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These facilities may result in a smaller footprint area due to their increased density;
however, a secondary facility for re-circulation of water may still be required.

The nature of the tailings produced, both the grain size and mineralogy, can play an
important role in determining the effectiveness of filter processing. Tailings with a high
percentage of clay-sized particles and also clay mineralogy may negate the effectiveness
of afiltering system.

These facilities still may require surface water runoff and seepage management systems.
Ditches to redirect non-contact water away from the facility and ditches to collect runoff
from the stack are utilized. Additionally, methods to collect seepage and prevent
groundwater contamination may be required. A series of under drains, groundwater cut-
off walls, or liners may be used. A closure cover is required to prevent erosion, prevent
dust generation, and to provide an appropriate media for re-vegetation. Potentially acid
generating tailings may require an infiltration barrier to reduce ARD generation.

Examples of dry stack tailings facilities are:  Greens Creek Mine, Alaska; Raglan,
Quebec; and La Coipa, Chile (Davies and Rice, 2001; Brown, 2002). Additional
facilities are being considered or planned at: Pogo Gold Mine, Alaska; Las Cruces,
Spain; and Mineral Hill, Montana.

3.3.4 Sub-Aerial Paste

Paste tailings have to be thickened using chemical additives, or a combination of
mechanical devices and chemical additives, such as hydrating agents (i.e., Portland
cement, fly ash), creating a slurry that will not separate. Pastes typically consist of
approximately 60% solids for fine grained tailings and up to 80% solids for coarse
tailings.

Paste tailings are frequently used for backfilling underground mines; however, surface
disposal of paste tailings is also possible. Above ground use of paste technology, still
requires the use of containment facilities, although due to the increased density of the
tallings and lower moisture content, the size and/or height of the facilities may be
reduced compared to other slurry type methods of disposal. Paste tailings can be
transported using high pressure pipelinesto the storage area. Two methods for deposition
of pastetailings are shown in Figure 9.

These facilities require surface water runoff and seepage management systems. Ditches
to redirect non-contact water way from the facility and ditches to collect runoff from the

stack are utilized.

A secondary facility for re-circulation of water may still be required.
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The following are examples of mines that use the paste method technology for tailings
deposition: Bulyanhulu, Tanzania; Myra Falls, on Vancouver Island; and Kidd Creek
Mine, Timmons, Ontario. The Colstrip power plant in Montana also utilizes this
technology for fly ash disposal.

3.4 Description of the Meadowbank Site Potential Tailings Storage Areas
Based on theinitial screening criteria, two potential tailings storage areas were identified:

e Storage within Second Portage Arm (Option B and Option C); and
e Onland storage north of Second Portage Arm (Option F and Option G).

The locations of these two areas are shown on Figure 3. The following sections briefly
describe these two areas and the ancillary components and structures for each of the
Options that were evaluated.

3.4.1 Storage Within Second Portage Arm (Option B and Option C)
Option B

Option B is to dispose of the tailings as a Sub-aerial Paste or Dry Stack in the natural
rock basin of the northwest arm of Second Portage Lake. Thiswill require dewatering of
this portion of the lake. As part of mine construction, a dike and haul road will be
constructed across the east end of this portion of the lake to facilitate dewatering and
mining of the Portage Deposit. The dike will isolate the northwest arm of Second
Portage Lake from the remaining portion. The water level within the arm of Second
Portage Lake would be lowered by 38 m (elevation 95 m agl). Once de-watered, the rock
basin would freeze. Once the base was frozen, then thickened tailings (“dry stack™) or
paste tailings would be transported, by truck (if dry stack method was selected) or by
pipeline (if paste technology was utilized), and placed in lifts, such that each lift would
freeze. The tallings stack at closure would be frozen and permafrost would eventually
penetrate further into the base of the storage facility.

A separate water reclaim pond would be required, and would likely be constructed just to
the west of the proposed plant site in a small basin of Third Portage Lake (sometimes
referred to as Third Portage Arm). This small basin of Third Portage Lake would be
isolated from the remaining portion of the lake by constructing small dikes. At the end of
the mine life, the water quality within this basin would be monitored, and if it met water
quality guidelines, the basin would be re-connected to the remainder of Third Portage
Lake by removal of the dike system.
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The tailings facility within the northwest arm of Second Portage Lake would be
progressively reclaimed during operations by covering with a layer of relatively inert
capping material. The cover would be designed to contain the depth of annual thaw
within the relatively benign capping material so that the entire tailings mass would
remain encapsulated by permafrost. Advantages to the Option B method of tailings
storage include the following:

e The option is inherently more stable than the other alternatives that place tailings on
land, or at a higher ‘potential energy’. Option B utilizes a natural depression with the
tailings placed in a“dry” form.

e Regardless of where tailings are stored, the northwest arm of Second Portage Lake
will be impacted by mine activities due to the construction of a series of de-watering
dikes to alow mining of the ore. Consequently, this option takes advantage of a
necessary requirement for the mining process to proceed, avoiding the need to
construct a specific on-land disposal area which would result in a greater area of
impact by the mine.

e The option is located immediately downstream from the proposed Portage Waste
Rock Storage Facility. Runoff from the waste rock can be collected and managed
within the facility if necessary.

e Freezing of the tailings and the talik beneath Second Portage Lake will limit the
potential for ARD and ML generation and migration of contaminants into the
surrounding environment (groundwater and surface water).

e Second Portage Lake is currently a regiona discharge point for deep groundwater
flow. The hydraulic gradient will continue to be towards the |ake once the lake level
has been drawn down to allow mining. Thiswill reduce the potential for contaminant
migration into the surrounding environment. The potential for contaminant release is
further reduced by the low hydraulic conductivity of the surrounding bedrock.

e The surface of the facility is low relative to the surrounding topography, and relative
to an equivalent facility that might be constructed on land. Consequently, the
potential for the generation of dust from the tailings during operations and closure is
less than for an equivalent on-land facility. Furthermore, capping of the tailings will
reduce the potential for post-closure dust generation and also help ensure that tailings
remain in afrozen state, year round.

e The facility will be located close to the plant site and other mine facilities which will
make it easier to operate and will reduce the risk of operational problems.

Disadvantages to Option B method of tailings storage include the following:
e Thereis a greater potential for ARD generation during operation as tailings will be

exposed to oxygen and therefore have the potential for sulfide oxidation.
e The northwest arm of Second Portage Lake will permanently contain tailings.
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Option C

Option C isto dispose of tailings by sub-aerial deposition in the natural rock basin of the
northwest arm of Second Portage Lake, and would involve partial dewatering. The East
Dike and haul road that will be constructed across the east end of this portion of the lake
to permit dewatering and mining of the Portage Deposit and to provide road access to the
plant site, as previoudy discussed, will isolate the northwest arm from the remaining
portion of the lake. For Option C, the water level upstream will be lowered by 28 m
(elevation 105 m adl) to permit tailings dike construction. Once the tailings dike has been
constructed, slurried tailings would be transported by a pipeline and deposited within the
tallings facility. The tailings and talik beneath the northwest arm of the lake will
eventually freeze. The facility would be progressively reclaimed during operations by
covering with alayer of relatively inert capping material. The cover would be designed
to contain the depth of annual thaw within the relatively benign capping material so that
the entire tailings mass would remain encapsulated by permafrost. Advantages to the
Option C method of tailings storage include:

e Theoption isinherently more stable than other alternatives that place tailings on land,
or at ahigher ‘potential energy’ asit utilizes the natural depression of Second Portage
Lake.

e Regardless of where tailings are stored, the northwest arm of Second Portage Lake
will be impacted by mine activities due to the construction of a series of de-watering
dikes to alow mining of the ore. Consequently, this option takes advantage of a
necessary requirement for the mining process to proceed, avoiding the need to
construct a specific on-land disposal area which would result in a greater area of
impact by the mine.

e The option is located immediately downstream from the proposed Portage Waste
Rock Storage Facility. Runoff from the waste rock can be collected and managed
within the facility.

e Freezing of the tailings and the talik beneath Second Portage Lake will reduce the
potential for ARD and ML generation and migration of contaminants into the
surrounding environment (groundwater and surface water).

e Second Portage Lake is currently a regiona discharge point for deep groundwater
flow. The hydraulic gradient will continue to be towards the |ake once the lake level
has been drawn down to allow mining. Thiswill reduce the potential for contaminant
migration into the surrounding environment.

e The surface of the facility is low relative to the surrounding topography, and relative
to an equivalent facility that might be constructed on land. Consequently, the
potential for the generation of dust from the tailings during operations and closure is
less than for an equivalent on-land facility. Furthermore, capping of the tailings will
reduce the potential for post-closure dust generation and also help ensure that tailings
remain in afrozen state, year round.
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e The facility will be located close to the plant site and other mine facilities which will
make it easier to operate and will reduce the risk of operational problems.

e This method of tailings management has been used at humerous locations both in
temperate and cold climates.

Disadvantages to the Option C method of tailings storage include:

e Higher potential for ML during operation as tailings will be submerged and therefore
have the potential for leaching and release of metals. However, leaching and release
of metals will be contained within the storage facility.

e The northwest arm of Second Portage Lake will permanently contain tailings.

