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Technical Memorandum

To: Kathy Arnold From: | Grady O’Brien, P.G.
Company: | Rosemont Copper Company Date: | August 17, 2011
EA No.: 110195, Task 103

Re: Pit Backfill Simulation

CC: David Krizek, Rosemont Copper Company

1.0 EXECUTIVE SUMMARY

At the request of Rosemont Copper Company, Engineering Analytics (EA) has completed a post-
closure analysis to determine the impact of pit backfill on predicted groundwater level
drawdown. The post-closure groundwater flow model developed by Tetra Tech (2010) was used
for the analysis.

The predicted long-term (1,000 year) pit-lake level was 4,279 feet and backfill was simulated at
an elevation of 4,279 feet. This backfill elevation maintains the same hydraulic sink condition as
without backfill present. The pit-lake water balance illustrates that the pit lake reaches the top of
the backfill after approximately 52 years and then equilibrates to a long-term lake stage of 4,286
feet (Figure 1). Drawdown predicted by the base model, without backfill, was compared to the
backfill simulation to determine the impact of a backfilled pit. There was minimal change in
predicted drawdown at 20 and 1,000 years and a small decrease in the extent of drawdown
propagation at 50 and 150 years (Figures 2-5). There was no simulated decrease in the extent of
the 5-foot drawdown contour in Davidson Canyon.

2.0 INTRODUCTION

The post-closure groundwater flow model developed by Tetra Tech (2010) was used to simulate
the effects of backfilling the pit with waste rock. Simple model modifications were made to
simulate the hydrologic impacts of backfill. The purpose of the simulation was to determine if
backfill reduces the extent of drawdown propagation.

Following the cessation of pit dewatering groundwater, precipitation, and runoff will flow into
the pit and a lake will form. Groundwater inflow however, is the largest component of inflow to
the pit. Backfill added to the pit during the post-closure period would perform two functions.
First, when the water surface is within the backfill there will be no evaporation. Evaporation is a
significant groundwater loss from a pit lake and this loss increases as the lake’s surface area
increases. Eliminating evaporation in the backfill scenario results in the lake stage rising more
rapidly than if evaporation were occurring. The second effect is that the backfill volume reduces
the volume of groundwater required to fill the pit. This effectively reduces the volume of
groundwater that is removed from storage in the groundwater system, which in theory should
reduce drawdown propagation away from the pit.




When the pit lake stage rises to the top of the backfill evaporation losses will occur. Over time
the evaporation losses equal the inflows and a steady-state lake level is reached. A simulated
backfill level of 4,279 feet, which is equal to the predicted long-term (1,000 year) pit-lake stage
(Tetra Tech, 2010), was selected for this analysis. The long-term pit-lake stage with this backfill
scenario was 4,286 feet, which is 7 feet higher than without backfill.

3.0 FLOW MODEL MODIFICATIONS

The post-closure Tetra Tech (2010) flow model was modified to simulate the effects of backfill
on pit lake formation. These flow model modifications were simplifications of the actual pit
conditions that would exist, but they adequately represent the controlling hydrologic conditions.
The same assumptions and backfill modeling approaches were used for the Tetra Tech (2010)
and Montgomery and Associates (2011) models to ensure that consistent and comparable results
were obtained. The following conditions and assumptions were simulated:

e Backfill can be placed into the pit at a faster rate than the pit will fill with water. As a
result the groundwater inflow rates are the controlling factor on how fast the pit-lake
stage rises. Since the rising water level will remain within the backfill and there will be
no evaporation in the first 52 years of the post-closure period.

e The backfill volume to fill the pit to an elevation of 4,279 feet was 4.28 billion cubic feet.

e Compacted waste rock porosity was assumed to be 30 percent based on the compacted
swell factor and waste rock densities (bank and compacted) provided by Rosemont
Copper. The void space in the backfilled pit, which would be filled with water, was 1.28
billion cubic feet.

e Based on the groundwater inflows in the base flow model (without backfill) groundwater
inflows were estimated to fill the backfill’s void space volume in 52 years.

e Groundwater inflow, pit-wall runoff, and precipitation recharge on the backfill surface
will fill the pit with water. It was assumed that pit-wall runoff and recharge through the
backfill would be 30-percent of average annual precipitation. This was consistent with
the 30 percent runoff coefficient used in the base Tetra Tech model (Tetra Tech, 2010).

