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1.1

Preliminary Designs of Soil Covers

Introduction

Most of the example alternatives for closure of the Anvil Range Complex include some form of soil
cover over waste rock piles, sulphide cells, low grade ore, oxide fines or tailings. The purpose of this
report is to describe the reasoning used to select the cover designs and make estimates of cover
performance for the assessment of example alternatives.

The designs and performance estimates presented herein are preliminary only. Investigations related
to soil covers for the Anvil Range waste rock and tailings are expected to continue for several
seasons before definitive cover designs are put forward. The ongoing investigations are presented in
more detail in SRK (2006a), SRK (2006b) and SRK (2005).

The appendices to this report also present background information from earlier studies that have not
been reported elsewhere:

e Appendix 1 reviews the cover studies that were completed at the site prior to the Interim
Receivership;

e Appendix 2 presents results of laboratory and field tests, completed in 2003, to characterize the
locally available soil materials that might be used for cover construction; and

e Appendix 3 presents results of preliminary modeling, completed in 2004, to estimate the range of
infiltration rates that could be achieved by covers constructed from the locally available
materials.
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2.1

Overview of Cover Types and Functions

Cover Types

Table 1 lists and briefly describes the major types of soil covers. SRK (2004) and Rykaart et al.
(2006) present a survey of soil covers constructed at minesites around the world, and show that there
will be exceptions to any simple categorization. The reason is that soil cover design and construction
is highly dependent on both the local climate and the locally available materials. The categorization
in Table 1 captures the range of cover possibilities for the Anvil Range site.

The “no cover” option is included as a base case, and because it was under consideration for the most
inert waste rock. “Rudimentary covers” are assumed to be the minimum thickness of soil needed for
reclamation. They would also serve to minimize dust release and prevent direct contact of animals
with the waste. The “low infiltration” and “very low infiltration” covers are designed to limit the
amount of water that enters the underlying tailings or rock, and thereby reduce the amount of
contaminated water that ultimately needs to be captured and treated. There are several types within
each category. The distinction between “low infiltration” and “very low infiltration” is arbitrary, but
is included to allow for the possibility that higher strength contaminant sources might warrant covers
that allow much less infiltration.

The distinction between “barrier” covers and “store and release” covers is important. Barrier covers
are what most people think of when they picture a low infiltration or very low infiltration cover.
They incorporate a low permeability “barrier” layer that simply blocks the flow of water. In dry
areas such as the Yukon, the permeability of the barrier layer must be very low, as can be illustrated
by a simple calculation. If the mean annual precipitation of about 380 mm/year is assumed to fall
uniformly throughout the year, the rate of precipitation would be about 1x10-6 cm/s. To be an
effective barrier to infiltration under those conditions, a soil layer would need to have a permeability
much lower than 1x10-6 cm/s. Such low permeabilities are achievable with the till soils available in
the Anvil Range area, but require heavy compaction at carefully controlled moisture contents.

Store and release covers represent a very different system. They limit infiltration by acting as
sponges that hold the water until it can be removed by evaporation and/or uptake by plant roots. The
evaporated water is lost directly to the atmosphere. The water taken up by plant roots is either
consumed in the plant or makes its way back to the atmosphere by a process known as
evapotranspiration. In all cases, the water is no longer available to infiltrate to the underlying
tailings or rock. Store and release covers are in common use in dry climates, and the science to test
the store and release capacity of soil materials is well developed (largely from studies of agricultural
irrigation). Testing of the till soils available in the Anvil Range area shows that they can retain up to
180 mm of water in each metre of soil. That means that roughly 2 m of such soil would be capable
of storing an entire year’s worth of precipitation. However, in practice, store and release covers are
designed only to store seasonal peak flows, meaning that thinner layers would be feasible.
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The table does not attempt to list many requirements that are common to all types of soil covers.
These include:

1. Identification and development of borrow sources;
2. Development of haul roads;

3. Re-grading of steeply sloping areas to allow machine access and effective compaction, and re-
grading of flat or “bubble dump” surfaces to promote positive drainage;

4. Excavating, loading, hauling, dumping, spreading and compacting the soil materials, with
intensive field quality assurance and control;

