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PART I - GEOTECHNICAL LABORATORY TESTS 

 
1. GENERAL 

This appendix presents test results obtained from our geotechnical laboratory in 
Vancouver for the following materials: 
 

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

• Tailings material; 

• Waste rock material; and  

• DMS float material. 

 
Index property tests for these materials are covered in Section 2, while their engineering 
properties are described in Section 3.  Section 4 presents laboratory test data sheets either 
in figures or tabular forms. 
 
 

2. INDEX PROPERTY TESTS 

Overburden soil samples retrieved from test holes and test pits during Phases 1 and 2 
field investigations were visually classified, and their water content and gradation 
determined.  The logs of test holes and test pits presented in Appendix II have 
incorporated these index properties.  Similarly, gradation curves for damfill borrow, 
tailings, and DMS float materials were also obtained.  The tailings sample was a mixture 
of four specimens: F11 and F12 (Zn, Rougher Scavenger Tail), F23 and F32 (Zn 1st 
Cleaner Scavenger Tail).  Two specific gravity tests were also performed on the tailings 
sample.  The waste rock material contains large rock pieces with matrix of finer 
materials.  No gradation test was done for the waste rock, and its finer matrix was used to 
perform engineering property tests as described in Section 3. 
 
 

3. ENGINEERING PROPERTY TESTS 

Engineering property tests performed for each material are listed below: 
 

• Damfill Borrow – standard Proctor compaction tests, triaxial permeameter 
tests, and consolidated-undrained triaxial shear tests with pore pressure 
measurement;  
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• Tailings – settling and consolidation tests, triaxial permeameter tests, and 
consolidated-undrained triaxial shear tests with pore pressure 
measurement; 

• Waste Rock – standard Proctor compaction tests, triaxial permeameter 
tests, and consolidated-undrained triaxial shear tests with pore pressure 
measurement;  

• DMS Float - standard Proctor compaction tests, constant head open-top 
permeameter tests, and direct shear tests. 

 
For the damfill borrow, tailings and waste rock materials, consolidated-undrained triaxial 
shear tests were carried out with permeability measurement after consolidation and pore 
pressure measurement during shear.  On the other hand, the permeability of the 
DMS float material was determined by constant head tests using an open-top 
permeameter due to its high permeability.  The shear strength of the DMS float was 
determined by direct shear tests.  The density values and consolidation stresses used in 
the laboratory were selected to represent field condition. 
 
 

4. TEST DATA SHEETS 

Test data sheets are presented in the following pages.  They are grouped according to 
material type in the following order: 
 

• Overburden in Tailings Impoundment Areas; 

• Damfill Borrow; 

• Tailings; 

• Waste Rock; and  

• DMS Float. 

 
Results for the index property tests are presented first, followed by those from the 
engineering property tests, where applicable. 
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Sample Description:
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 (cm3) 2123.48 2123.48 2123.48 2123.48 2123.48
Wet Unit Wt. (kg/m3) 2390.9 2398.4 2418.7 2192.6 2183.7
Dry Unit Wt. (kg/m3) 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 (g) 495.2 248.13 415.29 342.4 100
Moisture Content (%) 7.3% 9.0% 9.6% 4.6% 5.0%

JOB NO.: M09234A02
PROJECT: Wolverine - DAM FILL (TP05-87)
LOCATION: Yukon

 DATE: 31-Aug-05
TESTED BY: DL CHECKED BY: JG
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Sample Description: TP05 - 89 1.5 m
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 (cm3) 929.623 929.623 929.623 929.623
Wet Unit Wt. (kg/m3) 2279.4 2345.0 2377.3 2138.5
Dry Unit Wt. (kg/m3) 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 (g) 926.21 770.17 927.86 212.95
Wt. 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%

JOB NO.: M09234A02
PROJECT: Wolverine - DAM FILL (TP05-89)
LOCATION: Yukon

 DATE: 19-Sep-05
TESTED BY: DL CHECKED BY: JG

COMPACTION TEST

Compaction Test
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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) (cm3) (cm) (cm3) (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:
Ain (cm2) = 11.6 Aout (cm2) = 2.575 A (cm2) = 31.4873 L (cm) = 12.76

Hydraulic Conductivity (Coef. of Permeability),  k = ln(h1/h2) x (Ain x Aout x L)/(A x t x (Ain + Aout))  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.)



