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Mine Site and Waste Rock Piles
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Waste Rock Pile
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Waste Rock Pile – Lysimeter Grid
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Waste Rock Pile – Outflow Sampling



Climate

-49 °C - 36°CAbsolute Temperature Range

-17.5 °C – -20.3°CAverage mean daily temperature (winter)

14.7 °C – 17.0 °CAverage mean daily temperature (summer)

October - MaySnow Fall

< 90 daysAverage frost-free period

310.7 mmMean Annual Rainfall

451.4 mmMean Annual Precipitation

(Cogema, 2001)



Geology/Mineralogy

Peter River Gneiss
Granitic Gneisses (Earl River Complex)
Small amounts of Athabasca Sandstone

Dominant Rocks

0.45 wt %Average S content

Biotite, Pyrite, Chalcopyrite, Th-rich
Monazite, Apatite, Zircon, RutileMinor mineral phases

Quartz, Fe-rich AmphiboleDominant Minerals

35 cm

(M.D. Haug, 2001; Hollings et al., 2000)



Grain Size Distribution
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Waste Rock Samples



Trace Elements

W
h

o
le R

o
ck

(M
.D

. H
au

g
)

0.65985139435393818

0.761087149425404115
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• Low uranium content

• High sulfur content

• Significant amounts of Co, Cu and Ni

• Ouftlow samples [mg/l]: relatively high Ni and U

(M
.D

. H
aug, 2001)

-4<185<1126<1117<1Outflow



SWEP Analysis Summary

0.010< 0.0100.07< 0.0100. 20< 0.0050.0020.042< 0.030635.0

0.006< 0.0100.080< 0.0100.21< 0.0050.0020.056< 0.030714.9

0.016< 0.010<0.050< 0.0100.18< 0.005< 0.0020.025<0.0 30545.2

Zn
mg/L

V
mg/L

U
mg/L

Pb
mg/L

Ni
mg/L

Mo
mg/L

Cu
mg/L 

Co
mg/L 

As
mg/L 

SO4
mg/L

pH

• SWEP: Solid Waste Extraction Procedure
Measures extractability of surface oxidation products

• Nickel and uranium are easily extracted

• Low pH, high sulfate concentration

(M.D. Haug, 2001)



Acid Base Accounting Summary

none0.3-4.32.26.50.210.120.334.6

none0.3 -7.94.212.10.390.020.414.7

none0.1-17.82.820.60.660.100.765.6

none0.4-6.54.611.10.360.080.445.2

Fizz
Test

Rating

NP/AP
Ratio

NET
NP

(kg/tonne)

NP
(kg/tonne)

AP**
(kg/tonne)

S
S*

(Wt.%)

SO4
S

(Wt.%)

Total
S

(Wt.%)

Paste
pH

*Based on difference between total sulphur and sulphate-sulphur 
**Based on sulphide-sulphur

• NET NP < 0

• NP/AP Ratio < 1

• paste pH < 7 

High potential for acid generation

(M.D. Haug, 2001)



Leaching Efficiencies (%)

8.4478.627.30.0034.30.072.3012.50.3830

7.4477.024.30.0031.80.071.8211.50.3820

5.0672.318.50.0027.00.061.059.390.3310

1.1725.25.950.009.520.010.193.250.111

ZnUSO4PbNiMoCuCoAs
Analyte
Week

• Leach Column Tests Summary

• Humidity Cell Tests Summary

5.5161.313.60.0024.70.001.047.330.8130

4.8957.312.70.0023.10.000.796.750.8120

4.0550.411.10.0020.00.000.555.780.8110

1.1811.12.850.004.750.000.101.450.361

ZnUSO4PbNiMoCuCoAs
Analyte
Week

(M.D. Haug, 2001)

(M.D. Haug, 2001)



Problem Statement

? ?Geochemistry
Flow patterns



Average Distribution of Major Cations

Ni
1.53%

Co
0.21%

U
0.74%

others
0.30%

Li
0.78%

Mn
0.60%

Na 
4.60%

Ca
9.85%

Mg 
59.06%

Al
22.34%
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Outflow Chemistry

• Good correlation 
between sulfate and 
many cations: Ni, Co, 
Mg, Al, Mn, Zn, etc.

Nickel Versus Sulphate
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Waste Rock Outflow: Quantity and Quality

0

20

40

60

80

100

120

140

160

180

200

12-Oct-01
13-Oct-01

14-Oct-01
15-Oct-01

16-Oct-01
17-Oct-01

18-Oct-01
19-Oct-01

time

flo
w

 r
at

e 
[l/

d
ay

]

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

S
u

lfa
te

 c
o

n
ce

n
tr

at
io

n
 [m

g
/l]

Lysimeter #6

Lysimeter #8

Solid line: flow rate 

Data points: sulfate concentration



Waste Rock Outflow: Quantity and Quality

13951
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LysimeterB A

• Matrix slow flow higher
sulfate concentrations (A)

A
B
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Slow Flow:

Fast Flow:

• Macropores fast flow �
lower sulfate concentrations (B)



Waste Rock Outflow: Quantity and Quality
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Loading Calculation

3.1-91[mg SO4/(kg*week)]Sulfate release
(Hollings et al. 2000)

2.7[mg SO4/(kg*week)]Sulfate release

~1[%]S removed (12 months)

30.5[kg]Removed mass of S

2880[kg]Total initial S weight

0.45[wt%]S content

320[m3]Volume of waste rock

2000[kg/m3]Density of waste rock



Conclusions

High variability of sulfate concentrations in outflow

space time
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Waste rock structure

Flow paths

Flow Rates Sulfate Concentration

Metals (U, Ni, Co, Cu, …)

Infiltration Rate

Grain Size Distribution

12% < 0.25mm 
Reactive Material
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