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1. GEOLOGY

The Wolverine Lake area lies within the limits of the McConnell Glaciation (youngest of the
four glaciations in Yukon Territory) and most of the geomorphic features in the area are related
to this glaciation. McConnell glacial ice covered this area between 14,000 and 35,000 years ago.
As the McConnell ice retreated and down-wasted, a complex network of ice tongues developed
in valley bottoms. Morainal deposits are found at lower to mid-elevation and valley floors, and
may contain a more complex assemblage of glacio-fluvial, colluvial and fluvial sediments
(Mougeot 1996).

Figure I- 1-1, reproduced from Mougeot (1996), shows the quaternary surficial geology units in
the area. This local mapping is in general agreement with the regional setting presented by
Jackson (1993, 1994) and Dyke (1990). The main glacial soils in the vicinity of the tailings

impoundment consist of up to 20 m of silty, sand and gravel, with cobbles overlying bedrock.

The area is underlain by bedrock strata generally paralleling the valley trend, i.e., striking in the
direction of the valley. The bedrock consists of an interlayered sequence of volcanoclastic
(rhyolite and quartz feldspar) and carbonaceous/argillic sediments, overlain with basalt. The iron

formation, which hosts the ore zone, trends northwest-southeast throughout the project area.

Superimposed on the figure is the approximate exploration bedrock geology map prepared by
Expatriate (2004). The area is underlain by bedrock strata generally paralleling the valley trend,
i.e., striking in the direction of the valley. The bedrock consists of an interlayered sequence of
volcanoclastic (rhyolite and quartz feldspar) and carbonaceous/argillic sediments, overlain with
basalt. The iron formation, which hosts the ore zone, trends northwest-southeast throughout the
project area.
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2. SEISMICITY

The regional seismicity is shown on Figure I- 2-1A, and the largest historical earthquakes (equal
or greater than magnitude 6) are shown on Figure I- 2-1B (Cassidy et al. 2005). The most
seismically active region is along the plate boundaries in the coastal and offshore area. The most
significant inland seismicity occurs along segments of the Denali fault zone system, where the
seismicity rate is an order of magnitude lower than that in the coastal region. The region between
the Denali and Tintina systems is relatively aseismic, with relatively few and small earthquakes.
There appears to be an alignment of epicentres along the Tintina fault, however; these are all
very small earthquakes (ML less than 3), and most of the activity is at the northern end, close to
the Alaskan border. Farther inland, the only significant seismicity is along the eastern edge of the
Cordillera, more than 600 km from the active plate boundary. This fold and thrust belt seismicity
is concentrated in two areas: the MacKenzie-Ogilvie mountains region and the Richardson

Mountains region (Hyndman et al. 2005).

Data on recent earthquakes that occurred within about 600 km from the project site (61.41°N and
130.09°W) from September 1899 to December 2005 was extracted from the Canadian
EPB/GSC/PGC database. The epicenters of these events, with magnitude equal to or greater than
3, are plotted on Figure I- 2-2. No earthquakes with magnitude greater than 5 have occurred
within 200 km of the site. However, a magnitude 5 event did occur about 28 km northwest of the
project site with a focal depth of 5 km on May 12, 1999.

The probabilistic seismic hazard assessment has been determined using both the GSC-H and
GSC-R seismic source zonal models developed by the Geological Survey of Canada for the new
National Building Code of Canada 2005 (Adams and Halchuk 2003). The GSC-H seismogenic
zonal boundaries within Western Canada and the approximate location of the project site are
shown on Figure I- 2-3. The model incorporated the work conducted by Atkinson (2004) for a
site-specific seismic hazard analysis for Faro, Yukon (62.2°N and 133.2°W). In that analysis, an
apparent linear alignment of seismicity in the region along the Tintina Trench fault system was
grouped into a Tintina seismic source zone. Figure I- 2-4A shows the boundary of Tintina source

zone and seismicity in the region, and Figure I- 2-4B shows the recurrence relationship used to
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characterize the source zone. This Tintina source zone was incorporated in the model for
computing site peak horizontal acceleration as shown in Table I- 2-1 and Figure I- 2-5. De-
aggregation of the seismic hazard corresponding to the 10,000-year return period for the peak
horizontal ground acceleration was carried out to evaluate relative contributions of earthquake
sources in terms of magnitude and epicentral distance. Figure I- 2-6 presents the calculated
magnitude-distance de-aggregation for the peak horizontal ground acceleration of 0.22 g at the

Wolverine site. The mean magnitude is Mw 6.1, and mean epicentral distance is 34.8 km.

(A) - Seismicity of Northwestern Canada and Adjacent
Parts of Alaska During the Period 1899-2002

425" -120°

(B) — Locations of the Largest (M>6) Earthquakes
in the Northern Canadian Cordillera

Figure I- 2-1 Regional Seismicity
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{1) Thizs map is taken from Adams, J. and Halchuk, 5_ {2003),
Fourth Generation Seismic Hazard Maps of Canada, Geological
Survey of Canada Open File 4459,

{2) Areasource zone and fault source for the Tinfina
Trench are bcated approximately on this figure.

Figure I- 2-3 Seismogenic Zonal Map — 2005 NBCC H Seismicity Model
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Table I- 2-1 Probabilistic Evaluation of Peak Horizontal Ground Acceleration at Project

Site
ANNUAL PEAK GROUND ACCELERATION PGA (g)
Tintina Source zone
0.0021 475 0.08 0.097
0.001 1,000 0.10 0.12
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Figure I- 2-5 Peak Horizontal Ground Acceleration at Various Probability of Annual
Exceedance
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Magnitude-Distance Deaggregation
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Figure I- 2-6 De-aggregation of Seismic Hazard for Peak Horizontal Ground Acceleration
10,000 year Return Period

Through the interior of the Yukon, there are only three focal mechanisms from recent moderate
(M = 4 to 5) earthquakes in the vicinity of the Tintina fault system. They are a mixture of right-
lateral strike slip and thrust earthquakes, and do not align with the orientation of the Tintina fault
system. There has been no evidence found for active faulting along the Tintina fault or the
Canadian segments of the Denali fault system (Cassidy et al. 2005). The Tintina fault has been a
major strike slip fault through much of the Tertiary. Estimate of displacements for the Tintina
Fault ranges from 425 km to 500 km. In the southern part of the Tintina Fault, a set of more
northerly trending faults intersect the Tintina at acute angles. Near the Tintina Fault, the faults
are steep and are right-lateral strike-slip. Near their southern extremities they appear to be
steeply southwest dipping thrust faults. The Tintina Fault is interpreted, therefore, as a shallowly
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rooted tear fault along which dextral slip took place as the supracrustal rocks were shortened

above a basal detachment (Gabrielse and Yorath 1992).

Two earthquake scenarios were considered for the deterministic evaluation for the site peak

horizontal ground acceleration as shown in Table I- 2-2: a local earthquake at the site with

magnitude 6; and a nearby earthquake at the Tintina Fault with magnitude M=7.2.

Table I- 2-2 Deterministic Evaluation of Peak Horizontal Ground Acceleration at Project

Site
PEAK GROUND
EARTHQUAKE EPICENTRAL FOCAL DEPTH
SCENARIO MAGNITUDE DISTANCE (km) (km) ACCELERATION
PGA (g)
Local 6 0 2.9 0.34
Tintina Fault 7.2 53 2.9 0.11
Appendix | — Geotechnical Characterization Page 10
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3. GEOTECHNICAL LABORATORY TESTS

Below are presented test geotechnical laboratory results for the following materials:

e Overburden soil samples retrieved from field investigations in the tailings
impoundment areas including dam foundation and borrow materials; and

e Tailings material.

Index property tests for these materials are covered in Section 3.1, while their engineering
properties are described in Section 3.2. Section 3.3 presents laboratory test data sheets either in

figure or tabular form.

3.1 Index Property Tests

Overburden soil samples retrieved from test holes and test pits during field investigations were
visually classified, and their water content and gradation determined. The logs of test holes and
test pits presented in Appendix | — Part IV have incorporated these index properties. Similarly,

gradation curves for damfill borrow and tailings materials were also obtained.

The tailings testing carried out in 2006 was on a 50:50 mixture of F11 and F12 (Zn, Rougher
Scavenger Tail) and F23 and F32 (Zn 1* Cleaner Scavenger Tail). Additional tests were carried
out in 2008 on a mixture of 80% rougher tailings and 20% cleaner tailings. Four specific gravity

tests were also performed on the tailings samples.

3.2  Engineering Property Tests

Engineering property tests performed for each material are listed below:

e Damfill Borrow — standard Proctor compaction tests, triaxial permeameter tests,
and consolidated-undrained triaxial shear tests with pore pressure measurement.

e Tailings — settling and consolidation tests, triaxial permeameter tests, and
consolidated-undrained triaxial shear tests with pore pressure measurement.

For the damfill borrow and tailings materials, consolidated-undrained triaxial shear tests were

carried out with permeability measurements after consolidation and pore pressure measurements
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during shear. The density values and consolidation stresses used in the laboratory were selected
to represent field condition.

3.3  Test Data Sheets

Data sheets for the index property and engineering property tests are presented in the following
pages. They are grouped according to material type in the following order:

e Overburden in Tailings Impoundment Areas;

e Damfill Borrow; and

e Tailings.
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Overburden in
Tailings Impoundment Areas
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6 3 15 34 38 4 10 20 40 60 100 200
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GRAIN SIZE(mm)
HOLE DEPTH (m) D85 D60 D50 D15 D10 cu %GRAVEL | %SAND | %FINES
@®| TP05-31 1.00 | 13.630 | 7.191 5.604 | 0.529 0.101 | 71.410 56.6 34.1 9.3
X| TP05-43 2.00 | 22.347 | 3.501 1.454 36.3 35.9 27.8
A | TP05-44 2.00 | 33.884 | 10.489 2.949 46.8 20.7 32.6
* | TP05-45 2.00 | 18.927 | 4.551 2.055 39.5 35.7 24.9
®| TP05-46 2.00 | 11.695| 4.142 2.446 374 43.4 19.2
HOLE SAMPLE DEPTH (m) W% w, W, PI REMARKS / SAMPLE DESCRIPTION
@®| TP05-31 1.00 9.3
X| TP05-43 2.00 7.2
A | TP05-44 2.00 11.7
* | TP05-45 2.00 9.5
®| TP05-46 2.00 10.9
CU = COEFFICIENT OF UNIFORMITY = D60/D10  PARTICLE SIZES, e.g. D85, in mm Tested by Wet Sieving Method (ASTM D1140 & D422)
PROJECT NO.: M09234A02 01 01
PROJECT: Wolverine - Test Pit Samples
| )) Klohn Crippen Berger LOCATION: Yukon
FIGURE:
| DRAWN BY: SE CHECKED BY:




KCB_GRAIN_SIZE-SI M09234A02.GPJ SIEVE.GDT 2/7/06

GRAIN SIZE DISTRIBUTION

GRAVEL SAND
COBBLES SILT OR CLAY
coarse fine coarse‘ medium fine
SIEVE OPENINGS IN INCHES | U.S. SIEVE NUMBERS
6 3 1.5 3/4 3/8 4 10 20 40 60 100 200
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GRAIN SIZE(mm)
HOLE DEPTH (m) D85 D60 D50 D15 D10 CcuU %GRAVEL | %SAND %FINES
@ TP05-47 2.00 | 16.609 4.332 2.267 38.6 37.9 23.5
X| TP05-48 2.00 | 22.764 5.606 2.482 43.0 28.2 28.8
A | TP05-72 2.50 | 17.039 5.427 1.926 419 30.3 27.8
* | TP05-74 1.50 | 29.973 | 20.007 | 10.698 57.0 18.1 249
®| TP05-75 1.50 | 16.153 1.655 0.621 28.8 37.2 34.0
HOLE SAMPLE DEPTH (m) W% W Wp PI REMARKS / SAMPLE DESCRIPTION
@ TPO05-47 2.00 11.8
X| TP05-48 2.00 9.7
A | TPO05-72 2.50 8.2
* | TP05-74 1.50 7.7
®| TP05-75 1.50 10.2

CU = COEFFICIENT OF UNIFORMITY = D60/D10

PARTICLE SIZES, e.g. D85, in mm

Tested by Wet Sieving Method (ASTM D1140 & D422)

)) Klohn Crippen Berger

PROJECT NO.: M09234A02 01 01

PROJECT: Wolverine - Test Pit Samples

LOCATION: Yukon

FIGURE:

DRAWN BY: JG

CHECKED BY:




KCB_GRAIN_SIZE-SI M09234A02.GPJ SIEVE.GDT 2/7/06

GRAIN SIZE DISTRIBUTION

GRAVEL SAND
COBBLES SILT OR CLAY
coarse ‘ fine coarse‘ medium fine
SIEVE OPENINGS IN INCHES | U.S. SIEVE NUMBERS
6 3 1.5 3/4 3/8 4 10 20 40 60 100 200
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GRAIN SIZE(mm)
HOLE DEPTH (m) D85 D60 D50 D15 D10 CuU %GRAVEL | %SAND %FINES
@® | TPO05-76 1.50 | 23.460 4.323 1.121 39.3 27.4 33.3
X| TPO5-77 1.50 | 26.940 6.658 2.016 43.5 26.8 29.6
A | TP05-83 1.80 | 24.775| 10.503 5.330 51.5 30.9 17.6
* | TP05-84 1.50 | 24.488 5.453 1.595 41.8 26.3 31.9
®| TP05-85 1.50 | 22.662 0.537 0.187 23.3 35.7 41.0
HOLE SAMPLE DEPTH (m) W% W Wp PI REMARKS / SAMPLE DESCRIPTION
@® | TPO05-76 1.50 10.3
X| TPO5-77 1.50 7.3
A | TP05-83 1.80 6.2
* | TP05-84 1.50 10.6
®| TP05-85 1.50 17.9

CU = COEFFICIENT OF UNIFORMITY = D60/D10

PARTICLE SIZES, e.g. D85, in mm

Tested by Wet Sieving Method (ASTM D1140 & D422)

)) Klohn Crippen Berger

PROJECT NO.: M09234A02 01 01

PROJECT: Wolverine - Test Pit Samples

LOCATION: Yukon

FIGURE:

DRAWN BY: DL

CHECKED BY:




GRAIN SIZE DISTRIBUTION

KCB_GRAIN_SIZE-SI M09234A02.GPJ SIEVE.GDT 2/7/06

GRAVEL SAND
COBBLES SILT OR CLAY
coarse ‘ fine coarse‘ medium fine
SIEVE OPENINGS IN INCHES | U.S. SIEVE NUMBERS
6 3 1.5 3/4 3/8 4 10 20 40 60 100 200
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GRAIN SIZE(mm)
HOLE DEPTH (m) D85 D60 D50 D15 D10 CuU %GRAVEL | %SAND %FINES
@® | TP05-86 1.50 | 28.853 | 11.841 3.357 479 22.3 29.8
X| TP05-87 3.30 | 24.359 5.917 3.223 44 .2 34.8 21.0
A | TP05-89 1.50 | 14.318 2.400 0.934 311 37.3 31.6
* | TP05-89 3.00 | 20.991 7.008 3.758 0.074 46.6 38.4 15.1
®| TP05-91 1.00 7.000 1.167 0.444 221 40.3 37.6
HOLE SAMPLE DEPTH (m) W% W Wp PI REMARKS / SAMPLE DESCRIPTION
@® | TP05-86 1.50 8.8
X| TP05-87 3.30 1.6
A | TP05-89 1.50 8.9
* | TP05-89 3.00 3.0
®| TP05-91 1.00 12.7

CU = COEFFICIENT OF UNIFORMITY = D60/D10

PARTICLE SIZES, e.g. D85, in mm

Tested by Wet Sieving Method (ASTM D1140 & D422)

)) Klohn Crippen Berger

PROJECT NO.: M09234A02 01 01

PROJECT: Wolverine - Test Pit Samples

LOCATION: Yukon

FIGURE:

DRAWN BY: DL

CHECKED BY:




KCB_GRAIN_SIZE-SI M09234A02.GPJ SIEVE.GDT 2/7/06

GRAIN SIZE DISTRIBUTION

GRAVEL SAND
COBBLES SILT OR CLAY
coarse ‘ fine coarse ‘ medium fine
SIEVE OPENINGS IN INCHES | U.S. SIEVE NUMBERS
6 3 1.5 3/4 3/8 4 10 20 40 60 100 200
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GRAIN SIZE(mm)
HOLE DEPTH (m) D85 D60 D50 D15 D10 CcuU %GRAVEL | %SAND %FINES
@®  TP05-93 1.50 5.389 | 0.496 0.150 16.5 40.1 43.5
X| TP05-95 2.30 | 47.083 | 18.443 | 11.066 0.112 60.9 259 13.2
A | TP05-96 1.50 | 53.074 | 10.953 4.311 49.2 26.7 24.2
* | TP05-97 1.50 | 21.618 5.340 2.389 41.8 28.4 29.8
HOLE SAMPLE DEPTH (m) W% W Wp PI REMARKS / SAMPLE DESCRIPTION
@® | TP05-93 1.50 13.0
X| TP05-95 2.30 4.6
A | TP05-96 1.50 11.0
* | TP05-97 1.50 7.7
CU = COEFFICIENT OF UNIFORMITY = D60/D10 PARTICLE SIZES, e.g. D85, in mm Tested by Wet Sieving Method (ASTM D1140 & D422)

)) Klohn Crippen Berger

PROJECT NO.: M09234A02 01 01

PROJECT: Wolverine - Test Pit Samples

LOCATION: Yukon

FIGURE:

DRAWN BY: DL

CHECKED BY:




GRAIN SIZE DISTRIBUTION

KCB_GRAIN_SIZE-SI M09234A02.GPJ SIEVE.GDT 2/7/06

GRAVEL SAND
COBBLES SILT OR CLAY
coarse ‘ fine coarse‘ medium fine
SIEVE OPENINGS IN INCHES \ U.S. SIEVE NUMBERS
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GRAIN SIZE(mm)
HOLE DEPTH (m) D85 D60 D50 D15 D10 cu %GRAVEL | %SAND | %FINES
@® | Borrow 1 0.00 | 36.810 | 14.520 9.100 59.7 20.0 20.3
X| Borrow 2 0.00 | 54.083 | 27.000 | 17.265 61.8 19.9 18.2
A | Borrow 3 0.00 | 57.821 | 36.732 | 25.698 0.906 0.426 | 86.306 73.9 20.8 53
*x| Go Creek Dam 0.00 | 59.415| 40.298 | 22.024 0.373 0.071 |569.587 66.6 23.2 10.2
®| MWO05-6 0.00 | 14.399 2.332 0.615 32.5 28.4 39.2
HOLE SAMPLE DEPTH (m) W% w, W, PI REMARKS / SAMPLE DESCRIPTION
@® | Borrow 1 East 0.00 7.7
X Borrow 2 | Central 0.00 9.0
A | Borrow 3 | West 0.00 5.5
* | Go Creek Dam 0.00 2.5
®| MWO05-6 0.00 11.4

