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June 5, 2002 File: 2520-160-04-02

Indian and Northern Affairs Canada
345 — 300 Main Street

Whitehorse, Yukon

Y1A 2B5

Attention: Mit. Brett Hartshorne

Reference ~ Abandoned Clmto 'Qrge Asgﬁ:stos Mine — Environmental Liability

sa’ft“xae ort summarizing the environmental liability associated
k Asbestos Mine, Yukon Territory. Since abandonment of the

ine in the Yukon Tertitory, concerns have been raised with respect to

the physical cor d1 i

-
pA .
P

dams created frofn unstable waste rock and tailings piles. In areas of significant relief such as the

of the site, in particular downstream hazards associated with landslide

mine site location, flooding from failures of channel blockages can be especially dangerous and
their occutrence can be unrelated to normal precipitation events that would be expected to
produce flooding conditions. Existing and future conditions at the abandoned Clinton Creek
Asbestos Mine potentially expose individuals, property and the environment to some degree of
risk associated with flooding, downstream sedimentation and transport of asbestos fibres.

For the purposes of this report, environmental liability is considered to be the cost associated
with the implementation of remedial measures to mitigate i) the risks associated with a
catastrophic breach of the waste rock and tailings piles and ii) the environmental concerns from
chronic erosion and redistribution of tailings and waste rock downstream of the mine site.
Based on the monitoting completed to date, the preferred remedial option to address the
landslide blockage at the Clinton Creek Waste Rock Dump is channel stabilization for which the
capital construction costs ate estimated to be in the range of $2,500,000 to $6,000,000 depending
on whether stabilization of the waste rock dump is also required. Given the possibility of
conditions worsening at the outlet before long term remedial measures are implemented, the
stabilization of the creek channel could be staged to allow the most immediate concern (the
condition of the outlet) to be addressed prior to construction of the wotks for the entire length
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of the channel. In this regard, the estimated construction costs to stabilize a 150m long section
of the channel immediately downstream of the Hudgeon lake outlet is in the order of $500,000.
Although this would be the desirable level of effort for the short-term repairs, construction of
the first two gabion drop structures, as a minimum, would significantly reduce the immediate
threat of a breach.

The estimated capital costs to mitigate the concerns associated with the tailings piles range from
$5,500,000 to stabilize the tailings and construct a stabilized creek channel to about $30,000,000
store natural creek drainage. It should be

to remove a sufficient amount of the tailings to,
repaits is not absolute. Any work undertaken
to stabilize the creek channel immedgfely stream of the Hudgeon lake outlet it is

!
-
-
.
-

Should you have#any=: %ti\o'ﬁ? or requite any additional information, please contact Ken
Skaftfeld, P.Eng. 3
Yours truly,

UMA ENGINEERING LTD.

L. Bielus, P.Eng., M.Sc.
ice President Manager, Manitoba
KS/dh Earth & Environmental
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ABANDONED CLINTON CREEK ASBESTOS MINE
Environmental Liability Report UMA Engineering Ltd

1 INTRODUCTION

This report summarizes the results of our assessment of the environmental liability associated
with the abandoned Clinton Creek Asbestos Mine, Yukon Territory. Significant environmental
and physical hazards associated with continued degradation of the Clinton Creek channel
through the waste rock dump and the Wolverine Creek channel through the tailings piles have
been identified (UMA 2000). Of particular concern is the chronic redistribution of asbestos
laden tailings and waste rock from the mine site into the downstream creek channel and
potential risks to human life and property downstream of the waste rock dump associated with a
sudden breach of the Hudgeon Lake outlet. In areas with significant relief, such as the Clinton
Creek valley, flooding from failures of channel blockages can be especially dangerous and

unrelated to precipitation events that

conditions.

}

n

—
e
-
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%:"m ntal liability is considered to be the cost associated

1333 133131313

For the purposes of this 5{%@ ertyi
i FTeetlial measutes to mitigate i) the risks associated with a

with the impleme n
catastrophic breacR\of thH¢ wste rock and tailings piles and ii) the environmental concerns from

il
;"ii §

i

chronic erosion an istribution of tailings and waste rock downstream of the mine site. This
report presents the functional design of remedial works to stabilize the Clinton Creek channel
and the conceptual design remedial measures to mitigate the hazards associated with the chronic
erosion and/or a breach of tailings along Wolverine Creek. The conceptual design of remedial
measures to mitigate the hazards associated with a breach of the waste rock dump was presented

previously (UMA, 2001).
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ABANDONED CLINTON CREEK ASBESTOS MINE
Environmental Liability Report UMA Engineering Ltd

2 HISTORICAL SUMMARY

The abandoned Clinton Creek Asbestos Mine is located about 100 km northwest of Dawson
City in the Yukon Territory, 9 km upstream of the confluence of Clinton Creek and the Forty
Mile River. The mine consists of three open pits (Porcupine, Creek and Snowshoe), two waste
rock dumps (Porcupine Creek and Clinton Creek) along the south side of Clinton Creek, and a
tallings prle on the west side of Wolverine Creek (Drawing 01). From 1968 until depletion of
economic reserves in 1978, the Cassiar Mining Corporation extracted approximately 12 million

tonnes of serpentine ore from the bedrock.

Over 60 million tonnes of waste rock from the op;

the Clinton Creek valley at what is teferrg(d;ﬁf

pits was deposited over the south slope of

e Clinton Creek waste rock dump. The ore

mill
E;,Cr‘é k. Over the same period of time, about 10 million

Wolverine Creek, a mbuta?éCh.ﬁ!to

the:

was transported by an aerial tramway t@. ocated on a ridge along the west side of

tonnes of asbestos ta1lmgs~

Wolverine Creek sglley
concerns have beed r 2

downstream hazards associated with channel blockages resulting from landslides of the Clinton

i g operation were deposited over the west slope of the

lvenne Creek tailings piles). Since closure of the asbestos mine,

g1l

ed with respect to the physical condition of the site, in particular

Creek waste rock dump and Wolverine Creek tailings piles.
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ABANDONED CLINTON CREEK ASBESTOS MINE
Environmental Liability Report UMA Engineering Ltd

3 CLINTON CREEK WASTE ROCK DUMP

Four remediation alternatives to mitigate the hazards associated with a breach of the waste rock
dump were presented in UMA’s Conceptual Design Report (UMA, 2001). These alternatives
and their estimated construction cost were valley restoration ($30M), conveying creek flow
around the waste rock dump via a tunnel ($20M), conveying creek flow over the waste rock
dump within 2 stabilized channel along the existing alignment ($7M) and conveying creek flow
via an altetnate alignment across the middle of the waste rock dump ($14M). Valley restoration
and tunnelling were not contingent on stabilizing the waste rock pile. Channel stabilization
included approximately 600,000 m® of waste rock excavation to achieve a stable geometry. It
was also pointed out however, that if continued
the waste rock were sufficiently small or {f(m’mfg
waste rock dump should be re-evall.}aéed.%__.__(

itoring confirmed that movement rates of

w —

- -
- -
- P
- P

21RE29
\]
L

y of theZludgeon Lake outlet were catried out in June 2001. Over the two-

were observed, or an average annual rate of 7cm. Over the same time period, the average rate of
vertical settlement appears to be in the order of 7 cm. The movements confitm previous
observations that waste rock pile movements are small (in compatison to movements priot to
1986) and are perhaps decreasing with time. The horizontal movements are summarized on
Figure 3-1. The movements can either be interpreted as small constant strain rates ot strain
rates that are decreasing with time, and as such are refetred to as cteep movements (as compared
with the large movements observed prior to 1986). There are no signs to indicate strain rates are
increasing, observations that would be expected if large movements of the waste rock were
imminent. These creep movements may continue at similar strain rates for many more years,
and may be susceptible (in the horizontal direction) to channel incising along the north edge of
the waste rock. A location plan of all the monitoting points and the survey benchmarks, and the

monitoring results for all the waste rock movement monitots are included in Appendix A.

L:\Earth & Water\Projects\2520 DIAND - Clinton Creek Asbesos Mine\2520-160-04-02\Reports\Final Report to INAC_B.doc
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Given the possibility of conditions worsening at the outlet before long term remedial measures
are implemented, the stabilization of the creek channel could be staged to allow the most
immediate concern (the condition of the outlet) to be addressed prior to construction of the
works for the entire length of the channel.  This strategy would allow mitigation of the
catastrophic breach potential but not the chronic erosion that would occur downstream of the
stabilized section. Ideally, the short term works could be incorporated into the overall channel
stabilization measures. Details of the channel stabilization works are summarized in the

following sections.

3.1 Condition of Existing Channel

The existing channel through the waste rock durnp,'
below the existing road near the middle of w; e rock dump. Side slopes on the waste rock

gg tical (1H:1V). The channel has cut is way
into the argillite bedrock from abou} ﬁ.Q m‘: ownstream of the outlet to the lower reaches of the
channel through the wasté.(dﬁ) Af ough most of the exposed bedrock within the channel has

some degree of Eveathie the transition between the heavily weathered bedrock and
underlying more 1n__ ct

upper heavily fractured unit is referred to as weathered bedtock and the material below as intact

approximately 800 m long and up to 18 m

-
-
"
-

are generally at or steeper than 1 horizo“ 1v

drock can be visually identified. For the purposes of this report, the

bedrock. The weathered material is sloped at approximately the same inclination of the natural
valley slope,.or about 1.5H:1V (Figure 3-3). The intact rock is nearly vertical. Although the
elevation of the contact between the weathered and intact rock has not been surveyed, it can be
estimated from photographs and field notes. An estimated profile of the intact bedrock surface

1s shown on Drawing 03.

A detailed survey of Hudgeon Lake outlet and the first 150 to 200 m of channel downstream of
the outlet was carried out in July 2001 to provide the necessary information for design of
stabilization measures for this area of the channel. Features picked up during the survey include
general topography, channel cross sections and the location of tension cracks and springs. The

results of the survey are superimposed on the aerial photo on Drawing 04.
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Clinton Creek Channel (View Downstream)

3.2 Channel Stabilization

3.2.1 Hydrology

Based on a regional hydrology study (UMA 2000), the 100- and 200-year maximum

instantaneous unit discharges can be estimated using Equations 3-1 and 3-2:

Equation 3-1: Qoo = 14701 X A3
Equation 3-2: Qoo = 1.7494 X A 03202

Where: q. = instantaneous unit discharge [m’/s per km’] for n-year return period and

A = drainage area [km?]
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ABANDONED CLINTON CREEK ASBESTOS MINE
Environmental Liability Report UMA Engineering Ltd

4 WOLVERINE CREEK TAILINGS PILE

The environmental and physical hazards associated with continued degradation of the Wolverine
Creek channel include the chronic redistribution of asbestos laden tailings and flooding from
failures of channel blockages (UMA 2000). A review of the historical information regarding
tailings pile movements and the conceptual design of remedial measures to mitigate these

hazards are discussed in-the following sections.

