'(!' *.;5!C595CW!@5'5)7CCB!(U5!2*(*)W!7'+!2,C(.3CB!HB!$%$>%!
&%5%!+_![<\!3,23!!!t!!!+_![<\!2*(*)!!!!!!t!!!!!!+_! [<\!+).95!!!!!!!!!!c!$%$>!!!=!!!!!!+_![<\!2*(*)%!
!
M(U5)!67-(*);W!.'-C,+.'@!(U5!3.3.'@!;B;(52!7'+!UB+)7,C.-7CCB!@5'5)7(5+!'*.;5!7;!Q5CC!7;!7'B!)56C5-(5+!'*.;5W!
Q.CC!7665-(!(U5!6.'7C!.';(7CC5+!6.@,)5%!

!

1. Feed Distribution Box/Tramp Material 
Trap. 

2. Anti-Turbulence/Air Release Baffles. 

3. Replaceable Lined Suction Box. 

4. Removable Split Pipe or Flexible 
Hose to facilitate maintenance. 

5. Short Simple Suction Piping. 

6. Start Up Suction Line (Optional) 

7. Air Vent Line (Optional). 

8. Injection Water Line (Optional) or 
Drain/Dump Port. 
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10.2. Foundations 
g*C+.'@!+*Q'!H*C(;W!H*C(!U*C5;!.'!;(55C!Q*)Z!*)!3*-Z5(;!.'!-*'-)5(5!2,;(!H5!-U5-Z5+!6*)!C*-7(.*'!7'+!
+.25';.*'!(*!27(-U!(U5!3,23!-5)(.6.5+!+)7Q.'@%!AU5! 6*,'+7(.*';!2,;(!H5!).@.+%!
!
AU5!3,23!H7;5!2,;(!H5!;5(!C595C!.'!.(;!6.'7C!3*;.(. *'W!7'+!H5!).@.+CB!;,33*)(5+!7(!57-U!U*C+.'@!+*Q'!H*C(!
H56*)5!(U5!U*C+.'@!+*Q'!H*C(;!7)5!(.@U(5'5+%!&(!.;!,'7--53(7HC5!(*!(Q.;(!(U5!H7;5!HB!,'595'!(.@U(5'.'@ !*6!
(U5!U*C+.'@!+*Q'!H*C(;%!

10.3. Pipe work 
AU5!;,-(.*'!7'+!+5C.95)B!3.35!Q*)Z!2,;(!H5!.'+535'+ 5'(CB!;,33*)(5+W!7'+!(U5!3,23!2,;(!'*(!H5!,;5+!7;!
7'!7'-U*)!(*!3,CC!(U5!3.35;!.'(*!3*;.(.*'%!
!
1)*9.;.*'!6*)!;.23C5!)52*97C!*6!;,-(.*'!7'+!+5C.95) B!3.35!Q*)Z!(*!67-.C.(7(5!,'HC*-Z.'@!7'+!;5)9.-.'@! (U5!
3,23W!7'+!+,23.'@!;*C.+;!.'!7'!525)@5'-B!;.(,7(.*'! ;U*,C+!H5!-U5-Z5+%!
!
<)57;!(U7(!-*,C+!-7,;5!)5;().-(.*'!*'!(U5!;,-(.*'!; .+5!;U*,C+!H5!-U5-Z5+%!
!
AU5!3*;;.H.C.(B!*6!(U5)27C!5=37';.*'!.'!(U5!3.35!Q* )Z!-7,;.'@!,'+,5!C*7+;!*'!(U5!3,23!;U*,C+!H5!-U5-Z5 +%!
!
8U5-Z!(U7(!(U5!3.35!Q*)Z!27(-U5;!,3!(*!(U5!3,23!Q.( U*,(!;()7.'%!
!
AU5!C.'.'@!*'!(U5!F1A!V*+5C!&&&)!.;!-*'(.',5+!*,(!( *!6*)2!@7;Z5(;!*'!(U5!;,-(.*'!7'+!+.;-U7)@5!6C7'@5; W!
(U5)56*)5!(U5!,;5!*6!X*.'(!).'@;!*)!7++.(.*'7C!@7;Z 5(;!.;!'*(!'5-5;;7)B%!8*''5-(.*';!(*!(U5!3,23!;U*,C +!H5!
27+5!,;.'@!6C7(!67-5+!6C7'@5;!*'CB%!
!
hU5'!6.((.'@!F1A!3,23;!(*!),HH5)"C.'5+!5S,.325'(!;, -U!7;!97C95;W!U*;5!*)!C.'5+!3.35W!7!;(55C!@7;Z5(!2,;(!
H5!,;5+%!

10.4. Power 
8U5-Z!(U7(!(U5!2*(*)!9*C(7@5W!3*Q5)!7'+!;(7)(5)!)7(.'@!7'+!;,33CB!27(-U%!

10.5. Gland Services 
&6!@C7'+!;57C.'@!Q7(5)!.;!)5S,.)5+W!(U5!S,7'(.(BW!S,7C.(B!7'+!797.C7H.C.(B!;U*,C+!H5!-U5-Z5+%!

10.6. Access 
8)7'5!-737-.(B!7'+!7--5;;!)*,(5;!6)*2!(U5!+5C.95)B! 3*.'(!;U*,C+!H5!-U5-Z5+%!<--5;;!6*)!27.'(5'7'-5W!
3)*(5-(.*'!6)*2!6C**+.'@W!7'+!95'(.C7(.*'!6*)!2*(*) !-**C.'@!2,;(!H5!-U5-Z5+%!

10.7. Impeller Adjustment Axially 
AU5!3*;.(.*'!*6!(U5!)*(7(.'@!5C525'(!2,;(!H5!;5(!;* !(U7(!(U5)5!.;!7!2.'.2,2!),''.'@!-C57)7'-5W!
733)*=.27(5CB!$22W!H5(Q55'!(U5!;,-(.*'!H,;U!7'+!(U5 !.235CC5)W!(U5!H57).'@!U*,;.'@!2,;(!(U5'!H5!C*-Z5+!
.'!3*;.(.*'%!AU.;!-C57)7'-5!;U*,C+!H5!-U5-Z5+!HB!H* C(.'@!7!+,22B!6C7'@5!*)!;(,H!3.35!(*!(U5!;,-(.*'!6C 7'@5!
(U.;!5';,)5;!7'B!2*9525'(!*6!(U5!),HH5)!C.'.'@!*'!- *''5-(.*'!.;!7CC*Q5+!6*)%!M'-5!-*''5-(5+!(*!;,-(.*' !
7'+!+5C.95)B!C.'5;W!(U5!,'.(!;U*,C+!H5!-U5-Z5+!6*)!6)55!)*(7(.*'%!

10.8. Coupling Alignment 
AU5!3,23!7'+!2*(*)!-*,3C.'@;!2,;(!H5!7C.@'5+!.'!7-- *)+7'-5!Q.(U!@**+!5'@.'55).'@!3)7-(.-5!7'+!7=.7C!*) !
)7+.7C!),'!*,(!2,;(!H5!C5;;!(U7'!T%T>!22!(*(7C!.'+. -7(5+!)57+.'@!*'!7!-C*-Z!@7,@5%!h.(U!i55"H5C(!3,CC5B;W!
(U5!67-5;!*6!(U5!-*,3C.'@;!2,;(!H5!5=7-(CB!.'!C.'5W!7'+!(U5!;U76(;!2,;(!H5!37)7CC5C!(*!57-U!*(U5)%!<!-U5-Z!
Q.(U!7!;()7.@U(!5+@5!*)!;().'@!C.'5!7-)*;;!(U5!3,CC5B!67-5;!;U*,C+!U795!'*!9.;.HC5!@73%!

10.9. Motor Rotation 
_56*)5!(U5!H5C(;!7)5!6.((5+!*)!(U5!-*,3C.'@;!7)5!-* ''5-(5+W!(U5!+.)5-(.*'!*6!)*(7(.*'!*6!(U5!2*(*)!2,; (!H5!
-U5-Z5+%!&'-*))5-(!2*(*)!)*(7(.*'!-7'!-7,;5!(U5!.23 5CC5)!(*!;-)5Q!*66!7'+!+5;()*B!(U5!3,23%!
!



"!$K!"!

!

10.10. Tension V-belts 
hU5'!(U5!2*(*)s;!+.)5-(.*'!*6!)*(7(.*'!.;!-*))5-(W! 6.(!(U5!i"H5C(;!7'+!(5';.*'!(U52!.'!7--*)+7'-5!Q.(U !(U5!
27Z5)s;!)5-*225'+7(.*'%!&'!@5'5)7CW!7!S,7)(5)!(*!7! U7C6!(Q.;(!*6!(U5!H5C(!Q.CC!H5!3*;;.HC5!7(!(U5!-5'()5!*6!
(U5!H5C(!,;.'@!7!6.'@5)!7'+!7!(U,2H%!8U5-Z!(U5!(5';.*'!7@7.'!76(5)!7!65Q!U*,);!),''.'@%!

10.11. Belt Guard 
AU5!H5C(!@,7)+!3)*9.+5+!Q.(U!(U.;!3,23!,'.(!.;!27', 67-(,)5+!Q.(U!(U5!;U76(!735)(,)5!6,CCB!-C*;5+!Q.(U!
25;U%!M'!.';(7CC7(.*'!*6!(U5!955!H5C(!+).95!7'+!+5(5)2.'7(.*'!*6!3,CC5B!-5'()5;W!(U5!;U76(!@,7)+!.;!*6 65)5+!
,3!7'+!(U5!25;U!)5C.595+!C*-7CCB!(*!7CC*Q!(U5!;U76(;!(*!37;;!(U)*,@U%!<CC*Q7'-5!27B!H5!)5S,.)5+!6*)!
2*9525'(!*6!;U76(;!QU5'!H5C(!(5';.*'.'@%!
!
AU5!25;U!;U*,C+!H5!)5C.595+!7'+!7!@,7)+!;U*,C+!H5!6.((5+!.'!7!27''5)!QU.-U!3)595'(;!7--.+5'(7C!-*'(7-( !
Q.(U!(U5!)*(7(.'@!37)(;!*6!(U5!+).95!7;;52HCB%!
!
AU5!.';(7CC5)!2,;(!5';,)5!(U5!@,7)+!.;!.';(7CC5+!.' !(U5!7--*)+7'-5!Q.(U!'7(.*'7C!7'+!C*-7C!)5@,C7(.*'; %!

10.12. Gland Service 
8U5-Z!(U7(!@C7'+!Q7(5)!;,33CB!7'+!3)*(5-(.*'!;B;(52 ;!7)5!Q*)Z.'@W!QU5'!(U5;5!7)5!6.((5+%!

10.13. Greased Bearings 
AU5!3,23!H57).'@;!Q.CC!U795!H55'!@)57;5+!7(!(U5!67-(*)B!7'+!*95)!@)57;.'@!-7'!-7,;5!(U52!(*!*95)U57(W! ;*!
-U5-Z!(U5!H57).'@;W!H,(!+*!'*(!*95)!@)57;5!(U52%!!D,.(7HC5!@)57;5!(B35;!7)5!DU5CC!<C97'.7!/W!V*H.C!k1#W!
87C(5=!FD/!*)!(U5.)!5S,.97C5'(;%!

10.14. Final Checks 
8U5-Z!(U7(!7CC!',(;!7'+!H*C(;!7)5!(.@U(r!(U5!@C7'+!7+X,;(.'@!',(;!7)5!6.'@5)!(.@U(r!(U7(!'*!C**;5!27(5 ).7C!.;!
CB.'@!7)*,'+!(U5!3,23!;5(r!(U7(!(U5!@,7)+;!7)5!;5-, )5CB!6.((5+!7'+!(U5!3,23!.;!;765!(*!;(7)(%!
!
6Z\(C]9979N(!?\\1(5^(6Z\(?]J?(J]!6(956(\_I\\1(6Z\(^ 5HH5O79N[(

1,23! $q=$q! #=#! /=/'! 4=4! E=>! I=E! $T=I! $#=$T!

V<p!?1V%! #K>T! #4TT! #$TT! $ETT! $4TT! $#TT! $#TT! RTT!

(

10.15. Electrical Installation 
AU.;!5S,.325'(!2,;(!H5!.';(7CC5+!7'+!-*'()*CC5+!.'! 7--*)+7'-5!Q.(U!733C.-7HC5!'7(.*'7C!7'+!C*-7C!
)5@,C7(.*';%!
!
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11. Gland Services 
M'!(U5!UB+)*;(7(.-!@C7'+!7'+!7C;*!*'!(U5!37-Z5+!@C7'+W!.(!.;!,;,7CCB!'5-5;;7)B!(*!U795!7!-C57'!Q7(5)!
6C,;U.'@!;,33CB!(*!(U5!@C7'+%!
!
AU5!3)5;;,)5!;U*,C+!H5!/!:!>!3;.![#!:!4!2\!Q7(5)!@7 ,@5!7H*95!(U5!3,23!+.;-U7)@5!3)5;;,)5![)5252H5)!(*!
.'-C,+5!(U5!D%L%!*6!(U5!;C,))B\!7'+!(U5!6C*Q!)7(5!;U*,C+!H5!733)*=.27(5CB!.'!7--*)+7'-5!Q.(U!(U5!(7HC5!
H5C*Q%!
!

1,23! ,'.(;! $q=$q! #=#! /=/'! 4=4! E=>! I=E! $T=I! $#=$T!

h7(5)!6C*Q%! ^D@32! $! $! $! #! #! #! /! 4!

h7(5)!6C*Q%! C.(5)Y;5-! T%T4! T%T4! T%T>! T%TK! T%TK! T%TR! T%$! T%#!

!
AU5!@C7'+!6C,;U.'@!Q7(5)!;U*,C+!H5!-C57'%!AU5!C.65!*6!(U5!@C7'+!7'+!@C7'+!;C5595!.;!)5C7(5+!(*!(U5!
-C57'C.'5;;!*6!(U5!6C,;U.'@!Q7(5)W!7'+!7C(U*,@U!7!65Q!37)(.-C5;!Q.CC!'*(!+*!.';(7'(!+727@5W!(U5!;57C!C.65!Q.CC!
H5!)5+,-5+%!DC,))B!2,;(!'*(!H5!,;5+%!
!
AU5)5!7)5!27'B!-*2H.'7(.*';!*6!6C*Q!-*'()*C!+59.-5; !QU.-U!27B!H5!,;5+W!7'+!7!65Q!*6!(U5;5!7)5!;U*Q'!*' !
(U5!'5=(!+.7@)72%!AU5!*HX5-(.95!.;!(*!27.'(7.'!7!;5 -,)5!;,33CB!*6!-C57'!6C,;U.'@!Q7(5)!(*!5=(5'+!(U5!@C7'+!
C.65%!
!
h.(U!3,23;!.'!;5).5;W!(U5)5!7)5!(U)55!27.'!Q7B;!*6! ;,33CB.'@!@C7'+!;5)9.-5!Q7(5)%!

¥ &'+.9.+,7C!+5+.-7(5+!3,23;!7(!(U5!-*))5-(!3)5;;,)5! 7'+!6C*Q!)7(5%!
¥ M'5!C7)@5!3,23!7(!(U5!U.@U5;(!3)5;;,)5!(U)*((C.'@!+*Q'!(U5!;,33CB!(*!57-U!3,23!.'!(U5!;5).5;%!
¥ M'5!2,C(.";(7@5!3,23!(733.'@!*66!7!;,33CB!7(!7!+.665)5'(!;(7@5!(*!57-U!3,23!.'!(U5!;5).5;%!

!
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11.1. Gland Service Water Systems 
!
_5C*Q!7)5!;*25!(B3.-7C!LC7'+!D5)9.-5!;B;(52;%!<'B!; 5C5-(.*'!*6!.(52;!27B!H5!-*2H.'5+%!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
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12. Lubrication and Cooling 
(
AU5!H57).'@;!7)5!@)57;5!C,H).-7(5+!7'+!7++.(.*'7C!@)57;5!'55+!*'CB!H5!7++5+!7H*,(!(Q.-5!7!B57)%!J*!'*( !
*95)!@)57;5!(U5!H57).'@;%!
AU5!H57).'@!7;;52HC.5;!7)5!7CC!-U5-Z5+!.'!(U5!67-(*)B!(*!3)*95!(U7(!(U5B!7)5!-*))5-(CB!7;;52HC5+!!
!
AU5!H57).'@;!7)5!+5;.@'5+!(*!),'!7(!U.@U!(5235)7(,) 5;W!27=.2,2!$#Tu!8W!7'+!(U5!@)57;5!U7;!(*!H5!
-*237(.HC5!Q.(U!(U.;!*35)7(.'@!-*'+.(.*'%!8C57'!@)5 7;5!2,;(!H5!,;5+%!!
!
&6!Q7(5)!@5(;!.'(*!(U5!H57).'@;W!(U5!7;;52HCB!2,;(!H5!;().335+W!(U*)*,@UCB!+).5+!7'+!)5@)57;5+W!7'+!7'B!
;57C!67.C,)5!-*))5-(5+%!
!
?5-*225'+5+!@)57;5;!7)5!DU5CC!<C97'.7!/W!V*H.C5!k1#W!87C(5=!FD/!*)!(U5.)!5S,.97C5'(;%!
!

13. Start up Procedure 
(
&(!.;!)5-*225'+5+!(*!6*CC*Q!(U.;!)*,(.'5!595)B!(.25 !7!3,23!.;!;(7)(5+!7C(U*,@U!.(!.;!733)5-.7(5+!(U7(! 27'B!
,'.(;!Q.CC!H5!*35)7(5+!)52*(5CB%!
!
7% 8U5-Z!(U5!6)55!)*(7(.*'!*6!(U5!3,23%!
H% !
-% 8U5-Z!@C7'+!;5)9.-5;!Q7(5)!.;!),''.'@W!.6!)5S,.)5+%!
+% !
"> <(!6.);(!;(7)(W!*)!76(5)!7'B!Q*)Z!*'!(U5!5C5-().-!2 *(*)!(5)2.'7C!H*=W!-U5-Z!+.)5-(.*'!*6!)*(7(.*'! O76Z(

1C7K\(M\H6!(C\J5K\1(
6% !
@% 8U5-Z!(U5!3,23!.;!3).25+%!
U% !
.% 8U5-Z!(U7(!7CC!@,7)+;!7)5!.'!3C7-5!7'+!(U7(!(U5!3,23!.;!;765!(*!),'%!
X% !
Z% D(7)(!(U5!3,23%!
C% !
2% &6!(U5!3.35C.'5!.;!523(B!7'+!(U5)5!.;!'*!+.;-U7)@5! 97C95![.%5%!+,5!(*!7H)7;.95!'7(,)5!*6!(U5!3)*+,-(\W!(U5!

3,23!2*(*)!27B!H5!*95)C*7+5+!6*)!7!35).*+!7'+!(U5!3 ,23!27B!-79.(7(5%!AU.;!-*'+.(.*'!;U*,C+!H5!
5=72.'5+!(*!597C,7(5!(U5!3*;;.HC5!C*'@!(5)2!5665-(!*'!(U5!5S,.325'(%!

'% !
*% 8U5-Z!(U5!3,23!6*)!'*.;5W!9.H)7(.*'!*)!7'B!U*(!;3*( ;%!
3% !
S% <+X,;(!(U5!@C7'+!(*!27.'(7.'!7!+).3W!QU.-U!.;!'5-5; ;7)B!6*)!C,H).-7(.*'!7'+!6*)!-**C.'@%!
!

14. Shutdown Procedure 
AU.;!+535'+;!,C(.27(5CB!*'!(U5!;B;(52!7'+!3)*-5;;!6 C*Q!)5S,.)525'(;W!H,(!(U5!6*CC*Q.'@!3)*-5+,)5!.;!
)5-*225'+5+%!
7% D(*3!(U5!6C*Q!*6!;*C.+;!.'(*!(U5!;,23%!
H% A,)'!(U5!;C,.-.'@!Q7(5)!*)!),'!;B;(52!*'!Q7(5)!*'CB !(*!Q7;U!*,(!(U5!3,23!7'+!+5C.95)B!3.35C.'5%!
-% DU,(!+*Q'!(U5!3,23%!
+% DU,(!+*Q'!(U5!@C7'+!;5)9.-5!Q7(5)!;B;(52!

&'!-*C+!Q57(U5)W!(U5!3,23!7'+!7,=.C.7)B!5S,.325'(!; U*,C+!H5!+)7.'5+!(*!3)595'(!6)55].'@!+727@5%!
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!

15. Disassembly Procedure 
8U5-Z!(U7(!7CC!3*Q5)!.;!;Q.(-U5+!*66!7'+!.;*C7(5+W!7'+!(U7(!.(!.;!;765!5C5-().-7CCB!7'+!25-U7'.-7CCB!(*!Q*)Z!
(U5!3,23%!!
!
AU5!6*CC*Q.'@!;5S,5'-5!.;!7!@5'5)7C!@,.+5!(*!;().33.'@!(U5!3,23!6*)!.';35-(.*'%!?565)!(*!8)*;;!D5-(.*' !
+)7Q.'@;!.'!<335'+.=%!hU5)5!7!@C7'+!37)(!.;!25'(.*' 5+!(U5!37)(!6*)!(U5!g!@C7'+!.;!)565))5+!(*%!
!
M'!;.]5;!,3!(*!(U5!4=4![$TTY$TT\!(U5)5!.;!'*!;537)7 (5!;,-(.*'!H,;U!7'+!C.'5)%!
!
7% ?52*95!(U5!;,-(.*'!3.35!7'+!.';35-(!6*)!Q57)%!
H% 8U5-Z!(U5!;,-(.*'!H,;U!C.'5)! YD!6*)!Q57)W!'*(.'@!7'B!,'595'!Q57)!37((5)'!7'+!3*;.( .*'%!8U5-Z!(U5!7=.7C!

-C57)7'-5!
-% _5(Q55'!(U5!;,-(.*'!H,;U!C.'5)! YD!7'+!(U5!5B5!*6!(U5!.235CC5)!YX![*)!*'!;27CC5)!3,23;!H5(Q55'!(U5!

-7;.'@!C.'5)!7'+!5B5!*6!(U5!.235CC5)%\!
+% ?52*95!',(;! DD!7'+!;,-(.*'!H,;U! YT%!AU5!;,-(.*'!H,;U!C.'5)! YD!.;!3,;U5+!*,(!*6!(U5!;,-(.*'!H,;U! YT!

6)*2!(U5!;,-(.*'!;.+5%!D*25!Q7(5)!;3)57+!,'+5)!(U5! C.3!*6!(U5!;,-(.*'!H,;U!C.'5)! YD!Q.CC!C,H).-7(5!.(;!
37;;7@5!*,(!*6!;,-(.*'!H,;U! YT%!

5% ?52*95!-7;.'@!H*C(;! Y`( U79.'@!;,33*)(5+!(U5!;,-(.*'!;.+5!-7;.'@! YF%!F.6(!*66!(U5!;,-(.*'!;.+5!-7;.'@! YF%!
<!-)7'5!.;!'5-5;;7)B!*'!(U5!C7)@5)!3,23;%!

6% ?52*95!C.'5)!',(;! DY!7'+!.';35-(!(U5!;,-(.*'!;.+5!C.'5)! YU%!G*(5!,',;,7C!Q57)!37((5)';W!-)7-Z;W!(57);!
*)!+5(5).*)7(.*'!*6!(U5!C.'.'@%!

@% AU5!.235CC5)!YX!.;!5=3*;5+!6*)!.';35-(.*'%!g*C+!(U5!;U76(! MYT!,;.'@!7!;37''5)W!QU.-U!.;!7!@**+!6.(W!*'!
(U5!6C7(;!H5(Q55'!(U5!@C7'+!DF!7'+!(U5!6C.'@5)!DU%!AU5!.235CC5)!YX!.;!;-)5Q5+!*'(*!(U5!;U76(! MYT(Q.(U!
7'!<-25!).@U(!U7'+!(U)57+%!AU5!.235CC5)!YX!27B!H5!95)B!(.@U(CB!C*-Z5+!*'(*!(U5!;U76(!MYT!7'+!27B!
'55+!7'!.237-(!6*)-5!*)!7!C*'@!C595)!(*!C**;5'!.(%! &6!(U5!.235CC5)!.;!(*!H5!,;5+!7@7.'W!3)*(5-(!(U5!),HH5)!
7@7.';(!+727@5%!&';35-(!(U5!.235CC5)!YX!7'+!'*(5!,',;,7C!Q57)!37((5)';!.'!(U5!6C*Q!37;;7@5 ;!7'+!H7-Z!
*)!6)*'(!3,23!*,(!97'5;%!8U5-Z!(U7(!(U5!OMP!).'@!H5 U.'+!(U5!.235CC5)(YX!U7;!;57C5+!7@7.';(!(U5!@C7'+!
;C5595!ZYX(7'+!;C,))B!U7;!'*(!-*))*+5+!(U5!.235CC5)!*)!;U76(!( U)57+%!AU.;!OMP!).'@!ZDT!;U*,C+!H5!
)53C7-5+!7(!595)B!;().3"+*Q'%!

U% ?52*95!(U5!7=.7C!5=35CC5)!ZDY'(QU.-U!.;!7!;()5(-U!6.(!*'!(U5!@C7'+!;C5595!ZYX%!&6!vJs!@C7'+!.;!6.((5+!(U5!
@C7'+!;C5595!;U*,C+!H5!)52*95+!7(!(U.;!3*.'(%!

.% D,33*)(!(U5!@C7'+!;.+5!-7;.'@!YWW!,'+*!(U5!-7;.'@!(*!35+5;(7C!',(;! DT(7'+!)52*95!-7;.'@!U7C6!7C*'@!
Q.(U!(U5!@C7'+!7;;52HCB!DF%!^'+*!(U5!@C7'+!U*C+.'@!;-)5Q;!TD(7'+!)52*95!(U5!@C7'+!7;;52HCB!DF%!
^'+*!C.'5)!',(;! DYW!(U5!-7;.'@!C.'5)!-7'!'*Q!H5!)52*95+!6*)!.';35-(.* 'W!'*(5!7'B!,',;,7C!Q57)!
37((5)';%!

X% ?52*95!H57).'@!35+5;(7C!-73;!DEW!7'+!6.=.'@;!TY!7'+!,'67;(5'!(U5!7=.7C!3*;.(.*'.'@!X7-Z! D`W!(*!5'7HC5!
H57).'@!7;;52HCB!(*!H5!)52*95+%!

Z% A*!+.;7;;52HC5!(U5!H57).'@!7;;52HCBW!)52*95!(U5!@C7'+!;C5595!ZYXW!(U5!6C.'@5)!DU!7'+!(U5!H57).'@!
-*95);! MYF(7'+! MYU%!AU5!H57).'@;!-7'!H5!.';35-(5+!7(!(U.;!;(7@5%!&6!(U5)5!.;!'*!;.@'!*6!+727@5W!(U5!
H57).'@;!;U*,C+!'*(!H5!+.;(,)H5+W!7'+!(U5!H57).'@;!;U*,C+!25)5CB!H5!Q7;U5+!*,(!Q.(U!2.C+!;*C95'(!*.C!
7'+!)5@)57;5+%!