3.4.2 Storage North of Second Portage Arm (Option F and Option G)
Option F

Option F is to dispose of tailings slurry sub-aerially on land, north of Second Portage
Lake. There are several small ponds and drainage channels in this area. However, the
aguatic habitat studies (CRL 2005a, and CRL 2005b) have indicated that these ponds do
not contain fish and are not considered suitable fish habitat due to their shallow depth and
the typical thickness of ice that forms on the lakes during the winter months.

Option F would require the construction of conventional tailings containment berms on
frozen ground in a permafrost region that contains soft compressible soils including peat
and an active layer that is variable, all of which provide chalenges to designing and
constructing a geotechnically stable containment system. A geomembrane liner system
would likely need to be installed on the tailings (upstream) side of the containment
berms, and keyed into the permafrost. There are insufficient natural materials suitable for
use as a liner. The berms would require additional quarrying of rock material which
would create greater land disturbance. It is likely that the additional rock material for
construction of the embankment berms would require the development of a separate
quarry from the mining activities. Material from mining operations has been identified as
potentially acid generating, and the current mine plan takes this into consideration when
defining where the material will be stored in specific waste storage facilities, and how the
waste will be managed in the long term to minimize impacts on environment.
Furthermore, the current plan optimizes the use of waste from pre-mining activitiesin the
construction of the de-watering dikes, and specifically places potentially acid generating
material under water where possible. There would be insufficient quantities of material
produced during pre-mining activities to be used for the construction of the extensive
embankment system that would be required for on-land storage. In addition to this, based
on the current understanding of the geochemistry of the materials produced from pre-
mining activities, these would not be suitable for construction of the berms as they would
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be continually exposed to an oxidizing environment in the thaw layer, and would be
flushed annually during spring freshet, and during rain storm events. The run-off from
the embankment system would need to be collected, managed, and treated unless an
aternative quarry site of geochemically benign material could be identified and exploited
for the construction of the berms.

Once the embankments were constructed slurried tailings would be transported in a
pipeline and deposited within the berms. Eventually, the tailings would freeze and the
tallings would be encapsulated by permafrost. A capping system consisting of
geochemically benign materials would need to be designed to limit infiltration of water
into the tailings, and to restrict the annual thaw depth within this layer.

The dike and haul road that will be constructed across the east end of the northwest arm
of Second Portage Lake to permit dewatering and mining of the Portage Deposit, will
isolate the northwest arm from the remaining portion of the lake. For Option F, the
northwest arm of Second Portage L ake would be used for water management and tailings
reclaim water and this basin would likely be permanently be lost for fish habitat. A dike
would need to be constructed in the area of the currently proposed tailings dike for water
management purposes. Tailings reclaim water would also be stored and re-circulated
from the tailings facility. Once mine operations were finished, the water contained
within the northwest arm of Second Portage Lake would need to be treated. Once the
treated water meets guideline requirements, the dike would be removed, reconnecting the
northwest arm of Second Portage L ake with the rest of the lake.

Advantages to Option F method of tailings storage include:

e The northwest arm of Second Portage Lake may only be isolated from the remaining
portion of the lake during the operational phase of the mine. Depending on the water
quality at the completion of mine operation, it may be possible for the northwest arm
to be re-connected with the remainder of the lake.

e Freezing of the tailings and the underlying soil layer will reduce the potential for
ARD and ML generation and migration of contaminants into the surrounding
environment.

e Capping of the tailings will reduce the potentia for post-closure dust generation and
will shed water, thus limiting infiltration into the facility.

e This method of tailings management has been used in both temperate and cold
climates.

Disadvantages to Option F method of tailings storage include:

e A substantial system of containment berms will need to be constructed on poor soil
foundation conditions. Consequently, there is an elevated risk of failure of the
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foundations, and hence the containment berms. The containment facility would be
constructed immediately up-slope of the northwest arm of Second Portage Lake. A
failure of the containment berms could potentially result in the introduction of tailings
into Second Portage Lake. The introduction of tailings into the lake could result in
the development of a silt plume which could conceivably impact on the entire lake,
although this would be arelatively short term impact.

e Thereisahigher potential for dust generation during operation and closure, due to the
higher relief. Wind erosion of the tailings surface during operations and during
closure could result in the transportation and deposition of tailings over considerable
distances down-wind of the facility.

o Itislikely that a separate quarry source of non-PAG rock will need to be developed to
produce the materials required to construct the embankment berms. There are
insufficient quantities of rock available from pre-mining activities to construct the
perimeter de-watering dikes as well as embankment berms. The rock from the pre-
mining activities is unsuitable for use as construction material for the scale of facility
that would be required to enclose the tailings due to its potential for acid generation.
If there were sufficient material available from pre-mining activities for this use then
a substantial water collection and treatment system would need to be constructed to
collect run-off from the embankment berms.

e Thereisahigher potential for generating acidic drainage and leaching metals during
operation asthe tailings will be in a partialy saturated state, and exposed to oxygen.

e Thetailingsfacility will have greater visibility.

e The system would require a geomembrane liner or similar seepage cutoff system on
the upstream face of the embankment berms, keyed into the permafrost.

e Theminefootprint (area of disturbance) would be increased substantially.

¢ Native sediments in the northwest basin of Second Portage Lake may become metals
contaminated due to prolonged contact with mine tailings reclaim water, which could
pose a source of metals to the receiving environment for a prolonged period after re-
flooding.

Option G

Option G isto dispose of thickened (“dry”) or paste tailings sub-aerially on land, north of
Second Portage Lake. There are several small lakes or ponds and streams in this area.
However, the aquatic habitat studies (CRL 2005a, and CRL 2005b) have indicated that
these ponds do not contain fish and are not considered suitable fish habitat due to their
shallow depth and the typical thickness of ice that forms on the lakes during the winter
months.

The development of the site would involve constructing minor embankment berms and
diversion ditches on frozen ground. Once the berms were constructed, tailings would be
transported by truck (if dry stack method was selected) or by pipeline (if paste technology
was utilized), and placed or deposited in lifts within the berms. Tailings would
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eventually freeze. A capping system consisting of geochemically benign materials would
need to be designed to limit infiltration of water into the tailings, and to restrict the
annual thaw depth within this layer.

As with Option F, the northwest arm of Second Portage L ake would be de-watered, and a
water containment dike would be constructed along the western edge of the proposed
Portage Pit. The purpose of the dike would be to allow the management of site water and
tailings reclaim water within the arm of Second Portage Lake. As an aternative to the
use of the arm of Second Portage Lake for water management, the arm of Third Portage
Lake, immediately to the west of the mill and mine site process plant, could be isolated
by the construction of dikes, and then used to manage site and tailings reclaim water.

Advantages to Option G method of tailings storage include:

e The northwest arm of Second Portage Lake may only be isolated from the remaining
portion of the lake during the operational phase of the mine. Depending on the water
quality at the completion of mine operation, it may be possible for the northwest arm
to be re-connected with the remainder of the lake.

e The height of containment dikes will be less than for Option F.

e Freezing of the tailings and the underlying soil layer will reduce the potential for
ARD and ML generation and migration of contaminants into the surrounding
environment.

e Capping of the tailings will reduce the potentia for post-closure dust generation and
will shed water, thus limiting infiltration into the facility.

Disadvantages to Option G method of tailings storage include:

e Thereisahigher potential for dust generation during operation and closure, due to the
higher relief. Wind erosion of the tailings surface during operations and during
closure could result in the transportation and deposition of tailings over considerable
distances down-wind of the facility.

e There is a high potential for the generation of acidic run-off during operation as
tailings will be only partially saturated state, thus exposed to oxygen enabling sulfide
oxidation to occur.

e Thetailingsfacility will be more readily visible.

e Long containment berms will need to be constructed on poor soil foundation
conditions. These berms will be less than those required for Option F, however an
inherent risk of failure remains and therefore the risk of releasing tailings to the
environment.

¢ Native sediments in the northwest basin of Second Portage Lake may become metals
contaminated due to prolonged contact with mine tailings reclaim water, which could
pose a source of metals to the receiving environment for a prolonged period after re-
flooding.
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40 RESULTS

4.1 Base Line Analysis

Tailings facility Options B, C, F, and G for the proposed Meadowbank Project were
analyzed using the decision matrix method of analysis described above. The following
table summarizes the results.

Table4.1: Summary of Baseline Analysis Decision Matrix Results

Options
B C F G
Factor Second Second Portage West of Waste West of Waste
Portage Arm Arm Rock Storage Rock Storage
Sub-aerial Sub-aqueous/ : .
Paste Sub-aerial Slurry Sub-aerial Slurry Sub-aerial Paste
Environmental 438 475 372 432
Operational 263 216 160 256
Economic 60 135 75 60
TOTAL 761 826 607 748

Table 4.2 presents the full results of the decision matrix for the tailings storage options.
The individual scores for each sub-indicator are shown along with the summed scores for
environmental factors, operational factors, and economic factors.

Based on the decision matrix method Option C, tailings dlurry disposal in the northwest
am of Second Portage Arm, is the best taillings management strategy for the
Meadowbank Project site based on an evauation that included environmental,
operational, and economic considerations.