4.1 Historical Summary

Between 1968 and 1974, tailings were deposited on the upper portion of the west slope of the

Wolverine Creek valley (referred to as the so;th‘ obe). A failute of the south lobe in 1974

resulted in blockage of natural flow in Wol#rine §reek, backing up approximately nine metres
of water behind the landslide mategial (T € 4-1).21In the spring of 1974, a sudden breach of

the tailings occurred resultipgsin aé
Clinton Creek. Thge._.ero?g Zoili

downstream of th talhﬁ

od down Wolverine creek to the confluence with

>
s were deposited several metres deep in the creek valley

-y
-
P

e

Although the majority of the tailings are believed to have been

L

deposited upstreanigf’the access road, some of the finer material including asbestos fibres

entered the Clinton Creek channel where it was deposited possibly as far downstream as the
Forty Mile River.

Following failure of the south lobe, 2 9 metre deep channel was excavated across the toe of the
tailings to facilitate creek flow and a new tailings pile was established north of the failed mass
(north lobe). By 1977, the north lobe was showing signs of instability and during the last
months of mine operation the tailings were placed in the northwest comner of the north lobe.
Partial re-grading of the north and south lobes was undertaken in 1978 and 1979 in an
unsuccessful attempt at stabilizing the tailings. In 1978, channel stabilization measures were
constructed across the tailings immediately downstream of the south lobe. These measutes
consisted of a rock-lined channel and a series of rock weirs (Figure 4-2). To date, these

measures have performed well although some deterioration was noted during the 2001 site visit.
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ABANDONED CLINTON CREEK ASBESTOS MINE
Environmental Liability Report UMA Engineering Ltd

Figure 4-1
Failed South Lobe
(1976)

ROCK-LINED CHANNEL
AND WEIRS

Figure 4-2
Rock-Lined Channel and Weirs
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ABANDONED CLINTON CREEK ASBESTOS MINE
Environmental Liability Report UMA Engineering Ltd

Monitoring carried out from 1976 to 1986 confirmed that displacement rates were much larger
for the north lobe as compared to the south lobe due to the toe support provided by the tailings
at the bottom of the valley. In general, the displacements vatied along the length of the lobes
with the largest movements occurring at the toe and small displacements occurring near the top
of the slope. The north lobe reached the edge of Wolverine Creek in 1984 and by 1988, had
reached the opposite side of the valley and blocked Wolverine Creek, followed by a small breach
(Geo-Eng 1988).

4.2 Background Information

A considerable amount of information regarding the tailings pile is contained in reports and

drawings filed at INAC’s Whitehorse office. Infogmation was extracted telated to geotechnical

tailings pile instabilittes. In chron_glogf‘“_;_lgfder,z

summarized in the following ’s%doriF?‘:énnf dotal comments by the writer are provided in Italics.

issues, previous remedial strategies and ?;&6* nal information regarding the nature of the

levant information from these reports is

4

-

1111131

P
-
iy
>

IR

P
g ——

1974, % of water backed up behind and breached the tailings pile blocking

-

-~

* In the sprif :

Wolverine &re, / causing a flash flood down Wolverine Creek to the mouth of Clinton
Creek. The author implied that the flash flooding event was predicted in previous
reports when he stated “The tailings from the mill are not stable and will undoubtedly

continue to slump and block the valley.” (Bowie, 1974)

® To reduce the potential for another breach of the tailings pile (south lobe) a channel was
bulldozed across the toe region of the slide. Water impounded upstream of the tailings
was observed to be seeping through the tailings and/or the native foundation soils, and
was emerging in the form of springs at a locatdon slightly downstream of the
downstream limit of the tailings. The water was clear and did not appear to be carrying
suspended solids. Clinton Creek Mines indicated that tailings deposition would be
shifted northward away from the area where the failure occurred where the ground is
much flatter (approximately 8 degrees) above the 495.3m contour. (This feature is evident

on the atrphotos and the slope below this level is about 17 degrees). (Golder Brawner 1974)
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* Routine surveying of monitoring points on the surface of the tailings began in the fall of
1976. Large displacements of the north lobe were measured after 28 days. Much smaller
movements were observed in the failed portion of the south lobe. A 2 metre high pile of
native material was pushed up in front of the advancing north lobe and is still visible
today. Exposed native soil at the base of the pile slope suggested that the failure surface
is confined to unfrozen soil near the original ground surface. A recommendation was
made to stop placement of tailings on the northeast side of the tailings pile and to

continue monitoring the tailings pile monitors.

e A Site Rehabilitation and Abandonment Plga for the Yukon Territory Water Board was

prepared in 1977 (Hatdy, 1977). Th Hindpoints for this report were:
© Both the north and s“ uth. 1£ of the tailings pile show signs of instability.
Wolverine Cre( hgws ﬂgns of very active bank erosion and down cutting.

o Aerial ; .

direction (towatds the south lobe). In turn, additional toe suppott is provided by the
south lobe to the south edge of the north lobe.

I

ll"""

\J

aphy indicated that the north lobe is also moving in a downstream

o Surface characteristics of the unstable tailings pile suggest that the failure mode in
this area could be the result of failure within the active layer.

© The report indicates Cassiar Asbestos Corporation was planning to re-contour the
tailings pile to reduce the rate of down slope movement. The intention was to
unload the top of the pile by moving some of the tailings to the north and re-
depositing them on flatter slopes. It is not certain whether this work was carried out
or not. (Re-contouring was completed in 1978 and was not successful at reducing down slope

movernents over the long termi)
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ABANDONED CLINTON CREEK ASBESTOS MINE
Environmental Liability Report UMA Engineering Ltd

© Trimming about 6 metres of tailings off of the notth lobe in the area where greatest

movements have been measured.

* Hardy Associates completed a review of the tailings pile behaviour in 1980, after remedial
work recommended by Golder was completed. Report highlights are summarized as
follows:

© The overall dump configuration apparently produces an arching effect and allows
some degree of independent behaviour of the south and north lobes.

© Horizontal movement rates indicated a favourable effect of the re-contouring works
(completed in 1978) but the entire tailings pile was stll unstable. (The reduced horigontal

movement rates only lasted for about 1 year andthen increased).

B

© Seasonal changes of thermal ap 'ﬁ yndwater conditions appear to be the main

e
—

-
-

factors causing the seasonal V3 gyﬁn (inporizontal movement rates).

© More detailed mforrnau n*_on lide geometry, subgrade, groundwater and thermal

b m

conditions ma'%/rr:a&lfy‘ the 2bove conclusions that are based solely on available

e Comments from June 1981 site inspection report (Hardy, 1981)

© Fresh scarps and cracks in the south lobe indicate continuing and possibly
accelerating movements of key components of the south lobe.

© Numerous wide open cracks and almost vertical relatively high scarps exist
throughout the north lobe of the pile. The toe area of the north lobe is bulged and
the material apparently overrides the natural ground.

o Differences in movement rates of the monitoring points indicate that the north lobe
is not moving as a single mass but that individual lobe segments move somewhat
independently while interacting and influencing each other. (This behaviour shows signs
of a retrogressive failure).

© Visual inspection of the Wolverine Creek spillway system showed that most of the
weirs and embankment armouring are performing satisfactorily. However, the
outfall immediately downstream of the last weir is unprotected, retrogressive erosion

is occurring and the structural integrity of the last three weirs is poor.

LiEarth & Water\Projects\2520 DIAND - Clinton Creek Asbesos Mine\2520-160-04-02\Reports\Final Report to INAC_B.doc
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Recommendation made to install a tip-rap apron downstream of the last weir and to

rehabilitate any damaged weits.

¢ Comments from Review of Rehabilitation Measures Report (Hardy, 1984)

o Monitoring results from the north and south lobes indicate that the horizontal rate
of slope movement is about 1.5 to 1.9 times greater in the summer as compared to
the winter season.

o Five alternate reclamation schemes have been considered including:

— Use of a coarse rock drain to channel water flow through spoil dumps.

— Conveyance of Wolverine Creek around the tailings via a 1.8 m diameter

hydraulic tunnel. >

4
— Conveyance of Wolverine teek 1§(ough the tailings via one or more large

corrugated steel pipes until stabilize and then construct a permanent

-
-
ol - )
-
-
-

channel ov%ta thoss
# I 7 e
- Continued=: ‘m_tglif and maintenance program, recommended by Klohn

ol

Leanoff 1‘%:) as the most practical approach, would be to continue the

i+

— Dam at the toe of the south lobe to stabilize this portion of the tailings and a
rock-lined channel over the tailings to control the path of water. It was
recommended to construct a spillway and to install one or two corrugated steel

pipes extending through the dam to the armoured channel.

e Observations from June 1984 site inspection report (Klohn-Leonoff, 1984)

o The toe of the south lobe is considerably more cracked and upthrust than in 1983
and the creek channel between the toe of the tailings pile and the east slope of
Wolverine Creek valley is being squeezed by the tailings pile movements.

o The toe of the north lobe has entered the lake in the valley bottom and extends an
estimated 6m beyond the 1983 shoreline.

o The rock-lined channel constructed over the failed mass of the south tailings lobe

has continued to perform well. (Rock-lined channel was constructed in 1978).
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© Measurements taken during the 1984 site visit showed that the rock-lined channel
has a minimum bottom width of about 9m and an affective lined depth of about

1.2m. The riprap forming the energy-dissipating weirs and the channel lining

appears to have a mean diameter of about 0.9m.

® Comments from the Clinton Creek Mine Review Report on Waste Dump and Tailings Pile
Conditions (Hardy, 1985)

© The south lobe of the tailings pile continues to move downslope. The toe of the

south lobe is rising and gradually blocking the creek channel. This could possibly

result in forming a new channel (actgss the temporary blockage) outside of the

present rock-lined spillway. Th 6l

=
-
-~

tailings accelerating the igstab‘:'_' -

-
!
-

© The cutrent program o:}’ ‘Taspéytion and unspecified maintenance will not resolve

existing prob}é{s.,:) Hé{eve?, the monitoring data are extremely useful for the

e

'és;ﬁ@ courses of action. They confirm that large downhill

evaluatin 6
displacégneny¥’ are possible under present conditions with a low static factor of safety.
(Mom'tm';zg of the taslings pile was discontinued in 1986).

gl

. Comrhents from Clinton Creek Asbestos Mine Abandonment Plan (Klohn Leonoff,
1986)

O The toe of the north lobe reached the valley bottom in 1985 and, as further
movement occurs, it will begin to be buttressed against the opposite valley wall.
(Continual erosion of the tailings forming the west bank of the creek has reduced the potential for
buttressing).

© The channel conveying the stream past the toe of the south lobe has been squeezed
against the east valley wall by the advancing tailings pile. Some etosion at the toe
was evident in 1985. The stream appears to have the capacity to remove the tailings

at a sufficient rate to maintain the channel without major blockage.
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4.3 Condition of Existing Channel

A plan view of the existing tailings piles and Wolverine Creek profile are shown on Drawing 09.
Representative creek channel cross sections are illustrated on Drawing 10. As a result of the
channel blockages, the alignment and elevation of Wolverine Creek is now about 25 metres
further to the east and about 13 metres higher than it was naturally. This new alignment has

resulted in erosion of the east valley slope and the tailings that form the west bank of the creek
(Figure 4-3).

