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Dear Christian, 

RE: Meadowbank Complex - Amaruq Site - 2021 Annual Open Pit 
Geomechanical Inspection 

1.0 INTRODUCTION 
Agnico Eagle Mines Limited (AEM) operates the Meadowbank Complex in Nunavut, Canada. The complex 
consists of the Meadowbank and Amaruq Sites. The Amaruq Site consists of the Whale Tail and IVR V1 
open pits and an exploration ramp. Knight Piésold Ltd. (KP) has been providing geomechanical support for 
the Amaruq Site since 2015, including developing the open pit slope geometry recommendations and 
completing the annual third-party inspections of the open pits required under the water license for the mine. 

The 2021 annual inspection of the open pits at the Amaruq Site was completed by Mr. Ben Peacock, P.Eng., 
of KP from September 15 to 17, 2021. Note that a detailed review of the slope performance and design 
basis for the Whale Tail Open Pit is currently in progress. As a result, the annual inspection did not focus 
on the design or design verification of the open pit slopes. 

2.0 OPEN PITS INSPECTED 
The open pits and surface excavations in rock that were included in the inspection and their current status 
is summarized in Table 1. 

Table 1  Open Pits Inspected and their Status 

Open Pit Current Status 

Whale Tail Open Pit Active mining 

IVR V1 Open Pit Active mining 

Attenuation Pond 5 (AP5) Inactive, partially flooded 

The results of the inspection are summarized in this letter and detailed in Appendix A. 
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3.0 INSPECTION RESULTS 

3.1 GENERAL 

The inspection was completed by Ben Peacock of KP. Several AEM staff participated in the inspection, 
with different staff taking part on different days. Those involved included: 

 Christian Tremblay (Interim Rock Mechanics Coordinator) 
 Mathieu Giroux (Rock Mechanics Engineer) 
 Vincent Duranleau (Rock Mechanics Technician) 
 Veronique Falmagne (Senior Advisor Mining) 
 Jane Alcott (Mining Engineering Superintendent - CSD) 

Cameron Clayton of Tetra Tech Canada Inc. also participated in the first two days of the inspection. 

Observations made during the site visit were grouped according to the following four headings at 
AEM’s request. 

 Priority 1 (P1) - A high priority or structural safety issue considered immediately dangerous to life, 
health or the environment. Also includes issues with a significant risk of regulatory enforcement. 

 Priority 2 (P2) - An issue that, if not corrected, could plausibly result in a structural safety issue leading 
to injury, environmental impact or significant regulatory enforcement. Also includes repeated 
deficiencies that demonstrate a systematic breakdown of procedures. 

 Priority 3 (P3) - Single occurrences of deficiencies or non-conformances that in isolation are unlikely 
to result in structural safety issues. Also includes recommendations for pro-active measures important 
to the validation of the open pit slope design. 

 Priority 4 (P4) - Opportunity for improvement, for example to meet industry best practices. 

The observations and associated recommendations were reviewed with AEM during the site visit. 

3.2 PRIORITY 1 OBSERVATIONS 

No P1 observations were made during the inspection. 

3.3 PRIORITY 2 OBSERVATIONS 

The following P2 observations were made for specific areas of the open pits: 

1. WHL North Wall Rockfall Hazard - In general, scaling of the bench faces appears to be well done and 
it is clear that AEM focusses on this aspect of slope management. However, a block was observed on 
the north wall. The material represents a rockfall hazard and should be removed.  

2. WHL South Wall Wedge - A potentially unstable wedge has been identified below the ramp in the 
south wall. Radar data suggests that the wedge is deforming in response to blasting. 
Instrumentation (e.g., a crackmeter) should be installed to allow the deformation to be more accurately 
monitored. A Trigger Action Response Plan (TARP) should be developed for the instrumentation. If 
deformation of the wedge continues, options for stabilizing the wedge should be reviewed. 

3. WHL Southwest Wall Rockfall Hazard - The Phase 3 pushback has resulted in overspill and rockfall 
on the ramp and the benches above the ramp. A rockfall berm has been constructed along the inside 
of the upper portion of the ramp. However, the berm is now close to being full and does not cover the 
lower portion of the ramp.  The rockfall berm should be extended so that the full length of the ramp 
below the Phase 3 pushback is protected. The existing berm should be cleaned out to re-establish 
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adequate capacity for future rockfall and periodic inspections of the berm completed in order to identify 
if future cleaning is required. 

4. WHL Phase 3 Pushback Rockfall Hazard - A temporary wall was developed in the blocky diorite 
without pre-shear. The bench face represents a rockfall hazard and a rockfall berm should be 
established below the temporary wall.  

5. IVR V1 Northwest Wall Rockfall Hazard - The poor performance of the bench faces and the reduced 
catch bench width in this sector represent a rockfall hazard and a rockfall berm should be established 
below the wall.  

6. IVR V1 Northeast Wall Rockfall Hazard - Several potentially unstable wedges were observed on the 
north wall. The wedges represent a rockfall hazard and should be removed.  

7. WHL Northeast Wall Design Study - Additional rock mass characterization and stability analyses are 
planned in order to confirm the revised slope design for this design sector. This study should be 
completed. On-going structural mapping of the pushback is recommended to support this process. 

8. IVR V1 Northeast Wall Design Review and Trials - The benches in this sector have not performed 
as expected. Variable bench performance and reduced catch bench width appear to be associated with 
variations in lithology and rock mass structure, as well as drill and blast practices. A trial of a revised 
bench design is planned and is endorsed. The performance of the wall should be reviewed.  

The following general P2 observations were made: 

9. Rockfall Hazard Management - Brittle, bench-scale failures and rockfalls are the most likely failure 
mode at the mine. As Slope Stability Radar (SSR) is not well suited to predicting these failures in 
advance, managing these failures relies on bench design, scaling and visual inspections. Additional 
measures for managing the risk associated with these failures have been discussed. Complete a 
risk-based review of the management of rockfalls at the mine to select the appropriate monitoring 
tool(s), operational practice(s), or design solution. 

10. Surface Monitoring Instrumentation - The mine does not currently monitor any geomechanical or 
hydrogeological instrumentation in the vicinity of the open pits. Develop and implement an 
instrumentation program, including vibrating wire piezometers, thermistors, and instruments that can 
monitor sub-surface deformation (e.g., inclinometers or Time Domain Reflectometry cables). The 
instrumentation program should be developed using a risk-based approach. 

11. Wall Performance Review - AEM has committed to reviewing the performance of the open pit slopes 
every four months. A review has not been completed in the last year and should be undertaken and 
documented. The review should include a discussion of the major geomechanical hazards (including 
any slope failures), a comparison of the planned and achieved slope geometry, as well as a comparison 
of the collected geomechanical data to the design basis that was used to develop open pit slope 
geometry recommendations.  

12. Blasting Study - Drill and blast practices have been a factor in poor bench performance in both of the 
open pits, including increased backbreak, undercutting of the bench face and hard toes. The blast 
design does not vary to account for different lithologies or the orientation of the foliation and quality 
control is limited. A blasting study is on-going and should be completed. It is recommended that 
opportunities to sequence blasts away from the final open pit walls be considered.  

13. Roles and Responsibilities - The role and responsibilities of each member of the rock mechanics 
team should be clearly defined. There are competing claims on the available resources, and 
commitments are sometimes missed. Consider completing a time study to track the time staff spend 
on individual tasks. 
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3.4 PRIORITY 3 OBSERVATIONS 

The following P3 observations were made for specific areas of the open pits: 

1. WHL East Wall Rockfall Hazard - Several potentially unstable blocks have been identified along the 
crest of one of the benches on this wall. The area was previously scaled by a rope crew. The blocks 
should be included in the regular visual inspections. As the blocks are difficult to observe, the 
inspections should be periodically supplemented with monitoring using the drone. 

2. WHL Southeast Wall Ponded Water - Surface water is ponding at the base of the former Quarry 1. 
Access to the area is restricted. Infiltration of this water may be associated with seeps in the southeast 
wall and could contribute to slope instabilities. The regular visual inspections should document the 
ponded water.  

3. IVR V1 Northeast and Southeast Wall Structures - Persistent cross-cutting structures have locally 
limited the achieved bench geometry on the southeast wall and are associated with the wedges 
identified on the northeast wall. These structures should be mapped so that potential instabilities on 
future benches can be anticipated. 

4. AP5 Access - As access to AP5 is not currently required, recommend constructing a berm at the top 
of the ramp to restrict access. 

The following general P3 observations were made: 

5. Bench Approval Process - The bench approval process is an integral part of the mine’s management 
of rockfall hazards. The process is well established but has not been formally defined and whether or 
not a bench has been approved is not tracked. A formal procedure and/or checklist should be developed 
and a method established for tracking which benches have been approved. 

6. Geotechnical Hazard Maps - Hazard maps for the open pit slopes are issued after each inspection, 
documenting the observed hazards and recommended mitigation measures. While the maps are an 
effective tool, they primarily consider hazard rather than risk. The maps form the basis for AEM’s 
risk-based Work Close to Pit Wall procedure, which is a key process used by the mine to manage 
geotechnical risk. There is a potential disconnect between the risk-based procedure and the hazard 
map. It is recommended that the mine provide additional guidance on assessing the risks associated 
with the identified hazards, accounting for the consequences of a hazard occurring and the mitigating 
measures in place. This will help identify areas requiring additional mitigation. Consider developing a 
Trigger Action Response Plan (TARP) to assist with the categorization of common hazards. 

7. Drone Inspections - The mine commits to monthly drone inspections of the catch benches between 
May and September, but these are not regularly completed. The commitment should be reviewed and 
aligned with current needs and capabilities. For example, the drone inspections could focus on specific 
identified hazards and be supplemented by a biannual or quarterly inspection of the catch bench 
condition. 

8. Slope Stability Radar Alarms - The current strategy for the SSR involves adjusting the alarm 
parameters on a case-by-case basis. This process is informal and relies on an experienced operator 
who is familiar with the historical slope performance and is comfortable interpreting the data. With the 
recent addition of new staff to the rock mechanics team, recommend providing more detailed guidance 
on the selection and adjustment of alarms. It is understood that a draft memo is in progress. The default 
alarms should continue to be regularly reviewed. 

9. Slope Stability Radar Coverage Review - The SSR is a key component of the mine’s monitoring 
program. As a result of the Phase 3 pushback, the radar that covers the northern walls of the Whale 
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Tail Open pit will need to be moved repeatedly in 2022. The mine plan should be reviewed from the 
perspective of radar placement and coverage. 

10. Surface Instrumentation Program - The monitoring of surface deformation is limited to the SSR. An 
additional method of monitoring surface deformation is recommended to complement the SSR. The 
objective is to determine the true vector of any displacement and to establish a long-term baseline. 
Options include survey prisms or GPS beacons. 

11. Sub-Surface Instrumentation Program - The mine does not currently monitor any geomechanical or 
hydrogeological instrumentation in the vicinity of the open pits. There is a need to develop and 
implement an instrumentation program, including vibrating wire piezometers, thermistors, and 
instruments that can monitor sub-surface deformation (e.g., inclinometers or Time Domain 
Reflectometry cables). The instrumentation program should be developed using a risk-based approach. 

3.5 PRIORITY 4 OBSERVATIONS 

The following P4 observations were made: 

1. Geotechnical Inspection Frequency - Formal visual geotechnical inspections of the open pit are 
completed twice a month. Additional inspections are completed on an ad hoc basis. It is recommended 
that a procedure be developed to adjust the frequency of the geotechnical inspections of particular 
areas based on the observed slope performance (e.g., if a deformation rate is exceeded) and the risk 
associated with a particular slope.  

2. Geotechnical Inspection Photos - Photos are taken as part of the inspections. It is recommended 
that a series of standard photos (i.e. similar perspectives) be incorporated into the formal inspections 
to facilitate the tracking of changes in the slope performance over longer time periods. 