C% 1)5;;!(U5!;U76(!MYT!Q.(U!(U5!H57).'@!MYW!;(.CC!6.((5+!*,(!*6!(U5!H57).'@!U*,;.'@!MYD%!1,;U!(U5!;U76(!
6)*2!(U5!.235CC5)!;.+5!*,(!*6!(U5!H57).'@!U*,;.'@%!AU5!.''5)!).'@!*6!6)*'(!H57).'@! MYV!Q.CC!;(.CC!H5!
7((7-U5+!(*!(U5!;U76(!7'+!-7'!H5!)52*95+!C7(5)%!

2% AU5!)527.'+5)!*6!(U5!6)*'(!H57).'@! MYV(-7'!(U5'!H5!Q.(U+)7Q'!6)*2!U*,;.'@! MYD>!
'% F**;5'!(U5!(7H!Q7;U5)!_TK!,'+*!C*-Z',(!_TI!7'+!3,CC !(U5!5'+!H57).'@!MYW(*66!(U5!;U76(%!
(
9+*"2[ !
$% AU5!#=#![>TY>T\W!/=/![ITYIT\!7'+!4=4![$TTY$TT\!3,23;!+*!'*(!U795!7!C**;5!;,-(.*'!H,;U!C.'5)! YD!

7'+!;,-(.*'!H,;U! YT%!
#% AU5!$T=I![#>TY#TT\!7'+!C7)@5)!;.]5;!U795!7'!&';.+5!LC7'+!8*95)! TU(QU.-U!.;!U5C+!.'!3*;.(.*'!HB! ZDU(

Y!?DU!Y!1DU%!^'+*! ZDU!7'+!Q.(U+)7Q!(U5!&';.+5!LC7'+!8*95)! TU!6)*2!(U5!.235CC5)!;.+5%!
/% AU5!87;.'@!D,;35';.*'!<)2!.;!6.((5+!7;!7!27.'(5'7'- 5!7.+!MGF0!7'+!7;!;,-U!27B!H5!,;5+!(*!;,33*)(!

;.'@,C7)CBW!5.(U5)!*6!(U5!87;.'@!g7C95;!7'+!.(;!7;;*-.7(5+!C.' 5)W!*)!(U5!&235CC5)%!&(!2,;(!'*(!H5!,;5+!
6*)!7'B!*(U5)!3,)3*;5%![D,;35';.*'!7)2!'*(!6.((5+!( *!$q=$q!7'+!#=#![>TY>T\!3,23%\!

!
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!

O"-#(-,.(C"0)-&"8",*(+4(?-#*2(
A*!*H(7.'!(U5!H5;(!;5)9.-5!7'+!35)6*)27'-5!6)*2!(U5 !3,23W!35).*+.-!)*,(.'5!.';35-(.*';!;U*,C+!H5!-7)). 5+!
*,(!7'+!(U5!3,23!U7;!H55'!37)(.-,C7)CB!+5;.@'5+!6*) !(U.;!3,)3*;5%!&(!.;!'*(!3*;;.HC5!(*!;(7(5!7(!QU7(!
.'(5)97C;!(U5;5!.';35-(.*';!;U*,C+!H5!27+5!H5-7,;5! (U5!)7(5!*6!Q57)!97).5;!-*';.+5)7HCB!6)*2!*'5!
733C.-7(.*'!(*!(U5!'5=(%!g*Q595)W!.(!.;!;,@@5;(5+!(U7(!.'.(.7CCB!(U5!3,23!H5!7CC*Q5+!(*!),'!6*)!7!35).*+!*6!
;7BW!(U)55!2*'(U;W!7'+!7'!5=72.'7(.*'!*6!(U5!3,23!Q .CC!(U5'!@.95!;*25!.+57!*6!(U5!C5'@(U!*6!C.65!QU.-U!
27B!H5!5=35-(5+!6)*2!(U5!),HH5)!-*95)5+!37)(;%!
!

16. Assembly Procedure 
_56*)5!7;;52HCBW!5';,)5!7CC!37)(;!7)5!-C57'!7'+!6)55!*6!*C+!@)57;5!7'+!+.)(%!AU5!'5Q!H57).'@;!*)!
)53C7-525'(!H57).'@;!;U*,C+!H5!@5'5)*,;CB!6.CC5+!Q.(U!@)57;5!H5(Q55'!(U5!)*CC5);%!8U5-Z!(U5!G5*3)5'5!
@)57;5!;57C;!MY`(7'+! MDY!7)5!;*,'+W!7'+!'*(!;*6(!*)!+.;(*)(5+%!?53C7-5!.6!' 5-5;;7)B%!
!
-> 8C723!(U5!;U76(!MYT(U*).]*'(7CCB!.'!7!9.-5%!g57(!(U5!;3U5).-7C!)*CC5)!5'+!H57).'@!MYW(.'!7'!*.C!H7(U!*)!

.'+,-(.*'!U57(5)!(*!#4Tua![$$>u8\!7'+!6.(!.(!(*!(U5 !+).95!5'+!*6!(U5!;U76(!MYT(,;.'@!-C57'!.';,C7(5+!
@C*95;%!k';,)5!(U5!.''5)!).'@!*6!(U5!H57).'@!MYW(.;!U7)+!7@7.';(!.(;!;57(!HB!(733.'@!.(!Q.(U!7!H)7;;!3.'%!
a.(!(U5!(7H!Q7;U5)!MYE(7'+!(U5!C*-Z!',(! MYX>(

H% a.(!(U5!.''5)!).'@!*6!(U5!6)*'(!H57).'@! MYV((*!(U5!.235CC5)!5'+!*6!(U5!;U76(!MYT(5';,).'@!(U7(!.(!.;!U7)+!
7@7.';(!.(;!;57(W!HB!(733.'@!Q.(U!7!H)7;;!3.'%!

-% 8C723!H57).'@!U*,;.'@!MYD!;5-,)5CBW!@)57;5!H57).'@!MYW%!a.(!;U76(!MYT!7'+!5'+!H57).'@! MYW!7;;52HCB!
.'(*!U*,;.'@%!k';,)5!*,(5)!)7-5!*6!H57).'@! MYW!.;!U7)+!7@7.';(!;57(%!

+% a.(!'5*3)5'5!;57C! MY`(7'+!H57).'@!-*95)!;57C!MDF((*!5'+!-*95)! MYF(7'+!6.=!(*!H57).'@!U*,;.'@! MYD(
,;.'@!;5(!;-)5Q;! MDD%!

5% V*,'(!H57).'@!U*,;.'@! MYD(95)(.-7CCB!Q.(U!6)*'(!5'+!,3Q7)+;!7'+!Q5+@5!;U76(!MYT(;*!.(!.;!-5'()7C!.'!
(U5!U*,;.'@%!a.CC!6)*'(!H57).'@!MYV!Q.(U!@)57;5!7'+!-7)56,CCB!(73!*,(5)!).'@!.'(*!H57) .'@!U*,;.'@!MYD%!

6% a.(!'5*3)5'5!;57C! MDY(7'+!H57).'@!;57C!-*95)!MDF((*!6)*'(!-*95)! MYU!7'+!6.=!(*!H57).'@!U*,;.'@! MYD!
,;.'@!;5(!;-)5Q;! MDD%!a.(!i"?.'@!D57C!MDE!(*!DU76(!MYT!7'+!3C7-5!Q.(U!;C.@U(!(5';.*'!7@7.';(!a)*'(!
8*95)! MYU%!a.(!aC.'@5)!?.'@!DU!(*!DU76(!MYT!7'+!C*-7(5!.'!3*;.(.*'!,;.'@!D-)5Q!8C723!;,33C.5+! Q.(U!
aC.'@5)!?.'@%!

@% D5(!H57).'@!U*,;.'@!7;;52HCB!.'(*!35+5;(7C!DX!7'+!C**;5CB!7;;52HC5!H57).'@!35+5;(7C!-73;!DE!Q.(U!
35+5;(7C!-73!;-)5Q;! TY!7'+!6.(!7=.7C!3*;.(.*'.'@!X7-Z! D`%!!i5)B!*--7;.*'7CCBW!;U.2;!7)5!)5S,.)5+!6*)!
;U76(!7C.@'25'(r!.6!67-(*)B!6.((5+W!(U5!(U.-Z'5;;!*6!;U.2!)5S,.)5+!Q.CC!H5!;(7235+!*'!(U5!95)(.-7C!67-5!
*6!(U5!35+5;(7C!7+X7-5'(!(*!(U5!35+5;(7C!-73!;(,+%!

U% &6!vJs!@C7'+!.;!(*!H5!6.((5+!:!F**;5CB!7;;52HC5!@C7'+!-*23*'5'(;!7;!;U*Q'!*'!37@5!$T!(7Z.'@!-7)5!'*(!( *!
+727@5!(U5!Q57).'@!67-5!QU5'!6.((.'@W!C579.'@!*,(!7(!(U.;!;(7@5!(U5!@C7'+!;C5595!1YXW!vMs!).'@;!1DT!
7'+! 1YE!7'+!67-5!;57C!1Y` %!a.(!(U5!@C7'+!;.+5!C.'5)!YV!.'(*!(U5!@C7'+!;.+5!-7;.'@! YW!;5-,).'@!Q.(U!C.'5)!
',(;! DY%!_*C(!(U5!@C7'+!7;;52HCB!C**;5CB!(*!(U5!-7;.'@!YW%!a.(!(U5!-7;.'@!YW!7'+!@C7'+!7;;52HCB!(*!(U5!
35+5;(7C!DX!,;.'@!6.=.'@;!DTW!(7Z.'@!-7)5!'*(!(*!+727@5!(U5!Q57).'@!67-5!7@7.';(!(U5!;U76(!MYT!*'!
7;;52HCB%!a.(!(U5!vMs!).'@;!1DTW!1YE!7'+!67-5!;57C!1Y` !(*!@C7'+!;C5595!1YX!7'+!;C.+5!U*25!*'(*!;U76(W!
(U)*,@U!-7;.'@!7'+!.'(*!(U5!@C7'+!7;;52HCB%!87)56,CCB!7C.@'!@C7'+!-*23*'5'(;![;35-.6.-7CCB!-U5-Z!
-*'-5'().-.(B!*6!@C7'+!37)(;!)5C7(.95!(*!(U5!;U76(\ !7'+!(.@U(5'!7CC!6.=.'@;%!

.% &6!vgs!*)!v1s!@C7'+!.;!(*!H5!6.((5+!:!a.(!vMs!).'@;!ZDT!Y!?DT!7'+! ZYE(Y!?YE!(*!@C7'+!;C5595!ZYX(Y!?YX!
7'+!;C.+5!U*25!*'!(*!(U5!;U76(%!F**;5CB!7;;52HC5!@C7'+!-*23*'5'(;!7;!;U*Q'!*'!37@5;!R!7'+!$TW!;C.+5!
*95)!;U76(!MYD!7'+!*'(*!(U5!@C7'+!;C5595%!a.(!(U5!@C7'+!;.+5!C.'5)!YV!.'(*!(U5!@C7'+!;.+5!-7;.'@! YW!
;5-,).'@!Q.(U!C.'5)!',(;! DY%!a.(!(U5!-7;.'@!YW!(*!(U5!35+5;(7C!DX!,;.'@!6.=.'@;!DT%!87)56,CCB!7C.@'!(U5!
-*23*'5'(;!*6!(U5!@C7'+!7;;52HCB![;35-.6.-7CCB!-U5-Z!-*'-5'().-.(B!*6!@C7'+!37)(;!)5C7(.95!(*!(U5!
;U76(\!7'+!6.(!(*!(U5!-7;.'@! YW%!AU5!7=.7C!5=35CC5)!ZDY(Y(?DY!7!;()5(-U!6.(!*95)!(U5!@C7'+!;C5595!-7'!
(U5'!H5!6.((5+%!

X% D257)!(U5!&235CC5)!(U)57+!*'!(U5!;U76(!MYT!Q.(U!3)*(5-(.95!C*'@!C.65!@)73U.(5!@)57;5!H56*)5!;-)5Q.'@!
*'!(U5!.235CC5)W!5';,).'@!(U7(!(U5!&235CC5)!vMs!).'@!.;!6.((5+!.'(*!(U5!LC7'+!DC5595%!

Z% a.(!(U5!;,-(.*'!;.+5!C.'5)! YU!.'!(U5!;,-(.*'!;.+5!-7;.'@! YF!,;.'@!C.'5)!',(;! DY%!
C% a.(!(U5!;,-(.*'!H,;U!C.'5)! YD!.';.+5!(U5!;,-(.*'!H,;U! YT![,;.'@!;*73B!Q7(5)!7;;.;(;!(U.;!3)*-5;;\!7'+!

H*C(!.(!(*!(U5!;,-(.*'!;.+5!-7;.'@! YF!,;.'@!(U5!H*C(;!DD%!V7(-U!,3!(U5!;,-(.*'!;.+5!-7;.'@!(*!(U5!@C7'+!
;.+5!-7;.'@W!7'+!H*C(!(U5!(Q*!;.+5!-7;.'@;!(*@5(U5)%!8U5-Z!(U5!(Q*!U7C6!C.'5);!27(-U!,3W!7'+!3)5;;!H7-Z!
(U5!C.'5);!.'(*!(U5!-7;.'@;!(*!5';,)5!7!2.'.2,2!2.; 27(-U!7(!(U5!X*.'(!C.'5!7'+!7(!(U5!+5C.95)B!6C7'@5%!

2% 8U5-Z!(U5!-*'-5'().-.(B!*6!(U5!6.(!H5(Q55'!;,-(.*'! H,;U!C.'5)!YD!7'+!(U5!.235CC5)!YX%!
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!

'% ^;.'@!(U5!7=.7C!3*;.(.*'.'@!X7-Z!D` !7+X,;(!(U5!.235CC5)!YX!(*Q7)+;!(U5!;,-(.*'!H,;U!C.'5)! YD!Z553.'@!
(U5!U*C+.'@!+*Q'!;(,+;! TY!C**;5%!8U5-Z!(U5!7=.7C!-C57)7'-5!H5(Q55'!(U5!.235CC5)!7'+!(U5!;,-(.*'!H,;U!
C.'5)!YD%!<!;(55C!).'@!*)!+,22B!6C7'@5!;U*,C+!H5!H*C(5+!(*!(U5!;,-(.*'!6C7'@5!(*!;.2,C7(5!7'B!+.;(*)(.*'!
.'!(U5!;,-(.*'!H,;U!C.'5)! YD!QU5'!-*''5-(5+!(*!(U5!;,-(.*'!3.35W!H56*)5!(U5!7=. 7C!-C57)7'-5!.;!
-U5-Z5+%!AU.;!-C57)7'-5!;U*,C+!H5!;5(!7(!733)*=.27(5CB!$Y/#P![$22\%!?*(7(5!(U5!;U76(!(*!5';,)5!
5665-(.95!-C57)7'-5%!

*% A.@U(5'!(U5!H57).'@!U*C+.'@!+*Q'!',(;!TY(7'+!(U5!7=.7C!3*;.(.*'.'@!X7-Z (D`%!
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!

17. Troubleshooting 
!
7^(R(?]J?(^R7H!(65(?]J?(6ZC5]NZ(R(MH5IaRN\(!O76IZ(5 ^^(7JJ\17R6\Hb(R91(C\R1(6Z\!\(^R]H6(
^79179N(956\!(IRC\^]HHb(65(C\I67^b(6Z\(!76]R6759>(

(
6Ra\(\_6C\J\(IRC\(R!(6Z\(?]J?(JRb(M\(^7HH\1(O76Z(!I RH179N(!6\RJ(R91(!5H71!(R6(R(Z7NZ(
?C\!!]C\>(

17.1. No Discharge When Pump Runs 
(
6Z\(?]J?(J]!6(956(M\(RHH5O\1(65(C]9(7^(76(15\!(956( 17!IZRCN\ %!&6!HB!2.;-U7'-5!(U5!3,23!U7;!
H55'!7CC*Q5+!(*!),'!6*)!2*)5!(U7'!7!65Q!2.',(5;!Q.( U*,(!+.;-U7)@5!(U5'! !65?(76(R6(59I\> !
!
6Ra\(\_6C\J\(IRC\(79(17!JR96H79N(R^6\C(!]IZ(R9(5II] CC\9I\(1]\(65(Z7NZ(6\J?\CR6]C\(R91(
?C\!!]C\(OZ7IZ(JRb(M\(?C\!\96(79(6Z\(?]J?(IR!79N>(1 5(956(C\J5K\(6Z\(1CR79(?H]N(]967H(6Z\(
^H]71(6\J?\CR6]C\(79(6Z\(?]J?(ZR!(1C5??\1>(P!\\(DE> DD&Q>(
(
-> R%#(H+&B(
AU5!-*22*'5;(!-7,;5!*6!67.C,)5!*6!7!'5QCB!.';(7CC5+ !3,23!(*!+.;-U7)@5!QU5'!),'!6*)!(U5!6.);(!(.25!.;!7 '!7.)!
C*-Z!.'!(U5!-7;.'@%!k95'!QU5'!7!3,23!.;!Q5CC!H5C*Q!Q7(5)!C595CW![+)7Q.'@!6)*2!7!a55+!?5@,C7(.'@!D,23!6*)!
.';(7'-5\W!.(!27B!)5(7.'!7!C7)@5!H,HHC5!.';.+5!(U5!-7;.'@!QU.-U!3)595'(;!(U5!;(7)(!*6!3,23.'@%!AU.;!
3U5'*25'*'!.;!67)!2*)5!C.Z5CB!Q.(U!U*).]*'(7C!,'+5) ;U*(!+.;-U7)@5!H)7'-U!7))7'@525'(;!(U7'!7'B!*(U5)!
3)7-(.-7C!-*'6.@,)7(.*'%!&(!.;!C57;(!C.Z5CB!Q.(U!U*).]*'(7C!*95);U*(!7))7'@525'(;%!
!
&6!B*,!;,;35-(!7.)!C*-Z!7;!(U5!-7,;5!*6!67.C,)5!(*! 3,23W!;(7)(!7'+!;(*3!3,23!;595)7C!(.25;!(*!+).95!(U 5!7.)!
*,(W!7!6)7-(.*'!7(!7!(.25%!hU5'!,;.'@!(U.;!3)*-5+,) 5!5';,)5!(U7(!B*,!+*!'*(!+727@5!(U5!2*(*)!;(7)(5)!* )!
H,)'!*,(!(U5!2*(*)!.(;5C6!HB!()B.'@!(**!27'B!;(7)(; !.'!7!;U*)(!35).*+!*6!(.25%!AU5!',2H5)!*6!35)2.;;.H C5!
7((523(;!Q.CC!97)B!Q.(U!(U5!5S,.325'(!.';(7CC5+!H,(!,;,7CCB!.(!.;!;765!(*!()B!*'5!;(7)(!595)B!(U)55!(* !6*,)!
2.',(5;%!
<> 7,-."@/-*"(?#%8"(
&'!.';(7CC7(.*';!QU5)5!(U5!3,23!U7;!(*!H5!3).25+W!5 .(U5)!HB!X5(!*)!95'(,).!5665-(!.'!(U5!;,-(.*'!3.35W !*)!HB!
97-,,2!3,23!*'!(U5!+5C.95)B!;.+5W!67.C,)5!(*!3,23!2 7B!H5!-7,;5+!HB!.'7+5S,7(5!3).25%!AU.;!.;!,;,7CCB!
)5-(.6.5+W!HB!7CC*Q.'@!2*)5!(.25!6*)!3).2.'@!(*!*-- ,)%!!
!
&(!.;!3*;;.HC5!QU5'!OX5(!3).2.'@P!(*!U795!;,-U!7!;2 7CC!72*,'(!*6!3).2.'@!Q7(5)!(U7(!(U5!3,23!Q.CC!'595 )!
3).25W!7'+!.'!(U.;!-7;5!2*)5!Q7(5)!6*)!(U5!3).2.'@! *35)7(.*'!Q.CC!H5!'55+5+%!
!
^;,7CCBW!(U5!+.725(5)!*6!(U5!3).2.'@!H)7'-U!;U*,C+!H5!7(!C57;(!*'5!(U.)+!*6!(U5!+.725(5)!*6!(U5!;,-(.* '!
3.35!w#P![>T22\!Q.CC!3).25!EP![$>T22\W!/P![IT22\!Q. CC!3).25!IP![#TT22\!5(-%xW!7'+!(U5!2.'.2,2!Q7(5)!
)5S,.)5+!.;!7H*,(!/Te!*6!(U5! ?/80 !-737-.(B%!
!
&6!3).2.'@!.;!HB!97-,,2!3,23!(U5)5!2,;(!H5!7!97C95! *)!7(!C57;(!7'!7.)"C*-Z!*'!(U5!+5C.95)B!;.+5!7'+!(U 5!
97-,,2!3,23!2,;(!H5!7HC5!(*!OH57(P!(U5!7.)!C57Z7@5!(U)*,@U!(U5!@C7'+%!A*!7;;.;(!.'!(U.;W!7CQ7B;!7((523(!
(*!3).25!Q.(U!(U5!@C7'+!Q7(5)!),''.'@!:!'*!27((5)!Q U7(!;(BC5!*6!3).2.'@!.;!H5.'@!7((523(5+%!

!
&> 7,2*-))-*%+,(^-/)*2(
a7.C,)5!(*!+.;-U7)@5!*'!;(7)(",3!-7'!H5!-7,;5+!HB!. ';(7CC7(.*'!67,C(;!*6!QU.-U!(U5!-*22*'5;(!.;!.'7+5S ,7(5!
;,23!-737-.(B%!AU5!)5;,C(!*6!.';(7CC.'@!7!;,23!Q.(U !.'7+5S,7(5!-737-.(B!.;!(*!).;Z!)5357(5+!7.)"C*-Z;! *6!(U5!
3,23%!AU.;!-7'!U7335'!QU5'!(U5!3,23!)5+,-5;!(U5!Q7( 5)!C595CW!5.(U5)!7CC*Q.'@!7!9*)(5=!(*!6*)2!:!QU.-U!
7.)"C*-Z;!(U5!3,23!:!*)![QU5'!Q7(5)!.;!.'()*+,-5+!( *!(U5!;,23\!.(!5'()7.';!;*!2,-U!7.)!(U7(!.(!3)*+,-5 ;!(U5!
;725!5665-(%!
!
<!;27CC!;,23!-7'!57;.CB!3)595'(!7'B!+.;-U7)@5!)57-U .'@!(U5!5'+!*6!(U5!3,23!+.;-U7)@5!C.'5%!AU5!*'CB!
)525+B!.;!(*!5=(5'+!(U5!;,23!-737-.(B%!h5!)5-*225'+ !;,23;!*6!7(!C57;(!*'5!2.',(5s;!3,23.'@!(.25!7;!7!
2.'.2,2%![AU.;!)5-*225'+7(.*'!+*5;!'*(!733CB!(*!655 +!)5@,C7(.'@!;,23;!.'!;7'+!3C7'(;!QU5)5!@)57(5)!
-737-.(B!.;!)5S,.)5+\%!
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!

!
M(U5)!.';(7CC7(.*'!67,C(;!7)5!2*)5!*H9.*,;!:!;,-U!7 ;!()723!27(5).7C!C*+@5+!*95)!7!3,23!;,-(.*'!*)!7!Z. 'Z5+!
;,-(.*'!U*;5%!

17.2. Brief Discharge Only 
-> R%#(H+&B(
<!3,23!Q.(U!7!;,-(.*'!C.6(!7'+!37)(.7C!7.)!C*-Z!Q.C C!*6(5'!;(7)(!(*!3,23!7(!7!@)57(CB!)5+,-5+!)7(5!76( 5)!57-U!
;(7)(W!(U5'!@.95!,3!7C(*@5(U5)%!<(!(U5!+.;-U7)@5!5'+!*6!(U5!3.35!(U.;!27B!73357)!7;!7!H).56!;,)@5!6*CC*Q5+!
HB!67.C,)5%!
!
AU.;!3)*HC52!-7'!*'CB!H5!*95)-*25!HB!-C*;5)!7((5'(. *'!(*!(U5!3).2.'@!;B;(52%!
!
<> 5<2*#/&*".(!/&*%+,(
&6!(U5!;,-(.*'!C.'5!.;!*H;(),-(5+!5.(U5)!HB!()723!2 7(5).7C!*)!7!+5C72.'7(5+!;,-(.*'!U*;5!C.'.'@W!(U5!3 ,23!
27B!;(7)(!Q5CC!H,(!QU5'!(U5!+.;-U7)@5!)7(5!).;5;!(U5!;,-(.*'!*H;(),-(.*'!;*!(U)*((C5;!(U5!3,23!(U7(!.( !
S,.-ZCB!67.C;!HB!@)*;;!-79.(7(.*'%!
!
J5(5-(.*'!*6!(U.;!;*)(!*6!-*'+.(.*'!.;!+.66.-,C(W!7 '+!@5'5)7CCB!(U5!*'CB!-5)(7.'!Q7B!*6!6.'+.'@!*,(!QU7(!.;!
U7335'.'@!.;!(U5!,;5!*6!7!97-,,2!@7,@5!.225+.7(5CB! H56*)5!(U5!3,23!;,-(.*'%!<'!*H;(),-(5+!;,-(.*'!C.'5 !
Q.CC!H5!.'+.-7(5+!HB!7!;,++5'!.'-)57;5!.'!97-,,2!)5 7+.'@!.225+.7(5CB!H56*)5!(U5!67.C,)5%!

!
&> H-&B(+4(1")%$"#;(C"2%2*-,&"(
<!3,23!QU.-U!.;!)5S,.)5+!(*!3,23!Q.(U!7!;,-(.*'!C.6 (!*)!Q.(U!7!67.)!C5'@(U!*6!;,-(.*'!3.35W!H,(!Q.(U!
3)7-(.-7CCB!'*!)5;.;(7'-5!*'!(U5!+5C.95)B!;.+5W![5%@%!;U*)(W!*35'"5'+5+W!+.;-U7)@5!H)7'-U!*)!'*]]C5\W!27B!
3,23!H).56CB!(U5'!67.C%!AU5!)57;*'!6*)!(U.;!.;!(U7(!-5'().6,@7C!3,23;!*'!*35'!+.;-U7)@5!'55+!3*;.(.95!
3)5;;,)5!*'!(U5!;,-(.*'!5B5!(*!3)595'(!@)*;;!-79.(7 (.*'%!&6!(U5!.';(7CC7(.*'!+*5;!'*(!3)*9.+5!;,66.-.5 '(!
3*;.(.95!3)5;;,)5!*'!(U5!;,-(.*'!;.+5!(U5!3,23!Q.CC !67.C%!
!
^;,7CCBW!(U5!57;.5;(!Q7B!(*!*95)-*25!(U.;!+.66.-,C(B!.;!(*!7)(.6.-.7CCB!-)57(5!)5;.;(7'-5!*'!(U5!+5C.9 5)B!;.+5W!
HB!5=(5'+.'@!(U5!3.35!Q*)Z!*)!.'()*+,-.'@!7!97C95!* )!*(U5)!)5;.;(7'-5W!;,-U!7;!7'!*).6.-5%!

!

