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Dear Mr. Amdt:

Re: Stability Assessment of the Grum Main Waste Dump

As per your request, Piteau Associates Engineering Ltd. (Piteau) has completed a brief stability
assessment of the newly proposed location of the Main Waste Dump. This assessment was
conducted as an office study based on our understanding that consideration is being given to
extending the waste dump to the west of the currently approved site. Stability analyses were
conducted for each lift of the waste dump up to the 1350m elevation, which will allow present
mining plans to be accommodated. Itis understood that dump construction will be in 30m lifts
with the lowest lift at approximately the 1140m elevation. Previous stability and engineering
geology assessments of this waste dump were carried out by Piteau Associates in 1992 and
summarized in letter reports to Curragh Resources Inc. dated August 14, 1992 and November
10, 1992. Relevant portions of these two studies have been included in this report for the sake
of completeness and for the convenience of the reader. During our previous studies, in which
an overall slope angle of 1.75 horizontal to 1 vertical (i.e. 30°) was deemed to be feasible, it was
assumed that the ultimate dump would not exceed the 1300m elevation. It is our understanding
that a more conservative dump design, with an overall slope angle of 2.5 horizontal to 1 vertical,
is now under consideration.

ENGINEERING GEOLOGY AND FOUNDATION CONDITIONS

The following discussions are based predominantly on data obtained from the test pitting
program conducted on September 23 and 24, 1992 by Piteau and summarized in our report
dated November 10, 1992. Logs for eight test pits excavated near the base of the proposed
dump by EBA Engineering Consuitants Ltd. (EBA) on August 8, 1995 were also reviewed.
These logs were found to generally support the results of the earlier test pitting program
conducted by Piteau. Locations of all test pits excavated by EBA and Piteau are shown in Fig. 1
and detailed engineering geology logs of these test pits are included in Appendix A.
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Physiography

The bulk of the Main Waste Dump will lie on moderate slopes, generally dipping south-
southwest relative to the mine grid (see Fig. 1). While topography in the area of the proposed
waste dump generally dips from 6° to 10°, with occasional areas dipping up to 12°, some flat
areas are also evident. These flat areas may be terraces related to glacial or post-glacial fluvial
activity.

The design toe of the Main Waste Dump in both the original and updated designs is located
approximately 200m from Vangorda Creek. As discussed in our August 14, 1992 report, it is
recommended that the elevation of the dump toe not extend below 1100m-asl|, while the
upslope portion of the dump foundation could reach elevations as high as 1310m-asl.

Hydrology and Hydrogeology

Grum Creek, which discharges into Vangorda Creek, is the only perennial stream crossing the
Main Waste Dump site. Three ephemeral streams also exist in the area; however, very little
information is availabie on these drainage features and they appear to be relatively minor.
While accurate flow values are not available for Grum Creek, a visual estimate of about 100
igpm at the 1200m elevation was made during the 1992 test pitting program. An additional 100
igpm was estimated to be discharging as groundwater seepage from the slopes along the creek
in this area. However, as Grum Creek has essentially no catchment area at this location since
the main Vangorda haulroad and the Grum Pit are immediately upslope, it is likely that most, if
not all, of the discharge in Grum Creek originates as groundwater baseflow.

Three test pits located on the flanks of Grum Creek (P25, P26, and GR08) exhibited
considerable seepage. Elsewhere, seepage was only observed in Test Pits P14, P18, and
GRO3, where it appeared as a very minor flow just below the bedrock contact. Test Pit P25,
which was excavated in a clayey silt glacial till underlain by a water bearing silty sand with
gravel, became flooded over a period of about 24 hours. Seepage into Test Pit P26, which
appears to be excavated in saturated fluvial sediments, was minor but steady. Test Pit GR0S,
which was excavated into a clayey till, was located near pools of water at the surface and water
was observed to be seeping from the surface organic layer.

