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Executive Summary

Advisian was engaged by the Government of Yukon — Energy, Mines and Resources — Assessment and
Abandoned Mines (AAM) to provide engineering services for the 2016 Clinton Creek Long-Term Performance
Monitoring Program (LTPMP). The LTPMP is intended to monitor the condition and performance of the
various site components through qualitative (i.e., visual inspection) and quantitative (i.e., site survey)
assessments. These assessments enable AAM to identify changes to site components and take action as
necessary to mitigate potential impacts to the environment and to protect human health and safety.

The 2016 field program consisted of the following activities:

= Full site inspection completed by Advisian’s geotechnical and hydrotechnical engineers on June 21, 2016.

= Full LTPMP survey conducted by Underhill between August 29 and September 4, 2016.

Detailed notes from the site inspection are presented in Section 2.1. The scope of the LTPMP survey is
summarized in Section 2.2, and the results presented on the figures in Appendix 1.

Clinton Creek Access Road

The site access road appeared in relatively good shape in June, 2016 aside from two washed out culverts,
which have since been repaired. However, several landslides and erosion caused by runoff across the road
were observed at the end of August. These slides were likely to have occurred during or shortly after heavy
rainfall recorded on August 6, 2016 (23 mm in one hour).

The condition of the closed section of the access road, on the south side of Clinton Creek 350 to 400 m
downstream of Hudgeon Lake, does not appear to have worsened since 2015. This section of the road
remains unstable and is expected to continue to fail, albeit at a slower rate than was first observed between
2012 and 2014.

Hudgeon Lake Outlet

The banks around the Hudgeon Lake outlet have shown essentially no signs of erosion or movement since
2014 aside from the diversion works completed in 2015 on the south side of the outlet. Hudgeon Lake water
level peaked at 412.10 masl during the 2016 freshet, with several moderately high flow events occurring
throughout the 2016 summer.

No loss of riprap was observed around the abutments. However, cracks in the soil were observed on the north
side of the north log boom abutment at Hudgeon Lake outlet during a site visit completed on June 21, 2016.
Survey data indicates that the north log boom abutment has moved 3.6 (£2.7) cm horizontally towards the
lake and 12.2 (£3.7) cm up between 2014 and 2016. The south log boom abutment has moved 6.2 (+2.7) cm
towards the lake and 4.1 (£3.7) cm up in the same period. The north log boom abutment exceeded Trigger
HL-2, maximum vertical displacement of 10 cm.

307071-01132-00-GT-REP-0001_R0.docx Advisian viii
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The observed horizontal movements of the abutments are relatively small and can be largely attributed to
overall movement of the waste rock dump, based on a comparison with nearby monitoring pins. However, the
vertical displacement of the north abutment, potentially caused by frost jacking and/or the rotational failure
of the waste dump, is of concern and will affect the capacity of the abutment to hold the log booms in place.

Gabion Drop Structures

On June 21, 2016 Drop Structures 1 to 3 appeared in good condition, but with a significant amount of large
woody debris lodged in the gabion wire. There was no visual evidence of piping or erosion underneath the
gabion baskets or damage to the gabion mesh. The debris was cleared from the drop structures on
September 28, 2016.

Trigger DS-6, which identifies a reduction in drop structure cross-sectional area of 10% or more, was exceeded
for DS2, DS3 and DS4. This is primarily due to an apparent change in the channel depth since the baseline
survey in 2006. While there has been an apparent reduction in cross-sectional area of the drop structures, they
are still able to pass design flows with adequate freeboard (trigger DS-2) and do not appear to have deformed
excessively since construction based on a comparison of surveys shown on Figures 1007 to 1010 in Appendix
1. Therefore, repairing the geometry of the drop structures is not required at this time.

On the Drop Structure 4 (DS4) ACB channel, centreline mats fourth through eighth from the top have
experienced some degree of sliding or buckling. This occurred in late April, 2016 during peak freshet flows.
The duckbill anchors now appear to be engaged and securing the mats in place. Some erosion of the
stabilized slope to the south of DS4 was observed in September, 2016 and was likely caused by either the
heavy rain recorded on August 6, 2016 or an issue with the runoff diversion ditch at the crest of the slope. The
hazard associated with this erosion is the subsequent deposition of eroded fines into Clinton Creek. A
landslide was also observed in September and likely occurred during or shortly after the heavy rain on August
6, 2016. The landslide does not appear to have impacted the ACB channel.

Clinton Creek
No triggers were exceeded for the Clinton Creek channel, which has shown little change since 2014.

Approximately 0.75 m of scour occurred between 2014 and 2016 along the outside of the channel bend near
the closed access road (Station 0+430 on Figure 1002, Appendix 1). This apparent increase in bend scour is
likely to result in increased erosion of the right bank (i.e., waste rock) at Station 0+430.

A number of landslide zones have been identified based on observations made during field inspections,

including one to the north of DS4. These slides likely occurred during or shortly after heavy rainfall recorded
on August 6, 2016. These slides do not appear to be significantly impeding flow in the Clinton Creek channel.

Clinton Creek Waste Dump
No significant change in movement behaviour has been observed at the waste rock pile since monitoring was

re-initiated in 2001, thus the waste dump, as a whole, is currently considered to be in a marginally stable
condition.
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Porcupine Pit and Snowshoe Pit

The average horizontal movement of the Porcupine pit monitoring points slightly increased between 2014
and 2016. However, the horizontal movement rates in this region are small and are not considered to be a
risk.

Wolverine Creek

Minor bank erosion is occurring in Wolverine Creek downstream of the rock weirs, but is not a significant
concern. No channel scour or degradation are evident from the surveyed creek profile. The rock weirs
appeared in good condition on June 21, 2016.

Erosion of the tailings upstream of the rock weirs appears to be ongoing but has not resulted in recent and
significant changes to the channel. The outlines of the Wolverine Creek Tailings Pile Ponds do not appear to
have changed significantly between 2014 and 2016.

Wolverine Creek Tailings Pile

It was found that the tailings pile maintains a state of marginal instability, such that it is subject to continual
very slow deformation. The north and south lobes continue to creep downslope, but with rates of movement
generally decreasing with time. Continuous slow deformation currently occurs across the landslide complex at
rates of between 2.0 and 27.5 cm/yr. The patterns of movement and the landslide geometry suggest that the
likelihood of a rapid, catastrophic failure is low. However, it is expected that movements will continue for
several decades or longer.

LTPMP Recommendations
2016 LTPMP recommendations for site maintenance and future monitoring are presented in Appendix 6.

Recommendation are numbered 1 to 6 for site maintenance and 1 to 9 for future monitoring for ease of
reference. Timelines and priorities are also listed in Appendix 6 to assist with planning.
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1 Introduction

Advisian was engaged by the Government of Yukon — Energy, Mines and Resources — Assessment and
Abandoned Mines (AAM) to provide engineering services for the Clinton Creek Long-Term Performance
Monitoring Program (LTPMP). This included a site inspection and review of survey data collected by Underhill
Geomatics Ltd. (Underhill) at the former Clinton Creek asbestos mine site (the Site).

The content and structure of this report are based on a LTPMP Scope of Work document provided by AAM on
April 27, 2016 and Advisian’'s Proposal No. 307071-01065-16-EW-LET-0005_R1, Revision 1, dated May 12,
2016.

1.1 Site Overview

The Site is a former asbestos mine which was in operation between 1968 and 1978. The Site is located 80 km
northwest of Dawson City, Yukon (YT), near the confluence of Fortymile River and the Yukon River (Figure A).
During operation, waste rock was placed along the south valley wall of Clinton Creek, while tailings from the
milling operation were placed along the west valley wall of Wolverine Creek (Figure B). Subsequent movement
of the waste rock and tailings have since blocked Clinton Creek and Wolverine Creek, respectively.

The Site includes the following infrastructure and natural/anthropogenic features (the components):

= Gabion Drop Structures

= Clinton Creek Channel

= Hudgeon Lake Outlet

= Clinton Creek Access Road

=  Clinton Creek Crossings

= Clinton Creek Waste Rock Piles
= Wolverine Creek Channel

= Wolverine Creek Tailings Piles
= Wolverine Creek Ponds

= Porcupine Pit

=  Snowshoe Pit

307071-01132-00-GT-REP-0001_R0.docx Advisian 1
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Figure B Clinton Creek Site Layout

1.1.1 Clinton Creek and Hudgeon Lake

Clinton Creek runs southeast from the Site approximately 8 km before joining Fortymile River, which is part of
the Yukon River basin. The Clinton Creek drainage area is approximately 117 km? upstream of Wolverine
Creek. The blockage of Clinton Creek created Hudgeon Lake, which impounds approximately 12 million cubic
metres of water (R01, UMA 2000). Water quality testing indicates that a portion of water impounded in
Hudgeon Lake is anoxic (R05, UMA 2004).
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Erosion of Clinton Creek at the Hudgeon Lake outlet during a flood event could result in a sudden lowering of
the lake level and rapid release of water. Drop structures were constructed at the outlet of Hudgeon Lake with
the purpose of mitigating erosion. Drop Structure 1 (DS1) was constructed in 2002, followed by DS2 in 2003,
and finally DS3 and DS4 in 2004. The drop structures are located between 50 m and 200 m downstream of the
Hudgeon Lake outlet. Each drop structure is comprised of metal gabion baskets, each filled with 75 mm to
200 mm diameter rock, installed in steps across the creek channel.

The drop structures were damaged during high flows in the 2009 freshet, and subsequently repaired in
September, 2009 (R93, AECOM 2009). Another high flow event in the summer of 2010 scoured the Clinton
Creek channel downstream of DS4 by up to 4 m depth and significantly damaged DS4 itself. Damage to DS1,
DS2 and DS3 was repaired in September, 2011 (R94, AECOM 2011). Repairs to DS4 were planned for 2011, but
due to access and safety issues were not completed until September, 2015. The DS4 repairs included re-
grading the unstable waste rock slope, backfilling the eroded creek channel and installing 40 m of articulated
concrete block mats downstream of the DS4 gabion drop structure (R121, WorleyParsons 2015).

Abutments were constructed in 2013 at the outlet of Hudgeon Lake to anchor log booms, which were
designed to retain large floating debris. Large floating debris leaving the lake can damage the drop structures
downstream, or become caught and create a blockage to flow.

1.1.2 Waste Dumps and Open Pits

Approximately 60 million tonnes of waste rock and overburden were deposited over the south slope of the
Clinton Creek valley (i.e., the Clinton Creek waste rock dump) with an additional 3 million tonnes of waste rock
and overburden placed to the southeast of Porcupine Pit in the Porcupine Pit waste rock dump (R01, UMA
2000). Porcupine Pit and Snowshoe Pit are the two major open pits on the Site.

The Clinton Creek waste dump generally slopes north from a peak northwest of Porcupine Pit (approximate
elevation of 477.3 m) to the south embankment of the Clinton Creek channel. The waste rock is comprised of
weak argillite material composed primarily of sand and gravel sized rock fragments with some silt, cobbles
and boulders removed in the course of open pit mining operations at the Porcupine Pit. Overburden materials
were also excavated from the Porcupine Pit, loaded into trucks, and hauled to the Clinton dump.

Development of the dump commenced by end-dumping of materials near the crest of the north-facing slope
that forms the valley wall of Clinton Creek. Shortly after development of the dump commenced, a segment of
the dump began to slump, and the toe of the dump started to spread northward onto the flat valley floor of
Clinton Creek. These movements continued to develop as additional material was dumped. As a result, the
waste rock advanced northward across the valley bottom, resulting in blockage of the drainage course of
Clinton Creek (R35, Golder 1978).