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) (cm3) (cm) (cm3) (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:
Ain (cm2) = 11.9 Aout (cm2) = 2.582 A (cm2) = 31.4082 L (cm) = 12.68

Hydraulic Conductivity (Coef. of Permeability),  k = ln(h1/h2) x (Ain x Aout x L)/(A x t x (Ain + Aout))  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.)



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) (cm3) (cm) (cm3) (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:
Ain (cm2) = 11.9 Aout (cm2) = 2.582 A (cm2) = 31.2181 L (cm) = 12.69

Hydraulic Conductivity (Coef. of Permeability),  k = ln(h1/h2) x (Ain x Aout x L)/(A x t x (Ain + Aout))  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.)



AS A MUTUAL PROTECTION TO OUR CLIENT,
THE PUBLIC AND OURSELVES, ALL REPORTS
 AND DRAWINGS ARE SUBMITTED FOR THE
CONFIDENTIAL INFORMATION OF OUR CLIENT
FOR A SPECIFIC PROJECT AND AUTHORIZATION
FOR USE AND/OR PUBLICATION OF DATA,
STATEMENTS, CONCLUSIONS OR ABSTRACTS
FROM OR REGARDING OUR REPORTS AND
DRAWINGS IS RESERVED PENDING OUR WRITTEN 
APPROVAL.TO BE READ WITH KLOHN-CRIPPEN REPORT DATED

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Axial Strain (%)

0

200

400

600

800

1000

1200

D
ev

ia
to

ri
c 

S
tr

es
s,

 (σ
1'-

σ 3
') 

(k
P

a)

LEGEND
100 kPa
450 kPa
800 kPa

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Axial Strain (%)

-200

-100

0

100

200

300

400

500

600

E
xc

es
s 

P
or

e 
P

re
ss

ur
e 

(k
P

a)

STRESS vs. STRAIN

PORE PRESSURE vs. STRAIN

0 100 200 300 400 500 600 700 800 900 1000
Average Effective Stress, (σ1'+σ3')/2

0

100

200

300

400

500

600

H
al

f D
ev

ia
to

ri
c 

S
tr

es
s,

 (σ
1'-

σ 3
')/

2 
(k

P
a)

Maximum Excess Pore Pressure
(Phase Transformation)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Axial Strain (%)

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

P
ri

nc
ip

al
 E

ffe
ct

iv
e 

S
tr

es
s 

R
at

io
, σ

1'/
σ 3

'

EFFECTIVE STRESS PATH

STRESS RATIO vs. STRAIN

WOLVERINE TAILINGS IMPOUNDMENT

CIUC TRIAXIAL TEST RESULTS
DAM FILL (TP05-89) SAMPLE

M09234A02 FIG. December 2005

φM = 37.6o

φPT = 35.1o

SPECIMEN INFORMATION UNITS
Dam Fill - TP05-89
Initial Water Content % 10.3 9.0 9.0
Initial Dry Density kg/m3 2130 2119 2109
Skempton's B Parameter 0.90 0.95 0.95
Back Pressure kPa 200 300 200

Consolidation Stress (�3') kPa 100 450 800
(at start of shear)
Dry Density kg/m3 2146 2149 2150
Specimen Height mm 127.6 126.8 126.9
Specimen Area mm2 3148.7 3140.8 3121.8
Final Water Content % 11.2 11.3 11.6

DATA
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Wolverine  - Tailings Sample