" TOE OF SOUTH

Figure 4-3
Erosion at Toe of South Lobe, View Downstream (1998)

Four beaver dams between the upstream side of the north lobe and the downstream side of the
south lobe are believed to have reduced channel velocities and erosion as evidenced by the
relatively flat channel gradient through this stretch. Immediately downstream of the last beaver
dam however, velocities increase significantly as the channel natrows and the gradient steepens.

Between the downstream beaver dam and the rock weirs, the channel has down-cut into the
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underlying weathered argillite bedrock resulting in slumping of the valley slope. Downstream of
the south lobe, flow appears to be contained within the original modified channel with no
significant erosion or down-cutting observed, and the rock lined channel and rock weirs remain

largely intact.

4.4 Geotechnical Properties

To facilitate development of 2 model to assess various temedial options, the geotechnical
properties of the tailings and foundation soils, the condition of permafrost and groundwater
(piezometric) conditions are required. These geotechnical properties must either be measured ot
assumed where insufficient information exists. In this regard, several geotechnical properties of

the tailings, overburden and weathered bedrock bave been previously researched, providing

some information with respect to shear str stt t{ iction angle) and unit weight of the material.

)

A drilling program undertaken by Gold s‘bcla?
permafrost although the conditiong '?,or

in 1978 provided limited information on

may not be representative of the current thermal

regime. There is no mfo?(
major straugraphle jre: scussed separately as follows.

-
P\
-
vy

groundwater (piezometric) levels. The properties of the

4.4.1 Tailings +#

The tailings are primarily sand and gravel sized serpentine bedrock particles with trace silt and
clay sized particles (Golder 1978 and R.M. Hardy 1977). A saturated unit weight of 21.2 kN/m’
was used in a slope stability analysis conducted by R.M. Hardy (1978). Peak friction angles of 45
degrees for an effective stress range of 0 to 140 kPa and 35 degrees for effective stresses greater
than 140 kPa were measured in direct shear testing (Golder, 1978). A peak friction angle of 46
degrees and a tesidual friction angle of 30 degree were also reported (R.M. Hardy, 1977). These
values generally agree with the measured angle of repose of 39 degrees measured at the crest of

the tailings pile (Golder Brawner 1974).

4.4.2 Overburden

The overburden soils within the Wolverine Creek valley are reported to be colluvium comprised

primarily of sand and silt with trace clay sized patticles (Golder 1978). Of five samples tested,
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three contained gravel sized patticles (12%, 20% and 30% gravel). Moisture contents of samples
taken in undisturbed areas (adjacent to the tailings) ranged from 28.2 to 40.6 percent with
cotresponding saturated unit weights of 17.8 kN/m’. Below the tailings pile however, moisture
contents ranged from 13.5 to 19.5 percent with saturated unit weights of 21.7 kN/ m’. These
results suggest that consolidation of the active layer and/or thaw-consolidation of the colluvium
beneath the tailings pile has taken place. A range of peak shear strengths of 27.5 to 32 degrees
and a residual shear strength of 23 degrees were measured in direct shear testing (Golder, 1978
and R.M. Hardy, 1977).

4.4.3 Bedrock

The mine site is located within the unglaciated Yukpn-Tanana Upland Region. Bedrock in the

to periglacial weathering and near-surface

e

area consists of black argillite that was ¢ #ex
Xp isjalso possible that thin bedding planes of

material is heavily fractured and Weathé ed It
graphitic material may exist in the‘l?edr (personal communication, Dr. N. Morgenstern).

Results from laboratory t( éom leted by Golder, 1978 indicate the weathered argillite has a

specific gravity oﬁ:
ranging from 5.2 t% 1’1,

weathered argillite ::omprised of gravel and sand sized particles. The peak friction angles
measured were 26 and 27 degrees (Golder, 1978).

- :_; welg‘ﬁts ranging from 22.8 to 24.5 kN/m’ and moisture contents

percent. Direct shear tests were also performed on two samples of

4.4.4 Permafrost

The mean annual temperature in the area of the mine is —2.5 degrees C, ranging on average from
15 degrees C in the summer to —32 degrees C during the winter. The area consists of wide
spread permafrost distribution up to 60 m thick (Golder, 1978). The thickness of the active
layer on the slope (below the tailings pile) is not known with certainty but it is unlikely to exceed
about 1 metre (Golder, 1978).

Eight test holes were drilled in May 1978 in and around the tailings pile at the locations shown
on Drawing 11. Logs for these test holes are attached in Appendix B. Five test holes were
drilled at locations away from the tailings pile to depths of 12 to 18 m. Frozen foundation

(colluvium) soils overlying frozen bedrock were encountered in these test holes. Of the three
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remaining test holes, two were drilled through the south lobe and one through the north lobe.
It does not appear that the tailings were frozen (the test hole logs are not clear in this regard).
The foundation soils at the south lobe were unfrozen to a depth of at least 6 m below the
tailings (which had been in place for an estimated 4 to 5 years). In contrast, the foundation
(colluvium) soils below the north lobe were frozen. These tailings had been in place for an

estimated 1 to 2 years at the time of drilling.

Thermistor strings were installed in the three test holes on the tailings (two on the south lobe
and one on the north lobe) and one string was installed about 60 m northwest of the tailings pile
(Drawing 11). Each thermistor string consisted of 9 thermistors spaced at 1.5 m intervals. For
each thermistor string, a temperature profile fo‘r' he last monitoring date (19-June-1978) is

onitoring results from each installation are
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Thermistor String TG (adjacent to tailings pile)

Thermistor stting T6 is located about 60 m northwest of the tailings pile. The monitoring
results indicate that the overburden soils are frozen to depths of at least 12 m. The relatively
warm temperatures 5 feet below ground surface indicate that the active layer could extend to 1.5
m in this area although additional monitoring would have been necessary to measure the active
layer thickness. In general, the ground temperatures decrease rapidly with depth to about -1.6
degrees C at 3 m below ground surface and then increase slightly to about —1.3 degrees C below

the 3 m depth. This data supports the observation of widespread permafrost.
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Figure 4-5
Temperature Profile for T6

Thermistor Strings T5 and T8 (South Lobe)

Thermistor strings T5 and T8 are located on the south lobe of the tailings pile at the crest and at
mid-slope, respectively. The thermistor strings were vertically positioned across the interface
between the tailings and overburden soils. Both the tailings and the overburden were observed

to be unfrozen. In thermistor T5, the uppermost point was about 0.5 degrees C cooler than the
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three points just below, possibly indicating a cool or frost front is advancing from ground
surface. The points in the overburden were typically between 0.2 and 0.5 degrees C indicating
some degradation of the permafrost had occutred. The temperatute profile in T8 decreases
gradually from 0.6 to —0.1 degrees C with depth. The temperature of the overburden material
appeats to be very close to 0 degrees C. The slightly cooler temperatures in the overburden may
be due to the thicker depth of tailings at this location (18 m). This is about twice the thickness

found at thermistor string T5.
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Figure 4-6
Temperature Profile for T5
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Thermistor T7 is located near the northern edge of the tailings pile. The data indicated that the
tailings and foundation soils were frozen with the coldest temperatutes (-1.6 degrees C) just
below the interface of the tailings and foundation soil. The temperatures of the foundation soils
appear to gradually increase from —1.5 degrees C at the interface to neatly O degrees
approximately 6 m below the tailings. It is possible that these tailings wete placed during the
winter season which would help to insulate the frozen overburden soils. This also might explain

the cooler temperatures of the tailings just above the overburden soils.
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Historical performance monitoring results have been reviewed to evaluate historical movement
trends and failure surface geometries. In 1976, two monitoring points were installed in each
lobe of the tailings pile. Approximately nineteen additional monitoring points were added to the
upper, lower and mid-slope zones on each lobe between 1977 and 1980. Tailings pile
movements were monitored from December 1976 until June 1986 after which no surveys have
been undertaken. Information on tailings pile movements, typically summarized as horizontal
movement rates between successive monitoring events, has been discussed in 2 number of
reports dating back to 1977. Unfortunately, there is insufficient information to generate plots of

cumulative tailings pile movements.

The minimum and maximum movement rates at the upper, lower and mid-slope monitoring
zones are shown in Table 4-1. As repozted in earlier studies, the movement rates for the south

lobe are about one order of magnitude less than those for the north lobe. This can be attributed
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to the fact that the south lobe had already failed and reached the bottom of the valley when the
monitoting program was initiated (1976). In contrast, the toe of the north lobe had not reached
the valley bottom at this point in time. The north lobe did not reach the valley bottom unti
1986, at which time deceleration of the tailings was noted (Klohn Leonoff 1987) as toe support
was developed. The movement rates in Table 4-1 also indicate that movement rates along the
north lobe decrease in the upslope direction, a behaviour indicative of a retrogressive failure
pattern. A similar pattern is evident on the south lobe except the lower and mid-slope appeat to
be moving at nearly the same rate. It is also worth noting that the minimum movement rates for
the mid and lower slope of the north lobe and the mid-slope of the south lobe occurred over the

first winter season after re-grading work (terracing) was undertaken in these areas during 1978.

?Iﬁﬁ‘;
Summary of Hon"”:p’_ al M

6@ yement Rates (1978 to 1986)
E =3 zl 1;”1}&1' Rate Minimum Rate

f MM‘:.;.: :;:t;gs.'f'y; Year Reported Metres/yr Year Reported
South Lobe ':':& ] ) 7
Upper slope ] 0.76 Aug 1981 0 Summer 1980
Mid-slope 6.6 June 1986 1.1 Summer 1978
Lower Slope 4.9 June 1986 0.65 June 1982
North Lobe
Upper slope 3.6 Sept 1983 0.02 June 1986
Mid-slope 24.2 Sept 1983 3.5 Winter 78/79
Lower Slope 33.5 June 1983 3.5 Winter 78/79

Although there has not been any monitoring of the tailings since 1986, annual inspections and
reconnaissance trips confirm that downslope movements of the north and south tailings lobes
continue to occut, possibly at rates in the order of 5 m per year. These movements are due, at

least in patt, to the continued erosion of tailings from the toe of the north and south lobes by
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Wolverine Creek. The tailings are eroded and transported downstream by Wolverine Creek
almost as quickly as the tailings lobes advance into the valley bottom. Although a comparison of
recent and historical aerial photography suggests there is little to no lateral spreading of the
tailings within the failed area, it is likely that some mounding of the tailings is occurring (personal

communication, M. Stepanek).

4.6 Tailings Pile Stability

4.6.1 Tailings Pile Failure

The failure mechanism associated with the initial slides may be unique to that event i.e. the

mechanism may be different than that associated with the existing movements. The difference

with the long-term equilibrium (steady st??vg

15

-t

IEdS reasonable to assume that the most critical time

-

after termination of mining activi

thy ;t
placed over the \:Egm;lpé:ifﬁ@ initial disturbance to the thermal regime occurred. This is
the time period when th rate of thaw might have been the fastest if ice-rich foundation soils
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period would have been 218 of development when tailings were being actively

11541 nuﬂ;

¥

AL

were present.