4.2 Sensitivity Analyses

The relative sensitivity of the decision matrix system and resulting selection to changesin
the weighting factors was evaluated. Firstly, each of the individual weighting factors was
set to 1. Thisassigns an equal weighting to each individual sub-indicator. The results of
this analysis are presented and described in the following section. Secondly, only
environmental factors and long term (post-closure) impacts were considered. This
analysis excluded the influence of operating and economic impacts from the decision
matrix. Finally, environmental factors specifically relating to lake and fish habitat
impacts were weighted as highly as possible within the decison matrix so that the
contribution of these sub-indicators towards on-land disposal options ranged between
31% and 35% of the total score, while the contribution to disposal options in Second
Portage Lake were reduced to between 13% and 17% of the overall total.
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Scale Factor

Sub-Indicator Weighted Scores

Option B Option C Option F Option G B C F G B C F G
Second Portage Arm Second Portage Arm North of Second Portage Arm North of Second Portage Arm
Sub-aerial Paste or Dry Stack Sub-aerial Slurry Sub-aerial Slurry Sub-aerial Paste or Dry Stack
Construction - Dewater Second Portage]Construction - Dewater Second Portage]Construction — build conventionajConstruction — build minor containment
Arm by 38 m (El. 95m ASL) and allowjArm by 28 m (El. 105m ASL) to allowftailings containment berms on frozenlberms on frozen ground; install and|
base to freeze. Build water managementjconstruction of dike. Construct andlground; install and maintain pipeline. maintain pipeline.
pond near mill or in 3rd Portage Arm.Jmaintain pipeline.
TABLE 4.2: TAILINGS STORAGE OPTIONS DECISION MATRIX RESULTS |construct and maintain pipeline.
Operation - Place thickened/paste tailingsjOperation - Place slurry to 7 m above]Operation - Place tailings slurry onlOperation - Place thickened/paste
to 4 to 7 m above current lake level suchjcurrent lake level. Maintain waterjsurface. Use Second Portage Arm for]tailings on surface. Use Second Portage]
that tailings freeze each year. Transporfjmanagement and reclaim pond at westfjwater management and reclaim waterJArm or Third Portage Arm for water|
tailings by pipeline for paste, or by truck forjend of lake. Transport tailings by pipeline. |plus reclaim from tailings area. Allowjmanagement and reclaim water. Allo
thickened. tailings to freeze each year. Transportltailings to freeze each year. Transporf]
tailings by pipeline. paste tailings by pipeline, or truck|
thickened tailings.
. Closure - Permafrost encapsulationjClosure — Permafrost encapsulationjClosure — Permafrost encapsulation]Closure — Permafrost encapsulation
Relative . ) ) o ) . S ) : . : .
. . - X Maximum Place ultramafic capping layer to maintainfPlace ultramafic capping layer to maintainfPlace ultramafic capping layer to|Place ultramafic capping layer to maintain
Key Indicators Sub-Indicators Weighting Possible Score [tilings frozen below active layer and toltailings frozen below active layer and tolmaintain tailings frozen below activeltailings frozen below active layer and to
Factor shed water. shed water. layer and to shed water. shed water.
Dike construction volumes required (m°®) 1,140,000 1,140,000 1,250,000 250,000
% Capping volume, assuming 2 m thickness (m3) 3,000,000 3,000,000 2,280,000 2,280,000
a Length of tailings pipeline (m) 2,600 2,800 4,100 4,100
>
N Length of reclaim pipeline (m) 800 2,800 1,200 1,000
Location of water pond Near mill or 3rd Portage Arm 2nd Portage Arm 2nd Portage Arm and tailings 2nd or 3rd Portage Arm
Sub-catchment area (ha) 1 9 200 200 180 180 8 8 9 9 8 9 9
Footprint area (ha) 1 9 150 150 114 114 7 7 9 9 7 9 9
Potential for dust generation during operation 6 9 Moderate Moderate High High 7 9 1 4 42 54 6 24
Potential for dust generation after closure 4 9 Low Low Moderate Moderate 9 9 6 6 36 36 24 24
Potential for ARD generation during operation 5 9 Moderate Low High - Moderate Moderate 7 9 3 5 35 45 15 25
g f—@ Potential for ARD generation after closure 7 9 Low Low Moderate Moderate 7 7 5 5 49 49 35 35
= O
E ; Potential for ML during operation 2 9 Low Moderate Moderate Low 8 7 7 9 16 14 14 18
= 9 -
g g Potential for ML after closure 5 9 Moderate Moderate Low Low 7 7 9 9 35 35 45 45
% § Potential for seepage to groundwater during operation 5 9 Low Low Low Low 9 9 9 9 45 45 45 45
S
s Q\S Potential for geotechnical hazards 6 9 Low Low High Moderate 9 9 1 5 54 54 6 30
=0
TG Potential for seepage to groundwater after closure 5) 9 Low - Moderate Low - Moderate Low Low 7 7 9 9 35 35 45 45
Area of lakes impacted (ha) 5) 9 100 - 140 100 40 - 100 40 - 100 5 6 9 9 25 30 45 45
Number of lakes impacted 4 9 1-2 1 1 1 6 9 9 9 24 36 36 36
Visual Impact 2 9 Low Low High Moderate 9 9 1 3 18 18 2 6
Impact on Fish and Fish Habitat 9 9 High High Moderate Moderate i i 4 4 9 9 36 36
Sum of Environmental Weightings 67 603 438 475 372 432
= Ease of operation 9 9 High Moderate Low Moderate 9 4 2 6 81 36 18 54
0 =
% E Distance from mill 8 9 1200 m 1200 m 2800 m 2800 m 9 9 4 4 72 72 32 32
T @
TL: % Potential for delays due to freezing 10 9 Low Moderate High Moderate 9 6 1 7 90 60 10 70
f=ar}
»% = Construction Risk 4 9 Moderate Moderate Low Low 3 2 7 9 12 8 28 36
5 ©
gn. S Disposal system has precedent in arctic environment 8 9 No Yes Yes Yes 1 5 9 8 8 40 72 64
i3l
< Sum of Operational Weightings 39 351 263 216 160 256
% LB Initial Capital Cost ($CDN) (Approximate)® $11,800,000 $2,860,000 $5,955,000 $14,675,000 0 0 0 0
= 0 o
S
& - g = Net Present Value of Delayed Costs’ $2,986,613 $3,428,432 $5,955,892 $528,041 0 0 0 0
Lo 0o
§ % 0\2 i Total Present Value of costs 15 9 $14,786,613 $6,288,432 $11,910,892 $15,203,041 4 9 5 4 60 135 75 60
o u N
g Sum of Economic Weightings 15 135 60 135 75 60
TOTAL SCORE 1089 761 826 607 748 761 826 607 748
Notes

1. Includes consideration of foundation conditions, impact of seismicity, and height of structure

2. Relative capital cost for comparison only. Interest rate assumed as 8%.
3. Value not used in scoring. Value is presented to allow calculation of total cost for comparison purposes.

N:\Final\2005\1413\05-1413-036A\3000\

Tables for DraftRpt0928_05 Cumberland-Tailings Storage Facility Selection\July_05 Table 4-2
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4.2.1 Sensitivity Analysis —Part 1

To consider the impact of the weighting factors used in the decision matrix, a sensitivity
analysis was conducted with all sub-indicator weightings set equal to one. Thisresultsin
each of the sub-indicators having equal importance in the decision process and removes
any value bias between the sub-indicators that might be imposed by personal preferences.
The greatest numbers of sub-indicators were associated with the environmental category,
while the lowest numbers of sub-indicators were associated with the economic category.
Consequently, the relative importance of each category is determined by the number of
sub-indicators representing that category. Based on the revisions to the weightings, the
relative distribution of influence on the weighted total is:

e Environment 71%
e Operationa 24%
e Economic 5%

The results of thisanalysis are summarized in Table 4.3.

Table4.3: Summary of Decision Matrix Results— Sensitivity Analysis (Part 1)

Options
B C F G
Factor Second Second Portage West of Waste West of Waste
Portage Arm Arm Rock Storage Rock Storage
SuFt’);theerial Siltj-t;:?igle gllﬁ/ry Sub-aerial Slurry Sub-aerial Paste
Environmental 106 113 91 104
Operational 31 26 23 34
Economic 4 9 5 4
TOTAL 141 148 119 142

The detailed analysisis shown in Table 4.4.