A stability analysis completed in 2002 concluded that the ongoing waste rock movement is the result of a very
weak foundation layer and the thawing of permafrost underneath the waste rock (R47, UMA 2002).
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1.1.3 Mill, Tailings Pile and Wolverine Creek

The former mill site is located at the top of the slope to the west of Wolverine Creek and north of Clinton
Creek. Between 1968 and 1974, tailings were deposited on the upper portion of the west slope of the
Wolverine Creek valley, now referred to as the south lobe. The tailings on the west slope of the Wolverine
Creek valley are a silty sand reject from the crushing operation and are much coarser than traditional tailings
at other mine processing operations. In 1974, the south lobe of the tailings pile failed and slid into Wolverine
Creek. Later that year, water impounded in Wolverine Creek breached the failed tailings lobe. Eroded tailings
from the failed lobe were deposited in the Wolverine Creek valley for several hundred meters downstream of
the breach. After 1974, new tailings were deposited to the north of the failed lobe. This north lobe showed
signs of instability and by 1988 had crept down the west valley wall to block Wolverine Creek upstream of the
south lobe failure (R21, UMA 2003). Water is currently impounded upstream of both the failed north and
south lobes of the Wolverine Creek tailings pile.

The results of a stability analysis completed in 2003 indicate that the mode of failure was a translational slide
(resulting from a steep foundation slope and build-up of pore water pressure) with the failure plane located
within the overburden and/or weathered argillite layers (R21, UMA 2003).

Wolverine Creek has a drainage area of approximately 29 km®. The creek currently flows over the north and
south tailings lobes, down a 250 m long rock-lined channel, and joins Clinton Creek by the site access gate.
The rock-lined channel along the downstream face of the south lobe was constructed in 1978 and is still
operational. The channel has a measured width of approximately 9 m and a lined depth of approximately
1.2 m. The rock armouring has a measured median diameter of approximately 0.9 m (R21, UMA 2003).

1.1.4 Site Access Road

The site is accessible through Dawson City via a gravel access road connected to the Top of the World
Highway near the village of Forty Mile. The site access road crosses Clinton Creek at the following ford
crossings:

= Crossing No. 1, 640 m downstream of DS4
= Crossing No. 2 at the Hudgeon Lake Outlet

Downstream of Crossing No. 1, the site access road is located on the north side of Clinton Creek. Between
Crossing Nos. 1 and 2, the site access road is located adjacent to and on the waste rock dump. Past Crossing
No. 2, the site access road continues along the edge of Hudgeon Lake before switching back to climb the
slope above Clinton Creek. The site access road ends at the former Mill site above the tailings pile.

1.2 LTPMP Overview

Advisian was engaged by the Government of Yukon — Energy, Mines and Resources — Assessment and
Abandoned Mines (AAM) to provide engineering services for the 2016 Clinton Creek Long-Term Performance
Monitoring Program (LTPMP). The LTPMP is intended to monitor the condition and performance of the
various site components through qualitative (i.e., visual inspection) and quantitative (i.e., survey data)
assessments. These assessments enable AAM to identify changes to site components and take action as
necessary to mitigate potential impacts to the environment and to protect human health and safety. The
program'’s triggers provide threshold levels at which the AAM should consider implementing pre-established
responses (e.g., repairing a drop structure, undertaking a geotechnical assessment).
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The survey program began with the first round of monitoring in 2004 and the first program report prepared in
2006 (R22, UMA 2006) with subsequent monitoring occurring on a biennial basis. The survey program has
expanded since 2004 and currently includes all components listed in Section 1.1. This program was recently
completed in 2012 and 2014. The 2016 full survey program is presented in detail in Section 2.2.

Due to damage to the drop structures caused by the 2010 flood, the 2012 program report (R104, AE 2013)
included a recommendation to conduct annual site-wide visual inspections of all site components listed in
Section 1.1 and surveys of the Clinton Creek drop structures, channel alignment and profile on an annual
basis. This recommendation was implemented in 2013 and 2015 and is referred to as the “small” LTPMP
survey.

Recommended changes to the LTPMP program, as well as proposed scopes for the “small” 2017 LTPMP and
“full” 2018 LTPMP programs are presented in Section 5 and are summarized in Appendix 6.
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2 2016 Field Program

The 2016 field program consisted of the following activities:

= Full site inspection completed by Advisian’s geotechnical and hydrotechnical engineers on June 21, 2016.
= Full LTPMP survey conducted by Underhill between August 29 and September 4, 2016.

2.1 Site Inspection

The observations made during the site visit are summarized in Table A. Photos from the site visit are in
Appendix 3.

Table A Summary of Site Observations

Site Component Observations

This portion of road and the Forty Mile Bridge is maintained by the Department of
Highways and Public Works in the summer and is generally in good condition.
Site Access Roads — Section A: Vegetation at the sides of the road was recently cleared and a portion of the gravel road
Top of the World Hwy to Forty ~ was graded on June 21, 2016.

Mile Bridge A culvert (approx. 0.6 m diameter corrugated steel pipe [CSP]) located approximately
500 m south of the Forty Mile Bridge had partially washed out. The road is reduced to
single lane at this location but still passable.

This portion of road is generally in fair condition and passable. The road was graded in
the summer of 2015 by Sidhu with vegetation pushed back.

Some low areas are located along the road where ponding was observed during the
2015 LTPMP site visit. Some rocks (less than 500 mm diameter) have rolled onto the
Site Access Roads — Section B: road from adjacent rock falls at two locations along the road.

Forty Mile Bridge to Gate One culvert (approx. 1 m diameter CSP) located 5 km from the Forty Mile Bridge is
partially washed out at the downstream end. Signs of flow over the road were observed.
Some debris was found at the culvert inlet, which could have contributed to the culvert
backing up. The downstream-most section of CSP pipe is disconnected from the rest of
the culvert. This location is currently passable by light vehicles.

This portion of road is in fair condition and passable. The road was graded in the
summer of 2015 by Sidhu.

Two large rocks (approx. 1 m diameter) that were originally beside the site gate post
have been moved to the centre of the road. This location is barely passable by light

vehicle.
Site Access Roads — Section C:

Gate to Ford Crossing No. 2 The two culverts conveying water from Wolverine Creek under the access road near the

site gate are in fair condition. Some debris has accumulated at the inlet of the low flow
(west) culvert since it was last cleared in September, 2015.

Fording No. 1 was replaced by a temporary creek crossing comprised of five CSP
culverts topped by coarse gravel by Sidhu during the repair of DS4 in 2015. This was
removed in late September, 2015 and the crossing is now in good condition.
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Site Component Observations

This portion of the road was in fair condition. Sidhu did not grade this portion of the
road in 2015 and vegetation has encroached into the road. The road is passable, but
Site Access Roads — Section D:  dense vegetation and some fallen branches may cause minor damage to vehicles using
Ford Crossing No. 2 to Former  the road.
Mill Site Fording No. 2 was temporarily replaced by a 2 m high berm composed of cobbles and
coarse gravels by Sidhu during the repair of DS4 in 2015. This was removed in late
September, 2015 and the crossing is now in good condition.

The channel slope adjacent to the closed portion of the access road continues to fail
and topple into the Clinton Creek channel. Based on a comparison of 2015 and 2016
photos, the slope crest has receded by approximately 0.5 m in multiple areas.

Closed Portion of Access Road  The slope at this location is significantly over-steepened (vertical in areas) with large
tension cracks adjacent to the top of the slope. The slope will continue to fail until it
reaches a naturally stable slope (i.e., FOS=1), likely at a somewhat steeper gradient than
1H:1V.

The lake outlet is clear with the exception of a piece of rusted metal near the north
Hugdeon Lake Outlet bank. The Hudgeon Lake pressure transducer and data logger appear in good
condition.

The booms have numerous scratches and gouges up to an estimated 1 cm deep.
However, this depth is a small fraction of the HDPE wall thickness of approximately 9 cm
(800 cm OD, DR9). No other evidence of structural damage was observed on the booms.
There appears to be some cracking in the seals at the ends of each boom where the
HDPE pipe fits into the steel sleeve (Photo 15 in Appendix 3). It cannot be confirmed
from this inspection whether the booms are watertight. However, the booms are filled

with polystyrene and should float even in the event of a leak.
Log Booms )
No evidence of structural damage or wear was observed on the log boom abutments.

Little to no evidence of erosion or loss of rock armouring around the boom abutments
was observed. Top of sediment was measured to be at an elevation of approximately
411.53 ¢cm at the north bank abutment and 411.44 cm at the south bank abutment.
Small cracks observed in the soil around the north bank abutment (Photo 13 in
Appendix 3) may be an indication of movement or subsidence of the abutment area.
These cracks were not noted in the 2015 LTPMP report.

Drop Structures 1 to 3 appear in good condition with minimal gabion wire damage
observed. However, a significant amount of large woody debris was observed lodged in
the gabion wire. Small vegetation, primarily raspberry bushes, was present in all drop

Drop Structures 1 to 3 structures. Clinton Creek was flowing at the time of the site visit, so the bottom of the
gabion structures was not clearly visible.

Drop structures were repaired in September, 2015 using PVC coated gabion wire. Debris
and vegetation were removed at that time.
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Site Component Observations

On June 21, 2016 several potential issues with the DS4 articulated concrete block (ACB)
mats, constructed in September, 2015, were noted. Photos 20 to 26 in Appendix 3 show
the condition of the ACB channel. Observations of DS4 include the following:

= The stabilized slope to the south of DS4 was in good condition with no signs of
erosion.

= Individual concrete blocks appear to be in similar condition as installed. No
instances of significant concrete cracking or spalling beyond the acceptable limits
outlined in the construction specifications were observed.

= No signs of erosion were observed immediately downstream of DS4 when
compared with photos from September, 2015, suggesting adequate energy
dissipation in the stilling basin.

= Some small debris was lodged in the concrete blocks, including broken fragments
that may have been a part of larger debris, similar to what was observed in the
gabion drop structures.

Drop Structure 4 =  The centre mat fourth from the top appears to have shifted downstream by
approximately one block width (0.4 m) at the channel centreline, but is held in place
along the edges, which are secured with rebar and grout. The centre mat fifth mat
from the top has buckled as a result. The duckbill anchors appear to be engaged
and, in conjunction with the grouted edges, are holding both mats in place.

= The centre mat seventh from the top has buckled slightly and is held in place by the
duckbill anchors and grout along the edges.

= Two blocks on the left bank mats eighth and tenth from the top are partially
overturned, potentially as a result of the buckled mats directing more flow towards
the left bank.

= The upstream edges of centre mats sixth and eighth from the top have lifted
slightly, possibly as a result of impinging flow caused by the buckled mats
upstream.

= The two grouted trenches running parallel to the channel banks appear to be in
good condition.

Observed movement of large boulders in the creek between DS4 and Fording No. 1
since September, 2015 indicated ongoing channel erosion. However, no evidence of
significant channel scour or degradation was observed. Small landslides from the valley

slope to the north are encroaching on the creek channel.
Clinton Creek Channel ) ) )
The soil overlying bedrock on the north bank of Clinton Creek between DS4 and

Fording No. 1 is oversteepened and continues to fail, sliding into Clinton Creek. Several
minor slope failures in this region since September, 2015 were observed. No major
slope failures (e.g., fallen trees or new landslides).
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No indicators of recent, substantial movement (i.e., greatly in excess of mean annual
movement) were observed throughout the waste rock pile. The closed portion of access
road adjacent to the Clinton Creek channel continues to fail as waste rock is eroded at
the toe of the slope.

Localized slope erosion was observed near the eastern edge of the waste rock pile,

downslope of the abandoned shovel. A delta of eroded material has formed at the toe

of the waste rock slope with some material entering Clinton Creek just downstream of

Fording No. 1. Erosion of this slope did not appear to be significantly worse than in

. . 2015. Small tension cracks appear to be forming near the crest of this slope, which were

Clinton Creek Waste Rock Pile . . .
not noted in the 2015 LTPMP report. Some erosion around the culvert protruding from
this waste rock slope south of Fording No. 1 was noted, but does not appear to have

worsened since the 2015 LTPMP site visit.

The waste rock slopes to the south of DS4 are in good condition with no signs of
significant erosion. The shallow ditch along the road to the south of the stabilized slope
appears to be functioning properly, draining runoff west towards Hudgeon Lake.
Groundwater continues to seep from the toe of the slope where permafrost was located
in August, 2015 during the repair of DS4. No signs of erosion or slope movement were
observed at the location of the groundwater seep.

