The Influence of Orientation and Aspect on
Net Infiltration for the Soi1l Cover System at

Equity Silver Mine
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Site Location

Equity Mine Site Location
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Equity Silver Waste Dumps
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P rock (Mt) placement
Bessemer 10 29 1994
Main 52 41 1993-1994
Southern tails 18 31 1991

(O’Kane, 1995)

(Weeks, 2006)




Background

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 1s
entering through the north face of the dump



(Weeks, 2006)




Soi1l-atmosphere Moisture
Exchange
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Importance of Net
Radiation (Q. ) on Evaporation

* Both AE and PE are partly functions of net solar radiation

net
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* The net solar radiation received by a surface will be
affected by the orientation of the surface
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The measurement
of Q. at
Weather Station
on top of the EQ
waste dump

(Weeks, 2006)



Q. Measurement on slopes




SunModel applied to Equity
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Variation of Q__ over Time
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Site Weather Data

DEM Model of waste
dump - TIN surface

Waste dump soil properties
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Sunmodel

created from surveyed
nodes (Saretzky, 1998)

SoilCover

" (Weeks, 2006) " (Wilson, 1990-1997)
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Numerical Modeling

= Soi1lCover 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

* Modified Penman Equation = Mass and Heat transfer equations
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Weather Data

2004 Equity Silver Data From Site
199 Day run (Non-freezing conditions)

Snow melt (spring freshet) distributed
within first 10 days of simulation

20



Weather
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So1lCover Model

0.3m Root depth = 30 cm

05m Suction = 0 kPa
(Fully saturated)

1.0 m Suction = 12 kPa
(At residual)




So1l Properties

Soil Water Characteristic Curves

0.25 ‘
0.2 DIEK
~~.
Y
0.15 ™ \“
. N
\\\
\\»\\\ ‘\
[N N
0.1 1 N\
NN
\\ \\\\\
N e
~L N
0.05 N A
\\\
\--
.
0 m
1 10 100 1000 10000 100000 1000000

Matric Suction (kPa)

(Swansen, 2003) Uncompacted till —#— Compacted till Beaver Creek Sand




Flux (mm)

Base Case Results

Cumulative Water Balance For Base Case Model
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Base Case Results
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Parametric Study

» Varied Saturated hydraulic conductivity
(K, of the upper and lower till layers

Uncompacted Till|Compacted Till| Waste Rock
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= Q. varied from 50% to 150% of horizontal
measurement
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Parametric Study Results

22

20

18

16

14

12

10

Infiltration Into Waste Rock Layer

K... of uncompacted till = 6X10*cm/s

%Qnet of Horizontal

Ksat compacted till = 2E-5cm/s

—— Ksat compacted = 2E-6cm/s

—&— Ksat compacted till = 2E-7cm/s

Ksat compacted till = 2E-8cm/s




Parametric Study Results
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LEGEHD (%)
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Conclusions

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 i1dentified can be focus areas for
Improvement
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