As with the baseline case, Option C received the highest overall score although only
marginally greater than Options B and G.
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Scale Factor Sub-Indicator Weighted Scores
Option B Option C Option F Option G B C E G B C = G
Second Portage Arm Second Portage Arm North of Second Portage Arm North of Second Portage Arm
Sub-aerial Paste or Dry Stack Sub-aerial Slurry Sub-aerial Slurry Sub-aerial Paste or Dry Stack
Construction - Dewater Second|Construction - Dewater Second|Construction - build conventionallConstruction - build minor|
Portage Arm by 38 m (El. 95m ASL)|Portage Arm by 28 m (El. 105m ASL) tdtailings containment berms on frozenjcontainment berms on frozen ground;
and allow base to freeze. Build waterjallow construction of dike. Constructjground; install and maintain pipeline. [install and maintain pipeline.
management pond near mill or in 3rdjand maintain pipeline.
Portage Arm. Construct and maintain|
pipeline.
TABLE 4.4: SENSITIVITY ANALYSIS RESULTS (PART 1)
Operation - Place thickened/pastejOperation - Place slurry to 7 m above]Operation - Place tailings slurry on]Operation - Place thickened/paste]
tailings to 4 to 7 m above current lakejcurrent lake level. Maintain water]surface. Use Second Portage Arm forftailings on surface. Use Second
level such that tailings freeze eachljmanagement and reclaim pond at westjwater management and reclaim water |Portage Arm or Third Portage Arm for]
year. Transport tailings by pipeline forfend of lake. Transport tailings by]plus reclaim from tailings area. Allowjwater management and reclaim water|
paste, or by truck for thickened. pipeline. tailings to freeze each year. TransporfjAllow tailings to freeze each vyear,
tailings by pipeline. Transport paste tailings by pipeline, orf
truck thickened tailings.
. Closure — Permafrost encapsulation]Closure — Permafrost encapsulation]jClosure — Permafrost encapsulationjClosure — Permafrost encapsulation]
Relative . . ) ) ) ) . . .
. . i X Maximum Place ultramafic capping layer to]Place ultramafic capping layer to]lPlace ultramafic capping layer tojPlace ultramafic capping layer to|
Key Indicators Sub-Indicators Weighting Possible Score |Mmaintain tailings frozen below activelmaintain tailings frozen below active]maintain tailings frozen below activelmaintain tailings frozen below active|
Factor layer and to shed water. layer and to shed water. layer and to shed water. layer and to shed water.
Dike construction volumes required (m®) 1,140,000 1,140,000 1,250,000 250,000
% Capping volume, assuming 2 m thickness (m3) 3,000,000 3,000,000 2,280,000 2,280,000
3 Length of tailings pipeline (m) 2,600 2,800 4,100 4,100
>
N Length of reclaim pipeline (m) 800 2,800 1,200 1,000
Location of water pond Near mill or 3rd Portage Arm 2nd Portage Arm 2nd Portage Arm and tailings 2nd or 3rd Portage Arm
Sub-catchment area (ha) 1 9 200 200 180 180 8 8 9 9 8 8 9 9
Footprint area (ha) 1 9 150 150 114 114 7 7 9 9 7 7 9 9
Potential for dust generation during operation 1 9 Moderate Moderate High High 7 9 1 4 7 9 1 4
Potential for dust generation after closure 1 9 Low Low Moderate Moderate 9 9 6 6 9 9 6 6
Potential for ARD generation during operation 1 9 Moderate Low High - Moderate Moderate 7 9 3 5 7 9 3 5
=) Potential for ARD generation after closure 1 9 Low Low Moderate Moderate 7 7 5 5 7 7 5 5
2o
5 ; Potential for ML during operation 1 9 Low Moderate Moderate Low 8 7 7 9 8 7 7 9
Q
Téﬁ g Potential for ML after closure 1 9 Moderate Moderate Low Low 7 7 9 9 7 7 9 9
ag) é Potential for seepage to groundwater during operation 1 9 Low Low Low Low 9 9 9 9 9 9 9 9
S 6
S e Potential for geotechnical hazards 1 9 Low Low High Moderate 9 9 1 5 9 9 1 5
S
e Potential for seepage to groundwater after closure 1 9 Low - Moderate Low - Moderate Low Low 7 7 9 9 7 7 9 9
Area of lakes impacted (ha) 1 9 100 - 140 100 40 - 100 40 - 100 5 6 9 9 5 6 9 9
Number of lakes impacted 1 9 1-2 1 1 1 6 9 9 9 6 9 9 9
Visual Impact 1 9 Low Low High Moderate 9 9 1 3 9 9 1 3
Impact on Fish and Fish Habitat 1 9 High High Moderate Moderate 1 1 4 4 1 1 4 4
Sum of Environmental Weightings 15 135 106 113 91 104
= Ease of operation 1 9 High Moderate Low Moderate 9 4 2 6 9 4 2 6
n =
4 2 Distance from mill 1 9 1200 m 1200 m 2800 m 2800 m 9 9 4 4 9 9 4 4
] o
% % Potential for delays due to freezing 1 9 Low Moderate High Moderate 9 6 1 7 9 6 1 7
f=ar}
% = Construction Risk 1 9 Moderate Moderate Low Low 8 2 7 9 8 2 7 9
5 ©
g- N Disposal system has precedent in arctic environment 1 9 No Yes Yes Yes 1 5 9 8 1 5 9 8
<
=~ Sum of Operational Weightings 5 45 31 26 23 34
Ng £3 Initial Capital Cost (5CDN) (Approximate)* $11,800,000 $2,860,000 $5,955,000 $14,675,000
5P =
i a '§§ Net Present Value of Delayed Costs® $2,986,613 $3,428,432 $5,955,892 $528,041
L o °
5 £ E . Total Present Value of costs 1 9 $14,786,613 $6,288,432 $11,910,892 $15,203,041 4 9 5 4 4 9 5 4
[SN"} f’n
g~ Sum of Economic Weightings 1 9 4 9 5 4
TOTAL SCORE 189 141 148 119 142 141 148 119 142

Notes

1. Includes consideration of foundation conditions, impact of seismicity, and height of structure

2. Relative capital cost for comparison only. Interest rate assumed as 8%.

3. Value not used in scoring. Value is presented to allow calculation of total cost for comparison purposes.

4. Note the relative distribution of scores between the three primary factors has changed, due to the weightings allocated. The new distribution is Environmental = 71%, Operational = 24%, and Economic = 5%.
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4.2.2 Sensitivity Analysis — Part 2

An additional sensitivity analysis was carried out by excluding economic factors, and by
reducing the effect of operational factors. The resulting decision matrix was weighted
strongly towards the influence of environmental factors. Based on the revisions to the
weightings, the relative distribution of influence on the weighted total is:

e Environment 89%
e Operational 11%
e Economic 0%

Table 4.5 summarizes the results of the analysis.

Table4.5: Summary of Decision Matrix Results— Sensitivity Analysis (Part 2)

Options
B C F G
Factor Second Second Portage West of Waste West of Waste
Portage Arm Arm Rock Storage Rock Storage
SuFt’);:erial Sﬁg.b;:ggf (S)Ilfjsr/ry Sub-aerial Slurry | Sub-aerial Paste
Environmental 438 475 372 432
Operational 8 40 72 64
Economic 0 0 0 0
TOTAL 446 515 444 496

The detailed analysisis presented in Table 4.6.

The analysis indicates that when the decision matrix is heavily weighted towards the
consideration of environmental factors Option C (tailings slurry disposal in Second
Portage Lake) isthe preferred option.
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Scale Factor

Sub-Indicator Weighted Scores

Option B Option C Option F Option G B C F G B C F G
Second Portage Arm Second Portage Arm North of Second Portage Arm North of Second Portage Arm
Sub-aerial Paste or Dry Stack Sub-aerial Slurry Sub-aerial Slurry Sub-aerial Paste or Dry Stack
Construction - Dewater Second Portage|Construction - Dewater Second|Construction — build conventionajConstruction — build minor containmen
Arm by 38 m (El. 95m ASL) and allow base|Portage Arm by 28 m (El. 105m ASL)|tailings containment berms on frozenlberms on frozen ground; install and
to freeze. Build water management pond]to allow construction of dike. Construcground; install and maintain pipeline. |maintain pipeline.
near mill or in 3rd Portage Arm. Construcjand maintain pipeline.
and maintain pipeline.
TABLE 4.6: SENSITIVITY ANALYSIS RESULTS (PART 2)
Operation - Place thickened/paste tailingsjOperation - Place slurry to 7 m above]Operation - Place tailings slurry onjOperation - Place thickened/paste tailingd
to 4 to 7 m above current lake level suchjcurrent lake level. Maintain waterjsurface. Use Second Portage Arm forjon surface. Use Second Portage Arm o
that tailings freeze each year. Transporffmanagement and reclaim pond at westfjwater management and reclaim water | Third Portage Arm for water management
tailings by pipeline for paste, or by truck forlend of lake. Transport tailings by]plus reclaim from tailings area. Allowjand reclaim water. Allow tailings to freeze]
thickened. pipeline. tailings to freeze each year. Transportjeach year. Transport paste tailings b
tailings by pipeline. pipeline, or truck thickened tailings.
Relative Closure — Permafrost encapsulation: Place]Closure — Permafrost encapsulationjClosure — Permafrost encapsulationjClosure — Permafrost encapsulation
) . i X Maximum ultramafic capping layer to maintain tailingsjPlace ultramafic capping layer to]Place ultramafic capping layer to|Place ultramafic capping layer to maintain
Key Indicators Sub-Indicators Weighting Possible Score frozen below active layer and to shed|maintain tailings frozen below active]maintain tailings frozen below active|tailings frozen below active layer and to]
Factor water. layer and to shed water. layer and to shed water. shed water.
Dike construction volumes required (m°) 1,140,000 1,140,000 1,250,000 250,000
% Capping volume, assuming 2 m thickness (m3) 3,000,000 3,000,000 2,280,000 2,280,000
a Length of tailings pipeline (m) 2,600 2,800 4,100 4,100
>
N Length of reclaim pipeline (m) 800 2,800 1,200 1,000
Location of water pond Near mill or 3rd Portage Arm 2nd Portage Arm 2nd Portage Arm and tailings 2nd or 3rd Portage Arm
Sub-catchment area (ha) 1 9 200 200 180 180 8 8 9 9 8 8 9 9
Footprint area (ha) 1 9 150 150 114 114 7 7 9 9 9
Potential for dust generation during operation 6 9 Moderate Moderate High High 7 9 1 4 42 54 24
Potential for dust generation after closure 4 9 Low Low Moderate Moderate 9 9 6 6 36 36 24 24
Potential for ARD generation during operation 5 9 Moderate Low High - Moderate Moderate 7 9 8 5 85} 45 15 25
g if\; Potential for ARD generation after closure 7 9 Low Low Moderate Moderate 7 7 5 5 49 49 35 35
= O
L% 2 Potential for ML during operation 2 9 Low Moderate Moderate Low 8 7 7 9 16 14 14 18
=3 :
g g Potential for ML after closure 5 9 Moderate Moderate Low Low 7 7 9 9 35 35 45 45
% § Potential for seepage to groundwater during operation 5 9 Low Low Low Low 9 9 9 9 45 45 45 45
Ss
5 0\2 Potential for geotechnical hazards' 6 9 Low Low High Moderate 9 9 1 5 54 54 6 30
=)
g Potential for seepage to groundwater after closure 5 9 Low - Moderate Low - Moderate Low Low 7 7 9 9 35 35 45 45
Area of lakes impacted (ha) 5 9 100 - 140 100 40 - 100 40 - 100 5 6 9 9 25 30 45 45
Number of lakes impacted 4 9 1-2 1 1 1 6 9 9 9 24 36 36 36
Visual Impact 2 9 Low Low High Moderate 9 9 1 3 18 18 2 6
Impact on Fish and Fish Habitat 9 9 High High Moderate Moderate 1 1 4 4 9 9 36 36
Sum of Environmental Weightings 67 603 438 475 372 432
)
0 =
58
£3
—_ <
s
=]
g- X Disposal system has precedent in arctic environment 8 9 No Yes Yes Yes 1 5 9 8 8 40 72 64
—
=~ Sum of Operational Weightings 8 72 8 40 72 64
05
L8
O C
8=
oz &
EZR
o O
SR
O O . . .
= Sum of Economic Weightings 0 0 0 0 0 0
TOTAL SCORE 675 446 515 444 496 446 515 444 496
Notes
1. Includes consideration of foundation conditions, impact of seismicity, and height of structure
2. Note the relative distribution of scores between the three primary factors has changed, due to the revised number of sub-indicators. The new distribution is Environmental = 89%, Operational = 11%, and Economic = 0%.
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4.2.3 Sensitivity Analysis — Part 3