17.3. Pumps Water But Not Solids 
-> R%#(H"-B2(+,(!/&*%+,(!%."(
_7+CB!27+5!X*.'(;!.'!(U5!;,-(.*'!C.'5!*)!7.)!5'()7. '25'(!Q.(U!655+!.'(*!7!;,23!27B!H5!.';,66.-.5'(!.'!
(U52;5C95;W!(*!3)595'(!7!3,23!6)*2!3,23.'@!Q7(5)!;7 (.;67-(*).CB%!g*Q595)W!QU5'!;*C.+;!7)5!.'()*+,-5+!: !
37)(.-,C7)CBW!-*7);5!;*C.+;!:!(U5!3,23!U7;!7!2*)5!7 )+,*,;!+,(Br!.(!U7;!(*!5'()7.'!(U5!;*C.+;!.'(*!(U5! 67;(!
2*9.'@!;()572!.'!(U5!;,-(.*'!3.35%!&'!5665-(!.(!U7; !(*!O+)5+@5P!(U5!;*C.+;!.'(*!(U5!;()572%!k95'!.6!(U5!;*C.+;!
Q5)5!7C)57+B!2*9.'@!.'!(U5!).@U(!@5'5)7C!+.)5-(.*'W!(U5B!2,;(!H5!7--5C5)7(5+!,3!(*!(U5!Q7(5)!95C*-.(B! 7'+!
(U,;!(U5B!7-(!7;!7!;,-(.*'!)5;.;(7'-5!6*)!(U5!3,23% !
!
AU5!)5;,C(!*6!(U5!.'()*+,-(.*'!*6!;*C.+;!.'(*!7'!75 )7(5+!;B;(52W!QU.-U!(U5!3,23!-7'!*'CB!27)@.'7CCB!U7'+C5W!
QU5'!3,23.'@!Q7(5)!7C*'5W!Q.CC!-7,;5!67.C,)5%!
!
<.)!C57Z;!-7'!,;,7CCB!H5!+5(5-(5+!7;!Q7(5)!C57Z;!QU5'!(U5!3,23!.;!'*(!),''.'@r!QU5)5!Q7(5)!-7'!@5(!*,( !7.)!
-7'!@5(!.'%!<.)!5'()7.'25'(!Q.(U!(U5!655+!-7'!;*25( .25;!H5!*95)-*25!HB!(U5!,;5!*6!H766C5;!.'!(U5!;,23W !
;,-U!(U7(!(U5!7.)!H,HHC5;!U795!(.25!(*!).;5!(*!(U5! ;,)67-5!H56*)5!H5.'@!+)7Q'!+*Q'!(*!(U5!;,-(.*'%!

!
<> ?++#(!/&*%+,(H%,"(
<!C*'@!;,-(.*'!C.'5W!*)!7!C.'5!*6!(**!;27CC!7!+.725 (5)W!*)!7!C.'5!Q.(U!7!)5;().-(.*'![;,++5'!;(53"+*Q' ;!.'!
+.725(5)!7)5!(U5!Q*);(\!27B!7CC*Q!7!3,23!(*!73357)! (*!U7'+C5!Q7(5)!7+5S,7(5CBW!H,(!'*(!7CC*Q!.(!(*!
U7'+C5!;*C.+;%!AU5!)57;*';!6*)!(U.;!7)5!5=3C7.'5+!.'!$K%/[7\!7H*95%!

?5Q*)Z!*6!(U5!;,-(.*'!C.'5!.;!(U5!*'CB!;*C,(.*'!(*! (U.;!3)*HC52%!&6!(U5!C.'5!.;!.'-)57;5+!.'!+.725(5)! .(!;U*,C+!
H5!H)*,@U(!(*!(U5!3,23!.'C5(!+.725(5)!HB!7!;35-.7CCB!)*CC5+!6C7'@5+!(735)!3.35%!&(!2,;(!'*(!H5!;(5335+!
+*Q'!HB!7!2.;27(-U%!

!
!



"!#E!"!

!

&> \)"&*#%&(J+*+#(O#+,3);(O%#".(
V*;(!DS,.))5C!87@5!&'+,-(.*'!2*(*);!-7'!H5!Q.)5+!.' !(Q*!Q7B;b!OD(7)P!*)!OJ5C(7P%!&'!*)+5)!(*!)5+,-5!(U5!
;,)@5!.'!-,))5'(!QU5'!7!2*(*)!.;!H)*,@U(!O*'!C.'5PW !;*25!,;5);!;(7)(!(U5.)!2*(*);!.'!OD(7)P!H5-7,;5!(U .;!
2*+5!@.95;!@**+!;(7)(.'@!(*)S,5!7'+!7!)5+,-5+!;(7)( .'@!-,))5'(!;,)@5W!7'+!(U5'!-U7'@5!(*!),''.'@!(U5.) !
2*(*);!.'!OJ5C(7P!*'-5!;2**(U!;(7)(.'@!U7;!H55'!7-U .595+%!AU5!OJ5C(7P!2*+5!*6!3*Q5).'@!(U5!2*(*)!
.'-)57;5;!(U5!;355+!-C*;5!(*!;B'-U)*'*,;!;355+!:!QU .-U!.;!27=.2,2!:!7'+!27.'(7.';!3)7-(.-7CCB!7!-*';(7 '(!
;355+!,'+5)!97).7(.*';!.'!C*7+%!
!
&6!7!2*(*)!.;!C56(!(*!),'!-*'(.',*,;CB!.'!OD(7)P!.( !Q.CC!97)B!.(;!;355+!+)727(.-7CCB!Q.(U!C*7+%!g5'-5W!.6!7!
2.;(7Z5!U7;!H55'!27+5!.'!(U5!Q.).'@!*6!(U5!2*(*)!.( !27B!Q5CC!73357)!(U7(!(U5!3,23!3,23;!Q7(5)!H,(!Q.CC!
'*(!3.-Z!,3!;*C.+;W!(U5!)57;*'!H5.'@!(U7(!*'!OD(7)P !(U5!2*(*)!;355+!+)*3;!QU5'!(U5!;*C.+;!C*7+!-*25;!* '%!
!
A*!+5(5-(!(U.;!67,C(!(U5!57;.5;(!25(U*+!.;!(*!-U5-Z !(U5!;355+!*6!(U5!2*(*)!;U76(!7'+!-*237)5!.(!Q.(U!( U5!
G7253C7(5!)7(.'@%!AU5)5!;U*,C+!'*(!H5!2*)5!(U7'!7!65Q!?1V!+.665)5'-5!H5(Q55'!G7253C7(5!?1V!)7(.'@!
7'+!7-(,7C!;355+!:!'*!27((5)!QU7(!C*7+!(U5!3,23!.;! 3,CC.'@%!
!
8*))5-(.*'!*6!(U.;!67,C(!.;!7!27((5)!6*)!7'!5C5-(). -.7'%!

!

17.4. Overloads for Motor Trip Out 
-> O#+,3(?/80(!0"".(
AU5!3*Q5)!+)7Q'!HB!7!-5'().6,@7C!3,23!+.;-U7)@.'@!(U)*,@U!7!@.95'!+5C.95)B!;B;(52!.;!733)*=.27(5CB!
3)*3*)(.*'7C!(*!(U5!-,H5!*6!.(;!;355+%!&6!(U5!;355+ !.;!-U7'@5+!HBW!;7B!#Te!(*!$%#!(.25;!(U5!*).@.'7C!;355+W!
B*,!-7'!5=35-(!.(;!3*Q5)!+527'+!(*!).;5!HB!(U5!-,H5 !*6!$%#W!.%5%!$%K#IW!*)!'57)CB!K/e!7H*95!(U5!*).@.'7C%!
k95'!7!).;5!.'!;355+!*6!$Te!(*!$%$!(.25;!(U5!*).@.' 7C!;355+W!Q.CC!@.95!7!).;5!*6!//e!.'!3*Q5)!+527'+5+!HB!
(U5!3,23%!
!
AU5!)5C7(.*';U.3!.;!'*(!5=7-(!H,(!.;!-C*;5!5'*,@U!6 *)!6.5C+!-7C-,C7(.*';!3,)3*;5;%!
!
&6!7!3,23!.;!),'!7(!(U5!Q)*'@!;355+!.(!-7'!27Z5!7!9 5)B!-*';.+5)7HC5!+.665)5'-5!(*!(U5!C*7+!+)7Q'!6)*2! (U5!
2*(*)%!
!
87C-,C7(.*'!*6!(U5!-*))5-(!3,23!;355+!.;!H7;5+!*'b!
!

¥ aC*Q!)7(5!(*!H5!3,235+r!
¥ J.665)5'-5!.'!U5.@U(!H5(Q55'!3,23!7'+!+.;-U7)@5!3*. '(;r!
¥ F5'@(UW!+.725(5)W!7'+!.''5)!;,)67-5!*6!3.35C.'5!(U) *,@U!QU.-U!3,23!2,;(!+5C.95)r!
¥ G,2H5)!*6!5CH*Q;W!H5'+;W!97C95;W!*(U5)!6.((.'@;!.'!3.35C.'5r!
¥ kS,.325'(!7(!5'+!*6!3.35C.'5!;,-U!7;!UB+)*-B-C*'5;W !3)5;;,).;5+!+.;().H,(*);W!X5(;!5(-%r!
¥ L)7+.'@W!(*''7@5W!7'+!;35-.6.-!@)79.(B!*6!;*C.+;!(*!H5!3,235+r!
¥ 1,23!35)6*)27'-5!-,)95;%!

!
<;!67)!7;!67,C(!6.'+.'@!.;!-*'-5)'5+W!(U5!7-(,7C!?1 V!*6!7!3,23!;U*,C+!H5!-*237)5+!Q.(U!(U5!?1V!;35-.6. 5+%!
8*))5-(.*';!(*!3,23!;355+!-7'!H5!27+5!HB!3,CC5B!-U7 '@5;%!

!
<> I:-,3".(?%0")%,"(!;2*"8(
&(!.;!'*(!,'-*22*'!6*)!7!3,23!;355+!(*!H5!-7C-,C7(5 +!*'!(U5!H7;.;!*6!7!3.35C.'5!;B;(52!.'(5'+5+!(*!H5!
,;5+!7(!(U5!(.25!*6!(U5!'5@*(.7(.*';!6*)!(U5!3,)-U7 ;5!*6!(U5!3,23W!H,(!(*!H5!-*22.;;.*'5+!.'(*!;5)9.-5 !
Q.(U!7!95)B!+.665)5'(!3.35C.'5!;B;(52%!<!-C.5'(!27B!;7B!O_,(W!.(s;!'*(!;,-U!7!U.@U!C.6(!;*!(U5!3,23!+*5;!'*(!
U795!(*!Q*)Z!;*!U7)+P%!^'6*)(,'7(5CBW!7(!7!@.95'!3,23!;355+!7!3,23!Q.CC!3,23!7!C7)@5)!@7CC*'!7@5!(U)*,@U!
7!;U*)(5)!3.35C.'5W![*)!C5;;5)!95)(.-7C!U5.@U(\W!7'+!Q.CC!(7Z5!2*)5!3*Q5)!:!'*(!C5;;%!
!
hU5'!-*'6)*'(5+!Q.(U!(U.;!;.(,7(.*'W!(U5!*'CB!(U.'@ !(*!+*!.;!(*!-7C-,C7(5!(U5!-*))5-(!g57+!7'+!?1V!7'+ !
27Z5!7!3,CC5B!-U7'@5%!AU5!766.'.(B!),C5!5=3C7.'5+!,'+5)!$K%4!7\!-7'!H5!,;5+!*)!(U5!+).95!)5-7C-,C7(5+%



"!#K!"!

!

!
&> H+A(K+)*-3"(
AU5!3*Q5)!-*';,25+!HB!7'!5C5-().-!2*(*)!.;!(U5!3)*+ ,-(!*6!(U5!9*C(7@5W!7235)7@5!7'+!3*Q5)!67-(*)!6*)!
(U5!2*(*)%!h.(U*,(!@*.'@!(**!+553CB!.'(*!(U5!27((5) W!.6!7!3,23!+527'+;!7!-5)(7.'!3*Q5)!6)*2!(U5!2*(*)W !
(U5!2*(*)!.'!(,)'!Q.CC!+527'+!-*))5;3*'+.'@!7235)7@ 5!6)*2!(U5!5C5-().-!;,33CB!;B;(52%!&6W!U*Q595)W!(U5!
9*C(7@5!*6!(U5!5C5-().-!;,33CB!;B;(52!U7335';!(*!H5!C*Q5)!(U7'!'*)27CW!(U5'!(U5!2*(*)!Q.CC!+)7Q!5=()7!
723;!(*!255(!(U5!3,23s;!3*Q5)!+527'+%!&'!(U.;!Q7B!( U5!3*Q5)!-*';,25+!HB!(U5!2*(*)W![(U5!3)*+,-(!*6!
9*C(7@5W!7235)7@5!7'+!3*Q5)!67-(*)\!)527.';!,'-U7'@ 5+%!
!
AU5!;*)(!*6!-.)-,2;(7'-5;!QU5)5!C*Q5)!(U7'!;(7'+7)+ !9*C(7@5;!2.@U(!H5!5'-*,'(5)5+!7)5b!
!

¥ hU5'!3*Q5)!;,33CB!.;!6)*2!7!@5'5)7(*)!;5(!
¥ <(!(U5!5'+!*6!7!C*'@!()7.C.'@!-7HC5r!
¥ <(!(U5!5'+!*6!7'!5C5-().-!;,33CB!;B;(52!)52*(5!6)*2 !(U5!'57)5;(!()7';6*)25)!;,H;(7(.*'r!
¥ &'!7'!7)57!QU5)5!95)B!U579B!;(7)(",3!C*7+;!-7'!*--, )W!;,-U!7;!'57)!C7)@5!-),;U5)!;(7(.*';!*)!C*'@!

-*'95B*)!.';(7CC7(.*';%!
!
F*Q!9*C(7@5!-7'!)57+.CB!-7,;5!7!2*(*)!*95)C*7+!HB!+)7Q.'@!U.@U5)!(U7'!5=35-(5+!723;W!(U.;!H5.'@!.'!'*!
Q7B!)5C7(5+!(*!(U5!3,23%!
!
&6!C*Q!9*C(7@5!.;!;,;35-(5+!7;!(U5!-7,;5!*6!2*(*)!* 95)C*7+W!7!S,7C.6.5+!5C5-().-.7'!;U*,C+!H5!-7CC5+!.'%!
(
.> O#+,3);(!"*(5$"#)+-.(?#+*"&*%+,(
<CC!2*(*)!;(7)(.'@!5S,.325'(!U7;!;*25!6*)2!*6!*95)C *7+!3)*(5-(.*'!5S,.325'(!H,.C(!.'(*!(U5!;B;(52!;*!( U7(!
7!H,)'(!*,(!2*(*)!*)!C*-Z5+")*(*)!2*(*)!+*5;!'*(!-7 ,;5!2*)5!5=(5';.95!+727@5%!&6!7!2*(*)!)5357(5+CB!
+)*3;!*,(!*'!*95)C*7+W!7'+!(U5)5!.;!'*!*(U5)!)57+.C B!7337)5'(!)57;*'W!(U5!5C5-().-7C!*95)C*7+!3)*(5-(. *'!
5S,.325'(!;U*,C+!H5!-U5-Z5+%!

!
"> J"&:-,%&-)(^-/)*(%,(?/80(
AU5!3,23!;U76(!;U*,C+!H5!6)55!(*!(,)'!HB!U7'+%!?52* 95!(U5!i55"H5C(;!7'+!-U5-Z!(U5!3,23!;U76(!6*)!
6)55+*2!(*!(,)'%!&6!(U5)5!.;!'*!)5;.;(7'-5!(U5!67,C (!2,;(!H5!.'!(U5!2*(*)%!&6!7!X7)).'@!*)!)5;.;(7'-5! -7'!H5!
65C(!QU5'!7((523(.'@!(*!(,)'!(U5!3,23!;U76(W!+)*3!* 66!(U5!;,-(.*'!3.35!7'+!-U5-Z!(U5!-C57)7'-5!H5(Q55' !
(U5!.235CC5)!7'+!;,-(.*'!3C7(5W!7'+!6*)!HC*-Z7@5;%!
!
&6!(U.;!3)*95;!-C57)W!(U5'!)52*95!(U5!;,-(.*'!H,;U! 7'+!C**Z!6*)!27)Z;!*'!(U5!;,)67-5!*6!(U5!.235CC5)!Q U.-U!
2.@U(!.'+.-7(5!.6!(U5!.235CC5)!U7;!H55'!),HH.'@%!&6!(U.;!3)*95;!-C57)!)*(7(5!(U5!;U76(!7@7.'!(*!7;-5)( 7.'!.6!
(U5!)5;.;(7'-5!.;!;(.CC!3)5;5'(!7'+!.6!.(!.;!(U5'!) 52*95!(U5!.235CC5)W!7'+!.';35-(!(U5!@C7'+!;.+5!C.'5)%!&6!(U5)5!
.;!;(.CC!'*!59.+5'-5!*6!),HH.'@W!)*(7(5!(U5!;U76(!HB!U7'+!7@7.'!(*!-U5-Z!(U7(!(U5!)5;.;(7'-5!.;!;(.CC! 3)5;5'(W!
(U5'!)52*95!(U5!@C7'+!;C5595%!&6!(U5!)5;.;(7'-5!-7'!;(.CC!H5!65C(!HB!U7'+!.(!-7'!*'CB!H5!(U5!H57).'@;!*6!(U5!
3,23%!
!
AU5!)525+B!6*)!(U5!67,C(;!QU.-U!27B!H5!)5957C5+!HB!(U.;!;(53"HB";(53!733)*7-U!7)5b!

!
¥ &235CC5)!),H;!*'!;,-(.*'!H,;Ub!)5C57;5!H57).'@!U*,; .'@W!;5(!.235CC5)!(*!;,-(.*'!H,;U!-C57)7'-5!HB!

7+X,;(.'@!3*;.(.*'!*6!H57).'@!U*,;.'@!,'(.C!.235CC5 )!),';!6)55%!A.@U(5'!H57).'@!U*,;.'@%!?53C7-5!
;,-(.*'!3.35%!?57C.@'!H5C(!+).95%!

¥ &235CC5)!),H;!*'!@C7'+!U7C6!C.'.'@r!)5;5(!(U5!;,-(.*'!H,;U!-C57)7'-5%!8U5-Z!6*)!2*9525'(!*6!-7;.'@!
C.'5)%!

¥ D5.],)5!.'!(U5!@C7'+!7)57%!D().3!7'+!.';35-(%!
¥ DU76(!(.@U(!.'!H57).'@;r!(U5)5!.;!'*!;.23C5!6.5C+!)525+B!.6!(U5!3,23!;U76(!.;!6*,'+!(*!H5!(.@U(!.'!(U5 !

H57).'@;W!(U5!)*(7(.'@!7;;52HCB!2,;(!H5!)52*95+!7'+ !;().335+!6*)!.';35-(.*'!*6!(U5!H57).'@;!7'+!
@)57;5!;57C;%!
!



"!#I!"!

!

4> R%#(\,*#-%,8",*(
&'!;,23"65+!3,23!;B;(52;!7.)!5'()7.'25'(!Q.(U!(U5!3 ,23!655+!-7'!3)*+,-5!35).*+.-!*95)C*7+;!*'!(U5!
2*(*)!HB!(U5!6*CC*Q.'@!;5S,5'-5!*6!595'(;b!

!
¥ <.)!5'()7.'25'(!Q.(U!655+!@.95;!(U5!3,23!7!O;3*'@BP !3,C3!QU.-U!)5+,-5;!(U5!3,23!(U)*,@U3,(!7'+!

3*Q5)%!
¥ aC*Q!(U)*,@U!(U5!;,23!.;!)5+,-5+!7CC*Q.'@!7.)!.'!(U5!655+!'*Q!5'(5).'@!(U5!;,23!(*!5;-735!(*!

;,)67-5%!D*C.+;W!*6!-*,);5W!)57-U!(U5!3,23!;,-(.*'% !
¥ AU5!3,23!'*Q!U7;!7!C7)@5CB!+5"7.)5+!3,C3!*6!67)!@)57(5)!35)-5'(7@5!;*C.+;!(U7'!.'(5'+5+W!7'+!(U5!

3*Q5)!+527'+!).;5;%!<(!(U.;!;(7@5!(U5!3,23!27B!-U*Z 5%!AU.;!.;!7!+7'@5)*,;!-*'+.(.*'%!
¥ 1,23!5'()7.';!(U5!7--,2,C7(5+!;*C.+;!.'(*!;,-(.*'!3 .35C.'5!7'+!H5@.';!(*!3,23!'*)27CCB!7@7.'W!

.'-)57;.'@!(U)*,@U3,(!(U)*,@U!;,23%!
¥ <.)!5'()7.'25'(!H5@.';!(*!)57-U!3,23!;,-(.*'!7@7.'! 7'+!;5S,5'-5!)5357(;%!
¥ <.)!5'()7.'25'(!-7'!35)27'5'(CB!)5+,-5!;C,))B!(U)*, @U3,(!7'+!27Z5!.(!73357)!7;!.6!(U5!3,23!.;!'*(!

Q*)Z.'@%!
!

&'!;27CC!.';(7CC7(.*';!(U.;!;,)@5!27B!H5!)5357(5+!7(!(U)55!2.',(5!.'(5)97C;W!7'+!.'!C7)@5!.';(7CC7(.*' ;!.(!27B!
(7Z5!7;!C*'@!7;!6.95!2.',(5;!6*)!(U5!6,CC!-B-C5!(*!H5!-*23C5(5+%!&6!(U5!-B-C5!(5)2.'7(5;!7(!;(7@5![/\!(U5!
3,23!27B!5=3C*+5W!.6!7CC*Q5+!(*!),'!HC*-Z5+%!

!
DT>D ?/80(Z-,.)"2(5,);(R(H%8%*".(?"#&",*-3"(!+)%.2(

(
@% 1,23!D355+!&'-*))5-(!
h.(U!.'-)57;.'@!;*C.+;!655+!.'(*!7!3,23.'@!;B;(52!( U)55!27X*)!67-(*);!Q.CC!C.2.(!(U5!35)-5'(7@5!;*C.+;!
U7'+C5+b!

!
¥ a).-(.*'!)5;.;(7'-5!.'-)57;5;!C579.'@!C5;;!3)5;;,)5 !*'!(U5!+5C.95)B!;.+5!(*!27.'(7.'!(U5!95C*-.(B!.'!

(U5!3.35C.'5r!
¥ 8).(.-7C![;5((C.'@\!95C*-.(B!6*)!(U5!3,C3!.'!(U5!3.35C.'5!.'-)57;5;r!
¥ 1,23!35)6*)27'-5!O+)*3;P!;*!(U7(!(U5!(*(7C!U57+!@5' 5)7(5+!HB!(U5!3,23!+.2.'.;U5;%!

!
8C57)CB!.6!(U5!3,23!;355+!U7;!H55'!-7C-,C7(5+!6*)!Q7(5)!*'CBW!(U5'!.'-)57;.'@!(*''7@5;!*6!;*C.+;!7)5!6 5+!
.'(*!(U5!;B;(52W!(U5!-*2H.'7(.*'!*6!67-(*);![$\!N![ /\!7H*95!27B!;**'!3)*+,-5!7!;.(,7(.*'!QU5)5!(U5!
3.35C.'5!95C*-.(B!.;!(**!C*Q!(*!27.'(7.'!2*9525'(!* 6!(U5!;*C.+;![67-(*)!#\%!D55!$K%$$-\%!

!
:> R%#(\,*#-%,8",*(
^'+5)!$K%/[7\!7H*95!(U5)5!.;!7'!5=3C7'7(.*'!*6!U*Q! 7!3,23!-7'!U7'+C5!Q7(5)W!H,(!67.C;!QU5'!;*C.+;!7)5!
.'()*+,-5+!(*!(U5!;B;(52W!+,5!(*!7.)!5'()7.'25'(%!A U5!;725!67,C(!-7'!;*25(.25;!5=3C7.'!QUB!7!3,23!
35)6*)2;!7337)5'(CB!;7(.;67-(*).CB!*'!3,C3!,3!(*!7! -5)(7.'!35)-5'(7@5!;*C.+;W!(U5'!O@.95;!,3P!QU5'!(U.;!.;!
37;;5+%!D55!3)59.*,;%!

!
%> ?++#(!/&*%+,(H%,"(
<!;,-(.*'!C.'5!C7B*,(!7;!+5;-).H5+!.'!$K%/!H\!.;!67 )!Q*);5!7;!(U5!35)-5'(7@5!;*C.+;!.;!.'-)57;5+!7'+!- 7'!
H5-*25!-*23C5(5CB!HC*-Z5+%!D55!$K%$$-\%!

!
c> I-$%*-*%+,(
&6!7!3,23!.;!5=35-(5+!(*!+)7Q!)5C7(.95CB!-*7);5!;*C.+;!6)*2!7!;,23!H5C*Q!(U5!3,23!-5'()5C.'5W!+535'+.' @!
*'!(U5!;355+!*6!(U5!3,23!7'+!.(;!-737-.(B!.'!)5C7(. *'!(*!(U5!6C*Q!)7(5!H5.'@!U7'+C5+W!.(!27B!;,665)!6)*2!
-79.(7(.*'%!hU5'!(U.;!U7335';W![7'+!(U5!*';5(!.;!*6 (5'!S,.(5!;,++5'!7'+!;U7)3\W!(U5!(*(7C!U57+!@5'5)7( 5+!
HB!(U5!3,23!+.2.'.;U5;!+)727(.-7CCB%!<;!+5;-).H5+!3)59.*,;CBW!(U5!-*'+.(.*';!6*)!HC*-Z.'@!7!C.'5!7)5!
;,++5'CB!-)57(5+W!'725CBr!)5+,-5+!+5C.95)B!3)5;;,)5 !6*)!27.'(7.'.'@!6C*Q!-*2H.'5+!Q.(U!.'-)57;5+!
)5S,.)525'(!6*)!95C*-.(B!.'!(U5!3.35C.'5%!
!
L5'5)7CCBW!.6!-79.(7(.*'!.;!(U5!;*,)-5!*6!(U5!()*,H C5!(U5)5!.;!723C5!59.+5'-5b!7,+.HC5!-79.(7(.*'!O)7((C5P!.'!
(U5!3,23!*)!6)*2!(U5!H57).'@;W!;,++5'!)5+,-(.*'!.'! 3*Q5)!+527'+W!(U5!@C7'+!C57Z;!*)!+)7Q;!7.)W!7'+!(U5)5!
.;!7!+)727(.-!+)*3!.'!+5C.95)B!3)5;;,)5%!

!



"!#R!"!

!