3. Hazard Tracking Database - Identified hazards and the associated corrective measures are tracked 
in a database along with the due date and associated risk rating. This is a good practice. However, 
overdue items are not flagged. A mechanism should be developed to flag overdue corrective measures. 

4. Rockfall Database - Rock falls are documented in a database along with key characteristics (e.g., rock 
type, failure mode, discontinuity orientation, tonnage, etc.). This is an important practice, but the data 
are sometimes incomplete. The data should be consistently collected for all documented failures (to 
the extent possible) to facilitate back-analyses and a review of possible trends.  

5. Input to Mine Design - The rock mechanics team regularly provides input to the mine planning and 
design process. In some cases, this input is not formally documented or is only briefly summarized. It 
is recommended that input to the Four Month Rolling (4MR) Mine Plan be formally documented and 
that the reviews completed for the Budget Mine Plan be documented in greater detailed. 

6. Reporting - Consider developing a monthly dashboard report to summarize key statistics and providing 
a brief overview of key hazards. The objective is to summarize the work completed by the team and to 
demonstrate compliance with the commitments in the GCMP. This will also help determine whether 
additional resources are required to meet these commitments. 

7. Skills Matrix - Several new staff have joined the rock mechanics team in the past year. Consider 
developing a skills matrix to help identify training needs. 
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APPENDIX A 

Meadowbank Complex - Amaruq Site - 2021 Annual Geomechanical 
Inspection 

(Pages A-1 to A-57) 
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s p
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e l
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t b
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s c
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d o
n b

en
ch

es
 es

tab
lis

he
d u

sin
g t

he
 re

vis
ed

 de
sig

n i
n t

his
 se

cto
r, w

he
n t

he
 fo

lia
tio

n l
oc

all
y d
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e b
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e p
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e p
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e b
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r d
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e p
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n d
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e o
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s b

ee
n r

ev
iew

ed
 w

ith
 th

e s
ho

ve
l o

pe
ra

tor
s i

n a
n e

ffo
rt 

to 
av

oid
 si

mi
lar

 co
nd
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s o
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re
yw

ac
ke

 be
tw

ee
n J

un
e a

nd
Ju

ly 
20

21
 (o

utl
ine

d i
n 

ye
llo

w 
be

low
). 

Th
e c

um
ula

tiv
e t

on
na

ge
 of

 th
e f

ail
ed

 m
ate

ria
l w

as
 ap

pr
ox

im
ate

ly 
1,7

00
 to

nn
es

, th
e m

ajo
rity

 of
 w

hic
h w

as
 re

tai
ne

d 
on

 th
e c

atc
h b

en
ch

 
im

me
dia

tel
y b

elo
w 

the
 fa

ilu
re

. A
 ro

ck
fal

l b
er

m 
wa

s c
on

str
uc

ted
 be

low
 th

e f
ail

ur
e. 

Th
e f

ail
ur

e w
ill 

be
 m

ine
d o

ut 
du

rin
g t

he
 P

ha
se

3 p
us

hb
ac

k. 
It i

s l
ike

ly 
tha

t 
loc

ali
ze

d b
en

ch
-sc

ale
 fa

ilu
re

s w
ill 

oc
cu

r o
n a

dv
er

se
ly 

or
ien

ted
 co

nta
cts

 as
 m

ini
ng

 pr
og

re
ss

es
.

Ot
he

rw
ise

, th
e w

all
 is

 ge
ne

ra
lly

 pe
rfo

rm
ing

 w
ell

.
W

ate
r is

 po
nd

ing
 a

t th
e b

as
e o

f th
e f

or
me

r Q
ua

rry
 1 

an
d i

nfi
ltra

tin
g w

ate
r m

ay
 be

 th
e c

au
se

 of
 th

e s
ee

ps
 ob

se
rve

d i
n t

he
 w

all
. A

cc
es

s t
o t

he
 ar

ea
 is

 cu
rre

ntl
y 

re
str

ict
ed

 by
 be

rm
s. 

Th
e w

ate
r le

ve
l s

ho
uld

 be
 m

on
ito

re
d v

isu
all

y. 
If s

ee
pa

ge
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 co
ntr

ibu
tin

g t
o b

en
ch

 in
sta

bil
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 or
 ic

e b
uil
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up

, th
e w

ate
r s

ho
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d o
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. D
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W
ha

le
 T

ai
l O

pe
n 

Pi
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1.
Th

e 7
50

 to
nn

e f
ail

ur
e o

cc
ur

re
d a

lon
g a

 su
b-

ve
rtic

al 
co

nta
ct 

be
tw

ee
n t

he
 G

re
yw

ac
ke

 an
d D

ior
ite

. T
he

 G
re

yw
ac

ke
 is

 no
tab

ly 
blo

ck
y i

n p
ro

xim
ity

 to
 th

e 
co

nta
ct.

 A
ll b

ut 
a f

ew
 bl

oc
ks

 w
er

e r
eta

ine
d o

n t
he

 ca
tch

 be
nc

h i
mm

ed
iat

ely
 be

low
 th

e f
ail

ur
e. 

Th
e f

ail
ur

e w
ill 

be
 m

ine
d o

ut 
du

rin
g t

he
 P

ha
se

 3 
pu

sh
ba

ck
. It

 is
 lik

ely
 th

at 
loc

ali
ze

d b
en

ch
-sc

ale
 fa

ilu
re

s w
ill 

oc
cu

r o
n a

dv
er

se
ly 

or
ien

ted
 co

nta
cts

 as
 m

ini
ng

 pr
og

re
ss

es
.

2.
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om
ine

nt 
se
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re
 pr
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en
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 th

e l
ow

er
 S
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th 

W
all

, c
on

ce
ntr

ate
d a

lon
g s

ub
-h

or
izo

nta
l s

tru
ctu

re
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Th
e e
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ma

ted
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w 
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te 

va
rie

s b
etw
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0 t
o 

80
 m

3 /h
r o

ve
r t

he
 w

int
er

 m
on

ths
, in

cre
as

ing
 to

 16
0 t

o 1
80

 m
3 /h

r o
ve

r t
he

 su
mm

er
 m

on
ths

. T
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 se
ep

ag
e i

s e
xp

ec
ted

 to
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su
lt i

n t
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 fo
rm

ati
on

 of
 ic

e 
wa

lls
 th

at 
wi

ll p
os

e a
n i

ce
 fa

ll h
az

ar
d, 

pa
rtic

ula
rly

 in
 th

e s
pr

ing
. A

 w
ate

r-m
an
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em

en
t p

us
hb

ac
k h

as
 be

en
 pl

an
ne

d (
cir

cle
d a

t lo
we

r r
igh

t) 
to 

he
lp 

mi
tig

ate
 th
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ris

k, 
wh
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 en
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rse
d. 

Th
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ro
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ate

r f
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ho
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tud
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at 
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s c
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W
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3.
A 

po
ten

tia
lly

 un
sta

ble
 da

yli
gh

tin
g w

ed
ge

 w
as

 id
en

tifi
ed

 be
low

 th
e r

am
p i

n t
he

 S
ou

th 
W

all
. T

he
 w

ed
ge

 ap
pe

ar
s t

o  
be

 fo
rm

ing
 on

the
 lo

ca
l J

oin
t S

et 
A 

(so
lid

 
ye

llo
w 

lin
e)

 an
d a

 se
rie

s o
f c

ro
ss

-cu
ttin

g s
tru

ctu
re

s (
da

sh
ed

 ye
llo

w 
lin

e)
. 

Th
e m

ine
 ha

s c
om

ple
ted

 a 
pr

eli
mi

na
ry 

sta
bil

ity
 as

se
ss

me
nt 

in 
Se

dg
e t

ha
t s

ug
ge

sts
 th

e w
ed

ge
 ha

s  
a F

oS
 <

 1 
(0

.9)
 if 

the
 st

ru
ctu

re
s a

re
 co

he
sio

nle
ss

 an
d 

pe
rsi

ste
nt 

(e
.g.

, n
o r

oc
k b

rid
gin

g)
. T

his
 is

 lik
ely

 co
ns

er
va

tiv
e f

or
 a 

we
dg

e o
f th

is 
siz

e b
ut 

sti
ll i

nd
ica

tes
 th

at 
the

 w
ed

ge
 m

ay
no

t b
e s

tab
le.

An
 in

itia
l re

vie
w 

of 
the

 ra
da

r d
ata

 su
gg

es
ts 

tha
t b

las
ts 

ar
e c

au
sin

g t
he

 w
ed

ge
 to

 di
sp

lac
e (

e.g
., d

isp
lac

em
en

t o
f 2

-3
 m

m 
wa

s o
bs

er
ve

d a
fte

r a
 bl

as
t o

n 
Se

pte
mb

er
 9)

. T
he

 de
for

ma
tio

n i
s f

oc
us

se
d o

n t
he

 ea
ste

rn
 en

d o
f th

e w
ed

ge
 (c

irc
led

 be
low

), 
wh

er
e t

he
 w

ed
ge

 is
 th

inn
es

t. 
As

 th
e w

ed
ge

 un
de

rcu
ts 

the
 ra

mp
, it

 is
 re

co
mm

en
de

d t
ha

t in
str

um
en

tat
ion

 be
 in

sta
lle

d t
o m

on
ito

r a
ny

 di
sp

lac
em

en
t. A

s a
n i

nit
ial

 op
tio

n, 
a w

ire
lin

e 
ex

ten
so

me
ter

 co
uld

 be
 in

sta
lle

d. 
Lo

ng
er

 te
rm

, a
 cr

ac
km

ete
r o

r s
ur

ve
y p

ris
ms

 sh
ou

ld 
be

 in
sta

lle
d t

o a
llo

w 
for

 au
tom

ate
d m

on
ito

rin
g. 

In 
all

 ca
se

s a
 TA

RP
 sh

ou
ld 

be
 de

ve
lop

ed
 fo

r t
he

 in
str

um
en

tat
ion

.
If d

efo
rm

ati
on

 co
nti

nu
es

, o
pti

on
s f

or
 st

ab
iliz

ing
 th

e w
ed

ge
 co

uld
 in

clu
de

 co
ns

tru
cti

ng
 a 

ro
ck

fill
 bu

ttr
es

s b
elo

w 
it a

nd
/or

 in
sta

llin
g d

ow
els

 to
 an

ch
or

 th
e w

ed
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Int
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 w

all
 ap
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ox

im
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ly 
wi
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n D

es
ign

 S
ec

tor
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. A
lso

 re
fer
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d t

o a
s P

ha
se
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So

uth
 (I
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.

Th
e w

all
 is

 ge
ne

ra
lly

 pe
rfo

rm
ing

 w
ell

.
Th

e P
ha

se
 3 

pu
sh

ba
ck

 is
 in

 pr
og

re
ss

 ab
ov

e t
his

 w
all

. S
pil

lov
er

 re
pr

es
en

ts 
a r

oc
kfa

ll h
az

ar
d f

or
 tr

aff
ic 

on
 th

e r
am

p. 
A 

ro
ck

fa
ll b

er
m 

ha
s b

ee
n 

co
ns

tru
cte

d o
n t

he
 in

sid
e o

f th
e u

pp
er

 ra
mp

, w
he

re
 ro

ck
fal

l h
as

 oc
cu

rre
d (

ou
tlin

ed
 in

 w
hit

e b
elo

w)
. T

he
 be

rm
 ha

d l
im

ite
d c

ap
ac

ity
 re

ma
ini

ng
 at

 th
e 

tim
e o

f th
e v

isi
t. T

he
 be

rm
 sh

ou
ld 

be
 cl

ea
ne

d o
ut 

an
d e

xte
nd

ed
 al

on
g t

he
 fu

ll l
en

gth
 of

 th
e r

am
p b

elo
w 

the
 pu

sh
ba

ck
. T
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 be
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ou
ld 
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ec
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an
d c

lea
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d p
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ica
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W
ha

le
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ai
l O

pe
n 

Pi
t

Te
mp

or
ar

y w
all
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 P
ha

se
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Pu
sh

ba
ck

. A
pp

ro
xim

ate
ly 

co
rre

sp
on
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 D
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ign
 S

ec
tor

s H
6 a

nd
 I6
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Th

e w
all

 w
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 es
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he

d w
ith

ou
t p

re
-sh

ea
r, a

s i
s s

tan
da

rd
 pr

ac
tic

e f
or

 te
mp

or
ar

y w
all

s. 
As

 a 
re

su
lt, 

the
 co

nd
itio

n o
f th

e f
ac

e a
nd

 cr
es

t is
 po

or,
 an

d a
 

ro
ck

fal
l h

az
ar

d e
xis

ts.
 