CU = COEFFICIENT OF UNIFORMITY = D60/D10

PARTICLE SIZES, e.g. D85, in mm

Tested by Wet Sieving Method (ASTM D1140 & D422)

)) Klohn Crippen Berger

PROJECT NO.: M09234A02 01 01

PROJECT: Wolverine - General Borrow Materials

LOCATION: Yukon

FIGURE:

DRAWN BY: DL

CHECKED BY:




GRAIN SIZE DISTRIBUTION

KCB_GRAIN_SIZE-SI M09234A02.GPJ SIEVE.GDT 2/7/06

GRAVEL SAND
COBBLES SILT OR CLAY
coarse ‘ fine coarse‘ medium fine
SIEVE OPENINGS IN INCHES | U.S. SIEVE NUMBERS
6 3 1.5 3/4 3/8 4 10 20 40 60 100 200
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GRAIN SIZE(mm)
HOLE DEPTH (m) D85 D60 D50 D15 D10 CcuU %GRAVEL | %SAND %FINES
® | THO05-1 11.45 9.557 0.988 0.244 24.8 33.5 41.7
X| THO5-3 1.00 | 16.788 | 11.010 8.902 62.9 20.8 16.3
A | THO5-3 6.10 | 10.274 2.490 0.991 30.7 33.9 354
* | THO5-3 8.90 1.945 0.175 3.8 42.6 53.7
®| THO5-5 1.80 | 10.773 2.609 1.393 31.0 47.5 21.6
HOLE SAMPLE DEPTH (m) W% W Wp PI REMARKS / SAMPLE DESCRIPTION
@ THO05-1 11.45 14.5
X| THO5-3 1.00 11.5
A | THO5-3 6.10 12.3
* | THO5-3 8.90 12.2
®| THO5-5 1.80 13.7

CU = COEFFICIENT OF UNIFORMITY = D60/D10

PARTICLE SIZES, e.g. D85, in mm

Tested by Wet Sieving Method (ASTM D1140 & D422)

)) Klohn Crippen Berger

PROJECT NO.: M09234A02 01 01

PROJECT: Wolverine - Test Hole Samples

LOCATION: Yukon

FIGURE:

DRAWN BY: DL

CHECKED BY:
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GRAIN SIZE DISTRIBUTION

GRAVEL SAND
COBBLES SILT OR CLAY
coarse ‘ fine coarse‘ medium fine
SIEVE OPENINGS IN INCHES | U.S. SIEVE NUMBERS
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GRAIN SIZE(mm)
HOLE DEPTH (m) D85 D60 D50 D15 D10 CuU %GRAVEL | %SAND %FINES
@ | TP05-87 3.30 | 24.359 5.917 3.223 44 .2 34.8 21.0
X| TP05-89 1.50 | 14.318 2.400 0.934 311 37.3 31.6
HOLE SAMPLE DEPTH (m) W% W Wp PI REMARKS / SAMPLE DESCRIPTION
@ | TP05-87 3.30
X| TP05-89 1.50

CU = COEFFICIENT OF UNIFORMITY = D60/D10

PARTICLE SIZES, e.g. D85, in mm

Tested by Wet Sieving Method (ASTM D1140 & D422)

)) Klohn Crippen Berger

PROJECT NO.: M09234A02 01 01

PROJECT: Wolverine - DAM FILL

LOCATION: Yukon

FIGURE:

DRAWN BY: DL

CHECKED BY:




Sample Description:

COMPACTION TEST

TRIAL NUMBER 1 2 3 4 5 6
Unit Weight Determination

Wet Wt. Sample & Mold (g) 11592 11608 11651 11171 11152
Weight of Mold (g) 6515 6515 6515 6515 6515
Wet Wt. of Sample (g) 5077 5093 5136 4656 4637
Volume of Mold (cms) 2123.48 2123.48 2123.48 2123.48 2123.48
Wet Unit Wt. (kg/m®) 2390.9 2398.4 2418.7 2192.6 2183.7
Dry Unit Wt. (kg/m°) 2227.3 2199.8 2207.2 2097.0 2079.7
Moisture Content Determination

Container No. 1 2 3 4 5
Wet Wt. Sample & Tare (g) 627.42 392.24 552.74 464.31 105
Dry Wt. Sample & Tare (g) 591.05 369.84 512.96 448.7 100
Wt. of Water (g) 36.37 22.4 39.78 15.61 5
Tare Container (g) 95.85 121.71 97.67 106.3 0
Dry Wt. of Soil () 495.2 248.13 415.29 342.4 100
Moisture Content (%) 7.3% 9.0% 9.6% 4.6% 5.0%

2500

Compaction Test

2250

Dry Unit Weight (kg/m3)

2000
0%

5%

Moisture Content

15%

O

Klohn Crippen Berger

JOB NO.: M09234A02

PrOJECT:  Wolverine - DAM FILL (TP05-87)
LocATION:  Yukon

DATE: 31-Aug-05

TESTEDBY: DL [cHeCkED BY:  JG




Sample Description:

COMPACTION TEST

TPO5 - 89 15m

TRIAL NUMBER 1 2

Unit Weight Determination

Wet Wt. Sample & Mold (g) 6350 6411 6441 6219
Weight of Mold (g) 4231 4231 4231 4231
Wet Wt. of Sample (g) 2119 2180 2210 1988
Volume of Mold (cm’) 929.623 | 929.623 929.623 929.623
Wet Unit Wt. (kg/m’) 2279.4 2345.0 2377.3 2138.5
Dry Unit Wt. (kg/m’) 2187.8 2171.8 2131.5 2099.3

Moisture Content Determination

Container No.

Wet Wt. Sample & Tare (g)

959.93 809.79 1001.51 216.62

Dry Wt. Sample & Tare (Q) 926.21 770.17 927.86 212.95
Wit. of Water (g) 33.72 39.62 73.65 3.67
Tare Container (g) 121.38 273.37 289.29 16.35
Dry Wt. of Soil (g) 804.83 496.8 638.57 196.6
Moisture Content (%) 4.2% 8.0% 11.5% 1.9%
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Compaction Test
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2100

2000
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Dry Unit Weight (kg/m®)
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1700 +
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Klohn Crippen Berger

JOB NO.: M09234A02

PrROJECT:  Wolverine - DAM FILL (TP05-89)

LocATION:  Yukon

DATE: 19-Sep-05

TESTEDBY: DL [cHECKED BY:  JG
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Klahm Crippen Berge,

HYDRAULIC CONDUCTIVITY TEST USING A FLEXIBLE WALL PERMEAMETER
(Triaxial Permeability Test) (ASTM D5084-00)

PROJECT NO: M09234A2 TRIAXIAL CELL: Test No.:
PROJECT: Woverine Project PRESSURE PANEL: Tested by: Ganan
SAMPLE INFORMATION: Tailings sample, prepared by moist tamping technique. Date: November 24, 2005
TIME BASE BURETTE (IN FLOW) TOP BURETTE (OUT FLOW) BASE TOP CELL HEAD COEF. OF
DATE / TIME INTERVAL READING VOLUME READING VOLUME PRESSURE PRESSURE PRESSURE LOSS GRADIENT PERMEABILITY
(sec) (cm) (cm®) (cm) (cm®) (kPa) (kPa) (kPa) (cm) (cm/sec)
t Qin Qout h i k
11/24/05 11:45 64.05 46.10 205 200 300 68.9 5.4
13500 2.90 2.58 1E-06
11/24/05 15:30 63.80 47.10 205 200 300 67.6 5.3
6720 1.16 1.29 1E-06
11/24/05 17:22 63.70 47.60 205 200 300 67.0 5.3
56280 10.44 10.56 1E-06
11/25/05 9:00 62.80 51.70 205 200 300 62.0 4.9
11/25/05 9:00 62.75 51.70 210 200 300 112.9 8.8
8100 2.90 2.58 1E-06
11/25/05 11:15 62.50 52.70 210 200 300 111.6 8.7
13500 4.64 4.38 1E-06
11/25/05 15:00 62.10 54.40 210 200 300 109.5 8.6
11/25/05 15:00 62.10 40.50 210 200 300 123.4 9.7
8100 3.48 3.09 1E-06
11/25/05 17:15 61.80 41.70 210 200 300 121.9 9.6
148500 47.56 47.90 1E-06
11/27/05 10:30 57.70 60.30 210 200 300 99.2 7.8
Base Burette Area: Top Burette Area: Sample Area: Sample Length:
A, (cm?) = 11.6 Ay (cm?) = 2575 A (cm®) = 31.4873 L (cm) = 12.76

Hydraulic Conductivity (Coef. of Permeability), k = In(h;/h,) X (A, X Ague X LY/ (A X t X (A + Aow)) by ASTM D5084-00, method C
(Back pressure saturation applied on the test specimen before consolidation)
(Permeability Test was performed after consolidation at 100 kPa confining pressure.)




O

Klohn Crippen Berge

HYDRAULIC CONDUCTIVITY TEST USING A FLEXIBLE WALL PERMEAMETER
(Triaxial Permeability Test) (ASTM D5084-00)

PROJECT NO: M09234A2 TRIAXIAL CELL: Test No.: TX271205
PROJECT: Woverine Project PRESSURE PANEL: Tested by: Ganan
SAMPLE INFORMATION: TP05-89 sample, prepared by moist tamping technique. Date: November 19, 2005
TIME BASE BURETTE (IN FLOW) TOP BURETTE (OUT FLOW) BASE TOP CELL HEAD COEF. OF
DATE / TIME INTERVAL READING VOLUME READING VOLUME PRESSURE PRESSURE PRESSURE LOSS GRADIENT PERMEABILITY
(sec) (cm) (cm®) (cm) (cm®) (kPa) (kPa) (kPa) (cm) (cm/sec)
t Qin Qout h i k
12/19/05 11:50 63.50 45.90 310 300 750 119.4 9.4
5100 4.17 4.00 2.7E-06
12/19/05 13:15 63.15 47.45 310 300 750 117.5 9.3
6900 5.95 5.55 2.8E-06
12/19/05 15:10 62.65 49.60 310 300 750 114.9 9.1
8100 5.95 6.20 2.7E-06
12/19/05 17:25 62.15 52.00 310 300 750 112.0 8.8
12/19/05 17:25 62.15 41.20 310 300 750 122.8 9.7
5100 4.17 4.39 2.8E-06
12/19/05 18:50 61.80 42.90 310 300 750 120.7 9.5
12/19/05 19:35 61.75 43.45 305 300 750 69.2 5.5
50100 18.45 18.46 2.3E-06
12/20/05 9:30 60.20 50.60 305 300 750 60.5 4.8
9900 4.76 4.13 2.9E-06
12/20/05 12:15 59.80 52.20 305 300 750 58.5 4.6
11700 4.76 4.65 2.8E-06
12/20/05 15:30 59.40 54.00 305 300 750 56.3 4.4
12/20/05 15:30 59.40 40.60 305 300 750 69.7 5.5
62700 26.18 27.11 2.7E-06
12/21/05 8:55 57.20 51.10 305 300 750 57.0 4.5
Base Burette Area: Top Burette Area: Sample Area: Sample Length:
A, (cm?) = 11.9 Ao (cmd = 2.582 A (cm®) = 31.4082 L (cm) = 12.68

Hydraulic Conductivity (Coef. of Permeability), k = In(h;/h,) X (A, X Ague X LY/ (A X t X (A + Aow)) by ASTM D5084-00, method C
(Back pressure saturation applied on the test specimen before consolidation)
(Permeability Test was performed after consolidation at 450 kPa confining pressure.)
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Klohn Crppen Barge

HYDRAULIC CONDUCTIVITY TEST USING A FLEXIBLE WALL PERMEAMETER
(Triaxial Permeability Test) (ASTM D5084-00)

PROJECT NO: M09234A2 TRIAXIAL CELL: Test No.: TX271205
PROJECT: Woverine Project PRESSURE PANEL: Tested by: Ganan
SAMPLE INFORMATION: TP05-89 sample, prepared by moist tamping technique. Date: January 10, 2006
TIME BASE BURETTE (IN FLOW) TOP BURETTE (OUT FLOW) BASE TOP CELL HEAD COEF. OF
DATE / TIME INTERVAL READING VOLUME READING VOLUME PRESSURE PRESSURE PRESSURE LOSS GRADIENT PERMEABILITY
(sec) (cm) (cm®) (cm) (cm®) (kPa) (kPa) (kPa) (cm) (cm/sec)
t Qin Qout h i k
1/9/06 10:40 66.60 45.20 210 200 1000 123.2 9.7
4800 3.57 3.87 2.6E-06
1/9/06 12:00 66.30 46.70 210 200 1000 121.4 9.6
4800 4.16 4.00 2.8E-06
1/9/06 13:20 65.95 48.25 210 200 1000 119.5 9.4
4200 2.98 3.23 2.6E-06
1/9/06 14:30 65.70 49.50 210 200 1000 118.0 9.3
10200 8.33 8.00 2.8E-06
1/9/06 17:20 65.00 52.60 210 200 1000 114.2 9.0
1/9/06 17:20 65.00 43.80 204.5 200 1000 67.0 5.3
4800 1.79 1.55 2.0E-06
1/9/06 18:40 64.85 44.40 204.5 200 1000 66.3 5.2
52200 19.63 19.37 2.5E-06
1/10/06 9:10 63.20 51.90 204.5 200 1000 57.1 4.5
Base Burette Area: Top Burette Area: Sample Area: Sample Length:
A, (cm?) = 11.9 Ao (cmd = 2.582 A(cm®) = 31.2181 L (cm) = 12.69

Hydraulic Conductivity (Coef. of Permeability), k = In(h;/h,) X (A, X Ague X LY/ (A X t X (A + Aow)) by ASTM D5084-00, method C
(Back pressure saturation applied on the test specimen before consolidation)
(Permeability Test was performed after consolidation at 800 kPa confining pressure.)
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GRAIN SIZE DISTRIBUTION

COBBLES

GRAVEL

SAND

coarse

fine

coarse ‘ medium ‘ fine

SILT OR CLAY

SIEVE OPENINGS IN INCHES |
1.5 3/4

6 3

3/8 4

U.S. SIEVE NUMBERS

10

20

40 60 100

200

100

Y‘\\I

90

80

70

60

50

40

PERCENT FINER BY WEIGHT

30

20

10

N

100

10

1

GRAIN SIZE(mm)

0.1

0.01

0.001

HOLE

DEPTH (m)

D85

D60

D50

D15

D10
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91.8

HOLE

SAMPLE

DEPTH (m)
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Pl

REMARKS / SAMPLE DESCRIPTION

@®  Tailings

0.00

CU = COEFFICIENT OF UNIFORMITY = D60/D10

PARTICLE SIZES, e.g. D85, in mm

Tested by Wet Sieving Method (ASTM D1140 & D422)

) Klohn Crippen Berger

PROJECT NO.: M09234A02 01 01

PROJECT: Wolverine - Tailings Sample

LOCATION: Yukon

FIGURE:

DRAWN BY: JG

CHECKED BY:
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GRAIN SIZE DISTRIBUTION

GRAVEL SAND
COBBLES SILT OR CLAY
coarse fine coarse| medium | fine
SIEVE OPENINGS IN INCHES | U.S. SIEVE NUMBERS
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GRAIN SIZE(mm)
HOLE DEPTH (m) D85 D60 D50 D15 D10 cu %GRAVEL | %SAND | %FINES
@ | Tailing 0.00 0.080 0.0 16.3 83.7
HOLE SAMPLE DEPTH (m) W% w, Wp Pl REMARKS / SAMPLE DESCRIPTION
@ | Tailing 0.00 F11&F12 (20%), F23&F32 (80%)

CU = COEFFICIENT OF UNIFORMITY = D60/D10

PARTICLE SIZES, e.g. D85, in mm

Tested by Wet Sieving Method (ASTM D1140 & D422)

) Klohn Crippen Berger

PROJECT NO.: M09234A04

PROJECT: Wolverine Project - Tailings

LOCATION: Yukon

FIGURE:

DRAWN BY: BY CHECKED BY:




SPECIFIC GRAVITY OF SOIL SOLIDS (ASTM-D854)

Sample No. #1
Flask No. KL2 KL3
Volume of Flask @ 20° C ml 500 500
Method of Air removal Boiling Boiling
De-airing Period hr 2 2
Test temperature ° 22.6 22.6
Mass of Flask+Water (M,) g 675.46 675.96
Mass of Flask+Water+Soil (M,) g 748.55 751.50
Mass of Dish/Flask+Soil 27713 281.12
Mass of Dish/Flask 177.20 177.49
Mass of Dry Soil (M,) g 99.93 103.63
Correction factor (K) @ Test Temperature 0.9998 0.9998
Specific Gravity of Solids @ 20° C 3.72 3.69
Average Specific Gravity of Solids @ 20° C 3.71
Sample No.

Flask No.

Volume of Flask @ 20° C mi

Method of Air removal

De-airing Period hr

Test temperature °C

Mass of Flask+Water (M,) g

Mass of Flask+Water+Soil (M,) g

Mass of Dish/Flask+Soil

Mass of Dish/Flask

Mass of Dry Soil (M,) g

Correction factor (K) @ Test Temperature

Specific Gravity of Solids @ 20° C

Average Specific Gravity of Solids @ 20° C

Specific Gravity of Solids @ 20° C = (K x M,)/(M, + M, - M,)

O

Klohn Crippen Berger

JOBNO.:  M09234A02

PROJECT: Wolverine - Tailings Sample

LOCATION: Yukon

DATE: December 13, 2005

TESTED BY:JG |CHECKED BY: GAN




SPECIFIC GRAVITY OF SOIL SOLIDS (ASTM-D854)

Sample No. Tailings*
Flask No. KL-2 KL-3
Volume of Flask @ 20° C ml 500 500
Method of Air removal Boiling Boiling
De-airing Period hr 2 2
Test temperature ° 16.9 16.9
Mass of Flask+Water (M,) g 675.15 675.53
Mass of Flask+Water+Soil (My) g 728.62 725.89
Mass of Dish/Flask+Soil 249.19 245.30
Mass of Dish/Flask 177.18 177.47
Mass of Dry Soil (M,) g 72.01 67.83
Correction factor (K) @ Test Temperature 1.0055 1.0055
Specific Gravity of Solids @ 20° C 3.905 3.904
Average Specific Gravity of Solids @ 20° 3.90
Sample No.