AU5!;*C,(.*'!(*!(U5!3)*HC52!.;!(*!27Z5!(U5!;,-(.*'! 7))7'@525'(;!7;!;2**(U!7;!3*;;.HC5!Q.(U*,(!
)5;().-(.*';W!7'+!(*!7))7'@5!6*)!(U5!655+!(*!-*25!@ )7+,7CCB!,3!(*!C*7+!Q.(U*,(!;,++5'!;,)@5;!*6!;*C.+; %!&6!
(U5;5!257;,)5;!+*!'*(!*95)-*25!(U5!3)*HC52!.(!27B!H 5!'5-5;;7)B!(*!-U7'@5!(U5!;,-(.*'!C.'5!(*!7!;.]5!
C7)@5)!7'+!6.(!7!6C7(!(*335+!(735)"3.5-5!(*!(U5!3,23!;,-(.*'%!&6!()*,HC5!35);.;(;W!7!C7)@5)!3,23!Q.CC!U795!(*!
H5!.';(7CC5+%!D*25(U.'@!5665-(.95!2,;(!H5!+*'5!7;!(U5!;.(,7(.*'!.;!3*(5'(.7CCB!+7'@5)*,;%!

!

17.5. Gland Will Not Seal Adequately 
-> ?++#(R.c/2*8",*(
AU5!*,(5)!;57C!*6!7!gB+)*;(7(.-!@C7'+!7;;52HCB!2,;( !H5!7CC*Q5+!(*!),H!C.@U(CB!*'!(U5!@C7'+!;C5595!6*)!7'!
5665-(.95!;57C!(*!H5!27.'(7.'5+%!&6!(U5!@C7'+!7+X,;(5)!.;!3,;U5+!.'!(**!67)!(U.;!Q.CC!C.6(!(U5!;57C!*66!(U5!
;C5595!7'+!(U5!@C7'+!Q.CC!C57Z!3)*6,;5CB%!V*;(!35*3C5!QU5'!;55.'@!7!C57Z.'@!@C7'+!.225+.7(5CB!(U.'Z!(*!
O(.@U(5'!.(!,3P%!"#$%!$%&!'()*+,$-$#.!/0-1)!$%&!/0-1)!-)23,$&*!43,$! 5&!4+6&)!+3$7-*),!$+!*&)3.&!0&-8-/& %!
!
AB35!J!7'+!1!@C7'+;W!;U*,C+!H5!(.@U(5'5+!6*)!)5+,-(.*'!*6!C57Z7@5!.'!(U5!;725!Q7B!7;!;(7'+7)+!37-Z5+!
@C7'+;!.'!Q7(5)!3,23; 9!:6&*!$#/%$&1#1/!,%+30)!5&!-6+#)&);!&,<&.#-00(!+1!=>?!/0-1), !7;!7!+).3!.;!7CQ7B;!
'5-5;;7)B!(*!C,H).-7(5!(U5!),HH5)!67-5!;57C%!

!
<> 1#;(C/,,%,3(
AU5!@C7'+;!Q.CC!'*(!H5!+727@5+!HB!7!65Q!;5-*'+;!),''.'@!Q.(U*,(!C,H).-7(.*'!7'+!-**C.'@!HB!Q7(5)W!H,(! .6!
5.(U5)!@C7'+!.;!),'!6*)!7'B!C5'@(U!*6!(.25!Q.(U*,(! Q7(5)!.'!(U5!3,23!(U5)5!.;!+7'@5)!*6!25C(.'@!(U5!), HH5)!
;57C;%!&6!7!AB35!J!@C7'+!U7;!H55'!-*))5-(CB!7+X,;(5+!(U.;!.;!7!67.)CB!)52*(5!+7'@5)!H5-7,;5!Q.(U*,(!
UB+)7,C.-!3)5;;,)5!(*!6*)-5!(U5!),HH5)!;57C!7@7.';( !(U5!@C7'+!;57(W!(U5!;57C!;U*,C+!),'!Q.(U*,(!(*,-U.'@!(U5!
;57(%!g*Q595)W!.'!@5'5)7C!(5)2;W!+*!'*(!),'!7!F.'7( 5=!3,23!.'!+)B!-*'+.(.*';!H5-7,;5!*6!(U5!+7'@5)!*6!
+727@.'@!(U5!@C7'+!;57C;%!
!
M'-5!;57C;!U795!H55'!+727@5+!.'!(U.;!Q7B!(U5B!U795!(*!H5!)53C7-5+%!

!
-% A**!V,-U!D57C.'@!1)5;;,)5!
A**!2,-U!Q7(5)!3)5;;,)5!.'!5.(U5)!(B35!*6!@C7'+!-7' !27Z5!(U5!@C7'+;!7C2*;(!.23*;;.HC5!(*!;57C!)5C.7HCB%!
h.(U!gB+)*;(7(.-!@C7'+;!(U5!;*C,(.*'!(*!(U5!3)*HC52 !.;!(*!.';5)(!7!3)5;;,)5!-*'()*C!.'!(U5!@C7'+!Q7(5) !C.'5%!
h.(U!AB35!J!@C7'+;!(U5!3)*HC52!,;,7CCB!*'CB!7).;5;!Q.(U!3,23;!H5.'@!),'!.'!;5).5;!*)!7;!H**;(5)!3,23;% !&'!
5.(U5)!-7;5W!(U5!*'CB!;*C,(.*'!.;!(*!-*'95)(!(U5!3, 23!*95)!(*!g!@C7'+!*)!1!@C7'+!7'+!3)*9.+5!;,.(7HCB!
3)5;;,)5+!@C7'+!Q7(5)%!

!
.> 7,-."@/-*"(?#%8"(
AU5!O;'*)5P!-*'+.(.*'!6*)!*35)7(.'@!7!3,23!.;!95)B! +.66.-,C(!(*!;57C!Q.(U*,(!,'7--53(7HC5!C57Z7@5%!^'+5)!
(U.;!-*'+.(.*'!7!3,23!-*'(.',*,;CB!)5-5.95;!7!@**+! 3)*3*)(.*'!*6!7.)!+)7Q'!.'!Q.(U!(U5!3,C3!6)*2!(U5!; ,23W!
.'!QU.-U!(U5!C595C!.;!(**!C*QW!*)!(U5!;,23!U7;!.'7+5S,7(5!-737-.(BW!*)!H*(U%!AU5!;,23!;U*,C+!-*'(7.'!7 !
2.'.2,2!*6!*'5!2.',(5s;!3,23.'@!(.25%!

!

17.6. Excessive Heat in Drive 
-> !)-&B(KL<")*2(
AU5!-*22*'5;(!-7,;5!6*)!@5'5)7(.*'!*6!U57(!.'!(U5!+ ).95!(*!7!'5QCB!.';(7CC5+!3,23!.;!,'+*,H(5+CB!C7-Z! *6!
(5';.*'!.'!(U5!i"H5C(;%!<CC!i"H5C(;!;U*,C+!H5!(5';. *'5+!35).*+.-7CCBW!7'+!'5QCB!-*22.;;.*'5+!+).95;!;U *,C+!
H5!)5"(5';.*'5+!7'!U*,)!*)!;*!76(5)!;(7)(!,3%!
!
AU.;!67,C(!.;!57;.CB!+5(5-(5+W![3,CC5B;!7)5!(U5!U*((5;(!37)(!*6!(U5!+).95\W!7;!(U5!H5C(;!Q.CC!U795!H55'!;C.33.'@%!

!
<> Z+*(?/80(M"-#%,32(
M'!U.@U!;355+!+,(.5;!.(!.;!(*!H5!5=35-(5+!(U7(!(U5! H57).'@;!Q.CC!),'!U*((5)!(U7'!*'!C*Q!;355+!+,(.5;%!
1)*9.+.'@!(U5!;U76(!.;!6)55!;3.''.'@!HB!U7'+W!(U5!U57(!@5'5)7(5+!QU.C5!),''.'@!,'+5)!3*Q5)!.;!3)*H7HCB !
.227(5).7C%!<(!$>Tua![E>u8\!(U5!7;;52HCB!Q.CC!H5!,'-*26*)(7HC5!(*!(U5!U7'+;!6*)!2*)5!(U7'!7!;5-*'+!*)!
(Q*W!H,(!(U.;!.;!'*(!,'+,CB!U*(!6*)!(U5!H57).'@!7;; 52HC.5;%!&6!(U5!H57).'@!.;!67.C.'@!(U5!;U76(!Q.CC!'*(!),'!
6)55%!

!



"!/T!"!

!

&> 7,-."@/-*"(H/<#%&-*%+,(+4(?/80(M"-#%,32(
AU5!H57).'@;!Q.CC!H5!-U7)@5+!Q.(U!@)57;5!H56*)5!+5;37(-U!6)*2!(U5!67-(*)B%!J5(7.C;!*6!C,H).-7'(;!7)5!@.95'!
.'!(U.;!V7',7C%!D55!;5-(.*'!$#%!
!
<++.(.*'!*6!@)57;5!;U*,C+!H5!().5+!.6!H57).'@;!H5-*25!95)B!U*(!*)!'*.;B%!k=-5;;!@)57;.'@!;U*,C+!H5!79*.+5+%!

!
.> J+*+#(C/,2(Z+*(
AU5!,;,7C!)57;*'!6*)!2*(*);!),''.'@!U*(!.;!(U7(!(U5 B!7)5!.'(5'+5+!(*y!h.(U!8*'(.',*,;!V7=.2,2!?7(5+!
2*(*);!(U5!(5235)7(,)5!).;5;!7)5!;,)3).;.'@!7'+!7)5 !7CC*Q5+!6*)!.'!(U5!+5;.@'!*6!(U5!2*(*)!7'+!(U5!
;5C5-(.*'!*6!(U5!.';,C7(.*'!.'!.(%!
!
L5'5)7CCBW!U57(!6)*2!7!2*(*)!-7'!H5!;765CB!.@'*)5+!3)*9.+5+!(U5!7235)7@5!+)7Q'!.;!C*Q5)!*)!5S,7C!(*!(U5!
'7253C7(5!)7(.'@%!V7'B!2*(*);!7)5!6.((5+!Q.(U!AU5)2 .;(*);!.'!(U5!Q.'+.'@;W!QU.-U!;5';5!(U5!(5235)7(,)5 !
).;5!7'+!7)5!Q.)5+!(*!*35)7(5!7!-,("*,(!)5C7B!.6!(U 5!(5235)7(,)5!5=-55+;!7!;765!C.2.(%!
!
&6!7!3,23!.;!-U*Z5+!QU5'!(U5!2*(*)!;(7)(;!(U5!3)*(5 -(.*'!2,;(!().3!*,(!(U5!;,33CB!(*!(U5!2*(*)%!
!
_57).'@!()*,HC5;!.'!2*(*);!7)5!@5'5)7CCB!.'+.-7(5+! HB!'*.;5!7;!Q5CC!7;!U57(W!7'+!-7'!;*25(.25;!H5!+5(5 -(5+!
HB!,;5!*6!7!C*'@";(5225+!;-)5Q+).95)%!AU5!HC7+5!*6!(U5!;-)5Q+).95)!.;!3,;U5+!7@7.';(!(U5!H57).'@!-*95) !
7'+!(U5!57)!*6!(U5!.'95;(.@7(*)!3,;U5+!,3!(*!(U5!U7 '+C5%!h.(U!7!C.2.(5+!72*,'(!*6!5=35).5'-5!H57).'@!
O),2HC5P!-7'!S,.(5!57;.CB!H5!+5(5-(5+%!
(

17.7. Sudden Reduction in Discharge 
-> I:-,3"(%,(^"".(I+,.%*%+,2(
M35)7(*);!+*!'*(!7CQ7B;!)5-*@'.;5!7!3,23!7;!;.23CB! *'5!5C525'(!.'!7!-*23C5(5!;B;(52!7'+!7'B!-U7'@5!.'!
(U7(!;B;(52!Q.CC!H57)!*'!7CC!(U5!37)(;!*6!.(%!a*)!.';(7'-5W!.6!7!;-)55'W!)5X5-(.'@!3C,;!zP![E!22\!27(5 ).7C!.;!
Q*)'!7'+!37;;5;!$P![#>!22\!;(*'5;W!(U.;!7665-(;!(U5 !3,23!35)6*)27'-5%!AU5!;,-(.*'!)5;.;(7'-5!*6!(U5!
C7)@5)!;(*'5;!Q.CC!-7,;5!(U5!;,-(.*'!3)5;;,)5!(*!)5 +,-5!7'+!U795!C5;;!U57+!797.C7HC5!6*)!3,;U.'@!(U5!3,C3!
(U)*,@U!(U5!+5C.95)B!;.+5!3.3.'@%!
!
<(!(U5!3,23W!(U5!C7)@5)!;(*'5;!Q.CC!27Z5!7!;.@'.6.-7'(!+.665)5'-5!(*!(U5!3,23!35)6*)27'-5W!+5-)57;.'@!
6C*Q!7'+!3*(5'(.7CCB!-7,;.'@!+727@5!(*!&235CC5)!7'+!F.'.'@;%!
!
&'!(U5!3.35C.'5W!(U5!C7)@5!;(*'5;!Q.CC!3)*H7HCB!3)*@)5;;!HB!O;7C(7(.*'PW!(U7(!.;W!C573.'@!7C*'@!(U5!H*((*2!*6!
(U5!3.35%!AU5!)5;(!*6!(U5!3,C3!.;!6,CCB!.'!;,;35';.*'!7'+!U7;!(*!6C*Q!37;(!(U5;5!;C*Q!2*9.'@!*H;(7-C5; %!
M95)7CC!(U.;!257';!(U5!)5;.;(7'-5!*6!(U5!3.35C.'5!( *!6C*Q!U7;!.'-)57;5+%!AU,;!7@7.'!)5+,-.'@!6C*Q%!
!
D*!7!;.23C5!67,C(!C.Z5!7!;-)55'!-C*(U!Q.(U!7!U*C5!.'!.(!-7'!-7,;5!7!;,++5'!)5+,-(.*'!.'!+.;-U7)@5%!&6! .(!-7,;5;!
(U5!3.35C.'5!(*!HC*-ZW!(U5!-*'+.(.*'!.;!3*(5'(.7CCB!+7'@5)*,;%!D55!$K%$$!-\%!
!
M(U5)!-U7'@5;!.'!(U5!655+!-*'+.(.*';!QU.-U!2,;(!H5! .'95;(.@7(5+!7)5r!.'-)57;5+!(*''7@5!*6!;*C.+;W!-U7' @5!
*6!@)7+.'@!*6!;*C.+;W!-U7'@5!.'!27''5)!*6!.'()*+,-( .*'!*6!;*C.+;!(*!3,23!;B;(52%!M'!(U.;!C7;(!-*,'(W!7 !3C7'(!
QU.-U!Q7;!;(7)(5+!,3!.'!;,225)W!7'+!.;!H.'"65+!9.7! 7!9.H)7(.'@!655+5)W!Q.CC!35)6*)2!+.665)5'(CB!.'!Q.'(5)W!
QU5'!(U5!Q5((5)!655+!OU7'@;!,3P!.'!(U5!655+!H.'!7'+ !-*CC73;5;!+*Q'!*'(*!(U5!655+5)!.'(5)2.((5'(CB!.'!
C7)@5)!+*CC*3;%!

!
<> R%#(H"-B2(+,(*:"(!/&*%+,(?%0"(
<!3.35!QU.-U!U7;!H55'!;(57+.CB!Q57).'@!7Q7B!6)*2!(U5!.';.+5!27B!H)57Z!(U)*,@U!(*!(U5!*35'!7.)!'57)!7!
6C7'@5W![.'!7!Q5C+5+!7)57\W!7(!(U5!H*((*2!*6!(U5!3.35W![QU5)5!(U5!-*7);5;(!;*C.+;!),'\%!&'!7!;,-(.*'!3 .35!(U.;!
Q.CC!7C2*;(!-5)(7.'CB!7CC*Q!7.)!.'(*!(U5!3.35!Q.(U!7CC!(U5!)5;,C(7'(!.CC;!+5;-).H5+!5C;5QU5)5!!
!
a)5S,5'(CBW!7!3.'U*C5!C57Z!Q.CC!'*(!C5(!5'*,@U!7.)!.'(*!7!3,23!6*)!7'B!*6!(U5!6.95!67,C(;!C.;(5+!(*!H5 -*25!
-).(.-7C%!D*!*35)7(*);W!H5.'@!U,27'W!3*;(3*'5!(U5!)537.)!*)!)53C7-525'(!*6!(U5!Q*)'!3.35%!AU5!C7;(!-U73(5)!
*6!(U5!;7@7!*--,);!;,)3).;.'@CB!S,.-ZCB!7'+!,;,7CCB!*'!'.@U(;U.6(!:!QU5'!67,C(!3)*+,-5;!7!HC*-Z5+!3.35 C.'5%!

!



"!/$!"!

!

&> !/&*%+,(M)+&B-3"(
&'!+)5+@.'@!733C.-7(.*';!(U5)5!.;!7CQ7B;!(U5!+7'@5)!(U7(!(U5!3,23!;,-(.*'!Q.CC!H5!;,++5'CB!;,H25)@5+!. '!
-*CC73;5+!;*C.+;!6)*2!(U5!;,))*,'+.'@!3.(!-*'(*,);% !hU5'!3,23.'@!6)*2!7!;,23!(U5!;725!(U.'@!-7'!U7335' !
QU5'!;*C.+;W!QU.-U!U795!H55'!-C.'@.'@!3)5-7).*,;CB!(*!(U5!;(55C!;.+5;!*6!(U5!;,23W!;,H;.+5!7'+!2*25'(7 ).CB!
HC*-Z!(U5!3,23!;,-(.*'%!
!
&6!(U5!3,23!.;!655+.'@!7!67.)!C5'@(U!*6!+5C.95)B!3.3.'@W!.(!Q.CC!'*(!H5!3*;;.HC5!6*)!(U5!C*'@!-*C,2'!*6!3,C3!.'!
(U7(!3.3.'@!(*!-*25!.';(7'(CB!(*!)5;(!QU5'!(U5!;,-( .*'!@5(;!HC*-Z5+%!&(!Q.CC!H5!733)5-.7(5+!(U7(!(U5!3,C3!.'!
7'!IP![#TT!22\!3.35W!Q7B!$TTT!6(![/TT!2\!C*'@W!2*9.'@!7(!$T6(Y;5-![/!2Y;5-\!U7;!-*';.+5)7HC5!2*25'(,2% !
&(!X,;(!-7''*(!H5!;(*335+!+57+!.'!(U5!;725!;U*)(!C5 '@(U!*6!(.25!.(!(7Z5;!(*!HC*-Z!(U5!;,-(.*'%!
!
AU5!)5;,C(!.;!7!27;;.95!)5+,-(.*'!.'!3)5;;,)5!(U)*, @U*,(!(U5!;B;(52%!&(!-7'!-7,;5!7!27;;.95!OQ7(5)!
U7225)P!7'+!;,)@5;!(U7(!-7'!;3C.(!(U5!3,23!-7;.'@W! 97C95;!7'+!3.3.'@%!AU.;!-7'!-7,;5!U*;5;!(*!-*CC73;5 !:!
+5C.95)B!7;!Q5CC!7;!;,-(.*'W!7'+!7C2*;(!.'97).7HCB!C57+;!(*!7!@)57(!@,C3!*6!7.)!H5.'@!;,-Z5+!(U)*,@U!(U5!
3,23!@C7'+%!^;,7CCB!(U.;!.;!;,66.-.5'(!(*!7.)!C*-Z!(U5!3,23%!
!
M6(5'W!*35)7(*);!7(().H,(5!(U5!3,23!67.C,)5!(*!(U5! @C7'+W!.';(57+!*6!(*!(U5!-*'+.(.*';!7(!(U5!5'+!*6!( U5!
;,-(.*'!3.35W!7'+!(U.;!;552;!(U5!C*@.-7C!5=3C7'7(.* '!(*!7!35);*'!;(7'+.'@!H5;.+5!7!3,23W!QU*!U57)+!(U5 !7.)!
U.;;!.'(*!@C7'+W!7'+!(U5'!U7;!(*!-*'(5'+!Q.(U!(U5!) 5;,C(7'(!7.)"C*-Z%!g*Q595)W!(U5!()*,HC5!;(7)(;!7(!(U5!5'+!
*6!(U5!;,-(.*'!3.35W!(U5!@C7'+!-*CC73;5!*--,);!76(5)Q7)+;%!
!
&'!+)5+@.'@!733C.-7(.*';!(U5!7';Q5)!.;!(*!5=5)-.;5! H5((5)!-*'()*C!*95)!(U5!3.(!+595C*325'(%!&'!;,23"65 +!
;B;(52;W!(U5!655+!3,C3!-7'!;*25(.25;!H5!+.)5-(5+!(* !6C,;U!7Q7B!7'B!H,.C+",3!*6!;*C.+;!*'!(U5!;.+5;!*)!
97CC5B;!*6!(U5!;,23%!&6!(U.;!.;!'*(!3*;;.HC5W!7!C7)@5)!-737-.(B!(7Z5"*66!H*=!7(!(U5!H7;5!*6!(U5!;,23!2 ,;(!
.23)*95!(U5!;.(,7(.*'%!AU5!HC*-Z5+!3.35C.'5!;.(,7(. *'!.;!3*(5'(.7CCB!+7'@5)*,;%!D55!$K%$$-\!

!
.> 6#-80(J-*"#%-)(
AU5!;.23C5;(!5=3C7'7(.*';!*6!7!67,C(!;U*,C+!'595)!H 5!*95)C**Z5+%!&6!(U5!-*23C7.'(!.;!7!;,++5'!)5+,-(.* '!.'!
+.;-U7)@5b!+)7.'!(U5!;,23!7'+!H56*)5!)52*9.'@!7'B!3 .35!Q*)Z!*)!+.;27'(C.'@!(U5!3,23!.'!7'B!Q7BW!U795!7 !
C**Z!7(!(U5!(7Z5"*66!H*=!7(!(U5!H7;5!*6!(U5!;,23%!F**;5!),HH5)W!U*,;5!H).-Z;W!;(55C!*66"-,(;!U795!7CC!H55'!
6*,'+!7(!(U5!*,(C5(!(*!(U5!3,23!7(!*'5!(.25!*)!7'*( U5)%!1C7;(.-!@7)+5'!U*;5!.';.+5!(U5!.235CC5)!37;;7@5;!
Q7;!6*,'+!(*!U795!7!+)727(.-!5665-(!*'!3,23!-737-.( BW!.'!7'!.';(7CC7(.*'!QU.-U!U7+!@.95'!;7(.;67-(.*'! 6*)!
(U5!3)59.*,;!(U)55!B57);%!

!
DT>T !/..",(7,&#"-2"2(%,(?+A"#(1"8-,.(

(
"> 1-8-3"(7,2%."(?/80(
&6!7!-C.5'(!U7;!'*(!U7+!*--7;.*'!(*!*35'!U.;!3,23!H 56*)5!U5!27B!'*(!)57C.;5!QU7(!-7'!U7335'!(*!(U5!.'; .+5!
*6!U.;!3,23!7;!.(!Q57);!7Q7B!+7B!HB!+7B%!AU5!6*CC*Q.'@!C.;(!@.95;!(U5!)5;,C(;!*6!7H)7;.*'!QU.-U!Q.CC!@.95!7'!
.'-)57;5!.'!3*Q5)!+527'+W!.'!*)+5)!*6!6)5S,5'-B!*6! *--,))5'-5%!
!

¥ k=-5;;.95!@73!H5(Q55'!.235CC5)!7'+!;,-(.*'!H,;U%!
¥ 8,(!*)!).335+!),HH5)!.'!;,-(.*'!H,;U!*)!-7;.'@!@C7' +!),HH.'@!7@7.';(!.235CC5)%!
¥ h*)'!*,(!-,(Q7(5)%!
¥ h*)'!*,(!*)!H)*Z5'!-7;.'@!C.'5);%!
¥ &235CC5)!Q*)'!(U)*,@U!H7-Z!;U)*,+%!
¥ &235CC5)!37;;7@5;!Q*)'!;.@'.6.-7'(CB!Q.+5)!(U7'!.'(5'+5+%!

!
4> I:-,3"(%,(?%0")%,"(!;2*"8(
8C.5'(;!27B!7C(5)!7!+.;-U7)@5!3.35!C7B*,(!;*!(U5!;(7(.-!C.6(!.;!)5+,-5+!*)!(U5!C5'@(U!*6!3.35!;U*)(5'5 +W!
(U.'Z.'@!(*!(U52;5C95;!O(U5!3,23!Q*'s(!U795!(*!Q*)Z !;*!U7)+!'*QP%!<-(,7CCBW!.'!(U5;5!-.)-,2;(7'-5;!(U5 !
3,23!3,23;!7!C7)@5)!@7CC*'7@5!7'+!(7Z5;!2*)5!3*Q5)!'*(!C5;;%!
(
3> H+A(K+)*-3"(
<!'5Q!.';(7CC7(.*'!'57)!(U5!3,23!;.(5!-7'!27Z5!7!;. @'.6.-7'(!+.665)5'-5!(*!(U5!9*C(7@5!797.C7HC5W!+535'+.'@!
*'!(U5!5C5-().-!+.;().H,(.*'!;B;(52!.'!(U5!7)57%!F* Q5)!9*C(;!257'!U.@U5)!-,))5'(!6*)!(U5!;725!3*Q5)!*, (3,(!
*6!(U5!2*(*)%!



"!/#!"!

!

!
:> I:-,3".(?/80(!0"".(
&(!U7;!H55'!Z'*Q'!6*)!5C5-().-.7';!QU*!U795!H55'!-7 CC5+!.'!(*!+*!27.'(5'7'-5!*'!7!2*(*)!(*!+.;2*,'(!H* (U!
3,23!7'+!2*(*)!3,CC5B;W!(U5'!QU5'!)57;;52HC.'@!(U5! 3,23;5(W!(*!2.;(7Z5'CB!.'(5)-U7'@5!(U5!3,CC5B;%!
J535'+.'@!*'!(U5!3,CC5B!)7(.*!(U.;!27B!U795!;35-(7- ,C7)!)5;,C(;%!

!
%> R%#(\,*#-%,8",*(
&'!;,23"65+!3,23!;B;(52;!7.)!5'()7.'25'(!-7'!3)*+,- 5!-B-C.-!3,23!*95)C*7+!7;!5=3C7.'5+!.'!$K%46\%!AU.;!
67,C(!-7'!H5!-7,;5+!HB!7!-U7'@5!.'!(U5!@7CC*'7@5!65+!(*!;,23W!*)!(U5!+.)5-(.*'!.'!QU.-U!.(!.;!65+!(*!7 !;,23%!
&(!-7'!7C;*!H5!-7,;5+!HB!7!-7;,7C!-U7'@5!(*!(U5!655+!(B35!H766C5!7))7'@525'(!.'!(U5!;,23%!

!