Based on the above, it would appear that the area around Grum Creek is the only significant
discharge area in the vicinity of the proposed waste dump site. It is likely that the granular soils
exposed in this discharge area belong to the same stratigraphic unit (identified as a 20m thick
confined aquifer) as that encountered in driliholes in the Grum Pit. Supporting evidence for this
conclusion is discussed in our report of January 1991, entitled "Grum Pit Review and Analysis of
Hydrogeological Data and Design of Phase | Dewatering System".
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Surficial Soils

Soil conditions encountered in the most recent EBA test pits are generally consistent with those
described in our November 1992 report and re-iterated here. Three distinct soil units are
apparent in the area. In all test pits, a shallow (0.2 to 0.5m thick) layer of organic material
containing silt and sand was encountered. Directly below this layer, either a well to poorly
graded, medium dense to dense sand and gravel (possibly fluvial in origin) or a firm to hard, low
to medium plasticity sandy silt to clayey silt (glacial till) was typically encountered. Grain size
analysis results from Piteau samples in the sand and gravel are presented in Fig. 3. The results
of Atterberg limit testing from Piteau samples in the glacial till are presented in Fig. 4. EBA
testing results are included with the associated test pit logs in Appendix A.

in terms of general occurrence, the sand and gravel is typically found below the 1180m
elevation and in areas proximal to Grum and Vangorda Creeks (see Fig. 1). In many instances,
the upper portion of this unit is stained or oxidized, probably in response to groundwater level

fluctuations or surface water recharge. Sand and gravel deposits ranged in thickness from 0.3m
to greater than 5.5m.

With the exception of Test Pits P15 and P18, and possibly Test Pits P20 and P26 (i.e. where
the sand and gravel was not completely penetrated), glacial till is present over nearly all of the
_site. This material, which typically underlies the other soil units, and also overlies the sand and
gravel in some areas (i.e. in P25), ranged in thickness from 0.2m to greater than 6.7m. While
very thick till deposits have been encountered in the Grum Pit area, it is not anticipated that
deep till deposits are present under the Main Waste Dump site.

Bedrock

Phyllite bedrock was encountered in six of the test pits excavated by Piteau and four of the test
pits excavated by EBA, predominantly in the southwestern area of the proposed waste dump
and downslope of the waste dump. The bedrock ranged from weathered to fresh, and was
generally easily excavatable. Test pits were excavated between 0.1m and 3.7m into the
bedrock, where it was encountered. The depth to bedrock in test pits where it was encountered
varied between 0.8m and 5.4m. Depths to bedrock of more than about 7 or 8m are not
anticipated.

DUMP FOUNDATION STRENGTH PARAMETERS

In 1992, a friction angle of ¢ = 35° and zero cohesion was assumed for foundation materials for
purposes of the stability analyses, both in the short and iong term. These values were adopted
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because the Main Dump was assumed to be founded primarily on coarse grained materials and
stiff dense tills, both of which were considered to behave primarily as frictional materials when
subjected to dump loading. The relatively thin layer of organic topsoil that Is present typically
consolidates very rapidly under applied load, and tends to behave as a frictional material. It was
also assumed that the rate of advance of the dump would be sufficiently slow to allow excess
pore pressures to dissipate in unexpected areas of fine grained material. In addition, the phyllite
waste rock to be disposed of in the Main Waste Dump was assumed to behave as a frictional
material with a minimum strength of about ¢ = 35°.

The strength parameters used in the 1992 slope stability assessments were re-evaluated by
reviewing the test pit logs prepared by Piteau and the more recent logs by EBA, and were found
to be appropriate. Following this evaluation, stability analyses for the proposed dump
configurations were then carried out. It is noteworthy that plans to shift the dump to the west,
essentially staying out of the Grum Creek drainage, should alleviate concems that were raised
in our November 1992 report regarding the suitability of foundation materials in the Grum Creek
area.

RESULTS OF STABILITY ASSESSMENT

Results of stability analyses indicate that, provided the dump is built in 30m high lifts at an
overall dump face angle of 2.5 horizontal to 1 vertical, and provided the maximum dump
elevation does not exceed the 1350m elevation, the waste dump is expected to be stable, with a
Factor of Safety of about 2.0 or greater. As noted above, the stability analyses assume that no
significant excess pore pressures will be developed in the foundation, and that the waste rock
and foundation soils will behave as frictional materials. It is understood that the Main Waste
Dump will be developed from the bottom up. This approach is strongly endorsed by the writer.