The creek between the confluence and the rock lined channel appears to be stable with

) some localized bank erosion.
Wolverine Creek Channel ) . ) o .
The rock lined portion of the channel appears to be stable with no indications of erosion

or loss of rock.

The inlet and outlet of the Wolverine South Pond were not obstructed at the time of the
investigation. The North Pond was observed from the top of the tailings pile and did not
appear to be obstructed. Flow in Wolverine Creek continues to scour the toe of the
north and south lobes of the tailings pile.

Wolverine Ponds

No indicators of recent, substantial movement (i.e., greatly in excess of mean annual
movement) were observed throughout the tailings pile, although signs of ongoing
slumping and gullying were noted throughout. The tailings pile has many features in
common with a rock glacier and is likely behaving in that fashion, with continuous low
velocity flow and slump driven by deformation of ice and/or permafrost within the
tailings pile.

Wolverine Creek Tailings Pile

No observed indicators of recent slope failures. No signs of recent sloughing, creeping
and seepage were evident on the slopes at the time of the inspection. The pit slopes are
not vegetated. Existing or ongoing slope movement indicates the slope faces are in a

Porcupine Pit critical state of stability, and will likely continue to fail in the future. Therefore, access to
or below the slopes of the pit should continue to be restricted. A monitoring program
will be required if access to the open pit void is needed.

Pit was observed from northeast of the pit at an elevation of 420 m (approximate).
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No observed indicators of recent slope failures. No signs of recent sloughing, creeping
and seepage were evident on the slopes at the time of the inspection. The pit slopes are
not vegetated. Existing or ongoing slope movement indicates the slope face is in a

Snowshoe Pit critical state of stability, and will likely continue to fail in the future. Therefore, access to
or below the slopes of the pit should continue to be restricted. A monitoring program
will be required if access to the open pit void is needed.

Pit was observed from northwest of the pit at an elevation of 420 m (approximate).

2.2 Site Survey

A summary of the 2016 LTPMP site survey, completed on September 4, 2016, is presented in Table B. A
detailed description of the 2016 LTPMP Survey Field Plan is in Appendix 4. Raw survey data is in Appendix 5.

A total of 9 monitoring pins were destroyed as part of the 2015 DS4 repair work and replaced by Underhill in
2016. Destroyed pins are listed in Table C.

Underhill installed 6 new monitoring pins to monitor the DS4 concrete mat channel and 18 new monitoring
pins based on recommendations provided in the report “Geotechnical Monitoring Program Review" prepared
by Tetra Tech EBA on March 31, 2016. New and replacement monitoring pins are listed in Table D.

Table B  Summary of 2016 Site Survey

Site Component Description

Clinton Creek access road = Survey and measurement of tensions cracks along the access road

Hudgeon Lake outlet = Top of bank, water level and log boom abutments

= Survey of drop structures and associated slope monitors installed
along the channel banks

Gabion Drop Structures 1, 2, 3 and 4 = 4 replacement monitoring pins installed around DS4 (replacing
1462 to 1465)

= 6 new monitoring pins installed around DS4 (1466 to 1471)

Clinton Creek channel profile = Hudgeon Lake to confluence with Wolverine Creek

Clinton Creek cross sections = Sections A B, C,D,Eand F

= 48 existing monitoring pins surveyed

= 5 monitoring pins (1824, 1833, 994, BH 10 (P2) and 226) were

destroyed or buried
Clinton Creek waste rock pile o ) ]
= 6 new monitoring pins (CC5 to CC10) were installed

= 5 replacement monitoring pins were installed (CC11 to CC15) to
replace destroyed or buried pins

= 2 existing monitoring pins surveyed (183 and 184)
Clinton Creek natural slope o T
= 4 new monitoring pins installed (CC1 to CC4)
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Site Component Description

Porcupine Pit = 6 existing monitoring pins were surveyed

] N ] = 53 existing monitoring pins surveyed (996 not surveyed)
Wolverine Creek tailings pile
= 6 new monitoring pins installed (WC3 to WC8)

Wolverine Creek tailings pile ponds = Edge of water and cross sections at pond outlets (1, 2 and 3)
Wolverine Creek channel profile = North-most pond to confluence with Clinton Creek
Wolverine Creek cross sections = Sections[, J, K, L Mand N

) = 2 existing monitoring pins were not surveyed (160 and 163)
Wolverine Creek natural slope o T
= 2 new monitoring pins installed (WC1 and WC2)

Table C Destroyed Monitoring Pins

Pin ID Location Cause Replacement

1824 Waste Rock Lower Slope Destroyed during 2015 DS4 Repairs CC12 placed in the vicinity of 1824
1833 Waste Rock Lower Slope Buried, likely during 2015 DS4 Repairs CC15

994 Waste Rock Lower Slope Destroyed during 2015 DS4 Repairs cc13

BH 10 (P2) Waste Rock Lower Slope Destroyed during 2015 DS4 Repairs CC14

226 Waste Rock Lower Slope Destroyed during 2015 DS4 Repairs CC11

1462 Adjacent to DS4 Destroyed during 2015 DS4 Repairs 1462 (new pin)

1463 Adjacent to DS4 Destroyed during 2015 DS4 Repairs 1463 (new pin)

1464 Adjacent to DS4 Destroyed during 2015 DS4 Repairs 1464 (new pin)

1465 Adjacent to DS4 Destroyed during 2015 DS4 Repairs 1465 (new pin)

Table D New and Replacement Monitoring Pins

Northing Easting Description
cc1 7,147,451.59 512,970.58 Clinton Creek north valley slope
cc2 7,147,385.07 513,141.67 Clinton Creek north valley slope
Ccc3 7,147,349.12 513,280.58 Clinton Creek north valley slope
CC4 7,147,300.99 513,387.11 Clinton Creek north valley slope
CGC5 7,147,185.39 513,300.37 Waste Rock Mid Slope
Ccce 7,147,087.56 513,226.70 Waste Rock Mid Slope
cc7 7,146,992.44 513,136.17 Waste Rock Mid Slope
CC8 7,146,895.65 513,157.15 Waste Rock Mid Slope
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Northing Easting Description
CC9 7,146,993.52 513,615.40 Waste Rock Lower Slope
CC10 7,146,915.19 513,776.16 Waste Rock Lower Slope
CC11 7,147,309.91 513,070.41 Replacing 226
CC12 7,147,332.61 513,026.36 Replacing 1824
CC13 7,147,348.95 513,031.49 Replacing 994
CCl4 7,147,360.03 513,008.84 Replacing BH 10 (P2)
CC15 7,147,299.94 512,922.21 Replacing 1833
WC1 7,148,394.09 514,023.43 Wolverine Creek east valley slope
WeC2 7,148,108.05 514,031.67 Wolverine Creek east valley slope
WGC3 7,148,306.83 513,390.08 Tailing Upper Slope, North Side
WcC4 7,148,433.30 513,399.14 Tailing Upper Slope, North Side
WC5 7,148,539.73 513,399.94 Tailing Upper Slope, North Side
WC6 7,148,393.66 513,320.03 Tailing Upper Slope, North Side
WC7 7,148,494 .31 513,248.40 Tailing Upper Slope, North Side
WC8 7,148,133.04 513,108.10 Mill Site
1462 7,147,401.92 513,033.68 Replacing lost 1462
1463 7,147,374.04 513,025.97 Replacing lost 1463
1464 7,147,369.71 513,036.60 Replacing lost 1464
1465 7,147,399.44 513,040.30 Replacing lost 1465
1466 7,147,373.22 513,043.61 Adjacent to new DS4 concrete mat channel
1467 7,147,392.79 513,047.64 Adjacent to new DS4 concrete mat channel
1468 7,147,370.30 513,058.32 Adjacent to new DS4 concrete mat channel
1469 7,147,389.87 513,062.36 Adjacent to new DS4 concrete mat channel
1470 7,147,365.73 513,068.63 Adjacent to new DS4 concrete mat channel
1471 7,147,388.30 513,073.24 Adjacent to new DS4 concrete mat channel

2.2.1 Survey Quality

The 2016 survey data is presented in NAD 83, Zone 7 UTM coordinates. Equipment precision reports provided
by Underhill are summarized in Table E. Reported horizontal and vertical precision generally agree with
historical survey accuracy, which includes equipment and human error. Historical survey data accuracy is
summarized in Section 3.1.1.
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Table E LTPMP 2016 Survey Precision Report Summary

Site Components Surveyed

Government of Yukon - Energy, Mine and Resources -
Assessment and Abandoned Mines
Clinton Creek Long-Term Performance Monitoring Program
2016 Survey Results

Horizontal Precision
(95% Confidence)

Government

Vertical Precision
(95% Confidence)

August 29, 2016 = Tied in benchmarks Median: 1.7 cm Median: 3.1 cm
Max: 2.4 cm Max: 5.0 cm
August 30, 2016 = GPS control, waste rock pile Median: 1.5 cm Median: 2.7 cm
Max: 3.3 cm Max: 6.3 cm
August 31, 2016 = New pins CC1 to CC10 Median: 2.2 cm Median: 3.6 cm
= Ex. Pins 183 and 184 Max: 4.4 cm Max: 6.3 cm
= X-sections D, E, F
September 1, 2016 = Clinton Creek centreline Median: 2.0 cm Median: 3.4 cm
= DS1, DS2, DS3, DS4 Max: 4.8 cm Max: 11.1 cm
September 2, 2016 = Closed access road Median: 1.7 cm Median: 2.6 cm
= Hudgeon Lake outlet and log Max: 5.4 cm Max: 6.9 cm
boom abutments
= Clinton Creek x-sections
= New pins CC11 to CC15
September 3, 2016 = New pins WC1 to WC8 Median: 2.2 cm Median: 4.2 cm
=  Wolverine Creek ponds and Max: 16.4 cm Max: 38.1 cm
slope monitoring
= Wolverine Creek centreline and
x-sections 1, 2, 3 and I
September 4, 2016 =  Wolverine Creek centreline and  Median: 2.9 cm Median: 5.3 cm
x-sections J, K, L, Mand N Max: 16.0 cm Max: 15.9 cm
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3 Historical Survey Data

The LTPMP site survey began in 2003/2004 and has since expanded considerably since. The drop structures in
Clinton Creek were first surveyed in 2006. Cross sections of Clinton Creek and Wolverine Creek date back to
2012 and 2014 respectively.

Historical survey records for monitoring pins at the Site were reviewed in order to provide a better
understanding of the data available for evaluating historical trends. Table 1 to Table 8 in Appendix 2 show
these survey data records for each site component.

3.1.1 Data Accuracy

Total year-over-year survey error (instrument plus human error) while surveying the monitoring pins was
estimated using historical measurements at five monitoring pins along the edge of Porcupine Pit (1830, 1832,
1837, 1838 and 1839). These monitoring pins were selected as they had low observed annual movement rates
(all <1.0 cm/yr) and each had been surveyed 10 times between 2003 to 2016.

Since small movements over time were observed at most pins, surveyed coordinates were normalized
(i.e., zeroed) using a best fit linear regression of movement at each pin. The residual horizontal survey
measurements are shown in Figure C. These residual measurements can be interpreted as measurement error.
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Figure C Residual Horizontal Survey Measurements at Porcupine Pit Monitoring Pins (2003-

2016)
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Both horizontal and vertical calculated measurement errors for these pins were found to follow normal
distributions. From these distributions we can derive horizontal and vertical measurement confidence
intervals. Horizontal error can be broken down further into directional error (e.g., north-south error only) and
absolute error (distance from pin).

Table F presents confidence intervals for survey measurement error. The 95% confidence interval for
horizontal directional error is generally the value of interest. Based on this analysis there 95% confidence that
an individual monitoring pin is within 3.3 cm of its surveyed location along a bearing (e.g., north-south) and
within a 3.9 cm radius circle of the surveyed location.