A final sensitivity analysis was carried out on the baseline case to address specific
concerns relating to the effect the proposed methods of disposal may have on fish and
fish habitat. For this case, issues relating specifically to impact on fish and fish habitat
were adjusted to weight these indicators high in the overall analysis. Based on the
revisions to the weightings, the relative distribution of influence on the weighted total is:

e Environment 57%
e Operational 31%
e Economic 12%

The relative weighting factor for “number of lakes impacted” and “impact on fish and
fish habitat” were adjusted so that these two indicators carried the highest relative
weights of all the environmental sub-indicators. The scale factors for the sub-indicator
“number of lakes impacted” remained the same as the previous analyses, as the number
of lakes impacted by either on-land or in lake disposal is the same regardless of the
disposal method selected. The scale factors for the sub-indicator “impacts on fish and
fish habitat” however were increased to the maximum possible value of 9 for on-land
disposal, representing the ‘best’ possible case, and were maintained at the least possible
value of 1 for disposal in Second Portage Arm, representing the ‘worst’ possible case.
The result of this re-scaling is that “impacts on fish and fish habitat” and “number of
lakes impacted” contribute between 31% and 35% to the overall environmental weighting
for on-land storage, compared with 13% to 17% contribution for disposal within Second
Portage Arm.

Table 4.7 summarizes the results of the analysis.

Table4.7: Summary of Decision Matrix Results— Sensitivity Analysis (Part 3)

Options
B C F G
Factor Second Second Portage West of Waste West of Waste
Portage Arm Arm Rock Storage Rock Storage
SuFt’);:erial Sﬁg.b;:ggf (S)Ilfjsr/ry Sub-aerial Slurry | Sub-aerial Paste
Environmental 468 520 462 522
Operational 263 216 160 256
Economic 60 135 75 60
TOTAL 791 871 697 838
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The detailed analysisis presented in Table 4.8.

The analysis indicates that when environmental factors are weighted heavily towards
impact on lakes and on fish habitat, disposal on-land or in Second Portage Lake carry
equivalent total environmental weighting, resulting in a ‘null’ decision based on that
category alone. When economic and operational issues are considered in the decision
analysis, then Option C, disposal of durry tailings in the basin of Second Portage Arm, is
the preferred option.

Golder Associates



Printed: 10/7/2005

05-1413-036A/3000

Scale Factor

Sub-Indicator Weighted Scores

Option B Option C Option F Option G B C F G B C F G
Second Portage Arm Second Portage Arm North of Second Portage Arm North of Second Portage Arm
Sub-aerial Paste or Dry Stack Sub-aerial Slurry Sub-aerial Slurry Sub-aerial Paste or Dry Stack
Construction - Dewater Second Portage]Construction - Dewater Second Portage]Construction — build conventionajConstruction — build minor containment
Arm by 38 m (El. 95m ASL) and allowjArm by 28 m (El. 105m ASL) to allowftailings containment berms on frozenlberms on frozen ground; install and|
base to freeze. Build water managementjconstruction of dike. Construct andlground; install and maintain pipeline. maintain pipeline.
pond near mill or in 3rd Portage Arm.Jmaintain pipeline.
TABLE 4.8: SENSITIVITY ANALYSIS RESULTS (PART 3) Construct and maintain pipeline.
Operation - Place thickened/paste tailingsjOperation - Place slurry to 7 m above]Operation - Place tailings slurry onlOperation - Place thickened/paste
to 4 to 7 m above current lake level suchjcurrent lake level. Maintain waterjsurface. Use Second Portage Arm for]tailings on surface. Use Second Portage]
that tailings freeze each year. Transporfjmanagement and reclaim pond at westfjwater management and reclaim waterJArm or Third Portage Arm for water|
tailings by pipeline for paste, or by truck forjend of lake. Transport tailings by pipeline. |plus reclaim from tailings area. Allowjmanagement and reclaim water. Allo
thickened. tailings to freeze each year. Transportltailings to freeze each year. Transporf]
tailings by pipeline. paste tailings by pipeline, or truck|
thickened tailings.
. Closure - Permafrost encapsulationjClosure — Permafrost encapsulationjClosure — Permafrost encapsulation]Closure — Permafrost encapsulation
Relative . ) ) o ) . S ) : . : .
. . - X Maximum Place ultramafic capping layer to maintainfPlace ultramafic capping layer to maintainfPlace ultramafic capping layer to|Place ultramafic capping layer to maintain
Key Indicators Sub-Indicators Weighting Possible Score [tilings frozen below active layer and toltailings frozen below active layer and tolmaintain tailings frozen below activeltailings frozen below active layer and to
Factor shed water. shed water. layer and to shed water. shed water.
Dike construction volumes required (m°®) 1,140,000 1,140,000 1,250,000 250,000
% Capping volume, assuming 2 m thickness (m3) 3,000,000 3,000,000 2,280,000 2,280,000
a Length of tailings pipeline (m) 2,600 2,800 4,100 4,100
>
N Length of reclaim pipeline (m) 800 2,800 1,200 1,000
Location of water pond Near mill or 3rd Portage Arm 2nd Portage Arm 2nd Portage Arm and tailings 2nd or 3rd Portage Arm
Sub-catchment area (ha) 1 9 200 200 180 180 8 8 9 9 8 9 9
Footprint area (ha) 1 9 150 150 114 114 7 7 9 9 7 9 9
Potential for dust generation during operation 6 9 Moderate Moderate High High 7 9 1 4 42 54 6 24
Potential for dust generation after closure 4 9 Low Low Moderate Moderate 9 9 6 6 36 36 24 24
Potential for ARD generation during operation 5 9 Moderate Low High - Moderate Moderate 7 9 3 5 35 45 15 25
2 s Potential for ARD generation after closure 7 9 Low Low Moderate Moderate 7 7 5 5 49 49 35 35
= O
E ; Potential for ML during operation 2 9 Low Moderate Moderate Low 8 7 7 9 16 14 14 18
= 9 -
g g Potential for ML after closure 5 9 Moderate Moderate Low Low 7 7 9 9 35 35 45 45
% § Potential for seepage to groundwater during operation 5 9 Low Low Low Low 9 9 9 9 45 45 45 45
S
s Q\S Potential for geotechnical hazards 6 9 Low Low High Moderate 9 9 1 5 54 54 6 30
=~
TE Potential for seepage to groundwater after closure 5) 9 Low - Moderate Low - Moderate Low Low 7 7 9 9 35 35 45 45
Area of lakes impacted (ha) 5) 9 100 - 140 100 40 - 100 40 - 100 5 6 9 9 25 30 45 45
Number of lakes impacted 9 9 1-2 1 1 1 6 9 9 9 54 81 81 81
Visual Impact 2 9 Low Low High Moderate 9 9 1 3 18 18 2 6
Impact on Fish and Fish Habitat 9 9 High High Moderate Moderate i i 9 9 9 9 81 81
Sum of Environmental Weightings 72 648 468 520 462 522
= Ease of operation 9 9 High Moderate Low Moderate 9 4 2 6 81 36 18 54
0 =
% E Distance from mill 8 9 1200 m 1200 m 2800 m 2800 m 9 9 4 4 72 72 32 32
T @
TL: % Potential for delays due to freezing 10 9 Low Moderate High Moderate 9 6 1 7 90 60 10 70
f=ar}
»% = Construction Risk 4 9 Moderate Moderate Low Low 3 2 7 9 12 8 28 36
5 ©
gn. N Disposal system has precedent in arctic environment 8 9 No Yes Yes Yes 1 5 9 8 8 40 72 64
—
< Sum of Operational Weightings 39 351 263 216 160 256
% LB Initial Capital Cost ($CDN) (Approximate)® $11,800,000 $2,860,000 $5,955,000 $14,675,000 0 0 0 0
= 0 o
S
& - g = Net Present Value of Delayed Costs’ $2,986,613 $3,428,432 $5,955,892 $528,041 0 0 0 0
Lo 0o
§ % 0\2 i Total Present Value of costs 15 9 $14,786,613 $6,288,432 $11,910,892 $15,203,041 4 9 5 4 60 135 75 60
o u N
g Sum of Economic Weightings 15 135 60 135 75 60
TOTAL SCORE 1134 791 871 697 838 791 871 697 838
Notes