The tailings placed in the south lobe are repotted to have been moving downslope soon after
placement started (Golder, 1978) and that the failure occurred in a small draw on the valley side
slope. This draw is visible in 1951 aerial photography taken prior to mine development
(Drawing 12). Based on the results of the geotechnical investigation completed by Golder
Associates in 1978, permafrost likely existed in the valley slope prior to placement of the tailings.
The failure of both the south and north lobes is likely related to a combination of factots,
including a steep foundation (valley) slope and possibly a build-up of pore water pressures
within the active layer. When comparing the valley side slopes shown, it is apparent that the
upper portion of the valley slope beneath the north lobe is about 13 degrees compared to 18
degrees for the south lobe and lower portions of the north lobe (Drawing 13).
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In general terms, the tailings pile failures can be characterized as translational slides showing
signs of retrogtessive behaviour. The variable movements rates observed along the failure lobes
are also indicative of retrogressive failure. With minimal to no toe support at the leading edge of
the failure lobes, increased shear stresses within the natural soils due to the weight of the tailings
and increased porewater pressutes due to thawing permafrost, the shear strength of the
underlying soils was exceeded. The position of the failure surface is not precisely known but is
likely located within the overburden and/or weathered argillite layer, as evidenced by
ovetburden material pushed up in front of the advancing north and south lobes. It is unlikely
that the weak layer exists within the tailings. Slope movements may very well continue until
thete is sufficient resistance at the toe of the slide, the development of which is impeded by

continual toe erosion along Wolverine Creek.

4.6.2 Existing Stability

>
iy
——

To investigate the feasibility of 1 rcmz ¢

lobes using the slope stabif{ g& ate ackage SLOPE/w by Geo-Slope. Representative cross-
g pe st __t’Y,,‘__“ Ae packag y P P

sections of the ngfth am
information contaifed j;

———

:: uth Iobes for the stability models were developed using historical
pr;vious reports and the 1998 aerial photography and digital mapping
(Drawing 13). A back analysis was then carried out to determine the operating strengths and
piezometric conditions necessary to achieve a factor of safety (FS) equal to unity (FS=1), a value

representative of active failures.

The movement trends presented in Table 4-1 for the monitoring points located on the upper
slope indicate that relatively little movement of the tailings behind the main head scarps is
occurring. Hence, it was assumed that the failure surfaces do not extend any farther back into
the tailings than the obvious head scarps that have developed. The existing failure surface was
assumed to be approximately parallel with the original ground surface and within a weak layer at
a shallow depth in the foundation. A 3 m deep tension crack located at the head scarp was
assumed to be filled with water. Residual friction angles of shearing resistance were used for the
tailings, overburden and weathered argillite, based on the direct sheating results. The
piezometric level within the overburden and weathered argillite bedrock was modeled using the

pore water coefficient Ru, which is the ratio of pore water pressure to overburden pressure.
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Sensitivity analyses were subsequently catried out to determine the failure surface and the Ru
value necessary to provide a factor of safety near 1.0. The resulting failure surface geometry and

associated parameters are shown in Figures 4-8 and 4-9.
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The analysis indicajesz#hat a combination of residual shear strengths and high pore-water
pressutes in the overburden material ate required to achieve a FS of unity. This observation
provides further evidence that unique geological conditions, in particular a shallow weak layer
within the overburden, the slope of the valley and lack of toe support are responsible for
continued movement of the tailings pile. Almost certainly, disturbance of the thermal regime, in
particular thawing of the permafrost resulting from the placement of tailings over the valley
slope has been a contributing factor. Although detailed knowledge of the changes to the

thermal regime that occurred during and following active placement of tailings is not known, it is

possible that the thermal regime has still not reached a state of equilibrium.

Given the limited site-specific geological information, there is considerable uncertainty in the
absolute values calculated from the back analysis. The model is however, considered sufficient
to comment on and assess the relative improvement available through remedial options for the
purposes of comparing remediation alternatives (stabilization) and selecting a preferred long

term strategy for the same.
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Remediation alternatives must accommodate the on-going movements or include measures to

stabilize the tailings. Remedial strategies broadly fall into one of three categories:

1) Remove a sufficient volume of tailings from the valley and valley side slopes to
completely drain the water impounded by the tailings and restore natural creek
drainage,

1) Continue to convey water over the stabilized tailings or,

iif) Convey water around the tailings.

Each of these alternatives requires that the tailings be handled with earth moving equipment
resulting in air-borne (fugitive) asbestos dust particles. These effects are expected to be confined
to the construction period and for a short time after. A protective crust layer has formed over

the tailings pile since mine closure that minimizes the potential for wind and run-off erosion of
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asbestos particles. It is expected that this crust would redevelop following construction of the

remedial measures. Each alternative is discussed in the following sections.

4.7.1 Valley restoration

Of the options considered, removal of the tailings blocking the valley is the only alternative that
restores natural creek drainage through the Wolverine Creek valley. Restoring of the valley and
the associated natural drainage has the benefit of reducing or eliminating the risk associated with
a breach of the tailings by the impounded water and the concern of chronic downstream
sedimentation of tailings. Drainage of the impounded water could largely be completed using
pumps and/or siphons prior to removing tailings from the valley bottom. Removal of tailings

from the side slopes of the valley would have tostart at the upper slope and proceed in 2

downslope direction to prevent the de‘:}pm’e" of slope instabilities. Based on previous
bili

monitoring and results from the slope § anglysis, it is anticipated that a portion of the

tailings at the top of the valley will n%)t'gg:q: e excavation as they can be stabilized by re-grading.
sla
Based on existing fc\) 110ns approxlmately 4,000,000 m’ of tailings would have to be

excavated to achie¥

*/"‘\

ble geometry. The excavated material could be disposed of in the
open pits on the south side of Clinton creek. An additional 1 ,000,000 m® of re-grading would be
necessary to achieve stability of the tailings in the upper slope area. The area of excavated
tailings and the final geometry of the tailings pile and Wolverine Valley is shown on Drawing 14.

The estimated capital costs for valley restoration are summarized in Table 4-2.
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Valley Restoration- Cost Estimate

Table 4-2

Description Unit Approximate | Unit Price Amount
Quantity
Mobilization & Demobilization | Lump Sum 1 $500,000 $500,000
Dewatering Lump Sum 1 $250,000 $250,000
Restore & maintain haul road Lump Sum 1 $200,000 $200,000
Excavate & haul to open pit Cubic 4,000,000 $5 | $20,000,000
Metre
Re-grading upper slope Cubic $1 $1,000,000
Metre _ *
Upgrade outlet under main road _Lumpi{ ‘ $100,000 $100,000
Subtotal o~ ...}% $22,050,000
30% Contingency LA $7,350,000
$29,400,000

Total Estimated%s\t ’—;) "%

4.7.2 Convey Water Over Tailings Pile

The long term success of conveying water over the tailings in the bottom of Wolverine Creek
valley is contingent on stabilizing the tailings piles. Once the tailings have been stabilized, water
could be conveyed over the tailings in a channel that has been stabilized to minimize erosion.
Conveyance of water through culverts buried in the tailings is not considered practical given the
potential settlement and hotizontal creep movements of the tailings and the potential for failure

and/or blockages of the culvert.

4.7.2.1 Stabilization of Tailings Piles

Design Objective
Stabilization measures are typically designed with an objective to achieve a factor of safety (FS)

that reflects the level of confidence in the interpretation of site and geological conditions and the
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consequences of continued movement or a slope failure. Although a high degree of uncertainty
exists with respect to the site and geological conditions, a minimum factor of safety of 1.25 has
been used as the design objective for the conceptual design and cost estimating of remedial
measures. The use of this FS for final design is contingent on collecting additional information
on soil properties, permafrost and piezometric levels would be obtained through more detailed
site investigations. If this additional information is not obtained, a FS of 1.50 should be used for
final design of remedial measures. It should be recognized however, that the incremental
increase in capital costs associated with higher factors of safety could easily offset the cost of any
additional site investigations ie. construction costs could conceivably double if a FS of 1.50 is

required.

Stability Analysis N
Slope stability analyses were carned out fg dgts
would achieve a minimum overall Sf:,of ‘igj: In general, this would be accomplished by re-
grading the tailings to off& oad.;zn al (" educed driving forces) from the upper portion of the

a revised geometry of the tailings pile that

.- P

the {6e (increased resisting forces). Two options were considered;

slope and adding sifater

the first option as(gn\e 'that the entire tailings pile is unstable and has to be re-graded. The
second option ass Zes that the tailings near the top of the valley (the area upslope of the main
head scarps) can be stabilized independent of the areas of the tailings pile that are most actively
moving downslope. In both options the creek channel is located across the toe of the tailings.
For both options, the slope of the tailings was progressively flattened and the elevation of the
tailings at the toe increased until the design objective was met. The necessary elevation of the
tailings is 422.0 and 415.0 m for Option A and B respectively, or approximately 12 and 5 m
above the existing tailings surface at the toe of the slope. Cross sections through the notth and

south lobes for each option are shown in plan and section on Drawings 15 (Option A) and 16
(Option B).

For both options, the re-grading plan includes in-filling the ponded areas between the north and
south lobes (to the same final elevation as the north and south lobes) and upstream of the north

lobe (to approximately the same elevation as the existing water surface). Filling these areas will
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reduce the volume of water impounded after re-grading the tailings and decease the potential for

a breach by increasing the length of the channel across the tailings.

Construction Considerations

The cut volume for Option A is approximately 2,700,000m’ of which approximately
2,250,000m’ would be used to re-grade the lower slope of the tailings lobes and fill the existing
Wolverine Creek channel. The remainder (450,000 m®) could be placed over the former mill
site. The cut volume for Option B is approximately 2,600,000m>, of which approximately
860,000 m’ would be used to re-grade the lower slope of the tailings lobes and fill the existing
Wolverine Creek channel. The remainder 1,740,000 m® could be placed over the former mill

site.

Depending on the time of year when coé{ 1
discharge from Wolverine Creek. Ehfs:cotd be accomplished by drawing down the impounded

water level prior to constt@q) ax; 70;?ﬂhng in the existing channel through the tailings and

allowing water lev to e: pstte‘irn of the tailings for the construction petiod. Draw down of

the impounded wa~r bgtween the north and south lobes and upstream of the north lobe may

result in some loca z;d instabilities at the toe of the natural valley side slopes. Assuming an
average reservoir dischatge of about 0.25 m’/sec during the summer, a reservoir volume up to
659,000 m’ and a pumping capacity of 75 m®/min, approximately one week to 10 days would be
required to pump the impounded water past the tailings. After pumping at this rate is
discontinued, it would take about one month for water levels to recover to the pre-pumping

level. Conversely, the impounded water levels could probably be maintained by pumping if the

existing channel was filled in with tailings.

4.7.2.2 Stabilization of Channel

The tailings are easily eroded and it will be necessary to stabilize the channel across the toe of
the re-graded tailings. Where the channel flows over the north and south lobes, channel
stabilization works should be compatible with any movements that may occur following
regrading. In this regard, channel stabilization across the north and south lobes can be achieved

using a relatively flat grade and lining the channel with a non-woven geotexile covered with
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granular material large enough to resist erosion. The proposed channel profile for Option B is
shown on Drawing 17. Rigid structures such as concrete linings should be avoided due to the
tisk of cracking and subsequent failure. A transition between the new channel across the tailings
and the existing rock-lined channel will be requited to ensure the water stays within the
stabilized channel. This transition could be accomplished using cobbles and cobble filled gabion
drop structures.  Final determination of the drop structure profile between the rock-lined
channel and the re-graded tailings would be deferred until detailed design.