Du
e t

o t
he

 pu
sh
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ck
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y, 
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 w
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kin

g a
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s l
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ite

d i
n p
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. A
 ve

hic
le 
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s o
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er

ve
d p

ar
ke

d a
t th

e t
oe

 of
 th

e b
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ch
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no
t c

on
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ten
t 
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th 
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 si

te’
s W
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e t
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ur
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 m
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d b
elo

w 
the

 w
all

 to
 pr

ev
en

t a
cc

es
s a

nd
 re

tai
n 

an
y r

oc
kfa

ll. 

O
bs

er
va

tio
ns

-P
ha

se
 3

 P
us

hb
ac

k

N

A-
24

 o
f 5

7



IV
R

 V
1 

O
PE

N
 P

IT

A-
25

 o
f 5

7



26

IV
R

 V
1 

O
pe

n 
Pi

t

Th
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n f
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e I

VR
 V

1 a
nd

 V
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n p
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ow
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igh
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for
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fer
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ote
 th
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1 o

pe
n p

it w
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 pr
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sly

 re
fer
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o a
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op
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t d
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ch

.
An

 up
da

ted
 de

sig
n, 

IV
R-

00
1-

00
6C

, h
as

 be
en

 de
ve

lop
ed

 fo
r t

he
 V

1 o
pe

n p
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ra
l D
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e l
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ng
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ide
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pp

ro
xim

ate
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nt 
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om
etr
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s s

ho
wn

 at
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ht.
 T
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ec
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 m
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IV
R

 V
1 

O
pe

n 
Pi

t

Fin
al 

wa
ll i

n D
es

ign
 S

ec
tor

 V
0A

. T
his

 se
cto

r e
nc

om
pa

ss
es

 th
e f

oo
tw

all
 of

 th
e d

ep
os

it. 
Th

e s
lop

e g
eo

me
try

 w
as

 ex
pe

cte
d t

o 
be

 co
ntr

oll
ed

 by
 th

e p
ote

nti
al 

for
 be

nc
h a

nd
 in

ter
-ra

mp
 sc

ale
 pl

an
ar

 fa
ilu

re
s o

n t
he

 fo
lia

tio
n (

Jo
int

 S
et 

A)
.

Th
e b

en
ch

 de
sig

n c
on

sis
ts 

of 
a 4

5°
be

nc
h f

ac
e a

ng
le,

 8 
m 

be
nc

h w
idt

h a
nd

 a 
14

 m
 be

nc
h h

eig
ht 

(7
 m

 be
nc

he
s i

n a
   

do
ub

le-
be

nc
h c

on
fig

ur
ati

on
). 

Du
e t

o t
he

 sh
all

ow
 be

nc
h f

ac
e a

ng
le,

 th
e b

en
ch

 fa
ce

s a
re

 es
tab

lis
he

d w
ith

 st
ag

ge
re

d b
las

t 
ho

les
 (“

sta
b”

 ho
les

) r
ath

er
 th

an
 an

gle
d p

re
-sh

ea
r h

ole
s i

n t
he

 fin
al 

wa
lls

.
W

hil
e t

he
 in

itia
l b

en
ch

es
 br

ok
e t

o t
he

 fo
lia

tio
n, 

the
 re

ma
ind

er
 ha

ve
 no

t p
er

for
me

d a
s e

xp
ec

ted
. T

his
 is

 di
sc

us
se

d f
ur

the
r o

n 
the

 fo
llo

wi
ng

 sl
ide

. 
Th

e s
lop

e w
as

 ex
pe

cte
d t

o b
e e

sta
bli

sh
ed

 in
 th

e K
om

ati
ite

 an
d t

o b
e i

nte
rse

cte
d b

y n
um

er
ou

s b
ritt

le 
str

uc
tur

es
. H

ow
ev

er,
 

ma
pp

ing
 by

 G
eo

log
y h

as
 id

en
tifi

ed
 in

ter
va

ls 
of 

Gr
ey

wa
ck

e a
nd

 G
ab

br
o i

n t
he

 sl
op

e. 
Th

es
e u

nit
s a

re
 m

or
e c

om
pe

ten
t.
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va
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th
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es
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al
l
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m

at
iit

e
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iit
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IV
R

 V
1 

O
pe

n 
Pi

t

Th
e p

er
for

ma
nc

e 
of 

the
 N

or
thw

es
t W

all
 va

rie
s s

ign
ific

an
tly

 al
on

g t
he

 w
all

. O
bs

er
va

tio
ns

 su
gg

es
ts 

tha
t th

is 
is 

lin
ke

d t
o:

Li
th

ol
og

y:
 B

en
ch

 fa
ce

s s
tee

pe
r t

ha
n t

he
 di

p o
f th

e f
oli

ati
on

 ha
ve

 be
en

 ac
hie

ve
d i

n a
n i

nte
rva

l o
f G

re
yw

ac
ke

 at
 th

e w
es

ter
n e

nd
 of

 th
e w

all
. T

he
 G

re
yw

ac
ke

 is
 

mo
re

 co
mp

ete
nt 

tha
n t

he
 K

om
ati

ite
 an

d i
s a

ss
oc

iat
ed

 w
ith

 in
cre

as
ed

 di
sc

on
tin

uit
y s

he
ar

 st
re

ng
th.

Fo
lia

tio
n 

Or
ien

ta
tio

n:
 T

he
 fo

lia
tio

n w
as

 ex
pe

cte
d t

o b
e p

ar
all

el 
to 

the
 w

all
. W

he
re

 th
is 

ha
s o

cc
ur

re
d (

e.g
., t

he
 up

pe
r b

en
ch

es
 at

 th
e e

as
ter

n e
nd

 of
the

 w
all

), 
the

 fo
lia

tio
n h

as
 ty

pic
all

y d
efi

ne
d t

he
 be

nc
h f

ac
e. 

Ho
we

ve
r, t

he
 st

rik
e o

f th
e f

oli
ati

on
 w

as
 ob

se
rve

d t
o v

ar
y b

y a
t le

as
t 6

0°
alo

ng
 th

e w
all

. W
he

re
 th

e f
oli

ati
on

 is
 

no
t p

ar
all

el 
to 

the
 w

all
, th

e s
tag

ge
re

d b
las

tho
les

 in
du

ce
 si

gn
ific

an
t d

am
ag

e t
o t

he
 ro

ck
 m

as
s, 

re
su

ltin
g i

n b
ac

k b
re

ak
 an

d a
ni

rre
gu

lar
 b

en
ch

 ge
om

etr
y.

Dr
illi

ng
 an

d 
Bl

as
tin

g:
 D

isc
us

sio
ns

 w
ith

 th
e D

rill
 &

 B
las

t E
ng

ine
er

 su
gg

es
ted

 th
at 

the
 de

pth
 of

 th
e b

las
t h

ole
s i

s p
oo

rly
 co

ntr
oll

ed
 an

d o
ve

r-d
rill

ing
 is

 a 
co

mm
on

 
pr

ob
lem

. P
oo

r d
ep

th 
co

ntr
ol 

wi
ll s

tro
ng

ly 
inf

lue
nc

e t
he

 ef
fec

tiv
en

es
s o

f th
e s

tag
ge

re
d b

las
tho

les
 us

ed
 to

 es
tab

lis
h t

he
se

 be
nc

he
s.

O
bs

er
va

tio
ns

-N
or

th
w

es
t W

al
l (

C
on

t’d
)

W
es

te
rn

 E
nd

 o
f W

al
l

Ea
st

er
n 

En
d 

of
 W

al
l

G
re

yw
ac

ke
Ko

m
at

iit
e

Be
nc

h 
de

fin
ed
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n
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IV
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 V
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O
pe

n 
Pi

t

A 
re

vis
ed

 be
nc

h d
es

ign
 w

ill 
be

 tr
ial

led
 fo

r t
his

 se
cto

r, i
nc

or
po

ra
tin

g a
 be

nc
h 

fac
e e

sta
bli

sh
ed

 at
 55

°w
ith

 pr
e-

sh
ea

r h
ole

s. 
Th

e b
en

ch
 w

idt
h w

ill 
be

 
inc

re
as

ed
 to

 12
 m

 in
 or

de
r t

o m
ain

tai
n t

he
 de

sig
n i

nte
r-r

am
p a

ng
le.

 G
ive

n t
he

 
pe

rfo
rm

an
ce

 of
 th

e b
en

ch
es

 es
tab

lis
he

d w
ith

 st
ag

ge
re

d b
las

t h
ole

s, 
thi

s 
ap

pr
oa

ch
 is

 en
do

rse
d. 

Th
e e

nc
ou

nte
re

d r
oc

k m
as

s c
ha

ra
cte

ris
tic

s a
nd

 th
eir

 im
pa

ct 
on

 th
e s

lop
e 

pe
rfo

rm
an

ce
 sh

ou
ld 

be
 re

vie
we

d i
n g

re
ate

r d
eta

il i
n t

his
 se

cto
r in

 or
de

r t
o 

va
lid

ate
 th

e c
ha

ng
e i

n b
en

ch
 de

sig
n. 

Re
co

mm
en

d d
oc

um
en

tin
g t

he
 lit

ho
log

y, 
ro

ck
 m

as
s s

tru
ctu

re
, a

nd
 be

nc
h p

er
for

ma
nc

e a
t r

eg
ula

r in
ter

va
ls 

alo
ng

 th
e 

No
rth

ea
st 

W
all

 in
 or

de
r t

o s
up

po
rt 

the
 re

vie
w.

 
It w

as
 no

ted
 th

at 
the

 up
pe

r t
wo

 to
 th

re
e b

en
ch

es
 w

ill 
be

 m
ine

d o
ut 

wh
en

 
mi

nin
g o

f th
e a

dja
ce

nt 
IV

R 
V2

 op
en

 pi
t b

eg
ins

.
Th

e r
ed

uc
ed

 ca
tch

 be
nc

h c
ap

ac
ity

 an
d p

oo
r c

on
dit

ion
 of

 th
e b

en
ch

 fa
ce

s 
re

pr
es

en
t a

 ro
ck

fal
l h

az
ar

d (
as

 sh
ow

n i
n t

he
 ph

oto
 on

 th
e r

igh
t).

 A 
ro

ck
fal

l 
be

rm
 sh

ou
ld 

be
 co

ns
tru

cte
d a

t th
e t

oe
 of

 th
e s

lop
e, 

alo
ng

 th
e r

am
p.
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IV
R

 V
1 

O
pe

n 
Pi

t

Fin
al 

wa
ll i

n D
es

ign
 S

ec
tor

 V
0B

.
In 

ge
ne

ra
l, t

he
 w

all
 is

 pe
rfo

rm
ing

 w
ell

. T
he

 fo
lia

tio
n i

s o
rie

nte
d p

er
pe

nd
icu

lar
 to

 th
e w

all
.

Ho
we

ve
r, c

ro
ss

-cu
ttin

g s
tru

ctu
re

s h
av

e r
es

ult
ed

 in
 nu

me
ro

us
 sm

all
 w

ed
ge

s a
nd

 it 
is 

un
de

rst
oo

d t
ha

t s
ign

ific
an

t s
ca

lin
g w

as
 re

qu
ire

d w
he

n 
the

 be
nc

he
s w

er
e e

sta
bli

sh
ed

. It
 is

 ex
pe

cte
d t

ha
t th

e b
en

ch
es

 w
ill 

ra
ve

l o
ve

r t
im

e. 
At

 th
e t

im
e o

f th
e i

ns
pe

cti
on

, v
er

y l
ittl

e m
ate

ria
l w

as
 

ob
se

rve
d o

n t
he

 ca
tch

 be
nc

he
s.