1. Includes consideration of foundation conditions, impact of seismicity, and height of structure

2. Relative capital cost for comparison only. Interest rate assumed as 8%.
3. Value not used in scoring. Value is presented to allow calculation of total cost for comparison purposes.
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4.3 Discussion

The result of the initial base case decision matrix analysis, and the subsequent sensitivity
anayses are similar. The best disposal option for tailings management at the
Meadowbank Project is disposal of tailings into the natural rock basin of the northwest
arm of Second Portage Lake. Permafrost encapsulation of the tailings will form the
control strategy for acid mine drainage and metal leaching. The primary advantages
provided by Option C are as follows:

e Lowest potential for the generation of acidic drainage and the release of metal
constituents to the environment;

e Lowest potentia for the generation of dust from the facility during operations and
closure, and consequently the lowest potential for the migration of contaminants
beyond the limits of the storage facility and the mine site. Facilities exposed to wind
erosion will have a greater risk of release of wind-blown contaminants to the
environment by deposition on-land or into lakes;

e Simplest construction methodology requiring construction materials from the mining
activities;

e Simplest closure methodology, requiring least amount of borrow materials;

e Low risk of instability of tailings facility, and hence lower risk of potential release of
taillings to the environment;

e Ease of operation in harsh Arctic climates,

e Lowest relative capital cost; and

e Precedencein Arctic climate.
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5.0 CASE STUDY — NORTH RANKIN INLET NICKEL MINE

The North Rankin Inlet Nickel Mine presents a case study that is directly comparable to
the conditions at the Meadowbank Project and to the recommended tailings management
plan. Rankin Inlet isacommunity located approximately 250 km south, and 430 km east
of the Meadowbank Project site (see Figure 1). The community is located on Hudson
Bay. The similarities between the Meadowbank Project site and Rankin Inlet are: the
sites are in the zone of continuous permafrost; the mean annual air temperature at both
sites is approximately -11°C; remedial measures to manage the reactive and acid
generating tailings at Rankin Inlet have included the disposal of the tailings by
permafrost encapsulation in a drained bedrock basin to maintain the tailings and their
saline pore water in achemically inert state. Thermal instrumentation at the Rankin Inlet
site has shown the tailings to be frozen or freezing, and that freeze-back is occurring
more rapidly than predicted. Thereis no evidence of thermal heating due to oxidation of
tallings. The results of the field and laboratory investigations of the tailings at Rankin
Inlet are presented by Meldrum, et. a. (2001) and are summarized in the following
sections.

5.1 Summary of Rankin Inlet Remediation Project

The North Rankin Inlet Nickel Mine was operated for five years from 1957 to 1962 and
produced 297,000 tonnes of tailings. Prior to remediation the acid-generating sulphide
rich tailings were exposed on the shores of Hudson Bay for 30 years, releasing acidic,
metal-rich water. In addition to release of the contaminated pore water into Hudson Bay,
oxidized tailings dust was wind blown through the town of Rankin Inlet, and deposited
on the tundra as well as further out on to the sea ice covering the bay during the winter
months, and on to the water surface during the summer months. In 1991 a remedia
program was initiated which involved the burial of the tallings in a drained bedrock
basin, relying on eventual permafrost encapsulation to limit the tendency of contaminated
pore water to migrate further from the site. The remediation involved the in-situ
treatment of 100,000 m® of contaminated water, the draining of a bedrock basin, and the
subsequent filling of the basin with 48,000 m® of tailings to a maximum depth of 16 m
with the intention of encapsulating the tailings in permafrost rendering them chemically
inert (Erickson, 1995). The tailings were covered with 1 m of gravel fill from a nearby
esker to host the active layer, thus keeping the tailings in a frozen state as permafrost was
expected to grow downward over time through the tailings.

Pyrrhotite is estimated to comprise between 5% and 20% by volume of the tailings at
Rankin Inlet. Pyrrhotite is the most rapidly oxidizing sulphide commonly found in mine
waste. In addition to the rapidly oxidizing sulphides, the tailings exhibited freezing point
depression due to the high salinity of the porewater resulting from inundation with
seawater. By comparison, the tailings at the Meadowbank Project are estimated to
contain between 4% and 5% sulphides, primarily pyrite.
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Three years after buria a series of field investigations and instrumentation was
undertaken at the site. The field investigations involved the drilling of boreholes, the
collection of a frozen core sample of tailings using a Cold Regions Research and
Engineering Laboratory (CRREL) core barrel, and the installation of a series of
thermistor cables to monitor the therma conditions within the tailings. Additional
laboratory experimentation was carried out to determine the effect of freezing point
depression on sulphide oxidation rates and whether or not this will affect the loca
thermal regime.

5.2 Thermal Regime in the Tailings at Rankin Inlet

A map showing the locations of the thermistor installations, as well as the results of the
monitoring program between March 29, 1997 and February 4, 1998 are shown on
Figure 10. The figures indicate that the tailings at the time the data were collected were
freezing or were frozen. A thermistor installed outside of Deep Pond but adjacent to the
reclamation site shows the permafrost thermal regime to a depth of 16 m, with a mean
annual ground temperature of about -7°C (see Thermistor Cable 8 on Figure 10). By
comparison, the mean annual ground temperature at the Meadowbank Project is expected
to be on the order of -8°C to -10°C, based on site specific data collected from thermistors.

Figure 11 shows the predicted mean annual ground temperature in the reclaimed tailings
for a range of time intervals after buria, with the data for borehole six plotted for
comparison. The resultsindicate that the freezing of the tailings occurs more rapidly than
predicted, and that the entire tailings thickness will be at least partly ice-bonded 15 years
after burial (Meldrum et. al., 2001). Meldrum suggests this may be a result of lower
volumetric moisture content than assumed by the modeling. However, an dternative
explanation could be that the two-dimensional model used to predict ground freezing
does not take into account the three-dimensional effect of perimeter freezing.

5.3 Key Conclusions of the Rankin Inlet Studies and Implications for the
Meadowbank Project Site

The following key conclusions were drawn from the laboratory testing and field
instrumentation measurements at the Rankin Inlet site and are compared with the
expected site conditions at the Meadowbank Project.

e A significantly reduced but measurable oxidation takes place at -2°C, augmented by
freezing point depression due to saline pore waters. There is no measurable oxidation
at -10°C.

e The reactivity and oxidation of the tailings at Rankin Inlet below a mean annual
ground temperature of -2°C is expected to be very low. It is expected that the
reactivity and oxidation of the tailings at the Meadowbank Project will be similar,
provided that similar disposal philosophies are adopted.
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o Freeze-back of the reclaimed tailings at Rankin Inlet is underway. Eventually a
pocket of unfrozen brine may remain, enclosed between the overlying ice-bonded
tailings and the refrozen bedrock beneath the former Deep Pond. Although the
salinity of the tailings pore water results in considerable freezing-point depression,
the effect of this on oxidation rateis low.

e Heating by tailings oxidation has not been noticeable at Rankin Inlet.

e Based on the field studies and laboratory testing of tailings at the Rankin Inlet site,
encapsulating tailings in permafrost should minimize oxidation where the tailings
temperature is maintained below -2°C. At Rankin Inlet, a mean annual air
temperature of about -11°C produces a mean annual ground temperature of about
-7°C. Consequently, Meldrum et. al. (2001) suggest that any prospective site for
taillings disposal by permafrost encapsulation should have a mean annua air
temperature of less than -6°C, as the field studies at the Rankin Inlet site indicated
that ice bonding of the tailings begins at about -4°C. At the Meadowbank Project, the
mean annual air temperature of the site is estimated to be about -11.3°C, and the mean
annua ground temperature is estimated to range from about -8°C to about -10°C,
based on site specific measurements. Long-term temperature trends based on
monitoring data collected over a period of 50 years at Baker Lake, when applied to
the Meadowbank Project site, suggest a mean annual air temperature of -12.8°C.
Consequently, the encapsulation of tailings in permafrost is a preferred control
strategy for the Meadowbank Project site.