5. Reclamation of borrow sources and haul roads;

6. Re-vegetation of the cover surface by seeding or planting and fertilization, with maintenance
applications of additional seed and fertilizer until a natural succession is established;

7. Construction of ditches and/or swales to promote the shedding of surface water, with heavy
maintenance and suspended sediment controls in the first several years and likely some level of
annual maintenance over the long term;

8. Repair of erosion-damaged areas annually for the first few years after construction, and after
extreme climate or seismic events in the long term; and

9. Annual inspections until stable conditions are established.
A further requirement specific to the low infiltration and very low infiltration covers is the
completion of field investigations. As discussed in the references cited in Section 1, field tests of

covers have been initiated. However, several additional seasons of monitoring, followed by detailed
analysis of the data, will be required before final designs are possible.

Table 1: Types of Soil Cover

Category Description

Un-covered rock or tailings surface allowed to weather and, if possible, re-vegetate

No Cover
naturally.

Cover rock or tailings with the minimum thickness of soil needed to allow plant
growth.

Cover rock or tailings with layers of soil to significantly reduce the amount of water
entering the surface of the waste. Two major types:

Rudimentary Covers

Low Infiltration e “Barrier” covers incorporating a compacted, low permeability layer that acts to
Covers stop water flow.

e “Store and release” covers incorporating a thick layer of soil that can hold water
until it can be evaporated and/or taken up by plants.

Cover rock or tailings with layers of soil and/or synthetic materials to minimize the
amount of water entering the surface of the waste. The major types are:

e Soil covers, including barrier covers as above but with a lower permeability
Very Low Infiltration layer, store and release covers as above but with thicker layers, and
Covers combination covers that have store and release layers above barrier layers.

e Covers incorporating a plastic, clay-impregnated fabric, or bitumen-impregnated
fabric liner as the very low permeability element, generally with layers of sail
below and above.
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2.2

Cover Functions

Table 2 presents a list of the functions that might be required of soil covers at the Anvil Range site,
and assessments of the extent to which each cover type can achieve each function. The list of
functions was compiled from previous discussions with the project team and reviewers. The
assessments were based on a combination of experience elsewhere and consideration of the site
climate and soil properties. Most of the assessments are straightforward, but some require
explanation:

Revegetation of surface. All of the covers would allow some form of re-vegetation, (and in fact
require it per item 6 in Section 2), but the thicker covers would allow a greater diversity of
vegetation types. Concerns about root penetration can also limit the types of vegetation that are
allowed to colonize a cover. For example, thinner barrier type covers and covers incorporating
geosynthetics have a requirement for annual or bi-annual removal of deeply rooting tree species.

Contamination of surface runoff. All of the covers include swales and ditches (see item 7 above)
to assist water to run over the surface without becoming contaminated by the underlying waste.
The extent to which the runoff can be kept clean is mostly dependent on those surface swales
and ditches, and the associated maintenance (see item 8). However, the thinner rudimentary
covers are the most likely to be eroded and the most likely to experience an upward flux of
contaminants, and are therefore the least likely to provide clean runoff.

Infiltration and contaminated seepage. Even rudimentary covers will promote runoff and uptake
of water by vegetation, and thereby will reduce the infiltration of water into the underlying
waste. However, the low infiltration and very low infiltration covers are designed specifically to
reduce infiltration and will therefore be much more effective in that regard.

Oxygen. Rudimentary covers can partially limit the flow of air through waste rock, and thereby
restrict the oxidation reactions that lead to the release of contaminants. Thicker store and release
or barrier covers will be more effective in that regard. Barrier covers that include a water
saturated layer also have the potential to slow the diffusion of oxygen into the underlying waste,
further limiting oxidation and acid generation.

Material variability. The thicker covers that rely on either store and release or synthetic low
permeability elements are likely to retain their functionality even when the soil materials are
variable. Rudimentary covers are likely to be very sensitive to material variability, because the
thin construction will spread any poor quality material over large areas. Covers that incorporate
low permeability soil layers are also very sensitive to material variability, because both
variations in grain size and moisture content can strongly affect a soil layer’s “as built”
permeability.