Flask No.

Volume of Flask @ 20° C ml

Method of Air removal

De-airing Period hr

Test temperature °C

Mass of Flask+Water (M,) g

Mass of Flask+Water+Soil (My) g

Mass of Dish/Flask+Soil

Mass of Dish/Flask

Mass of Dry Soil (M,) g

Correction factor (K) @ Test Temperature

Specific Gravity of Solids @ 20° C

Average Specific Gravity of Solids @ 20°

* Combined tailings F11 & F12 (20%), F23 & F32 (80%)

Specific Gravity of Solids @ 20° C = (K x My)/(M, + M, - My)

O

Klohn Crippen Berger

JOBNO.: M09234A04

PROJECT: Wolverine Project - tailings

LOCATION: Yukon

DATE: 26-Oct-08

TESTED BY BY |CHECKED BY:




‘D Settling Test for Tailings Samples
Kiohn Crippen Berger (14 % Initial Solid Content)
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0.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Note: Water Content at the end of ®— Tailings

Settling Test is 54%




SETTLING TEST (using 2L graduated standard beaker)

Beaker # A-2000 Initial Weight + Tare (g) 2877.78|Final Weight + Tare (g) 2877.8
Beaker Tare (g) 503.54 Intial Dry weight (g) 696.68|Final Dry weight (g) 696.68!
Proposed Solid Content (%) 30 Initial Solid Volume (cm*3) 1889|Final Solid Volume (cm”3) 497,
Supernatant Density (g/cm”3) 1 Initial Solid Content (%) 29.3|Final Solid Content (%) 70.9
Start Date 23-Oct-08 Initial Water Content (%) 240.8|Final Water Content (%) 41.0
Start Time 2:03 PM Initial Dry Density (9/cm”3) 0.37|Final Dry Density (g/cm"3) 1.40
Temperature 20.0 °C Initial Wet Density (g/cm"3) 1.26|Final Wet Density (g/cm”3) 1.98
Readings
Elapsed Temp. Top Top Top Height Volume Volume Volume Wet Dry Water Solid
Time Supernatant Solids Settlement |Supernatant| Supernatant |Supernatant Variation| Solids (settlement)| Density Density Content | Content
(min) (°C) (mm) (mm) (mm) (mm) (cm”3) (cm*"3) (cm”3) (g/cm”3) (g/cm”3) (%) (%)
0 20.0: 359.0 359.0 359.0] 0.00 0.00 1888.79 1888.79 1.26 0.37 240.79 29.34]
0.5 359.0 355.0 355.0] 4.00 48.42 1840.37 1840.37 1.26 0.38 233.84 29.95
1 359.0 350.0 350.0! 9.00 108.95 1779.85 1779.85 1.27 0.39 225.16 30.75]
1.5 359.0 340.0 340.0] 19.00 230.00 1658.79 1658.79 1.29 0.42 207.78 32.49
2 359.0 335.0 335.0] 24.00 290.52 1598.27 1598.27 1.30 0.44 199.09 33.43]
25 359.0 330.0 330.0! 29.00 351.05 1537.74 1537.74 1.32 0.45 190.40 34.43]
3 359.0 320.0 320.0! 39.00 472.10 1416.69 1416.69 1.34 0.49 173.03 36.63]
35 359.0 315.0 315.0] 44.00 532.62 1356.17 1356.17 1.36 0.51 164.34 37.83]
4 359.0 310.0 310.0] 49.00 593.15 1295.64 1295.64 1.37 0.54 155.65 39.12]
45 359.0 305.0 305.0! 54.00 653.67 1235.12 1235.12 1.39 0.56 146.97 40.49]
5 359.0 300.0 300.0! 59.00 714.20 1174.59 1174.59 1.41 0.59 138.28 41.97]
55 359.0 295.0 295.0] 64.00 774.72 1114.07 1114.07 1.44 0.63 129.59 43.56]
6 359.0 289.0 289.0] 70.00 847.36 1041.44 1041.44 1.47 0.67 119.17 45.63]
6.5 359.0 285.0 285.0] 74.00 895.78 993.02 993.02 1.49 0.70 112.22 47.12]
7 359.0 280.0 280.0] 79.00 956.30 932.49 932.49 1.52 0.75 103.53 49.13]
7.5 359.0 267.0 267.0] 92.00 1113.67 77512 77512 1.63 0.90 80.94 55.27]
8 359.0 265.0 265.0] 94.00 1137.88 750.91 750.91 1.65 0.93 77.47 56.35]
8.5 359.0 262.0 262.0] 97.00 1174.19 714.60 714.60 1.68 0.97 72.25 58.05]
9 359.0 260.0 260.0] 99.00 1198.40 690.39 690.39 1.70 1.01 68.78 59.25]
9.5 359.0 258.0 258.0] 101.00 1222.61 666.18 666.18 1.78 1.05 65.30 60.50!
10 359.0 256.0 256.0] 103.00 1246.82 641.97 641.97 1.76 1.09 61.83 61.79
1 359.0 253.0 253.0] 106.00 1283.14 605.65 605.65 1.80 1.15 56.61 63.85]
12 359.0 251.0 251.0] 108.00 1307.35 581.44 581.44 1.83 1.20 53.14 65.30]
13 359.0 249.0 249.0] 110.00 1331.56 557.23 557.23 1.87 1.25 49.66 66.82]
14 359.0 248.0 248.0] 111.00 1343.66 545.13 545.13 1.89 1.28 47.93 67.60]
15 359.0 247.0 247.0] 112.00 1355.77 533.02 533.02 1.91 1.31 46.19 68.40!
16 359.0 246.5 246.5] 112.50 1361.82 526.97 526.97 1.92 1.32 45.32 68.81
17 359.0 246.0 246.0] 113.00 1367.87 520.92 520.92 1.93 1.34 44.45 69.23]
18 359.0 245.8 245.8] 113.20 1370.29 518.50 518.50 1.94 1.34 44.10 69.39
19 359.0 245.5 245.5 113.50 1373.93 514.87 514.87 1.94 1.35 43.58 69.65]
20 359.0 245.2 245.2] 113.80 1377.56 511.23 511.23 1.95 1.36 43.06 69.90!
22 359.0 245.0 245.0] 114.00 1379.98 508.81 508.81 1.95 1.37 42.71 70.07]
25 359.0 244.5 244.5 114.50 1386.03 502.76 502.76 1.97 1.39 41.85 70.50]
30 359.0 244.3 244.3] 114.70 1388.45 500.34 500.34 1.97 1.39 41.50 70.67]
35 359.0 244.0 244.0] 115.00 1392.08 496.71 496.71 1.98 1.40 40.98 70.93]
45 359.0 244.0 244.0] 115.00 1392.08 496.71 496.71 1.98 1.40 40.98 70.93]
55 359.0 244.0 244.0] 115.00 1392.08 496.71 496.71 1.98 1.40 40.98 70.93]
60 359.0 244.0 244.0] 115.00 1392.08 496.71 496.71 1.98 1.40 40.98 70.93]
90 359.0 244.0 244.0] 115.00 1392.08 496.71 496.71 1.98 1.40 40.98 70.93]
120 359.0 244.0 244.0] 115.00 1392.08 496.71 496.71 1.98 1.40 40.98 70.93]
180 359.0 244.0 244.0] 115.00 1392.08 496.71 496.71 1.98 1.40 40.98 70.93]
300 359.0 244.0 244.0] 115.00 1392.08 496.71 496.71 1.98 1.40 40.98 70.93]
360 359.0 244.0 244.0] 115.00 1392.08 496.71 496.71 1.98 1.40 40.98 70.93]
1440 359.0 244.0 244.0] 115.00 1392.08 496.71 496.71 1.98 1.40 40.98 70.93]
JOB NO.: M09234 [DaTE | 24-Oct-08
. PROJECT: Wolverine [Location: |
‘» Klohn Crippen Berger [opr, 30% solid content
DESCRIPTION: |Tailings with F11 and F12 (20%); F23 and F32 (80%)
TESTEDBY: _ [JG [cHECKED BY: [BY [SHEET 1 of 2




Settling Test for Tailings @ 30% solids
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JOB NO.: M09234 DATE 24-Oct-08
. PROJECT: Wolverine LOCATION:

‘» Klohn Crippen Berger DETAIL: 30% solid content

DESCRIPTION:  |Tailings with F11 and F12 (20%); F23 and F32 (80%)

TESTED BY: JG [cHECKED BY: [BY [SHEET 2 of 2




CONSOLIDATION

PROJECT NO: M09234A04
PROJECT: Wolverine Project - Tailings
SAMPLE NO.: Tailing Mix (F11 and F12 (20%) + F23 and F32 (80%))
DEPTH:
LOADING MACHINE NO.: Machine #9
Initial water content : 41.00 % (based on trimmings)
Final water content : 20.35 % (based on sample at end of test)
Initial Specimen Height (mm): 15.880
Height of Solid (mm): 5.490 (Initial dry mass = 82.77 g, Specimen area = 3861.7 mm?, SG=3.90)
Initial void ratio: 1.589 * Calibration to be done after test
Void Ratio Factor 0.1821 ** Estimated tg
Pressure (kPa) | Change in Height Final Change in Change in Void tog Cv Mv k Cc
From To Corrected (mm) | Height (mm) | Void Ratio | Void Ratio Acc |  Ratio (min) (cm?sec) | (cm?N) | (cm/sec)
0.0 1.5 3.500 12.380 0.6375 0.6375 0.951
1.5 2 0.010 12.370 0.0018 0.6393 0.950
2 4 0.015 12.355 0.0027 0.6421 0.947
4 8 0.025 12.330 0.0046 0.6466 0.942 0.05 1.1E-01 1.4E-02 1.5E-05 0.016
8 14 0.040 12.290 0.0073 0.6539 0.935 0.01 5.4E-01 9.9E-03 5.2E-05 0.029
14 27 0.074 12.216 0.0135 0.6674 0.922 0.5 1.0E-02 1.1E-02 1.1E-06 0.047
27 52 0.105 12.110 0.0192 0.6866 0.902 1.4 3.7E-03 7.7E-03 2.8E-07 0.067
52 110 0.140 11.970 0.0255 0.7121 0.877 0.2 2.2E-02 5.4E-03 1.2E-06 0.078
110 224 0.172 11.798 0.0314 0.7435 0.846 0.5 9.8E-03 2.9E-03 2.8E-07 0.102
224 453 0.160 11.638 0.0291 0.7726 0.816 1.4 3.4E-03 1.4E-03 4.6E-08 0.095
453 910 0.241 11.397 0.0440 0.8166 0.772 2.8 1.7E-03 1.1E-03 1.7E-08 0.145
910 1824 0.290 11.820 0.0529 0.8695 0.720 3.6 1.4E-03 3.8E-02 5.3E-07 0.118
1824 452 -0.099 11.919 | -0.0181 0.8514 0.738
452 110 -0.080 11.999 | -0.0146 0.8368 0.752
110 27 -0.104 12.103 -0.0189 0.8179 0.771
27 8 -0.040 12.143 | -0.0073 0.8106 0.778
PROJECT NO: M09234A04 ___
‘ D PROJECT: Wolverine Project - Tailings
[LOCATION: Yukon
Klohn Crippen Berger FIGURE: DATE TESTED: November 10, 2008
TESTED BY: Juan CHECKED BY:




Void Ratio

Tailings Mix 20 %(F11, F12) - 80 % (F23, F32)

e - log(p)

1.00

0.95 +

7
52

0.90

0.85 A

0.80 +

110

224

453

X

0.75

0.70 A

\Q‘
1824

0.65

0.60
1.00

10.00

100.00
Consolidation Stress , kPa

1000.00

10000.00



HYDRAULIC CONDUCTIVITY TEST USING A FLEXIBLE WALL PERMEAMETER
(Triaxial Permeability Test) (ASTM D5084-00)

PROJECT NO: M09234A02 TRIAXIAL CELL: Test No.:
PROJECT: Woverine Project PRESSURE PANEL: Tested by: Ganan
SAMPLE INFORMATION: Tailings sample, prepared by moist tamping technique. Date: 11/2/05
TIME BASE BURETTE (IN FLOW) TOP BURETTE (OUT FLOW) BASE TOP CELL HEAD COEF. OF
DATE / TIME INTERVAL READING | VOLUME READING | VOLUME PRESSURE PRESSURE PRESSURE LOSS GRADIENT PERMEABILITY
(sec) (cm) (cm®) (cm) (cm®) (kPa) (kPa) (kPa) (cm) (cm/sec)
t Qin Qout h i k
11/2/05 11:00 66.00 45.40 260 250 350 122.4 9.6
900 22.04 22.40 9E-05
11/2/05 11:15 64.10 54.10 258 248 350 111.8 8.8
900 20.88 19.57 8E-05
11/2/05 11:30 62.30 61.70 258 248 500 102.4 8.1
11/2/05 11:40 63.30 43.80 255 250 350 70.4 5.5
900 10.44 10.30 7E-05
11/2/05 11:55 62.40 47.80 255 250 350 65.5 5.2
900 9.86 9.27 7E-05
11/2/05 12:10 61.55 51.40 256 251 350 61.1 4.8
11/2/05 13:10 61.50 42.00 255 250 350 70.4 5.5
900 9.86 10.30 7E-05
11/2/05 13:25 60.65 46.00 255 250 350 65.6 5.2
900 9.86 9.27 7E-05
11/2/05 13:40 59.80 49.60 256 251 350 61.1 4.8
Base Burette Area: Top Burette Area: Sample Area: Sample Length:
A, (cm?) = 11.6 Ay (cm?) = 2575 A(cm’) = 30095 L(cm)=  12.69

Hydraulic Conductivity (Coef. of Permeability), k = In(hy/h,) X (A X Agut X L)/(A X t X (A, + Agyy)) by ASTM D5084-00, method C
(Back pressure saturation applied on the test specimen before consolidation)
(Permeability Test was performed after consolidation at 100kPa confining pressure.)



HYDRAULIC CONDUCTIVITY TEST USING A FLEXIBLE WALL PERMEAMETER
(Triaxial Permeability Test) (ASTM D5084-00)

PROJECT NO: M09234A2 TRIAXIAL CELL: Test No.:
PROJECT: Woverine Project PRESSURE PANEL: Tested by: Ganan
SAMPLE INFORMATION: Tailings sample, prepared by moist tamping technique. Date: 11/2/05
TIME BASE BURETTE (IN FLOW) TOP BURETTE (OUT FLOW) BASE TOP CELL HEAD COEF. OF
DATE / TIME INTERVAL READING VOLUME READING VOLUME PRESSURE PRESSURE PRESSURE LOSS GRADIENT PERMEABILITY
(sec) (cm) (cm®) (cm) (cm®) (kPa) (kPa) (kPa) (cm) (cm/sec)
t Qin Qout h i k
11/7/05 14:00 67.50 41.00 205 200 475 77.4 6.3
1800 2.32 2.45 7E-06
11/7/05 14:30 67.30 41.95 205 200 475 76.3 6.2
1800 2.32 2.19 7E-06
11/7/05 15:00 67.10 42.80 205 200 475 75.2 6.1
3600 4.64 4.38 7E-06
11/7/05 16:00 66.70 44.50 205 200 475 73.1 5.9
3600 4.64 4.12 7E-06
11/7/05 17:00 66.30 46.10 205 200 475 71.1 5.8
5400 5.80 6.44 7E-06
11/7/05 18:30 65.80 48.60 205 200 475 68.1 5.5
11/8/05 9:15 65.80 42.80 210 200 475 124.8 10.1
900 2.32 0.77 4E-06
11/8/05 9:30 65.60 43.10 210 200 475 124.3 10.1
1800 3.48 5.15 9E-06
11/8/05 10:00 65.30 45.10 210 200 475 122.0 9.9
1800 3.48 3.86 7E-06
11/8/05 10:30 65.00 46.60 210 200 475 120.2 9.7
3600 7.54 7.21 7E-06
11/8/05 11:30 64.35 49.40 210 200 475 116.8 9.5
5400 11.02 11.07 7E-06
11/8/05 13:00 63.40 53.70 210 200 475 1115 9.0
Base Burette Area: Top Burette Area: Sample Area: Sample Length:
A, (cm?) = 11.6 Ao (cmd = 2575 A(cm®) = 20782 L (cm) = 12.34

Hydraulic Conductivity (Coef. of Permeability), k = In(h;/h,) X (A, X Ague X LY/ (A X t X (A + Agw)) by ASTM D5084-00, method C
(Back pressure saturation applied on the test specimen before consolidation)
(Permeability Test was performed after consolidation at 275kPa confining pressure.)




HYDRAULIC CONDUCTIVITY TEST USING A FLEXIBLE WALL PERMEAMETER
(Triaxial Permeability Test) (ASTM D5084-00)

PROJECT NO: M09234A2 TRIAXIAL CELL: Test No.:
PROJECT: Woverine Project PRESSURE PANEL: Tested by: Ganan
SAMPLE INFORMATION: Tailings sample, prepared by moist tamping technique. Date: Nov 17, 2005
TIME BASE BURETTE (IN FLOW) TOP BURETTE (OUT FLOW) BASE TOP CELL HEAD COEF. OF
DATE / TIME INTERVAL READING VOLUME READING VOLUME PRESSURE PRESSURE PRESSURE LOSS GRADIENT PERMEABILITY
(sec) (cm) (cm®) (cm) (cm®) (kPa) (kPa) (kPa) (cm) (cm/sec)
t Qin Qout h i k
11/17/05 10:25 68.20 39.90 205 199 650 89.4 7.2
2100 2.90 3.09 7.1E-06
11/17/05 11:00 67.95 41.10 205 199 650 87.9 7.1
3600 5.22 5.15 7.1E-06
11/17/05 12:00 67.50 43.10 205 199 650 85.5 6.9
5400 7.54 7.98 7.5E-06
11/17/05 13:30 66.85 46.20 205 199 650 81.7 6.6
3600 4.64 4.63 6.9E-06
11/17/05 14:30 66.45 48.00 205 199 650 79.5 6.4
3600 4.64 4.89 7.4E-06
11/17/05 15:30 66.05 49.90 205 199 650 77.2 6.2
11/17/05 15:30 66.00 49.95 210 199 650 128.0 10.3
2100 5.22 5.28 8.5E-06
11/17/05 16:05 65.55 52.00 210 199 650 125.5 10.1
5100 12.18 12.10 8.3E-06
11/17/05 17:30 64.50 56.70 210 199 650 119.8 9.6
Base Burette Area: Top Burette Area: Sample Area: Sample Length:
A, (cm?) = 11.6 Ao (cmd = 2575 A (cm®) = 28.8882 L (cm) = 12.45

Hydraulic Conductivity (Coef. of Permeability), k = In(h;/h,) X (A, X Ague X LY/ (A X t X (A + Aow)) by ASTM D5084-00, method C
(Back pressure saturation applied on the test specimen before consolidation)
(Permeability Test was performed after consolidation at 450kPa confining pressure.)
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4. FIELD INVESTIGATIONS

41 Summary

Geotechnical site investigations for the tailings facility were carried out from July to September
2005 and drill hole and test pit logs are included in Section 4.2. Geotechnical investigations for
the tailings facility included 6 drill holes, 2 groundwater monitoring wells and 23 test pits,
summarized as follows:

e Test Holes THO5-7 to THO5-11 were drilled along the dam alignment, and THO5-
12 was drilled inside the tailings impoundment.

e Test Pits TP05-71 to TP05-83, TP05-94 and TP05-95 were excavated in the
footprint of tailings dam, TP05-84 to TP05-86 excavated in the footprint of the
seepage dam, and TP05-91 to TP05-93, TP05-96 and TP05-97 excavated along
the diversion ditches and spillway channels.

e Groundwater monitoring well MWO05-6 was drilled upstream of the
impoundment, while MWO05-7 drilled near the downstream toe of the tailings
dam.