Sample No.
Flask No. KL2 KL3
Volume of Flask @ 20o C             ml 500 500
Method of Air removal Boiling Boiling
De-airing Period                           hr 2 2
Test temperature                        o C 22.6 22.6
Mass of Flask+Water (Ma)            g 675.46 675.96
Mass of Flask+Water+Soil (Mb)    g 748.55 751.50
Mass of Dish/Flask+Soil  277.13 281.12
Mass of Dish/Flask 177.20 177.49
Mass of Dry Soil (Mo)                   g 99.93 103.63
Correction factor (K) @ Test Temperature 0.9998 0.9998
Specific Gravity of Solids @ 20o C 3.72 3.69
Average Specific Gravity of Solids @ 20o C

Sample No.
Flask No.
Volume of Flask @ 20o C             ml
Method of Air removal
De-airing Period                           hr
Test temperature                        o C
Mass of Flask+Water (Ma)            g
Mass of Flask+Water+Soil (Mb)    g
Mass of Dish/Flask+Soil  
Mass of Dish/Flask
Mass of Dry Soil (Mo)                   g
Correction factor (K) @ Test Temperature
Specific Gravity of Solids @ 20o C
Average Specific Gravity of Solids @ 20o C

Specific Gravity of Solids @ 20o C =  (K x Mo)/(Mo + Ma - Mb)

 
 
 

JOB NO.: M09234A02
PROJECT: Wolverine - Tailings Sample
LOCATION: Yukon
DATE: December 13, 2005
TESTED BY:JG CHECKED BY: GAN

SPECIFIC GRAVITY OF SOIL SOLIDS (ASTM-D854)

#1

3.71
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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) (cm3) (cm) (cm3) (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:
Ain (cm2) = 11.6 Aout (cm2) = 2.575 A (cm2) = 30.95 L (cm) = 12.69

Hydraulic Conductivity (Coef. of Permeability),  k = ln(h1/h2) x (Ain x Aout x L)/(A x t x (Ain + Aout))  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) (cm3) (cm) (cm3) (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 53.70 210 200 475 111.5 9.0

Base Burette Area: Top Burette Area: Sample Area: Sample Length:
Ain (cm2) = 11.6 Aout (cm2) = 2.575 A (cm2) = 29.782 L (cm) = 12.34

Hydraulic Conductivity (Coef. of Permeability),  k = ln(h1/h2) x (Ain x Aout x L)/(A x t x (Ain + Aout))  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) (cm3) (cm) (cm3) (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:
Ain (cm2) = 11.6 Aout (cm2) = 2.575 A (cm2) = 28.8882 L (cm) = 12.45

Hydraulic Conductivity (Coef. of Permeability),  k = ln(h1/h2) x (Ain x Aout x L)/(A x t x (Ain + Aout))  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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WOLVERINE TAILINGS IMPOUNDMENT

CIUC TRIAXIAL TEST RESULTS
TAILINGS SAMPLE

M09234A02 FIG. November 2005

φM = 34o

φPT = 32o

SPECIMEN INFORMATION UNITS
Tailings Sample
Initial Water Content % 18.5 17.6 17.6
Initial Dry Density kg/m3 1848 1858 1842
Skempton's B Parameter 0.96 0.98 0.98
Back Pressure kPa 250 200 200

Consolidation Stress (σ3') kPa 100 275 450
(at start of shear)
Dry Density kg/m3 1905 2036 2080
Specimen Height mm 126.9 123.4 124.5
Specimen Area mm2 3095.2 2978.2 2888.8
Final Water Content % 23.2 19.6 19.2

DATA



 
 
 