Since the existing rock-lined channel and rock weirs downstream of the north lobe have
petformed reasonably well it is desirable to leave them in place. To reduce the erosion potential

of the tailings adjacent to the rock-lined channel i is recommended that this area be graded

towards the rock-lined channel and that ?mﬁﬁ y along the outer edges of the tailings be

filled to blend in with the natural valley ':_o . P‘f‘@ ement of rocks across the tailings in a V’

-~ von

pattern pointing downslope will h':%l‘ﬁ;&dé_ t surface runoff to the rock-lined to channel and

minimize the developmer@_@siéfy chfhinels in the tailings adjacent to the lined channel. The

Sp——

-

presence of vegetgflon=alGi the rock lined portion of the channel suggests that it may be

possible to establis?f_x_ vegs at?on in the tailings adjacent to the rock-lined channel if moisture can
be preserved to su:;):)rt plant growth (Figure 4-10). Since the establishment of vegetation
would help to provide long-term stabilization of the tailings, growth could be encouraged by
spreading orgém'c matter such as wood chips, mulch or coniferous trees over the tailings in this
area. Rehabilitation of the channel outlet at the confluence with Clinton Creek should also be
considered to prevent future overtopping of the road and erosion at the downstream end of the

culvetts.
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N sy

. ki _ :
(/,.é.‘:_:‘ EI Figure 4-10

: \:gg:téfion Along Rock-Lined Channel

The estimated capital costs for stabilization of the tailings piles and channel are summarized in
Table 4-3 (Option 1) and 4-4 (Option 2).
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Table 4-3
Cost Estimate For Option 1
Approximate
Description Unit Unit Price Amount
Quantity
Mobilization &
Lump Sum 1 $500,000 $500,000
Demobilization
Dewatering Lump Sum 1 $250,000 $250,000
Re-grading Cubic Metre 2,700,000 $1 $2,700,000
Channel Excavation Cubic Metre 45,000 $3 $135,000
Channel Erosion
_ Lump Sum $225,000 $225,000
Protection
Drop Structures Lump Sum $250,000 $250,000
Rehabilitate Rock-Lined
$100,000 $100,000
Channel
Upgrade outfall at main 3,
= $100,000 $100,000
road '23( E
Subtotal EY $4,260,000
30% Contingency $1,420,000
Total Estimated Cost $5,680,000
Table 4-4
Cost Estimate For Option 2
Approximate
Description Unit Unit Price Amount
Quantity
Mobilization &
Lump Sum 1 $500,000 $500,000
Demobilization
Dewatering Lump Sum 1 $250,000 $250,000
Re-grading Cubic Metre 2,600,000 $1 $2,600,000
Channel Excavation Cubic Metre 45,000 $3 $135,000
Channel Erosion Lump Sum 1 $225,000 $225,000
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Approximate
Description Unit Unit Price Amount
Quantity

Protection
Drop Structures Lump Sum 1 $250,000 $250,000
Rehabilitate Rock-Lined

Lump Sum 1 $100,000 $100,000
Channel
Upgtade outfall at main

Lump Sum 1 $100,000 $100,000
road
Subtotal $4,160,000
30% Contingency $1,385,000

Total Estimated Cost $5,545,000

4.7.3 Convey Wat tz:@’f:;}m

The conveyance Arough a concrete lined tunnel or directionally drilled, steel or PVC

lined tunnel cons

the tunnel would likely be located upstream of the north lobe on the east side of the valley. The
outlet would be located in the Wolverine creek valley near the down stream limit of the rock-
lined channel (Drawing 18). The total distance for this alignment is approximately 700m. It
would be necessaty to partially infill the valley at the toe of the tailings pile to approximately
Elevation 412 m to construct an emergency ovetflow channel in the event the tunnel entrance is

blocked.

A tunnel diameter on the order of 2.0 m would be required to convey the estimated 200-year
flood (17 m*/s) (UMA 2000). The full supply level (FSL) would be set around elevation 405m
(approximately the curtent impounded water elevation) and the crown of the tunnel would be
placed at the same level. The proposed FSL will provide a live storage of 5 m between the
overflow crest at the tunnel inlet and the outflow level of the overflow channel across the
tailings to generate sufficient head for the tunnel flow. To allow isolation of the tunnel for

inspection and maintenance, a low-head sluice gate would be installed at the inlet. Once

L:\Earth & Water\Projects\2520 DIAND - Clinton Creek Asbesos Mine\2520-160-04-02\Reports\Final Report to INAC_B.doc

43




ABANDONED CLINTON CREEK ASBESTOS MINE

Environmental Liability Report UMA Engineering Ltd

completed, flow would be diverted into the tunnel. Permanent access to the inlet of the tunnel
for future cleaning and maintenance would be difficult due to the steep valley slopes and ice-rich

permafrost on the valley slopes.

The estimated costs of tunnelling (based on a conventional concrete lined tunnel) are

summatized in Table 4-5.

Table 4-5
Conveyance of Water Around Tailings — Cost Estimate
Approximate
Description Unit Unit Price Amount
Q},l,antity
Mobilization & 4 3
' Lump Sum _z» =1 $500,000 $500,000
Demobilization T 3
Dewatering 1 $250,000 $250,000
Permanent Access Road t
1 $250,000 $250,000
Inlet
Tunneling 700 $6,000 $4,200,000
Inlet and Outlet Structures 1 $2,000,000 $2,000,000
Fill In Existing Channel Cubic Metre 50,000 $3 $150,000
Overflow Channel _
' Cubic Metre 45,000 $3 $135,000
Excavation
Channel Stabilization Lump Sum 1 $225,000 $225,000
Gabion Drop Structutes Lump Sum 1 $100,000 $100,000
Upgrade Outfall at Main
Lump Sum 1 $100,000 $100,000
Road
Subtotal $7,910,000
30% Contingency $2,640,000
Total Estimated Cost $10,550,000
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5 CONCLUSIONS AND RECOMMENDATIONS

Monitoring in June 2001 confirms previous (1999) observations by UMA that the waste rock
pile movements are small (approximately 7 cm/year) and likely decreasing with time. To
accommodate the observed movements, stabilization of the channel using gabion drop
structures to flatten the channel grade is recommended to mitigate the potential of a catastrophic
breach of the landslide blockage at the outlet of Hudgeon Lake and the chronic downstream re-
distribution of material eroded from the waste rock dump as it advances into the Clinton Creek
channel. It is possible that the channel infilling and prevention of further toe erosion will
provide sufficient improvement in slope stability to further reduce waste rock dump movements
and possibly eliminate the requirement for waste rock regrading. The estimated cost to
$2,500,000 to $3,000,000. If waste rock
cc?g_ is in the order of $6,000,000 (including

complete channel stabilization is in the ranges

stabilization is required, the estimated {(ﬂ{

- -
P >
-

channel stabilization). "“:..

-]
-
< -l
g - P
- el wt gl -
P - — —
- »; - ' d
- ~ -
! P -
- - -
e - .

Giﬁfms wvorsening at the outlet before long term remedial measures
b

Given the possibi

are implemented, 3

-
-
-

tmmediate concern *

ilization of the creek channel could be staged to allow the most
condition of the outlet) to be addressed prior to construction of the
works for the entire length of the channel. This strategy would address the most immediate
concern regarding the potential of a catastrophic breach of the waste rock plug at the lake outlet.
Erosion of the waste rock will continue to occur however, downstream of the stabilized section.
Ideally, the short term works could be incorporated into the overall channel stabilization
measures. The estimated construction costs to stabilize a 150m long section of the channel

immediately downstteam of the Hudgeon lake outlet is in the order of $500,000.

Stability analysis of the tailings pile indicates a shallow weak layer within the overburden and
continued toe erosion are responsible for continued movement of the tailings pile. The loss of
strength may be related to a number of geological conditions unique to the site including ice
content, soil type and the relationship between the rate of thawing and dissipation of excess
pore-watet pressures. It is likely that disturbance to the thermal regime, including thawing of

permafrost beneath the tailings, has resulted from placement of tailings over the valley slope.
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Several remediation alternatives were considered to mitigate the existing hazards associated with
on-going erosion of the tailings and a breach of the tailings should Wolverine Creek become

completely blocked. Remedial strategies broadly fall into one of three categories:
1) Remove a sufficient volume of tailings from Wolverine Valley to completely drain the
impounded water and restore natural creek drainage.
i) Convey water over the tailings via a new stabilized channel.
iif) Convey water around the tailings via a tunnel.
Significant capital costs are associated with these;fptions, ranging from about $5,500,000 to

stabilize the tailings and construct a stabi?g& &&k channel to about $30,000,000 to remove a
sufficient amount of the tailings to rest&ifamral“ reek drainage. It must be recognized that

111

§

51

these options have been evaluated:

" o
o) ~

i cofitept only. Should the implementation of remedial

measures be considered;‘;_@; off cofnpleted to date and available information is only
considered sufficiefff tos
alternative, a feasibility

—.

[eCt a*;:f’c;ferred alternative. Upon the selection of the remedial repair

s

%

the technical feasibilffy of the preferred option and refine construction cost estimates. The level

of detailed field investigations required will depend on the selected alternative.