17.8. Rapid Component Wear 
-> R%#(\,*#-%,8",*(
<;!7'!5=35).25'(!3C7-5!;*25!;7'+!.'!7'!523(B!H*((C5 W!6.CC!(U5!H*((C5!(*!(U5!95)B!(*3!Q.(U!Q7(5)W!3C7-5!(U5!
37C2!*6!*'5!U7'+!*95)!(U5!(*3!7'+!;U7Z5!(U5!H*((C5%!0*,!Q.CC!6.'+!.(!+.66.-,C(!(*!2*95!(U5!;7'+!9.@*)* ,;CB!
7@7.';(!B*,)!U7'+%!G*Q!(.3!*,(!7!(U.)+!*6!(U5!Q7(5) W!7'+!)5357(!(U5!(5;(%!0*,!Q.CC!,'+*,H(5+CB!655C!(U5!
;7'+!.'!(U5!7.)"Q7(5)!6)*(U!U.((.'@!B*,)!37C2%!
!
AU5!3*.'(!*6!(U5!5=35).25'(!.;!(*!;U*Q!U*Q!2,-U!2*) 5!)57+.CB!;7'+!-7'!2*95!7)*,'+!.'!6)*(U!(U7'!.(!-7' !
.'!Q7(5)!Q.(U*,(!7.)!H,HHC5;%!AU5)56*)5!7'B!7.)!C57Z;!.'!(U5!;,-(.*'!;.+5!7--5C5)7(5!7H)7;.*'%!
!
&6!7.)!5'()7.'25'(!.;!;595)5!5'*,@U!(*!3)*+,-5!7'!7 .)!C*-Z!.'!(U5!3)5;5'-5!*6!;*C.+;!7'+!Q7(5)W!(U5!)5 ;,C(!.;!
7'!5;-7C7(.*'!*6!(U5!7H)7;.*'!)7(5%!
!
<.)!5'()7.'25'(!-7'!7C;*!-7,;5!;595)5!7H)7;.*'!.'+. )5-(CB%!<;!5=3C7.'5+!.'!$K%#W!Q.(U!-B-C.-!-U7'@5;!.'!3,C3!
+5';.(B!+,5!(*!7.)W!(U5!3,23!27B!U795!(*!U7'+C5W!35).*+.-7CCBW!67)!+5';5)!3,C3!(U7'!.'(5'+5+%!AU.;!7C;*!.;!
7'!7H)7;.95!7--5C5)7(*)%!

!
<> ?#+0"#*%"2(+4(*:"(!+)%.2(
D*25!;*C.+;!U795!Q*);5!3)*35)(.5;!6)*2!(U5!3*.'(!*6 !9.5Q!*6!7H)7;.*'!(U7'!*(U5);%!

!
¥ DU7)3!5+@5+!37)(.-C5;!7)5!Q*);5!(U7'!)*,'+!37)(.-C5 ;W!;*!-),;U5+!27(5).7C;!7)5!@5'5)7CCB!Q*);5!

(U7'!'7(,)7C!;7'+;%!
¥ 8*,);5!@)7+.'@;!7)5!Q*);5!(U7'!6.'5;%!
¥ AU5!;35-.6.-!@)79.(B!*6!(U5!27(5).7C!27Z5;!7!+.665)5'-5%!

!
hU5'!-*'6)*'(5+!Q.(U!7!)73.+!7H)7;.*'!3)*HC52W!7CQ7 B;!)5+,-5!3,23!;355+!.6!3*;;.HC5%!<!C7)@5)!3,23!Q.(U!
.(;!C7)@5)!+.725(5)!.235CC5)!Q.CC!H5!)*(7(.'@!;C*Q5)!7(!(U5!;,-(.*'!5B5!*6!(U5!.235CC5)!6*)!7!@.95'!U57+!(U7'!
7!;27CC5)!3,23%!D*W!.6!Q57)!*'!(U5!C57+.'@!5+@5!*6!(U5!97'5;!.;!7!3)*HC52W!7!C7)@5)!3,23!Q*,C+!U5C3%!

!
&> I:-,3"(%,(^"".(I+,.%*%+,2(
&6!7!3,23!*35)7(5;!;7(.;67-(*).CB!6*)!;*25!(.25!(U5 '!;,++5'CB!H5@.';!(*!Q57)!*,(!-*23*'5'(;!.'!S,.-Z!
;,--5;;.*'W!C**Z!6*)!;*25!-U7'@5!.'!655+!-*'+.(.*'; %!k=()7!(*''7@5W!-*7);5)!@)7+.'@W!U.@U5)!3)*3*)(.*'!*6!
-),;U5+!27(5).7CW!7'+!;*!*'%!D*25(.25;!7'!*35)7(*)! .;!,'7Q7)5!(U7(!-*'+.(.*';!U795!-U7'@5+!6*)!(U5!
3,23%!
!
<!-7;5!.'!3*.'(!Q*,C+!H5!7!)*+!2.CC!-.)-,.(!3)*+,-. '@!-),;U5+!;7'+!2.',;!4!25;U![>!22\!6)*2!7!655+!QU. -U!
.;!2.',;!/YIP![$T!22\%!&6!7!3,23!.;!,;5+!(*!3,23!(U 5!)*+!2.CC!+.;-U7)@5!(*!;*25!;-)55'.'@!5S,.325'(!7' +!
(U5!;-)55'!*95);.]5!)5(,)';!(*!(U5!2.CCW!7!)5+,-(.* '!.'!-737-.(B!*6!(U.;!;-)55'.'@!5S,.325'(!Q.CC!27Z5 !7!H.@!
-U7'@5!.'!(U5!+,(B!6*)!(U5!3,23%!g*Q595)W!(*!(U5!*3 5)7(*)W!(U5!;725!(*''7@5!)7(5!(U)*,@U3,(!.;!
27.'(7.'5+!HB!(U5!-.)-,.(W!;*!(U5!3,23!+,(B!.;!,'-U 7'@5+!.'!U.;!2.'+%!&'!67-(W!7!)5+,-(.*'!.'!;-)55'!
-737-.(B![6*)!.';(7'-5W!HB!37)(.7C!HC.'+.'@W!*6!(U5!;-)55'!-C*(U\!Q.CC!3)*+,-5!7'!.'-)57;5!.'!-.)-,C7( .'@!C*7+!
7'+!7!-*))5;3*'+.'@!.'-)57;5!.'!3,23!3,C3!+5';.(B%!
!
<'*(U5)!C5;;!.'9*C95+!5=723C5!Q*,C+!H5!(U5!3,23.'@!*6!;7'+!6)*2!7!).95)!+53*;.(%!AU5;5!+53*;.(;!7)5!
'*(*).*,;CB!97).7HC5W!;*!(U5!3)*3*)(.*'!*6!-),;U5+! ;7'+!.'!)5C7(.*'!(*!'7(,)7C!-7'!97)B!Q.+5CB%!A*!(U5 !



"!//!"!

!

*35)7(*)!U*Q595)W!;7'+!.;!;7'+W!7'+!(U5!67-(!(U7(!( U5!3,23!.;!'*Q!U7'+C.'@W!;7B!ITe!-),;U5+!27(5).7CW!
QU.C5!(U)55!2*'(U;!7@*!.(!Q7;!ETe!'7(,)7C!;7'+!27B! '*(!73357)!;.@'.6.-7'(%!
!
&6!(U5)5!.;!7!35)27'5'(!-U7'@5!.'!655+!-*'+.(.*';!Q U.-U!27Z5;!-*23*'5'(!C.65!,';7(.;67-(*)BW!C**Z!.'(* !
2*+.6B.'@!(U5!3,23%!
!
&6!(U5)5!.;!'*!;,.(7HC5!3,23!;5C5-(.*'W!(U5!3,23!+, (B!27B!U795!(*!H5!;3C.(!,3W!7'+!7!(Q*!;(7@5!3,23;5( !
.';(7CC5+%!k7-U!3,23!Q.CC!),'!7(!7H*,(!KTe!*6!(U5!;355+!*6!7!;.'@C5!,'.(!6*)!(U5!;725!+,(B!7'+!(U.;!;3 55+!
)5+,-(.*'!Q.CC!27Z5!7!95)B!;.@'.6.-7'(!-U7'@5!(*!(U 5!7H)7;.*'!)7(5%!

!
.> !:-4*(J%2-)%3,8",*(
<6(5)!;*25!B57);!*6!;5)9.-5!.(!*--7;.*'7CCB!U7335'; !(U7(!(U5!;7++C5;!*'!(U5!35+5;(7C!QU.-U!;,33*)(!(U5 !
H57).'@!U*,;.'@!@5(!Q*)'!7'+!(U,;!7CC*Q!(U5!;U76(!(*!3*.'(!+*Q'Q7)+;%!&6!(U.;!3)*HC52!.;!;595)5!5'*,@U !(U5!
5--5'().-.(B!*6!(U5!;U76(!(U)*,@U!(U5!@C7'+!Q.CC!H5!;,-U!(U7(!(U5!@C7'+!Q.CC!'*(!;57C!3)*35)CB%!<!6,)(U5)!
3)*HC52!Q.CC!H5!(U7(!(U5)5!Q.CC!H5!7!2.;7C.@'25'(!H5(Q55'!(U5!5B5!*6!(U5!.235CC5)!7'+!(U5!;,-(.*'!H,;U W!
QU.-U!Q.CC!+5()7-(!6)*2!3,23!35)6*)27'-5%!&6!(U.;!U7335';W!(U5!H5;(!7';Q5)!.;!(*!H,B!7!'5Q!35+5;(7C%!AU.;!
Q.CC!7C2*;(!-5)(7.'CB!H5!-U5735)!7'+!S,.-Z5)!(U7'!( )B.'@!(*!H,.C+!,3!(U5!;7++C5;!7'+!(U5'!)527-U.'.'@% !<!
(523*)7)B!5=35+.5'(!.;!(*!37-Z!(U5!;7++C5;!Q.(U!;U. 2;W!H,(!.'59.(7HCB!(U5;5!@5(!C*;(!+,).'@!.235CC5)!
7+X,;(25'(%!

!

17.9. Mechanical Failure 
-> M#+B",(!:-4*(
AB3.-7CCBW!(U5!*'CB!H)*Z5'!;U76(;!.'!F1A!3,23;!7)5!(U*;5!QU5)5!(U5)5!U7;!H55'!()723!27(5).7C!.'!(U5!65 5+W!
*)!7!H57).'@!U7;!;5.]5+W!*)!;C,))B!U7;!Q*)'!(U)*,@U!(U5!@C7'+!;C5595!7'+!Q57)!U7;!Q57Z5'5+!(U5!;U76(W!.'!
57-U!-7;5!.(!.;!57;B!(*!;55!(U5!-7,;5%!

!
<> M#+B",(?"."2*-)(+#(I-2%,3(
AU5!6)*'(!H)7-Z5(!*6!(U5!3,23!35+5;(7C!7C(U*,@U!S,.(5!27;;.95!(*!C**Z!7(!-7'!H5!H)*Z5'!6)*2!(U5!H*=!
;5-(.*'!*6!(U5!35+5;(7C!HB!(U5!;.23C5!5=35+.5'(!*6! ;(7)(.'@!(U5!3,23!H7-ZQ7)+;%!&6!(U.;!.;!+*'5!(U5!.2 35CC5)!
H5@.';!(*!,';-)5Q!6)*2!(U5!;U76(!7'+W!7;!.(!+*5;!;* W!;().Z5;!(U5!;,-(.*'!H,;U%!AU.;!.;!.22*97HC5W!H5.'@!
()7335+!HB!(U5!6C7'@5!*6!(U5!;,-(.*'!3.35!Q*)Z%!D*!;*25(U.'@!U7;!(*!@.95%!
!
M--7;.*'7CCBW!Q.(U!*C+5)!;U76(;W!(U5!(U)57+!.'!(U5!;U76(!.;!;().335+!.';(57+!*6!(U5!35+5;(7C!H5.'@!H)*Z5'%!
!
h5!+*!'*(!)5-*225'+!7((523(.'@!(*!Q5C+!H)*Z5'!35+5; (7C;W!7C.@'25'(!3)*HC52;!7)5!(**!+.66.-,C(%!AU5!
-U5735;(!7'+!S,.-Z5;(!Q7B!*,(!6*)!7!-,;(*25)!.;!(*! H,B!7!'5Q!35+5;(7C%!
!
AU5!),''.'@!H7-ZQ7)+;!*6!7!3,23!.;!7'!5C5-().-7C!3) *HC52%!&(!.;!95)B!;.23CB!*95)-*25!7'+!'*!5C5-().-.7 '!
Q*)(U!U.;!;7C(!Q.CC!7CC*Q!(U.;!(*!U7335'!7;!(U5B!7)5!;,33*;5+!(*!-U5-Z!2*(*)!+.)5-(.*'!*6!)*(7(.*'!3). *)!(*!
6.((.'@!(U5!i"H5C(;!*'(*!(U5!3,CC5B;%!
!
&> ?/80(\=0)+."2(
AU5!-5'().6,@7C!3,23!:!F1A!*)!7'B!*(U5)!:!-7'!3*(5' (.7CCB!5=3C*+5!HB!),''.'@!.(!Q.(U!3,C3W!*)!Q7(5)W!.'!(U5!
-7;.'@!H,(!'*!+.;-U7)@5%!<'!5=723C5!*6!U*Q!(U.;!-7' !U7335'!.;!.'!7!3,23!+)7Q.'@!3,C3!6)*2!7!;,23!7'+!
3,23.'@!(*!7!-B-C*'5!*)!(U)*,@U!7!).;.'@!3.35C.'5%! &6!(U5!3,23!@5(;!7!;,++5'!;,)@5!*6!;*C.+;W!QU.-U!HC*-Z;!
*66!(U5!;,-(.*'W!6C*Q!Q.CC!-57;5%!&'!(U5!+5C.95)B!C.'5!(U5!;*C.+;!Q.CC!;5((C5!.'!(U5!).;.'@!3.35W!H,(!Q.CC!H5!
,'7HC5!(*!5'(5)!(U5!-7;.'@!H5-7,;5!(U5!.235CC5)!.;! ;(.CC!;3.''.'@!(U5)5%!
!
h5!'*Q!U795!7!3C,@!.'!(U5!;,-(.*'!3.35W!7'+!.'!(U5! +5C.95)B!3.35W!Q.(U!7!;3.''.'@!.235CC5)!.'!H5(Q55'%!AU5!
3,23!@*5;!*'!7H;*)H.'@!3*Q5)!7;!(U5!.235CC5)!)*(7(5 ;!7'+!(U5!3*Q5)!)7.;5;!(U5!6C,.+!(5235)7(,)5%!
^C(.27(5CBW!(U5!Q7(5)!Q.CC!H*.C!7'+!(U5!3)5;;,)5!@5'5)7(5+!27B!H5!5'*,@U!(*!5=3C*+5!(U5!3,23!U57+!*)!
+5;()*B!(U5!),HH5)%!

!
AU.;!.;!7'!5=()525CB!+7'@5)*,;!;.(,7(.*'W!7'+!.6!7! 3,23!U57+!655C;!,',;,7CCB!Q7)2!7'+!.;!'*(!+.;-U7)@. '@W!
;Q.(-U!*66!(U5!3*Q5)W!.225+.7(5CB%!^'+5)!'*!-.)-,2; (7'-5;!733)*7-U!(U5!3,23!,'(.C!(U5!3,23!U57+!U7;!
H55'!)5C.595+!*6!3)5;;,)5!:!3)565)7HCB!(U)*,@U!(U5!;,-(.*'!*)!+.;-U7)@5!3.35!Q*)Z!HB!6C,;U.'@!7Q7B!(U5!



"!/4!"!

!

;*C.+;!3C,@;%!&6!7!3,23!.;!@*.'@!(*!5=3C*+5W!(U5)5!.;!7C2*;(!-5)(7.'CB!-*';.+5)7HC5!C57Z7@5!*6!;(572!6)*2!(U5!
@C7'+%!
!
&23*)(7'(!G*(5b (@6&1!#A!$%&!<34<!)+&,!1+$!A&&0!%+$;!$-8&!&B$*&4&!.-*&!7%&1!)#,4-1$0#1/!-,!$%&!<34<!4-(!
5&!A300!+A!,.-0)#1/!7-$&*9!
!
>+!1+$!*&4+6&!$%&!)*-#1!<03/!31$#0!.&*$-#1!$%&!A03#)!$&4<&*-$3*&!#1!$%&!<34<!%-,!*&)3.&)9!CA!#1!)+35$!
.-*&A300(!.0&-*!50+.8-/&,!#1!4-11&*!)&,.*#5&)!-5+6& 9!

!
!
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!"#$%&'()$&!)*#+&$,$-$,.+/#0!1)%2!'(000.#+&$,$-$,.+/#
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!"#$%&'()$&!)*#+&$,$-$,.+/#0!1)%2!'(000.#+&$,$-$,.+/#

3-!(4+5$,$-$,(65738 9$,:!(/;(-/9%</,2$&(
)=%,>&!?(+!,29%;@:$&()&@99A(=@#=)($9!(
9@::!>&A(>!)%:,!>(;/9(2-!(#/)2($9>@/@)(
>@2%!).(B!92%+$&(+/,;%:@9$2%/,(/,()=!+%$&(
/9>!9C(B/92!D(E&/0(F#=!&&!9)($G$%&$1&!(;/9(
;%19/@)(#$2!9%$&).

!"#"#$%&

E%!&>(9!=&$+!$1&!?(0!2(!,>(&%,%,:)($9!(
$G$%&$1&!(%,(H$2@9$&(I@11!9?(0-%2!(E//>(
J9$>!(I@11!9?(H%29%&! $,>(K%:-(L-9/#!(F9/,.

'()#*+,-#."$/0)1"-#%+"#,(/*2&

M304+'()#* N $(@,%O@!()!&;(&@19%+$2%,:(
>!)%:,(2-$2(>/!)(,/2(9!O@%9!($,(!D2!9,$&(

0$2!9()@==&A.

M54*0-%1)1",+'()#* N $()%#=&!?(&/0(
#$%,2!,$,+!(>!)%:,C(9!O@%9!)(#%,%#$&(

!D2!9,$&(;&@)-%,:(0$2!9.

M6),72*+'()#* N ;/9(2-!(29$>%2%/,$&%)2C(
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The Slurry pressure at the gland is reduced by back pump out vanes on the impeller, 
and, when fitted, the Rubber axial expeller, which is a stretch fit on the shaft of the 
PHQGland Sleeve.

The solids are restrained by the outward centrifugal swirl behind the impeller, the 
axial expeller and the restricted path to the seal interface.

With the 6H8Gland, the adjusting gland must be eased outwards to increase the 
sealing pressure.  The geometric shape of the Gland Seal is carefully designed to 
give a good seal, while limiting the amount of 6digging8onto the gland sleeve.

The gland sealing water must be as clean as possible at a pressure of about 5 psi
(4m water gauge) above the discharge pressure and at a volume of between 1 to 5 
gpm depending on pump size.  With a high flushing water pressure you get greater 
water use and greater dilution of the pumped slurry without any benefit to the seal.

62-#(*%!%+)&"1!,-62-#(*%!%+)&"1!,-62-#(*%!%+)&"1!,-62-#(*%!%+)&"1!,-62-#(*%!%+)&"1!,-62-#(*%!%+)&"1!,-62-#(*%!%+)&"1!,-62-#(*%!%+)&"1!,-
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The solids are restrained by the outward centrifugal swirl behind the impeller, the 
axial expeller and the restricted path to the seal interface.

With the 6P8Gland, the adjusting gland must be adjusted inwards to increase the 
sealing pressure.  The geometric shape of the Gland Seal is carefully designed to 
give a good seal, while limiting the amount of PdiggingQonto the gland sleeve.

The gland sealing water must be as clean as possible at a pressure of about psi
(4m water gauge) above the discharge pressure and at a volume of between 1 to 5 
gpm depending on pump size.  With a high flushing water pressure you get greater 
water use and greater dilution of the pumped slurry without any benefit to the seal.

R(=9!))@9!(;!>(:9!$)!()@==&A(+$,(1!(@)!>(0%2-(2-!(678 :&$,>?(1@2(2-!,(+$9!(#@)2(
1!(2$X!,(2/(@)!()A,2-!2%+(9@11!9(=$92)(0-%+-($9!($()=!+%$&(/9>!9.

'!)7$-&"1!,-'!)7$-&"1!,-'!)7$-&"1!,-'!)7$-&"1!,-'!)7$-&"1!,-'!)7$-&"1!,-'!)7$-&"1!,-'!)7$-&"1!,-



 
 
 Meadowbank mining Corp.  
                                                                                                                                       ACP-700R 
  Technical Data Sheet  
  Reference : NC01    
 

      
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

STEEL TANKS  

ST-103 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 



R
ev

.
D

E
S

C
R

IP
T

IO
N

P
A

R
/ B

Y
:

A
P

P
R

:
D

A
T

E
:

 A
ffa

ire
 /

0
S

U
B

M
IT

T
A

L
P

.S
te

-M
ar

ie
P

.S
.M

.
20

09
-0

3-
26

C
on

tr
ac

t

1 2
R

E
F

. N
o.

N
C

01
0

3 4
D

at
e:

P
&

ID

U
ni

t.
T

ot
al

I.D
./T

A
G

N
C

01
S

T
-1

03
-

1
A

C
T

IF
LO

 T
A

N
K

G
E

N
E

R
A

L
M

od
el

:
A

C
T

IF
LO

 A
C

P
- 

70
0R

M
at

er
ia

l:
C

ar
bo

n 
S

te
el

,  
G

40
,2

1M
-3

00
W

S
U

R
F

A
C

E
 P

R
E

P
A

R
A

T
IO

N
In

te
rn

al
:

S
S

P
C

-S
P

-1
0

E
xt

er
na

l:
S

S
P

C
-S

P
-6

C
O

A
T

IN
G

In
te

rn
al

:
1 

co
at

 o
f M

ac
ro

po
xy

 6
46

 N
S

F
, S

H
E

R
W

IN
 W

IL
LI

A
M

S
3 

to
 6

 d
ry

 m
ils

 p
er

 c
oa

t -
 #

B
58

LX
60

0 
Li

gh
t b

lu
e

1 
co

at
 o

f M
ac

ro
po

xy
 6

46
 N

S
F

, S
H

E
R

W
IN

 W
IL

LI
A

M
S

5 
to

 1
0 

dr
y 

m
ils

 p
er

 c
oa

t -
  #

B
58

W
X

61
0 

M
ill

  w
hi

te
1 

co
at

 o
f M

ac
ro

po
xy

 6
46

 N
S

F
, S

H
E

R
W

IN
 W

IL
LI

A
M

S
5 

to
 1

0 
dr

y 
m

ils
 p

er
 c

oa
t -

  #
B

58
LX

60
0 

Li
gh

t b
lu

e

E
xt

er
na

l:
1 

co
at

 o
f M

ac
ro

po
xy

 6
46

 N
S

F
, S

H
E

R
W

IN
 W

IL
LI

A
M

S
5 

to
 1

0 
dr

y 
m

ils
 p

er
 c

oa
t -

  #
B

58
LX

60
0 

Li
gh

t b
lu

e
1 

co
at

 o
f U

V
 r

es
is

ta
nt

 A
cr

ol
on

 2
18

 H
S

, B
65

-6
50

 S
em

i-
G

lo
ss

S
H

E
R

W
IN

 W
IL

LI
A

M
S

, 3
 to

 6
 d

ry
 m

ils
 p

er
 c

oa
t

co
lo

r 
#B

65
T

L0
21

87
12

P
 / 

N

D
E

S
S

IN
 /D

W
G

 #
S

T
-1

03
20

09
-0

3-
26

R
E

V
.

IT
E

M
Q

T
E

/Q
T

Y
.

D
E

S
C

R
IP

T
IO

N
C

A
T

.
A

C
C

P
A

C
 S

O
U

R
C

E
F

A
/S

A
F

I
S

IT
E

N
O

M
E

N
C

LA
T

U
R

E
/

B
IL

L 
O

F
 M

A
T

E
R

IA
LS

T
IT

R
E

/ T
IT

LE
M

ea
do

w
ba

nk
 M

in
in

g

P
ro

je
ct

 S
um

m
ar

y

D
oc

um
en

t: 
P

R
ƒ-

A
C

H
A

T
S

_N
C

01
.x

ls
P

ag
e 

1 
de

/o
f 3



R
ev

.
D

E
S

C
R

IP
T

IO
N

P
A

R
/ B

Y
:

A
P

P
R

:
D

A
T

E
:

 A
ffa

ire
 /

0
S

U
B

M
IT

T
A

L
P

.S
te

-M
ar

ie
P

.S
.M

.
20

09
-0

3-
26

C
on

tr
ac

t

1 2
R

E
F

. N
o.

N
C

01
0

3 4
D

at
e:

P
&

ID

U
ni

t.
T

ot
al

I.D
./T

A
G

P
 / 

N

D
E

S
S

IN
 /D

W
G

 #
S

T
-1

03
20

09
-0

3-
26

R
E

V
.

IT
E

M
Q

T
E

/Q
T

Y
.

D
E

S
C

R
IP

T
IO

N
C

A
T

.
A

C
C

P
A

C
 S

O
U

R
C

E
F

A
/S

A
F

I
S

IT
E

N
O

M
E

N
C

LA
T

U
R

E
/

B
IL

L 
O

F
 M

A
T

E
R

IA
LS

T
IT

R
E

/ T
IT

LE
M

ea
do

w
ba

nk
 M

in
in

g

P
ro

je
ct

 S
um

m
ar

y

G
R

A
T

IN
G

Q
ua

nt
ity

:
co

ve
rin

g 
co

ag
ul

at
io

n,
 in

je
ct

io
n 

an
d 

m
at

ur
at

io
n 

ta
nk

s 
al

so
 

gi
ve

 a
cc

es
s 

to
 s

cr
ap

er
 d

riv
e

M
at

er
ia

l:
F

R
P

M
an

uf
ac

tu
re

r:
F

ib
er

gr
at

e
M

od
el

:
S

qu
ar

e 
M

es
h 

co
lo

r 
gr

ey
 -

 fi
ni

sh
 g

rit
 to

p
D

im
en

si
on

:
1 

1/
2"

 x
 1

 1
/2

" 
x 

1 
1/

2"

H
A

N
D

R
A

IL
Q

ua
nt

ity
:

S
ur

ro
un

di
ng

 g
ra

tin
g 

ex
ce

pt
 fo

r 
op

en
in

g 
fo

r 
ac

ce
ss

M
at

er
ia

l:
G

al
va

ni
ze

d 
S

te
el

S
T

A
IR

S
Q

ua
nt

ity
:

1 
se

t o
f s

ta
irs

 a
nd

 1
 in

te
rm

ed
ia

te
 p

la
tfo

rm
M

at
er

ia
l:

G
al

va
ni

ze
d 

S
te

el
 w

ith
 F

ib
er

gr
at

e 
gr

at
in

g 
an

d 
st

ai
rs

D
oc

um
en

t: 
P

R
ƒ-

A
C

H
A

T
S

_N
C

01
.x

ls
P

ag
e 

2 
de

/o
f 3



R
ev

.
D

E
S

C
R

IP
T

IO
N

P
A

R
/ B

Y
:

A
P

P
R

:
D

A
T

E
:

 A
ffa

ire
 /

0
S

U
B

M
IT

T
A

L
P

.S
te

-M
ar

ie
P

.S
.M

.
20

09
-0

3-
26

C
on

tr
ac

t

1 2
R

E
F

. N
o.

N
C

01
0

3 4
D

at
e:

P
&

ID

U
ni

t.
T

ot
al

I.D
./T

A
G

P
 / 

N

D
E

S
S

IN
 /D

W
G

 #
S

T
-1

03
20

09
-0

3-
26

R
E

V
.

