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Equity Silver Waste DumpsEquity Silver Waste Dumps

Name of 
waste dump

Volume 
of waste 

rock (Mt)
Area (ha)

Year of 
cover 

placement

Bessemer 10 29 1994

Main 52 41 1993-1994

Southern tails 18 31 1991

(O’Kane, 1995)

Background

(Weeks, 2006)



BackgroundBackground

Long-term ARD problem since 1981
Soil cover placed on top of entire waste dump 
starting in 1991
Discrepancy between 5% predicted net-infiltration 
and 15% net-infiltration collected in the ARD 
seepage ditches
Speculation that the south face of the dump 
remains relatively dry, while most infiltration is 
entering through the north face of the dump
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Theory

Solar Radiation Transpiration
Evaporation

Run-off

Infiltration

Root uptake

Precipitation

I = P-R-E-T-∆S

Change in 
water 
Storage in 
the soil 

Soil-atmosphere Moisture 
Exchange

Soil-atmosphere Moisture 
Exchange



Both AE and PE are partly functions of net solar radiation

The net solar radiation received by a surface will be 
affected by the orientation of the surface

Both AE and PE are partly functions of net solar radiation

The net solar radiation received by a surface will be 
affected by the orientation of the surface

AE = ΓQnet + νEa
Γ + Aν

Importance of Net 
Radiation (Qnet) on Evaporation

Importance of Net 
Radiation (Qnet) on Evaporation



Impact of Slope on EvaporationImpact of Slope on Evaporation

(Weeks, 2006)

Semi-Arid

Humid



The measurement 
of Qnet at 

Weather Station 
on top of the EQ 

waste dump

The measurement 
of Qnet at 
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Qnet Measurement on slopesQnet Measurement on slopes

(Weeks, 2006)



SunModel applied to EquitySunModel applied to Equity
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Variation of Qnet over Time Variation of Qnet over Time 
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Model Applied to site (PE)Model Applied to site (PE)
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Site Weather Data Waste dump soil properties

Sunmodel
(Weeks, 2006)

DEM Model of waste 
dump - TIN surface 

created from surveyed 
nodes (Saretzky, 1998)

Output Qnet of 
each day of run for 

each node

SoilCover
(Wilson, 1990-1997)

Parametric study 
with Ksat and %Qnet

to horizontal

Compare %Qnet to horizontal at 
each node                                                

Vs.                                                     
%Qnet to infiltration relationships from

parametric studies to estimate infiltration 
at each node

Develop visual 3-D 
net infiltration 

models

Average Qnet node x
Average Qnet horizontal

×100% = %Qnet tohorizontal

Flow Chart of 
Model 
Development 
Process



SoilCover Version 4.01: 
One-dimensional finite element
Transient
Predict exchange of moisture between atmosphere and soil 
surface 
Based on soil properties and daily climatic conditions

SoilCover Version 4.01: 
One-dimensional finite element
Transient
Predict exchange of moisture between atmosphere and soil 
surface 
Based on soil properties and daily climatic conditions

AE = ΓQnet +νEa
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Weather DataWeather Data

2004 Equity Silver Data From Site
199 Day run (Non-freezing conditions)
Snow melt (spring freshet) distributed 
within first 10 days of simulation
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2004 Daily Temperature
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2004 Net Radiation and Precipitation
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2004 Net Radiation and Precipitation
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2004 Windspeed
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SoilCover ModelSoilCover Model

1.0 m

0.3 m

0.5 m Suction = 0 kPa 
(Fully saturated)

Suction = 12 kPa 
(At residual)

Root depth = 30 cm

Ksat compacted = 2E-7   S.G 
= 2.77, Porosity = 0.33

Ksat Waste Rock = 3E-3  
S.G = 2.77, Porosity = 0.4

Ksat uncompacted = 6E-6 
S.G = 2.77, Porosity = 0.37



Soil PropertiesSoil Properties
Soil Water Characteristic Curves
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Base Case ResultsBase Case Results
Cumulative Water Balance For Base Case Model
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Base Case ResultsBase Case Results
Evaporation Vs. %Qnet
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Parametric StudyParametric Study

Varied Saturated hydraulic conductivity 
(Ksat) of the upper and lower till layers

Qnet varied from 50% to 150% of horizontal 
measurement

Varied Saturated hydraulic conductivity 
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Parametric Study ResultsParametric Study Results
Infiltration Into Waste Rock Layer

Ksat of uncompacted till = 6X10-4cm/s
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Parametric Study ResultsParametric Study Results
Infiltration Into Waste Rock Layer

Ksat of uncompacted till = 6X10-5cm/s
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3-D Infiltration Model3-D Infiltration Model
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ConclusionsConclusions

Orientation and Aspect have significant influence 
on net-infiltration
Infiltration at the Equity Silver waste dump can 
vary from 6% to 30% for Ksat of 6E-4cm/s for the 
uncompacted layer and 2E-5cm/s for the 
compacted layer
Both arid and humid conditions on the same site -
calls for different cover designs for different areas 
of the dump
Problem areas identified can be focus areas for 
improvement
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