It is recommended that the waste rock monitoring program established in 1999 be extended to
confirm waste rock movements to determine if stabilization of the waste rock dump is
necessary. Consideration should also be given to include the monitoting of targets on the
tailings piles to establish current movement rates.  Should you have any questions or require

any additional information, please contact the undersigned.
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Respectfully Submitted,
UMA Engineering

Ken Skaftfeld, P.Eng.
Senior Geotechnical Engineer,

Earth and Environmental
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Client: DIAND l
Project: Clinton Creek Asbestos Mine
Job No.: 4440-038-02-02
Date: 9-Jul-01
Waste Dump Stability - Monitoring Point #20A '
Notes: Assume all elevations represent top of monitoring point, not ground surface.
June 2001 survey) monitor point elevation = ground elev + monitor rod ht.
. interpolated values"
M ring | Northing Easting |Elevation Time Horizontal Movement Vertical Movement '
.....Date Total  lincremental] total _lincremental rate total __lincrementall ae
(feet) (feet) (feet) (days) | (days) (feet) (feet) (feetiyear) { (feet) (feet) (feet/ year)
110,693.60 | 106,806.55 [} 0 9 0 0
110,694.25 | 106,806.90 350 35.0 0.74 074 7.699
110,694.73 | 106,807.18 62.0 7.0 29 056 7.512 0.22
110,695.20 | 106,807.35 920 30.0 .79 0.50 081
110,695.65 | 108,807.53 119.0 7.0 2.27 0.48 .562
110,696.30 | 106,807.95 167.0 48.0 3.04 0.77 .885
110,696.55 | 106,808.17 181.0 14.0 3.37 0.33 .682
110,697.50 { 106,808.63 231.0 56.0 4.42 1.06 -880
110,754.7 0 0 4]
110,755.5 63.0 63.0 0.97
110,756.6 153.0 90.0 2.27
110,756.94 189.0 36.0 .64 .
. 110,757.02 200.0 0 .76
27-Jul-78 | 110,757.49 251.0 51.0 .16
.22-Sep-78 | 110,758.27 308.0 57.0 4.17
19-Oct-78 | 110,758. 335.0 27.0 4.45
110,759. 440.0 105.0 .66
110,760.36 520.0 80.0 .58
0,760.55 544.0 24.0 77
0,761.02 577.0 33.0 7.27
0,761.41 621.0 440 7.73
0,761.94 658.0 37.0 8.35
110,762.35 722.0 .79
110,763.73 868.0 0.38
110,764.20 918.0 082
0,764.65 972.0 141
0,768.70 1366.0 5.93 0.8
0,769.80 1670.0. .08 0,34
0,772.18 2029.0, 9.67 -0.66
0,772.00 2130 ] 1 9.51 -0.26
110,773.22 400.0 | 265, 20.79 -1.04
15-Jul-86 | 110,775.69 1.0 | 7614 2352 -0.59
17-Jul-99 ] 110,776.00 7911.0 | 47500 | 24.45 3.73
19-Jun-01 | 110,776.44 8614.0 703.0 25.11 0.16 '
20 & 20A Combined
0.1 0.0 0.00 .00 .000
35.0 35.0 0.74 .74 7.699
62.0 7.0 29 .56 7.510 -0.22 -1.3
92.0 30. 79 0.50 024
119.0 7. 2.27 0.48 . 534
167.0 48.0 .04 .77 .849
181.0 14.0 3.37 0.32 451
237.0 56.0 4.42 1.05 .873 1
390
4220 63.0 5.39
512.0 90.0 6.69
548.0 36.0 7.08
559.0 1 7.18
610.0 1, 7.58
667.0 7.0 8.59
694.0 7.0 8.87
799.0 105.0 10.08
879.0 80,0 1.00
903.0 24.0 1.19
936.0 33.0 1.69
980.0 44.0 2.15
1017.0 37.0 2.77
1081.0 64.0 321
4-Apr-80 1227.0 146.0 14.80
.24-May-80 217.0 50.0 15.34
17-Jul-80 . 1473.76 331.0 54.0 15.83
JAS-AuQ-81 L i inmnnneniining s 37296 11 17250123940 1:-20.35 08 LT .
:15~un-82 il i 1147262 | 02029.0.1-304.0 [ 21,50 20340k 040
.9-Jun-83 1471.96 | 2388.0 | 359, 24,06 -0.66 0.7
.23-5ep 83 14717 | 2494.0 ] 1060 23.93 -0.26 0.9
14-Jun-84 1470.66 | 2759.0 265.0 25. -1.04 +1.4
15-Jul-86 1470.07 { 3520.0 761.0 27.94 -0.59 .3
17-Jul-99 1466.34 | 8270.0 4750.0 28.87 -3.73 0.3
19-Jun-01 1466.5 8973.0 703.0 29.5 0.16 0.1
File: monitoring data #20A.xIs Tab: Monument #20A Date: §/30/2002 .
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Client:
Project:
Job No.:
Date:

~interpotated

DIAND

Clinton Creek Asbestos Mine
4440-038-02-02

9-Jul-01

Waste Dump Stabllity - Monitoring Points #21 & 21A
Notes: Assume all elevations represent top of monitoring point, not ground surface.

June 2001 survey) monitor point elevation = ground elev + monitor rod ht.

‘using siirvey and rates of movement

Monitoring | Northing Easting |Elevation Time Hor I M Vertical Movement
...... Date, Total  {incrementall _ total incremental] __ rate total _lincrementall  rate |
(feet) (feet) (teet) {days) (days) (teet) (feet) (feet /yean) | (feet) (feet) (feet / year,
Monitor Point #20
24-Nov-76 | 110,816.15 | 106,383.25 1] 0 0 0 1]
.29-Dec-76 | 110,816.86 | 106,383. 51 35.0 35.0 0.76 0.76 7.885
..25Jan-77 | 110,817.46 | 106,383,68 62.0 27.0 1.38 0.62 8.430 0.45
24-Feb-77 | 110,818.06 | 106,383.76 920 30.0 1.98 0.61 7.365
.23-Mar-77 | 110,818.69 | 106,383.97 119.0 27.0 2.64 0.66 8.977
..10-May-77 | 110,819.48 | 106,384.26 167.0 48.0 3.48 0.84 6,399
.24-May-77 | 110,819.66 | 106,384.23 181.0 14.0 3.64 0.18 4.758
3Jun-77 | 110,820, 02 17106,384.73 191.0 10.0 4.14 0.62 22.488
19-Ju-77 | 110,820.73 | 106,384.68 237.0 46.0 4.80 0.71 5.648
Monitor Point #20 A
18-Nov-77| 110,819.65 | 106,346.63 0 (] 0 0 0
110,820.78 | 106,346.36 63.0 63.0 3.16 1.16 6.731
106,346.59 153.0 90.0 2.47 1.36 5.514
322.65 | 106,346.55 189.0 36.0 2.90 0.47 4.379
110,822.71 | 106,346.47 200 0 11.0 3.06 0.1 5.936
110,823.57 | 106,346.55 251 0 §1.0 3.92 0.86 6.181
110,824.35 | 106,346.49 308.0 0.78 5,
110,824.60 | 106,346.51 335.0 .25 3.
110,825.95 | 106,346.43 440.0
110,826.78 | 106,346.51 520.0
16-May -79].110,827.18 | 106,346.60 544.0
18-Jun-79| 110,827.56 | 106,346.56 577.0
1-Aug-79] 110,828.04 | 106,346.63 621.0
7-Sep-79] 110,828.63 | 106,346.68 658.0
10-Nov-79 106,346.69 722.0
11083075 106,346.79 868.0
110,831.15 | 106,346.79 918.0
110,831.65 | 106,346.79 |..1478.79] 972.0
110,835.13.1:106,346.73 |- 1477.77| 11366.0;
1.110,837.30 | 106,346.71 1 1477.09] -1670.0.-
110,839.58 | 106,346.72 | 1,476.17]  2029.0
110,839.78 | 106,346.64 | 1476.17| 2135.0
110,840.87 | 106,346.41 | 1475.15] 2400.0
110,843.70 | 106,346.38 | 1.474. 25 3161.0
110,845.21 | 106,345.62 | .1,468. 40| "7910.0
110,845.83 | 106,345.81 | 1,468.55] 8614.0
Monitoring Points 21 & 21A combined
0.0 0.0 0.00 0.00 0.00 0 0 0
35.0 35.0 0.76 0.76 7.885
62.0 27.0 1.38 0.62 8.417
920 30.0 1.98 0.60 1.277
119.0 27.0 2.64 0.66 8.965
167.0 48.0 3.48 0.84 6,385
181.0 14.0 3.64 0.16 4.287
191.0 10.0 4.14 0.50 18.217
237.0 46.0 4.80 0.65 5.195
359.0 122.0
420 63.0 5.96 1,16, 6.731
512.0 90.0 7.27 1.31 5.307
548.0 36.0 7.70 0.43 4.368
559. 11.0 7.86 0.16 5.411
610.0 51.0 8.72 0.86 6.131
667.0 57.0 9.50 0.78 5,003
19—Oct-78 694.0 27.0 9.75 0.25 3.1
799.0 105.0 11.10 1.35 4.699
879.0 80.0 11.93 0.83 3.777
903.0 24.0 12.33 0.40 6.069
936.0 33.0 12.71 0.38 4.206
980.0 44.0 13.19 0.48 3.979
1017.0 37.0 13.78 0.59 .822
1081.0 . 14.40 0.62 .536
1227.0 15.90 1.50 752
1277.0 16.30 0.40 .920,
- 1478.79| _1331.0 X 16.80 0.50 379
1472.77|. :1725.0 . |.-:.394.0, .20.28 |'. . 348 223 Lo ey, 0R] i -0.94)
1477.09| - 2029.0. |::::304.0 :22.45 AT | 2:608 ....-0.68 -0.82]
1,476.17] 23880 359.0 24.73 2.28 2.318 -0.92 -0.94
23-Sep-83 1,476.17| 2494.0 106.0 24.93 0.20 0.688 0.00 0.00|
14-Jun-84 1,475.15]  2759.0 2650 26.02 1.09 1.503 <1.02 ~1.40
15-Jul-86 1,474.25] 3520.0 761.0 28.85 2.83 1.357 -0.90/ -0.43
16-Jul-99 1,468.40|  8269.0 4749.0 30.38 1.53 0.117 -5.85 -0.45
19-Jun-01 1,468.55| 8973.0 704.0 30.99 0.61 0.318 0.15 0.081

Fite: monitoring data #21A.xis Tab: Monument #21A

Date: §/30/2002
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Client: DIAND

Project: Clinton Creek Asbestos Mine
Job No.: 4440-038-02-02

Date: 9-Jul-01

Waste Dump Stabllity - MonRoring Polnts #22 & 22A
Notes: Assume all elevations represent top of monitoring point, not ground surface.
June 2001 survey) monitor point elevation = ground elev + monitor rod ht.

Monlitoring | Northing Easting |Elevation Time Horizontal Movement Vertical Movement
Date Total |incremental total incremental rate total |incremental rate
(feet) (feet) (feet) (days) (days) (feet) {feet) (foetiyear) | (feet) {teot) (fest/ year) |
Monitor Point #22
24-Nov-76_| 110,836.97 | 106,104.54 [ [+] 0 0 0
29-Dec-76_| 110,837.76 | 106,104.32 35.0 35.0 0.82 0.82 8.552
25-Jan-77 | 110,838.57 | 106,104.12 62.0 27.0 1.65 0.83 11.279 .88 -0.88 -11.90
24-Fob-77 | 110,839.33 | 106,103.93 92.0 30.0 2.44 0.78 9.531
23-Mar-77_| 110,840.16 | 106,103.96 119.0 270 3.24 0.83 11.228
110,841.60 | 106,103.69 167.0 48.0 4.71 1.47 11.141
110,841.60 | 106,103.65 181.0 14.0 4.71 0.04 1.043
110,841.77 ] 106,103.63 191.0 100 4.89 0.17 6.248
110,842.80 | 106,103.43 237.0 46.0 5.93 1.05 8.325
Monitor Point #22A
110,801.76 | 106,113.86 [} 0 0 0 0
! 110,803.21 | 106,113.55 63.0 63.0 1.48 1.48 8.591
20-Apr-78 | 110,804.77 | 106,113.24 153.0 90.0 3.07 1.59 6.450
~26-May-78_| 110,805.48 | 106,113.20 189.0 36.0 3.78 0.71 7210
_.6Jun-78 1 110,805.56 | 106,113.00 200.0 11.0 3.90 0.22 7.148
27-Jul-78 | 110,806.57 | 106,112.85 2510 51.0 4.91 1.02 7.308
..22-Sep-78 | 110,807.67 | 106,112.61 308.0 57.0 5.04 1.13 7.210
19-Oct-78 | 110,808.10 | 106,112.38 3385.0 27.0
)-Feb-79 1 110,809.66 | 106,111.95 440.0 105.0
110,810.72 | 106,3111.75 520.0 80.0
110,811.15 | 106,111.59 544.0 24.0
110,811.70 | 106,111.48 577.0 33.0
110,812.28 | 106,111.25 621.0 440
110,812.95 | 106,111.26 658.0 37.0
110,813.85 | 106,111.05 7220 64.0
4-Apr-80 1 110,815.18 | 106,110.59 868.0 146.0
24-May-80_ | 110,816.16 | 106,110.46€ 918.0 50.0
17-Jul-80 0,816.74 | 106,110.26 [-1478.09| 972.0 540
;:15:Aug-81 -106,109.19 1::11476.33| - 1366.0 | - :394.0. | ---
::15-Jun-82 106,108.55, | --1475.581-1670.0 -1 “-'304:0.. |-
9-Jun-83 15 | 106,107.89 | 1474.30[ 2029.0 359.0
23-Sep-83_1.110,825.87 | 106,107.97 474.24| 2135.0 106.0,