The site investigation programs were mainly carried out using a 420D Cat backhoe mounted on
rubber tires, and a BBS-25A diamond drill rig. Locations of test pits, test holes and groundwater
monitoring wells for the tailings facility are shown in Drawing D-3002. Subsoil profiles in the

tailings facility area are provided in Drawing D-3003.

The drilling program consisted of Standard or Large Penetration (SPT’s and LPT’s) tests and
falling-head permeability tests in overburden materials, and packer permeability tests and
diamond drill coring with HQ3 or NQ; core barrel in bedrock. The penetration tests were carried
out to retrieve soil samples for further laboratory testing (see Section 3) and to evaluate in situ
soil density. Similarly, core samples of bedrock were obtained by diamond coring. In situ

permeability of subsoil and bedrock were obtained by the falling-head and packer tests.

Most of the test pits were excavated to a maximum depth of about 5 m using the backhoe. In
areas inaccessible to the backhoe, shallower test pits were excavated manually or drilled

manually using a hand-operated auger drill to a maximum depth of 1 m. All test hole and test pit

Appendix | — Geotechnical Characterization Page 47
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locations were surveyed using a GPS unit, and the ground surface elevations were estimated
using the site contour map with 2 m contour intervals. Samples retrieved from the drill holes and
test pits were further tested in Klohn Crippen Bergers’s laboratory in VVancouver. Geotechnical
laboratory testing included visual classification, moisture content, gradation, standard Proctor

compaction, triaxial permeability and shear strength tests (see Section 3).

Two 25 mm diameter, 30 cm long piezometer tips were installed in most test holes with 25 mm
Schedule 40 PVC riser pipes. One 55 mm diameter well screen with Schedule 80 PVVC well pipe
was installed in each monitoring well. A pressure gauge with a by-pass valve set up was installed

at the top of each artesian installation. Temperature profiles were also recorded at test holes.

SPT and LPT and falling-head and packer permeability test results are summarized in Table I-
4-1 through Table I- 4-5.

Falling-head permeability tests were conducted through the bottom of the monitoring wells or
test holes and the test results appear to overestimate the in situ permeability, based on
comparison with gradations. This may be due to the boundary condition at the test hole

bottom/seal contact, which could increase the measured permeability values significantly.
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Table I-4-1 Summary of Large and Standard Penetrometer Test Results

TEST DEPTH SPT or SPT OR LPT BLOW CSDNI_VBEFJV%D CONVERTED
HOLE (m) LPT COUNT PER FOOT, N COUNT, N (N1) 60
1.52 LPT 101 65 112
3.05 LPT 81 52 89
4,57 LPT 29 blows per 6" - -
6.10 LPT 30 blows per 5" - -
9.14 LPT 35 blows per 6" - -
THOS-7 12.19 LPT 30+ blows per 1" - -
15.24 LPT 32+ blows per 4" - -
18.29 LPT 21+ blows per 2" - -
21.34 LPT 37 blows per 3" - -
24.38 LPT 21 blows per 3" - -
1.52 LPT 20+ blows per 6" - -
3.05 LPT 47 blows per 12" - -
4,57 LPT 48+ blows per 12" - -
6.10 LPT 42+ blows per 10" - -
THO5-8 9.14 LPT 50+ blows per 12" - -
12.19 LPT 30+ blows per 6" - -
15.24 LPT 60 blows per 6" - -
18.29 LPT 80+ blows per 9" - -
1.52 SPT 57 57 97
3.05 SPT 51 51 86
457 SPT 125 125 172
6.10 SPT 20 blows per 6" - -
9.14 SPT 26 blows per 5" - -
12.19 SPT 23 blows per 2" - -
THO5-9 15.24 SPT 23 blows per 4" - -
18.29 SPT 23 blows per 2" - -
21.34 SPT 26 blows per 2" - -
24.38 SPT 24 blows per 3.5" - -
27.43 SPT 24 blows per 2.5" - -
30.48 SPT 25 blows per 3" - -
1.52 SPT 20+ blows per 6" - -
THO5-10 3.05 SPT 20+ blows per 6" - -
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Table I- 4-2 Summary of Falling-Head Permeability Test Results

TEST HOLE NO TEST SECTION DEPTH (m) | TEST SECTION k
) from to DIAM. (mm) cm/sec
152 152 1016 7.8E-02
3.05 3.05 1016 8.4E-03
457 457 1016 6.9E-02
6.10 6.10 1016 2.7E-02
9.14 9.14 1016 2.9E-02
THOS7 12.19 12.19 1016 7.7E-03
15.24 15.24 1016 1.0E-02
18.29 18.29 1016 2.8E-04
21.34 21.34 1016 1.4E-03
24.38 24.38 1016 4.3E-03
152 152 1016 1.7E-01
3.05 3.05 1016 7.0E-02
THOS-8 457 457 1016 2.9E-02
6.10 6.10 1016 6.9E-03
152 152 76.2 1.3E-02
3.05 3.05 76.2 2.3E-02
6.10 6.10 762 9.5E-03
9.14 9.14 76.2 5.7E-02
12.19 12.19 76.2 1.0E-01
THO5-9 15.24 15.24 76.2 4.1E-01
18.29 18.29 76.2 5.2E-02
21.34 21.34 76.2 15E-02
24.38 24.38 76.2 5.7E-02
27.43 27.43 76.2 9.2E-02
30.48 30.48 76.2 3.1E-03
152 152 76.2 5.7E-03
457 457 76.2 4.4E-02
6.10 6.10 76.2 5.0E-02
9.14 9.14 762 3.4E-02
TH05-10 12.19 12.19 76.2 2.5E-02
15.24 15.24 76.2 5.0E-02
18.29 18.29 76.2 7.1E-02
31.09 31.09 76.2 3.6E-03
3353 3353 762 4.0E-03
3.05 3.05 76.2 1.2E-01
457 4.57 76.2 3.6E-03
THOS-11A 6.10 6.10 76.2 7.7E-03
9.14 9.14 76.2 4.1E-03
6.10 6.10 76.2 6.6E-02
9.14 9.14 76.2 6.0E-03
12.19 12.19 76.2 1.1E-02
28.35 28.35 76.2 2.6E-02
30.48 30.48 76.2 1.9E-03
THO5-11B 36.58 36.58 76.2 6.8E-03
42.67 42.67 76.2 1.8E-02
152 152 762 2.6E-01
3.05 3.05 76.2 6.1E-04
6.10 6.10 76.2 4.1E-03
9.14 9.14 76.2 3.1E-03
12.19 12.19 76.2 1.1E-02
18.29 18.29 76.2 1.4E-02
THO5-12 21.34 21.34 76.2 1.6E-02
24.38 24.38 76.2 15E-02
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Table I- 4-3 Summary of Packer Permeability Test Results

TEST HOLE TEST SECTION DEPTH (m) TEST SECTION AVEEAGE
NO. DIAM. (mm)
From from m/s
THO05-8 24.70 30.80 96.0 5.5E-07
THO05-9 30.50 35.10 75.7 3.1E-06
THO05-10 35.05 38.10 75.7 1.5E-06
THO05-11 44.20 46.30 75.7 1.4E-07
THO05-12 27.58 29.60 75.7 1.6E-07

Table I- 4-4 Summary of Falling-Head Permeability Test Results — Monitoring Wells

TEST HOLE DEPTH (m) k

NO. From to HOLE DIA. (mm) cm/sec

1.07 1.52 96 2.8E-04
2.60 3.05 96 0.0E+001
412 457 96 0.0E+001

5.65 6.10 96 1.7E-04

MWO5-3A 8.69 9.14 96 49E-04
11.74 12.19 96 3.5E-04
14.79 15.24 96 0.0E+001
17.84 18.29 96 0.0E+001

3.05 3.05 76 1.0E-01

6.10 6.10 76 1.2E-02

9.14 9.14 76 6.7E-03

MWO05-5A 12.19 12.19 76 8.0E-03
15.24 15.24 76 6.3E-03

18.29 18.29 76 6.6E-03

1.52 1.52 102 2.0E-04

3.05 3.05 102 7.8E-04

457 457 102 3.6E-03

6.10 6.10 102 1.3E-03

MWO05-6 9.14 9.14 102 4.8E-03
12.19 12.19 102 2.3E-04

15.24 15.24 102 3.1E-03

18.29 18.29 102 1.4E-02

21.34 21.34 102 1.8E-02

Notes: 1. No visible change in piezometric head during test.
2. MWO05-3A is located northwest of the impoundment.
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Table I- 4-5 Summary of Packer Permeability Test Results — Monitoring Wells

TEST HOLE DEPTH (m) HOLE DIA. (mm) AVERAGE k
NO. From to m/s
MWO05-5 21.10 26.50 76 4.7E-07
MWO05-6A 21.30 25.70 96 1.2E-07
MWO05-7A 24.70 30.20 96 3.6E-07

Notes: 1. No visible change in piezometric head during test.

Site Investigation Data

Test hole and test pit logs are included below for the test holes, test pits, and monitoring wells
summarized in Section 4.1.
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Test Hole and Test Pit Logs
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&’ KLOHN CRIPPEN GEOLOGIC LOG OF DRILL HOLE NO.: TH05-7
CLIENT: Yukon Zinc Corporation PROJECT NO.: M08234A02

PROJECT: Wolverine Feasibility Design and Environmental Assessment DATE HOLE STARTED: 8/6/2005 FINISHED: 8/8/2005
LOCATION: DATUM: NAD27

DIRECTION AZIMUTH: DIP (from horiz): -90 TOP OF PIPE ELEVATION: m

CO-ORDINATES: E 442660m N 6808160m

GROUND ELEVATION: 1305 m

MANUFACTURER'S DRILL DESIGNATION: BBS 25A

TOTAL DEPTH OF HOLE: 314 m

DRILLING CONTRACTOR: Advanced Drilling Lid.

DRILLING METHOD SOIL: HQ Core ROCK: HQ Core

LOGGED BY: EA

DRILLING FLUID: Water

CHECKED BY: HOLE DIA.:
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’&.—:‘MHN cRiprEN GEOLOGIC LOG OF DRILL HOLE NO.: THO05-7
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- 1, The SPT/LPT N values indicated
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E— 2. Piezometer stickup length for

F— 35 THO5-07Ais ___ m. Water level

= colld not be measured in piezometer

E 36 THO5-7A due to gasoline in

= piezometer.

§__ 37 3. Piezometer THO5-7B was not

= installed in overburden because the

E 28 70" casing could not be removed.

; 4. ARMS = massive argillite,
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CORE LOSS FRACTURED/BROKEN CORE

L‘ KLOHN CRIPPEN GEOLOGIC LOG OF DRILL HOLE NO.: TH05-8
CLIENT: Yukon Zinc Corporation PROJECT NO.: M09234A02
PROJECT: Wolverine Feasibility Design and Environmental Assessment DATE HOLE STARTED: 8/2/2005 FINISHED: 8/5/2005
LOCATION: DATUM: NADZ27
DIRECTION AZIMUTH: DIP {from horiz): -90 TOP OF PIPE ELEVATION: m
CO-ORDINATES: E 442565m N 680813%m GROUND ELEVATION: 1200 m
MANUFACTURER'S DRILL DESIGNATION: BBS 25A TOTAL DEPTH OF HOLE: 30.8 m
DRILLING CONTRACTOR: Advanced Drilling Ltd. DRILLING METHOD SOIL: HQ Core ROCK: HQ Core
LOGGED BY: EA DRILLING FLUID: Water
CHECKED BY: HOLE DIA.:
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DISCONTINUITY CODES: B: BEDDING D:DRILLBRK F: FAULT G: GNEISSTY J: JOINT M: SCHISTTY S:SHEAR T: TENSION CRK
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E 35 - TH05-8A=0.20 m;
B - TH05-8B = 0.17 m.
E_ 36 3. Water levels measured in
= piezometers TH05-8A and B after
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E_ 4. ARMS = massive argillite; QTVN =
= a8 quartz vein.
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fi‘muu CRIPPEN GEOLOGIC LOG OF DRILL HOLE NO.: TH(05-9
CLIENT; Yukon Zinc Corporation PROJECT NO.: M09234A02
PROJECT: Wolverine Feasibility Design and Environmental Assessment DATE HOLE STARTED: 8/12/2005 FINISHED: 8/19/2005
LOCATION: DATUM: NAD27
DIRECTION AZIMUTH: DIP {ifrom horiz): -90 TOP OF PIPE ELEVATION: m
CO-ORDINATES: E 442454m N 6808092m GROUND ELEVATION: 1303 m
MANUFACTURER'S DRILL DESIGNATION: BBS 25A TOTAL DEPTH OF HOLE: 35,05 m
DRILLING CONTRACTOR: Advanced Drilling Lid. DRILLING METHOD SOIL: NQ Core ROCK: NQ Core
LOGGED BY: EA DRILLING FLUID: Water
CHECKED BY: HOLE DIA.;
DISCONT- Qc‘f FIELD/LAB
E INUITY (@2 | DATA
Tl oL | 2 o = DATA |21, 5 WATER
= i o5
=9 u ® 50| SEE [zFE E | SPTAPTN |ooNTenT %
=2 & LITHOLOGY E | <25 |sotTom [B3F o . °
2= & o 228 |orrom 25y b
8|53 20888 BN L | e | oo
mE CODES ggi ( RECOVERY .30. :
oo | QT | Dipange |32 %
j= R Ran) o
v 30 60 06 12 25 50 75 5 10 15
E 4-357.5\TOPSOIL - grganics. B
E SILT-SAND-GRAVEL-COBBLE, low IE N
E— plastic silt, fine to coarse sand and —;% o
= gravel, occasionat boulders, fiat, 3
g subrounded to subangular gravel, grey 3 % .
E to green, dry to moist (TILL-LIKE). sl o
E -LPTN =57 blows at 1.52 m depth. _3{ || "Ll
E - LPT N =51 blows at 3.05 m depth. O ;j'“‘ i ] o)
= Piezometer 98 45 |-
= N
E -LPTN=125blows at 457 m \ - §35 0
g depth. }\/ %
= - LPT N = 20 blows over first 6" at '\
= 6.10 m depth, §/
E y *
<
E b
o
= - LPT N = 26 blows over first 5" at §
& 9.14 m depth. % +
3 2
3 :‘7/ >
3 Z ’
= - LPT N = 23 blows over first 2" at N
E 12.19 m depth. L
3 \
i— - LPT N = 23 blows over first 4" at §'/
E 15.24 m depth. \/
O
= - LPT N = 23 blows over first 2" at >/ %
- 18.29 m depth. &
3 Z1

DISCONTINUITY CODES: B:BEDDING D:DRILLBRK F:FAULT G: GNEISSTY J JOINT M: SCHISTTY S:SHEAR T:TENSION CRK
777777 CORELOSS FRACTURED/BROKEN CORE DIP ANGLES MEASURED WITH RESPECT TO
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Page 2 of 2

“.’nonn CRIPPEN GEOLOGIC LOG OF DRILL HOLE NO.: TH05'9
ﬁ DISCONT- Dn“j FIELD/LAB
. & INUITY iD= |y DATA
— o O = DATA |28 ©
£ i) = == ofE o WATER
|9 w x |3 'g | SEE EEE_ g SPTLPTN | cONTENT %
- N LITHOLOGY P i} | BOTTOM |02 . o
5|8 Gy | €2 8 |orrom s §
o || < 21 |-G 3| ror |xof L
o2 OF [T OO0 BZi = CORE R.Q.D
Ni= CODES QQE Ll | RECOVERY T
0,
Elrljl ggg Dip Angle 82 %
{continued from previous page) - 30 60 rO 0 6 12| 25 50 75 5 10 15

23

24

28

29

31

32

33

34

35

36

37

38

38

40

41

42

43

44

l\IIIIIHkllll!\illliLillll[[lli”{lllllHIIIJ\IIIII\\IIIH‘Illl'\III|J\IIIHHlli\\IIIH‘lllli\IIII\iFIIl]]LlllH‘Illli\|II|1\LIIIHiIHI\|IIIIEillll\IlIIiTil|IlliIlIII‘IIIIIHI||IHIIHI\‘II|I|\\il||iH]ll1Llllll‘IIII|HIIIIIJ\lllli‘ilill\\illi”i

45

25 |:
26 BJ

27

30 =

-LPT N = 26 blows over first 2" at
21.34 m depth.

IIH;IIII}HIIIHFIIILHIIII!JIIIIIHIIlII\IIIII\

-LPT N =24 blows over first 3.5" at
24.38 m depth.

wLinng

- LPT N = 24 blows over first 2.5" at

OvBD/
ARMS

ARMS

27.43 m depth.

Piezometer 9A

30.1

127129 BEDROCK.

« LPT N = 25 blows over first 3" at
30.48 m depth. E

-5 cm of black carbonaceous argillite 5
(minor pyrite} encountered between 3
30.5 m and 32.¢ m depth.

- Dark grey siliceous argillite
encountered hetween 32.0m
and 35.1 m depth,

&
o

35.1

1,268.0
' End of Hole at; 35.1 m

Notes:

1. The SPT/LPT N values indicated
are the field measured SPT N values.

2, Piezometer stickup lengths are as
follows:

- TH05-9A =0.21 m;

- TH05-9B = 0.31 m.