Waste Rock 



(ASTM D698, Method B)
Sample Description: Waste Rock, 3/8" minus material
TRIAL NUMBER 1 2 3 4 5 6
Unit Weight Determination
Wet Wt. Sample & Mold (g) 6348 6480 6514 6526 6480
Weight of Mold (g) 4230 4230 4230 4230 4230
Wet Wt. of Sample (g) 2118 2250 2284 2296 2250
Volume of Mold (cm3) 947.26 947.26 947.26 947.26 947.26
Wet Unit Wt. (kg/m3) 2235.9 2375.3 2411.2 2423.8 2375.3
Dry Unit Wt. (kg/m3) 2200.3 2252.8 2252.8 2203.9 2116.3
Moisture Content Determination
Container No. 2 4 3 4 4
Wet Wt. Sample & Tare (g) 274.07 348.2 253.76 244.65 343.07
Dry Wt. Sample & Tare (g) 271.56 335.7 243.32 232.05 316
Wt. of Water (g) 2.51 12.5 10.44 12.6 27.07
Tare Container (g) 116.61 105.77 94.78 105.79 94.77
Dry Wt. of Soil (g) 154.95 229.93 148.54 126.26 221.23
Moisture Content (%) 1.6% 5.4% 7.0% 10.0% 12.2%

JOB NO.: M09234A02
PROJECT: Wolverine - Waste Rock
LOCATION:

 DATE: 8-Dec-05
TESTED BY: GG CHECKED BY: 

STANDARD PROCTOR COMPACTION TEST

Proctor Compaction Test
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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: Waste Rock sample, prepared by moist tamping technique. Date: Dec 29, 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) (cm3) (cm) (cm3) (kPa) (kPa) (kPa) (cm) (cm/sec)
t Qin Qout h i k

12/13/05 13:50 61.40 40.90 205 200 300 71.4 5.7
1800 3.57 3.86  1.3E-05

12/13/05 14:20 61.10 42.40 205 200 300 69.6 5.6
2400 5.95 5.67   1.5E-05

12/13/05 15:00 60.60 44.60 205 200 300 66.9 5.4
2100 4.76 4.89   1.5E-05

12/13/05 15:35 60.20 46.50 205 200 300 64.6 5.2

12/13/05 15:35 60.20 46.50 210 200 300 115.5 9.2
1500 7.14 6.95  1.7E-05

12/13/05 16:00 59.60 49.20 210 200 300 112.2 9.0
1800 7.73 7.98   1.7E-05

12/13/05 16:30 58.95 52.30 310 300 750 108.5 8.7
1800 8.93 7.73   1.7E-05

12/13/05 17:00 58.20 55.30 310 300 750 104.7 8.4

Base Burette Area: Top Burette Area: Sample Area: Sample Length:
Ain (cm2) = 11.9 Aout (cm2) = 2.575 A (cm2) = 29.5709 L (cm) = 12.49

Hydraulic Conductivity (Coef. of Permeability),  k = ln(h1/h2) x (Ain x Aout x L)/(A x t x (Ain + Aout))  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.)



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: Waste Rock sample, prepared by moist tamping technique. Date: Dec 29, 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) (cm3) (cm) (cm3) (kPa) (kPa) (kPa) (cm) (cm/sec)
t Qin Qout h i k

12/29/05 15:00 62.60 39.50 205 200 475 74.0 5.9
2100 2.38 2.71  7.3E-06

12/29/05 15:35 62.40 40.55 205 200 475 72.8 5.8
1500 2.38 1.94   7.9E-06

12/29/05 16:00 62.20 41.30 205 200 475 71.8 5.7
1800 2.38 2.32   7.7E-06

12/29/05 16:30 62.00 42.20 205 200 475 70.7 5.7
2700 3.57 3.36   7.6E-06

12/29/05 17:15 61.70 43.50 205 200 475 69.1 5.5
12900 15.47 15.49   7.8E-06

12/29/05 20:50 60.40 49.50 205 200 475 61.8 4.9

12/14/05 9:45 66.00 44.00 310 300 750 123.8 9.9
3600 4.16 4.39  4.2E-06

12/14/05 10:45 65.65 45.70 310 300 750 121.8 9.7
4500 5.95 6.20   4.8E-06

12/14/05 12:00 65.15 48.10 310 300 750 118.9 9.5

Base Burette Area: Top Burette Area: Sample Area: Sample Length:
Ain (cm2) = 11.9 Aout (cm2) = 2.582 A (cm2) = 29.5709 L (cm) = 12.49