Table F Year-Over-Year Historical Survey Data Accuracy

. Directional Horizontal Absolute Horizontal .
Confidence Vertical Error
Error Error
80% +22cm 26cm +30cm
90% +28cm 3.3cm +39cm
95% +33cm 39cm +46cm

When calculated movement rates of multiple monitoring pins are averaged, the aggregate survey error is
reduced by a factor of Vn, where n is the number of measurements that were averaged. In Table G, survey
measurement errors are presented for averages of varying numbers of points.

Table G Averaged Survey Measurement Errors (95% Confidence Interval)

No. of Points Directional Horizontal Absolute Horizontal .
Averaged, n Error Error Vertical Error

1 £33 cm 39cm 4.6 cm

2 +23cm 28 cm +3.2cm

5 +1.5cm 1.8cm +2.1cm

10 +1.0cm 12cm +1.5cm

25 +0.7 cm 0.8 cm 09 cm

50 +0.5cm 0.6 cm +0.6 cm

When measuring movement rates, errors over the two survey periods (before and after) are combined. The
minimum statistically significant surveyed movement rates are presented in Table H. These values can also be
used to evaluate statistically significant changes in movement rates between monitoring periods. When
comparing movement rates, both rates should be expressed in the principal direction of movement, as
discussed in Section 3.1.2.
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Table H Statistically Significant Movement Rates

No. of Points 1
Averaged, n

Statistically Significant Movement Rates

1 year period 2 year period 4 year period 10 year period
1 > 4.7 cm/yr > 2.3 cm/yr > 1.2 cm/yr > 0.5 cm/yr
2 > 3.3 cm/yr > 1.7 cm/yr > 0.8 cm/yr > 0.3 cm/yr
5 > 2.7 cm/yr > 1.4 cm/yr > 0.7 cm/yr > 0.3 cm/yr
10 > 2.1 cm/yr > 1.0 cm/yr > 0.5 cm/yr > 0.2 cm/yr
25 > 1.5 cm/yr > 0.7 cm/yr > 0.4 cm/yr > 0.1 cm/yr
50 > 0.9 cm/yr > 0.5 cm/yr > 0.2 cm/yr > 0.1 cm/yr

Notes:
1. Statistically significant is defined here as 95% confidence (i.e. p-value < 0.05). These values can be used to evaluate statistically
significant changes in movement rates (i.e. acceleration or deceleration) in the principal direction of movement.

3.1.2 Principal Direction of Movement

For the purpose of reducing the effects of survey error on the monitoring results, surveyed movements are
generally presented in what is defined here as the principal direction of movement. The principal direction of
movement, illustrated in Figure D, was calculated for each monitoring point based on the surveyed
coordinates in the year that the monitoring point was established and the surveyed coordinates in 2016.
Incremental movements between these dates are measured only along the principle direction of movement,
under the assumption that deviations from this principle direction are caused by survey error alone.
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Figure D Principal Direction of Movement for Monitoring Points 223 (Left) and 1,195 (Right)
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4 Performance Monitoring

This section discusses the observations made during the site inspection on June 21, 2016 (Section 2.1, Table A)
and the results of the 2016 LTPMP survey completed between August 29 and September 4, 2016. Performance
triggers were carried forward from the most recent LTPMP surveys, 2014 (full) and 2015 (small) and modified
as necessary to suit current site conditions. Revisions to the triggers are recommended in Section 5 based on
the results of the 2016 performance monitoring. A revised list of triggers with 2016 values is provided in
Appendix 6.

Appendix 1 contains figures showing the site survey data. Survey data was evaluated in detail and a summary
of the results are presented in this report. Recommendations based on the findings in this section are
presented in Section 5.

4.1 Clinton Creek Site Access Road

Two culverts were identified as partially washed out during the site visit on June 21, 2016. One was located
approximately 500 m south of the Forty Mile Bridge and the other located approximately 5 km past
(northwest) of the Forty Mile Bridge. AAM repaired both of these culverts during the summer of 2016.

Based on photos taken by Underhill at the end of August, 2016, the site access road between the Forty Mile
Bridge and the site gates has experienced several landslides (Photo A) and erosion caused by runoff across
the road (Photo B).

Photo A Clinton Creek Site Access Road - Landslide (August 29, 2016)
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Photo B Clinton Creek Site Access Road - Erosion (August 29, 2016)

41.1 Closed Section of Access Road

Based on observations made during the 2012 program, a portion of the Clinton Creek site access road, from
Clinton Creek Stations 0+340 to 0+410, was closed due to the presence of extensive tension cracks and
embankment failures. This section of the site access road was blocked off using chains attached to concrete
lock blocks at the east end and an earth berm at the west end (Photo C), with the site access road relocated
across the waste rock pile.
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Photo C Closed Section of Clinton Creek Site Access Road - Looking West (June, 2016)

The closed section of the site access road was surveyed as part of the 2012 program. A baseline was
established, offset to the south from the edge of the Clinton Creek channel embankment, with metal spikes
set every 3 m. The movement of these spikes, as well as changes to the location of the edge of embankment,
were calculated and are discussed in subsequent sections. Note that survey was limited to the closed portion
of the site access road.

4.1.2 Survey Results and Analysis

The survey of the closed portion of the Clinton Creek site access road was accomplished by recording
coordinates for the following points (established in 2012):

= Total of 23 metal spikes installed along the baseline established in 2012.
= Total of 10 metal spikes installed in 2015 to extend the baseline to the east and west (five at each end).
= Along the edge of the Clinton Creek channel bank.

= The location of visible tension cracks perpendicular to the metal spikes.

A summary of surveyed movement of the baseline and loss of the embankment between 2012 and 2016 is
presented in Table L
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TableI Closed Access Road 2016 Survey Results Summary

2012 to 2014 2014 to 2016
Movement (cm) Movement (cm)

Government

Trigger

Baseline horizontal movement towards

+ + - i
Clinton Creek 3.0 (£0.7) 14 (£0.7) AR-1 not triggered
Baseline vertical settlement (i.e., downward 22 (+10) 08 (+1.0) w/a
movement)
A Erosi f Embank t Crest
verage Erosion of Embankment Cres 7 85 AR-2 ot triggered

(Baseline Station 0+040 and 0+070)

Note:
1. 95% confidence intervals are shown in brackets, e.g. (+1.0)

No significant changes were recorded at the top of the Clinton Creek embankment between 2012 (when the
baseline was established) and 2016. However, a large segment of the embankment was lost with a maximum
offset from the 2014 top of embankment of 0.85 m as shown on Figure 1011 (Appendix 1). This loss of
embankment material is interpreted to be a response to instability at the toe due to erosion. The baseline
horizontal and vertical movement rates were similar (i.e., the baseline is moving downward at a 1H:1V slope).

Based on in situ observations, and interpreted photographic and topographic data, it is concluded that further
erosion of the access road embankment may destabilize the ground farther upslope (Figure E). This could
trigger a larger landslide by removing the support that is being provided by the toe of the slope, and result in

significant blockage of the Clinton Creek channel.
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Figure E Decommissioned access road and Clinton Creek east of DS4 looking west (left) and

potential deep seated failure mechanism (right)

In order to quantify the relative hazard posed by this potential landslide, a number of monitoring points in the
vicinity were used for evaluating rate of slope movement. Plots of horizontal displacement rates are illustrated
in Figure F. Displacement rates in the access (lower) road range from 0.9 to 1.9 cm/yr (monitoring points 69,
992, 993, 80-13 and P3), with rates being generally consistent throughout the observation period. Average
displacement rate measured at the baseline, for the same period, is 0.7 cm/yr and thus is approximately
congruent to the displacement rates measured at the monitoring points on the access (lower) road. Higher
displacement rates (3.0 cm/yr) are found at the upper road, with the high values in the upper road where
monitoring point 68 is located.

Analysis of the displacement direction was also carried out. The analysis shows that absolute displacement
vectors of the monitoring points on the access (lower) road are towards the northeast, approximately
perpendicular to the creek channel. In contrast, the displacement vector for the monitoring point on the upper
road (68) is towards the northwest. Thus, displacement patterns are interpreted as two different zones that are
deforming differently: a lower slope where deformation is predominantly surficial and an upper slope where
deeper failure mechanisms are evident. Upper slope deformation rates are interpreted as being representative
of global behaviour, while lower slope instabilities are interpreted as localized surficial accelerations that do
not influence, at the present time, the entire landslide mass. As more monitoring data becomes available at
this site, consideration should be given to the displacement model presented here and updated or modified
as necessary.
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Figure F Clinton Creek Access Road (Closed Portion) Horizontal Movement Rates

4.1.3 Trigger Summary

The triggers for the closed portion of the Clinton Creek access road established in the 2014 LTMP report,
along with the values observed in 2016, are presented in Table J. Triggers AR-3 and AR-4 are no longer
considered relevant to the annual assessment of the access road. Recommendations for revisions to these
triggers are discussed in Section 5.

Table J Clinton Creek Access Road (Closed Portion) - Summary of Existing Triggers

Trigger Description Trigger Value
AR-1 Avera.ge horizontal. movement of Incre.ase of 10 cm from Develop mitigation plan +0.7 cmyy
baseline from previous year previous year

Loss of embankment based on
AR-2 1. Devel itigati | 42
offset from previous year 0 m/y evelop mitigation pian 042m/y

Total length of observed tension Increase by 20% from o
AR-3 . Develop mitigation plan n/a
cracks previous year
Average number of cracks
verage nu . Increase by 20% from L
AR-4 observed perpendicular to each Develop mitigation plan n/a

. . revious year
baseline pine P y
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4.2 Hudgeon Lake Outlet

During the 2016 site inspection the lake outlet was clear with the exception of a piece of rusted metal near the
north bank. The Hudgeon Lake pressure transducer and data logger appear in good condition. The lake edge
at the outlet has shown little to no sign of erosion since 2014 aside from the diversion works completed in
2015 on the south side of the outlet. Surveys from 2014 and 2016 are compared on Figure 1016 in Appendix
1.

Hourly rainfall data and 15-minute Hudgeon Lake water levels are measured at the Site and are summarized
in Figure G. Hudgeon Lake water levels were obtained by adding 410.97 masl (based on 2016 LTPMP water
level surveys) to the water depth recorded by the pressure transducer (correction for atmospheric pressure by
others). The water level in Hudgeon Lake peaked on April 28, 2016 at 412.10 masl. A large storm event
occurred on August 6, 2016 when 23 mm of rain was measured in one hour.

—24-hr Rainfall (mm) =——WTL(m)

: q—.—“..—l-. r | 1!' : 4126

- 4124
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\ :
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45

Figure G 2016 Daily Rainfall at Site and Hudgeon Lake Water Levels

4.2.1 Log Booms

Detailed observations of the 2016 site inspection are summarized in Section 2.1 (Table A). The log booms and
abutments were generally in good condition. However, small cracks were observed in the soil around the

north bank abutment (Photo D) and were thought to be an indication of movement or subsidence of the
abutment area. These cracks were not noted in the 2015 LTPMP report.
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Photo D North Boom Abutment, cracks in soil around abutment (June 21, 2016)

A comparison of the 2014 and 2016 surveys of the abutments is shown in Table K. These results indicate that
both abutments are moving horizontally towards the lake, as well as vertically upwards. The crack in the soil
near the north abutments corroborates the horizontal movement (3.6 cm), and the dirt line on the wood wall
in Photo D corroborates the vertical displacement (12.2 cm).

Table K Log Boom Abutments 2016 Survey Results Summary

2014 to 2016 2014 to 2016
Horizontal Movement Vertical Movement

Location

Top of North Abutment Piers

6 (x2.7 h 12.2 (£3.7
(average of 3 points) 3.6 (+2.7) cm southwest (£3.7) cm up

Top of South Abutment Piers
(average of 3 points)

Note:
1. 95% confidence intervals are shown in brackets, e.g. (+1.0)

6.2 (£2.7) cm north 41 (£3.7) cmup

The direction and magnitude of horizontal movement of the north and south abutments between 2014 and
2016 are comparable to those of neighbouring monitoring points (228, 995, 1450, 1451, 1452 and 1453). This
suggests that the horizontal displacement is largely attributable to the continuing movement of the waste
rock pile.