14-Jun-84 | 110,827.32 | 106,107.52 472 .7@[ 2400.0 265.0
15-Jul-86 | 110,830.34 | 106,106.76 | 1471.30| 3161.0 761.0
16-Jul-99 [ 110,833.15 | 106,103.92 |  1463.60| 7910.0 4749.0
19-Jun-01 | 110,833.78 | 106,104.01 1463.49| 8614.0 704.0
1

Monltor Point 22 & 22A Combined

24-Nov-76 0.0 0.0 0 0.00 0.00
29-Dec-76 35.0 350 0.82 0.82 8.552
62.0 27.0 .65 0.83 11.276 -0.88 -0.88 -11.90
92.0 30.0 2.44 0.78 9.531
119.0 27.0 3.24 0.80 10.879
167.0 48.0 4.7 147 11.141
181.0 14.0 4.71 0.01 0.193
191.0 10.0, 4.89 0.17 6.232
237.0 46.0 5.93 1.05 8.325
18-Nov-77 359.0
20-Jan-78 422.0 63.0 7.42
20-Apr-78 512.0 920.0 .01 1.59 6.450
548.0 36.0 9.71 0.70 7147
559.0 11.0 9.83 0.12 3916
610.0 51.0 10.85 1.02 7.291
€67.0 57.0 11.98 1.13 7.209
19-Oct-78 694.0 27.0 12.45 047 6.350
1-Feb-79 798.0 105.0 14,06 162 5.622
_.22-Apr-79 879.0 80.0 5.14 1.08 4.916
16-May-79 903.0 24.0 5.60 0.46 6.926
18-Jun-79 936.0 33.0 6.16 0.56 6.199
1-Aug-79 980.0 44.0 16.77 0.62 5.126
1017.0 37.0 17.42 0.65 6.404
1081.0 64.0 18.35 0.92 5.271
1227.0 146.0 19.75 1.40 3.501
1277.0 50.0 20.73 0.98 7.178
17-Jui-80 1478.091 1331.0 54.0 21.34 0.61 4.127
L 15-Aug-81 L B i11476.33) 017250 5-394.0 7152539 ] 14,05 1 3754 g6 | 41,63
15-Jun-82 : ediiciinn i1 1475.58).:2029.0- 1. - 304.0, -27.90. 4. 2800 - ~3.008. 4 chc 075 | 090 .
9-Jun-83 1474.30( 2388.0 359.0 30.75 2.86 2.905 -1.28 -1.30
23-Sep-83 1474.24| 2494.0 106.0 30.75 0.00 0.001 -0.06 -0.21
14-Jun-84 1472.7q| 2759.0 265.0 32.27 1.52 2.087 -1.48 -2.04
_.15-4ul-86 1471.30| _3520.0 761.0 35,38 3.1 1494 -1.46 -0.70
16-Jul-99 1463.60| 8269.0 4749.0 38.86 348 0.267 -1.7 -0.59
19-Jun-01 1463.4Q| 8973.0 704.0 39.44 0.57 0.298 -0.11 -0.06
|
File: monitoring data #22.xis Tab: Monument #22 Date: 5/30/2002
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| inch to 20 fee?

Golder Associates

[ RECORD OF BOREHOLE /2 (7-5)
LOCATION (See Figure & ) BORING DATE Moy 9,978
BOREHOLE TYPE BOREHOLE DIAMETER & /n.
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN  DATUM
SOIL  PROFILE PIEZOMETER
OR
5 )
ils 2 STANDPIPE
- |2|8]|6] & N INSTALL ATION
ELEY. DESCRIPTION THENE
DEPTH _ $§( 1o 5] 2 | WATER CONTENT PERCENT | ADDITIONAL
Elald|8] & We w Wo | Las. TESTING
) s|3|3]C| Y y A -
19452' | Surface of Toiling Lile slajgla] & 1o 2 20 4o
00
i
Toi/s
’ ! i
1911.7 ‘ . 3
335" | Compact, light brown, L ®
sub-rovnded, fine fo med. | : ;
GRAVEL with clayy, silt ; , Thermistor
and sard - flovial lacustring : ot instollea
troces of oraonics at |
18912 | pottern of tails : g 70 54 ft
540" | End of Hole I : ( Qvnits at
i ' 5’ intervals.
|
| i
|
VERTICAL SCALE ORAWN _£2_

CHECKED E£EF




RECORD OF BOREHOLE /3 (7-¢)

LOCATION (See Figure 6 ) BORING DATE Afgy S, 1978

l 1

o BOREHOLE TYPE BOREHOLE DIAMETER G in.

i} SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN  DATUM

:.' SOIL PROFILE PIEZOMETER

z - OR
o »

. S |e z STANDPIPE

W
s - 2lef{8] 8 —— INSTALL ATIOM
T | ELEV. DESCRIPTION E12|F[2] =
DEPTH g wlwl{S] & WATER CONTENT PERCENT | ADDITIONAL

glela|8] 8 N ¥ W |iae TEsTie
=(E12i3] 3 20
wle w|® w

10 20 3o 40

/%ga.e' Ground Surfoce in Koway (Ut
0

o

Frozer, light browr :
bub-r'aunded firne o
é7AVEL. wgh o
¢ a silt & san 3
Uv/a/ /acusfmnzé

" : Thermistor
400" \End of Hole ' cable /nstal,

o 40 F1.
(Qunits af

; ! 5 ' tnterval:

VERTICAL SCALE DRAWN Az

linch to 2o teet GOIder ASSOCiafeS CHECKED LB2F




| RECORD OF BOREHOLE /4 (7-7)

| LOCATION (See Figure & ) BORING DATE May 10,1978
l | BOREHOLE TYPE BOREHOLE DIAMETER &/,
5:' SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN,  DATUM
N
l 8 SOIL_PROFILE PIEZOMETER
B = OR
o ]
: 2l 3 STANDPIPE
5 : S HEIR . — , iINSTALL ATION
U JELEV. DESCRIPTION IH K
OEPTH Slolal™ 2 WATER CONTENT PERCENT | ADDITIONAL
' gleld| 8] 3 we o Wi LAB. TESTING
23| © -
l 1741.0 | Surface of Toiling Pile Glalala 3 i S S
oo’ .
| |
] Toils ;
!
!
l 166.0' . f
450’ 7 ) '
' -Frozen - ice crystals .
- light browrn !
- sub-rourided i
I - fine to med. GRAVEL with z :
cloy, s/t ¢sond, ! :
- flovial - lacustrine : Thermistor
l 667.0' ; ; cable installad
#90' |End of Hole } | 7o 73
| : ( units ot
' ' 5 intervols)
i !
! '
VERTICAL SCALE . DRAWN _£2
l I inch to Zo feet Golder Associates CHECKED _E£2F




RECORD OF BOREHOLE /5 (57-8)

LOCATION (See Figure & ) BORING DATE Mgy //, 1978

BOREHOLE TYPE ’ BOREHOLE DIAMETER & /7.
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN DATUM

SOIL PROFILE

PIEZOMETER
- OR
Je 2 STANDPIPE
: ~l8iuls| & . INSTALL ATION
ELEV. DESCRIPTION E12[518) =
DEPTH p N | 2 | WATER CONTENT PERCENT | ADDITIONAL
Elaldlel] € we w W LAB. TESTING
. & — i
. {3 |319] Yy .
1602.2" l6rovnd Surface in Poad Cut Blsis]al @ 0 2 20 4o
0.0" | -Frozen - light browr7 - sup roo, I
16027 ~fine *smed. GRAVEL with clay
\3i/? ¢ sand - Flwid] locus rines ; ) !
i
~Frozen - black i
- ARGILLITE weathered )
drock 7] o :
1

1567.2
400" |End of Hole

A P

.
VERTICAL SCALE DRAWN 5.2

1 inch to 2o feet Golder Associates CHECKED £2F




LOCATION
BOREHOLE TYPE

(See Figure & )

BORING DATE
BOREHOLE DIAMETER & /n.

RECORD OF BOREHOLE /s (7-8)

May 12,1978

SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN. DATUM
SOIL PROFILE PIEZOMETER
- . OR
ile 3 STANDPIPE
»|8lyls] ® e INSTALL ATION
ELEV. DESCRIPTION HHEEIE:
DEPTH g RRE: WATER CONTENT PERCENT | ADDITIONAL
AHEIEIE Wp w Wi LAB. TESTING
.y HHHEHE o Yo @0
| 16238 |Surface of Tailing Fle clslslal I 20 3 ,
0.0 | !
i |
P
fod
)
i i
o
Tarls
i
t
. ;
oo
se08 f
63.0° | - (ght brownr - Sub-rournded ° :
- fine to med. GRAVEL with
clay silt € sand .
“Ylwvial locustrine ‘ | — .
' ! Therrmtstor
/§4ao-§ : : oble installed
3. Ernd of Hole ; to 83.0 f1.
' (Sunits ot

5! intervols)

VERTICAL SCALE
1 inch 10 20 fest

Golder Associates

DRAWN B2
CHECKED _E£&F




RECORD OF BOREHOLE )7 ([ ps.2)

LOCATION (See Figure & ) BORING DATE Moy /6,/978

BOREHOLE TYPE " BOREHOLE DIAMETER O in.
SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN DATUM

SOIL PROFILE

PIEZOMETER
OR

STANDPIPE
1 ! 1 | INSTALLATION

ELEV.
DEPTH

DESCRIPTION
WA;ER CONTENT PERCENT | ADDITIONAL

n - Wo | Las. TESTING

—r = |

STRATIGRAPHY PLOT
SAMPLE NUMBER
ELEVATION SCALE

SAMPLE TYPE
sLOowS / Foor

0.0’ rogen Jark ~ DrOWR  orgonic
3.0 :roze T
. 3.0 | r-rpzen, /@hf b"ﬂWﬂ,
rwnM tine to med.  GRAVEL
with cloy Sitt ¢ Sard (Fluol Zacwfn

o e oo —

ARGILUTE ,
-hord , dry unweothered
9.0 | SERPENTING ., weathered frozer
21.0°

ARGILLITE BEDRocK L /- : !
soft, weothered, frazen ‘

ARGILLITE BEDROCK !
wunweo thered, frozern :

570" [ Epg of Hole

-eeee.