Se
ve

ra
l p

ote
nti

al 
we

dg
es

 w
er

e o
bs

er
ve

d a
nd

 ar
e d

es
cri

be
d o

n t
he

 fo
llo

wi
ng

 sl
ide

.
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IV
R

 V
1 

O
pe

n 
Pi

t

Se
ve

ra
l p

ote
nti

al 
we

dg
es

 w
er

e o
bs

er
ve

d (
ex

am
ple

s a
re

 sh
ow

n b
elo

w)
. R

ec
om

me
nd

 at
tem

pti
ng

 to
 sc

ale
 th

es
e w

ed
ge

s t
o e

lim
ina

te 
th

e 
po

ten
tia

l h
az

ar
d.

Th
e w

ed
ge

s a
pp

ea
r t

o b
e f

or
mi

ng
 on

 pe
rsi

ste
nt,

 pl
an

ar,
 an

d r
ela

tiv
ely

 w
ide

ly 
sp

ac
ed

 cr
os

s-
cu

ttin
g f

ea
tur

es
 (t

he
 rig

ht 
ha

nd
 st

ru
ctu

re
 in

 th
e 

ex
am

ple
s b

elo
w)

. R
ec

om
me

nd
 m

ap
pin

g t
he

se
 st

ru
ctu

re
s s

o t
ha

t p
ote

nti
al 

we
dg

es
 on

 fu
tur

e b
en

ch
es

 ca
n b

e a
nti

cip
ate

d.
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IV
R

 V
1 

O
pe

n 
Pi

t

Fin
al 

wa
ll i

n D
es

ign
 S

ec
tor

 V
0C

.
In 

ge
ne

ra
l th

e w
all

 is
 pe

rfo
rm

ing
 w

ell
.

Th
e p

er
sis

ten
t c

ro
ss

-cu
ttin

g f
ea

tur
es

 th
at 

we
re

 as
so

cia
ted

 w
ith

 th
e p

ote
nti

al 
we

dg
es

 in
 th

e N
or

the
as

t W
all

 ar
e a

lso
 pr

es
en

t in
 th

is 
se

cto
r a

nd
 

ha
ve

 lo
ca

lly
 co

ntr
oll

ed
 th

e a
ch

iev
ed

 be
nc

h g
eo

me
try

 (e
xa

mp
les

 ci
rcl

ed
 be

low
). 

Th
es

e s
tru

ctu
re

s w
er

e n
ot 

pr
om

ine
nt 

in 
the

 di
sc

on
tin

uit
y 

or
ien

tat
ion

 da
ta 

us
ed

 to
 de

sig
n t

he
 op

en
 pi

t. T
he

 st
ru

ctu
re

s s
ho

uld
 be

 m
ap

pe
d a

nd
 th

eir
 po

ten
tia

l im
pa

ct 
on

 th
e s

lop
e p

er
for

ma
nc

e 
re

vie
we

d. 

O
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IV
R

 V
1 

O
pe

n 
Pi

t

Fin
al 

wa
ll i

n D
es

ign
 S

ec
tor

 V
0D

.
Th

e w
all

 is
 ge

ne
ra

lly
 pe

rfo
rm

ing
 w

ell
. W

hil
e t

he
 be

nc
he

s a
re

 pr
im

ar
ily

 w
ith

in 
the

 K
om

ati
ite

 an
d B

ritt
le 

St
ru

ctu
re

s, 
the

 w
all

 is
or

ien
ted

 pe
rp

en
dic

ula
r t

o t
he

 fo
lia

tio
n.

O
bs
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va
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ou
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l
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A
P5 At

ten
ua

tio
n P

on
d 5

 is
 lo

ca
ted

 to
 th

e e
as

t o
f th

e W
HL

 op
en

 pi
t a

nd
 w

as
 in

sp
ec

ted
 on

 S
ep

tem
be

r 1
7, 

20
21

.
Th

e p
on

d i
s p

ar
tia

lly
 flo

od
ed

, w
ith

 on
e t

o t
wo

 be
nc

he
s e

xp
os

ed
 ab

ov
e t

he
 po

nd
 w

ate
r le

ve
l. A

s a
 re

su
lt, 

a d
eta

ile
d i

ns
pe

cti
on

co
uld

 no
t b

e 
co

mp
let

ed
.

No
 st

ab
ilit

y c
on

ce
rn

s w
er

e i
de

nti
fie

d i
n t

he
 ex

po
se

d s
lop

es
.

Th
e p

um
ps

 an
d p

ipe
lin

es
 ha

ve
 be

en
 re

mo
ve

d f
ro

m 
the

 po
nd

. 
Th

e p
on

d i
s n

ot 
cu

rre
ntl

y b
ein

g u
se

d a
nd

 ac
ce

ss
 to

 th
e r

am
p a

nd
 th

e p
on

d i
s n

ot 
re

str
ict

ed
. It

 is
 un

de
rst

oo
d t

ha
t w

ate
r m

an
ag

em
en

t 
inf

ra
str

uc
tur

e w
ill 

be
 in

sta
lle

d i
n t

he
 fu

tur
e. 

Re
co

mm
en

d p
lac

ing
 py

lon
s a

t th
e t

op
 of

 th
e r

am
p t

o r
es

tric
t a

cc
es

s w
hil

e i
t is

 no
t b

ein
g u

se
d.
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M
on

ito
rin

g 
an

d 
In

sp
ec

tio
ns

Th
e s

lop
e m

on
ito

rin
g p

ro
gr

am
 at

 th
e m

ine
 cu

rre
ntl

y c
on

sis
ts 

of 
the

 fo
llo

wi
ng

 pr
im

ar
y c

om
po

ne
nts

:
–

Ob
se

rva
tio

ns
 an

d G
ro

un
d C

on
tro

l L
og

 B
oo

k e
ntr

ies
 fr

om
 m

ine
 pe

rso
nn

el
–

Vi
su

al 
Ins

pe
cti

on
s

Ro
uti

ne
 an

d s
pe

cia
l g

eo
tec

hn
ica

l in
sp

ec
tio

ns
Of

fic
ial

 w
all

 in
sp

ec
tio

ns
Be

nc
h a

pp
ro

va
ls

Dr
on

e s
ur

ve
ys

–
Sl

op
e S

tab
ilit

y R
ad

ar
 (S

SR
) m

on
ito

rin
g

–
Ins

tru
me

nta
tio

n
No

te 
tha

t in
str

um
en

tat
ion

 is
 no

t c
ur

re
ntl

y u
se

d, 
tho

ug
h v

ibr
ati

ng
 w

ire
 pi

ez
om

ete
rs 

an
d t

he
rm

ist
or

s w
er

e i
ns

tal
led

 in
 th

e p
as

ta
nd

 ad
dit

ion
al 

ins
tru

me
nts

 ar
e p

lan
ne

d i
n t

he
 fu

tur
e.
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Sl
op

e 
M

on
ito

rin
g

Th
e f

re
qu

en
cy

 of
 ea

ch
 vi

su
al 

ins
pe

cti
on

, th
e p

er
so

n 
re

sp
on

sib
le 

an
d t

he
 co

mm
un

ica
tio

n o
f th

e r
es

ult
s o

f th
e 

ins
pe

cti
on

 ar
e d

efi
ne

d i
n t

he
 G

CM
P 

(a
t r

igh
t).

In 
ad

dit
ion

 to
 th

e i
ns

pe
cti

on
s n

ote
d a

t r
igh

t, t
he

 m
ine

 al
so

 
im

ple
me

nts
 a 

be
nc

h a
pp

ro
va

l p
ro

ce
du

re
.

Th
e r

ou
tin

e a
nd

 sp
ec

ial
 vi

su
al 

ins
pe

cti
on

s a
re

 do
cu

me
nte

d 
wi

th 
ph

oto
s a

nd
 su

mm
ar

ize
d i

n e
ma

ils
. T

he
y f

oc
us

 on
 

sp
ec

ific
 id

en
tifi

ed
 or

 re
po

rte
d h

az
ar

ds
.

Th
e o

ffic
ial

 w
all

 in
sp

ec
tio

ns
 ar

e c
om

ple
ted

 by
 a 

    
    

    
 

mu
lti-

dis
cip

lin
ar

y g
ro

up
 an

d c
on

sid
er

 al
l o

f th
e o

pe
n p

it w
all

s 
ra

the
r t

ha
n s

pe
cif

ic 
ha

za
rd

s. 
Th

e i
ns

pe
cti

on
s a

re
 

do
cu

me
nte

d w
ith

 ph
oto

s a
nd

 in
 a 

for
ma

l re
po

rt.
Ide

nti
fie

d h
az

ar
ds

 ar
e d

isc
us

se
d, 

a r
isk

 ra
tin

g a
ss

ign
ed

, a
nd

 
mi

tig
ati

on
 m

ea
su

re
s a

gr
ee

d u
po

n. 
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su

al
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Sl
op

e 
M

on
ito

rin
g

Si
te-

wi
de

 dr
on

e s
ur

ve
ys

 ar
e c

om
ple

ted
 by

 th
e S

ur
ve

y d
ep

ar
tm

en
t a

pp
ro

xim
ate

ly 
on

ce
 a 

mo
nth

 fr
om

 M
ay

 to
 S

ep
tem

be
r. 

Th
e G

CM
P 

inc
lud

es
 a 

co
mm

itm
en

t to
 al

so
 us

e t
he

 dr
on

e t
o e

xa
mi

ne
 th

e c
atc

h b
en

ch
es

 an
d 

kn
ow

n g
eo

tec
hn

ica
l h

az
ar

ds
 bu

t it
 is

 un
de

rst
oo

d t
ha

t th
is 

is 
no

t c
ur

re
ntl

y d
on

e.
Se

ve
ra

l a
re

as
 w

er
e i

de
nti

fie
d d

ur
ing

 th
e s

ite
 vi

sit
 th

at 
co

uld
 be

ne
fit 

fro
m 

dr
on

e i
ns

pe
cti

on
s 

(e
.g.

, b
loc

k a
t th

e c
re

st 
of 

the
 sl

op
e i

n D
es

ign
 S

ec
tor

 E
4)

. 
A 

ne
w 

dr
on

e h
as

 be
en

 ob
tai

ne
d w

hic
h w

ill 
all

ow
 in

cre
as

ed
 us

e d
ur

ing
 w

int
er.

Vi
su

al
 In

sp
ec

tio
ns

 -
D

ro
ne

 S
ur

ve
ys

N
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M
on

ito
rin

g 
an

d 
In

sp
ec

tio
ns

A 
se

lec
tio

n o
f th

e i
ns

pe
cti

on
 re

po
rts

 w
er

e r
ev

iew
ed

 an
d t

he
 fo

llo
wi

ng
 di

sc
us

se
d:

–
Th

e w
all

 in
sp

ec
tio

n r
ep

or
ts 

rig
htf

ull
y f

oc
us

 on
 th

e i
de

nti
fie

d h
az

ar
ds

. R
ec

om
me

nd
 al

so
 co

mp
ilin

g a
 se

rie
s o

f o
ve

rvi
ew

 ph
oto

s (
e.g

., o
f 

ea
ch

 m
ajo

r w
all

) a
nd

 co
mm

en
ts 

to 
ge

ne
ra

te 
a r

ec
or

d o
f w

all
 pe

rfo
rm

an
ce

 ov
er

 tim
e. 

Th
is 

ca
n b

e i
nv

alu
ab

le 
for

 ba
ck

-a
na

lys
is.