e Thetailings at the Rankin Inlet site are expected to be fully ice-bonded approximately
15 years after burial. This is consistent with predicted thermal modeling of the
Meadowbank Tailings Facility in the northwest arm of Second Portage L ake.

e Freezing of the tailings at Rankin Inlet is occurring a a faster rate than predicted.
Meldrum et. al. (2001) attributes this to a lower volumetric moisture content than
assumed in the modeling. However, an aternative explanation is that the
two-dimensional modeling does not account for the three-dimensiona effect of
perimeter freezing of the tailings, or the advancement of the freezing front from the
permafrost surrounding the drained rock basin into which the tailings were deposited.
A similar situation, more rapid freezing than predicted, may occur at the
Meadowbank Project with the permafrost freezing front advancing into the tailings
deposited into the drained rock basin of the northwest arm of Second Portage L ake.

e The precipitation of secondary minerals due to progressive freezing of the tailings
may locally inhibit fluid migration by cementation.
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6.0 SUMMARY AND CONCLUSIONS

This report has provided additional clarification of terminology, and of the decision
making process used to select a tailing management system (location and technology) for
the Meadowbank Gold Project. A decision matrix approach was utilized. An important
aspect of the decision matrix methodology is that it requires all factors be weighed in the
final outcome, rather than allowing a single factor to dictate the overall outcome.

Three primary categories were considered:

e Environmental;
e Operational; and
e Economic.

Sub-indicators within each category were identified, and weighting factors were assigned
based on the relative importance of sub-indicators to each other. A scale, or scoring
factor was applied to help separate ‘best’ options from ‘worst’ options. 1n the evaluation
of al options, environmental factors contributed the most significantly to the outcome of
the decision analysis.

Seven potential tailings management facilities were identified. These facilities were
screened to determine if they met the basic site selection criteria:

e The site was required to have sufficient volume to store planned volume of tailings;
e Thesditerequired the potential to provide additional capacity for tailings storage;

e Thelocation would permit mine expansion;

e Thelocation iswithin catchments of the open pits; and

e Thesite allows control and collection of supernatant.

Only four of the options met these criteria, as listed below.

Location Disposal Type
Second Portage Arm Sub-aerial Paste or Dry Stack
Second Portage Arm Sub-aerial Slurry
North of Second Portage Arm Sub-aerial Slurry
North of Second Portage Arm Sub-aerial Paste or Dry Stack

A decision matrix analysis was carried out for these four options. In addition to the
initial, or baseline analysis, two sensitivity analyses were completed to consider the
impact of the weighting factors. The first sensitivity analysis removed the influence of
the weighting factors by setting each to one, thus placing an equal level of importance on
each sub-indicator. The second analysis reduced the influence of operational factors and
eliminated any economic influence on the decision process.
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The results of the decision matrix analysis indicate that the preferred tailings management
option for the Meadowbank Project, based on environmental, operational, (including
engineering and technical) and economic considerations, is the disposal of tailings into
the natural basin of the northwest arm of Second Portage Lake, followed by permafrost
encapsulation. The sensitivity analyses showed that even when economic factors were
removed from consideration, and operational factors were reduced in terms of relative
importance leaving environmental factors as having the greatest importance, the preferred
option is still indicated to be disposa in the northwest arm of Second Portage Lake
followed by permafrost encapsulation as a control strategy for acid mine drainage.

A case study of the oxidation of mine tailings from Ranking Inlet, Nunavut, at sub-zero
temperatures was presented. The tailings are acid generating and metal leaching, with
saline pore waters. A remediation program begun in 1991 consisted of depositing the
tailingsinto adrained rock basin, with the expectation that permafrost would aggrade into
the facility. This is similar to the preferred option for tailings management at the
Meadowbank project. A series of thermistors installed in the test area indicated that
freeze-back of the tailings was occurring more rapidly than predicted. There was no
indication of heating by tailings oxidation, despite the highly reactive nature of the
pyrrhotite rich tailings. The results of the laboratory and field investigations indicated
that prospective sites for permafrost encapsulation of tailings should have a mean annual
air temperature colder than about -6°C. The Meadowbank Project site has a mean annual
air temperature of about -11.3°C and mean annual ground temperature of -8°C to -10°C
Based on long-term temperature trends at Baker Lake, applied to the Meadowbank
Project site, a mean annual air temperature of -12.8°C is indicated. Based on the results
presented in the case study, permafrost encapsulation of tailings disposed in a drained
rock basin, such as the northwest arm of Second Portage Lake, is the preferred method of
disposal of tailings at the Meadowbank Project.
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7.0 CLOSURE

We trust that this report meets your requirements at thistime. If you have any additional
guestions, please do not hesitate to contact the undersigned.

Yoursvery truly,

GOLDER ASSOCIATESLTD.

Fiona Esford, M.A.Sc., P.Eng., LEG Cameron J. Clayton, M.Eng., P.Geo.
Geotechnica Engineer Associate
FCE/CJC/kt/vee/lba
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EXECUTIVE SUMMARY

A series of Technical Meetings were held in Baker Lake on June 2 and 3, 2005 to review
the Draft Environmental Impact Statement (DEIS) for Cumberland Resources Limited
(CRL), Meadowbank Gold Project. Following the technical meeting, a list of
commitments by CRL was prepared, which would either be addressed as soon as possible
or appear in the Final Environmental Impact Statement. This report responds to Items #5
and #26 from this list, which requested additional information relating to the decision
matrix used to evaluate waste rock disposal options.

Items #5 and #26 from thislist specifically requested that:

1) Revised wording for the elimination of options be provided;

2) Clarification be provided regarding the decision matrices for the Portage Rock
Storage Facility (as it relates to the possible effects on all affected fish-bearing lakes)
—to be provided to parties as soon as possible;

a) The rationale for selecting the various factors, sub-indicators and relative
weightings and the ranking of the various options needs to be supported with
scientific evidence. The various options need to be clearly described with
supporting rationale for each component.

Two reports have been issued previously describing the strategy for selecting the waste
rock storage facility and details of the mine waste and water management plan:

e Golder Associates Ltd., Report on Alternative Waste and Water Management Plan,
Meadowbank Gold Project, Nunavut, March 7, 2005; and

e Golder Associates Ltd., Report on Mine Waste and Water Management,
Meadowbank Gold Project, Nunavut, March 5, 2004.

The Meadowbank Gold Project is located near Baker Lake, Nunavut. Cumberland
Resources Ltd. is conducting a feasibility study to develop a gold mine that will consist
of a series of open pits with a single processing plant, a tailings storage facility and two
waste rock storage areas. The revised mine plan estimates 22 million tonnes of ore will
be produced over a mine life of 8.3 years, and will generate atotal volume of 173 million
tonnes (bulked) of waste rock. The geochemical testing has shown that the waste rock
will have the potential to produce acid rock drainage (ARD) and metal leaching (ML).
Consequently, disposal methods to limit the potential for ARD and ML are desirable.

Golder Associates
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The Mine Waste and Water Management Report (Golder, 2004) previously presented the
results of the waste rock facility selection process. Due to the distance between the
Portage and Goose Island mining areas and the Vault mining area and volume of waste
rock storage required, it was decided that two waste rock storage facilities would be
required. One facility would be near the Vault open pit, to accommodate waste rock
generated from mining at this location, and the second would be near the Portage pits
(North Portage and Third Portage) and Goose pit.

The process used to select the waste rock storage facilities involved:

e Identifying potential locations; and
e Developing asite specific, decision matrix model to evaluate, rank, and select the best
overall facility or facilities.

This approach, sometimes known as a Multiple Accounts Analysis (MAA), is commonly
used as a decision making tool for the selection of waste management facilities. The
decision matrix model considered factors in three primary categories. environmental,
operational and economic. Each category was further subdivided to consider various
components. Weighting factors were assigned to each sub-indicator and to the overall
factors. Environmental factors were judged as being the most important and were
therefore assigned the highest overall weighting.

The Vault open pit is located in a region of low relief, is surrounded by numerous lakes
(i.e., Phaser Lake, Vault Lake and Wally Lake), and near adrainage subdivide. There are
few suitable locations for a waste rock storage facility near the Vault pit owing to the
presence of numerous lakes adjacent to Vault Lake and the lack of topographical relief in
the immediate area, which limits the height to which a rock storage facility could be
constructed without becoming visible at great distance from the site. In addition, placing
waste rock in areas south of Vault Lake would affect a sub-watershed that does not drain
toward the Vault open pit. The best aternative for the storage of the waste rock from the
Vault pit is on abroad area of land immediately to the west of the open pit area. Because
there was only one suitable area for waste rock storage in the Vault area, a Multiple
Accounts Analysis was not performed.