Hydraulic Conductivity (Coef. of Permeability),  k = ln(h1/h2) x (Ain x Aout x L)/(A x t x (Ain + Aout))  by ASTM D5084-00, method C
(Back pressure saturation applied on the test specimen before consolidation)
(Permeability Test was performed after consolidation at 275 kPa 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: Waste Rock sample, prepared by moist tamping technique. Date: Dec 13, 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) (cm3) (cm) (cm3) (kPa) (kPa) (kPa) (cm) (cm/sec)
t Qin Qout h i k

12/13/05 14:45 69.00 38.60 305 300 750 81.3 6.5
6300 4.16 3.87  3E-06

12/13/05 16:30 68.65 40.10 305 300 750 79.5 6.4
6840 2.98 2.58   2.1E-06

12/13/05 18:24 68.40 41.10 305 300 750 78.2 6.3
4260 3.57 3.87   5E-06

12/13/05 19:35 68.10 42.60 305 300 750 76.4 6.1
45900 23.80 22.98   3.0E-06

12/14/05 8:20 66.10 51.50 305 300 750 65.5 5.2
5100 1.19 1.81   2.2E-06

12/14/05 9:45 66.00 52.20 305 300 750 64.7 5.2

12/14/05 9:45 66.00 44.00 310 300 750 123.8 9.9
3600 4.16 4.39  4E-06

12/14/05 10:45 65.65 45.70 310 300 750 121.8 9.7
4500 5.95 6.20   5E-06

12/14/05 12:00 65.15 48.10 310 300 750 118.9 9.5
5700 7.14 7.23   5E-06

12/14/05 13:35 64.55 50.90 310 300 750 115.5 9.2

Base Burette Area: Top Burette Area: Sample Area: Sample Length:
Ain (cm2) = 11.9 Aout (cm2) = 2.582 A (cm2) = 29.5709 L (cm) = 12.49

Hydraulic Conductivity (Coef. of Permeability),  k = ln(h1/h2) x (Ain x Aout x L)/(A x t x (Ain + Aout))  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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WOLVERINE TAILINGS IMPOUNDMENT

CIUC TRIAXIAL TEST RESULTS
WASTE ROCK SAMPLE

M09234A02 FIG. December 2005

φPT = 34o

φM = 36.2o

SPECIMEN INFORMATION UNITS
Waste Rock Sample
Initial Water Content % 3.9 5.3 5.4
Initial Dry Density kg/m3 2058 2034 2032
Skempton's B Parameter 0.98 0.98 0.95
Back Pressure kPa 200 200 300

Consolidation Stress (� 3') kPa 100 275 450
(at start of shear)
Dry Density kg/m3 2098 2220 2225
Specimen Height mm 127.1 125.4 124.9
Specimen Area mm2 3128.1 2939.0 2957.1
Final Water Content % 13.1 11.8 11.6

DATA



 
 
 

DMS Float 
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DRAWN BY: CHECKED BY:GG

PROJECT NO.:

PROJECT:

LOCATION:

FIGURE:

Yukon

M09234A02

Wolverine - DMS Float



(ASTM D698, Method B)
Sample Description: DMS Floats
TRIAL NUMBER 1 2 3 4 5 6
Unit Weight Determination
Wet Wt. Sample & Mold (g) 5930 5902 5919 5952
Weight of Mold (g) 4230 4230 4230 4230
Wet Wt. of Sample (g) 1700 1672 1689 1722
Volume of Mold (cm3) 947.26 947.26 947.26 947.26
Wet Unit Wt. (kg/m3) 1794.6 1765.1 1783.0 1817.9
Dry Unit Wt. (kg/m3) 1770.5 1719.7 1737.0 1701.7
Moisture Content Determination
Container No. 4 2 4 3
Wet Wt. Sample & Tare (g) 361.40 342.55 504.00 428.57
Dry Wt. Sample & Tare (g) 358.10 336.18 493.71 408.54
Wt. of Water (g) 3.3 6.37 10.29 20.03
Tare Container (g) 115.84 94.78 105.78 115.15
Dry Wt. of Soil (g) 242.26 241.4 387.93 293.39
Moisture Content (%) 1.4% 2.6% 2.7% 6.8%

JOB NO.: M09234A02
PROJECT: Wolverine - DMS Float
LOCATION:

 DATE: 16-Dec-05
TESTED BY: GG CHECKED BY: 

STANDARD PROCTOR COMPACTION TEST

Proctor Compaction Test
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Constant Head Permeability Test using Open Top Permeameter (ASTM D2434-68)

PROJECT NO. : M09234A02 
PROJECT : Wolverine Project
SAMPLE : DMS Float
DRY DENSITY: 1656 kg/m3 (hand tamping in 3 layers x 10 stokes)
DATE : December 22, 2005
TEST BY: Ganan Gananathan

1st HEAD
Determination No.: 1 2 3 4 5 6 7
Elapsed Time minutes
Quantity of Discharge Q cm3 1060 1079 1082 1071 1072 1080
Specimen Full Length L cm 20 20 20 20 20 20
Distance between Manometers d cm
Area of Specimen  * A cm2 188.7 188.7 188.7 188.7 188.7 188.7
Time of Discharge t sec 40.5 42 42.2 42.6 43.4 46
Constant Head H cm 8 8 8 8 8 8
Manometer Head Difference h cm
Discharge Rate Q/t cm3/sec 26.2 25.7 25.6 25.1 24.7 23.5
Turbidity Cloudy Clear Clear Clear Clear Clear
Coef. of Permeability  ** k=QL/AtH cm/sec 3.5E-01 3.4E-01 3.4E-01 3.3E-01 3.3E-01 3.1E-01

2nd HEAD
Determination No.: 1 2 3 4 5 6 7
Elapsed Time minutes
Quantity of Discharge Q cm3 1076 1037 1071 1074 1081
Specimen Full Length L cm 20 20 20 20 20
Distance between Manometers d cm
Area of Specimen  * A cm2 188.7 188.7 188.7 188.7 188.7
Time of Discharge t sec 52.7 50.9 52.9 54.0 54.9
Constant Head H cm 7 7 7 8 8
Manometer Head Difference h cm
Discharge Rate Q/t cm3/sec 20.4 20.4 20.2 19.9 19.7
Turbidity Clear Clear Clear Clear Clear
Coef. of Permeability  ** k=QL/AtH cm/sec 3.1E-01 3.1E-01 3.1E-01 2.6E-01 2.6E-01

3rd HEAD
Determination No.: 1 2 3 4 5 6 7
Elapsed Time minutes
Quantity of Discharge Q cm3

Specimen Full Length L cm
Distance between Manometers d cm
Area of Specimen  * A cm2

Time of Discharge t sec
Constant Head H cm
Manometer Head Difference h cm
Discharge Rate Q/t cm3/sec
Turbidity
Coef. of Permeability  ** k=QL/AtH cm/sec

Remarks: Specimen diameter = 15.5 cm
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Direct Shear Test on 
DMS Float

TO BE READ WITH KLOHN-CRIPPEN REPORT DATED

           KLOHN CRIPPEN DATE
DESIGNED
DRAWN

TESTED

CHECKED

RECOMMENDED

APPROVED

Ganan
Ganan

Jan '06
Jan '06

Peak Shear Stress vs Normal Stress

M09234A02January, 2006
DATE OF TEST

Note 1. 
Sample was prepared by hand compaction.