–
W

hil
e t

he
re

 ar
e f

re
qu

en
t v

isu
al 

ins
pe

cti
on

s, 
the

re
 sh

ou
ld 

be
 a 

for
ma

l m
ec

ha
nis

m 
(e

.g.
, T

AR
P)

 in
 pl

ac
e t

o i
nc

re
as

e t
he

 fr
eq

ue
nc

y o
f 

ins
pe

cti
on

s i
n t

he
 ev

en
t th

at 
an

 in
sta

bil
ity

 is
 ob

se
rve

d o
r, f

or
 ex

am
ple

, p
ar

tic
ula

r d
efo

rm
ati

on
 lim

its
 ar

e o
bs

er
ve

d.
–

Re
co

mm
en

d i
nc

or
po

ra
tin

g a
 pe

rio
dic

 in
sp

ec
tio

n o
f th

e o
pe

n p
it c

re
st 

for
 ev

ide
nc

e o
f in

sta
bil

ity
 (e

.g.
, a

bo
ve

 D
4K

). A
s a

 st
ar

tin
gp

oin
t, 

thi
s c

ou
ld 

be
 co

mp
let

ed
 m

on
thl

y.

Th
e d

ro
ne

 in
sp

ec
tio

n c
om

mi
tm

en
t in

 th
e G

CM
P 

sh
ou

ld 
be

 re
vie

we
d a

nd
 al

ign
ed

 w
ith

 cu
rre

nt 
ne

ed
s a

nd
 ca

pa
bil

itie
s. 

Fo
r e

xa
mp

le:
–

Bi
an

nu
al 

(e
.g.

, a
t s

tar
t a

nd
 en

d o
f s

um
me

r) 
or

 qu
ar

ter
ly 

re
vie

w 
of 

ca
tch

 be
nc

h c
on

dit
ion

 / p
er

for
ma

nc
e. 

–
Ta

rg
ete

d m
on

thl
y i

ns
pe

cti
on

s o
f s

pe
cif

ic 
ha

za
rd

s, 
wi

th 
the

 fr
eq

ue
nc

y t
o b

e a
dju

ste
d b

as
ed

 on
 a 

TA
RP

.

Vi
su

al
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M
on

ito
rin

g 
an

d 
In

sp
ec

tio
ns

Ide
nti

fie
d h

az
ar

ds
 an

d t
he

 re
qu

ire
d m

itig
ati

on
 

wo
rk 

ar
e t

ra
ck

ed
 on

 a 
Ha

za
rd

 M
ap

 av
ail

ab
le 

to 
the

 w
or

kfo
rce

. T
he

 m
ap

 is
 an

 ef
fec

tiv
e t

oo
l.

Th
e m

ap
s a

lso
 fo

rm
 th

e b
as

is 
for

 th
e  

    
  

ris
k-b

as
ed

 w
all

 ap
pr

oa
ch

 pr
oc

ed
ur

e, 
wh

ich
 is

 
a k

ey
 pr

oc
es

s u
se

d a
t th

e m
ine

 to
 m

an
ag

e 
ge

ote
ch

nic
al 

ris
k. 

Inc
on

sis
ten

cy
 in

 th
e a

ss
ign

ing
 of

 ris
k r

ati
ng

s 
ha

s b
ee

n n
ote

d b
etw

ee
n d

iffe
re

nt 
sta

ff. 
 

Th
er

e i
s c

ur
re

ntl
y l

im
ite

d g
uid

an
ce

 on
 ho

w 
to 

se
lec

t th
e r

isk
 ra

tin
gs

. R
ec

om
me

nd
 pr

ov
idi

ng
 

de
tai

led
 gu

ida
nc

e, 
inc

lud
ing

 ex
am

ple
s, 

on
 

ho
w 

to 
de

ter
mi

ne
 th

es
e r

ati
ng

s.

H
az

ar
d 

/ R
is

k 
As

se
ss

m
en

t
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M
on

ito
rin

g 
an

d 
In

sp
ec

tio
ns

H
az

ar
d 

an
d 

Ac
tio

n 
Ite

m
 T

ra
ck

in
g

Ha
za

rd
s, 

the
 as

so
cia

ted
 ris

k r
ati

ng
, a

nd
 an

y r
eq

uir
ed

 co
rre

cti
ve

 ac
tio

ns
 ar

e t
ra

ck
ed

 in
 a 

da
tab

as
e. 

An
 ex

am
ple

 fr
om

 th
e d

ata
ba

se
is 

sh
ow

n 
be

low
. 

A 
du

e d
ate

 to
 co

mp
let

e t
he

 co
rre

cti
ve

 ac
tio

ns
 is

 sp
ec

ifie
d. 

Ho
we

ve
r, o

ve
rd

ue
 ite

ms
 ar

e n
ot 

fla
gg

ed
. R

ec
om

me
nd

 se
ttin

g u
p a

 m
ec

ha
nis

m 
wi

thi
n t

he
 da

tab
as

e t
o f

lag
 ov

er
du

e h
az

ar
ds

 so
 th

at 
the

y a
re

n’t
 ov

er
loo

ke
d.

Th
e d

ate
 th

e c
or

re
cti

ve
 ac

tio
n i

s c
om

ple
ted

 an
d t

he
 pe

rso
n w

ho
 ve

rifi
ed

 co
mp

let
ion

 is
 tr

ac
ke

d. 
Th

es
e a

re
 go

od
 pr

ac
tic

es
.
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M
on

ito
rin

g 
an

d 
In

sp
ec

tio
ns

Be
nc

h 
Ap

pr
ov

al
 P

ro
ce

ss
Th

e r
oc

k m
ec

ha
nic

s g
ro

up
 ha

s i
mp

lem
en

ted
 an

 ap
pr

ov
al 

pr
oc

es
s f

or
 th

e b
en

ch
es

 
on

 th
e f

ina
l w

all
s (

bo
th 

ult
im

ate
 pi

t a
nd

 in
ter

im
 st

ag
es

).
Th

e c
on

dit
ion

 of
 th

e b
en

ch
 an

d w
he

the
r o

r n
ot 

the
 fa

ce
 ha

s b
ee

n a
de

qu
ate

ly 
sc

ale
d i

s a
ss

es
se

d. 
Th

e p
ro

ce
ss

 is
 in

ten
de

d t
o b

e c
om

ple
ted

 af
ter

 ea
ch

 7 
m 

be
nc

h 
is 

es
tab

lis
he

d a
nd

 be
for

e w
or

k r
es

um
es

 in
 th

e a
re

a. 
A 

sta
nd

ar
d t

wo
-p

ag
e r

ep
or

t is
 

iss
ue

d e
ac

h t
im

e.
Th

is 
pr

oc
es

s i
s a

 ke
y c

on
tro

l fo
r m

an
ag

ing
 po

ten
tia

l ro
ck

fal
ls 

an
d b

en
ch

-sc
ale

 
ins

tab
ilit

ies
. W

hil
e i

t a
pp

ea
rs 

to 
be

 w
ell

 es
tab

lis
he

d, 
it i

s l
ar

ge
ly 

inf
or

ma
l; a

 
pr

oc
ed

ur
e h

as
 no

t b
ee

n d
ev

elo
pe

d a
nd

 a 
for

ma
l c

om
mi

tm
en

t to
 th

e p
ro

ce
ss

 ha
s 

no
t b

ee
n m

ad
e. 

Re
co

mm
en

d f
or

ma
liz

ing
 th

e c
om

mi
tm

en
t to

 co
mp

let
e t

he
 pr

oc
es

s 
for

 al
l fi

na
l w

all
s.

Re
co

mm
en

d d
ev

elo
pin

g a
 ch

ec
kli

st 
an

d/o
r p

ro
ce

du
re

 fo
r t

he
 be

nc
h a

pp
ro

va
ls 

to 
en

su
re

 co
ns

ist
en

cy
.

It i
s u

nd
er

sto
od

 th
at 

be
nc

he
s a

re
 oc

ca
sio

na
lly

 m
iss

ed
 an

d n
ot 

ap
pr

ov
ed

. 
Re

co
mm

en
d d

ev
elo

pin
g a

 si
mp

le 
tra

ck
ing

 m
eth

od
 (e

.g.
 co

lou
re

d l
ine

s o
n a

 pl
an

) 
for

 th
e a

pp
ro

va
ls 

to 
re

du
ce

 th
e l

ike
lih

oo
d o

f th
is 

oc
cu

rri
ng

.
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M
on

ito
rin

g 
an

d 
In

sp
ec

tio
ns

Th
e m

ine
 ha

s t
wo

 G
ro

un
dP

ro
be

 S
SR

-X
T 

re
al 

ap
er

tur
e r

ad
ar

s. 
On

e r
ad

ar
 co

ve
rs 

the
 

no
rth

 w
all

 w
hil

e t
he

 ot
he

r r
ad

ar
 co

ve
rs 

the
 so

uth
 w

all
 (s

ee
 im

ag
e a

t r
igh

t).
Th

er
e i

s a
 pr

oc
ed

ur
e s

ett
ing

 ou
t r

es
po

ns
ibi

liti
es

 an
d h

ow
 th

e S
SR

 da
ta 

ar
e 

co
mm

un
ica

ted
. T

he
 ra

da
r d

ata
 ar

e r
ev

iew
ed

 at
 le

as
t tw

ice
 a 

da
y a

nd
 w

he
ne

ve
r a

lar
ms

 
ar

e t
rig

ge
re

d. 
Th

e p
ro

ce
ss

 fo
llo

we
d w

he
n a

n a
lar

m 
is 

trig
ge

re
d i

s d
efi

ne
d i

n a
 TA

RP
, 

sh
ow

n a
t lo

we
r r

igh
t.

Th
e T

AR
P 

de
sc

rib
es

 O
ra

ng
e (

co
nta

ct 
ro

ck
 m

ec
ha

nic
s) 

an
d R

ed
 (e

va
cu

ate
) a

lar
ms

, b
ut 

in 
pr

ac
tic

e o
nly

 O
ra

ng
e a

lar
ms

 ar
e u

se
d i

n o
rd

er
 to

 pr
ov

ide
 th

e r
oc

k m
ec

ha
nic

s g
ro

up
 

gr
ea

ter
 fle

xib
ilit

y i
n d

ete
rm

ini
ng

 a 
re

sp
on

se
. 

So
me

on
e f

ro
m 

Ro
ck

 M
ec

ha
nic

s i
s d

es
ign

ate
d a

s b
ein

g o
n-

ca
ll a

nd
 ha

s a
 pa

ge
r in

 th
e 

ev
en

t th
at 

the
y c

an
no

t b
e i

mm
ed

iat
ely

 re
ac

he
d o

r it
 is

 ni
gh

t s
hif

t.

SS
R

-G
en

er
al

N
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M
on

ito
rin

g 
an

d 
In

sp
ec

tio
ns

Th
e c

ur
re

nt 
Or

an
ge

 al
ar

m 
thr

es
ho

lds
 ar

e a
s f

oll
ow

s: 
–

Ve
loc

ity
 ex

ce
ed

ing
 1.

3 m
m/

hr
 w

ith
 a 

ca
lcu

lat
ion

 pe
rio

d o
f 1

80
 m

inu
tes

–
4 c

on
tig

uo
us

 pi
xe

ls 
ov

er
 2 

co
ns

ec
uti

ve
 sc

an
s 

Th
e a

lar
ms

 ar
e a

dju
ste

d o
n a

n i
nfo

rm
al 

ba
sis

 in
 re

sp
on

se
 to

 ob
se

rve
d c

on
dit

ion
s. 

Fo
r e

xa
mp

le,
 a 

low
er

 de
for

ma
tio

n t
hr

es
ho

ld 
m

ay
 be

 us
ed

 
for

 an
 ar

ea
 of

 co
nc

er
n a

t a
 lo

w 
an

gle
 of

 in
cid

en
ce

. A
dd

itio
na

l p
ar

am
ete

rs 
(e

.g.
, c

oh
er

en
ce

, in
ve

rse
 ve

loc
ity

) a
re

 us
ed

 to
 in

te
rp

re
t th

e 
ob

se
rve

d m
ov

em
en

t o
n a

 ca
se

-b
y-c

as
e b

as
is 

bu
t a

re
 no

t in
co

rp
or

ate
d i

nto
 th

e a
lar

ms
.