3. Water levels measured in
piezomelers THO5-9A and B after
installation were 10.72 m and 3.67 m,
respectively.

4. OVBN = overburden; ARMS =
massive argillite.

5. Two separate holes were drilled for
the piezometer installation in
overburden and bedrock.

KC_ROCK-SI

DISCONTINUITY CODES:

B: BEDDING D:DRILLBRK F:FAULT G:GNEISS'TY J: JOINT M: SCHISTTY S:SHEAR T: TENSION CRK
CORE LOSS FRACTURED/BROKEN CORE DIP ANGLES MEASURED WITH RESPECT TO
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fi‘nonncmren GEOLOGIC LOG OF DRILL HOLE NO.: TH05-10
CLIENT: Yukon Zinc Corporation PROJECT NO.: M09234A02
PROJECT: Wolverine Feasibility Design and Environmental Assessment DATE HOLE STARTED: 8/19/2005 FINISHED: 8/25/2005
LOCATION; DATUM: NADZ27
DIRECTION AZIMUTH: DIP (from horiz). -90 TOP OF PIPE ELEVATION: m
CO-ORDINATES: E 442328m N 6808233m GROUND ELEVATION: 1308 m
MANUFACTURER'S DRILL DESIGNATION: BBS 25A TOTAL DEPTH OF HOLE: 38.1 m
DRILLING CONTRACTOR; Advanced Drilling Ltd. DRILLING METHOD SOIL: NQ Core ROCK: NQ Core
LOGGED BY: EA/RB DRILLING FLUID: Water
CHECKED BY: HOLE DIA.:
’ DISCONT- DE FIELD/LAB
] E NUITY (W2 | DATA
El o | 2 o= DATA |28 & WATER
= ms
=12 | o =25 | SEE EEE E | SPTLPTN | cONTENT %
=l 2| & LITHOLOGY H | < 20| BOTToM 2F < o o
Bl > = Wy | o = L |OFFORM|FSS W
| ® | & 2= |=Q=| FoR ZZE L CORE
w <L | T OC| copeEs [w=h) R.Q.D.
i 08 W | RECOVERY o
— . 9
Lo g g g Dip Angle 8% %
<=+ | 3060 |2 lop12 255075 | 5 10 15
E 83075 \LOPSOIL - granics.
= OVERBURDEN cansisting of 3 >
= 1 SILT/CLAY, SAND, GRAVEL, — %\<
= COBBLE, with occasional boulders. 3 \ <
= 2 - SPT N = 20+ blows over first 6" at )] % >
5 1.52 m depth, _§< \
- 3 Eake o
E - SPT N = 20+ blows over first6"at 3
=, 3.05 m depth. g% >
3 4 . 4
- 5 — %
3 =1 D
= ° E ; I
g S % K
e EAd
3 - Edd:
F S i 3
3 0 bL _5% i< %
L
= 11 g =
3 Ed
F— 12 Ll —
= p = L
= 1S N
- 13 9 =3
3 g ¥ _% %
E- 14 [P -3
E— 15 % —
=P ECY . .
S 16 L =0
=17 PRl
18 | @lew
E_ -l | a 4
E 19 t Piezometer 10B
E_ 20 {vl§",

DISCONTINUITY CODES:
ViZZz73 CORELOSS FRACTURED/BROKEN CORE

B: BEDDING D:DRILLBRK F:FAULT G:GNEISS'TY J: JOINT M: SCHISTTY S:SHEAR T: TENSION CRK

DIP ANGLES MEASURED WITH RESPECT TO
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’&KLGHNCRiPPEN GEOLOGIC LOG OF DRILL HOLE NO.: TH05-10
DISCONT- Q,;_" FIELD/LAB
E INUITY %é w DATA
o~ o 0= DATA |48 @
E | o Z == mans D WATER
g Il w 130 [ seE |zFI B | SPTLPTN ioonrenty,
=N LITHOLOGY H |S 2 n Botrom 027 . 5
n| 215 L, |& 2 @ |oFForm|Z3S L]
a| | g 2= |=Q=| For [ZEE L CORE
RN | T © O cobes [wEL R.Q.D.
NE 2Os [0 | REGOVERY %
oo | €39 | bpange |82 %
i (continued from previous page) i | ~~ 30 60 o 0 6 12| 25 50 75 5 10 15
E 21 AN
E E *
) Lk
.- 7K
=) H >
E— 24 % =
K & ‘
— 25 | 3
;K
F— 26 -3
= )%
= 27 —3
S o _g %
— 28 [, —
ECN
3 EY
0 el K
= 31 =7
E 30 82,0 E D 20 0
3 12760 BEDROCK. E N
E 33 - Carbonaceous between 32.6 m and_3 >
B 35.1 m depth.
=3 4
- 35 |
E - 80% of core run is gouge; =)
E carbonaceous between 35.1 m El
£~ 36 and 38.1 m depth. 3
3 . E) 20 ]
? 38 ?82'%99 Piezometer 10A 3
2 o End of Hole at: 38.1 m
E— 39
= Notes:
e 40 1. The SPTILPT N values indicated
- are the field measured SPT N values.
— 41
3 2. Piezometer stickup lengths are as
E follows:
F— 42 - THD5-10A = 0.54 m;
- - THO5-10B = 0.60 m.
ém 43 3. Water levels measured in
= piezometers THO5-10A and B after
E— 44 installation were 1.09 m and 5.49 m,
- respectively.
E. .45

@4 WOLVERINE TEST HOLES « NOV 17.GPJ ROCK-LOG.GDT 2/8/06

DISCONTINUITY CODES: B:BEDDING D:DRILL BRK F:FAULT G:GNEISSTY J: JOINT M: SCHIST'TY S:SHEAR T: TENSION CRK

KC_ROCK-S|

V7777 CORELOSS FRACTURED/BROKEN CORE  DIP ANGLES MEASURED WITH RESPECT TO
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’ ‘ KLOWN CRIFPEN

GEOLOGIC LOG OF DRILL HOLE NO.: TH05-11

CLIENT: Yukon Zinc Corporation

PROJECT NO.: M09234A02

PROJECT: Wolverine Feasibility Design and Environmental Assessment

DATE HOLE STARTED: 8/26/2005 FINISHED: 8/31/2005

LOCATION:

DATUM: NAD27

DIRECTION AZIMUTH: DIP {from horiz): -90

TOP OF PIPE ELEVATION: m

CO-ORDINATES: E 442248m N 6808417m

GROUND ELEVATION: 1312.5m

MANUFACTURER'S DRILL DESIGNATION: BBS 25A

TOTAL DEPTH OF HOLE: 46.3 m

DRILLING CONTRACTOR: Advanced Drilling Ltd.

DRILLING METHOD SOIL: NQ Core ROCK: NQ Core

LOGGED BY: RB

DRILLING FLUID: Water

CHECKED BY: HOLE DIA.:
DISCONT-| | & FIELD/LAB
) E INUITY 2 |y DATA
— o 0> DATA (253
Elz1]Z2 = =95 S WATER
|0 | w X |30,| SEE |zFf | SPTLPTN |coNTENT %
F|l 2| & LITHOLOGY F | < R m|BsoTTom [59F| . o
o | £ | = Wy, | & S ©|oFForM|ZSY W
5| g >3 1963 ror |20 &
8 0 O |Z 00 CODES 528 = CORE R.Q.D
N DE O I | RECOVERY v
0,
a0 | QI | Dipange oz %
_ === 3060 |*° be12] 2565075 | 5 10 15
g g 43723 \TOPSOIL - organics. N
- W] TILL-LIKE OVERBURDEN consisting of 3 N
E— 1 Pty SILT/CLAY, SAND, GRAVEL, —% 2
E 8 e COBBLE, with occasional boulders. 3
WL Rk
= e N
gy Edd
- 3 WA =S
%—— 5 __' : —§\< % *
N —_:>%
3 >
— 7 L
? & Piezometer 11B
i— 9 :_ i
= 10 % : i % +
=12 >
= 13 8. 5
= 14 (2D 5
= 15 AN % !
E 16 [ %
17 ¢ v
18 L wig
; 19 ] ) %
E 20 vl

CORE LOSS FRACTURED/BROKEN CORE

DISCONTINUITY CODES: B:BEDDING D:DRILLBRK F:FAULT G:GNEISSTY J: JOINT M: SCHISTTY S:SHEAR T: TENSION CRK

DIP ANGLES MEASURED WITH RESPECT TO
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@ GEOLOGIC LOG OF DRILL HOLE NO.: TH05-11

FIELD/LAB
DATA

DISCONT-
INUITY

(MPa

DATA

SEE
BOTTOM
OF FORM

FOR

CODES

SPTAPTN covméﬁli %

] Q

LITHOLOGY

DEPTH (m)
SYMBOL
SAMPLE No

CORE
RECOVERY | RGP
%

TEMPERATURE

(a)=axtal, (d)=diametrical

PIEZOMETER
DETAILS
ROCK STRENGTH BASED
ON POINT LOAD TEST

Dip Angle

10-6 | HYDRAULIC
10-4 | CONDUCTIVITY

10-2 | cM/SEC

(continued from previous page) 30 60 0

23]
—
N

25 50 75 5 10 15

@4 WOLVERINE TEST HOLES - NOV 17.GPJ ROCK-LOG.GDT 2/8/06

21

CNITLLNIG,

22

WL WL

23

24

25

o W TR

26

XL

28

T T

29

30

-

31

32

VSISOV LINLLINGLLN

33

R

34 |i.

35

36

37

[
-]
-

L

39 [

|I\\IIIII]lIIl|\Il|llu|llHIIIIH!IIIIl\II!IH\IIIlI\|I|1|Jl||1|\l!lll\\IllliFIHI\IIIII‘IIIIliIIIlIH|||I|\IIHIJrl]|l|:rlIII!rIHHFIIIlI!IIIIIjIIIIH!lIIIIEII|I|HlllllHlllHJ_I]ll;Hlllll\I

696
12729 BEDROCK.

- Between 39,6 m and 42.7 m depth:
upper one-third is subangular
pebbles to cobbles, lower two-third
is foliated rhyolite overlying
tuffaceous argillite.

40

e

S

47/

41

vy

T

42

<
)

43 Piezometer 11A

W
Y

44

o 2 0

45 %

Il\iillii]illli\I|I|\Hlll\H|I|H‘illll\Hllii\\|IHIJIIIII\IIIIJLllllJiiIHH|li]TIlIIIJIIIIiJIHIIHlllllJ‘Illli\illli\\I!iH[|IIiI|III\ElllllIlllliHillil[lllll‘Illl|\HIIIIJLIIIH‘illl;lLIIIHLIIII\lIllIi‘IIIIlHLiIIIHIIlIIlHLlllll\lllllJllIl

N,

DISCONTINUITY CODES: B:BEDDING D:DRILLBRK F:FAULT G:GNEISS'TY J: JOINT M: SCHISTTY S:SHEAR T: TENSION CRK

KC_ROCK-Sk

777773 CORELOSS FRACTURED/BROKEN CORE DIP ANGLES MEASURED WITH RESPECT TO
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L':‘mmcmm GEOLOGIC LOG OF DRILL HOLE NO.: TH05-11
DISCONT- QE‘,_“ FIELD/LAB
E INUITY (@2 | DATA
AR o= DATA ggg i
=l o | o r |25 SEE |TDE P | SPTLPTN | oVATER
T 8 u o 2 e E-& CONTENT %
|2 F LITHOLOGY H | 3| sotTom (028 & . o
i 5 2 e | g Z @|OFFORM |59 W
| ]
o & oz 1 8F| FR ELy s CORE
NE CODES @=L ] REGOVERY R.Q.D.
Ly Xg= = o, %
= @0 <+ | (] o
on gy Dip Angle (5=
| {continued from previous page) | T~ 30 60 |*° D6 12| 25 50 75 5 10 15
3 \ -
: Sz A
E 1,265 End of Hole at: 46.3 m
—— 47
- Notes:
— 48
= 1. No SPT or LPT testing was carried
E 49 outin THO5-11 due to abundance of
5 cobbles and boulders.
50 2. Two separate holes were drilled for
E the overburden and bedrock
E piezometers to facilitate installation
F— 51 and increased reliability of piezometric
= data.
é“ 52 3. Piezometer stickup lengths are as
- follows:
F— 53 - THO5-11A = 0.40 m;
3 - THO5-11B =0.39 m.
54 4. Water levels measured in
= piezometers THO5-11A and B after
F 55 installation were .37 m and 8.50 m,
E respectively.
E— 56
= 57
E_ 58
E- 59
60
E- 61
- 62
F 63
= 64
E- 65
E— 66
67
E 68
69
E 70

DISCONTINUITY CODES: B:BEDDING D:DRILLBRK F:FAULT G:GNEISSTY J: JOINT M:SCHISTTY S:SHEAR T: TENSION CRK

CORE LOSS FRACTURED/BROKEN CORE DIP ANGLES MEASURED WITH RESPECT TO

KC_ROCK-Sl@4 WOLVERINE TEST HOLES - NOV 17.GPJ ROCK-LOG.GDT 2/8/u6
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@noancmen GEOLOGIC LOG OF DRILL HOLE NO.: TH05-12

CLIENT: Yukon Zinc Corporation

PROJECT NO.: M09234A02

PROJECT: Wolverine Feasibility Design and Environmental Assessment

DATE HOLE STARTED: 8/9/2005 FINISHED: 8/12/2005

LOCATION:

DATUM: NAD27

DIRECTION AZIMUTH: DIP {from horiz): -90

TOP OF PIPE ELEVATION: m

CO-ORDINATES: E 422438m N 6808331m

GROUND ELEVATION: 1305.5 m

MANUFACTURER'S DRILL DESIGNATION: BBS 25A

TOTAL DEPTH OF HOLE: 28.6 m

DRILLING CONTRACTOR: Advanced Drilling Ltd.

DRILLING METHOD SOIL: NQ Core ROCK: NQ Core

LOGGED BY: EA/RB

DRILLING FLUID: Water

CHECKED BY: HOLE DIA.:
DISCONT-| _ & FIELD/LAB
E INUITY %\% w DATA
= g o> DATA (2EF
E _ =z = amnsl 5 WATER
2| W x (30 SEE [TFE E | SPTLPTN |coNTENT %
=S LITHOLOGY M 1220 sorrom 593 £ . 0
a3 iy, | S & oFForm(283 [
a2l 22 |~ 0=| ror |EoE L
wl O( T 00 CODES 52!‘? = CORE R.Q.D
e $0s [ | RECOVERY DN
0,
(=] ggg Dip Angle 82 %
=v< | 3060 | bs12 255075 | 5 10 15
P :
— ' -
4 =
— 6 -
- 8 | 3
— 9 = q
= 10 D,
E- 11 =
m :
- 13 -
12| 3
- 16 | -
E 17 :
18 |4 3
= 20 E

V777, CORELOSS FRACTURED/BROKEN CORE

DISCONTINUITY CODES: B:BEDDING D:DRILLBRK F:FAULT G:GNEISS'TY J: JOINT M:SCHIST'TY $S:SHEAR T:TENSION CRK

DIP ANGLES MEASURED WITH RESPECT TO
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@ GEOLOGIC LOG OF DRILL HOLE NO.: TH05-12

FIELD/LAB
DATA

DISCONT-
INUITY
DATA

SEE
BOTTOM
OF FOCRM
FOR
CODES

(MPa

WATER
SPTAPTN | CONTENT %

L] Q

diametrical

LITHOLOGY

DEPTH (m)
SYMBOL
SAMPLE No

{a)=axial;

TEMPERATURE

CORE
RECOVERY | RGO
% 0

25 50 75 5 10 15

PIEZOMETER

DETAILS
10-6 | HYDRAULIC

Dip Angle
30 60 0

10-4 | CONDUCTIVITY
10-2 | CM/SEC

ROCK STRENGTH BASED
ON POINT LOdAD TEST

{continued from previous page)

=]
Y
N

@4 WOLVERINE TEST HOLES - NOV 17.GPJ ROCK-LOG.GDT 2/8/05

21

22

23 |

P4 .1

24 W
1.281.4 BEDROCK.

25

26

27

28

29

i\III|I\\I|Il|rlllllrlllIiLIIII!UI|IIHIIII1[IIIIIHI |II\!llllifIHI;HIIl!I\IIIIH|IIII‘IIII

s
30 T End of Hole at: 29.6 m

31

32

33

34

35

36

37

38

39

40

41

42

43
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i
gl

DISCONTINUITY CODES: B:BEDDING D:DRILLBRK F: FAULT G:GNEISSTY J: JOINT M: SCHIST'TY S:SHEAR T: TENSION CRK

KC_ROCK-SI

CORE LOSS FRACTURED/BROKEN CORE  DIP ANGLES MEASURED WITH RESPECT TO
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TEST PIT LOG

Su - kPa

20 ' 60 100 140 180
. . VANE FIELD LAB
w STARTED: 7/21/2005 FINISHED: 7/21/2005 _ PEAK . A AUCH
& g EXCAVATOR TYPE: 420D Cat Backhoe =z REMOLD ¢ O 4 P.PEN/2

£ ﬁ 2 w * % FINES

= u i a GROUND ELEV.(m): ~1317.5 % « Wik W Wo

E | & ! % | 2 | COORDINATES (m); N6808187  E 442732 E = g

[13]
a8 | 5185 DESCRIPTION OF MATERIALS Z2 o 20 40 60 80
Bhoah TOPSOIL.
- RV 020 - organics and moss.
i ’ GRAVEL and COBBLE, fine to coarse gravel, some silt and
i sand, with about 20% coarse sand, yellow, dry to moist.
—- 0.5
— 1.0
| 1 o]
- 1.5
: 1.70
GRAVEL, fine to coarse, sandy silty matrix, trace clay,
B occasional cobbles and boulders up to 0.5 m size, dense,
- subrounded to subangular, green, dry to moist (TILL-LIKE).
— 2.0
- 2.5
B 2 o]
; 30 3.00
End of Hole at 3.00 m.
- 3.5
— 4.0
- 4.5
[ 5.0
PROJECT NO.: M09234A02
: PROJECT: Wolverine FD and EA
‘ KLOHN CRIPPEN LOCATION: Wolverine Lake
b LOGGEDBY: MSR  CHECKED BY:

SHEET 1 OF -1

HOLE NO.: TP05-71




TEST PIT LOG

Su - kPa

T T T
20 60

100 ' 140 ' 180
. . VANE FIELD LAB
w STARTED: 7/20/2005 .FlNISHED. 7/20/2005 _ PEAK Ny n AUCHR
& S EXCAVATOR TYPE: 420D Cat Backhoe Z REMOLD ¢ O 4 P.PEN/Z

| F {2 w * % FINES

= w | = GROUND ELEV. (m): ~1304.5 Z

z | 7 = Q z = Wil W% W%

e g s £ | COORDINATES (m): N 6808183  E 442654 - NN

Ll

a8 8|5 DESCRIPTION OF MATERIALS z 4 20 40 60 80

Bl TOPSOIL.
i al 018 - organics and black organic rich mud.
5 025 VOLCANIC ASH, white.
5 GRAVEL and COBBLE, fine to coarse gravel, some fine to
| coarse sand, flat, subangular to subrounded gravel, brown,
moist.
- 0.5
— 1.0
- 1
I 130
GRAVEL, fine to coarse, silty clayey matrix, medium dense to
- dense, angular to subangular, grey, maist (TILL).
- 1.5
— 2.0
- 2.5
| 2 O
-_ 3.0 3.00
- End of Hole at 3.00 m.
- 3.5
— 4.0
- 4.5
[ 5.0
. PROJECT NO.: MQ09234A02
> PRCJECT: Wolverine FD and EA
‘ KLOHN CRIPPEN LOCATION: Wolverine Lake
LOGGED BY: MSR CHECKED BY:

KC_TEST_PIT-SI TESTPITS TP05-51 TO 106.GPJ KC_DATA.GBT 2/3/06
T

|

SHEET 1 0OF 1

HOLE NO.: TP05-72
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Su - kPa
TEST PIT LOG 20 80 100 | 140 = 180
. . VANE FIELD
N STARTED: 7/20/2005 FINISHED: 7/20/2005 | Yeag FELD LB 1L uer
. % E EXCAVATOR TYPE: 420D Cat Backhoe z REMOLD *00/ e P.PEN/2
£ w | 4 | 2 | GROUNDELEV. (m): ~1304 = g ’
T i i 8 E =' WPDD W% WL%
1 & 1 & | € | COORDINATES (m): N6808116  E 442685 EE Yo e O — ¢
u
B 5|85 DESCRIPTION OF MATERIALS =4 20 40 60 80
R TOPSOIL.
B il 018 - peat and organics.
- e SILT and SAND, some gravel, medium dense, brown.
- 0.5
— 1.0
; 15 1.50
: GRAVEL, fine to coarse, sandy silty matrix, occasional cobbles
i and boulders, dense, angular to subangular, grey, moist
| (TILL-LIKE).
- 2.0
i 1 o
- 2.5
; 30 3.00
- End of Hole at 3.00 m.
- 3.5
— 4.0
— 4.5
5.0
PROJECT NO.: M09234A02

‘ I‘ KLOHN CRIPPEN

PROJECT: Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR CHECKED BY:

SHEET 10F 1 HOLE NO.: TP05-73




KC_TEST_PIT-SI TESTPITS TPDS5-51 TO 106.GP.) KC_DATA.GDT 243106

Su - kPa
TEST PIT LOG 20 60 100 140 = 180
. . VANE D LAB
" STARTED: 7/20/2005 FINISHED: 7/20/2005 | Keng TEP LB | en
& ] EXCAVATORTYPE: 420D Cat Backhoe 4 REMOLD ¢ 0 & P.PEN/2

= ) u * % FINES

< W w a | GROUND ELEV. (m): ~1298 = Vo W Wl

E | 2 | 2 | 2 | COORDINATES (m): N6808142  E 442641 E g o e

w
8| 53| 6 DESCRIPTION OF MATERIALS Za 20 40 60 80
TOPSOIL.
- 0.15 - Qrganics.
- SILT-SAND-GRAVEL, low te medium plastic silt, fine to coarse
| sand and gravel, clayey, occasional cobbles and boulders,
dense, subrounded to subangular, green to grey, moist
- (TILL-LIKE).
- 0.5
— 1.0
- 1.5
| 1 el
j 2.0 - Encountered a 2.0 m size boulder at 2.0 m depth.
- 2.5
—_ 3.0 3.00 _
- End of Hale at 3.00 m.
- 3.5
— 4.0
- 4.5
| 5.0
PROJECT NO.: M09234A02
PROJECT: Woalverine FD and EA

" I‘ KLOHN CRIPPEN

LOCATION: Wolverine Lake

LOGGED BY: MSR

CHECKED BY:

SHEET 1 OF 1

HOLE NO.: TP05-74




KC_TEST_PIT-St TESTPITS TPR5-51 TO 106.GPJ KC, DATA.GDT 2/3/06

Su - kPa

TEST PIT LOG 20 60 100 | 140 180
. . VANE FIELD LAB
N STARTED: 7/20/2005 FINISHED: 7/20/2005 | YENE FIELD LAB | ok
& S EXCAVATOR TYPE: 420D Cat Backhoe z REMOLD ¢ 0O |APPEN/2
| F | 2 o * % FINES
= | w | w | = | GROUNDELEV,{m): ~ 1293 %
T ﬂ_'_ E 8 nD: = Wpofo W% WLoo
E | £ | £ | £ |COORDINATES (m): N6808160  E 442564 E g o
w ]
5| & | 5|5 DESCRIPTION OF MATERIALS 2 o 20 40 60 80
TOPSOIL.
B ' - peat and organics.
- R 0.25
R wdh SILT-SAND-GRAVEL, medium plastic silt, fine to coarse sand
L « I, and gravel, clayey, occasional cobbles, dense, subrounded to
LAY subangular, green to grey (TILL-LIKE).
- 0.5 @
B i
i A
5 - - Between 0.25 m and 1.0 m depth, approximately 20%
B g gravel.
XN
—1.0 .
-
| A
L AN
- . ‘,‘
- 15 R - Between 1.0 m and 3.5 m depth, approximately 5%
- LA gravel. p
- ' .
- 2.0 '™
N i
i " 8.
Y R
L i
L 3.0 b
L X
l- '.', Lo,
L a5 T 3.50
- End of Hole at 3.50 m.
— 4.0
- 4.5
[ 50

’ I‘ KLOHN CRIPPEN

PROJECT NO.: M09234A02

PROJECT: Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR CHECKED BY:

SHEET 1 OF 1 HOLE NO.: TP05-75




KC_TEST_PIT-51 TESTPITS TP0S-51 TO 106.GPJ KC_DATA.GDT 2/3/06

Su-kPa

TEST PIT LOG 20 ' 60 100 140 180
. . VANE FIELD LAB
N STARTED: 7/20/2005 FINISHED: 7/20/2005 | VENE FIELP LAB | ek
& o EXCAVATORTYPE: 420D Cat Backhoe Z REMOLD © O A P.PEN/2
7 ﬁ 2 % * % FINES
= |y | uy | 2 | GROUNDELEV.(m): ~1289 Z " W e
— (] (3 a
’,{ % % % COORDINATES {m): N 6808036 E 442624 E E ; g XL
5518 |5 DESCRIPTION OF MATERIALS £ 0 20 40 60 80
Bl TOPSOIL. :
- _'fiii 0.90 - peat and organics.
I 777 CLAY, Silty, sandy, wet.
; 05 0.50
: SILT-SAND-GRAVEL, medium plastic silt, fine to coarse sand
B and gravel, clayey, occasional cobbles, dense, subrounded to
- subangular, green to grey (TILL-LIKE).
— 1.0
~ 1.5
- 1 3]
— 2.0
- 2.5
; 3.0 3.00
- End of Hole at 3.00 m.
- 3.5
~ 4.0
- 4.5
| 5.0

’ l‘ KLOHN CRIPPEN

PROJECT NO.: M09234A02

PROJECT:

Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR

CHECKED BY:

SHEET 1 0F 1

HOLE NO.: TP05-76




KC_TEST_FIT-51 TESTPITS TPO5-51 TO 106.GPJ KC_DATA.GDT 2/3/06

Su - kPa

TEST PIT LOG 20 60 | 100 ' 140 ' 180
. . VANE FIELD LAB
w STARTED: 7/20/2005 FINISHED: 7/20/2005 . PEAK . 8 AUC?
& 3 EXCAVATOR TYPE: 420D Cat Backhoe z REMOLD ¢ o |aPPENR2
| F | 2 i * % FINES
=g lw w 3 GROUND ELEV. (m): ~ 1284 5 9 W W Wi
E | £ | E | 2 | COORDINATES (m): N6808090  E 442529 c 2 o
Ly
a | & 5| > DESCRIPTION OF MATERIALS 2 0o 20 40 60 80
X TOPSOIL.
B 0.1% - organics.
L SILT-SAND-GRAVEL, medium plastic silt, fine to coarse sand
| and gravel, clayey, occasional cobbles, dense, subrounded to
| subangular, green to grey (TILL-LIKE),
- 0.5
- 1.0
- 1.5
= 1 Q
- 2.0
- 2.5
: 2.80
— 3.0
- End of Hole at 3.00 m.
- 3.5
— 4.0
- 4.5
[ 5.0

\

‘ KLOHN CRIPPEN

PROJECT NO.: M09234A02

PROJECT:

Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR

CHECKED BY:

SHEET 1 OF 1

HOLE NO.: TP05-77




KC_TEST_PIT-SI TESTPITS TPD5-51 TO 106,.GPJ KC_DATA.GDT 2/3/06

TEST PIT LOG

Su-kPa

20 60

" 100

STARTED: 7/21/2005 FINISHED: 7/21/2005

VANE FIELD LAB
PEAK * [

A UC/2

w
£ EXCAVATOR TYPE: 420D Cat Backhoe = REMOLD © 0O |aP.PENR
= P u * % FINES
g w w 5' GROUND ELEV. {m): ~1300 £ 9 Wes W We%
= (1] (] (]
E | 2 | £ | £ | COORDINATES (m): N6808156  E 442453 E = .y
w > w
a By & 7 DESCRIPTION OF MATERIALS £ 0 20 40 60 80
8 TOPSOIL.
I - organics.
i 0.20
. . GRAVEL, fine to medium, sandy, silty, trace clay, occasional
i e cobbles, angular to subangular, brown to grey.
- 0.5
— 1.0
- 1.5
L 1 q
: 1.80
GRAVEL POCKET, coarse, subrounded, small water seep.
59 2.00
: GRAVEL, fine to coarse, sandy silty matrix, trace clay,
- occasional cobbles, dense, subrounded to subangular, green,
i moist (TILL-LIKE}.
; 25 2.50
— 3.0
- 3.5
- End of Hole at 3.50 m.
— 4.0
- 4.5
[ 5.0

<

PROJECT NO.: M09234A02

PROJECT: Wolverine FD and EA

KLOHN CRIPPEN

LOCATION: Wolverine Lake

LOGGED BY: MSR

CHECKED BY:

SHEET 1 OF 1

HOLE NO.: TP05-78




IT-S) TESTPITS TPD5-51 TO 106.GPJ KC_DATA.GDT 2/3/06

KC_TEST_PI

Su- kPa
TEST PIT LOG 20 60 100 140 | 180
. ; V. D
N STARTED: 7/21/2005 FINISHED: 7/21/2005 | HENZ FIELD LAB 1 on
= | s EXCAVATOR TYPE: 420D Cat Backhoe z REMOLD o0 _ |aP.PEN

3 Z - m * % FINES

=ty | y | g | GROUNDELEV.(m): ~1295 = W w -~

E | & | & | £ | COORDINATES (m): N6808007  E 442495 e = o ¥

B 5| 5| & DESGRIPTION OF MATERIALS 20 20 40 60 80

LA TGPSOIL.
- 0.15 = organics.
- GRAVEL, fine to coarse, sandy silty matrix, trace clay,
| occasional cobbles and boulders up to 0.5 m size, dense,
subrounded to subangular, green, moist (TILL-LIKE).
- 0.5
1.0
- 1.5
| 1 e
- 2.0
- 2.5
: 2.80
- End of Hole at 2.80 m.
- 3.0
- 3.5
- 4.0
- 4.5
| 5.0
PROJECT NOQ.: MO09234A02
- _ PROJECT: Wolverine FD and EA
‘ ‘ KLOHN CRIPPEN LOCATION: Wolverine Lake
v LOGGED BY: MSR CHECKED BY:
SHEET 10F 1 HOLE NO.: TP05-79




KC_TEST_PIT-S| TESTPITS TP05-5% TO 106.GPJ KC_DATA.GDT 2/3/06

Su - kPa

TEST PIT LOG 20 60 100 140 180
. - VANE FIELD B
. STARTED: 7/21/2005 FINISHED: 7/21/2005__ | | \ANE FIE[D 8 [/ 0
. E o EXCAVATOR TYPE: 420D Cat Backhoe Z REMOLD ¢ O & P.PEN/2
= 2 i * % FINES
T w w a GROUND ELEV. {m): ~ 1306 5 @ VWS W Wi
E | 5| % | £ |COORDINATES (m): N6808097 E 442395 £ . o
o & & % DESCRIPTION OF MATERIALS Z 4 20 40 80 80
s TOPSOIL.
i sl - peat and organics.
i - 0.30
035 VOLCANIC ASH, white.
- GRAVEL, fine to coarse, sandy silty matrix, trace clay,
- 0.5 occasional caobbles and bouiders up to 0.5 m size, dense,
| subrounded to subangular, green, moist {TILL-LIKE}.
1.0
- 1.5
i 1 o
— 2.0
- 2.5
[ 20 2.00
- End of Hole at 3.00 m.
- 3.5
— 4.0
- 4.5
| 5.0

’ I‘ KLOHN CRIPPEN

PROJECT NO.: M09234A02

PROJECT: Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR CHECKED BY:

SHEET 1 OF 1 HOLE NO.: TP05-80




Su - kPa

TEST PIT LOG P S e TSy rL
. . VANE FIELD LAR
N STARTED: 7/21/2005 FINISHED: 7/21/2005 F_ VANE FIELD LAB | »
& S EXCAVATOR TYPE: 420D Cat Backhoe = REMOLD ¢ © |aP.PENR2
g1 F | 2 g * % FINES
S| w| u | g | GROUNDELEV.(m): ~1305.5 = 9 " o e
—_ (+] o
E | £ ] %2 | 2 | COORDINATES (m): N6808291  E 442343 £ g g W
L
a | & & | & DESCRIPTION OF MATERIALS Z o 20 40 60 80
LKA TOPSOIL.
FRTEA) - peat and organics.
A=A 0.20

""" 025 VOLCANIC ASH, white.
Ry GRAVEL, fine to coarse, sandy silty matrix, trace clay, low to
- rmedium plastic silt/clay, occasional cobbles, medium dense,

KC_TEST_PIT-8| TESTFITS TP05-51 TO 106.GPJ KC_DATA.GDT 2/3/08

- 1.5

e B WSRO W W R W

R W e WL WL WL e W e W R,

subrounded to subangular, yellow to green, moist

(TILL-LIKE).

- Dense to very dense between 1.0 m and 3.5 m depth.

3.80

End of Hole at 3.50 m.

‘ KLOHN CRIPPEN

PROJECT NO.: M09234A02

PROJECT: Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR CHECKED BY:

SHEET 1 OF 1 HOLE NO.: TP05-81




T 272106

’ Su - kPa
TEST PIT LOG 20 ' 60 | 100, 140 180
" STARTED: 7/21/2005 FINISHED: 7/21/2005 YeNE  FIELD LAB 1 on
E_.
. % é’ EXCAVATOR TYPE: 420D Cat Backhoe z REMOLD *OG/ FIEES AP.PEN/2
(1]
£ 14|y | g [GROUNDELEV.(m): ~1310 390 e v we
—_— 0 (] (1]
E + & | & ! £ | COORDINATES (m): N 6808291  E 442281 E & g
- Ll
=R S R DESCRIPTION OF MATERIALS 2 0o 20 40 60 80
Peabl 4y TOPSOIL
% o - prganics,
ox GRAVEL, silty, brown,
o o
ax
% o
o X
o 0.60
COBBLE, some boulders, trace to some sand (approximately
10% coarse sand). )
_ 2.00
b GRAVEL, fine to coarse, sandy silty matrix, trace clay, low to
o " medium plastic silt/clay, occasional cobbles and boulders up
? Y to 1 m size, very dense, subrounded to subangular, yellow to
R ol green, moist (TILL-LIKE).
ns,
W
'.__ L. [
AN
 Bdh
'.., Lo |
b 37
Sl
1 '.', gl | O
LA™ 350
End of Hole at 3.50 m.