A rotational failure of the waste dump could be contributing to the vertical displacement of the abutment
piers. If the material (likely waste rock) beneath and backfilled around the abutment piers has a relatively high
silt content, frost jacking is likely be a contributing factor.
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4.2.2 Trigger Summary

A summary of the Hudgeon Lake and log boom abutment triggers is presented in Table L. Trigger HL-2,
vertical displacement of at least 10 cm, was exceeded for the north log boom abutment.

Table L Hudgeon Lake - Summary of Existing Triggers

Trigger Category Trigger Value 2016 Value

Freshet maximum of 412.10 masl
on April 28, 2016

HL-1 Lake water surface critical elevation >412.0 masl ]
Summer maximum of 411.92 masl
onJuly 7, 2016
HL-2 Movement of boom abutment structures >30 c¢cm horizontal; or 3.6 to 6.2 cm horizontal;
from previous monitoring period >10 cm vertical 4.1 to 12.2 cm vertical

Loss of riprap at the boom abutments from

. o . >10% surface area None
previous monitoring period

1. 2016 values that exceed trigger values are shown in bold and italics.

4.3 Gabion Drop Structures

All four drop structures were repaired in September, 2015, using PVC coated gabion wire and filling the
baskets with additional rock. Debris and vegetation were removed at that time.

On June 21, 2016 Drop Structures 1 to 3 appeared in good condition, but with a significant amount of large
woody debris lodged in the gabion wire. There was no visual evidence of piping or erosion underneath the
gabion baskets (Trigger DS-4) or damage to the gabion mesh (Trigger DS-5). The debris was cleared from the
drop structures on September 28, 2016.

Several potential issues with the DS4 articulated concrete block (ACB) mats, constructed in September, 2015,
were noted. The condition of the ACB channel is described in Section 2.1 and shown in Table A.
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Photo E Drop Structure 4 ACB Channel, looking southwest (June 21, 2016)

Time-lapse photos of DS4 and Hudgeon Lake water level measurements were supplied by AAM and reviewed
by Advisian to assess potential causes of movement of the ACB mats. The following conclusions were drawn
based on a review of this data:

*=  The bottom of the ACB-lined channel was free of snow by April 11, 2016.

= Freshet began on approximately April 21, 2016 and peaked on April 28, 2016 at approximately 6 m*/s
discharged from Hudgeon Lake. This flow estimate is based on recorded water levels in Hudgeon Lake
and the rating curve presented in the DS4 Repair Construction Report (R121 WorleyParsons, 2015).

= The majority of movement of the ACB mats occurred on either April 25 or 26, 2016. Estimated flows at the
outlet of Hudgeon Lake during this period reached approximately 5 m*/s.

= High water levels in Hudgeon Lake, comparable to those recorded on April 25 and 26, 2016, persisted for
approximately two weeks following movement of the ACB mats, followed by a gradual return to typical
summer water levels by the middle of May, 2016.

DS4 survey data collected on September 1, 2016 is shown on Figure 1010 in Appendix 1. The results show no
change to the cross section of the drop structure since the as-built survey collected in September, 2015.
According to the surveyed profile, the Armorflex mats have settled by approximately 35 cm where they
connect to the DS4 gabions. However, a change of this magnitude should have been observable by visual
inspection and was not apparent during the June 21, 2016 site visit or in the September 1, 2016 photos. It is
possible that a hole in the Armorflex block was surveyed rather than the top of mat. Regardless, this should be
monitored again in the 2017 LTPMP. The channel was flowing at the time of inspection, but no loss of riprap
in the upstream anchor trench was observed.
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Based on the photos taken by Underhill in September, two additional potential issues were noted. The first is
that there has been general erosion of the stabilized waste rock slope south of DS4 (Photo F). This could be
due to either the significant storm event recorded on August 6, 2016 (23 mm in less than an hour at the
meteorological station on Site), or issues with the stormwater diversion ditch at the crest of the stabilized
slope. The second potential issue is a landslide on the natural valley slope north of DS4 (Photo G). This is likely
a result of erosion of Clinton Creek banks between 2009 and 2015 as well as the heavy rainfall observed on
August 6, 2016. The slide does not appear to have impacted the ACB channel.

Photo F Erosion of waste rock toe near DS4, looking south (September 3, 2016)

Photo G Landslide near DS4, looking north (August 31, 2016)
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43.1 Survey Results and Analysis

Monitoring pins are located on the north and south sides of all four drop structures to track changes to the
drop structures caused by waste rock movement. Cross sections between the pins, as well as the pins
themselves, are surveyed annually to assess deformation of the gabion drop structures due to waste rock
movements or flood events. Drop structure survey results are shown on Figures 1007 to 1010 in Appendix 1.

Table M shows a summary of historical monitoring pin distances. Table N to Table R show historical changes
in the geometry of the four drop structures. The survey results show little change to the drop structures since
2014, aside from DS4 which was repaired in 2015. Detailed information on historical monitoring pin distances
and drop structure geometry is presented in Appendix 6.

Table M  Change to Drop Structure Geometry: Distance between Monitoring Pins

DI EN Distance DI EN Distance Rate of
Cross-Section 2006 2012 2015 2016 Change’
(m) (m) (m) (cm/yr)
DS1A 27.58 m 2743 m 2749 m 2746 m -1.2 (£0.5)
DS1B - 28.69 m 28.66 m 28.64 m -1.1(+1.1)
DS2 A - 2745 m 2748 m 2748 m 0.8 (+1.1)
DS2 B 28.62 m 2823 m 28.07 m 28.02 m -5.9 (20.5)
DS3 A - 2647 m 26.37 m 26.36 m -2.7 (£1.1)
DS3 B - - 2776 m 2771 m -4.9 (£4.8)
DS4 A - - - 2892 m n/a
DS4 B - - - 29.95m n/a
DS4 C - - - 19.98 m n/a
DS4 D - - - 19.98 m n/a
DS4 E - - - 23.04 m n/a
Notes:

1. Rate of change calculated from baseline (first year of 2006, 2012 or 2015) to present (2016).
2. 95% confidence intervals are shown in brackets, e.g. (£1.0).

Table N  Drop Structure 1 Geometry

Parameter 2006 (Baseline)
Bottom width (m) 7.0 7.4 6.4 7.2
South side slope 3.0 H:1V 29 H:1V 3.0 H:1V 3.0 H:1V
North side slope 3.0 H:1V 29 H:1V 33 H1V 29 H:1V
Channel depth (m) 2.53 2.04 2.32 2.23
X-section area (mz) 36.91 27.21 31.80 30.75

307071-01132-00-GT-REP-0001_R0.docx Advisian 29



Government of Yukon - Energy, Mine and Resources -

Advisian As.sessment and Abandoned Mines o “
Clinton Creek Long-Term Performance Monitoring Program

WorleyParsons Group Government

2016 Survey Results

Parameter Design 2006 (Baseline)
Critical flow depth (m) 1.04 1.02 1.07 1.02
U/S Freeboard (m) 149 1.02 1.25 1.21
Notes:

1. Drop structure geometry, critical flow depth and freeboard shown represent the upstream end of the drop structure.
2. Critical flow depth and freeboard were calculated using the original design flow rate of 29 m®/s (25 year return period).

Table O  Drop Structure 2 Geometry

Parameter 2006 (Baseline)
Bottom width (m) 7.0 6.4 6.7 6.1
South side slope 3.0 H:1V 3.0 H:1V 3.6 H:1V 3.3 H:1V
North side slope 3.0 H:1V 29 H:1V 2.5 H:1V 2.7 H:1V
Channel depth (m) 2.53 2.3 2.28 218
X-section area (mz) 36.91 30.17 31.13 27.58
Critical flow depth (m) 1.04 1.08 1.05 1.10
U/S Freeboard (m) 1.49 1.22 1.23 1.08
Notes:

1. Drop structure geometry, critical flow depth and freeboard shown represent the upstream end of the drop structure.
2. Critical flow depth and freeboard were calculated using the original design flow rate of 29 m®/s (25 year return period).

Table P Drop Structure 3 Geometry

Parameter 2006 (Baseline)
Bottom width (m) 7.0 6.2 6.4 6.2
South side slope 3.0 H:1V 3.0 H:1V 3.2 H:1V 3.2 H:1V
North side slope 3.0 H:1V 2.8 H:1V 2.7 H:1V 25 H1V
Channel depth (m) 2.53 2.5 2.13 2.07
X-section area (mz) 36.91 3342 27.02 24.79
Critical flow depth (m) 1.04 1.10 1.08 111
U/S Freeboard (m) 149 14 1.05 0.96
Notes:

1. Drop structure geometry, critical flow depth and freeboard shown represent the upstream end of the drop structure.
2. Critical flow depth and freeboard were calculated using the original design flow rate of 29 m?/s (25 year return period).
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Table Q  Drop Structure 4 Geometry

Parameter 2006 (Baseline)
Bottom width (m) 7.0 6.7 n/a 6.5
South side slope 3.0 H:1V 2.7 H:1V n/a 29 H:1V
North side slope 3.0 H:1V 29 H:1V n/a 3.1 H:1V
Channel depth (m) 2.53 2.79 n/a 2.38
X-section area (mz) 36.91 40.38 n/a 32.53
Critical flow depth (m) 1.04 1.07 n/a 1.07
U/S Freeboard (m) 149 1.72 n/a 1.31
Notes:

1. Drop structure geometry, critical flow depth and freeboard shown represent the upstream end of the drop structure.
2. Critical flow depth and freeboard were calculated using the original design flow rate of 29 m?/s (25 year return period).

4.3.2 Trigger Summary

There was no visual evidence of piping or erosion underneath the gabion baskets (Trigger DS-4) or damage to
the gabion mesh (Trigger DS-5). A summary of the drop structure geometry triggers is presented in Table R.

Trigger DS-6, which identifies a reduction in drop structure cross-sectional area of 10% or more, was exceeded
for DS2, DS3 and DS4. This is primarily due to an apparent change in the channel depth since the baseline
survey in 2006. While the apparent reduction in cross-sectional area of the drop structures is concerning, they
are still able to pass design flows with adequate freeboard (trigger DS-2) and do not appear to have deformed
excessively since construction based on a comparison of surveys shown on Figures 1007 to 1010 in Appendix
1. Therefore, repairing the geometry of the drop structures is not required at this time.

Table R  Drop Structure 2016 - Summary of Existing Geometry Triggers

Cross-Section Tr.lgger DS-1 Trigger DS-2 Trlg.ger.DS-3 Trigger !)S-G
(Side Slopes) (Freeboard) (Pin Dist.) (X-Section)

Trigger Criteria <2H:1V <0.30m >0.50 m < -10%

DS1 29H:1V 121m -0.08 (£0.03) -9%

DS2 2.7H:1V 1.08 m -0.28 (£0.03) -14%

DS3 2.5H:1vV 0.96 m -0.08 (£0.03) -14%

DS4 29H:1V 131m n/a -22%

Notes:

1. 95% confidence intervals are shown in brackets, e.g., (+1.0)

2. Trigger DS-1: Current drop structure side slopes should not exceed 2H:1V steepness. Values shown in the table are the steepest side
slope surveyed in 2016 for each drop structure.

3. Trigger DS-2: Current estimated freeboard above the drop structure design flow of 29 m*/s should be at least 0.30 m.

4. Trigger DS-3: Change in distance between survey pins on either side of each drop structure may change by no more than 0.5 m from
the baseline survey (2006) or from the first year that monitoring pins were re-established.
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5. Trigger DS-6: Cross-sectional area of the gabion channel may be reduced by no more than 10% of the baseline cross-section (2006).
6. 2016 values that exceed trigger values are shown in bold and italics.

4.4 Clinton Creek

Some movement of boulders in the Clinton Creek upstream of Fording 1 was observed on June 21, 2016
(comparing to site photos from previous years). However, in general very little change has occurred in the
Clinton Creek channel since 2014 aside from the infilling downstream of DS4 to construct the ACB channel in
2015. A comparison of 2016 creek channel survey data with that of previous years is shown on Figures 1002 to
1003 in Appendix 1.