Th
e S

SR
 w

as
 in

vo
lve

d i
n t

he
 fo

re
ca

sti
ng

 of
 ap

pr
ox

im
ate

ly 
50

%
 of

 th
e s

lop
e f

ail
ur

es
 th

at 
ha

ve
 oc

cu
rre

d t
o d

ate
. A

s e
xp

ec
ted

, th
e s

ys
tem

 
wa

s m
or

e l
ike

ly 
to 

ide
nti

fy 
lar

ge
r e

ve
nts

 re
pr

es
en

tin
g a

pp
ro

xim
ate

ly 
85

%
 of

 th
e t

ota
l to

nn
es

. H
ow

ev
er,

 w
he

the
r o

r n
ot 

an
 al

ar
m 

wa
s 

trig
ge

re
d i

s n
ot 

co
ns

ist
en

tly
 tr

ac
ke

d.
Th

e a
lar

m 
pa

ra
me

ter
s w

er
e r

ev
iew

ed
 in

ter
na

lly
 in

 S
ep

tem
be

r t
o e

va
lua

te 
wh

eth
er

 di
ffe

re
nt 

ala
rm

s w
ou

ld 
ha

ve
 tr

igg
er

ed
 fo

r t
he

 sl
op

e f
ail

ur
es

 
tha

t h
ad

 oc
cu

rre
d i

n 2
02

1. 
Th

e a
lar

m 
trig

ge
rs 

we
re

 re
vis

ed
 af

ter
 th

e r
ev

iew
. T

his
 is

 an
 ex

ce
lle

nt 
pr

ac
tic

e. 
It i

s i
mp

or
tan

t to
 no

te 
tha

t th
e a

bil
ity

 of
 th

e S
SR

 to
 re

lia
bly

 de
tec

t b
ritt

le 
be

nc
h-

sc
ale

 fa
ilu

re
s w

ith
 su

ffic
ien

t ti
me

 to
 re

sp
on

d (
an

d w
ith

ou
t 

pr
od

uc
ing

 an
 ex

ce
ss

ive
 nu

mb
er

 of
 fa

lse
 al

ar
ms

) is
 lim

ite
d. 

Th
is 

is 
co

ns
ist

en
t w

ith
 th

e r
es

ult
s o

f th
e r

ev
iew

, w
hic

h s
ug

ge
st 

th
at

the
 re

vis
ed

 
ala

rm
 pa

ra
me

ter
s w

ou
ld 

lik
ely

 no
t h

av
e t

rig
ge

re
d o

r w
ou

ld 
ha

ve
 pr

ov
ide

d l
es

s t
ha

n a
 on

e h
ou

r w
ar

nin
g f

or
 10

 of
 th

e 1
4 f

ail
ur

es
. H

ow
ev

er,
 

the
 S

SR
 ca

n s
till

 pr
ov

ide
 va

lua
ble

 in
sig

ht 
on

 th
e b

eh
av

iou
r o

f th
e s

lop
es

.

SS
R

 M
on
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M
on

ito
rin

g 
an

d 
In

sp
ec

tio
ns

SS
R 

is 
be

st 
su

ite
d t

o l
ar

ge
r-s

ca
le 

fai
lur

es
 an

d i
s l

es
s e

ffe
cti

ve
 at

 id
en

tify
ing

 th
e b

ritt
le 

be
nc

h-
sc

ale
 fa

ilu
re

s t
ha

t h
av

e b
ee

nt
he

 pr
im

ar
y t

yp
e 

of 
ins

tab
ilit

y t
o d

ate
 in

 th
e W

ha
le 

Ta
il P

it. 
Ca

re
 m

us
t b

e t
ak

en
 to

 av
oid

 ov
er

-re
lia

nc
e o

n t
he

 ra
da

r a
nd

 a 
re

su
ltin

g s
en

se
 of

 co
mp

lac
en

cy
. T

he
 

Ro
ck

 M
ec

ha
nic

s g
ro

up
 is

 aw
ar

e o
f th

is 
lim

ita
tio

n.
On

e p
os

sib
ilit

y f
or

 po
ten

tia
lly

 im
pr

ov
ing

 th
e a

bil
ity

 of
 th

e S
SR

 to
 pr

ed
ict

 th
e b

en
ch

 sc
ale

 fa
ilu

re
s i

s t
o u

se
 on

e o
f th

e r
ad

ar
 un

its
 ta

cti
ca

lly
 an

d 
po

sit
ion

 it 
clo

se
r t

o t
he

 w
or

kin
g a

re
a t

o r
ed

uc
e t

he
 pi

xe
l s

ize
 an

d s
ca

n t
im

es
. A

lte
rn

ati
ve

ly 
an

 ad
dit

ion
al 

mo
bil

e r
ad

ar
 un

itc
ou

ld 
be

 pr
oc

ur
ed

. 
Th

er
e m

ay
 al

so
 be

 an
 op

po
rtu

nit
y t

o u
se

 th
er

ma
l m

on
ito

rin
g o

r r
oc

kfa
ll r

ad
ar

s a
s a

 su
pp

lem
en

t o
r a

lte
rn

ati
ve

. A
 ris

k-b
as

ed
 re

vie
w 

of 
the

 
ma

na
ge

me
nt 

of 
ro

ck
fal

l is
 re

co
mm

en
d t

o h
elp

 w
ith

 th
e s

ele
cti

on
 of

 th
e a

pp
ro

pr
iat

e t
oo

l. 
Th

e c
ur

re
nt 

str
ate

gy
 of

 us
ing

 O
ra

ng
e A

lar
ms

 an
d a

dju
sti

ng
 th

e a
lar

m 
pa

ra
me

ter
s o

n a
 ca

se
-b

y-c
as

e b
as

is 
re

lie
s o

n a
n e

xp
er

ien
ce

d o
pe

ra
tor

 
wh

o i
s f

am
ilia

r w
ith

 th
e h

ist
or

ica
l s

lop
e p

er
for

ma
nc

e a
nd

 is
 co

mf
or

tab
le 

int
er

pr
eti

ng
 th

e d
ata

. W
ith

 th
e r

ec
en

t a
dd

itio
n o

f n
ew

 st
aff

, 
re

co
mm

en
d d

ev
elo

pin
g g

uid
an

ce
 fo

r t
his

 pr
oc

es
s. 

It i
s u

nd
er

sto
od

 th
at 

a d
ra

ft m
em

o i
s i

n p
ro

gr
es

s. 
As

 pa
rt 

of 
thi

s p
ro

ce
ss

, r
ec

om
me

nd
 

re
vis

itin
g t

he
 cu

rre
nt 

“d
efa

ult
” a

lar
m 

pa
ra

me
ter

s i
n l

igh
t o

f th
e r

es
ult

s o
f th

e b
ac

k a
na

lys
is.

 
As

 th
e o

pe
n p

it g
ets

 de
ep

er
 an

d t
he

 po
ten

tia
l fo

r m
ult

i-b
en

ch
 fa

ilu
re

s i
nc

re
as

es
, it

 is
 ex

pe
cte

d t
ha

t R
ed

 A
lar

ms
 w

ill 
ne

ed
 to

 be
de

ve
lop

ed
 fo

r 
so

me
 ar

ea
s i

n o
rd

er
 to

 m
an

ag
e t

he
 as

so
cia

ted
 ris

k.
Gi

ve
n t

he
 ex

pe
cte

d n
ee

d t
o r

elo
ca

te 
the

 so
uth

 ra
da

r r
ep

ea
ted

ly 
ov

er
 th

e n
ex

t y
ea

r, r
ec

om
me

nd
 re

vie
wi

ng
 th

e m
ine

 pl
an

 fr
om

 th
e

pe
rsp

ec
tiv

e o
f r

ad
ar

 co
ve

ra
ge

 an
d p

lac
em

en
t.

Th
e r

ad
ar

 is
 th

e s
ole

 qu
an

tita
tiv

e m
eth

od
 fo

r m
ea

su
rin

g s
ur

fac
e d

isp
lac

em
en

t a
t th

e m
ine

 an
d t

he
 m

ea
su

re
d d

isp
lac

em
en

ts 
ar

e o
nly

alo
ng

 a 
ve

cto
r b

etw
ee

n t
he

 ra
da

r a
nd

 th
e p

it w
all

. A
n a

dd
itio

na
l s

ur
fac

e m
on

ito
rin

g s
ys

tem
 is

 re
co

mm
en

de
d a

nd
 is

 di
sc

us
se

d o
n t

he
 ne

xt 
sli

de
.

SS
R

 M
on

ito
rin

g 
-C

om
m

en
ts
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M
on

ito
rin

g 
an

d 
In

sp
ec

tio
ns

Th
er

e a
re

 cu
rre

ntl
y n

o g
eo

tec
hn

ica
l o

r h
yd

ro
ge

olo
gic

al 
ins

tru
me

nts
 be

ing
 ac

tiv
ely

 m
on

ito
re

d i
n o

r a
ro

un
d t

he
 op

en
 pi

t. I
t is

 un
de

rst
oo

d t
ha

t 
the

 m
ine

 ha
s s

tar
ted

 to
 pl

an
 fo

r a
dd

itio
na

l in
str

um
en

tat
ion

 in
 th

e o
pe

n p
it.

An
 ad

dit
ion

al 
su

rfa
ce

 m
on

ito
rin

g s
ys

tem
 is

 re
co

mm
en

de
d, 

su
ch

 as
 pr

ism
s o

r G
PS

 be
ac

on
s, 

to 
co

mp
lem

en
t th

e S
SR

 an
d t

o a
lso

 al
low

 th
e 

tru
e d

isp
lac

em
en

t v
ec

tor
 to

 be
 m

ea
su

re
d. 

It i
s a

ck
no

wl
ed

ge
d t

ha
t th

e m
ine

 ha
s h

ad
 ch

all
en

ge
s w

ith
 pr

ism
s i

n t
he

 pa
st 

bu
t it

 m
ay

 be
 po

ss
ibl

e 
to 

be
ne

fit 
fro

m 
the

 kn
ow

led
ge

 ga
ine

d a
t o

the
r o

pe
ra

tio
ns

 (e
.g.

, D
iav

ik)
.

Th
e c

ur
re

nt 
mo

nit
or

ing
 sy

ste
m 

on
ly 

ca
ptu

re
s s

ur
fac

e d
efo

rm
ati

on
 an

d a
ny

 su
b-

su
rfa

ce
 m

ov
em

en
t is

 in
fer

re
d. 

Ins
tru

me
nts

 su
ch

 as
 T

DR
s o

r 
Inc

lin
om

ete
rs 

pr
ov

ide
 su

b-
su

rfa
ce

 da
ta 

tha
t c

an
 be

 us
ed

 to
 be

tte
r d

efi
ne

 de
ep

er
-se

ate
d i

ns
tab

ilit
ies

. T
he

 in
sta

lla
tio

n o
f th

es
e i

ns
tru

me
nts

 is
 

re
co

mm
en

de
d i

n t
he

 se
cto

rs 
wi

th 
a g

re
ate

r p
ote

nti
al 

for
 la

rg
er

-sc
ale

 sl
op

e i
ns

tab
ilit

ies
 (e

.g.
, d

es
ign

 se
cto

r D
4K

). 
Vi

br
ati

ng
 W

ire
 P

iez
om

ete
rs 

(V
W

Ps
) a

nd
 th

er
mi

sto
rs 

ar
e p

lan
ne

d f
or

 th
e S

ou
th 

W
all

 ta
lik

 to
 al

low
 th

e e
ffe

cti
ve

ne
ss

 of
 th

e w
ate

r m
an

ag
em

en
t 

sy
ste

m 
to 

be
 m

ea
su

re
d. 