Test Procedure: 
- mixed a loose sample of DMS floats;  
- placed sample in shear box, in layers, by hand, firmly pressing the soil into the corners and along the edges;
- consolidated sample at 14, 28, 56, 276 and 450 kPa normal loads,
- conducted a single point shear test at 450 kPa normal load; shear rate at 0.08 mm/min. 

WOLVERINE TAILINGS IMPOUNDMENT

CLIENT

SPECIMEN INFORMATION UNITS

INITIAL SPECIMEN HEIGHT mm 45.0 44.5 45.5
SPECIMEN CROSS SECTION mm*mm 100 * 100 100 * 100 100 * 100

STRAIN RATE mm/min 0.08 0.08 0.08
INITIAL DRY DENSITY kg/m3 1584 1568 1587

CONSOLIDATION STRESS kPa 100 276 450
 - AFTER CONSOLIDATION - - - -

DRY DENSITY kg/m3 1598 1596 1722
PEAK SHEAR STRENGTH kPa 132 290 470

DATA

DMS FloatsTEST SAMPLE -

φpeak = 46.2



 
 
 

Part II 
Seepage Analysis 

 
• Typical Seepage Analysis Section 





 
 
 

Part III 
Field Investigations 
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PART III – FIELD INVESTIGATIONS 
 
 

PHASE 1 Test Holes: -    TH05-1 to TH05-4 
    -    TH05-6 
 
  Test Pits: -    TP05-1 to TP05-11 

- TP05-22 to TP05-30 
 
 
PHASE 2 Test Holes: -     TH05-7 to TH05-12 
   
  Test Pits: -     TP05-71 to TP05-86 

- TP05-91 to TP05-97 
 
 
MONITORING WELLS -     MW05-1(A,B) to MW05-7(A,B)   
 

 







 
 
 

 

Phase 1 





























































 
 
 

 

Phase 2 
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Photograph 1 TH05-1 (June, 2005). 
 

 
Photograph 2 TH05-2 (June, 2005). 
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Photograph 3 TH05-3 (June, 2005). 
 

 
Photograph 4 TH05-4 (June, 2005). 
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Photograph 5 TH05-6 (June, 2005). 
 

 
Photograph 6 TH05-7 (August 20, 2005). 
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Photograph 7 TH05-7 (August 20, 2005). 
 

 
Photograph 8 TH05-7 (August 20, 2005). 
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Photograph 9 TH05-7 (August 20, 2005). 
 

 
Photograph 10 TH05-8 (July 27, 2005). 
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Photograph 11 TH05-8 (August 7, 2005). 
 

 
Photograph 12 TH05-8 (August 7, 2005). 
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Photograph 13 TH05-8 (August 7, 2005). 
 

 
Photograph 14 TH05-8 (August 7, 2005). 
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Photograph 15 TH05-8 (August 7, 2005). 
 

 
Photograph 16 TH05-8 (August 7, 2005). 
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Photograph 17 TH05-9 (July 27, 2005). 
 

 
Photograph 18 TH05-9 (August 21, 2005). 
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Photograph 19 TH05-9 (August 21, 2005). 
 

 
Photograph 20 TH05-9 (August 21, 2005). 
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Photograph 21 TH05-9 (August 21, 2005). 
 

 
Photograph 22 TH05-9 (August 21, 2005). 
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Photograph 23 TH05-9 (August 21, 2005). 
 

 
Photograph 24 TH05-9 (August 21, 2005). 
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Photograph 25 TH05-9 (August 21, 2005). 
 

 
Photograph 26 TH05-9 (August 21, 2005). 
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Photograph 27 TH05-10 (August 1, 2005). 
 

 
Photograph 28 TH05-11 (July 27, 2005). 
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Photograph 29 TH05-12 (July 27, 2005). 
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