Construction quality. Concerns about construction quality go hand in hand with concerns about
material variability. However, some cover types can be sensitive to changes in construction
quality, even when the material is perfect. Store and release covers generally have limited
compaction requirements, and are therefore more likely to function even when construction
quality is poor (within reason). Rudimentary covers, on the other hand, are likely to be very
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sensitive to failures to control layer thickness and/or compaction. Both construction of low
permeability soil layers and installation of geosynthetic liners require a high level of quality
control, so covers incorporating such layers are sensitive to poor construction quality.

Erosion. The primary defenses against erosion are vegetation and surface water management,
which would be required for all of the cover types (see items 6, 7 and 8 above). However, the
thinner rudimentary covers have less soil to lose, and are therefore more likely to be
compromised by erosion. Covers with thicker layers have the added benefit that they can
eventually self-armour, meaning that wind and water will wash away the finest surficial
materials and leave behind a sand and gravel mixture that makes the remaining surface more
resistant to erosion.

Frost action. The term “frost action” covers many different phenomena arising from seasonal
freezing of the soil. Soil freezing is most strong near the surface, and therefore the thinner
rudimentary covers will be the most likely to be damaged by any of these processes. Freezing
and thawing of compacted soils is known to significantly decrease compaction and increase
permeability, meaning that covers incorporating low permeability soil layers could also be
compromised by frost action. Covers incorporating geosynthetic layers are likely to be retain
their low permeability even after frost action, but could be subject to frost-induced heaving and
solifluction. The thicker store and release covers, which do not rely on heavy compaction and do
not incorporate sharply different materials, are the most likely to retain their functionality under
freeze-thaw conditions.

Root penetration. Root penetration has two effects on covers. First the root holes provide a
conduit for water to get through the cover. Second, when wind or rot causes some types of trees
to fall, large root balls can be pulled out and leave wide holes in the cover. The thinner
rudimentary covers are the most sensitive to both effects. Covers with low permeability soil
layers are most susceptible to the former effect, but covers with low permeability geosynthetic
layers are also susceptible to root penetration. Covers with store and release layers generally
benefit from the presence of roots, which act to draw the stored water out of the cover, but they
are also susceptible to damage from uprooting.
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Table 2: Cover Functions
Prevents Reduces Reduces Limits Retains functionality in event of:
| f Prevents Allows re- e infiltrati
Cover Type release o direct contact | vegetation of contamination | infiltration & | oxygen entry ) Poor
contaminated . of surface | contaminated | & slows acid | Material ; ; Frost Root
by animals surface ¢ abili construction | Erosion - .
dust runoff seepage generation | variability quality action penetration
No Cover No No No No No No n/a n/a No n/a n/a
Rudimentary Covers Yes Yes Yes (+) Yes (-) Yes (-) Yes (-) No No No No No
Low Barrier Yes Yes Yes (+) Yes (++) Yes (++) Yes (++) No No Yes No No
Infiltration Store &
Covers Release Yes Yes Yes (+++) Yes (++) Yes (++) Yes (+) Yes Yes Yes Yes (++) Yes (+)
Sl;);rﬁg:y Yes Yes Yes (+++) Yes (++) Yes (+++) Yes (++) No No Yes No No
Soil only store
Very Low 2 release Yes Yes Yes (+++) Yes (++) Yes (+++) Yes (+) Yes Yes Yes Yes (++) Yes (+)
Infiltration
Covers i
SO'I.OnI.y Yes Yes Yes (+++) Yes (++) Yes (+++) Yes (++) No No Yes Yes (+/-) Yes (+/-)
combination
Soil and . Yes Yes Yes (+) Yes (++) Yes (+++) Yes (++) Yes No Yes Yes (+/-) Yes(+/-)
geosynthetic
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3

3.1

Selection of Cover Types for Example
Alternatives

Covers for Mine Areas

The example alternatives for closure of the Faro Mine area and the Vangorda/Grum Mine area were
intended to cover a wide range of possibilities. Not surprisingly therefore, rudimentary covers, low
infiltration covers and very low infiltration covers are all included. Tables 3 and 4 show the
selections for each example alternative.

Where low infiltration covers are required, store and release covers were chosen over barrier covers.
The reasons are largely apparent in Table 2, which shows that the store and release covers will be
more robust against material variability, poor construction quality, frost action and root penetration.
The borrow material studies to date also indicate an abundance of material suitable for use in store
and release covers, but less material suitable for low permeability barriers.