Th
is 

is 
en

do
rse

d. 
VW

Ps
 an

d t
he

rm
ist

or
s h

av
e b

ee
n d

isc
us

se
d f

or
 th

e t
ali

k i
n t

he
 ap

pr
ox

. fo
ur

 up
pe

r b
en

ch
es

 of
 th

e N
or

the
as

t W
all

 to
 be

tte
r u

nd
er

sta
nd

 th
e 

po
ten

tia
l im

pa
ct 

of 
su

rfa
ce

 w
ate

r in
filt

ra
tio

n o
n t

he
 be

nc
h p

er
for

ma
nc

e. 
Th

is 
is 

en
do

rse
d. 

A 
sim

ila
r a

pp
ro

ac
h c

ou
ld 

be
 us

ed
 on

 th
e N

or
thw

es
t 

W
all

, b
ut 

the
 sl

op
e h

as
 pe

rfo
rm

ed
 w

ell
 to

 da
te 

an
d t

he
 ob

se
rve

d s
ee

pa
ge

 ha
s b

ee
n l

ar
ge

ly 
lim

ite
d t

o c
on

tac
ts.

No
te 

tha
t th

e G
CM

P 
inc

lud
es

 di
sc

us
sio

n o
f s

ev
er

al 
ins

tru
me

nts
 no

t u
se

d a
t A

ma
ru

q. 
Re

co
mm

en
d r

em
ov

ing
 th

em
 fr

om
 th

e G
CM

P.

In
st

ru
m

en
ta

tio
n
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G
ro

un
d 

C
on

tr
ol

 P
ro

gr
am

Co
mm

en
ts 

on
 th

e f
oll

ow
ing

 as
pe

cts
 of

 th
e g

ro
un

d c
on

tro
l p

ro
gr

am
 fo

r t
he

 op
en

 pi
t a

re
 pr

ov
ide

d o
n t

he
 fo

llo
wi

ng
 sl

ide
s: 

Mi
ne

 D
es

ign
 In

pu
t a

nd
 R

ev
iew

Da
ta 

Co
lle

cti
on

 an
d D

es
ign

 V
er

ific
ati

on
Re

so
ur

ce
s a

nd
 Tr

ain
ing

Gr
ou

nd
 C

on
tro

l M
an

ag
em

en
t P

lan
 (G

CM
P)

G
en

er
al
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G
ro

un
d 

C
on

tr
ol

 P
ro

gr
am

Re
gu

lar
 re

vie
w 

of,
 an

d f
ee

db
ac

k o
n, 

int
er

im
 de

sig
ns

 by
 th

e r
oc

k m
ec

ha
nic

s t
ea

m 
is 

im
po

rta
nt 

as
 it 

all
ow

s e
ar

ly 
re

co
gn

itio
n a

nd
 po

ss
ibl

e 
mi

tig
ati

on
 of

 po
ten

tia
l s

lop
e i

ns
tab

ilit
ies

 or
 ge

om
ec

ha
nic

al 
ha

za
rd

s. 
Gr

ou
nd

 co
ntr

ol 
fac

tor
s r

eq
uir

ing
 co

ns
ide

ra
tio

n i
nc

lud
e:

–
Th

e s
tru

ctu
ra

l d
om

ain
(s)

 in
vo

lve
d, 

inc
lud

ing
 th

e p
re

se
nc

e o
f a

dv
er

se
 st

ru
ctu

re
 an

d w
he

the
r t

he
 co

nd
itio

ns
 de

via
te 

fro
m 

ex
pe

cta
tio

ns
.

–
Th

e r
oc

k m
as

s q
ua

lity
 do

ma
ins

 in
vo

lve
d, 

inc
lud

ing
 th

e p
re

se
nc

e o
f w

ea
k u

nit
s (

Ko
ma

tiit
e a

nd
 ov

er
bu

rd
en

) a
nd

 w
he

the
r t

he
 co

nd
itio

ns
 

de
via

te 
fro

m 
ex

pe
cta

tio
ns

.
–

W
he

the
r t

he
 pr

op
os

ed
 de

sig
n i

s c
on

sis
ten

t w
ith

 th
e s

lop
e g

eo
me

try
 re

co
mm

en
da

tio
ns

 (b
en

ch
 sc

ale
 an

d i
nte

r-r
am

p s
ca

le)
.

–
W

he
the

r t
he

 sl
op

e g
eo

me
try

 re
co

mm
en

da
tio

ns
 ar

e a
pp

lic
ab

le 
(e

.g.
, is

 th
e o

rie
nta

tio
n o

f th
e d

om
ina

nt 
str

uc
tur

e r
ela

tiv
e t

o t
he

or
ien

tat
ion

 of
 th

e w
all

 co
ns

ist
en

t w
ith

 th
e a

na
lys

es
 un

de
rly

ing
 th

e s
lop

e g
eo

me
try

 re
co

mm
en

da
tio

ns
). 

Is 
a s

pe
cif

ic 
an

aly
sis

 re
qu

ire
d 

(b
y t

he
 m

ine
 or

 a 
co

ns
ult

an
t)?

–
Po

ss
ibl

e i
nte

ra
cti

on
s w

ith
 fa

ult
s a

nd
 br

ittl
e s

tru
ctu

re
s (

e.g
. w

ill 
a f

au
lt i

nte
rse

ct 
or

 lie
 di

re
ctl

y b
eh

ind
 th

e s
lop

e)
.

–
Po

ss
ibl

e i
nte

ra
cti

on
s w

ith
 ex

ist
ing

 or
 pr

ed
ict

ed
 sl

op
e i

ns
tab

ilit
ies

.
–

Po
ss

ibl
e i

nte
ra

cti
on

s w
ith

 ta
lik

 or
 su

rfa
ce

 w
ate

r (
e.g

. th
e f

or
ma

tio
n o

f a
n i

ce
 w

all
 or

 po
ten

tia
l fo

r s
ign

ific
an

t in
flo

ws
)

–
Th

e c
re

ati
on

 of
 ad

ve
rse

 sl
op

e g
eo

me
try

 (e
.g.

 a 
no

se
).

–
Po

ten
tia

l im
pa

cts
 on

 ne
ar

by
 in

fra
str

uc
tur

e (
e.g

. r
am

p, 
ro

ad
s a

t p
it c

re
st,

 at
ten

ua
tio

n p
on

d, 
etc

.).
–

Is 
ins

tru
me

nta
tio

n o
r a

 sp
ec

ific
 m

on
ito

rin
g p

lan
 re

qu
ire

d?

M
in

e 
D

es
ig

n 
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pu
t a
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ie
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G
ro

un
d 

C
on

tr
ol

 P
ro

gr
am

Th
e r

oc
k m

ec
ha

nic
s t

ea
m 

pr
ov

ide
s i

np
ut 

to 
mi

ne
 de

sig
n a

nd
 pl

an
nin

g p
ro

ce
ss

 as
 fo

llo
ws

:
–

Be
nc

h 
La

yo
ut

s a
nd

 B
en

ch
 M

as
te

r -
Dr

ill 
po

lyg
on

s /
 la

yo
uts

 ar
e r

ev
iew

ed
 by

 th
e r

oc
k 

me
ch

an
ics

 te
am

 as
 pa

rt 
of 

the
 si

gn
-o

ff p
ro

ce
ss

.  
–

W
ee

kly
 M

in
e P

lan
ni

ng
 M

ee
tin

g
-A

tte
nd

ed
 by

 a 
me

mb
er

 of
 th

e r
oc

k m
ec

ha
nic

s t
ea

m.
 T

he
 

mi
ne

 pl
an

 fo
r t

he
 ne

xt 
tw

o w
ee

ks
 is

 di
sc

us
se

d a
nd

 an
y g

eo
me

ch
an

ica
l c

on
sid

er
ati

on
s 

ide
nti

fie
d.

–
Fo

ur
 M

on
th

 R
ol

lin
g 

Mi
ne

 P
lan

 (4
MR

) -
Th

e r
oc

k m
ec

ha
nic

s t
ea

m 
pr

ov
ide

s i
np

ut 
to 

the
 4M

R 
as

 pa
rt 

of 
the

 m
ine

 pl
an

nin
g m

ee
tin

gs
. C

om
me

nts
 ar

e u
nd

er
sto

od
 to

 be
 do

cu
me

nte
d i

n m
ee

tin
g 

mi
nu

tes
, th

ou
gh

 a 
re

ce
nt 

ex
am

ple
 w

as
 no

t a
va

ila
ble

 at
 th

e t
im

e o
f th

e r
ev

iew
. R

ec
om

me
nd

 
for

ma
liz

ing
 in

pu
t to

 th
e 4

MR
 –

for
 ex

am
ple

 in
 th

e d
isc

us
sio

n o
f g

eo
me

ch
an

ica
l ri

sk
s a

nd
 

op
po

rtu
nit

ies
.

–
Bu

dg
et

 M
in

e P
lan

 -T
he

 ro
ck

 m
ec

ha
nic

s t
ea

m 
re

vie
ws

 th
e m

ine
 pl

an
 an

d k
ey

 ge
om

ec
ha

nic
al 

co
ns

ide
ra

tio
ns

 ar
e s

um
ma

riz
ed

 on
 a 

sli
de

. H
ow

ev
er,

 th
e r

ev
iew

 its
elf

 is
 no

t fo
rm

all
y 

do
cu

me
nte

d. 
Re

co
mm

en
d d

oc
um

en
tin

g t
he

 re
vie

w 
in 

gr
ea

ter
 de

tai
l, e

ve
n i

f th
e d

oc
um

en
t 

re
ma

ins
 in

ter
na

l to
 th

e t
ea

m.
Th

e “
Op

en
 P

it a
nd

 D
um

p D
es

ign
 A

pp
ro

va
l D

oc
um

en
t” 

is 
us

ed
 to

 tr
ac

k s
ign

-o
ff, 

inc
lud

ing
 fr

om
 th

e 
ro

ck
 m

ec
ha

nic
s t

ea
m,

 on
 m

ajo
r c

ha
ng

es
 to

 th
e o

pe
n p

it d
es

ign
. T

his
 is

 a 
go

od
 pr

ac
tic

e.
Th

e r
oc

k m
ec

ha
nic

s t
ea

m 
ha

s a
 go

od
 w

or
kin

g r
ela

tio
ns

hip
 w

ith
 th

e p
lan

ne
rs 

an
d g

eo
log

ist
s.

M
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G
ro

un
d 

C
on

tr
ol

 P
ro

gr
am

Th
e m

ine
 co

lle
cts

 in
for

ma
tio

n t
o s

up
po

rt 
de

sig
n v

er
ific

ati
on

 an
d r

ec
on

cil
iat

ion
. T

he
se

 ef
for

ts 
ca

n b
e b

ro
ad

ly 
gr

ou
pe

d i
nto

 tw
o c

ate
go

rie
s.

Ro
ck

 M
as

s C
ha

ra
cte

riz
ati

on
–

St
ru

ctu
ra

l a
nd

 ro
ck

 m
as

s q
ua

lity
 m

ap
pin

g a
re

 to
 be

 co
mp

let
ed

 fo
r a

t le
as

t o
ne

 lo
ca

tio
n e

ve
ry 

15
0 m

 of
 th

e f
ina

l w
all

s.
–

Ma
pte

k L
iD

AR
 sc

an
s a

re
 to

 be
 co

mp
let

ed
 fo

r a
ll b

en
ch

es
 on

 th
e f

ina
l w

all
s.

Sl
op

e P
er

for
ma

nc
e

–
Be

nc
h b

ac
kb

re
ak

 is
 m

ea
su

re
d u

sin
g M

ap
tek

 sc
an

s o
n a

 pe
rio

dic
 ba

sis
.

–
Ro

ck
fal

ls 
ar

e t
ra

ck
ed

 in
 a 

da
tab

as
e a

s t
he

y o
cc

ur.
 

Co
mm

en
ts 

on
 th

e t
he

se
 ac

tiv
itie

s a
re

 pr
ov

ide
d b

elo
w.