The MODFLOW lake package (Council, 1999) was adapted to simulate the 52 year pit
filling period and the pit lake period. The following changes were made to the lake package:

e Water was added to the pit at a rate equivalent to the backfill volume over the 52
year pit filling period. This volume of water was a surrogate for the solid portion of
the backfill material and it reduces the volume of groundwater inflow required to fill
the pit.

e Lake evaporation was set to zero during the 52-year filling period.

e Pit-wall runoff and recharge on the backfill was simulated as 30-percent of average
annual precipitation.



e Post-closure years 53 to 1,000 were unchanged from the base simulation.
4.0 RESULTS

The predicted pit lake water balance and drawdown from the backfill simulation are compared
with the base model simulation to determine the impact of backfill.

4.1 Pit-Lake Water Balance

The predicted pit-lake water balance for the backfill simulation is provided in Figure 1. The
water balance illustrates that the pit lake reaches the 4,279 foot stage in approximately 52 years
rather than after nearly 500 years in the no backfill simulation. At 1,000 years the lake water
balance is effectively the same with and without backfill as shown in Table 4-1. The backfilled
pit will remain a hydraulic sink due to the evaporative losses on the lake surface.

Table 4-1 Simulated Pit-Lake Water Balance 1,000 Years after End of Operations

Backfill/Pit Lake Pit Lake
Simulation Base Simulation
Inflows
Average Annual | Average Annual
Rate (gpm) Rate (gpm)
Pit-Wall Runoff and
Precipitation-Backfill Recharge 323 322
Groundwater Inflow 229 230
Upgradient Runoff 0 0
Total Inflow 552 552
Average Annual | Average Annual
OO Rate (gpm) Rate (gpm)
Evaporation 552 552
Groundwater Outflow 0 0
Total Outflow 552 552
Inflow — Outflow 0 0

gpm = gallons per minute
4.2 Predicted Groundwater Level Drawdown

Drawdown predictions for 20, 50, 150, and 1,000 years post closure are presented in Figures 2-5.
Minimal differences in drawdown were simulated at 20 and 1,000 years. However, there was
less drawdown simulated at 50 and 150 years in the backfill simulation compared to the base, no-
backfill simulation (Figures 3 and 4).

Over the 1,000 year post-closure simulation period groundwater inflow was 14,655 acre-feet less
in the backfill simulation than the base simulation. This indicates that less groundwater was
removed from storage, which results in less groundwater drawdown. The lower groundwater
inflows resulted in less drawdown simulated at 50 and 150 years. In contrast, after 20 years the
change in groundwater inflows and the decrease in water removed from storage were not
significant enough to change the predicted drawdown. At 1,000 years post-closure the
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drawdown was the same since the groundwater system had effectively equilibrated to the same
steady-state condition in the backfill and base simulations. Specific changes in drawdown were
as follow:

5.0

20-years post-closure: The predicted 10-foot contour recedes slightly in the Barrel
Canyon area relative to the base simulation (Figure 2). Minimal change in drawdown
was simulated at 20 years since it takes 52 years for the water level to reach the top of the
backfill and the full backfill effect has not occurred.

50-years post-closure: The extent of the 5-foot drawdown contour in Davidson Canyon
was unchanged in the backfill simulation (Figure 3). The predicted 10-foot contour
however, recedes a maximum of approximately 0.6 miles in the Barrel Canyon area.

150-years post-closure: Differences in the 5 and 10-foot drawdown contours were
simulated after 150-years (Figure 4). The maximum decrease in the extent of the 10-foot
contour in the backfill simulation was approximately 2 miles in the Barrel and upper
Davidson Canyon areas. There was a decrease in the extent of the 5-foot contour to the
north and east of the pit. However, the extent of the 5-foot drawdown contour in
Davidson Canyon was unchanged in the backfill simulation.

1,000-years post-closure: Minimal changes in drawdown were simulated at 1,000 years
(Figure 5). The long-term drawdown was predicted to be equivalent with or without
backfill since the groundwater system reaches essentially the same equilibrium condition.

SUMMARY

Pit backfill simulations predict that there will be less drawdown in the Barrel and upper
Davidson Canyon areas at 50 and 150 years post closure. Minor changes in drawdown were
predicted at 20 and 1,000 years post closure. The decrease in drawdown propagation can be
attributed to the decrease in groundwater inflow to the pit lake. Backfill effectively occupies
volume in the pit that would otherwise be filled by groundwater. Less groundwater was
therefore required to fill the pit lake to its steady-state stage in the backfill simulation.
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Figure 1. Pit-lake water balance for the backfilled pit simulation.
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