Where very low infiltration covers are required, the choice was for either combination soil covers or
soil and geosynthetic covers. It was agreed that both forms of very low permeability cover could be
constructed, but that both methods have associated questions. For combination soil covers, it is not
clear how thick the upper layer would need to be to protect the low permeability layer from frost
action. For soil and geosynthetic covers, it is uncertain whether the use of the synthetic material with
a finite life span would be acceptable to stakeholders. The decision was made to include both types
in the example alternatives, so that these questions could receive further discussion by a larger group.

Table 3: Cover Types for Faro Mine Example Alternatives

Alternative 2 Alternative 3 Alternative 4

Alternative 1

Component

Flow-Through Pit

Upgrade Faro
Creek Diversion

Minimize
Construction

Minimize Water
Treatment

Oxide Fines/ Low-

Very low infiltration

Very low infiltration

Rudimentary

release

release

cover

cover, soil + cover, soil + Relocated to pit
Grade Ore . . cover
geosynthetic geosynthetic
Low infiltration Low infiltration Rudimentar Very low infiltration
Sulphide Cells cover, store & cover, store & y cover, combination

soil

Faro Valley Dump

Rudimentary cover

Rudimentary cover

Rudimentary
cover

Relocated to sulphide
cells

Other Waste Rock

Rudimentary cover

Rudimentary cover

Rudimentary
cover

Low infiltration cover,
store & release
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Table 4. Cover types for Vangorda/Grum Example Alternatives

Component

Alternative 1 Backfill
Vangorda Pit

Alternative 2
Stabilize in Place

Alternative 3
Minimize
Construction

Alternative 4
Minimize Water
Treatment

Vangorda Waste
Rock

Relocated to pit, low
infiltration cover, store
& release

Low infiltration
cover, store &
release

Rudimentary cover

Relocated to pit, low
infiltration cover,
store & release

Grum Waste

Rudimentary cover

Rudimentary cover

Rudimentary cover

Low infiltration
cover, store &
release

Grum Sulphide Cell

Low infiltration cover,
store & release

Low infiltration
cover, store &
release

Rudimentary cover

Very low infiltration
cover, combination
soil

Ore Transfer Pad

Rudimentary cover

Rudimentary cover

Rudimentary cover

Rudimentary cover

3.2

Tailings Covers

The primary distinction among the Tailings Area example alternatives is whether the tailings are
relocated. As shown in Table 5, tailings that remain in place under Example Alternatives 2 and 3
would be covered with a low infiltration cover. Under Example Alternative 4, the tailings surface

would be treated to reduce dust emissions but would otherwise be left uncovered.

Table 5: Cover Types for Tailings Example Alternatives

Component

Alternative 1
Complete Relocation

Alternative 2
Stabilize in Place

Alternative 3
Partial Relocation

Alternative 4
Minimize
Construction

Intermediate
Tailings

Original and
Secondary Tailings

Relocated to Pit

Low infiltration
cover, store &
release

Relocated to Pit

Low infiltration
cover, store &
release

No cover
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4

4.1

41.1

Design and Performance Assumptions

Long term field studies are currently underway, and will provide the basis for definitive cover
designs and performance estimates. In the interim, it is necessary to make judicious assumptions
about the design and performance of each type of cover, specifically:

e The material to be used;

e The thickness of material needed; and

e The resulting effect on infiltration (which affects both water quality and water treatment costs).

The following paragraphs present the design and performance assumptions recommended for use in
the comparison of example alternatives. All of the assumptions are based on the best current
information, but they will be subject to review as results of the long-term studies become available.

The cover types share many common requirements, as listed in Section 2. Because they are common
to all of the cover types, those requirements are not discussed further herein. However, they were
taken into account in estimating the construction and maintenance costs associated with each
example alternative.