KC,_ TEST_PIT-SI TESTPITS TP05-51 TO 106.GPJ KC_DATA.GD

PROJECT NO.: M09234A02

LOGGED BY: MSR CHECKED BY:

PROJECT: Wolverine FD and EA
‘ KLOHMN CRIPPEN LOCATION: Wolverine Lake

SHEET 1 OF 1 HOLE NO.: TP05-82




KC, TEST_PIT-SI TESTPITS TPQ5-51 TO 106.GPJ KC_DATA.GDT 2/3106

TEST PIT LOG

Su-kPa

20 60 100 140 | 180

STARTED: 7/21/2005 FINISHED: 7/21/2005 YENE FIELD LAB | op
W =
& g EXCAVATOR TYPE: 420D Cat Backhoe Z REMOLD ¢ O 4 P.PEN/2
7 ﬁ g g * % FINES
> | w 1y | & | GROUNDELEV.(m): ~1317 Z o o " e
— (1] (] (1]
E | £ | & | € | COORDINATES (m): N6808507  E 442212 E = o o
L > 1y
a1 & & | & DESCRIPTION OF MATERIALS Z o 20 40 60 80
PRI TOPSOIL,
- EIE - peat and organics.
- 0.25
- GRAVEL and COBBLE, coarse gravel, some sand, brown.
- 0.5
i 0.80
GRAVEL and BOULDERS, fine to coarse, sandy, some silt,
B occasional cobbles, very dense, subrounded to angular
- 1.0 gravel, boulders between 0.6 m and 1.0 m size, greenish
| grey, wet (TILL-LIKE).
~ 1.5
—2.0
- 2.5
- 1 o]
: 2.90
— 3.0 End of Hole at 2.90 m.
- 3.5
— 4.0
- 4.5
[ 5.0

’ I‘ KLOHN CRIPPEN

PROJECT NO.: M09234A02

PROJECT: Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR CHECKED BY:

SHEET 1 OF 1 HOLE NO.: TP05-83




KC_TEST_PIT-S| TESTPITS TP05-51 TO 106,GPJ KC_DATA.GDT 2/43/08

Su-kPa
TEST PIT LOG 20 ' 80 | 100 140 = 180
. ; VANE FIELD LAB
N STARTED: 7/21/2005 FINISHED: 7/21/2006 | VANE FIELD TAB T .
& S EXCAVATOR TYPE: 420D Cat Backhoe z REMOLD ¢ O {aPPEN/?2
2 a g i * % FINES
= | w |y | 2 | GROUNDELEV.(m): ~1320 290 L e o
—_ (v] i} '}

E | & | & | £ | COORDINATES (m): N6807979  E 442656 g < N

L 8]

8| & | 5| DESCRIPTION OF MATERIALS Z o 20 40 60 &0

TR T TOPSOIL.
B = organics.
B SAND and GRAVEL, silty.
0.30
i GRAVEL, fine to coarse, silty/clayey and sandy, medium plastic
- silticlay, dense, flat, subrounded to angular, yellow to grey,
- 0.5 wet (TILL-LIKE).
| - Water encountered at 2.70 m depth.
1.0
- 1.5
| 1 b}
—2.0
- 2.5
I Y
| 2.80
- End of Hole at 2.80 m.
- 3.0
- 3.5
- 4.0
- 45
[ 5.0
PROJECT NO.: MQ09234A02
. ' PROJECT: Wolverine FD and EA
' ‘ KLOHN CRIPPEN LOCATION: Wolverine Lake
b LOGGEDBY: MSR  CHECKED BY:
' SHEET 10OF 1 HOLE NO.: TP05-84




KC_TEST_PIT-SI TESTPITS TP0S-51 TO 106.GPJ KC_DATA.GDT 2/3/06

Su - kPa

TEST PIT LOG 20 60 100 140 180
. . VANE FIELD LAB
u STARTED: 7/21/2005 FINISHED: 7/21/2005 . PEAK s u alUCHE
= S EXCAVATOR TYPE: 420D Cat Backhoe = REMOLD < 0O _ aP.PEN/2
= = 2 y * % FINES
= Lu 1 & | GROUND ELEV. (m): ~ 1288 S 9 Weo W WS
E | & | T | 2 [COORDINATES (m): N 6807966  E 442629 £ e W
w
B | 5|8 B DESCRIPTION OF MATERIALS Z2 4 20 40 60 80
WL TOPSOIL.
- ,J&\_‘ 0.20 - peat and crganics.
i COBBLE and BOULDER.
- 0.5
10 P ; - X
’ SILT/CLAY, medium plastic, sandy and gravelly, fine to coarse
i sand and gravel, stiff, green to black.
- 1.5
. 1 [8)
- %
- 2.0
i 2.30
- End of Hole at 2,30 m.
- 2.5
- 3.0
- 3.5
— 4.0
- 4.5
| 5.0

|

‘ KLOHN CRIPPEN

PROJECT NO.: M09234A02

PROJECT:

Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR

CHECKED BY:

SHEET 1 OF 1

HOLE NO.: TP05-85




Su-kPa

TEST PIT LOG 20 80 100 140 180
" STARTED: 7/21/2005 FINISHED: 7/21/2005 yeE FIELD LAB | ep
& g EXCAVATOR TYPE: 420D Cat Backhoe = REMOLD ¢ oO__|aPPENR2
| F | 2 o * % FINES
= | w | w | =2 | GROUNDELEV.(m): ~ 1289 Z 9
El & | =& |8 2 = W wWe W%
5 s = = | COORDINATES {(m): N 6807952 E 442602 = = Km0 %
ul
B S| 35| 5 DESCRIPTION OF MATERIALS Za 20 40 60 80
LA TOPSOIL.
i ] - organics.
i S| 0285
_ 9'. GRAVEL, fine to coarse, silty/clayey and sandy, medium plastic
| « I silt/clay, cccasional cobbles and boulders up to 0.4 m size,
P dense, flat, subrounded to subangular, yellow to grey, moist
- 0.5 o to wet (TILL-LIKE).
I b
B ot
i N
— 1.0 ’
]
i b
L '
_ .‘
- 1.5 ;
.
- 1 ».._ Q
L '.
- 2.0 :
L ¢+
B '
- ‘
= -l'-
[ 25 g
| i
- .
: t 2.80
- 3.0 End of Hole at 2.90 m.
- 3.5
- 4.0
- 4.5
| 5.0

’ I‘ KLOHN CRIPPEN

PROJECT NO.: M09234A02

PROJECT: Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR

CHECKED BY:

SHEET 10F 1

HOLE NO.: TP05-86

KC_TEST_PIT-S| TESTPITS TPD5-51 TC 106.GPJ KC_DATA.GDT 2/3/06




KC_TEST_PIT-S| TESTPITS TF05-51 TO 106.GPJ KC_DATA.GDT 21306

TEST PIT LOG

Su - kPa

T T T

20 60 | 100 140 = 180

STARTED: 7/21/2005 FINISHED: 7/21/2005 Yalg . FIESD LAB | cm
L [
5| 3 EXCAVATOR TYPE: 420D Cat Backhoe =z REMOLD ¢ _O_ _|aP.PEN/2
£ S W * % FINES
= w w g | GROUND ELEV. (m): ~1357.5 S @ Weo W We
= (] (] 0
E 1 2 | & | £ | COORDINATES {m): N 6809620  E 441475 E £ .ok
a | &5 |5 DESCRIPTION OF MATERIALS Z 0 20 40 80 &0
R TOPSOIL.
- DARTEAN - peat and organics.
| ;. 0.30
SAND and SILT, fine to coarse sand, low to medium plastic silt,
P gravelly, frace to seme clay, occasional cobbles, dense,
L 0.5 yellow to green, moist to wet (TILL-LIKE).
| - Ground was frozen to 1.0 m depth.
— 1.0 ‘
| 1 o]
- 1.5
i 1.70
- End of Hole at 1.70 m.
— 2.0
- 2.5
— 3.0
- 3.5
— 4.0
- 4.5
| 5.0

‘ KLOHN CRIPPEN

PROJECT NO.: MO09234A02

PROJECT: Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR

CHECKED BY:

SHEET 1 OF 1

HOLE NO.: TP05-91




Su-kPa

DEPTH (m)

SAMPLE TYPE

- 4.5

TEST PIT LOG 20 80 100 ' 140 | 180
. . |
STARTED: 7/30/2005 FINISHED: 7/30/2005 _ YENE FIELD LAB ok
G EXCAVATOR TYPE: Manual z REMOLD o B __|aP.PEN2
S w * % FINES
w | 2 | GROUND ELEV. (m}: Z o W wor o
T | 2 [COORDINATES (m): £ = e
S | & DESCRIPTION OF MATERIALS 24 20 40 B0 80
T 0.01% TOPSOIL.

- organics.

SAND, medium, some cream coloured patches of ash (20%),
trace silt, grey.
0.37

',HM\TOPSOEL.
- - Qrganics.

GRAVEL and COBBLE, fine to coarse gravel, some sand and
silt, trace clay, occasional boulders, angular to subrounded,
grey to brown, moist (TILL-LIKE).

0.90

End of Hole at 0.90 m.

KC_TEST_PIT-E]l TESTPITS TPOS-51 TQ 106.GP3 KC_DATAGDT 243106

’ I‘ KLOHN CRIPPEN

PROJECT NO.: MO09234A02

PROJECT: Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: EA/RB

CHECKED BY:

SHEET 1 OF 1

HOLE NO.: TP05-92




KC_TEST_PiT-Sl TESTPITS TP05-51 TO 1068.GPJ KC_DATA.GDT 2/3/05

Su - kPa
TEST PIT LOG 20 60 100 140 180
. . VANE FIELD
" STARTED: 5/15/2005 FINISHED: 5/15/2005 | Veag esP LAB L ek
& 3 EXCAVATOR TYPE: 420D Cat Backhoe =z REMOLD ¢ O 4 P.PEN/2
2 = S g * % FINES
T w w a3 GROUND ELEV. (m): ~ 1337.5 z 9 W Wk W
= o (] 0
E g g S | COORDINATES (m): N6809088  E 441893 E < ok
LU
=R S T DESCRIPTION OF MATERIALS Z a 20 40 60 80
ELAEA TOPSOIL.
i iy ifﬂl 0.90 - peat and organics.
i ; SILT/CLAY, medium plastic, some sand, grey to brown, moist.
- 0.5
: 1 0.80 p
A1 SAND and SILT, fine to coarse sand, low t¢ medium plastic silt,
- some fine to coarse gravel, some clay, yellow, moist.
— 1.0
- 1.5
|- 2 (s
I Y
— 2.0
: 2.20
- End of Hole at 2,20 m.
- 2.5
— 3.0
- 3.5
—4.0
- 4.5
5.0
PROJECT NO.: M09234A02
PROJECT: Wolverine FD and EA
' ‘ KLOHN CRIPFPEN LOCATION: Wolverine Lake
b _ LOGGED BY: MSR  CHECKED BY:
SHEET 1 OF 1 HOLE NO.: TP05-93




KC_TEST_PIT-SI TESTPITS TP05-51 TD 106.GPJ KC_DATA.GDT 2/3/06

Su - kPa

TESTPIT LOG 20 60 | 100 140 = 180
. . VANE FIELD LAB
N STARTED: 5/14/2005 FINISHED: 5/1422005 | YRHE FIELD LAB | e
% g EXCAVATOR TYPE: 420D Cat Backhoe Z REMOLD ¢ O a P.PEN/2
e S W * % FINES
= | w | w | g | GROUNDELEV.(m): ~1320 = " W we
_— 0 0
e % % g COORDINATES (m): N 6808558 E 442134 E < xP— —_———0———- XL ’
L
=T T N DESCRIPTION OF MATERIALS 20 20 40 60 80
010 TOPSOIL. ‘
B - peat and organics.
- GRAVEL, fine to coarse, sandy silty matrix, trace clay,
i occasional cobbles and boulders up to 0.6 m size, dense,
subrounded to subangular, green, moist {TILL-LIKE).

- 0.5
— 1.0
- 1.5
— 2.0
- 2.5
L 1 o
: 2.80 '
- End of Hole at 2.80 m.
— 3.0
- 3.5
— 4.0
- 4.5
[ 5.0

‘ l‘ KLOHN CRIPPEN

PROJECT NO.: M09234A02

PROJECT:

Wolverine FD and EA

LOCATION: Wolverine Lake

LOGGED BY: MSR

CHECKED BY:

SHEET 1 OF 1

HOLE NO.: TP0O5-24




Su-kPa
TEST PIT LOG 20 60 100 = 140 180
. ) VANE FIELD L[AB
" STARTED: 5/14/2005 FINISHED: 5/14/2005 - BEAKR . m AUCH2
g s EXCAVATOR TYPE; 420D Cat Backhoe = REMOLD ¢ O _ |aP.PEN/2

g S g * % FINES

= w w a | GROUND ELEV. (m): ~ 1311 2 g W e W

= | £ | & | 2 [COORDINATES (m): N 6808446 E 442158 EE| om0

T ,
8| S| &5 DESCRIPTION OF MATERIALS Z a5 20 40 60 80
LR TOPSOIL.
- . k 0.20 - peat and organics.
i 030 VOLCANIC ASH, white.
i GRAVEL, fine to coarse, sandy silty matrix, low plastic, trace
- clay, occasional cobbles, dense, subrounded to subangular,
L 0.5 green, moist (TILL-LIKE).
- 1.0
- 15
- 2.0 . \
. 1 ﬁ': |- o
- 2.5 S,
[ Jus
-_3.0 W&l 300
- End of Hole at 3.00 m.
- 3.5
4.0
- 4.5
[ 5.0
_ PROJECT NG.: M09234A02
PROJECT: Wolverine FD and EA
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S. POTENTIAL SEEPAGE EFFECTS ON GROUNDWATER

The tailings impoundment is designed to retain water and minimize seepage through the use of a
geosynthetic liner beneath the facility and along the interior face of the dam. The design criteria
for seepage from the impoundment is presented in Section 3 of the main text, and is based upon
the potential leaching of cadmium and selenium into the receiving waters. A design criteria of

<0.5 L/s was determined to be protective of the receiving waters.

5.1 Liner Defect Analysis — Design Basis

The tailings impoundment will be lined with a geosynthetic liner, and seepage will be influenced

by the presence of liner defects and, potentially, very long-term degradation effects.

Klohn Crippen Berger Ltd. utilized an in-house program that assesses the leakage through liner
defects, which considers the “inflow” constraint by the presence of the low permeability tailings.
Figure I- 5-1 presents leakage values for tailings with a permeability of 10”7 m/s, assuming a
conservative level of quality control in liner construction and placement. The figure indicates
that, for impoundment tailings permeability of 107 m/s, and for a tailing impoundment head of
20 m, the leakage rate could be in the order of 20 L/year/hectare. For the Wolverine tailings
impoundment of 16 hectares, leakage through the liner is expected to be extremely low and on
the order of 0.00001 L/s, which is negligible.

The use of the liner ensures that the potential risk of effects to groundwater or surface water from
seepage is very low to negligible. Nonetheless, a sensitivity analysis was carried out to determine
the effects of liner degradation and/or the use of a soil liner or no liner at all, and the results are

presented in the following section.
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Liner Leakage (Medium Quality Control)
K value tailings 1x107 m/s

—— 100 m head —#—80 m head 60 m head
40 m head —%—20 m head —e— 10 m head

1000

100 4 ‘v

L

® aL 3

Leakage (L/year/hectare)

0 T T T T
1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03

K value of soil under liner (m/s)

Figure I- 5-1 Linear Leakage (Medium Quality Control) K Value Tailings
1x107" m/s

5.2  Conventional Seepage Analysis — Sensitivity Analysis

The estimate of seepage from the impoundment was assessed using both conventional seepage
analysis and liner defect analyses. With the use of a liner system, the conventional SEEP/W
model does not apply, however the SEEP/W model is useful for assessing the sensitivity of the

seepage to various lining alternatives.

Seepage analysis was carried out using the 2-D SEEP/W program on a representative upstream-
downstream section along the thalweg of the impoundment area through the maximum
transverse section of the dam, which is shown in plan in Drawing D-3002. The properties used

for the analyses are summarized in Table I- 5-1.
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Table I-5-1 Summary of Engineering Properties

HYDRAULIC

MATERIAL CONDUCTIVITY
k (m/s)
Overburden 3.0E-05
Bedrock 1.0E-07
General Dam Fill 5.0E-07
Glacial Till 1.0E-07
Tailings 7.0E-08
Liner Varies

Figure I- 5-1 and Figure I- 5-2 show the SEEP/W finite element model mesh and setup, and

model output. The seepage analysis was carried out for the initial dam design section, which

included a central low permeability core zone. Sensitivity analysis was carried out for the

following conditions, and the results are summarized in Table I- 5-2.

e “Degraded” geomembrane liner with an “equivalent” permeability of 107° m/s,
which simulates a potential long-term condition in which portions of the

geomembrane liner degrades;

e Soil liner, with a permeability of 10® m/s, which assumes the placement of a low

permeability soil or clay enhanced soil liner over the impoundment basin; and

e No liner and a basin permeability of 10°° m/s, which simulates the case of no liner
and no special treatment of the impoundment foundation.

Table I-5-2  Summary of Seep/W Seepage Sensitivity Analysis

ANALYSIS CONDITION PER?/IAESANB/ILLIII;{EYim/S) TOTAL SEEPAGE (L/sec)
A - “Degraded” geomembrane liner 10 0.13
B - Compacted soil liner 107 3.8
C - Unlined facility 10°® 6.8

Note: Estimation of total seepage was based on an equivalent dam width of 250 m with constant maximum dam
section. Liner was modelled as 1-m thick to minimize numerical modelling difficulty.
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5.3  Seepage Analysis Results

The seepage analyses indicate that the leakage rate out of the impoundment should be on the
order of 0.00001 L/s, which is negligible. The sensitivity analysis also indicates that the worst-
case condition, considering complete degradation of the liner would result in a seepage rate on
the order of 6.8 L/s. Because liner degradation is often a result of UV effects, complete
degradation of the Wolverine impoundment liner, which will be covered by tailings, is
considered to be highly improbable. As such a more realistic “worst case” evaluation,
considering only partial degradation, suggests that seepage under this condition would be less
than 0.13 L/s.

There are also a number of mitigating factors, with respect to the potential for long-term

degradation of the liner and are summarized as follows:
e Partial degradation of the liner would still result in acceptable seepage rates;

e Degradation of the liner, if it occurs, will be over a long period of time and would
result in a very slow change in the groundwater geochemistry. The benefit of
adsorption, which will occur, has not been considered in determining the
allowable seepage criteria. Assuming a 10% adsorption factor would result in

meeting water quality guidelines, even with complete degradation of the liner; and

e Geochemical processes that control dissolved metal concentrations in natural and
tailings sediments have not been considered. Experience from other operations
indicates that porewater metal concentrations in unoxidized tailings sediments are
often very low, resulting from the gradual development of anoxic conditions in
sediments and the tendency for metals to precipitate out of solution as metal

sulphides.
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APPENDIX I
Geochemical Characterization

e Part I — Tailings Geochemistry
(including Tailings Supernatant
Water Chemistry)

° Part II — Dam Construction Materials

Appendix II — Geochemical Characterization
January 2009



WOLVERINE PROJECT Tailings and Related Infrastructures Design and Construction Plan

Version 2009-02
TABLE OF CONTENTS
TABLE OF CONTENTS ..ottt et et ssaebeesaeesaenseenaeeseenseenseeseenes I
LIST OF FIGURES ...ttt ettt sttt ettt sttt et esae et e enee v
LIST OF TABLES ...ttt sttt ettt sae et eeseesseenseesaenseessasseeseensennnans \Y%
ABBREVIATIONS ..ttt ettt et sttt be ettt sse e b e et e saeeaeenee VI
1. TAILINGS GEOCHEMISTRY ..ottt sttt 1
| B 1101002 o R RTSRR 1
L.1.T Static TESHNE..c..eiieiiieiieieeieeeee ettt s 2
LLILT MINEIAlOZY evveneiieiiieiieeieeeite ettt ettt et et eebeesaae e es 2
1.1.1.2  Solid Phase Elemental Concentrations .............cceeeeeevueenieenieenieenneenne 3
1.1.1.3 Modified Acid Base Accounting............cccceeeueeveercreeneeneeeneenieenneenns 3
1.1.1.4 Shake Flask EXtractions .........cccccueeiieriieiiieniieiiesieeee e 3
1.1.2 KINEIC TESLING ...c.viieeiieiieieiieiieeieette et e ete et e s e eteesaaeebeessaeensaessseenseessseensaens 4
1.1.2.1 Tailings Aging TeStNG........ccceeriiriieriieiieeie et 4
1.1.2.2  Acute Lethality Testing........ccceeevieerieiiieiieeiieeecre e 4
1.1.2.3  Tailings Humidity Cell........ccccoceriinimiiiniiniiiiniiecceeceeeeeeee 4
1.1.2.4 Sub-aqueous Column TeStiNg ........c..cccveerrieriirriienieeiienre e eee e 4
1.2 Sample Compilation and Sample Selection...........ccceveeviriiniiiiniiiniiiiniceccecee 5
1.2.1 Laboratory Metallurgical TeStNG ..........cccueevuieriieiieniieiieeie e eeiee e 6
1.2.2 Variation Due to Physical Segregation of Tailings..........cccccvceeviriiniincnicnnne 11
1.3 Mineralogical ASSESSIMENL ........ccuieruieriieeriieeieeniieeteesteeeaeesseeeseesseeeseesseesseesseeesseensns 12
1.3.1 Optical Petrography .........cocevieiiiriiiiiiinieeeeteeceee et 12
L1.3.1.1  MethOdOIOZY ....ooeviiiiieiiieiieeiiee ettt ens 12
L.3.1.2 ReSUILS .ot ettt et et 13
1.3.2 X-Ray Powder Diffraction Using the Rietveld Method............ccccceevenieirnene. 14
1.3.2.1 MethodOlOgY .....oovieiieiiieie et 14
1.3.2.2 0 ReSUIS .ot 14
1.3.3 Whole Rock XRF ANaLYSiS......cccueiiiiiriiiiiieiieeiieieee et 15
1.3.3.1  MethOdOIOZY ....ooeviiiiiiiieiieeitee ettt et ens 16
1.3.3.2 ReSUILS .ot et 16
Appendix II — Geochemical Characterization Page i