A summary of the triggers for Clinton Creek is presented in Table S. The baseline survey for triggers CC-1 and
CC-2 was 2004 in the most recent (2015) LTPMP report. The primary purpose of these triggers is to anticipate
potential damage to the drop structures caused by erosion of the Clinton Creek channel downstream. The
August, 2010 flood event significantly eroded the channel, up to 4 m just downstream of DS4, and altered the
channel alignment downstream of Fording No. 1. Repairs to DS4 were completed in 2015 to mitigate further
damage to the drop structures. Therefore, the baseline survey year should be adjusted to specifically track
future erosion of the creek channel that could affect the new DS4 repairs. The baseline survey was adjusted to
September 2010 because there have been no significant changes to the creek channel since that time.

None of the triggers for Clinton Creek were exceeded. However, two noteworthy observations were made
based on the 2016 survey data. The first is that approximately 0.75 m of scour occurred between 2014 and
2016 along the outside of the bend near the closed access road (Station 0+430 on Figure 1002, Appendix 1).
This apparent increase in bend scour is likely to result in an increase in erosion of the right bank (i.e. waste
rock) at Station 0+430. If left unmitigated, erosion of the waste rock could eventually affect stability of the
currently used site access road.

The second observation is the considerable channel downcutting in the mid creek section (Station 0+675 to
0+875) between September, 2010 and September, 2014. It appears that a portion of the creek bed material
that was eroded near DS4 in August 2010 was subsequently deposited in the mid channel section. This
recently deposited material has eroded away between 2010 and 2016 and may continue to erode down to the
July, 2010 pre-flood channel elevations in the coming years.

44.1 Clinton Creek Natural Slope

A review of photographic records and during field inspection along the Clinton Creek channel identified
several small landslides from the valley slope to the north encroaching on the creek channel. This includes a
new slide on the north slope of Clinton Creek adjacent to DS4 observed on September 1, 2016, and a smaller
slide also observed in this area during spring snowmelt. No major slope failures were identified.

These landslides are attributed to small slides that originate in saturated loose colluvial soil on the
escarpment. These slides typically occur when rainfall (or meltwater) and groundwater conditions generate
high pore pressures in the colluvium, which lowers the effective stress and decreases local stability. Such an
event may have occurred on August 6, 2016 when 23 mm of rain were recorded in one hour at the
meteorological station on the Site.
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Displacement monitoring in the Clinton Creek natural slopes was initiated in 2014, with the initial survey
network consisting of only two monitor points (183 and 184). In 2016, the displacement monitoring network
was expanded to six monitors (Figure 1017, Appendix 1). Between 2014 and 2016, surveyed horizontal
displacement of monitoring pins 183 and 184 were 9 cm and 4 cm respectively, both in a south-westerly
direction. These surveyed displacements are small relative to survey precision (3.9 cm radius for 95%
confidence). Therefore, the actual magnitude and direction of movement could vary considerably from what
was surveyed.

4.4.2 Trigger Summary

Triggers associated with Clinton Creek are presented in Table S.

Table S Clinton Creek — Summary of Existing Triggers

Trigger Description Trigger Value 2016 Value
cc-1 Channel downcut over the 50 m channel >0.5 m (from Sept 2010 None
segment downstream of DS4 to Sta. 0+300 baseline)
Channel downcut over a measurable (>50 m) 0.66 m average downcut
1.5 m (f Sept 2010
CC-2 stretch of the channel downstream of Sta. ;aselme() rom sep in mid creek (0+675 to
0+300 0+875)
Upper: None
cc-3 Average 'channel deposition.through >O.3'm f'rom pr'evious Mid: None
upper/mid/lower creek section monitoring period (2014)
Lower: None
cc-a Mid-creek channel centreline shifts south, into >5 m from previous None
the waste rock dump monitoring period (2014)

4.5 Clinton Creek Waste Dump

All existing monitoring points on the Clinton Creek waste rock dump were surveyed in 2016. Lost, replaced
and new monitoring pins are discussed in Section 2.2. A summary of available historical survey data for the
waste rock dump monitoring pins is in Table 1 in Appendix 2.

Historical movement of the waste rock dump, calculated based on the difference between the 2003
coordinates of the monitoring point and the 2016 coordinates, and recent movement, calculated based on the
difference between the 2014-2016 monitoring point coordinates, are shown on Figures 1017 and 1018
(Appendix 1) respectively.

Past LTPMP reports have divided the waste rock dump into three segments:

= Upper slope — above the 450 masl
= Mid slope — between the 450 masl and 420 masl

= Lower slope — below the 420 masl
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Reinterpretation of structural conditions and movement patterns as new information becomes available is
useful in improving our understanding of the main parameters to be considered for the detection of further
slope instability. The 2016 LTPMP included in situ observations, and interpreted photographic and
topographic materials with the object of developing a geometrical model of the waste rock pile as it was
before the 1974 events. The chronology of the destabilizing events in terms of the kinematic processes that
led to the 1974 landslide were reviewed. New insights on the geometry of the unstable mass and the
kinematics of the waste rock pile landslide are presented.

From a monitoring and morphological perspective three separate units can be identified, each with its own
pattern of deformation. They generally correspond with terrain classifications derived from a combination of
monitoring patterns analysis and landform recognition. However, the inner boundaries of the units cannot be
traced with precision and should be considered as approximate (Figure 1021, Appendix 1).

Unit 1

Unit 1 corresponds to the western side of the waste rock dump. This area consists of waste rock material
placed during initial development of the Clinton waste dump in 1970, until about 1974. Evidence of
instabilities in this area was evident as early as 1971. With continued consignment of waste material, a
significant slope failure occurred in 1974 which resulted in the blockage of natural drainage through the
Clinton Creek valley. In general, movements in this area are occurring radially outward from the central upper
portion of the dump. Monitors closest to Hudgeon Lake are moving in a north westerly direction towards the
lake, while other monitors are moving in a northerly direction across the former valley.

A comparison of historical and recent horizontal displacement rates for Unit 1 is presented in Table T. The
horizontal displacement rates of these monitors range from 0.5 to 5.1 cm/yr between 2003 and 2016. Recent
horizontal displacement rates are considerably lower than those observed prior to 1986. However, movement
rates in the last four years (2012-2016) are approximately 30% higher than in the preceding 10 years (2003-
2012). The 2009 and 2010 flood events that severely eroded the toe of the waste rock dump are likely to have
contributed to this acceleration.

Table T Waste Rock Dump Horizontal Movement Rates — Unit 1

2003 to 2012 2012 to 2014 2014 to 2016

2.0 (x0.1) cm/yr 2.5 (x0.4) cm/yr 2.7 (x0.5) cm/yr

Note:
1. 95% confidence intervals are shown in brackets, e.g. (+1.0)

Unit 2

Unit 2 begins at the eastern margin of Unit 1, and comprises additional waste material placed on the east side
of the active dump following failure in 1974. This part of the waste dump is fairly compact with no evident
signs of deformation. Monitoring in this area is limited (a total of 15 monitoring points), with the majority of
the monitoring points located at the toe of the waste pile.
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A comparison of historical and recent horizontal displacement rates for Unit 2 is presented in Table U. The
horizontal displacement rates of these monitors range from 0.6 to 2.9 cm/yr between 2003 and 2016. The
exception to this is one monitor located in the upper slope area (monitor 1493), with a considerably higher
displacement rate of 7.3 cm/yr. The movement of monitor 1493 is thought to be influenced by local
topography and not representative of the global displacement rates in this unit. As with Unit 1, recent
horizontal displacement rates are considerably lower than those observed prior to 1986. Movement rates in
the last four years (2012-2016) are approximately 25% higher than in the preceding 10 years (2003-2012). The
2009 and 2010 flood events that severely eroded the toe of the waste rock dump are likely to have
contributed to this acceleration.

Table U Waste Rock Dump Horizontal Movement Rates — Unit 2

2003 to 2012 2012 to 2014 2014 to 2016

1.5 (#0.2) cm/yr 1.6 (#0.5) cm/yr 2.1 (¢0.6) cm/yr

Note:
1. 95% confidence intervals are shown in brackets, e.g. (+1.0)

Unit 3

The less extensive Unit 3 displays a more advanced state of instability, with morphology consistent with lateral
spreading as the main type of deformation. Unfortunately, movement rates and directions in Unit 3 are
unknown due to the lack of monitoring data in this area.

4.5.1 Trigger Summary

Triggers associated with the waste rock dump are presented in Table V. The intent of Trigger WR-1 is to
identify acceleration of movement in the waste dump based on movement rates of the surveyed monitoring
pins. The acceleration should be significant enough to warrant action to either further assess stability or
mitigate risk to public safety, structures or the environment.

In the 2014 and 2015 LTPMP reports movement increases between 0% and 30% over the previous monitoring
cycle warrant surveying the monitoring pins the following year, while movement increases of greater than
30% (or increases in two consecutive periods) warrant planning for a geotechnical assessment. These trigger
values are flawed as they fail to take into account survey error or the initial rate of movement. For example, a
30% increase on a historical movement rate of 1 cm/year is of little concern.

Assigning a threshold value to this trigger could be misleading and potentially incorrect due to uncertainty in
the results, including: potential survey error, varying movement rates throughout the waste dump, local versus
global movement rates, and a lack of geotechnical data to support a stability assessment. Rather, it is
recommended that survey data is reviewed by a qualified professional to determine whether there is evidence
of increasing deformation rates, and if so what steps should be taken.

While the 2016 survey results show relatively small increases in movement rates over the previous monitoring

cycle, the overall rate of movement of the waste rock pile is too small to raise concerns about overall slope
stability. Therefore, WR-1 is not triggered in 2016.
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TableV  Waste Rock Dump - Summary of Existing Triggers

Trigger Description 2016 Value

Significant increase in movement rate over
Average monitoring point historical rates, warranting further assessment of

WR-1 . . . . . Not triggered
horizontal movement rates stability or mitigation measures in the opinion of a
qualified professional.
4.6 Porcupine Pit and Snowshoe Pit

Historical movement around Porcupine Pit, calculated based on the difference between the 2003 coordinates
of the monitoring point and the 2016 coordinates, and recent movement, calculated based on the difference
between the 2014-2016 monitoring point coordinates, are shown on Figures 1017 and 1018 (Appendix 1)
respectively.

A comparison of historical and recent horizontal displacement rates for Porcupine Pit is presented in Table W.
Movement rates around Porcupine Pit are generally very low, but appear to have increased in the past two
years. Considering that total movement of the pins over the past 13 years ranges from 5 to 12 cm, survey
errors are likely contributing significantly to this apparent change. These rates of movement are considered
too small to raise concerns about the overall stability of the pit walls.

Table W  Porcupine Pit Horizontal Movement Rates

2003 to 2012 2012 to 2014 2014 to 2016

0.4 (£0.2) cm/yr 0.3 (#1.0) cm/yr 2.0 (#1.1) cm/yr

Note:
1. 95% confidence intervals are shown in brackets, e.g., (+1.0)

4.6.1 Trigger Summary

Triggers associated with the Porcupine Pit are presented in Table X. The intent of Trigger PP-1, similar to
WR-1, is to identify acceleration of movement in the waste dump based on movement rates of the surveyed
monitoring pins. For the same reasons as with Trigger WR-1, which is discussed in Section 4.5.1, assigning a
threshold value for this trigger would be misleading and potentially incorrect. Rather, it is recommended that
survey data is reviewed by a qualified professional to determine whether there is evidence of increasing
deformation rates, and if so what steps should be taken.

While the surveyed horizontal movement rates of monitoring pins around Porcupine Pit have increased in the

past two years, movement rates are still considered too small to be of concern. Therefore, PP-1 was not
triggered in 2016.
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Table X Porcupine Pit - Summary of Existing Triggers

Trigger Description Value 2016 Value

Significant increase in movement rate

over historical rates, warranting further

assessment of stability or mitigation Not triggered
measures in the opinion of a qualified

professional.