Mine Areas

Rudimentary Covers

Material

The logical source of material for construction of rudimentary covers are the abundant till deposits
on the Vangorda/Grum side of the property. Laboratory tests of the till grain size distribution,
compaction, permeability and soil water characteristic curves, as well as field assessments of the
(previously constructed) till cover on the Vangorda waste rock dump, are reported in Appendix 2:

e The till is somewhat variable and can be classified as either sandy-clay (CL) or clayey-sand (SC)
with a plasticity index between 2 and 10. Some tested till samples have no plasticity and classify
as a silty-sand (SM).

e The till is generally well-graded with the gravel content less than 20%. Occasional well-rounded
cobbles and boulders are found within the till matrix.

e Laboratory compaction testing shows a saturated hydraulic conductivity of between 2.5 x
10-6 cm/sec and 1.1 x 10-7 cm/sec at 95% of Standard Proctor Density.

e Field permeability tests on the Vangorda cover indicate saturated hydraulic conductivities
between 2.5 x 10-4 and 1.9 x 10-5 cm/sec, at densities between 80 and 82% of Standard Proctor
Density. The measured densities are significantly lower than they were immediately after
construction, indicating the strong effect of seasonal freeze-thaw and wet-dry cycles.

e The capacity of the till to store and release water, estimated as the difference between the
volumetric moisture contents at 33 kPa suction (i.e. field capacity) and at 1500 kPa (the wilting
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point of common plants), ranges from 0.15 to 0.18. In other words, the till can store from 150 to
180 mm of water in each meter of thickness.

The borrow source investigations discussed in SRK (2005) indicate that it would be necessary to
haul the till a relatively long distance for use in the Faro Mine area, but no better local sources have
been identified.

Design Thickness

To meet the objective of a rudimentary cover, the thickness of the till layer only needs to be
sufficient to allow plant growth. Layers as thin as 0.2 m have been used for that purpose elsewhere.
However, such thin layers are difficult to place uniformly over coarse surfaces. A thickness of 0.5 m
was therefore assumed for the rudimentary cover in the example alternatives. The till would need to
be lightly compacted to keep it in place during construction and to minimize erosion until vegetation
is established.

Estimated Infiltration Rate

The rudimentary covers would be expected to reduce infiltration of water into the underlying waste
in two ways. First, the cover material would act as a sponge to store water until it could be taken up
and evapotranspired by plants (i.e. a store and release effect). The 0.5 m of lightly compacted till
would be able to store about 75 mm of water, or about 20% of Mean Annual Precipitation (MAP).
Second, the surface grading and water management ditches would promote runoff. Currently, there
is very little runoff from the waste rock surfaces, so any increase would represent an improvement.

Studies of the surface water balance of the Faro, Grum and Vangorda waste rock piles during the
2004-05 water year concluded that approximately 55% of precipitation ended up infiltrating into the
uncovered dumps. However, long-term meteorological records from the Faro airport indicate that
the 2004-05 water year was exceptionally wet. Total precipitation at the airport was 420 mm, which
is the highest in the 28-year record and is 32% above MAP. In a more normal year, one would
expect lower infiltration rates. The long term water balance and contaminant loading predictions for
the site therefore assume that a typical rate of infiltration into uncovered waste rock piles will be
about 45% of MAP. (Janowicz et al 2006, SRK 2006c¢).

Starting with the estimated infiltration of 45% of MAP into uncovered dumps, and allowing for
increased evapotranspiration and runoff, a reasonable estimate of infiltration through the rudimentary
covers is from about 15% to about 25% of MAP. That range was adopted for sensitivity analysis of
the example alternatives. The middle of the range, 20% of MAP, was adopted as the base case
assumption.
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4.1.2 Low Infiltration Covers

Material

The Vangorda/Grum till deposits are the logical source of material for the construction of low
infiltration covers. The properties of the till are discussed in Appendix 2 and summarized in the
preceding section.

Design Thickness

Section 2 above defines a low infiltration cover as one that “significantly reduces” infiltration.
Section 3 concludes that store-and-release covers are best suited to achieve that objective in the
Anvil Range area.

As noted above, the till is capable of storing and releasing from 150 to 180 mm of water in each
metre of thickness. Total cover thicknesses in the range of 1-2 m would therefore be capable of
storing and releasing roughly from 50% to 90% of MAP, which is the typical range of effective store
and release covers.