January 2009



WOLVERINE PROJECT Tailings and Related Infrastructures Design and Construction Plan

Version 2009-02
1.4 Static TESINE ....vietieeiiieiie ettt ettt ettt e et e st e e bt e stteebeessaeenbeesaeeenbeensaesnseenseeennas 18
1.4.1 Acid Base Accounting (ABA ) ..c.oieoiiieeeeeeeeee et 18
1411 MethodOIOZY ...coeovieiiieiieiie ettt et 18
L.4.1.2 ReSUILS .o 21
1.4.2 Metals ANALYSES ....oocueieiieiieeiieciie ettt ettt ettt st 24
1.4.2.1  MethodOIOZY .....ovieeiieeiiieeeeeee et e 24
1.4.2.2 RESUILS c..eiuiieiieiieieeee e 24
1.4.3 Shake F1ask TeStING ......cccviieiiiiiiiiieciieeeie ettt e e e e e 27
1.4.3.1 MethodOIOZY ....coeovieiiieiieiie ettt 27
1.4.3.2  ReSUILS .ottt 28
1.5 KINEHC TESTNE. . ccuviiiiieiieeiiietieeie ettt et te ettt e ete et e sibeettessteeseesnbeensaesnseenneeenseennns 30
1.5.1 Tailings AING TESTS ....eeeeuireiiiieeiieeeiieesiee et e et e eee et e et eeeeaeeesreeenaeeeneeas 30
L5. 1.1 MethodOIOZY ....coevieiiiiiieiiecieee ettt 30
L.5.1.2 0 ReSUILS .ot 31
1.5.2 Acute Lethality TeSting.......ccccveviieriiiiiieiieeie ettt 46
1.5.2.1 MethodOIOZY ....cvvieiiieeiieeeeee et 46
1.5.2.2 RESUILS c..eiutieiieieeiee e 47
1.5.3 Tailings Humidity CellS.......ccceieriiieiiiieiieeieeeeeeee e 48
L5301 RESUILS ..t 48
1.5.3.2 Time to Onset of ARD ......c.ooiiiiiiiiiiieeeeeeeeee e, 52
1.5.3.3  TeSt Data..cueeeiiiiiiiiiieeeeeee e 53
1.5.4 Sub-aqueous COIUMMN .........coeiiiiiiiiecieeeee e e e e e 88
1.54.1 MethodOIOZY ...cooovieiiiiiieiieeitee ettt 88
1.5.:4.2  ReESUILS .ottt 89
1.6 Examples of Sub-aqueous Disposal of Tailings and Waste Rock Involving the

Mobilization of Metal(loid)s Towards the Sediment Water Interface........................ 97
L.6.1 GONEIAL.....oiiiiiiiiiiee ettt ettt et e 97

1.6.2 MEND Project 2.11.1b-c Geochemical Assessment of Subaqueous Tailings
Disposal in Mandy Lake, Flin Flon Area, Manitoba (Rescan, 1990)............... 98

1.6.3 MEND Project 2.11.3abc Geochemical Assessment of Subaqueous Tailings
Disposal in Anderson Lake, Manitoba, 1993 to 1995 Study Program (Rescan,

Appendix II — Geochemical Characterization Page ii
January 2009



WOLVERINE PROJECT Tailings and Related Infrastructures Design and Construction Plan
Version 2009-02

1.6.4 MEND 2.11.4a Geochemical Assessment of Subaqueous Tailings Disposal in
Buttle Lake, British Columbia, 1993 Study Program (Rescan, 1995)............ 101

1.6.5 MEND Project 2.11.1c-b Chemical Diagenesis of Submerged Mine Tailings in
Benson Lake and Natural Sediments in Keogh Lake, Vancouver Island, British

Columbia (Rescan, 1992)........ccouiioiiiiiiieee e 102
1.6.6 MEND Project 2.11.5¢c Geochemical Assessment of the Equity Silver Tailings
Pond (Rescan 1996D) .........ccoouiiiiiiiiieiieeceeece e 103

1.6.7 MEND Project 2.12.1¢ Subaqueous Disposal of Reactive Mine Tailings
Louvicourt Mine Test Cells Geochemical Sampling and Analysis (INRS-Eau,

2007T) ettt ettt ettt et et e e teereenae et e eneenes 104
1.6.8 Rates of Oxygen Consumption by Sulphidic Tailings Under Shallow Water
Covers — Field Measurements and Modelling, (Li et al., 2000) ..................... 104
1.6.9 Management of Water Quality in a Flooded Tailings Impoundment (DeVos et
ALy 2000) 1.ttt ettt aeereeneenean 105
1.6.10 The Reactivity of Sulphur-Rich Sediments in Lake Junin, Peru: The
Importance of Permanent Submergence (Martin et al., 2000)....................... 106
2. DAM BORROW MATERIAL CHARACTERIZATION.......ccccovtiiiirienieeienieeeieseesee e 115
2.1 Acid Base Accounting (ABA) .....c.ueeouiieeieeeie ettt s 115
2.1.1 MEthOAOIOZY ..eveeeiieiiieiiieiieeie ettt ettt et esate e e e ssneenseeas 115
2.1.2 RESUILS .ttt sttt 116
2.2 Shake Flask EXIIraction ..........cccceoueriiriieiienienieiieitesieeteeit ettt st 119
2.2.1 MethOdOIOZY ....veieeiiieiiie ettt ettt e e sbe e eseveeesnseeenneeens 119
2.2.2 RESUILS ..ttt sttt sttt 120
REFERENCES ...ttt ettt et b ettt e st et e st e bt enbeeneeneeenne e 122
Appendix I1 — Geochemical Characterization Page iii

January 2009



WOLVERINE PROJECT Tailings and Related Infrastructures Design and Construction Plan

Version 2009-02
LIST OF FIGURES

Figure II-1.1 Locked Cycle Test FIOWShEEt ........cccceviiiiriiniiiiiiiieicciceceecece e 7
Figure 11-1.2  AgING TSt SCTUP.....eeiiiieeriieeiiie ettt ette e ste et e eveeetaeeeaaeesaeeessneeesnseeenns 32
Figure II-1.3  TSS in Supernatant During Aging Tests.......ccccceervieriiniriinieneeieneeneeiceeeeenee 42
Figure II-1.4 Thiosalt in Supernatant During Aging TestS ........cccevevierieeriierieeieeeie e 42
Figure II-1.5 pH in Supernatant During Aging TestS.........cccevierirriinieniniienieneeeeeeeneeie e 43
Figure II-1.6  Alkalinity in Supernatant During Aging TestS ........ccceveevirieneenierieneeieeeeseenee 43
Figure II-1.7 Se in Supernatant During Aging Tests........cccecerirririineniiniineeeneseeeeeeeene 45
Figure 11-1.8 Cd in Supernatant During Aging TestS........ccccuveeriieeiiieeiieecie e 45
Figure [I-1.9 Zn in supernatant during aging testS ..........cceevueeeiuierieriieenieeieesiieeiee st 46
Figure II-1.10 Wolverine Tailings Humidity Cells - pH..........cccooviiriiiiniiiiiiiceeeieeeeeeen 49
Figure [I-1.11 Wolverine Tailings Humidity Cells - Sulphate............ccccooieiiniininiinininicnne 50
Figure II-1.12 Wolverine Tailings Humidity Cells - Zn Loading Rates...........cccccocevernenienncne. 51
Figure II-1.13 Wolverine Tailings Humidity Cells - Se Loading Rates ...........cccccoceeveriinicnncne. 51
Figure II-1.14 Set-up of Sub-aqueous COIUMNS..........c.ccoiieriieriieiieeie et 89
Figure II-1.15 Sulphate Fluctuations During Sub-aqueous Column Tests ........c..cccevvenieuennnene 94
Figure II-1.16 Thiosalt Fluctuations During Sub-aqueous Column Tests ..........ccccceevrerrreereennen. 95
Figure [I-1.17 Cd Fluctuations During Sub-aqueous Column Tests.........ccccoeevuerieneeneniennene 95
Figure II-1.18 Se Fluctuations During Sub-aqueous Column Tests .........cccceevvreciveriienieenieenen. 96
Figure [I-1.19 Zn Fluctuations During Sub-aqueous Column Tests.........ccccoeeverveneeneniennnn. 96
Appendix II — Geochemical Characterization Page iv

January 2009



WOLVERINE PROJECT Tailings and Related Infrastructures Design and Construction Plan
Version 2009-02
LIST OF TABLES

Table II-1.1  Number of Tailings Tests by Geochemical Test Method.........c..cccceceeviiiiniinnnne 2
Table II-1.2  Summary of Samples Compiled for Metallurgical and Environmental Testing..... 5
Table II-1.3  Locked Cycle Tests on Ore Composite Samples..........ccoceevverveneenieriieneenienieneenn 7
Table II-1.4 Mineral Assemblages and Modal Abundances by Optical Microscopy (wt.%)... 13
Table II-1.5 Mineral Abundances Calculated by Rietveld XRD (Wt.%) ...ccceeevieeiiieniiiiiannnne 15
Table II-1.6  Whole Rock Analysis of Tailings Samples ...........ccceeevieviiiriienieeiiienieeieesiie e 16
Table II-1.7  Elemental Concentrations Calculated from Whole Rock Data...............ccccceee. 17
Table I1-1.8  Tailings ABA RESUILS ......cccuiiiiieiieiiiiiieeic ettt aae v ens 22
Table II-1.9  ABA Screening Criteria......c.coouiruierierieriiieeienieeieetesie ettt 23
Table II-1.10 ICP-MS Solid-phase ReSUILS..........ccceeriiriiiiriiiiiieieciieieecee et 25
Table II-1.11 Elemental Concentrations Greater Than 5X Crustal Abundance......................... 27
Table II-1.12 Shake Flask Extraction Test ReSults..........ccooceeiieiiinieniniinienieieceeeeeeee, 28
Table II-1.13 Combined Overall Ore Composite Tailings Aging Test Results.........cc.cccceeneeee. 33
Table II-1.14 Combined OD Composite Tailings Aging Test Results..........cccoecvvevieniieniennnnnns 35
Table II-1.15 Combined Wolverine D Composite Aging Test Results..........cccccoveeverieneenennee. 37
Table II-1.16 Combined Lynx D Composite aging test results ..........ccceeeverevieviencieeneenieeneenns 39
Table II-1.17 Tailings Supernatant Acute Lethality Results for daphnia magna....................... 47
Table II-1.18 Tailings Supernatant Acute Lethality Results for Rainbow Trout........................ 47
Table II-1.19 Range in Leachate Elemental Loading Rate over past 20 weeks ............ccceeneene 50
Table II-1.20 Percent Removal of Original Se and Zn ...........ccccoovueeviieriieiiienieeieeieeeeeeeene 52
Table II-1.21 Combined Overall Ore Composite Tailings Sub-aqueous Column Results.......... 90
Table II-1.22 Combined OD Composite Tailings Sub-aqueous Column Results ...................... 92
Table II-1.23 Sub-aqueous Tailings Disposal SUMmAary ..........ccccceceevervinienienenieneceneeeeee 98
Table I1I-2.1 ABA Results for Dam Borrow Materials............coceeoerieniiiienienieieeieneeeeee 118
Table [1-2.2  ABA SCIEENING CIILETIA ..eevuvretieeiiietieeieeiieeieeite st eteesateebeesebeebeesateenbeeseaeenseas 119
Table II-2.3  Shake flask extractions results for dam borrow materials ............cccceecerienenneens 121
Appendix II — Geochemical Characterization Page v

January 2009



WOLVERINE PROJECT

Tailings and Related Infrastructures Design and Construction Plan

Version 2009-02

ABBREVIATIONS

Ag — Silver

Al — Aluminium
As — Arsenic

Au - Gold

B — Boron

Ba — Barium

Be — Beryllium

Bi — Bismuth

C — Carbon

Ca — Calcium

Cd — Cadmium

CI — Chlorine

CI' — Chloride

Co — Cobalt

COs> — Carbonate
CNO — Cyanate
CNS — Thiocyanate

ABA — Acid Base Accounting

AP — Acid Potential
DI — Deionised

ICP-MS - Inductively Coupled Plasma Mass

Spectrometry
LOI - Loss On Ignition

Non-PAG — Not Potentially Acid Generating
NNP — Net Neutralization Potential

NP — Neutralization Potential

CNT - Total Cyanate
CN(r) — Total Cyanide
Cr — Chromium

Cu — Copper

F — Flourine

F —Floride

Fe — Iron

K — Potassium

Li — Lithium

Mg — Magnesium
Mn — Manganese

Mo — Molybdenum
N — Nitrogen

Na — Sodium

NH; — Ammonia

Ni — Nickel

NOj5™ — Nitrate

P — Phosphorous
Pb — Lead

S — Sulphur

Se — Selenium
Si — Silicon

Sn — Tin

SO4 — Sulphate
S* — Sulphide
Sr — Strontium
Ti— Titanium
T1 — Thallium
U — Uranium
V — Vanadium

Zn — Zinc

NPR — Neutralization Potential Ratio

PAG — Potentially Acid Generating
TDS — Total Dissolved Solids

TIC — Total Inorganic Carbon

TSS — Total Suspended Solids
XRD - X-Ray Diffraction

XRF — X-Ray Fluorescence

WDXRD - Wavelength Dispersive X-

ray Diffraction

Appendix II — Geochemical Characterization

January 2009

Page vi



WOLVERINE PROJECT Tailings and Related Infrastructures Design and Construction Plan
Version 2009-02

1. TAILINGS GEOCHEMISTRY

1.1  Summary

Environmental characterisation of the Wolverine and Lynx tailings generated from locked cycle
flotation testing to date are presented in the following sections. Both static and kinetic testing
was employed in the characterisation of samples. The purpose of the testing program was to
identify the geochemical, acid rock drainage (ARD) and metal leaching characteristics of tailings

materials. To date static testing of tailings has been completed and includes the following:

* Optical petrography;

X-Ray Diffraction (XRD) with Rietveld Refinement;

X-Ray Fluorescence (XRF);

Acid Base Accounting (ABA);

Inductively Coupled Mass Spectrometry (ICP-MS ) 33 element suite; and

e Shake Flask Extractions (SFE).

Kinetic testing continues to date and includes the following analyses:

e Tailings aging testing;
e Acute lethality testing on fresh and aged tailings supernatant;
e Humidity cell testing; and

e Sub-aqueous column leach testing.
A brief summary of results to date are presented in Sections 1.1.1 and 1.1.2, and detailed
analyses are presented in the subsequent sections. The summary of the sample counts for each
test used to evaluate the metal leaching and ARD potential of the sample tailings is provided in
Table 1I-1.1. The results of these analytical techniques are most useful for interpretation when

considered in combination.
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Table I11-1.1 Number of Tailings Tests by Geochemical Test Method

TEST TYPE | NUMBER OF TESTS
Mineralogy
Optical Analysis 4
XRD 4
ABA Testing
Paste pH 12
Total Sulphur 12
Acid Leachable Sulphate 12
Insoluble Sulphate 12
Total Sulphide 12
Organic Sulphide 12
Total Carbon 12
Total Inorganic Carbon 12
Total Organic Carbon 12
Total Carbon as %CO; 12
Sobek-NP 12
Solid Phase Metals Analysis
Solid Phase ICP-MS | 13
Kinetic Testing
Humidity Cells 4
Sub-aqueous Column Leach Tests 2
Environmental Aging Tests 4
Toxicity Testing
Daphnia magna Acute Lethality 8
Rainbow trout Acute Lethality 4

1.1.1 Static Testing

1.1.1.1 Mineralogy

Optical microscopy of analysed samples indicates a high ratio (by sample weight) of sulphides to
carbonates (approximately 3:1 to 6:1). The majority of sulphides occur as large liberated grains
that are available for oxidation, while the limited abundance of reactive carbonates (exposed or
liberated grains) indicates high potential for acid generation. The presence of As-, Pb-, Zn- and
Cu-sulphides suggests these particular metal (loid)s may be released to solution if tailings

become acid generating.
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1.1.1.2 Solid Phase Elemental Concentrations

Results from XRF and ICP-MS analyses show tailings solids have high concentrations of both
major and trace elements including:

e Al (1,200 — 12,000 mg/kg);

o As (760 — 4,800 mg/kg);

e Ca (8,300 — 34,000 mg/kg);

e Cu (630 — 2,100 mg/kg);

e K (500 — 3,300 mg/kg);

e Fe (140,000 — 230,000 mg/kg);

e Mg (1,800 — 19,000 mg/kg);

e Pb (1,900 — 15,000 mg/kg); and

e Zn (2,900 — 20,000 mg/kg).
Moderate to minor concentrations of Cd and Cr as well as minor concentrations of Hg, Mo, Ni

and U were also detected in the tailings samples.

1.1.1.3 Modified Acid Base Accounting

Modified ABA test results indicate tailings samples have high concentration of sulphide (10.1%
to 39.4%) and negative net neutralization potentials (-196 kg CaCOs/t to -1038 kg CaCOs/t). The
neutralization potential ratios (NPR) are, therefore, low (0.02 to 0.38) indicating the potential for
ARD is likely.

1.1.1.4 Shake Flask Extractions

SFE indicate Zn is above the 1.0 mg/L Metal Mining Effluent Regulations (MMER) only in the
Overall Ore Composite (Combine Ro + CI Sc Tailings) measured at 6.87 mg/L
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1.1.2 Kinetic Testing

1.1.2.1 Tailings Aging Testing

Aging testing, scheduled for a total of 120 days, to date are between the 60™ (Combin