IT
E

M
Q

T
E

/Q
T

Y
.

D
E

S
C

R
IP

T
IO

N
C

A
T

.
A

C
C

P
A

C
 S

O
U

R
C

E
F

A
/S

A
F

I
S

IT
E

N
O

M
E

N
C

LA
T

U
R

E
/

B
IL

L 
O

F
 M

A
T

E
R

IA
LS

T
IT

R
E

/ T
IT

LE
M

ea
do

w
ba

nk
 M

in
in

g

P
ro

je
ct

 S
um

m
ar

y

C
O

LL
E

C
T

IO
N

 T
R

O
U

G
H

S
Q

ua
nt

ity
:

4 
pe

r 
un

it
M

at
er

ia
l:

S
ta

in
le

ss
 S

te
el

 3
04

M
an

uf
ac

tu
re

r:
Jo

hn
 M

eu
ni

er
 in

c.
co

lle
ct

io
n 

tr
ou

gh
 h

av
e 

no
n-

ad
ju

st
ab

le
 n

ot
ch

S
C

R
A

P
E

R
Q

ua
nt

ity
:

1 
pe

r 
un

it
M

at
er

ia
l:

S
cr

ap
er

 s
ha

ft,
 r

ak
e 

ar
m

s 
an

d 
di

sc
ha

rg
e 

co
ne

 s
cr

ap
er

 a
re

 
in

 g
al

va
ni

ze
d 

st
ee

l

D
oc

um
en

t: 
P

R
ƒ-

A
C

H
A

T
S

_N
C

01
.x

ls
P

ag
e 

3 
de

/o
f 3



 



MACROPOXY¨  646 NSF
FAST CURE EPOXY

PART A B58WX610 M ILL WHITE

PART A B58LX600 L IGHT BLUE

PART B B58VX600 H ARDENER

Revised 5/2002
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COATINGS
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COMPANY NSF
Certified to

ANSI/NSF 61

¨

System Tested: (unless otherwise indicated)
Substrate: Steel
Surface Preparation: SSPC-SP10
1 ct. Macropoxy 646 NSF Fast Cure Epoxy @ 6.0 mils dft
Abrasion Resistance:
Method: ASTM D4060, CS17 wheel, 1000 cycles, 1 kg load
Result: 84 mg loss
Accelerated Weathering - QUV, Zinc Clad II HS Prime r:
Method: ASTM D4587, QUV-A, 12,000 hours
Results: passes
Adhesion:
Method: ASTM D4541
Result: 830 psi
Corrosion Weathering, Zinc Clad II HS Primer:
Method: ASTM D5894, 36 cycles,  12,000 hours
Result: Rating 10 per ASTM D714 for blistering

Rating 9 per ASTM D610 for rusting
Direct Impact Resistance:
Method: ASTM D2794
Result: 30 in. lb.
Dry Heat Resistance:
Method: ASTM D2485
Result: 250¡F
Exterior Durability:
Method: 1 year at 45¡ South
Result: Excellent, chalks
Flexibility:
Method: ASTM D522, 180¡ bend, 3/4" mandrel
Result: Passes
Immersion:
Method: 1 year fresh and salt water
Result: Passes, no rusting, blistering, or loss of adhesion
Irradiation-Effects on Coatings used in Nuclear Pow er Plants
Method: ANSI 5.12 / ASTM D4082-89
Result: Passes
Pencil Hardness:
Method: ASTM D3363
Result: 3H
Permeability Rating:
Method: ASTM D1653
Result: 0.154 mg/cm!
Salt Fog Resistance, Zinc Clad II HS Primer::
Method: ASTM B117,  6,500 hours
Result: Rating 10 per ASTM D610 for rusting

Rating 9 per ASTM D1654 for corrosion
Slip Coefficient, Mill White:
Method: AISC Specification for Structural Joints Using ASTM A325

or ASTM A490 Bolts
Result: Class A, 0.36
Epoxy coatings may darken or discolor following application and curing.

Finish: Semi-Gloss

Color: Mill White and Light Blue

Volume Solids: 72% ± 2%, mixed
Mill White

Weight Solids: 85% ± 2%, mixed
Mill White

VOC (EPA Method 24): Unreduced: 235 g/L; 1.96 lb/gal
mixed Reduced 10%: 290 g/L; 2.41 lb/gal

Mix Ratio: 1:1 by volume

Recommended Spreading Rate per coat:
Wet mils: 7.0 - 13.5
Dry mils: 5.0 - 10.0*
Coverage: 116 - 232 sq ft/gal approximate

NOTE:  Brush or roll application may require multiple coats to achieve
maximum film thickness and uniformity of appearance.
* See Recommended Systems

Drying Schedule @ 7.0 mils wet and 50% RH:
@ 40¡F @ 77¡F @ 100¡F

To touch: 4-5 hours 2 hours 1" hours
To handle: 48 hours 8 hours 4" hours
To recoat:

minimum: 48 hours 8 hours 4" hours
maximum: 3 months 3 months 3 months

Cure for
service: 10 days 7 days 4 days
immersion: 14 days 7 days 4 days

If maximum recoat time is exceeded, abrade surface before recoating.
Drying time is temperature, humidity and film thickness dependent.

Pot Life: 10 hours 4 hours 2 hours

Sweat-in-time: 30 minutes 30 minutes 15 minutes

Shelf Life: 36 months

Flash Point: 60¡F, TCC, mixed

Reducer/Clean Up: Reducer, R7K15

PRODUCT DESCRIPTION

PRODUCT CHARACTERISTICS

RECOMMENDED USES

PERFORMANCE CHARACTERISTICS

PRODUCT INFORMATION

MACROPOXY 646 NSF FAST CURE EPOXY is a high sol-
ids, high build, fast drying, polyamide epoxy certified by NSF
to Standard 61 as a tank lining for potable water storage tanks.
The high solids content ensures adequate protection of sharp
edges, corners, and welds.
¥ Approved by NSF to Standard 61 for potable water storage

tanks of 1,500 gallons and larger and pipe interiors of 36"
and greater

¥ Suitable for use in USDA inspected facilities

¥ As an interior tank lining for potable storage water tanks
¥ Immersion service - potable water tanks: Meets NSF Stan-

dard 61 for use in potable water storage tanks
¥ Suitable for use with cathodic protection systems

Epoxy 4.56 2005630 continued on back
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Immersion and atmospheric:

Steel:
2 cts. Macropoxy 646 NSF @ 5.0 - 10.0 mils dft/ct

Steel, Shop Applied System, New Construction,
AWWA D102:
1 ct. Macropoxy 646 NSF @ 3.0 - 6.0 mils dft
1-2 cts. Macropoxy 646 NSF @ 5.0 - 10.0 milds dft/ct

Concrete/Masonry, smooth:
2 cts. Macropoxy 646 NSF @ 5.0 - 10.0 mils dft/ct

Concrete Block:
1 ct. Kem Cati-Coat HS Epoxy Filler/Sealer

@ 10.0 - 20.0 mils dft, as needed to fill voids and
provide a continuous substrate.

2 cts. Macropoxy 646 NSF @ 5.0 - 10.0 mils dft/ct

Maximum dry film thickness allowed by NSF for
Macropoxy 646 NSF Fast Cure Epoxy is 20 mils for tw o
coats.

Atmospheric:

Steel:
1 ct. Recoatable Epoxy Primer @ 4.0 - 6.0 mils dft
2 cts. Macropoxy 646 NSF @ 5.0 - 10.0 mils dft/ct

Steel:
2 cts. Macropoxy 646 NSF @ 5.0 - 10.0 mils dft/ct
1-2 cts. Acrolon 218 Polyurethane @ 3.0 - 6.0 mils dft/ct
or Hi-Solids Polyurethane @ 3.0 - 5.0 mils dft/ct

Steel:
2 cts. Macropoxy 646 NSF @ 5.0 - 10.0 mils dft/ct
1-2 cts. Tile-Clad HS Epoxy @ 2.5 - 4.0 mils dft/ct
or Armor-Tile HS @ 2.5 - 4.0 mils dft/ct

Steel:
1 ct. Zinc Clad II HS @ 3.0 - 6.0 mils dft
1 ct. Macropoxy 646 NSF @ 5.0 - 10.0 mils dft
1-2 cts. Acrolon 218 Polyurethane @ 3.0 - 6.0 mils dft/ct

Steel:
1 ct. Zinc Clad III HS @ 3.0 - 5.0 mils dft
or Zinc Clad IV HS @ 3.0 - 5.0 mils dft
1 ct. Macropoxy 646 NSF @ 5.0 - 10.0 mils dft
1-2 cts. Acrolon 218 Polyurethane @ 3.0 - 6.0 mils dft/ct

Aluminum:
2 cts. Macropoxy 646 NSF @ 5.0 - 10.0 mils dft/ct

Galvanizing:
2 cts. Macropoxy 646 NSF @ 5.0 - 10.0 mils dft/ct

Surface must be clean, dry, and in sound condition. Remove
all oil, dust, grease, dirt, loose rust, and other foreign material
to ensure good adhesion.
Refer to product Application Bulletin for detailed surface prepa-
ration information.
Minimum recommended surface preparation:

Iron & Steel
Atmospheric: SSPC-SP2/3
Immersion: SSPC-SP10, 2-3 mil profile

Aluminum: SSPC-SP1
Galvanizing: SSPC-SP1
Concrete & Masonry

Atmospheric: SSPC-SP13/NACE 6
Immersion: SSPC-SP13/NACE 6-4.3.1 or 4.3.2

Temperature: 40¡F minimum, 110¡F maximum
(air, surface, and material)
At least 5¡F above dew point

Relative humidity: 85% maximum

Refer to product Application Bulletin for detailed application
information.

The systems listed above are representative of the product's
use.  Other systems may be appropriate.

Packaging:
Part A: 1 and 5 gallon containers
Part B: 1 and 5 gallon containers

Weight per gallon: 12.7 ± 0.2 lb
mixed, may vary by color

PRODUCT INFORMATION
RECOMMENDED SYSTEMS SURFACE PREPARATION

TINTING

APPLICATION CONDITIONS

ORDERING INFORMATION

Refer to the MSDS sheet before use.

Published technical data and instructions are subject to change
without notice.  Contact your Sherwin-Williams representative
for additional technical data and instructions.

SAFETY PRECAUTIONS

Tinting is not recommended for immersion service.

4.56
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The following is a guide. Changes in pressures and tip sizes
may be needed for proper spray characteristics. Always purge
spray equipment before use with listed reducer. Any reduction
must be compatible with the existing environmental and appli-
cation conditions.

Reducer/Clean Up ........... Reducer R7K15

Airless Spray
Pump ............................... 30:1
Pressure .......................... 2800 - 3000 psi
Hose ................................. 1/4" ID
Tip ..................................... .017" - .023"
Filter ................................. 60 mesh
Reduction ........................ as needed up to 10% by volume

Conventional Spray
Gun .................................. DeVilbiss MBC-510
Fluid Tip........................... E
Air Nozzle ........................ 704
Atomization Pressure .... 60-65 psi
Fluid Pressure ................ 10-20 psi
Reduction ........................ as needed up to 10% by volume
Requires oil and moisture separators

Brush
Brush................................ Nylon/Polyester or Natural Bristle
Reduction ........................ as needed up to 10% by volume

Roller
Cover ............................... 3/8" woven with phenolic core
Reduction ........................ as needed up to 10% by volume

If specific application equipment is listed above, equivalent
equipment may be substituted.

APPLICATION BULLETIN
SURFACE PREPARATION APPLICATION CONDITIONS

APPLICATION EQUIPMENT

Temperature: 40¡F minimum, 110¡F maximum
(air, surface, and material)
At least 5¡F above dew point

Relative humidity: 85% maximum

Surface must be clean, dry, and in sound condition. Remove all oil,
dust, grease, dirt, loose rust, and other foreign material to ensure
adequate adhesion.
Iron & Steel, Atmospheric Service:
Minimum surface preparation is Hand Tool Clean per SSPC-SP2. Re-
move all oil and grease from surface by Solvent Cleaning per SSPC-
SP1. For better performance, use Commercial Blast Cleaning per
SSPC-SP6, blast clean all surfaces using a sharp, angular abrasive
for optimum surface profile (2 mils). Prime any bare steel within 8
hours or before flash rusting occurs.
Iron & Steel, Immersion Service:
Remove all oil and grease from surface by Solvent Cleaning per SSPC-
SP1. Minimum surface preparation is Near White Metal Blast Clean-
ing per SSPC-SP10. Blast clean all surfaces using a sharp, angular
abrasive for optimum surface profile (2-3 mils). Remove all weld spat-
ter and round all sharp edges by grinding. Prime any bare steel the
same day as it is cleaned.
Aluminum
Remove all oil, grease, dirt, oxide and other foreign material by Sol-
vent Cleaning per SSPC-SP1.
Galvanized Steel
Allow to weather a minimum of six months prior to coating. Solvent
Clean per SSPC-SP1 (recommended solvent is VM&P Naphtha).
When weathering is not possible, or the surface has been treated
with chromates or silicates, first Solvent Clean per SSPC-SP1 and
apply a test patch. Allow paint to dry at least one week before testing
adhesion. If adhesion is poor, brush blasting per SSPC-SP7 is nec-
essary to remove these treatments. Rusty galvanizing requires a mini-
mum of Hand Tool Cleaning per SSPC-SP2, prime the area the same
day as cleaned.
Concrete and Masonry, Atmospheric Service:
For surface preparation, refer to NACE 6/SSPC-SP13. Surfaces
should be thoroughly clean and dry. Concrete and mortar must be
cured at least 28 days @ 75¡F. Remove all loose mortar and foreign
material. Surface must be free of laitance, concrete dust, dirt, form
release agents, moisture curing membranes, loose cement and hard-
eners. Fill bug holes, air pockets and other voids with a cement patching
compound. Weathered masonry and soft or porous cement board
must be brush blasted or power tool cleaned to remove loosely adher-
ing contamination and to get to a hard, firm surface. Laitance must be
removed by etching with a 10% muriatic acid solution and thoroughly
neutralized with water.
Concrete and Masonry, Immersion Service:
For surface preparation, refer to SSPC-SP13/NACE 6, Section 4.3.1
or 4.3.2.
Previously Painted Surfaces
If in sound condition, clean the surface of all foreign material. Smooth,
hard or glossy coatings and surfaces should be dulled by abrading
the surface. Apply a test area, allowing paint to dry one week before
testing adhesion. If adhesion is poor, or if this product attacks the
previous finish, removal of the previous coating may be necessary. If
paint is peeling or badly weathered, clean surface to sound substrate
and treat as a new surface as above.

Epoxy 4.56A 2005630A continued on back
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APPLICATION BULLETIN
APPLICATION PROCEDURES

SAFETY PRECAUTIONSCLEAN UP INSTRUCTIONS

PERFORMANCE TIPS

Refer to the MSDS sheet before use.

Published technical data and instructions are subject to change
without notice.  Contact your Sherwin-Williams representative
for additional technical data and instructions.

Surface preparation must be completed as indicated.

Mix contents of each component thoroughly with power agita-
tion.  Make certain no pigment remains on the bottom of the
can.  Then combine one part by volume of Part A with one part
by volume of Part B.  Thoroughly agitate the mixture with power
agitation.  Allow the material to sweat-in as indicated prior to
application.  Re-stir before using.

If reducer solvent is used, add only after both components
have been thoroughly mixed, after sweat-in.

Apply paint to the recommended film thickness and spreading
rate as indicated below:
Recommended Spreading Rate per coat:

Wet mils: 7.0 - 13.5
Dry mils: 5.0 - 10.0*
Coverage: 116 - 232 sq ft/gal approximate

NOTE:  Brush or roll application may require multiple coats to achieve
maximum film thickness and uniformity of appearance.
* See Recommended Systems

Drying Schedule @ 7.0 mils wet and 50% RH:
@ 40¡F @ 77¡F @ 100¡F

To touch: 4-5 hours 2 hours 1" hours
To handle: 48 hours 8 hours 4" hours
To recoat:

minimum: 48 hours 8 hours 4" hours
maximum: 3 months 3 months 3 months

Cure for
service: 10 days 7 days 4 days
immersion: 14 days 7 days 4 days

If maximum recoat time is exceeded, abrade surface before recoating.
Drying time is temperature, humidity and film thickness dependent.

Pot Life: 10 hours 4 hours 2 hours

Sweat-in-time: 30 minutes 30 minutes 15 minutes

Application of coating above maximum or below minimum rec-
ommended spreading rate may adversely affect coating per-
formance.

Stripe coat all crevices, welds, and sharp angles to prevent
early failure in these areas.

When using spray application, use a 50% overlap with each
pass of the gun to avoid holidays, bare areas, and pinholes. If
necessary, cross spray at a right angle

Spreading rates are calculated on volume solids and do not
include an application loss factor due to surface profile, rough-
ness or porosity of the surface, skill and technique of the ap-
plicator, method of application, various surface irregularities,
material lost during mixing, spillage, overthinning, climatic con-
ditions, and excessive film build.

Excessive reduction of material can affect film build, appear-
ance, and adhesion.

Do not mix previously catalyzed material with new.

Do not apply the material beyond recommended pot life.

In order to avoid blockage of spray equipment, clean equip-
ment before use or before periods of extended downtime with
Reducer R7K15.

Tinting is not recommended for immersion service.

Quik-Kick Epoxy Accelerator is acceptable for atmospheric use.
Do not use Quik-Kick Epoxy Accelerator for immersio n
service when NSF certification is required.   See data page
4.99 for details.

Refer to Product Information sheet for additional performance
characteristics and properties.

4.56A

Clean spills and spatters immediately with Reducer R7K15.
Clean tools immediately after use with Reducer R7K15. Fol-
low manufacturer's safety recommendations when using any
solvent.



                          MATERIAL SAFETY DATA SHEET
B58W610
08 00

          Section 1 -- PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NUMBER              DATE OF PREPARATION            HMIS CODES
                                                        Health           3*
   B58W610                       03-SEP-07              Flammability     3
                                                        Reactivity       0
PRODUCT NAME
   MACROPOXY¨ 646 Fast Cure Epoxy Coating (Part A), Mill White

MANUFACTURER'S NAME
   THE SHERWIN-WILLIAMS COMPANY
   101 Prospect Avenue N.W.
   Cleveland, OH 44115

TELEPHONE NUMBERS and WEBSITES
   Product Information
                             www.sherwin-williams.com
   Regulatory Information
      (216) 566-2902         www.paintdocs.com
   Medical Emergency
      (216) 566-2917
   Transportation Emergency      for Chemical Emergency ONLY (spill, leak,
      (800) 424-9300             fire, exposure, or accident)

          Section 2 -- COMPOSITION/INFORMATION ON INGREDIENTS
% by WT       CAS No.  INGREDIENT             UNITS          VAPOR PRESSURE

     3       100-41-4  Ethylbenzene
                            ACGIH TLV    100  ppm                    7.1 mm
                            ACGIH TLV    125  ppm STEL
                            OSHA  PEL    100  ppm
                            OSHA  PEL    125  ppm STEL
    15      1330-20-7  Xylene
                            ACGIH TLV    100  ppm                    5.9 mm
                            ACGIH TLV    150  ppm STEL
                            OSHA  PEL    100  ppm
                            OSHA  PEL    150  ppm STEL
    11     68410-23-1  Polyamide
                            ACGIH TLV  Not Available
                            OSHA  PEL  Not Available
     9     14807-96-6  Talc
                            ACGIH TLV      2  mg/m3 as Resp. Dust
                            OSHA  PEL      2  mg/m3 as Resp. Dust
    31     13463-67-7  Titanium Dioxide
                            ACGIH TLV     10  mg/m3 as Dust
                            OSHA  PEL     10  mg/m3 Total Dust
                            OSHA  PEL      5  mg/m3 Respirable Fraction

Continued on page 2



        B58W610                                                      page 2

          Section 3 -- HAZARDS IDENTIFICATION

ROUTES OF EXPOSURE
   INHALATION of vapor or spray mist.
   EYE or SKIN contact with the product, vapor or spray mist.
EFFECTS OF OVEREXPOSURE
         EYES:  Irritation.
         SKIN:  Prolonged or repeated exposure may cause irritation.
   INHALATION:  Irritation of the upper respiratory system.
   May cause nervous system depression.  Extreme overexposure may result in
unconsciousness and possibly death.
SIGNS AND SYMPTOMS OF OVEREXPOSURE
   Headache, dizziness, nausea, and loss of coordination are indications of
excessive exposure to vapors or spray mists.
   Redness and itching or burning sensation may indicate eye or excessive
skin exposure.
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE
   May cause allergic skin reaction in susceptible persons.
CANCER INFORMATION
  For complete discussion of toxicology data refer to Section 11.

          Section 4 -- FIRST AID MEASURES

         EYES:  Flush eyes with large amounts of water for 15 minutes.
                Get medical attention.
         SKIN:  Wash affected area thoroughly with soap and water.
                Remove contaminated clothing and launder before re-use.
   INHALATION:  If affected, remove from exposure.  Restore breathing.
                Keep warm and quiet.
    INGESTION:  Do not induce vomiting.
                Get medical attention immediately.

          Section 5 -- FIRE FIGHTING MEASURES

FLASH POINT                        LEL      UEL
    85 F PMCC                      1.0      7.0
FLAMMABILITY CLASSIFICATION
   RED LABEL -- Flammable, Flash below 100 F (38 C)
EXTINGUISHING MEDIA
   Carbon Dioxide, Dry Chemical, Foam
UNUSUAL FIRE AND EXPLOSION HAZARDS
   Closed containers may explode when exposed to extreme heat.
   Application to hot surfaces requires special precautions.
   During emergency conditions overexposure to decomposition products may
cause a health hazard.  Symptoms may not be immediately apparent.  Obtain
medical attention.
SPECIAL FIRE FIGHTING PROCEDURES
   Full protective equipment including self-contained breathing apparatus
should be used.
   Water spray may be ineffective.  If water is used, fog nozzles are
preferable.  Water may be used to cool closed containers to prevent
pressure build-up and possible autoignition or explosion when exposed to
extreme heat.

Continued on page 3
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          Section 6 -- ACCIDENTAL RELEASE MEASURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED
   Remove all sources of ignition.  Ventilate the area.
   Remove with inert absorbent.

          Section 7 -- HANDLING AND STORAGE

STORAGE CATEGORY
   DOL Storage Class IC
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE
   Contents are FLAMMABLE.  Keep away from heat, sparks, and open flame.
   During use and until all vapors are gone:  Keep area ventilated - Do not
smoke - Extinguish all flames, pilot lights, and heaters - Turn off stoves,
electric tools and appliances, and any other sources of ignition.
   Consult NFPA Code.  Use approved Bonding and Grounding procedures.
   Keep container closed when not in use.  Transfer only to approved
containers with complete and appropriate labeling.  Do not take internally.
Keep out of the reach of children.

          Section 8 -- EXPOSURE CONTROLS/PERSONAL PROTECTION

PRECAUTIONS TO BE TAKEN IN USE
   Use only with adequate ventilation.
   Avoid contact with skin and eyes.  Avoid breathing vapor and spray mist.
   Wash hands after using.
   This coating may contain materials classified as nuisance particulates
(listed "as Dust" in Section 2) which may be present at hazardous levels
only during sanding or abrading of the dried film.  If no specific dusts
are listed in Section 2, the applicable limits for nuisance dusts are ACGIH
TLV 10 mg/m3 (total dust), 3 mg/m3 (respirable fraction), OSHA PEL 15 mg/m3
(total dust), 5 mg/m3 (respirable fraction).
VENTILATION
   Local exhaust preferable.  General exhaust acceptable if the exposure to
materials in Section 2 is maintained below applicable exposure limits.
Refer to OSHA Standards 1910.94, 1910.107, 1910.108.
RESPIRATORY PROTECTION
   If personal exposure cannot be controlled below applicable limits by
ventilation, wear a properly fitted organic vapor/particulate respirator
approved by NIOSH/MSHA for protection against materials in Section 2.
   When sanding or abrading the dried film, wear a dust/mist respirator
approved by NIOSH/MSHA for dust which may be generated from this product,
underlying paint, or the abrasive.
PROTECTIVE GLOVES
   Wear gloves which are recommended by glove supplier for protection
against materials in Section 2.
EYE PROTECTION
   Wear safety spectacles with unperforated sideshields.
OTHER PRECAUTIONS
   This product must be mixed with other components before use.  Before
opening the packages, READ AND FOLLOW WARNING LABELS ON ALL COMPONENTS.
   Intentional misuse by deliberately concentrating and inhaling the
contents can be harmful or fatal.

Continued on page 4
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          Section 9 -- PHYSICAL AND CHEMICAL PROPERTIES

   PRODUCT WEIGHT              12.19 lb/gal     1460 g/l
   SPECIFIC GRAVITY            1.47
   BOILING POINT               277 - 292 F     136 - 144 C
   MELTING POINT               Not Available
   VOLATILE VOLUME             29  %
   EVAPORATION RATE            Slower than ether
   VAPOR DENSITY               Heavier than air
   SOLUBILITY IN WATER         N.A.
   VOLATILE ORGANIC COMPOUNDS (VOC Theoretical - As Packaged)
      2.11 lb/gal   253 g/l    Less Water and Federally Exempt Solvents
      2.11 lb/gal   253 g/l    Emitted VOC

          Section 10 -- STABILITY AND REACTIVITY

STABILITY -- Stable
CONDITIONS TO AVOID
   None known.
INCOMPATIBILITY
   None known.
HAZARDOUS DECOMPOSITION PRODUCTS
   By fire: Carbon Dioxide, Carbon Monoxide
HAZARDOUS POLYMERIZATION
   Will not occur

          Section 11 -- TOXICOLOGICAL INFORMATION

CHRONIC HEALTH HAZARDS
   Ethylbenzene is classified by IARC as possibly carcinogenic to humans
(2B) based on inadequate evidence in humans and sufficient evidence in
laboratory animals.   Lifetime inhalation exposure of rats and mice to high
ethylbenzene concentrations resulted in increases in certain types of
cancer, including kidney tumors in rats and lung and liver tumors in mice.
These effects were not observed in animals exposed to lower concentrations.
There is no evidence that ethylbenzene causes cancer in humans.
   Prolonged overexposure to solvent ingredients in Section 2 may cause
adverse effects to the liver, urinary and reproductive systems.
   IARC's Monograph No. 93 reports there is sufficient evidence of
carcinogenicity in experimental rats exposed to titanium dioxide but
inadequate evidence for carcinogenicity in humans and has assigned a Group
2B rating.  In addition, the IARC summary concludes, "No significant
exposure to titanium dioxide is thought to occur during the use of products
in which titanium is bound to other materials, such as paint."
   Reports have associated repeated and prolonged overexposure to solvents
with permanent brain and nervous system damage.