A thickness of 2.0 m was assumed for the preliminary design. In addition to being in the range

needed for effective store and release of water, the 2.0 m design would allow for:

e Construction in at least four layers, which in turn allows for good quality control and reduces
any impact of material variability;

e Compaction of the lowest 0.5 m layer to provide a “barrier” function; and

e Some protection of the compacted layer from freeze-thaw effects.

Regarding the last point, it is recognized that the 2.0 m depth is not sufficient to offer complete
protection from freeze-thaw effects. However, it should allow the barrier layer to remain reasonably
compact during the first several years after construction. By the time significant degradation of the
barrier occurs, vegetation will be well established and the store and release processes will be fully
operative.

Estimated Infiltration Rate

As noted above, the estimated rate of infiltration into uncovered dumps is 45% of MAP. The 2.0 m
thick till covers would increase surface runoff and provide strong store and release effects.
Infiltration rates through the covers would be expected to be less than 10% of MAP.

The complexities of store and release processes mean that more precise estimates of cover
performance need to be based on numerical modeling. The currently ongoing field tests are expected
to provide the data necessary to calibrate such models, but only after several more seasons of
monitoring.

DH/sdc

Attachment C_SoilCoversOverview_20080221.doc, Feb, 21, 08, 10:02 AM February 2008



Attachment C
Soil Covers Page 12

4.1.3

Scoping level numerical modeling, based on the material properties measured in laboratory and field
tests carried out in 2003, is reported in Appendix 3. The results indicate that till covers with a
thickness of 2.0 m would allow infiltration rates of about 5% of MAP. Given the limitations of
models that have not been calibrated with extensive field tests that estimate needs to be treated
cautiously. However, a number of conservative assumptions were made in the scoping level
modeling, for example the effects vegetation and frozen layers of soil were not included.

It therefore seems reasonable to use the 5% MAP estimate as a base case assumption, but to include
a wider range in sensitivity analyses. The range selected for sensitivity analyses was 3% to 8% of
MAP.

Very Low Infiltration Covers

Material

The simplest method to construct a very low infiltration cover is to employ a geosynthetic material
such as a high density polyethylene (HDPE) liner. It is well proven that such materials, if placed and
seamed with adequate quality control, can be essentially impervious.

However, there are many significant concerns about the use of geosynthetics, including:

e High cost;

e Quality control difficulties associated with placing large areas of geosynthetic liner under the
conditions typical of the Anvil Range site;

e Instability on sloped surfaces;

e Finite longevity; and

e A preference expressed by local first nations on other mine closure projects to avoid heavy
reliance on “plastic” materials.

Therefore, an alternative type of very low infiltration cover, consisting only of till, was also
considered.

Design Thickness

The combination soil and geosynthetic cover was assumed to require geotextile protection layers
above and below the HDPE, a thin 0.3 m layer of compacted till subgrade below the geosynthetics,
and a 1.0 m layer of till above the geosynthetics to support vegetation. These dimensions are in the
range of practice elsewhere.

The soil only very low infiltration cover was assumed to consist of a 1.0 m thick layer of compacted
till, overlain by 1.5 m of lightly compacted till. These dimensions were chosen arbitrarily, with the
intent being only that this cover would be significantly thicker than the low infiltration cover. The
1.0 m compacted layer is intended to be a more effective barrier than the corresponding 0.5 m layer
in the low infiltration cover.
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4.2

42.1

4.2.2

Estimated Infiltration Rates

Section 2 above defines a very low infiltration cover as one that “minimizes” infiltration. The
combination of soil and geosynthetic can reasonably be expected to do that. An infiltration rate of
0.5% of MAP was assumed for the combination soil and geosynthetic covers. Studies elsewhere
suggest that that estimate will be conservative, even for the case of geosynthetic liners placed with
poor quality control.

An estimated infiltration rate of 2% of MAP was adopted for the very low infiltration soil cover.
That estimate was arbitrarily selected to be significantly lower than the 5% MAP assumption
adopted for the low infiltration covers, but still higher than the 0.5% MAP estimate for the soil and
geosynthetic covers.

Tailings Area
No Cover

The rate of infiltration into the uncovered tailings were estimated by two methods:

e Examination of the tailings porewater chemistry, and specifically the depth to which oxidation
products had penetrated, led to estimated infiltration rates of 9% of MAP in fine tailings and
19% of MAP in coarse tailings.

e The scoping level numerical modeling discussed in Section 4.1.2 also included modeling of
uncovered tailings, and provided estimated infiltration rates of 7% and 24% in fine and coarse
tailings, respectively.