Th
e m

ine
 pu

ts 
co

ns
ide

ra
ble

 ef
for

t in
to 

da
ta 

co
lle

cti
on

 an
d t

he
 da

ta 
ha

ve
 be

en
 va

lua
ble

 fo
r d

es
ign

 st
ud

ies
.

Th
e c

oll
ec

ted
 da

ta 
ar

e v
alu

ab
le 

bu
t w

ith
ou

t p
er

iod
ic 

co
mp

ila
tio

n t
he

ir u
tili

ty 
is 

lim
ite

d. 
Th

e m
ine

 ha
s c

om
mi

tte
d t

o p
ro

du
cin

g a
 re

po
rt 

ev
er

y f
ou

r 
mo

nth
s t

ha
t s

um
ma

riz
es

 th
e s

lop
e p

er
for

ma
nc

e, 
the

 m
on

ito
rin

g, 
ins

tru
me

nta
tio

n, 
an

d r
oc

k m
as

s c
ha

ra
cte

riz
ati

on
 da

ta 
co

lle
cte

d o
ve

r t
he

 re
po

rtin
g

pe
rio

d. 
Th

e i
nte

nt 
is 

to 
all

ow
 fo

r a
 pe

rio
dic

 re
vie

w 
of 

the
 sl

op
e p

er
for

ma
nc

e a
nd

 to
 id

en
tify

 de
via

tio
ns

 (o
r o

pp
or

tun
itie

s) 
tha

t n
ee

d t
o b

e a
dd

re
ss

ed
 an

d 
ma

y n
ot 

be
 ap

pa
re

nt 
in 

da
y-t

o-
da

y o
bs

er
va

tio
ns

. T
he

se
 re

po
rts

 ha
ve

 no
t b

ee
n c

om
ple

ted
 to

 da
te 

an
d s

ho
uld

 be
 co

mp
let

ed
 as

 pl
an

ne
d. 

It i
s d

iffi
cu

lt t
o a

ss
es

s c
om

pli
an

ce
 w

ith
 th

e c
om

mi
tm

en
ts 

in 
the

 G
CM

P. 
Fo

r e
xa

mp
le,

 39
 lo

ca
tio

ns
 w

er
e m

ap
pe

d i
n 2

02
1 b

ut 
it i

s n
ot 

cle
ar

 w
he

the
r t

his
 

me
ets

 th
e r

eq
uir

ed
 fr

eq
ue

nc
y. 

Re
co

mm
en

d t
ra

ck
ing

 ac
tiv

itie
s r

ela
tiv

e t
o t

he
 va

rio
us

 co
mm

itm
en

ts 
to 

en
su

re
 co

mp
lia

nc
e.

Th
e r

oc
kfa

ll d
ata

ba
se

 w
as

 re
vie

we
d i

n d
eta

il a
s p

ar
t o

f th
e W

HL
 op

en
 pi

t d
es

ign
 ve

rifi
ca

tio
n r

ev
iew

. A
s a

n o
utc

om
e o

f th
at 

re
vie

w,
 it 

is 
re

co
mm

en
de

d 
tha

t th
e m

ine
 co

ns
ist

en
tly

 re
co

rd
 al

l p
ar

am
ete

rs 
wh

er
e p

os
sib

le 
(e

.g.
, w

he
the

r a
 ro

ck
fal

l tr
igg

er
ed

 a 
ra

da
r a

lar
m)

.

D
at

a 
C

ol
le

ct
io

n 
an

d 
D

es
ig

n 
Ve

rif
ic

at
io

n
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G
ro

un
d 

C
on

tr
ol

 P
ro

gr
am

Th
e r

oc
k m

ec
ha

nic
s t

ea
m 

typ
ica

lly
 ha

s t
hr

ee
 en

gin
ee

rs 
or

 te
ch

nic
ian

s o
n s

ite
 at

 an
y g

ive
n t

im
e. 

Th
es

e s
taf

f a
re

 re
sp

on
sib

le 
fo

r b
oth

 of
 th

e 
op

en
 pi

ts 
as

 w
ell

 as
 th

e e
xp

lor
ati

on
 de

cli
ne

. T
he

 pl
an

ne
d s

tar
t o

f u
nd

er
gr

ou
nd

 m
ini

ng
 w

ill 
im

po
se

 ad
dit

ion
al 

de
ma

nd
s o

n t
he

 te
am

. T
his

 w
ill 

re
qu

ire
 ca

re
ful

 co
or

din
ati

on
 of

 th
e a

va
ila

ble
 ro

ck
 m

ec
ha

nic
s r

es
ou

rce
s. 

 
Th

e t
ea

m 
ha

s m
an

y c
om

pe
tin

g c
lai

ms
 on

 its
 tim

e a
nd

 re
so

ur
ce

s. 
Th

er
e i

s a
 te

nd
en

cy
 fo

r s
taf

f to
 fo

cu
s o

n t
he

ir p
er

so
na

l a
re

as
 of

 st
re

ng
th 

as
 

a c
on

se
qu

en
ce

. R
ec

om
me

nd
 cl

ea
rly

 de
fin

ing
 ro

les
 an

d r
es

po
ns

ibi
liti

es
 bo

th 
so

 th
at 

co
mm

itm
en

ts 
ar

e n
ot 

mi
ss

ed
 an

d s
o t

ha
t s

taf
f c

an
 fo

cu
s 

on
 th

e a
re

as
 w

he
re

 th
ey

 pr
ov

ide
 gr

ea
tes

t b
en

efi
t. F

or
 ex

am
ple

, th
e e

ng
ine

er
s n

ee
d t

o b
e f

re
ed

 up
 fr

om
 ro

uti
ne

 in
sp

ec
tio

ns
 so

 th
at 

the
y c

an
 

tak
e o

n a
 gr

ea
ter

 de
sig

n a
nd

 re
vie

w 
ro

le.
 C

on
sid

er
 tr

ac
kin

g t
he

 tim
e s

taf
f s

pe
nd

 on
 in

div
idu

al 
tas

ks
. 

Th
e t

ea
m 

ha
s a

dd
ed

 th
re

e n
ew

 m
em

be
rs 

ov
er

 th
e l

as
t y

ea
r. T

his
 w

ill 
re

qu
ire

 an
 em

ph
as

is 
on

 tr
ain

ing
 w

hil
e s

taf
f b

ec
om

e f
am

ilia
r w

ith
 th

e 
sit

e. 
Co

ns
ide

r d
ev

elo
pin

g a
 sk

ills
 m

atr
ix 

to 
he

lp 
ide

nti
fy 

tra
ini

ng
 ne

ed
s.

Co
ns

ide
r d

ev
elo

pin
g a

 m
on

thl
y d

as
hb

oa
rd

 re
po

rt 
su

mm
ar

izi
ng

 ke
y s

tat
ist

ics
 (e

.g.
, in

sp
ec

tio
ns

 pe
rfo

rm
ed

 vs
 co

mm
itm

en
t) 

an
d p

ro
vid

ing
 a 

br
ief

 ov
er

vie
w 

of 
ke

y h
az

ar
ds

. T
he

 in
ten

t is
 to

 de
mo

ns
tra

te 
the

 w
or

k c
om

ple
ted

 by
 th

e t
ea

m 
an

d t
o d

em
on

str
ate

 co
mp

lia
nc

e w
ith

the
 

co
mm

itm
en

ts 
in 

the
 G

CM
P. 

Th
is 

wi
ll a

lso
 he

lp 
de

mo
ns

tra
te 

wh
eth

er
 ad

dit
ion

al 
re

so
ur

ce
s a

re
 re

qu
ire

d t
o m

ee
t th

e c
om

mi
tm

en
ts.

 
Th

e m
ine

 ha
s a

 fu
ll s

uit
e o

f R
oc

sc
ien

ce
 so

ftw
ar

e (
DI

PS
, R

oc
Pl

an
e, 

Sw
ed

ge
, R

oc
Fa

ll, 
Sl

ide
, R

S2
). 

Th
e r

oc
k m

ec
ha

nic
s t

ea
m 

als
o h

as
ac

ce
ss

 to
 Le

ap
fro

g, 
Ma

pte
k, 

an
d P

ix4
D.

 In
 pa

rtic
ula

r, t
he

 te
am

 m
ak

es
 ef

fec
tiv

e u
se

 of
 Le

ap
fro

g a
nd

 M
ap

tek
 to

 tr
ac

k a
nd

 vi
su

ali
ze

ob
se

rva
tio

ns
 an

d g
eo

me
ch

an
ica

l d
ata

. T
his

 is
 en

do
rse

d.

R
es

ou
rc

es
 a

nd
 T

ra
in

in
g
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G
ro

un
d 

C
on

tr
ol

 P
ro

gr
am

Th
e G

CM
P 

is 
a c

lea
r c

on
cis

e d
oc

um
en

t. T
he

 fo
llo

wi
ng

 ob
se

rva
tio

ns
 an

d r
ec

om
me

nd
ati

on
s a

re
 

pr
ov

ide
d:

–
Co

ns
ide

r a
dd

ing
 a 

on
e-

pa
ge

 ov
er

vie
w 

of 
the

 de
po

sit
 ge

olo
gy

 an
d m

ine
 pl

an
, in

clu
din

g k
ey

 
inf

or
ma

tio
n s

uc
h a

s t
he

 ul
tim

ate
 pi

t d
im

en
sio

ns
, a

pp
ro

xim
ate

 m
ine

 lif
e, 

ma
jor

 lit
ho

log
ies

, e
tc.

–
(5

.2.
1.3

) -
Re

vie
w 

an
d r

ev
ise

 th
e c

om
mi

tm
en

ts 
for

 dr
on

e m
on

ito
rin

g s
o t

ha
t th

ey
 ar

e 
foc

us
se

d a
nd

 ac
hie

va
ble

.
–

(5
.3.

2)
 C

lar
ify

 th
at 

the
 co

lle
cte

d d
ata

sh
ou

ld 
be

 co
mp

ar
ed

 to
 th

e d
es

ign
 ba

sis
 fo

r t
he

 op
en

 pi
t 

in 
ad

dit
ion

 to
 lo

ok
ing

 fo
r t

re
nd

s.
–

(5
.4.

1)
 N

ote
 th

at 
cra

ck
 m

ete
rs 

an
d e

xte
ns

om
ete

rs 
ha

ve
 no

t b
ee

n i
ns

tal
led

 an
d c

lar
ify

 th
at 

vib
ra

tin
g w

ire
 pi

ez
om

ete
rs 

an
d t

he
rm

ist
or

s a
re

 no
t c

ur
re

ntl
y b

ein
g m

on
ito

re
d. 

A 
pla

n w
ith

 th
e 

loc
ati

on
 of

 th
e i

ns
tru

me
nta

tio
n s

ho
uld

 be
 in

clu
de

d o
r r

efe
re

nc
ed

.
–

(5
.5)

 R
efe

re
nc

e a
 re

gis
ter

 th
at 

tra
ck

s w
ho

 ha
s r

ec
eiv

ed
 w

ha
t g

eo
me

ch
an

ica
l tr

ain
ing

.
–

(8
) P

ro
vid

e g
re

ate
r c

lar
ity

 an
d d

eta
il o

n t
he

 in
pu

t th
e t

ea
m 

pr
ov

ide
s t

o t
he

 m
ine

 pl
an

nin
g a

nd
 

ap
pr

ov
al 

pr
oc

es
s. 

Fo
r e

xa
mp

le,
 th

e i
np

ut 
to 

the
 B

en
ch

 M
as

ter
 an

d 4
MR

.
–

De
sc

rib
e a

nd
 in

clu
de

 a 
co

mm
itm

en
t to

 th
e b

en
ch

 ap
pr

ov
al 

pr
oc

es
s.

Th
e G

CM
P 

wa
s l

as
t u

pd
ate

d i
n J

uly
 20

20
. T

he
 G

CM
P 

sh
ou

ld 
be

 re
vie

we
d a

nd
 up

da
ted

 an
nu

all
y.

G
C

M
P
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