TOXICOLOGY DATA

Continued on page 5
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     CAS No.     Ingredient Name

    100-41-4     Ethylbenzene
                              LC50   RAT     4HR    Not Available
                              LD50   RAT             3500   mg/kg
   1330-20-7     Xylene
                              LC50   RAT     4HR     5000   ppm
                              LD50   RAT             4300   mg/kg
  68410-23-1     Polyamide
                              LC50   RAT     4HR    Not Available
                              LD50   RAT            8000.   mg/kg
  14807-96-6     Talc
                              LC50   RAT     4HR    Not Available
                              LD50   RAT            Not Available
  13463-67-7     Titanium Dioxide
                              LC50   RAT     4HR    Not Available
                              LD50   RAT            Not Available

          Section 12 -- ECOLOGICAL INFORMATION

ECOTOXICOLOGICAL INFORMATION
   No data available.

          Section 13 -- DISPOSAL CONSIDERATIONS

WASTE DISPOSAL METHOD
   Waste from this product may be hazardous as defined under the Resource
Conservation and Recovery Act (RCRA) 40 CFR 261.
   Waste must be tested for ignitability to determine the applicable EPA
hazardous waste numbers.
   Incinerate in approved facility.  Do not incinerate closed container.
Dispose of in accordance with Federal, State/Provincial, and Local
regulations regarding pollution.

Continued on page 6
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          Section 14 -- TRANSPORT INFORMATION

US Ground (DOT)
    1 Gallon and Less may be Classed as CONSUMER COMMODITY, ORM-D
    Larger Containers are Regulated as:
    UN1263, PAINT, 3, PG III, (ERG#128)

DOT (Dept of Transportation) Hazardous Substances & Reportable Quantities
    Ethyl benzene 1000 lb RQ
    Xylenes (isomers and mixture) 100 lb RQ

Bulk Containers may be Shipped as (check reportable quantities):
    RQ, UN1263, PAINT, 3, PG III, (XYLENES (ISOMERS AND MIXTURE)),
(ERG#128)

Canada (TDG)
    UN1263, PAINT, CLASS 3, PG III, LIMITED QUANTITY, (ERG#128)

IMO
    UN1263, PAINT, CLASS 3, PG III, (29 C c.c.), EmS F-E, S-E

          Section 15 -- REGULATORY INFORMATION

SARA 313 (40 CFR 372.65C) SUPPLIER NOTIFICATION

   CAS No.       CHEMICAL/COMPOUND                      % by WT   % Element

    100-41-4 Ethylbenzene                                  3
   1330-20-7 Xylene                                       15

CALIFORNIA PROPOSITION 65
   WARNING:  This product contains chemicals known to the State of
California to cause cancer and birth defects or other reproductive harm.
TSCA CERTIFICATION
   All chemicals in this product are listed, or are exempt from listing,
on the TSCA Inventory.

          Section 16 -- OTHER INFORMATION

   This product has been classified in accordance with the hazard criteria
of the Canadian Controlled Products Regulations (CPR) and the MSDS contains
all of the information required by the CPR.

   The above information pertains to this product as currently formulated,
and is based on the information available at this time.  Addition of
reducers or other additives to this product may substantially alter the
composition and hazards of the product.  Since conditions of use are
outside our control, we make no warranties, express or implied, and assume
no liability in connection with any use of this information.
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System Tested:  (unless otherwise indicated)
Substrate: Steel
Surface Preparation: SSPC-SP10
1 ct. Macropoxy 646 @ 6.0 mils dft
1 ct. Acrolon 218 HS Gloss @ 4.0 mils dft
Abrasion Resistance: 1

Method: ASTM D4060, CS17 wheel, 1000 cycles, 1 kg load
Result: 43 mg loss
Accelerated Weathering, with Diamond-Clad Clear Coa t:
Method: ASTM D4587, QUV-A, 10,000 hours
Results: 100% gloss retention
Adhesion:
Method: ASTM D4541
Result: 975 psi
Corrosion Weathering: 2

Method: ASTM D5894, 9 cycles, 3024 hours
Result: Rating 10 per ASTM D610, for rusting

Rating 10 per ASTM D714, for blistering
Direct Impact Resistance: 1

Method: ASTM D2794
Result: 50 in. lb.
Dry Heat Resistance: 1

Method: ASTM D2485, Method A
Result: 200¡F
Flexibility: 1

Method: ASTM D522, 180¡ bend, 1/8" mandrel
Result: Passes
Humidity Resistance: 2

Method: ASTM D4585, 100¡F, 1500 hours
Result: Rating 10 per ASTM D610 for rusting

Rating 10 per ASTM D714 for blistering
Pencil Hardness:
Method: ASTM D3363
Result: 3H
Salt Fog Resistance: 2

Method: ASTM B117, 7000 hours
Result: Rating 10 per ASTM D610 for rusting

Rating 9 per ASTM D714 for blistering

1 Finish coat only tested
2 Primer Zinc-Clad II HS

Intermediate Macropoxy 646
Finish Acrolon 218 HS

Meets the requirements of SSPC Paint No. 36, Level 3.

Finish: High Gloss or Semi-Gloss

Color: Wide range of colors available

Volume Solids: 65% ± 2%, mixed, may vary by color
Ultra White

Weight Solids: 78% ± 2%, mixed, may vary by color
Ultra White

VOC (EPA Method 24): Unreduced: 287 g/L; 2.4 lb/gal
Pure White, mixed Reduced 10%: 336 g/L; 2.8 lb/gal

Reduced 15%: 360 g/L; 3.0 lb/gal

Mix Ratio: 6:1 by volume, 1 gallon or 5 gallon mixes
premeasured components

Recommended Spreading Rate per coat:
Wet mils: 4.5 - 9.0
Dry mils: 3.0 - 6.0
Coverage: 175 - 346 sq ft/gal approximate

NOTE:  Brush or roll application may require multiple coats to achieve
maximum film thickness and uniformity of appearance.

Drying Schedule @ 6.0 mils wet @ 50% RH:
@ 50¡F @ 77¡F @ 120¡F

To touch: 2 hours 30 minutes 20 minutes
To handle: 10 hours 6 hours 4 hours
To recoat:

minimum: 12 hours 8 hours 6 hours
maximum: 3 months 3 months 3 months

To cure: 14 days 7 days 5 days
Drying time is temperature, humidity, and film thickness dependent.

Pot Life: 4 hours 2 hours 45 minutes
(reduced 5% with Reducer R7K15)

Sweat in Time: none none none
If maximum recoat time is exceeded, abrade surface before
recoating.

Shelf Life: Part A: 36 months, unopened
Part B: 12 months, unopened
Store indoors at 40¡F to 100¡F

Flash Point: 55¡F, Seta, mixed

Reducer/Clean Up: Spray Reducer R7K15
Brush/Roll Reducer #132, R7K132

PRODUCT DESCRIPTION RECOMMENDED USES

PRODUCT INFORMATION

ACROLON 218 HS acrylic polyurethane is a VOC compliant,
polyester modified, aliphatic, acrylic polyurethane formulated
specifically for in-shop applications. Also suitable for indus-
trial applications.  A fast drying, high gloss urethane that pro-
vides color and gloss retention for exterior exposure.
¥ Can be used directly over organic zinc rich primers (epoxy

zinc primer and moisture cure urethane zinc primer)
¥ Suitable for use in USDA inspected facilities
¥ Color and gloss retention for exterior exposure
¥ Fast dry

Specifically formulated for in-shop applications.

For use over prepared metal and masonry surfaces in indus-
trial environments such as:

¥ Structural steel ¥ Tank exteriors
¥ Rail cars and locomotives ¥ Pipelines
¥ Conveyors ¥ Ships
¥ Bridges
¥ Offshore platforms - exploration and production

Polyurethane 5.22 continued on back
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Steel:
1 ct. Macropoxy 646 @ 5.0 - 10.0 mils dft
1-2 cts. Acrolon 218 HS Acrylic Polyurethane

@ 3.0 - 6.0 mils dft/ct

Steel:
1 ct. Zinc Clad II HS @ 3.0 - 5.0 mils dft
1 ct. Macropoxy 646 @ 5.0 - 10.0 mils dft
1-2 cts. Acrolon 218 HS Acrylic Polyurethane

@ 3.0 - 6.0 mils dft/ct

Steel:
1 ct. Zinc Clad IV @ 3.0 - 5.0 mils dft
1-2 cts. Acrolon 218 HS Acrylic Polyurethane

@ 3.0 - 6.0 mils dft/ct

Steel:
1 ct. Corothane I - GalvaPac Zinc Primer

@ 3.0 - 4.0 mils dft
1-2 cts. Acrolon 218 HS Acrylic Polyurethane

@ 3.0 - 6.0 mils dft/ct

Steel:
1 ct. Epoxy Mastic Aluminum II @ 6.0 mils dft
1-2 cts. Acrolon 218 HS Acrylic Polyurethane

@ 3.0 - 6.0 mils dft/ct

Steel:
1 ct. Recoatable Epoxy Primer @ 4.0 - 6.0 mils dft
1-2 cts. Acrolon 218 HS Acrylic Polyurethane

@ 3.0 - 6.0 mils dft/ct

Concrete/Masonry:
1 ct. Kem Cati-Coat HS Epoxy Filler/Sealer

@ 10.0 - 20.0 mils dft
1-2 cts. Acrolon 218 HS Acrylic Polyurethane

@ 3.0 - 6.0 mils dft/ct

Aluminum/Galvanizing:
1 ct. DTM Wash Primer @ 0.7 - 1.3 mils dft
1-2 cts. Acrolon 218 HS Acrylic Polyurethane

@ 3.0 - 6.0 mils dft/ct

Surface must be clean, dry, and in sound condition. Remove
all oil, dust, grease, dirt, loose rust, and other foreign material
to ensure adequate adhesion.

Refer to product Application Bulletin for detailed surface prepa-
ration information.

Minimum recommended surface preparation:
* Iron & Steel: SSPC-SP6, 1-2 mils profile
* Galvanizing: SSPC-SP1
* Concrete & Masonry: SSPC-SP13/NACE 6

* Primer required

Tint with 844 Colorants.
¥ Extra white tints at 100% tint strength
¥ Ultradeep base tints at 150% tint strength

Five minutes minimum mixing on a mechanical shaker is
required for complete mixing of color.

Packaging: 1 gallon mix: 5 gallon mix:
Part A: .86 gal 4.29 gal
Part B: .14 gal 0.71 gal
(premeasured components)

Weight per gallon: 11.2 ± 0.2 lb
mixed, may vary with color

PRODUCT INFORMATION
RECOMMENDED SYSTEMS SURFACE PREPARATION

TINTING

APPLICATION CONDITIONS

ORDERING INFORMATION

Refer to the MSDS sheet before use.

Published technical data and instructions are subject to change
without notice.  Contact your Sherwin-Williams representative
for additional technical data and instructions.

SAFETY PRECAUTIONS

The systems listed above are representative of the product's
use.  Other systems may be appropriate.

5.22

Temperature: 40¡F minimum, 120¡F maximum
(air, surface, and material)
At least 5¡F above dew point

Relative humidity: 85% maximum

Refer to product Application Bulletin for detailed application
information.
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The following is a guide. Changes in pressures and tip sizes
may be needed for proper spray characteristics. Always purge
spray equipment before use with listed reducer. Any reduction
must be compatible with the existing environmental and ap-
plication conditions.

Reducer/Clean Up:
Spray ............................ Reducer R7K15
Brush/Roll .................... Reducer #132, R7K132
If reducer is used, reduce at time of catalyzation.

Airless Spray
Pressure ...................... 2500 - 2800 psi
Hose ............................ 3/8" ID
Tip ................................ .013" - .017"
Filter ............................. 60 mesh
Reduction ..................... As needed up to 15% by volume

Conventional Spray
Gun ............................... Binks 95
Cap ............................... 63P
Atomization Pressure .. 50 - 70 psi
Fluid Pressure ............. 20 - 25 psi
Reduction ..................... As needed up to 15% by volume

Brush
Brush ............................ Natural Bristle
Reduction ..................... As needed up to 15% by volume

Roller
Cover ............................ 3/8" woven with phenolic core
Reduction ..................... As needed up to 15% by volume

If specific application equipment is listed above, equivalent
equipment may be substituted.

APPLICATION BULLETIN
SURFACE PREPARATION APPLICATION CONDITIONS

APPLICATION EQUIPMENT

Temperature: 40¡F minimum, 120¡F maximum
(air, surface, and material)
At least 5¡F above dew point

Relative humidity: 85% maximum

Surface must be clean, dry, and in sound condition.  Remove
all oil, dust, grease, dirt, loose rust, and other foreign material
to ensure adequate adhesion.
Iron & Steel
Remove all oil and grease from surface by Solvent Cleaning
per SSPC-SP1. Minimum surface preparation is Commercial
Blast Cleaning per SSPC-SP6. For better performance, use
Near White Metal Blast Cleaning per SSPC-SP10. Blast clean
all surfaces using a sharp, angular abrasive for optimum sur-
face profile (1-2 mils). Prime any bare steel the same day as it
is cleaned or before flash rusting occurs.
Aluminum
Remove all oil, grease, dirt, oxide and other foreign material
by Solvent Cleaning per SSPC-SP1. Primer required
Galvanized Steel
Allow to weather a minimum of six months prior to coating.
Solvent Clean per SSPC-SP1. When weathering is not pos-
sible, or the surface has been treated with chromates or sili-
cates, first Solvent Clean per SSPC-SP1 and apply a test patch.
Allow paint to dry at least one week before testing adhesion. If
adhesion is poor, brush blasting per SSPC-SP7 is necessary
to remove these treatments. Rusty galvanizing requires a mini-
mum of Hand Tool Cleaning per SSPC-SP2, prime the area
the same day as cleaned or before flash rusting occurs.
Poured Concrete
New
For surface preparation, refer to SSPC-SP13/NACE 6. Sur-
faces must be clean, dry, sound and offer sufficient profile to
achieve adequate adhesion.  Minimum substrate cure is 28
days at 75¡F. Remove all form release agents, curing com-
pounds, salts, efflorescence, laitance, and other foreign mat-
ter by sandblasting, shotblasting, mechanical scarification, or
suitable chemical means. Refer to ASTM D4260.  Rinse thor-
oughly to achieve a final pH between 6.0 and 10.0.  Allow to
dry thoroughly prior to coating.
Old
Surface preparation is done in much the same manner as new
concrete, however, if the concrete is contaminated with oils,
grease, chemicals, etc., they must be removed by cleaning
with a strong detergent.  Refer to ASTM D4258.  Form release
agents, hardeners, etc.  must be removed by sandblasting,
shotblasting, mechanical scarification, or suitable chemical
means.  If surface deterioration presents an unacceptably rough
surface, Kem Cati-Coat Epoxy HS Filler/Sealer is recom-
mended to patch and resurface damaged concrete.
Fill all cracks, voids and bugholes with Sher-Plate Epoxy Patch.
Always follow the ASTM methods listed below:
ASTM D4258 Standard Practice for Cleaning Concrete.
ASTM D4259 Standard Practice for Abrading Concrete.
ASTM D4260 Standard Practice for Etching Concrete.
ASTM F1869 Standard Test Method for Measuring Moisture
Vapor Emission Rate of Concrete.
SSPC-SP 13/Nace 6 Surface Preparation of Concrete.

5.22A
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APPLICATION BULLETIN
APPLICATION PROCEDURES

SAFETY PRECAUTIONSCLEAN UP INSTRUCTIONS

PERFORMANCE TIPS

Refer to the MSDS sheet before use.

Published technical data and instructions are subject to change
without notice.  Contact your Sherwin-Williams representative
for additional technical data and instructions.

Surface preparation must be completed as indicated.

Mix contents of each component thoroughly with power agita-
tion.  Make certain no pigment remains on the bottom of the
can.  Then combine six parts by volume of Part A with one
part by volume of Part B (premeasured components). Thor-
oughly agitate the mixture with power agitation. Re-stir before
using.

If reducer is used, reduce at time of catalyzation.

Apply paint at the recommended film thickness and spreading
rate as indicated below:

Recommended Spreading Rate per coat:
Wet mils: 4.5 - 9.0
Dry mils: 3.0 - 6.0
Coverage: 175 - 346 sq ft/gal approximate

NOTE:  Brush or roll application may require multiple coats to achieve
maximum film thickness and uniformity of appearance.

Drying Schedule @ 6.0 mils wet @ 50% RH:
50¡F @ 77¡F @ 120¡F

To touch: 2 hours 30 minutes 20 minutes
To handle: 10 hours 6 hours 4 hours
To recoat:

minimum: 12 hours 8 hours 6 hours
maximum: 3 months 3 months 3 months

To cure: 14 days 7 days 5 days
Pot Life: 4 hours 2 hours 45 minutes

(reduced 5% with Reducer R7K15)
Sweat in Time: none none none

Application of coating above maximum or below minimum rec-
ommended spreading rate may adversely affect coating per-
formance.

Stripe coat all crevices, welds, and sharp angles to prevent
early failure in these areas.

When using spray application, use a 50% overlap with each
pass of the gun to avoid holidays, bare areas, and pinholes. If
necessary, cross spray at a right angle.

Spreading rates are calculated on volume solids and do not
include an application loss factor due to surface profile, rough-
ness or porosity of the surface, skill and technique of the ap-
plicator, method of application, various surface irregularities,
material lost during mixing, spillage, overthinning, climatic con-
ditions, and excessive film build.

Excessive reduction of material can affect film build, appear-
ance, and adhesion.

Do not apply the material beyond recommended pot life.

Do not mix previously catalyzed material with new.

In order to avoid blockage of spray equipment, clean equip-
ment before use or before periods of extended downtime with
Reducer #132, R7K132.

Mixed coating is sensitive to water. Use water traps in all air
lines. Moisture contact can reduce pot life and affect gloss
and color.

E-Z Roll Urethane Defoamer is acceptable for use.  See data
page 5.99 for details.

Refer to Product Information sheet for additional performance
characteristics and properties.

Clean spills and spatters immediately with Reducer #132,
R7K132. Clean tools immediately after use with Reducer #132,
R7K132. Follow manufacturer's safety recommendations when
using any solvent.

5.22A



                          MATERIAL SAFETY DATA SHEET
B65T604
09 00

          Section 1 -- PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NUMBER              DATE OF PREPARATION            HMIS CODES
                                                        Health           2*
   B65T604                       03-SEP-07              Flammability     3
                                                        Reactivity       0
PRODUCT NAME
   ACROLONª 218 HS Polyurethane - Gloss (Part A), Ultradeep/Clear Tint Base

MANUFACTURER'S NAME
   THE SHERWIN-WILLIAMS COMPANY
   101 Prospect Avenue N.W.
   Cleveland, OH 44115

TELEPHONE NUMBERS and WEBSITES
   Product Information
                             www.sherwin-williams.com
   Regulatory Information
      (216) 566-2902         www.paintdocs.com
   Medical Emergency
      (216) 566-2917
   Transportation Emergency      for Chemical Emergency ONLY (spill, leak,
      (800) 424-9300             fire, exposure, or accident)

          Section 2 -- COMPOSITION/INFORMATION ON INGREDIENTS
% by WT       CAS No.  INGREDIENT             UNITS          VAPOR PRESSURE

   0.4       100-41-4  Ethylbenzene
                            ACGIH TLV    100  ppm                    7.1 mm
                            ACGIH TLV    125  ppm STEL
                            OSHA  PEL    100  ppm
                            OSHA  PEL    125  ppm STEL
     2      1330-20-7  Xylene
                            ACGIH TLV    100  ppm                    5.9 mm
                            ACGIH TLV    150  ppm STEL
                            OSHA  PEL    100  ppm
                            OSHA  PEL    150  ppm STEL
     1     64742-94-5  Medium Aromatic Hydrocarbons
                            ACGIH TLV  Not Available                0.12 mm
                            OSHA  PEL  Not Available
   0.2        91-20-3  Naphthalene
                            ACGIH TLV     10  ppm                      1 mm
                            ACGIH TLV     15  ppm STEL
                            OSHA  PEL     10  ppm
                            OSHA  PEL     15  ppm STEL
     4        78-93-3  Methyl Ethyl Ketone
                            ACGIH TLV    200  ppm                     70 mm
                            ACGIH TLV    300  ppm STEL
                            OSHA  PEL    200  ppm
                            OSHA  PEL    300  ppm STEL

Continued on page 2
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    10       123-86-4  n-Butyl Acetate
                            ACGIH TLV    150  ppm                     10 mm
                            ACGIH TLV    200  ppm STEL
                            OSHA  PEL    150  ppm
                            OSHA  PEL    200  ppm STEL
     6       108-65-6  1-Methoxy-2-Propanol Acetate
                            ACGIH TLV  Not Available                 1.8 mm
                            OSHA  PEL  Not Available
    31     14808-60-7  Quartz
                            ACGIH TLV   0.05  mg/m3 as Resp. Dust
                            OSHA  PEL    0.1  mg/m3 as Resp. Dust

          Section 3 -- HAZARDS IDENTIFICATION

ROUTES OF EXPOSURE
   INHALATION of vapor or spray mist.
   EYE or SKIN contact with the product, vapor or spray mist.
EFFECTS OF OVEREXPOSURE
         EYES:  Irritation.
         SKIN:  Prolonged or repeated exposure may cause irritation.
   INHALATION:  Irritation of the upper respiratory system.
   May cause nervous system depression.  Extreme overexposure may result in
unconsciousness and possibly death.
SIGNS AND SYMPTOMS OF OVEREXPOSURE
   Headache, dizziness, nausea, and loss of coordination are indications of
excessive exposure to vapors or spray mists.
   Redness and itching or burning sensation may indicate eye or excessive
skin exposure.
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE
   May cause allergic respiratory and/or skin reaction in susceptible
persons or sensitization.  This effect may be delayed several hours after
exposure.
CANCER INFORMATION
  For complete discussion of toxicology data refer to Section 11.

          Section 4 -- FIRST AID MEASURES

         EYES:  Flush eyes with large amounts of water for 15 minutes.
                Get medical attention.
         SKIN:  Wash affected area thoroughly with soap and water.
                Remove contaminated clothing and launder before re-use.
   INHALATION:  If any breathing problems occur during use, LEAVE THE
                AREA and get fresh air. If problems remain or occur
                later, IMMEDIATELY get medical attention.
    INGESTION:  Do not induce vomiting.
                Get medical attention immediately.

          Section 5 -- FIRE FIGHTING MEASURES

FLASH POINT                        LEL      UEL
    55 F PMCC                      0.8     13.1
FLAMMABILITY CLASSIFICATION
   RED LABEL -- Flammable, Flash below 100 F (38 C)

Continued on page 3
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EXTINGUISHING MEDIA
   Carbon Dioxide, Dry Chemical, Foam
UNUSUAL FIRE AND EXPLOSION HAZARDS
   Closed containers may explode when exposed to extreme heat.
   Application to hot surfaces requires special precautions.
   During emergency conditions overexposure to decomposition products may
cause a health hazard.  Symptoms may not be immediately apparent.  Obtain
medical attention.
SPECIAL FIRE FIGHTING PROCEDURES
   Full protective equipment including self-contained breathing apparatus
should be used.
   Water spray may be ineffective.  If water is used, fog nozzles are
preferable.  Water may be used to cool closed containers to prevent
pressure build-up and possible autoignition or explosion when exposed to
extreme heat.

          Section 6 -- ACCIDENTAL RELEASE MEASURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED
   Remove all sources of ignition.  Ventilate the area.
   Remove with inert absorbent.

          Section 7 -- HANDLING AND STORAGE

STORAGE CATEGORY
   DOL Storage Class IB
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE
   Contents are FLAMMABLE.  Keep away from heat, sparks, and open flame.
   During use and until all vapors are gone:  Keep area ventilated - Do not
smoke - Extinguish all flames, pilot lights, and heaters - Turn off stoves,
electric tools and appliances, and any other sources of ignition.
   Consult NFPA Code.  Use approved Bonding and Grounding procedures.
   Keep container closed when not in use.  Transfer only to approved
containers with complete and appropriate labeling.  Do not take internally.
Keep out of the reach of children.

          Section 8 -- EXPOSURE CONTROLS/PERSONAL PROTECTION

PRECAUTIONS TO BE TAKEN IN USE
   NO PERSON SHOULD USE THIS PRODUCT, OR BE IN THE AREA WHERE IT IS BEING
USED, IF THEY HAVE CHRONIC (LONG-TERM) LUNG OR BREATHING PROBLEMS OR IF
THEY EVER HAD A REACTION TO ISOCYANATES.
   Use only with adequate ventilation.
   Avoid contact with skin and eyes.  Avoid breathing vapor and spray mist.
   Wash hands after using.
   This coating may contain materials classified as nuisance particulates
(listed "as Dust" in Section 2) which may be present at hazardous levels
only during sanding or abrading of the dried film.  If no specific dusts
are listed in Section 2, the applicable limits for nuisance dusts are ACGIH
TLV 10 mg/m3 (total dust), 3 mg/m3 (respirable fraction), OSHA PEL 15 mg/m3
(total dust), 5 mg/m3 (respirable fraction).
VENTILATION
   Local exhaust preferable.  General exhaust acceptable if the exposure to
materials in Section 2 is maintained below applicable exposure limits.
Refer to OSHA Standards 1910.94, 1910.107, 1910.108.

Continued on page 4
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RESPIRATORY PROTECTION
   Where overspray is present, a positive pressure air supplied respirator
(TC19C NIOSH/MSHA approved) should be worn.  If unavailable, a properly
fitted organic vapor/particulate respirator approved by NIOSH/MSHA for
protection against materials in Section 2 may be effective.  Follow
respirator manufacturer's directions for use.  Wear the respirator for the
whole time of spraying and until all vapors and mists are gone.  NO PERSONS
SHOULD BE ALLOWED IN THE AREA WHERE THIS PRODUCT IS BEING USED UNLESS
EQUIPPED WITH THE SAME RESPIRATOR PROTECTION RECOMMENDED FOR THE PAINTERS.
   When sanding or abrading the dried film, wear a dust/mist respirator
approved by NIOSH/MSHA for dust which may be generated from this product,
underlying paint, or the abrasive.
PROTECTIVE GLOVES
   To prevent skin contact, wear gloves which are recommended by glove
supplier for protection against materials in Section 2.
EYE PROTECTION
   Wear safety spectacles with unperforated sideshields.
OTHER PROTECTIVE EQUIPMENT
   Use barrier cream on exposed skin.
OTHER PRECAUTIONS
   This product must be mixed with other components before use.  Before
opening the packages, READ AND FOLLOW WARNING LABELS ON ALL COMPONENTS.
   Intentional misuse by deliberately concentrating and inhaling the
contents can be harmful or fatal.