The good correlation between these two sets of estimates, developed in very different ways, is
encouraging. The former estimates, which are based on field evidence, were adopted.

Waste Rock and Till

The scoping level numerical modeling of tailings cover variants indicated that very low infiltration
rates could theoretically be obtained by some combinations of till and waste rock covers. However,
those results required high proportions of the water to run off the cover surface. In the real world,
construction difficulties and long-term settlement will make it difficult to ensure surface water will
run off the tailing covers. It is therefore more reasonable to consider both the infiltration and the
infiltration plus runoff estimates from the scoping level modeling, which ranged from a low of 5% of
MAP to a high of roughly 20% of MAP.

That range also coincidentally brackets the range of infiltration estimates for the uncovered tailings.
It is reasonable to assume that one requirement for the final design of the tailings covers will be that
they not significantly increase infiltration. In other words, the covers will not be allowed to
significantly increase either the contamination of the underlying aquifer or the cost of groundwater
collection and treatment.

The range 5% to 20% MAP was therefore adopted for the sensitivity analyses of the tailings covers,
and 10% of MAP was adopted as the base case estimate.
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5

Summary

Table 6 summarizes the design and performance assumptions recommended for use in the
assessment of example alternatives. As noted in Section 1, these recommendations are preliminary
only, and subject to revision as further results become available from the ongoing field testing.

Table 6: Summary of Preliminary Design and Performance Assumptions

Assumed Infiltration Rate (%MAP)

lightly compacted till

Cover Type Design Assumptions Base Case Range for
Assumption Sensitivity Analyses
Rudimentary Covers 0.5 m lightly compacted till 20% 15% - 25%
Low Infiltration Covers | 0-5 ™ compacted till overlain by 1.5 5% 3% - 8%
lightly compacted till
Very Low Infiltration 1.0 m compacted till overlain by 1.5 o0/ n/a
Covers: Soil Only m lightly compacted till 0
Very Low Infiltration 0.3 m till bedding layer, overlain by
Covers: Soil and geotextile, HDPE geomembrane, 0.5% n/a
Geosynthetic geotextile and 1.0 m till cover layer
Tailings Covers 0.5 m waste rock overlain by 1.5 m 10% 5% - 20%
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The original cover design called for the lower compacted till layer to be 98% Standard Proctor
density, and the upper loose layer to be 95% Standard Proctor density. Actual construction quality
control records show that both layers were in fact placed at densities between 95 and 100% Standard
Proctor density. In-situ density tests by SRK in 2003 confirmed that the cover was in a state
resembling 90% Standard Proctor density, which does suggest that natural weathering has taken
place. This density state is however consistent with that observed on the Overburden dump, and is
therefore likely the natural density state to which this material will revert irrespective of its initial
compaction.

In-situ infiltration testing on the cover in September 2003, indicated permeabilities of 2.5 x 10™ to
6.5 x 10” cm/s, both at surface and 1 m deep. Simple oxygen lances were installed through the cover
by SRK in 2002, and the measured oxygen concentration results suggest that the cover is not acting
as an effective oxygen barrier, however, that is most likely due to the cover not being saturated at the
same time of testing, a fact confirmed by shallow test pitting in the cover in September 2003.

Photo 5: Sparse natural vegetation starting to establish in the erosion gulleys on the
10 year old Vangorda waste rock pile till cover.

Paste pH and conductivity testing in the cover was carried out in 2003. The results did not suggest
any uptake contamination from the underlying waste rock, which could imply that there is no upward
flux through the cover.

Vangorda Waste Rock Pile Starter Berm

The Vangorda waste rock pile has a compacted till started dyke, with 2H:1V exposed side slopes.
These till dykes have been constructed with similar till as that used for the Vangorda cover test
section, and the remainder of till available on site for future cover construction. The performance of
the starter dyke with respect to resistance to long-term weathering and erosion has been similar to
that of the VVangorda cover trial. Much of the area has been re-graded, so long-term erosion is no

EMR/DEH/spk
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