Average monitoring point horizontal
movement rates

PP-1

4.7 Wolverine Creek

Some bank erosion was observed in Wolverine Creek downstream of the rock weirs on June 21, 2016.
However, the rock weirs appeared in good condition and the September, 2016 survey data shows little or no
change in Wolverine Creek over the past two years. A comparison of 2016 creek channel survey data with that
of previous years is shown on Figure 1012 in Appendix 1. Sections of Wolverine Creek and the adjacent
tailings pile and natural slope are shown on Figures 1013 to 1015.

Wolverine Creek alignment has shifted slightly just upstream of the access road crossing since 2014, but
nowhere upstream of this. No channel scour or degradation are evident from the surveyed creek profile.
Erosion of the tailings upstream of the rock weirs appears to be ongoing but has not resulted in recent and
significant changes to the channel.

The outlines of the Wolverine Creek Tailings Pile Ponds do not appear to have changed significantly between
2014 and 2016.

4.7.1 Trigger Summary

Triggers associated with Wolverine Creek are presented in Table Y. The stationing of Trigger WC-2 was
modified to reflect the current Wolverine Creek profile. The wording of Trigger WC-3 was modified to
specifically reflect visual inspection of the rock-lined channel.

The trigger values for WC-1 and WC-2 are the same as for the 2014 LTPMP report. These threshold values
provide a reasonable threshold for assessing the risk to the rock-lined channel caused by downstream channel
erosion in Wolverine Creek.

Table Y Wolverine Creek — Summary of Existing Triggers

Trigger Description Trigger Value 2016 Value

Channel downcut over a measurable (>50 m) stretch

WC-1 1.0mf baseli N
of the channel from Sta. 1+025 to 1+300 >+ mirom baseline one
WC-2 Channel downcut over a measurable (>50 m) stretch 505 m from baseline None
of the channel from Sta. 0+735 to 1+025 '
L f rock, lated
WC-3 Visual observations of rock-lined channel instability dzzsri: or\O/Zrb::\T(u::;s?oi None
(Sta. 0+485 to 0+735) otc ' '
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Trigger Description Trigger Value 2016 Value

Average channel deposition through upper/mid/lower  >0.3 m from previous

WC-4 . o .
creek section monitoring period

None

5 f
WC-5 Channel centreline shift > m (averagg) r.om . None
previous monitoring period

4.8 Wolverine Creek Tailings Pile

All existing monitoring points on the Wolverine Creek tailings pile were surveyed in 2016 except for
monitoring pin 996. New monitoring pins are discussed in Section 2.2. A summary of available historical
survey data for the tailings pile monitoring pins is in Table 2 in Appendix 2.

Historical movement of the tailings pile, calculated based on the difference between the 2003 coordinates of
the monitoring point and the 2016 coordinates, and recent movement, calculated based on the difference
between the 2014-2016 monitoring point coordinates, are shown on Figures 1019 and 1020 (Appendix 1)
respectively.

The lower tailings slope is divided into a north lobe and south lobe, separated by one of two ponds. Stream
flow discharging from the ponds has created a channel through the tailings resulting in chronic loading of
suspended tailings material in Wolverine Creek.

Past LTPMP reports have divided the tailings slope into the following segments:

=  Upper Slope — above 530 masl|
=  Mid Slope — between 530 masl and 425 masl

= Lower Slope — below 425 masl|

Kinematically, the tailings pile is considered a complex slide with at least three centres of displacement, a
south lobe, a north lobe and a north-west lobe. The south lobe formed as a result of the downslope
movement of a segment of the tailings pile near its southern extremity. This failure occurred at the location of
a small draw in the hillside on the west side of Wolverine Creek (R35, Golder 1978). Shortly after the failure of
the southern segment of the tailings pile, the belt conveyor system was shifted and the disposal of tails
continued to the north of the failed mass. As this new disposal area was developed and the pile expanded,
downslope movement in this area also began to take place. No sudden or catastrophic failure occurred in this
area, but its continuous movement extended the toe of this portion of the pile (north lobe) to Wolverine
Creek. The north-west lobe is a secondary failure and is associated with disposal operations that were carried
out in this area following failure of the north lobe (Figure 1022, Appendix 1).

Although material from the north-west lobe has gradually moved, there are no displacement records available

to provide rates or directions. Therefore, in the following discussion, description of deformation patterns will
focus on the north and south lobes.
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South Lobe

A comparison of historical and recent horizontal displacement rates for the south lobe is presented in Table Z.
The upper slope is the least active area with annual movement rates of 4.2 and 5.6 cm/yr for the two monitors
on the upper slope (Figure H). A slight acceleration is noticed for the last monitoring period. However, these
rates are considered small. The mid slope and lower slope areas are more active. The movement rates on the
mid-slope area range from 4.4 to 39.0 cm/yr between 2014 and 2016, while the movement rates on the lower
slope area range from 2.6 to 23.1 m/yr (Figure I and Figure J).

Table Z Tailings Pile South Lobe Horizontal Movement Rates

Location 2006 to 2012 2012 to 2014 2014 to 2016
Upper Slope 5.3 (+0.5) cm/yr 2.2 (£1.6) cm/yr 4.9 (x1.7) cm/yr
Mid Slope 39.5 (20.2) cm/yr 24.7 (+0.6) cm/yr 24.8 (x0.7) cm/yr
Lower Slope 24.9 (£0.2) cm/yr 15.5 (+0.6) cm/yr 13.6 (£0.7) cm/yr

Note:
1. 95% confidence intervals are shown in brackets, e.g. (+1.0)

As shown by the direction of movement vectors on Figure 1019 and 1020 (Appendix 1), the sliding, for the
upper and middle slope areas, is identified towards the east in the direction of the Wolverine Creek channel.
In contrast, the lower slope area is undergoing some lateral spreading. Monitoring data also indicates that the
movements in the failure lobe involve a downslope stretching of the materials in the vicinity of monitor 1084.
This is also supported by the irregular terrain marked by numerous extensional features as observed on the
inset of Figure L. It should also be noted that the limits of the mid slope area coincides with the location of a
small draw in the hillside on the west side of Wolverine Creek (Figure 1023, Appendix 1). Therefore, it is
possible that as the tails move down, a boundary layer developed in the vicinity of the slopes of the draw
where the effects of shearing resistance are significant. This resistance results in a reduction of local
displacement rates on the surface, with the displacements rates increasing rapidly as the distance from the
slopes of the draw increases. Comparison of displacement rates between monitors 24A (away from draw
slope) and 2005-02, 2005-06 and NL-Base (close to draw slope) provide a good example of this boundary
layer effect (Figure K).

On the lower slope area, the movement monitors at the north end are moving in a north easterly direction
towards the pond. The monitors in the central area are generally moving east across the valley. The monitors
at the south end are moving southward down the valley. This is consistent with previous observations of
deformation patterns (R15, AECOM 2009).

The movements of the mid and lower slope areas discussed above are a result of the mounding of the tailings
in the middle portion of the lower slope area which is providing passive resistance to the movement of the
tailings. As the passive resistance has increased over the years the movement of the tailings has been
redirected towards areas of less resistance. The most pronounced movement is towards the pond between
the two lobes. As the tailings move in this north easterly direction they impart some thrust on the tailings
mounded up in the middle area of the lower slope, essentially pushing them aside as the tailings move
towards the pond. Crack patterns noted on the tongue of the failure lobe also seem to support this
interpretation. The mounding in the middle area of the lower slope south lobe movement is illustrated on
Figure L.
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Although the original landslide did not encompass much of the upper slope area, displacements in the upper
slope area are interpreted to be a secondary failure that was initiated by the main instability to the east.
Therefore, displacement in the upper slope area is expected to remain as a result of continued displacement
of the major slope failure body.
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Figure H Tailings Pile South Lobe Horizontal Movement Rates — Upper Slope (Inset, monitors 24

and 1492 location and inferred displacement pattern)
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North Lobe

A comparison of historical and recent horizontal displacement rates for the north lobe is presented in Table

AA. The movement rates for the north lobe are less than those measured for the South lobe. Average annual
movement rates have generally decreased since 2006 but have shown little change since 2012. Figures 1019
and 1020 (Appendix 1) illustrate the movement vectors and magnitudes on the North Lobe.

Table AA Tailings Pile North Lobe Horizontal Movement Rates

Location 2006 to 2012 2012 to 2014 2014 to 2016
Upper Slope 1.9 (+0.3) cm/yr 3.5 (x£0.8) cm/yr 1.5 (+0.9) cm/yr
Mid Slope 8.5 (£0.2) cm/yr 51 (+0.7) cm/yr 6.2 (£0.7) cm/yr
Lower Slope 5.8 (£0.3) cm/yr 2.9 (£0.8) cm/yr 2.7 (x0.8) cm/yr

Note:
1. 95% confidence intervals are shown in brackets, e.g., (+1.0)
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With the exception of Monitors 80-4 and 80-5 in the mid slope area, all of the monitors on the North Lobe
have moved at rates ranging from 1.4 to 7.0 cm/yr. Monitors 80-4 and 80-5 in the mid slope area are relatively
active, moving at rates of 24.1 and 14.3 cm/yr, respectively. Deformation patterns in this segment of the tailing
pile indicate that, in general, the tailings pile in this area is tending to stretch. A similar pattern was reported
by Golder (1978) on the northern part of the mid slope area. However, existing monitors (1085, 500-1, 500-2,
650-1, 650-2) indicate stretching in this area to be very small. Irregular terrain marked by numerous
extensional features as observed on the inset of Figure M seem to support the interpretation of stretching in
of some areas of the mid-slope zone.

The general direction of movement for the North Lobe is eastward (downslope) which is consistent with the
previous monitoring reports. Monitors NL-4, NL-5 and 1489 on the south side of the lower slope area are
moving in a south easterly direction towards the pond where there is less resistance to movement.
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48.1 Trigger Summary

Triggers associated with the tailings pile are presented in Table BB. The intent of Trigger TP-1, similar to WR-1,
is to identify acceleration of movement in the waste dump based on movement rates of the surveyed
monitoring pins. For the same reasons as with Trigger WR-1, which is discussed in Section 4.5.1, assigning a
threshold value for this trigger would be misleading and potentially incorrect. Rather, it is recommended that
survey data is reviewed by a qualified professional to determine whether there is evidence of increasing
deformation rates, and if so what steps should be taken.

In general, movement rates of the tailings pile have decreased since 2006 and shown little change since 2012.
Therefore, TP-1 was not triggered in 2016.

Table BB Tailings Pile - Summary of Existing Triggers

Trigger Description 2016 Value

Significant increase in movement rate over

Average monitoring point historical rates, warranting further assessment .
TP-1 i . e . Not triggered
horizontal movement rates of stability or mitigation measures in the
opinion of a qualified professional.
WP-1 Pond surface area >25% from previous monitoring period No change
>15% reduction from previous monitorin
WP-2 Pond outlet width 0 P g No change
period
WP-3 Pond outlet invert elevation +0.5 m from previous monitoring period No change
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5 Conclusions and Recommendations

The conclusions presented in the following sections are based on observations made during the site
inspection and analysis of the survey data. Recommendations that are discussed in this section are also
summarized in Appendix 6. Recommendation are numbered 1 to 6 for site maintenance and 1 to 9 for future
monitoring for ease of reference. Timelines and priorities are also listed in Appendix 6 to assist with planning.

5.1 Clinton Creek Access Road

The site access road appeared in relatively good shape in June, 2016 aside from two washed out culverts,
which have since been repaired. However, several landslides and erosion caused by runoff across the road
were observed at the end of August. These slides were likely to have occurred during or shortly after heavy
rainfall recorded on August 6, 2016 (23 mm in one hour).

5.1.1 Closed Section of Access Road

The results of the monitoring network are important because they provide a framework of absolute
displacements that helps in the interpretation of the various deformation measurements in the study area. The
monitoring network in the vicinity of the access road has been in operation since 2001, with survey of
monitoring points performed annually. In 2012, two additional monitoring points were added (992 and 993).