&
o
G N T D G G SN A Wh aE N N O e D B M e Ee

VERTICAL S . RAWN BLo_
Ve s PeALE Golder Associates CHECKED EE




l RECORD OF BOREHOLE /8 (0s-5)
| LOCATION (See Figure & ) BORING DATE Moy /7,/978
l s: BOREHOLE TYPE BOREHOLE DIAMETER & in.
3.: SAMPLER HAMMER WEIGHT 140 LB. DROP 30 IN DATUM
M
l 5 SOIL  PROFILE PIEZOMETER
z . . OR
: e 2 STANDPIPE
o‘ »18|8|s]| S X — . INSTALLATION
i JELEV. DESCRIPTION Ei12|EiQ)] =
DEPTH g wlwl>] 8 WATER CONTENT PERCENT | ADOITIONAL
eld|218] ¢ We w WL LAB. TESTING
e|x|s]o r ~$ —
| HHHHE
00" |Frozen, dork brown, orgomc
l silty , SAND
80" |Frozen, light browr;,
sub-rounded, fine to med GRAVEL
with Cloy, silt ¢ sorxd =/
. (Flovial “focustrian)
19.0'
ARGILLITE
frozer, weotherad (ice lens
I opprox. 3in. thick recovered - 2
with Samp@)
370 5
l ARGILLITE K
-frozen, becoming harder
with depth, unweolthered
| z i
I C00' | End of Hole
" VERTICAL SCALE . ORAWN A2
' U meh o 21 fest Golder Associates CHECKED E£BE




| RECORD OF BOREHOLE /9(0-5- ¢)
LOCATION (See Figure & ) BORING DATE May /8, 1978
BOREHOLE TYPE BOREHOLE DIAMETER (& /7.
SAMPLER HAMMER WEIGHT 140 LB, DROP 30 IN. OATUM
SOIL PROFILE PIEZOMETER
OR
STANDPIPE
ELEV . . . . INSTALL ATION
DEPTH DESCRIPTION

WATER CONTENT PERCENT | ADDITIONAL
W w Wi LAB. TESTING
—e Oy

STRATISRAPHY PLOT
ELEVATION scaLe

SAMPLE NUMBSER
SAMPLE TVYPE
oLOWS /s FrooOT

00" Frozen, [ght brown

sub-rounded, Fine > medium GRAVEL
; with cby, si, ngd_(olkwal
10 Frozen s/
with loyers of tibrous pegt

Frozen, ligh¥  Brown JE
170" | sub-roundied, fine fo medjum GRAVEL | !
200 with cloy, sttt ard sond@luof Jecysty !

ROILLITE
rozern, weolhered

~— .
——

32.0°

e ot A

ARGILLITE
- frozen bO=corning horder
with deoth, unwealhered

60.0' | Eng of Hole

) . DRAWN _R2
Y EenICAL | SCALE Golder Associates CHECKED EBF
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ABANDONED CLINTON CREEK ASBESTOS MINE
ENVIRONMENTAL LIABILITY

* Mansgement Bervises
MAY, 2002

“Cwwallng  +fughowty - Cumsbvalon

2
L=1 :#D3g oid




“sHl oM “oma Z0-8C0—0pyy N 5O G3LON sy TS
- 120 STII0Hd TINNVHO XI3HO NOINMO k] I
e 14vya
VAVNVO SUIVIJV NUTHLYON ANV NVIGNI| 5 saemien v Ok T — —
]
! 000£:1 VIS “¥OH
: 00g:L TIVOS §3A
v F1408d TINNVHO Y3340 NOINIMD
(W) J0NVISO WINOZROH
006+0 008+0 00140 009+) 005+ 00k0 00C+0 00Z+H0 001+ 000+0 001-0
09
0y
0z¢ :
!
GLE /// N "
/,,,
iy ! /// X
4 |
158

() NoiyATT3
8

100¢

LA IO A
VDR SN Er

T S eV O LS | S FOiZ

< ﬁ——— TN | OO | MATIVIS/ Oy

G6¢
0% n
2961 135 ' 961 i —” NN
" 861 M N\ N N M S
6661 [xmr — BRSNS L w
o - NOF9OH
, (6661 106S) wety 97

098

159

o€

Gt

NOILYAT 13

06t

()
BMP8l1j0idieuubyIZ o\ Ao IDjuswLoIAUT\ [lidy\DurDIQ\ Z0—

G6¢

007

0%

Oy

Siy

¥0—091—-0ZST\BUIN 80S8qsy Xeeud uojul) — aNVId 0ZSZ\swoelolg\1e10m 7 Yuo3\

b=l 98035 joid




{

{

AN oM Z0-8s0-0rvy N 9O QAION sy 3s W %
-1 €0 TERNWID X0 NOIND I p
ALIIEVTT TVLNISWNOYIANI — 3w T o lhm §Q @ -
ININ SOLSTESY HIID NOINITO GINOANVEY \ 00 AV - |
VAVNYD SHIViIV NUIHLYON ANV NVIAN] | ‘mnoupesusuvaven  OUIA oo Tar Toas — -
| —
!
V 000g:1I ITVIOS "HOH
i 00€°1 IWOS "¥3A
w
N (W) FONVISIO TVINOZMOM
e 00640 008+ 00+ 009+0 005+ 00+ 00+ 007+ 00140 000+0 0010 e
~ — ~—— g0 XI0Y .ﬁs_ 20 LN WYHISNMOO
- ‘
7 e B SN ,“ o
— !
// ,
D
08¢ ~ - 08¢

, ~
K / U |
% ,,. // < - 080
00640 | ~ T
Pl ~ 06

YI04038) LoVINI 40 (2002 A7nr) 711104
LIVINOD JLHIXO¥cdY —

N
§
/

(1) NolyAaS
=

g

0l

Sly

/Aﬁ/ \ T NS
™~ 4 %

AN

l’n\//nk// e

NOLLYATT3

(u)

T1H0dd
(04 SS309Y

gl
e

AN

-

==

i

N ]
(6661 1055) wg

A
Hy GF

NOFXINH

Sov

0L

Sy

bmp-aoigiooipeagO\Aiqor IPYuBWUCIIAUI\|dY\BulliDIG\Z0—¥0—091 —0ZSZ\3UIN E0S3qSy 984D UOUND — ONVIA 0OCSZ\S109/0Id\Jo10M # UPoI\"




N[ oN "oma NYId LS T zo-sco-orry = o oL A G < 2
- ¥0 13UNO VI NOISANH | w0 AEES] - % o) , @
) - ‘A8 G3INIISIO - ‘A8 NMvdO m

ALIIEVIT TVLNIANONIANT S S h l §Q &

3NIN SOLSTESY ¥TO NOLNITO GENOANVEY Z00Z "IV -

. : 0
VAVNVYI SHIVAAV NUIHLUON ANV NVIANI | ‘o tupesutuz vwn ouin P Py pos rp—" e, -

10 — ANV DZSZ\sioelaig\Jejom 2 yuoI\r|

0ZST\OUIN S0seqsy >8ein uou

—-$0-091-

IAUT\ [ dy\DUIOIG\ZO

“JeRNO¥O\ANIIGDIT [DJueLLus]

bmp




ARY[ CoN oMa Z0-850-0vry N GO 0011
-1 GO JYNLONYLS JONA NOIEYD TYOIdAL : ¥ N @aEe - o

8|00S 10Id

v A8 QONOIS3T n AD N0 |
ALINEVT] TVINSWNONIANG T T8 o hl §Q
Z00Z “AVN

NI SOLSIESY TNID NOINIIO GSNOANYEY

¢=1

|

VAVNVYD SHIVIAV NUIHLUON ANV NVIANI | 71 ounesiua van - UM P e o — —
w
|

b
3

) MIANTIOD ¥0
NI0N038 AUTWNOY

ALHE

\

N\
TINNHD 3
//

7/
TS ON3
SRR

oL

TINNVHO 30 3NN H3INTD

HIIM NOLDNAIZY  NMOTMVT

Yrrg v s

ot

JNLGL03
NIAGM—NON

iz

Bmp uoiqoadAiGgo\Aiqor IO} IS UV AU\ AV \BUR/BIANZ O~ 0—08 | ~0ZCZ\oUIN So58qsy 515575 UOUID — ONVIO 0ZSZ\8¥9(01d\Io1oM % UHOIN"

TS ON3 f

7Y,

dO¥Q W 0'S 304 w gz
dO¥a W G'L yO4 w Z1

o
s |
v’y

YIM NOLLONAIY NMOGMYYA TINNVHO 3NN 319800

wal =zZx (L —0L) =x (dONQ W G) SA3LS O N0
Wy =7zx(l-¢)=x (dO¥d W G'l) S431S € ¥O4 @ i
wz x (I — Sd31S W S°0 JO ¥IGNNN) = X Hdz




i

d

70-850-0ryy N 9O° Q3ON SY = T™S

) w .
- |90 FUI0Hd TINNVHO Q3S0JOHd XIIYO NOINMO h ¥p W @R -~ Aoms
- A3 GINUIS30 — AS NMVNG

ALIIEVIT TVANSWNOYIANT ﬂ — = lh §
ININ SO183ESVY JFTND NOLNIMO GINOANVYEY i Z00Z "AVA l ‘ ‘

VAVNVD SHIVIAV NMIHLUON GNV NVIANI | ‘o supseua vin DU P v v — —

|

3

191038 10Id

b=

!
i

|

| (W) JONVISIQ VINOZIOH
00p+0

06+ 00840 _ 00L+0 {09+ 006+0 00¢+H) 007+ 00140 000+0 01-0

/Ay

€
_
~ AN Y308 JISVA| 40 LT WARLSNAO]

— ,,
|

LAY

S

I

; ) :
= .
: BRSNS
0640 ;, f% e

| \ N

YOO LVIN 10 N
LIVINGY TUNGHadY 17 %

TN
Aﬂy -
W ~2\ =
S AN =
(W) dosa %VA \ S =

. \ \
S0 . / T1H08d (39 TINNWH) NOIST0 — \vx,/ L -
_ TH0k m\ doMa ez ™
| avoy SSI00V

0ty ,, ' doya w7 \
0w wgp —~

06¢
(100 AT0r) 714084 |
\ — @ TINNH) NS

[ =]
(=23
5

(w) NolvAgT3
/

g
1
/

/

J

Bmp-aj1401d8uuDydgo\AHIqon |°1uatuuOJ!Aua\ludy\'f\ﬁumma\zo—vo—osL—ozgz\aum §0S3qSy »884) uolI) — ONVIA 0ZSZ\sioeloid\seiom » ypo3\:]

— =101y
/ s T &\3
. A NOFH0NH
6619095) well 1y IF

.
J

Gy

Sy <




07
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ENVIRONMENTAL LIABILITY
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AR E TS
A
BEDROCK AND
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UMA Engineering Ltd
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1"
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