To minimize the risk of failure through the dump material, it is recommended that as much of the
dump crest as possible be utilized during dumping. A slow rate of crest advance will allow the
waste material to consolidate, and any unexpected pore pressures in the foundation soils to
dissipate, thus resulting in higher material strengths. If possible, dump advance rates should be
limited to no more than 0.5m/day. To minimize infiltration of surface water into the dump,
ponding of water should be prevented by maintaining a positive grade on the top of the dump.
To minimize erosion and/or saturation of the dump face, water should also be prevented from
draining over the dump crest. Regular visual inspections of the dump by mine personnel are
recommended.

With regard to the distance that the toe of the dump should be setback from Vangorda Creek, it

is understood that a wildlife corridor is planned along the creek. There is also a requirement for
a seepage collection ditch downsiope of the toe of the dump. Considering these factors and
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that it is of the utmost importance to protect the creek from being impacted by the dump, it is
recommended that the toe of the dump should not extend below that illustrated on Fig. 1. This
should provide a buffer zone or corridor at least 200m wide between the creek and the dump.

CONCLUSIONS AND RECOMMENDATIONS

Based on the above, it is concluded that foundation conditions are favourable for the Main
Waste Dump area, and that the design illustrated on Figs. 1 and 2 is reasonable.

The development of a causeway through the Grum Creek discharge area may require special
precautions during construction. Only competent, coarse, free draining waste rock should be
used to build such causeways, and it may be prudent to install one or more culverts under the
causeway in the area of Grum Creek.

| trust the above is sufficient for your needs at this time. If you have any questions concerning
this report, please contact me.

Yours very truly,

PITEAU ASSOCIATES ENGINEERING LTD.

3 ART
Alan F. Stewart, P_En§ AN F- STEWART &
\Noedf
AFSef Semes

P222227

Att.
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JOB NUMBER
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TESTPITNG: 11944—0RUT |
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" PARTICLE SIZE — ANALYSIS OF SOILS
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TOE OF GRUM WASTE DUMP-ANYIL RANGE MINE

CUEKT: ANVIL. RANGE MINING CORPORATION

TEST PIT NG:

WEST OF GRUM CREEX

EXCAVATOR: CAT 235 B

11944—GRO2

PROJECT N 0201-95-11944
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TOE OF GRUM WASTE DUMP-ANVI. RANGE MINE

CLIENT: ANVIL RANGE MINING CORPORATION

TEST PIT NO:
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PARTICLE SIZE — ANALYSIS OF SOILS
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TOE OF CRUM WASTE DUMP—ANVIL RANGE MINE

CLIENT: ARVIL RANGE MIING CORPGRATION TEST PIT NQ:

11944—-GROS

WEST OF GRUM CREEK

EXCAVATOR: CAT 235 B

PROJECT NO: 0201-35-11844

3
B

=
o
g

[ % RevoveRy

SAMPLE NO
ysc
SOIL SYNBOL

'q  DEPMHim) s

™7

e e A — A ———
W STNOAD FOEIRULNE
2 x o |

DESCRIPTION

DEPTH{i)

ORGANIC ROOT AT AND VOLCANIC ASH

.........

L L e ‘—'-l L
PO, -

iy l—l-l
B

B

TTI‘I'I]‘II'H'ITI’!!
=

SLT (TILL) — sandy, soma cobbias and
boulders to 200 mm diometer, domp
to mosst, (ow plostic, olive brown

& 53 £ & ¢
.......

+ — some boulders to 600 mm dometer
below 2.0 m dapth

rtrie e aed

e unn D smrere ams o s e alae 4 s shbmps 05 0mt 01T Op 0SS0 et bR Samani e
......'..-.... TP RS Homn e
. -

— no sloughing

e

"“"'III-III"IIIII‘T'V#
ot

l -3 -0 1T ¥
B

L S B AL RN M B

END OF TESIPIT @ 34 m

T T e R e e b LR
"

- dky on completion

ey

wo

3

EBA Engineering Consultants Ltd.

Whitehorae  Yokon




—_—— e momm - s M AW SR T T TER Y & A SSTIINNT AL & VTR

1l uJ00=E000

)

rFALGE

18718

FBA Engineering

PARTICLE SIZE — ANALYSS OF SOILS
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PARTICLE SIZE — ANALYSIS OF SOILS
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TOE OF GRUM WASTE DUMP-ANVL RANGE MINE

CLIENT: AL RANGE MINING CORPORATION
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WEST OF GRUM CREEK
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PARTICLE SIZE — ANALYSIS OF SOILS
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