The current monitoring coverage is considered adequate to determine the boundary of a potential moving
waste rock mass. Surface displacement measurements support the inference from site observations and
photographic interpretation that the displacement field in the access (lower) road is localized across the
tension cracks within the road, and not currently affecting the stability of the upper road slope.

5.1.2 Recommendations

The closed section of the access road should continue to be regularly inspected for signs of increased tension
cracking and surveyed on an annual basis to monitor the stability of the slope and the movement of the
baseline. Site observations should also include the upper road area.

Recommended changes to future monitoring and/or maintenance of the site access road are as follows:

= landslides and erosion caused by runoff along the site access road that was observed at the end of
August, 2016, should be inspected after the 2017 freshet. Large debris should be cleared and the access
road should be regraded if necessary in order to maintain safe vehicle access for local residents and
personnel visiting the site.

= AR-3 and AR-4 should be replaced with a single trigger, AR-5, with action taken based on significant
apparent increase in risk of slope failure (as evidenced in part by tension cracks) based on visual
inspection and review of survey data by a professional engineer.
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5.2 Hudgeon Lake Outlet

The banks around the Hudgeon Lake outlet have shown essentially no signs of erosion or movement since
2014 aside from the diversion works completed in 2015 on the south side of the outlet. Trigger HL-1, lake
water elevation exceeding 412.0 m, was exceeded during the 2016 freshet but not during the 2016 summer.
This trigger was implemented in 2014 along with a recommendation to install a continuous water level
monitoring system. However, the trigger itself provides little value in this report. Rather, the water level should
be regularly and remotely monitored for signs of a potential blockage of flow, and particularly prior to visiting
the site to verify safe access.

Cracks in the soil were observed on the north side of the north log boom abutment at Hudgeon Lake outlet
during a site visit completed on June 21, 2016. Survey data indicates that the north log boom abutment has
moved 3.6 (£2.7) cm horizontally towards the lake and 12.2 (+3.7) cm up between 2014 and 2016. The south
log boom abutment has moved 6.2 (£2.7) cm towards the lake and 4.1 (+3.7) cm up in the same period. The
north log boom abutment exceeded Trigger HL-2, maximum vertical displacement of 10 cm.

Failure of the log boom abutments would be most likely to occur under heavy debris loads or during a large
flood event, and has the potential to damage the drop structures downstream by releasing large volumes of
water and/or debris. The observed horizontal movements of the abutments are relatively small and can be
largely attributed to overall movement of the waste rock dump, based on a comparison with nearby
monitoring pins. However, the vertical displacement of the north abutment, potentially caused by frost jacking
and/or the rotational failure of the waste dump, is of concern and will affect the capacity of the abutment to
hold the log booms in place.

No loss of riprap was observed around the abutments, so Trigger HL-3 was not exceeded.
5.2.1 Recommendations

Recommended changes to future monitoring and/or maintenance of Hudgeon Lake outlet and log boom
abutments are as follows:

= Trigger HL-1, maximum lake water surface of 412.0 masl, should be removed as it is not relevant to annual
reporting. Rather, lake levels should be monitored remotely and checked prior to entering the site, as is
current practice by AAM. Lake levels exceeding 412.0 masl may indicate either high flows or a blockage at
the lake outlet, both of which pose a risk to the safety of personnel on site.

= As per Trigger HL-2, the stability of the log boom abutments should be reassessed based on the observed
movements. Trigger HL-2 should be modified based on the results of the stability assessment to set a
maximum allowable movement from the baseline before maintenance is required. If required, the north
abutment should be stabilized before re-deploying the log booms.

= Trigger HL-3 should be revised to remove the >10% riprap loss from around the abutments. Action
should be triggered by “significant observed or potential erosion around the base of the abutments based
on visual inspection and review of survey data by a professional engineer.”
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5.3 Gabion Drop Structures

On June 21, 2016 Drop Structures 1 to 3 appeared in good condition, but with a significant amount of large
woody debris lodged in the gabion wire. There was no visual evidence of piping or erosion underneath the
gabion baskets or damage to the gabion mesh. The debris was cleared from the drop structures on
September 28, 2016.

On the DS4 ACB channel, centreline mats fourth through eighth from the top have experience some degree of
sliding or buckling. This occurred in late April, 2016 during peak freshet flows. The duckbill anchors now
appear to be engaged and securing the mats in place. Some erosion of the stabilized slope to the south of
DS4 was observed in September, 2016 and was likely caused by either the heavy rain recorded on August 6,
2016 or an issue with the runoff diversion ditch at the crest of the slope. The hazard associated with this
erosion is the subsequent deposition of eroded fines into Clinton Creek. A landslide was also observed in
September and likely occurred during or shortly after the heavy rain on August 6. The landslide does not
appear to have impacted the ACB channel.

Trigger DS-6, which identifies a reduction in drop structure cross-sectional area of 10% or more, was exceeded
for DS2, DS3 and DS4. This is primarily due to an apparent change in the channel depth since the baseline
survey in 2006. While the apparent reduction in cross-sectional area of the drop structures is concerning, they
are still able to pass design flows with adequate freeboard (trigger DS-2) and do not appear to have deformed
excessively since construction based on a comparison of surveys shown on Figures 1007 to 1010 in Appendix
1. Therefore, repairing the geometry of the drop structures is not required at this time.

Estimated freeboard for all drop structures was 1.0 m or greater during the estimated 25-year flood event.
Trigger DS-2, which currently requires a minimum freeboard of 0.3 m, is considered to be unconservative for
conditions where snow and ice accumulations are present during freshet reducing the effective channel
capacity. Snow and ice buildup were thought to have contributed to the 2009 freshet flood damage (R12,
AECOM 2010), in addition to a peak flow rate that likely exceeded the design flow of the drop structures, as
estimated by Stilwell (R29, 2009). A minimum freeboard of 0.6 m would be a more appropriate and
conservative value than 0.3 m for assessing the capacity of the existing drop structures with some snow and
ice present in the channel.

5.3.1 Recommendations

Recommended changes to future monitoring and/or maintenance of the four drop structures are as follows:

= Drop Structure 4 ACB mat channel should be repaired or maintained as early as possible to mitigate risk
of further damage during future high flow events.

= The runoff diversion ditch at the crest of the stabilized waste rock slope south of DS4 should be checked,
and if necessary regraded, to minimize erosion of the stabilized slope.

= To further reduce erosion of the DS4 stabilized slope, consider trackwalking the slope by running tracked
equipment (e.g bulldozer) up and down the slope and seeding native plant species. The slope should be
seeded shortly after snowmelt to maximize the growing season.

= Trees and other large vegetation or rocks in the landslide on the north side of DS4 should be removed
and disposed of elsewhere on site. Smaller debris and soil from the slide should be pushed to the toe of
the failed slope and lightly compacted to reduce erosion of the currently loose soil.

=  Trigger DS-6 should be removed as it is redundant with Trigger DS-2.
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= Trigger DS-2 should be modified to check for a minimum freeboard of 0.6 m during the design peak flow
rate of 29 m’/s. The current allowable freeboard of 0.3 m does not adequately account for potential snow
and ice build-up during freshet.

5.4 Clinton Creek

No triggers were exceeded for the Clinton Creek channel, which has shown little change since 2014.

Approximately 0.75 m of scour occurred between 2014 and 2016 along the outside of the channel bend near
the closed access road (Station 0+430 on Figure 1002, Appendix 1). This apparent increase in bend scour is
likely to result in increased erosion of the right bank (i.e., waste rock) at Station 0+430.

A number of landslide zones have been identified based on observations made during field inspections. These
slides were likely to have occurred during or shortly after heavy rainfall recorded on August 6, 2016. These
slides do not appear to be significantly impeding flow in the Clinton Creek channel.

54.1 Recommendations
Recommended changes to future monitoring and/or maintenance of Clinton Creek channel are as follows:

=  Continue to monitor changes to the Clinton Creek channel at Station 0+430 to identify if and when
mitigation measures may be required to manage erosion of the right bank (i.e., waste rock).

= Modify the baseline year of Clinton Creek to September, 2010 so that triggers reflect recent changes to
the creek channel, rather than the changes that occurred during the 2009 and 2010 flood events.

5.4.2 Additional Considerations

Landslide screening studies could be conducted along the northern slopes of the Clinton Creek channel to
prioritize locations for further investigation and risk assessment. This screening should include not only an
inventory of past and existing slope failures, but a classification of their mode of failure, activity, and potential
for complete blockage of the creek. Further investigation and risk assessment would then be carried out at
those sites identified with the highest rating in the screening studies as these sites may pose unacceptable
risk. Additional data collected as part of these investigations and analyses should include visual observations
such as slope angle, the presence of seepage, and evidence of slope deformation. Shallow hand and
mechanical auger holes should be completed to assess the thickness of colluvial soils.

For the benefit of ongoing monitoring, future efforts to expand the instrumentation network should focus on
sparsely instrumented areas of the slope which are interpreted to be a high risk.

5.5 Clinton Creek Waste Dump

The results of new monitoring data, in situ observations, and interpreted photographic and topographic
material have been combined with the information arising from an interpretation of historical reports on
construction sequence and site observations. The combined interpretation of all these data shows at least
three separate units, each with its own style of deformation can be distinguished. They generally correspond
with terrain classifications derived from a combination of monitoring patterns analysis and landform
recognition. These units show the following deformation patterns:

307071-01132-00-GT-REP-0001_R0.docx Advisian 49



Government of Yukon - Energy, Mine and Resources -
eian Assessment and Abandoned Mines \{Ik
Clinton Creek Long-Term Performance Monitoring Program °“
2016 Survey Results

Government

= Unit 1 shows movements that are occurring radially outward from the central upper portion of the dump.
= Unit 2 seems to be stable, with recorded displacement rates well within the accuracy of the survey.

= Unit 3, this zone is located to the north east of unit 2 and seems to be active today. However, there is no
monitoring on this portion of the waste pile; thus movement rates are unknown.

No significant change in movement behaviour has been observed at the waste rock pile since monitoring was
re-initiated in 2001, thus the waste dump, as a whole, is currently considered to be in a marginally stable
condition. Temporal variations in movement continue to be observed on the Upper Slope, which is believed to
be local and mostly influenced by infiltration. These variations may be related to precipitation and snowmelt.
The overall rate of movement of the waste rock pile is too small to raise concerns about overall slope stability.
However, movement monitoring should continue.

Interpretation of the differing deformation patterns of a large structure requires an understanding of how
failure mechanism differs between specific areas of the slope. At the waste rock pile, deformation rates are
higher at the upper slope, where surficial displacement mechanisms may be occurring. Recognition of these
secondary instabilities has implications for the interpretation of monitoring data for slope hazard
management. If the secondary surficial deformation rates are misinterpreted as being representative of global
behaviour, the entire waste rock pile might be perceived to be moving much more rapidly than it is.

5.5.1 Recommendations

There are no recommended changes to future monitoring and/or maintenance of the Clinton Creek waste
rock dump. Monitoring should continue in 2018 the same as in 2016 with new monitoring pins incorporated
into the full LTPMP survey program.

5.5.2 Additional Considerations

Landslide hazard assessment of critical structures (waste rock and tailings pile) is essential, and should be
continued. However, assessing landslide hazards over the entire area presents a number of logistical
challenges. A helicopter-based landslide hazard assessment could be carried out for the next bi-annual
monitoring event (2017). A landslide expert positioned at either side of the helicopter, would document
existing landslide hazards during flight. A small video camera would be mounted to the front of the helicopter
to collect high-resolution video imagery of select sections of the flight paths.

While helicopter visual inspections are necessary to compensate for lack of ground access, representative
ground checks must be made to confirm terrain conditions. Field-checking should concentrate on those
terrain areas identified prior from air photo interpretation or during reconnaissance flight. This
documentation, along with additional attributes identified from ground-based reconnaissance, should then be
used as the core information to complete the landslide hazard assessment.

Vertical aerial photographs of landslides taken with identifiable field reference points should also be used to
aid in the characterization of the type of movement patterns with time at both, the waste rock pile and the
tailings pile. Aerial stereo photography of landslides provide very detailed documentation and be useful for
moni