          Section 9 -- PHYSICAL AND CHEMICAL PROPERTIES

   PRODUCT WEIGHT              10.64 lb/gal     1275 g/l
   SPECIFIC GRAVITY            1.28
   BOILING POINT               174 - 415 F     78 - 212 C
   MELTING POINT               Not Available
   VOLATILE VOLUME             36  %
   EVAPORATION RATE            Slower than ether
   VAPOR DENSITY               Heavier than air
   SOLUBILITY IN WATER         N.A.
   VOLATILE ORGANIC COMPOUNDS (VOC Theoretical - As Packaged)
      2.66 lb/gal   319 g/l    Less Water and Federally Exempt Solvents
      2.66 lb/gal   319 g/l    Emitted VOC

          Section 10 -- STABILITY AND REACTIVITY

STABILITY -- Stable
CONDITIONS TO AVOID
   None known.
INCOMPATIBILITY
   None known.
HAZARDOUS DECOMPOSITION PRODUCTS
   By fire: Carbon Dioxide, Carbon Monoxide
HAZARDOUS POLYMERIZATION
   Will not occur

Continued on page 5
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          Section 11 -- TOXICOLOGICAL INFORMATION

CHRONIC HEALTH HAZARDS
   Ethylbenzene is classified by IARC as possibly carcinogenic to humans
(2B) based on inadequate evidence in humans and sufficient evidence in
laboratory animals.   Lifetime inhalation exposure of rats and mice to high
ethylbenzene concentrations resulted in increases in certain types of
cancer, including kidney tumors in rats and lung and liver tumors in mice.
These effects were not observed in animals exposed to lower concentrations.
There is no evidence that ethylbenzene causes cancer in humans.
   Crystalline Silica (Quartz, Cristobalite) is listed by IARC and NTP.
Long term exposure to high levels of silica dust, which can occur only when
sanding or abrading the dry film, may cause lung damage (silicosis) and
possibly cancer.
   Methyl Ethyl Ketone may increase the nervous system effects of other
solvents.
   Prolonged overexposure to solvent ingredients in Section 2 may cause
adverse effects to the liver, urinary, blood forming and reproductive
systems.
   Persons sensitive to isocyanates will experience increased allergic
reaction on repeated exposure.
   Reports have associated repeated and prolonged overexposure to solvents
with permanent brain and nervous system damage.

TOXICOLOGY DATA
     CAS No.     Ingredient Name

    100-41-4     Ethylbenzene
                              LC50   RAT     4HR    Not Available
                              LD50   RAT             3500   mg/kg
   1330-20-7     Xylene
                              LC50   RAT     4HR     5000   ppm
                              LD50   RAT             4300   mg/kg
  64742-94-5     Medium Aromatic Hydrocarbons
                              LC50   RAT     4HR    Not Available
                              LD50   RAT            Not Available
     91-20-3     Naphthalene
                              LC50   RAT     4HR    Not Available
                              LD50   RAT            Not Available
     78-93-3     Methyl Ethyl Ketone
                              LC50   RAT     4HR    Not Available
                              LD50   RAT             2740   mg/kg
    123-86-4     n-Butyl Acetate
                              LC50   RAT     4HR     2000   ppm
                              LD50   RAT            13100   mg/kg
    108-65-6     1-Methoxy-2-Propanol Acetate
                              LC50   RAT     4HR    Not Available
                              LD50   RAT             8500   mg/kg
  14808-60-7     Quartz
                              LC50   RAT     4HR    Not Available
                              LD50   RAT            Not Available

Continued on page 6
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          Section 12 -- ECOLOGICAL INFORMATION

ECOTOXICOLOGICAL INFORMATION
   No data available.

          Section 13 -- DISPOSAL CONSIDERATIONS

WASTE DISPOSAL METHOD
   Waste from this product may be hazardous as defined under the Resource
Conservation and Recovery Act (RCRA) 40 CFR 261.
   Waste must be tested for ignitability to determine the applicable EPA
hazardous waste numbers.
   Incinerate in approved facility.  Do not incinerate closed container.
Dispose of in accordance with Federal, State/Provincial, and Local
regulations regarding pollution.

          Section 14 -- TRANSPORT INFORMATION

US Ground (DOT)
    1 Gallon and Less may be Classed as CONSUMER COMMODITY, ORM-D
    Larger Containers are Regulated as:
    UN1263, PAINT, 3, PG II, (ERG#128)

DOT (Dept of Transportation) Hazardous Substances & Reportable Quantities
    Xylenes (isomers and mixture) 100 lb RQ

Bulk Containers may be Shipped as (check reportable quantities):
    UN1263, PAINT, 3, PG II, (ERG#128)

Canada (TDG)
    UN1263, PAINT, CLASS 3, PG II, (ERG#128)

IMO
    UN1263, PAINT, CLASS 3, PG II, (13 C c.c.), EmS F-E, S-E

          Section 15 -- REGULATORY INFORMATION

SARA 313 (40 CFR 372.65C) SUPPLIER NOTIFICATION

   CAS No.       CHEMICAL/COMPOUND                      % by WT   % Element

    100-41-4 Ethylbenzene                                0.4
   1330-20-7 Xylene                                        2
     91-20-3 Naphthalene                                 0.2

CALIFORNIA PROPOSITION 65
   WARNING:  This product contains chemicals known to the State of
California to cause cancer and birth defects or other reproductive harm.
TSCA CERTIFICATION
   All chemicals in this product are listed, or are exempt from listing,
on the TSCA Inventory.

Continued on page 7
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          Section 16 -- OTHER INFORMATION

   This product has been classified in accordance with the hazard criteria
of the Canadian Controlled Products Regulations (CPR) and the MSDS contains
all of the information required by the CPR.

   The above information pertains to this product as currently formulated,
and is based on the information available at this time.  Addition of
reducers or other additives to this product may substantially alter the
composition and hazards of the product.  Since conditions of use are
outside our control, we make no warranties, express or implied, and assume
no liability in connection with any use of this information.
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Material Safety Data Sheet 

Material Name:  Impact Polystyrene, Natural Grades MSDS ID: INEOS-
NOVA-0056

____________________________________________________________
Page 1 of 7 Issue Date: September 1, 2007     Revision: 1.0 Print Date: 19-Sep-07

Section 1 - Product and Company Identification 
Synonyms:  Impact modified polystyrene, HIPS 
Chemical Name:  Benzene, ethenyl-, polymer with 1,3-butadiene 
Chemical Family:  Polymer 
Material Use: Petrochemical industry: Plastics 
Chemical Formula:  (C8H8 C4H6)x

INEOS NOVA EMERGENCY Telephone Numbers:
25846 SW Frontage Road 
Channahon, Illinois, USA 60410 1-800-424-9300, 703-527-3887 (CHEMTREC-USA) (24 hours) 

Product Information: 1-866-890-6354 
MSDS Email: psinfo@ineos-nova.com

 Section 2 - Hazards Identification 
HMIS Ratings: Health:  0 Fire:  1 Physical Hazard:  0 
             Hazard Scale: 0 = Minimal  1 = Slight  2 = Moderate  3 = Serious  4 = Severe  * = Chronic hazard 
NFPA Ratings: Health:  0 Fire:  1 Reactivity:  0 
             Hazard Scale: 0 = Minimal  1 = Slight  2 = Moderate  3 = Serious  4 = Severe 
Emergency Overview 

Product is a white, inert, solid bead or pellet with slight odor. This product is not considered flammable according 
to OSHA, but will burn on prolonged exposure to flame or high temperature. Slipping hazard. 

Potential Health Effects: Eyes
Contact with hot or molten material may cause severe thermal injury, including in extreme contact possible 
blindness. Contact of powder or fines with eye may cause mechanical irritation. 

Potential Health Effects: Skin
Contact with hot or molten material may cause severe thermal burns. Contact of powder or fines with skin may 
cause mild irritation, that is increased by mechanical rubbing or if skin is dry. 

Potential Health Effects: Ingestion
Ingestion of this product is unlikely. However, ingestion of product may produce mild gastrointestinal irritation and 
disturbances. 

Potential Health Effects: Inhalation
Inhalation of fine particles may cause respiratory irritation.  Fumes produced during thermal processing may 
cause irritation to the respiratory system. 

Section 3 - Composition / Information on Ingredients 

CAS # Component Percent by Wt. 
9003-55-8 Styrene-Butadiene polymer 94-100 

Additional Information 
This product may be regulated, have exposure limits or other information identified as the following: Nuisance 
particulates. 
This product is NOT considered hazardous under 29 CFR 1910.1200 (Hazard Communication).  
This material is NOT a controlled product under Canadian WHMIS regulations.  
This material is NOT REGULATED as a hazardous material/dangerous goods for transportation.   

See Section 8 for applicable exposure limits.  See Section 11 for applicable toxicity data. 

Section 4 - First Aid Measures 
First Aid: Eyes

Remove contact lenses, if it can be done safely. Immediately flush eyes with water for at least 15 minutes, while 
holding eyelids open. Seek medical attention if symptoms develop or persist. 
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First Aid: Skin
For skin contact, wash affected area with soap and water. Seek medical attention, if symptoms develop or persist.  
In case of contact with molten product, cool rapidly with water and seek immediate medical attention. Do not 
attempt to remove molten product, or molten product that has cooled, from skin without medical assistance. 

First Aid: Inhalation
Move affected individual to non-contaminated air.  Loosen tight clothing such as a collar, tie, belt or waistband to 
facilitate breathing. Seek immediate medical attention if the individual is not breathing, unconscious or if any other 
symptoms persist. 

First Aid: Ingestion
Material is not expected to be absorbed from the gastrointestinal tract. DO NOT INDUCE VOMITING. Loosen 
tight clothing such as a collar, tie, belt or waistband. Seek immediate medical attention. 

First Aid: Notes to Physician
Burns should be treated as thermal burns.  Molten resin will come off as healing occurs; therefore, immediate 
removal from skin is not necessary. Treatment for overexposure should be directed at controlling the symptoms 
and clinical condition of the patient.  After adequate first aid, no further treatment is necessary, unless symptoms 
reappear.  Ingested material should pass through the digestive system without injury. 

Section 5 - Fire Fighting Measures
See Section 9: Physical Properties for flammability limits, flash point and autoignition information. 

General Fire Hazards
This product is not considered flammable according to OSHA, but will burn on prolonged exposure to flame or 
high temperature. High concentration of airborne powders or dust may form explosive mixture with air. 

Explosion Hazards
Accumulated fine dusts may form an explosive mixture with air. Take precautionary measures to prevent contact 
with electrostatic discharges. Risk of dust/air explosion is increased if flammable vapors are present. 

Hazardous Combustion Products
Styrene, butadiene, carbon dioxide, carbon monoxide. 

Extinguishing Media
Dry chemical, foam, carbon dioxide, or water fog or spray. Avoid high pressure, direct water stream that may 
spread molten or burning resins. 

Fire Fighting Equipment/Instructions
Position upwind.  Keep unnecessary personnel away.  Move containers from fire area if you can do so without 
risk.  Fight fire from maximum distance or use unmanned holders or monitor nozzles. Fire fighters should wear 
full-face, self-contained breathing apparatus and thermal protective clothing.  Avoid inhaling any smoke and 
combustion products. Cool containers with flooding quantities of water until well after the fire is out. Control runoff 
waters to prevent entry into sewers, drains, underground or confined spaces and waterways. 

Section 6 - Accidental Release Measures 
Evacuation Procedures

Isolate area.   Keep unnecessary personnel away. 
Spills

Stop leak and contain spill. Prevent entry into sewers, drains, underground or confined spaces, and waterways. 
Spilled product may create a dangerous slipping hazard.  Use appropriate tools to put the spilled solid in an 
appropriate recovery or waste disposal container. Reuse or recycle where possible. Meet any applicable 
regulations. 

Special Procedures
Contact local police and appropriate emergency telephone numbers provided in Section 1.  Ensure statutory and 
regulatory reporting requirements in the applicable jurisdiction are met. 
Wear appropriate protective equipment and clothing during clean up. Individuals without appropriate protective 
equipment should be excluded from area of spill until cleanup has been completed.  

See Section 8 for recommended Personal Protective Equipment and see Section 13 for waste disposal considerations. 
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Section 7 - Handling and Storage 
Handling Procedures

Handle in contained and properly designed equipment systems. Use with adequate ventilation. Avoid ingestion 
and inhalation. Keep away from uncontrolled heat and incompatible materials. Ground all material handling and 
transfer equipment to dissipate build-up of static electricity. Keep handling areas free of loose pellets and dust 
accumulation. Mechanical operations involving this material should be done in such a manner as to prevent or 
minimize dust generation. Small amounts of fines or dust contained in granular resins may accumulate in material 
handling systems. If permitted to accumulate, these fines or dust can, under certain conditions, pose an explosion 
hazard. Every effort should be made to prevent suspension, concentration or accumulation of fines or dusts in, or 
around, material handling systems. For additional information on control of static and minimizing potential dust 
and fire hazards, refer to NFPA 654, "Standard for the Prevention of Fire and Dust Explosions from the 
Manufacturing, Processing, and Handling of Combustible Particulate Solids, 2006 Edition." Spilled product may 
create a dangerous slipping hazard. 

Storage Procedures
Storage area should be clearly identified, well illuminated, and clear of obstruction. Adequate security must be 
provided so that unauthorized personnel do not have access to product. Store in grounded, properly designed 
and approved vessels and away from incompatible materials. Store and use away from heat, sparks, open flame, 
or any other ignition source.   Use non-sparking ventilation systems, approved explosion-proof equipment, and 
intrinsically safe electrical systems. 
DO NOT enter filled bulk containers and attempt to walk over product, due to risk of slipping and possible 
suffocation.  Use a fall arrest system when working near open bulk storage containers. 

See Section 8 for recommended Personal Protective Equipment and see Section 10 for information on incompatibilities.

Section 8 - Exposure Controls / Personal Protection 
Exposure Guidelines
A: General Product Information

Refer to published exposure limits - utilize effective control measures and PPE to maintain worker exposure to 
concentrations that are below these limits. Ensure that eyewash stations and safety showers are proximal to the 
workstation location. 

B: Component Exposure Limits 
ACGIH, OSHA, NIOSH, EPA, Alberta, and Ontario exposure limit lists have been checked for major components 
listed with CAS registry numbers.  Other exposure limits may apply, check with proper authorities. 
Styrene-Butadiene polymer  (9003-55-8)
ACGIH: 10 mg/m3 TWA (inhalable particles, recommended); 3 mg/m3 TWA (respirable particles, 

recommended) (related to Particulates (insoluble or poorly soluble) not otherwise specified (PNOS)) 
OSHA: 15 mg/m3 TWA (total dust); 5 mg/m3 TWA (respirable fraction) (related to Particulates not otherwise 

regulated) 
Alberta: 10 mg/m3 TWA (total particulate); 3 mg/m3 TWA (respirable particulate) (related to Particulates not 

otherwise regulated) 
Ontario: 10 mg/m3 TWAEV (inhalable); 3 mg/m3 TWAEV (respirable) (related to Particulates (insoluble or poorly 

soluble) Not Otherwise Classified (PNOC)) 

ENGINEERING CONTROLS
Maintain worker exposure below recommended exposure limits by providing adequate local exhaust ventilation. 
Use non-sparking, grounded ventilation systems separate from other exhaust systems. Ensure that eyewash 
stations and safety showers are proximal to the workstation location. 

PERSONAL PROTECTIVE EQUIPMENT
Personal Protective Equipment: Eyes/Face

Wear safety glasses during normal handling. Wear full-face shield during thermal processing if contact with 
molten material is likely. 

Personal Protective Equipment: Skin/Hands/Feet
Use impervious gloves when handling product.  Wear safety footwear with good traction to help prevent slipping.  
Work clothing that sufficiently prevents skin contact should be worn, such as coveralls and/or long sleeves and 
pants.
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Personal Protective Equipment: Respiratory
If engineering controls and ventilation is not sufficient to prevent build up of aerosols, vapors or dusts, appropriate 
NIOSH/MSHA approved air-purifying respirators or self-contained breathing apparatus (SCBA) appropriate for 
exposure potential should be used. Air supplied breathing apparatus must be used when oxygen concentrations 
are low or if airborne concentrations exceed the limits of the air purifying respirators. 

Personal Protective Equipment: General
Personal protective equipment (PPE) should not be considered a long-term solution to exposure control.  
Employer programs to properly select, fit, maintain, and train employees to use equipment must accompany PPE. 
Consult a competent industrial hygiene resource, the PPE manufacturer's recommendation, and/or applicable 
regulations to determine hazard potential and ensure adequate protection. 

Section 9 - Physical & Chemical Properties 

Physical State and 
Appearance:  

Solid, beads or pellets Color: White 

Odor: Slight odor pH: Not applicable 
Vapor Pressure:  Not applicable Vapor Density @ 0¼C (Air=1):  Not applicable 

Melting Point:  105¼C-135¼C (221¼F-275¼F) Boiling Point:  Not applicable 
Solubility (H2O):  Insoluble Specific Gravity (Water=1):  1.04 g/cc, 104 kg/m 

Dispersion Properties: Is not dispersed in cold water Softening Point: 79¼C-127¼C (174¼F-261¼F) 
Flash Point: 345¼C-360¼C (653¼F-680¼F) 

(Combustible Flash Ignition 
Temperature) 

Flammability Classification: Not considered flammable 
according to OSHA. 

Flash Point Method: Not available Auto Ignition: 427¼C (800¼F) 
Lower Flammable Limit (LFL): Not available Upper Flammable Limit (UFL): Not available 

Section 10 - Stability & Reactivity Information 
Chemical Stability

This material is stable under normal use conditions for shock, vibration, pressure, and ambient temperature. 
Instability

Decomposition temperature: 300¼C (572¼F) 
Chemical Stability: Conditions to Avoid

Avoid processing material over 300¼C (572¼F). 
Incompatibility

Not resistant to oxidizing agents, dissolves in organic solvents. 
Hazardous Polymerization

Will not occur. 
Corrosivity

Not expected to be corrosive. 
Hazardous Decomposition

Styrene, butadiene, carbon dioxide, carbon monoxide 

Section 11 - Toxicological Information 
A: Acute Toxicity - General Material Information

Material is considered essentially inert and non-toxic. Exposure to high levels of dusts may be irritating to the 
eyes.  Skin/eye contact with molten or heated material may cause burns. Vapors/heated fumes may be irritating 
to the respiratory system. 

B: Acute Toxicity - LD50/LC50 
No LD50/LC50's are available for this product's components. 

C: Chronic Toxicity - General Material Information
No additional information available. 
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D: Chronic Toxicity - Carcinogenic Effects 
ACGIH, EPA, IARC, OSHA, and NTP carcinogen lists have been checked for selected similar materials or those 
components with CAS registry numbers. 
Styrene-Butadiene polymer  (9003-55-8)

IARC: Supplement 7, 1987; Monograph 19, 1979 (Group 3 (not classifiable)) 

Section 12 - Ecological Information 
Ecotoxicity

The information below is based on knowledge of this product's components and the ecotoxicity of similar 
products.  Sewer/waterway obstruction: If aquatic animals ingest pellets, digestive tract obstruction may occur.  
Product is not expected to be toxic, but small particles may cause adverse physical effects in aquatic and 
terrestrial organisms. 

Environmental Fate/Mobility
Sinks in water. Pellets are persistent in aquatic and terrestrial systems. Product should be recovered from water 
and land following spills. This product has not been found to migrate through soils. 

Persistence/Degradability
Pellets are persistent in aquatic and terrestrial systems. Do not allow product to enter sewer or waterways.  Not 
expected to biodegrade. 

Bioaccumulation/Accumulation
Pellets may accumulate in the digestive systems of birds and aquatic life, causing injury and possible death due 
to starvation. 

Section 13 - Disposal Considerations 
U.S./Canadian Waste Number & Descriptions 
A: General Product Information

This product, if discarded, is not expected to be hazardous waste according to US or Canadian regulations. 
Check Local, State, Federal and Provincial Environmental Regulations prior to disposal.  

The recommended disposal methods for polymers in order of preference are: 1) clean and reuse if possible; 2) 
contact resin broker; 3) contact plastic recycler; 4) incinerate with waste heat recovery and/ or 5) landfill. Reuse, 
recycling, storing, transportation, and disposal must be in accordance with applicable federal, state/ provincial and 
local regulations. DO NOT ATTEMPT TO DISPOSE OF BY UNCONTROLLED IGNITION.   

See Section 7: Handling and Storage and Section 8: Exposure Controls/Personal Protection for additional 
information that may be applicable for safe handling and the protection of employees.  

Waste generator is advised to carefully consider hazardous properties and control measures needed for other 
materials that may be found in the waste. 

B: Component Waste Numbers 
No EPA Waste Numbers are applicable for this product's components. 

Section 14 - Transportation Information 
Transportation Information

This material is not regulated as a hazardous material for transportation. 

Section 15 - Regulatory Information 
A: International Regulations

The monomers are listed by EINECS for styrene-butadiene copolymer. 
Component Analysis - International Inventory Status

Component CAS # US - TSCA CANADA - DSL EU - EINECS 
Styrene-Butadiene polymer 9003-55-8 Yes Yes Exempt 

B: USA Federal & State Regulations 
Ongoing occupational hygiene, medical surveillance programs, or site emission or spill reporting may be required 
by Federal or State regulations. Check for applicable regulations. 
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USA OSHA Hazard Communication Class
This product is not considered hazardous under 29 CFR 1910.1200 (Hazard communication). 

USA Right-to-Know - Federal 
None of this product's components are listed under SARA Section 302 (40 CFR 355 Appendix A), SARA Section 
313 (40 CFR 372.65), or CERCLA (40 CFR 302.4). 

USA Right-to-Know - State 
None of this product's components are listed on the state lists from NJ or PA.  Some components (including those 
present only in trace quantities, and therefore not listed in this document) may be included on the Right To Know 
lists of other U.S. states.  The reader is therefore cautioned to contact his or her INEOS NOVA representative for 
further U.S. State Right-To-Know information. 

C: Canadian Regulations - Federal and Provincial 
Canadian Environmental Protection Act (CEPA): The components of this product are on the Domestic 
Substances List (DSL), or are exempt, and are acceptable for use under the provisions of CEPA. 

WHMIS Ingredient Disclosure List (IDL) 
No components are listed in the WHMIS Ingredient Disclosure List (IDL). 

WHMIS Classification
Workplace Hazardous Materials Information Systems (WHMIS):  This product has been classified in accordance 
with Canadian Controlled Product Regulations (CPR) hazard criteria and this MSDS contains complete CPR-
required information.   Not controlled under WHMIS (Canada). 

Provincial Regulations
Ongoing occupational hygiene, medical surveillance programs, or site emission or spill reporting may be required 
by Federal or Provincial regulations. Check for applicable regulations. 

Section 16 - Other Information 
Label Information

PRECAUTIONS:  Product is a white, inert, solid bead or pellet with slight odor. This product is not considered flammable 
according to OSHA, but will burn on prolonged exposure to flame or high temperature. Slipping hazard. 

FIRST AID:    
SKIN:  For skin contact, wash affected area with soap and water. Seek medical attention, if symptoms develop or persist.  In 
case of contact with molten product, cool rapidly with water and seek immediate medical attention. Do not attempt to remove 
molten product, or molten product that has cooled, from skin without medical assistance.  
EYES:  Remove contact lenses, if it can be done safely. Immediately flush eyes with water for at least 15 minutes, while 
holding eyelids open. Seek medical attention if symptoms develop or persist.   
INHALATION:  Move affected individual to non-contaminated air.  Loosen tight clothing such as a collar, tie, belt or waistband 
to facilitate breathing. Seek immediate medical attention if the individual is not breathing, unconscious or if any other 
symptoms persist.  
INGESTION: Material is not expected to be absorbed from the gastrointestinal tract. DO NOT INDUCE VOMITING. Loosen 
tight clothing such as a collar, tie, belt or waistband. Seek immediate medical attention.   

IN CASE OF A LARGE SPILL: Stop leak and contain spill. Prevent entry into sewers, drains, underground or confined spaces, 
and waterways. Spilled product may create a dangerous slipping hazard.  Use appropriate tools to put the spilled solid in an 
appropriate recovery or waste disposal container. Reuse or recycle where possible. Meet any applicable regulations. 

References
Available on request. 

Key/Legend
ACGIH  = American Conference of Governmental Industrial Hygienists; BOD = Biochemical Oxygen Demand; CAS = Chemical Abstracts 
Service; CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act; CPR = Controlled Products Regulations; DOT 
= Department of Transportation; DSL = Domestic Substances List; EINECS = European Inventory of Existing Commercial Chemical 
Substances; EPA = Environmental Protection Agency; EU = European Union; FDA = Food and Drug Administration; IARC = International
Agency for Research on Cancer; IDL = Ingredient Disclosure List; Kow = Octanol/water partition coefficient; LEL - Lower Explosive Limit; 
NIOSH = National Institute for Occupational Safety and Health; NJTSR  = New Jersey Trade Secret Registry; NTP = National Toxicology 
Program; OSHA = Occupational Safety and Health Administration; RCRA = Resource Conservation and Recovery Act; SARA Superfund 
Amendments and Reauthorization Act; TDG = Transportation of Dangerous Goods; TSCA = Toxic Substances Control Act. 

MSDS Prepared by:  INEOS NOVA 

MSDS Information Phone Number :  1-866-890-6354 
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MSDS Information Email: psinfo@ineos-nova.com

Other Information
Notice to Reader
ALTHOUGH THE INFORMATION CONTAINED IN THIS DOCUMENT IS PRESENTED IN GOOD FAITH, BASED ON AVAILABLE 
INFORMATION BELIEVED TO BE RELIABLE AT THE TIME OF PREPARATION OF THIS DOCUMENT, INEOS NOVA MAKES NO 
WARRANTIES OR REPRESENTATIONS WITH RESPECT TO THE INFORM ATION OR THE PRODUCTS DESCRIBED HEREIN, AND 
EXPRESSLY DISCLAIMS ALL IMPLIED WARRANTIES AND CONDITIO NS (INCLUDING ALL WARRANTIES AND CONDITIONS OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE).  NO FREEDOM FROM INFRINGEMENT OF ANY PATENT OWNED 
NY INEOS NOVA OR OTHERS IS TO BE INFERRED. THIS INFORMATION IS SUBJECT TO CHANGE WITHOUT NOTICE. PLEASE 
CONTACT INEOS NOVA FOR THE MOST CURRENT VERSION OF THIS MSDS. INEOS NOVA DOES NOT ASSUME RESPONSIBILITY 
FOR MSDS OBTAINED FROM THIRD PARTY SOURCES.

RESPONSIBILITY FOR USE, STORAGE, HANDLING AND DISPOSAL OF THE PRODUCTS DESCRIBED HEREIN, WHETHER ALONE OR 
IN COMBINATION WITH ANY OTHER SUBSTANCE, IS THAT OF THE PURCHASER AND/OR END USER.   

This is the end of MSDS # INEOS-NOVA-0056. 



577 Erie St., Stratford, Ont.  N5A 2N7  Tel. (519) 271 1680 / 1 800 265 4338 / Fax (866) 364 5172

PRODUCT INFORMATION

Issued: October 31, 2008

DESCRIPTION:

PRODUCT NAME: Black Polystyrene Colour Concentrate

PRODUCT CODE: 10189 BLACK (BK 21102)

PHYSICAL PROPERTIES:

CARRIER RESIN

TYPE: Crystal Polystyrene

MELT INDEX 7.0 g/10 min. ASTM D-1238, Cond. 200/5

DENSITY: 1.04 g/cm3

MASTERBATCH

PIGMENTATION: 25% (Nominal)

FOOD APPROVAL STATUS:

FDA: The ingredients in this product are regulated for use by the FDA according to the 
guidelines of paragraphs 177.1640, 178.3297, and 178.2010 of Title 21 of the Code of 
Federal Regulations.
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Appendix 51 
 

 
 
Meadowbank and Whale Tail Management Plans 
 
 
  