Alternatives for the Portage rock storage facility were evaluated in the Report on
Alternative Waste and Water Management Plan (Golder, 2005), due to a revised mine
plan. This report was prepared to provide additional information on the decision making
process used to select the final location for the Portage rock storage facility. This
information is provided to fulfill commitments made by Cumberland Resources Ltd.
during a prehearing conference and technical meetings, specifically Items 5 and 26.
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Options A and B were evaluated with options C and D located to the East of Vault Haul
Road using the MAA decision matrix model. Locations for each are described below:

Option L ocation Description
Option A* North of Second Portage Arm —small footprint
Option B North of Second Portage Arm — large footprint
Option C East of Vault Haul Road — small footprint
Option D East of Vault Haul Road — large footprint

*

Option A was originally evaluated in Golder, 2004 report. Alternatives (A & B) to the original Option

A were evaluated in Report on Alternative Waste and Water Management Plan (Golder, 2005) and
compared to Option A.

Through this process Option A (located north of the Portage tailings storage facility) was
shown to have the least impact on fish bearing lakes and the smallest over-all foot print.
Option A aong with the Vault rock storage facility were chosen as the best options for
waste rock storage.

Golder Associates
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1.0 INTRODUCTION

A series of Technical Meetings were held in Baker Lake on June 2 and 3, 2005 to review
the Draft Environmental Impact Statement (DEIS) for Cumberland Resources Limited
(CRL), Meadowbank Gold Project. During these sessions stakeholders requested
additional clarification regarding the decision matrix method used to select the waste rock
storage facilities for the project. The following report has been prepared to explain in
more detail the evaluation process used to select the rock storage facilities for the
proposed Meadowbank Gold Project. The decision matrix used to identify the most
appropriate rock storage site based on environmental, engineering and economic
considerations is presented and explained in greater detail.

Golder Associates Ltd. (Golder) was retained by Cumberland Resources Ltd. (CRL) to
identify and select appropriate waste rock storage facilities for the Meadowbank Gold
Project in Nunavut. Two reports were prepared that described the strategy for selecting
the rock storage facility:

e Golder Associates Ltd., Report on Alternative Waste and Water Management Plan,
Meadowbank Gold Project, Nunavut, March 7, 2005; and

e Golder Associates Ltd., Report on Mine Waste and Water Management, Meadowbank
Gold Project, Nunavut, March 5, 2004.

A Multiple Accounts Analysis (MAA), or decision matrix method of analysis, was used
to rank and select the best rock storage facility for the project.

Based on the distance between the Portage and the Vault deposits and the volume of
storage required, two waste rock storage facilities are required. The Vault Rock Storage
Facility near the Vault Pit was selected on the basis of available on-land storage space
near this pit, topographic relief, and the desire to have the facility located within the same
watershed as the open pit. The rock storage facility near the Portage deposit (called
Portage Waste Rock Storage Facility) was selected to contain waste rock generated from
the Portage and Goose Island open pits.

Only one suitable site location was identified for the Vault Rock Storage Facility. Four
options were evaluated for the Portage Rock Storage Facility using a decision matrix
method of analysis. The best overall location selected for the waste rock was located
north from Second Portage Lake, with arelatively small footprint.

The alternative analyses and subsequent revision to the initial waste rock storage facility
location was conducted as the volume of waste rock was reduced and the option to store a
portion of the waste rock within open pits became available, during the completion of the
feasibility study.
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Primary objectives established for the waste rock storage facility (or facilities) were:

e Minimize potential long-term environmental impacts (including ARD generation,
metal leaching, seepage to the underlying groundwater regime);

e Maximize ease of water management during operation;

e Maximize ease of decommissioning/closure;

e Minimize catchment area impacted,;

e Minimize dust generation;

e Minimize visua impact;

e Minimize areas of fish bearing lakes impacted,;

e Minimize footprint area (to reduce the volume of affected runoff);

e Minimize the potential for geotechnical hazards (including slope instability, seismic
risk); and

e Minimize haul costs.

1.1 Physical Setting

The proposed Meadowbank Gold Project is located approximately 70 km north of Baker
Lake, Nunavut, as shown in Figure 1.1.

The site area consists of low, rolling hills with numerous small lakes. Laterally extensive
deposits of glacial till cover the area, with thicknesses typically of 2 to 4 meters. Bedrock
consists of a sequence of Archean greenstone (ultramafic and mafic flow sequences) and
metasedimentary rocks. The area has low seismic activity.

The site has vegetation cover interspersed with bedrock outcrops and continuously
aggrading surfaces. The vegetation includes lichens, mosses, shrubs, heaths, grasses and
sedges (CRL, 2003).

No vital caribou areas or protected wildlife areas have been identified in close proximity
to the site (CRL, 2003). The areais not regularly used for hunting due to its remoteness
from Baker Lake and relatively low abundance of wildlife (CRL, 2003).

Water quality in the lakes is excellent, however, the lakes are nutrient poor and are
classified as ultra-oligotrophic and hence have low fish productivity (CRL, 2003).

The annual average air temperature at the site is about -11.3°C, based on site data
collected between 1997 and 2004, and has an annual precipitation of less than 200 mm.
The depth of permafrost is estimated to range from about 450 meters to about 550 meters,
but varies based on proximity to lakes. Taliks typically are located beneath bodies of
water with depth exceeding 2 to 2.5 meters. The depth of the active layer ranges from
about 1.3 metersin areas of shallow overburden and up to 4 meters adjacent to lakes.

Golder Associates
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1.2 Planned Mining Operations

A general site plan is shown in Figure 1.2. The mine plan estimates that 22 million
tonnes of ore will be produced over the mine life of approximately 8.3 years. The project
consists of several gold bearing deposits within reasonable proximity to one another.
Mining of the deposits will primarily be performed as a truck and shovel, open pit
operation. Oreisto be transported to a central plant site for processing.

Approximately 173 million tonnes of waste rock will be produced, with approximately
68 million tonnes (intermediate volcanic rocks) from the Vault Pit and 104 million tonnes
(iron formation, intermediate volcanic and ultramafic rocks) from the Portage and Goose
pits. Ultramafic rocks are not expected to be acid generating. Some of the intermediate
volcanic rocks from the Vault Deposit are potentially acid generating. All other waste
rock and the tailings are potentially acid generating.

Waste from the pits will be used as construction material for the dikes, tailings dam,
roads and genera site construction. Excess waste will be deposited in two waste dumps:
1) the Vault Rock Storage Facility located to the West of the Vault Pit and 2) the Portage
Rock Storage Facility located to the north and east of Portage Pit. In addition, following
Y ear 6, waste rock will be stored in empty sections of the Portage Pits.

1.3 Decision Matrix Models

Decision matrix types of analyses are also sometimes referred to as Multiple Accounts
Analyses (MAA) or adternatives analyses. These types of anayses have been
successfully used as site selection tools for mining facilities and related decision
processes including at: Zortman and Landusky Mine Sites, Montana (Shaw et al., 2001),
Red Dog Mine, Alaska (Northern Miner, 2005), and Questa Molybdenum Mine, New
Mexico (Molycorp Watch Project, 2005). Numerous papers have been published on
these types of analyses including: Robertson and Shaw (1998 and 1999), Caldwell and
Robertson (1983), Vick (1990), Brown (2002), Decision — Makers Field Guide (2005).

Similar types of analyses are also used in the fields of risk assessment, risk management,
selection of the best available technologies or options for environmental remediation
projects, resource planning, and sustainable development (Canter, 1985; International
Atomic Energy Agency, 2000; CH2MHIill, 2004, Robson Valley Land and Resource
Management Plan, 1999).
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1.4 Meadowbank Waste Rock Facility Selection Process

The mining operations (open pits) for the Meadowbank project are located in two main
areas, as shown on Figure 1.2:

e Vault Areawhich consists of the Vault Open Pit; and
e Portage Area which consists of the North Portage Pit, Third Portage Pit and Goose
Island Pit.

The use of two separate waste rock storage facilities for each area was judged as being
most efficient.

The Portage rock storage facility and the Vault facility were selected based on
consideration of the following criteria:

e The potential for long-term environmental impacts, including ARD generation and
metal leaching;

e Ease of water management during operation and closure;

e Ease of decommissioning and closure;

e Impact on lakes and catchment areas;

e Visual impact;

e Footprint size to reduce the volume of affected runoff;

e The potential for geotechnical hazards, such as slope instability and response to
seismic activity; and

e Haulage costs.

141 Potential Rock Storage Facilities

Potential storage locations and design footprints for the Rock Storage Facilities were
identified in the area of the proposed mine site that would accommodate the predicted
volume of waste rock. Alternatives for the Portage and Vault Rock Storage Facilities are
shown on Figures 1.3 and 1.4.

The best aternative for the storage of the waste rock from the Vault pit is on a broad area
of land immediately to the west of the open pit area. A cover layer of non-PAG rock is
not presently required at the Vault waste rock storage facility because this rock is
considered to be non-PAG. Further testing and monitoring during operations will be
completed to confirm this.
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To select an appropriate location for waste rock in the Portage Areafour initial sites were
identified (Golder, 2004). Portage Rock Storage Facilities included two additional
aternatives (A and B) for Option A. These were evaluated in the Alternative Waste and
Water Management Plan (March 7, 2005). The final selection process involved three
main steps:

e Identifying potential locations;

e Developing a decision matrix model upon which the locations would be evaluated;
and

e Evaluating each facility using the model and selecting the best overall facility.

The remaining portion of this report focuses on the process used to select the final
locations for the waste rock storage facilities.
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